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1. Background
1.1 Diabetes mellitus
Diabetes mellitus, also known as diabetes, is a chronic, metabolic disorder characterized by elevated blood
glucose levels (i.e., hyperglycemia). Diabetes can be classified into four overall categories: type 1 diabetes,
type 2 diabetes, gestational diabetes mellitus, and other types of diabetes.1 However, type 1 and type 2
diabetes, the two main types of diabetes, are probably more heterogeneous diseases than previously thought.1
Type 1 diabetes is an autoimmune disorder characterized by autoimmune-mediated pancreatic β-cell
destruction leading to absolute insulin deficiency. Type 2 diabetes is considered a metabolic disorder
characterized by peripheral insulin resistance (i.e., liver, muscles, and adipose tissue) and deficient β-cell
insulin secretion leading to relative insulin deficiency.1,2 Type 2 diabetes accounts for around 90% of all
diabetes3 and are the focus of this thesis.
The world is currently experiencing a pandemic of diabetes.4 According to the International Diabetes
Federation Diabetes Atlas 2019, 463 million adults (i.e., 20–79 years) are living with diagnosed diabetes
worldwide and this number is expected to increase to 700 million adults by 2045, with the largest increase in
developing contries.3 The number of individuals with diabetes is likely to be even higher as an estimated 232
million adults are living with undiagnosed diabetes.3,4 The emerging diabetes pandemic is mainly driven by
population ageing, improved diabetes survival, increasing obesity and inactivity, and stronger exposure to
diabetes risk factors.3,4 The onset of diabetes frequently occurs years before the actual diabetes diagnosis and
individuals with undiagnosed and untreated diabetes are at increased risk of diabetes complications.5
Individuals may therefore have diabetes complications already at time of diabetes diagnosis, and
complications in newly diagnosed type 2 diabetes will be the focus for study I of this thesis.
1.2 Diabetes complications
Diabetes is associated with increased morbidity and mortality, and much of the global burden of type 2
diabetes is due to the development of diabetes complications.4,5 Diabetes complications have traditionally
been divided into microvascular complications (i.e., diabetic retinopathy, diabetic neuropathy, and diabetic
nephropathy) due to damage to the small blood vessels and macrovascular complications (i.e., ischemic heart
disease, cerebrovascular disease, and peripheral vascular disease) due to damage to the arteries.5,6 Globally, it
is estimated that 8.4% of deaths are attributable to diabetes.7 Macrovascular complications remains the
predominant cause of accelerated mortality in type 2 diabetes.8 Overall, mortality and rates of diabetes
complications have decreased in individuals with diabetes in recent years, likely related to improved
management of risk factors (e.g., hyperglycemia, hypertension, and dyslipidemia) and improved diabetes
care.6,9 However, due to the increasing absolute numbers of individuals with diabetes, the actual numbers of
individuals with diabetes complications is still increasing on the population level.5
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A number of non-vascular diabetes complications exist including infections.10,11 Individuals with
diabetes are more susceptible to infection and often have a more severe disease course once the infection is
established, reflected by increased rates of hospital admission, length of stay, and complications.11 The
elderly population with diabetes is at particularly high risk of infections.12 Type 2 diabetes is associated with
1.5–3-fold increased risk of a number of infections.13 Thus, infectious disease risk in individuals with
diabetes is an important area of research and has been a rather neglected research topic compared to
traditional microvascular and macrovascular complications.11 Infections will be the focus for study III of this
thesis.
In general, our understanding of why only some individuals develop diabetes complications and others
do not is limited. In order to prevent complications, we must improve our understanding of the pathological
pathways and risk factors of these complications. It is well known that the immune system and inflammation
play an important role in development of diabetes and its complications.14 However, the exact mechanisms
are still unknown. The complement system, especially the mannose-binding lectin (MBL) pathway, may play
an important role in affecting both the susceptibility to infections15 and the pathogenesis of diabetes vascular
complications16 and will be the focus for study II and study III of this thesis.

Figure 1. Simplified illustration of the complement system. The complement system is activated by three
different pathways: the classical pathway, the lectin pathway, and the alternative pathway.
Reprinted from Ostergaard et al.16, with permission from Elsevier.
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1.3 The complement system
The innate immune system is the first-line of the host defense system.17 The complement system is part of
the innate immune system and is activated through three different pathways, i.e. the classical pathway (by
antibody recognition), the lectin pathway (e.g., by MBL binding), and the alternative pathway (e.g., directly
binding of microbes).16 The three pathways leading to the activation of C3 (common for all three pathways)
are a system of triggered enzyme cascades (Figure 1).18,19 Activation of the complement system may promote
different physiological activities concerning host defense against infection19: chemotaxis (e.g., recruitment of
inflammatory cells), opsonization (e.g., opsonization of pathogens which may increase phagocytosis), and
lysis of bacteria and cells (e.g., generation of the membrane-attack complex penetrating the cell membrane
leading to osmotic instability and cell death). MBL plays an important role in the innate immune system20
and MBL deficiency is associated with an increased susceptibility to infections15,21-27, particularly if other
immunological abnormalities are present as well.28,29
1.4 Mannose-binding lectin
The MBL protein was discovered in 1978 and named mannan-binding protein (MBP) because of its affinity
for mannan (i.e., a glycoprotein).30 The abbreviation MBP was used for other protein (e.g., maltose-binding
protein and myelin basic protein) and to avoid confusion with the MBP abbreviation, the names mannosebinding lectin and mannan-binding lectin were introduced.31,32 Mannose-binding lectin is the most used
search term in the literature (i.e., 2922 hits on PubMed with the search term “Mannose-binding lectin”
compared to 699 hits with “Mannan-binding lectin”) and will be used throughout this thesis.
MBL is a protein primarily (>95%17) synthesized in the liver by hepatocytes, and it belongs to the Ctype lectin family of blood proteins. MBL has been suggested to act as an acute-phase reactant33 but much
slower and weaker reacting than C-reactive protein (CRP)20, and MBL increases only 2-3-fold during
infection/inflammation.34 In contrast to the classical complement pathway, the lectin pathway is antibodyindependent, and initiated by MBL binding in a calcium-dependent manner to carbohydrate patterns (e.g.,
patterns of mannose and fucose) present on the surfaces of microorganisms.20 Upon binding to the target,
MBL initiates the lectin pathway through association with MBL-associated serine proteases (MASP-1, -2,
and -3) and activates the complement system.35,36 Under normal circumstances, MBL does not recognize the
body’s own tissues (Figure 2).37-39 However, glycosylation changes (e.g., in individuals with diabetes) might
cause increased autoreactivity38-40 and MBL binding to fructosamine (i.e., glycation reaction between glucose
and a protein) points to a potential link between hyperglycemia (e.g., in individuals with diabetes) and
complement activation (Figure 2).39,41 In addition, changes in cell surface glycosylation after cellular hypoxia
may lead to increased MBL binding and complement activation.42,43
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Figure 2. A plausible mechanism for complement activation in diabetes. The increase in fructosamines on
the cell surface, as observed in diabetes, induces MBL binding and facilitates complement activation.
Reprinted from Fortpied et al.41, with permission from Wiley & Sons.

1.4.1 Genetics
Functional serum MBL levels are largely genetically determined by six common single nucleotide
polymorphisms (SNPs) in the gene encoding MBL, termed MBL2 (MBL1 is a pseudogene), which is located
on chromosome 10.44,45 While the three SNPs (termed H/L, Y/X, and P/Q [in the untranslated sequence]) in
the promoter region regulate MBL expression, the three missense SNPs (termed B, C, and D) in exon 1
decrease the serum MBL levels.44 The wild-type allele on exon 1 is termed A.45 The presence of one of the
three polymorphisms on exon 1 is termed O.20 Due to linkage disequilibrium the six SNPs give rise to only
seven common haplotypes: HYPA, LYQA, LYPA, LXPA, LYPB, LYQC, and HYPD.45 Two rare
haplotypes have been reported, including the haplotype: LYPD.46 MBL deficiency is a common
immunodeficiency.22,27 One third of the general population have MBL concentrations less than 500 µg/L, and
12% of the population have MBL concentrations less than 50 µg/L.40,47 Around 5% of Caucasians have an
inherited MBL deficiency (i.e., O/O homozygotes)48, which are similar to reports in individuals with type 1
diabetes.20 No clear definition of MBL deficiency exists and various cutoffs of serum MBL levels have been
used previously to define MBL deficiency49, ranging from 100ng/ml to 1 µg/ml.17
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1.4.2 Serum levels
Functional serum MBL levels are stable over time and there are no circadian or day-to-day variation in
healthy individuals, which is an advantage for the potential role as a biomarker.50 Serum MBL levels are
constant after the second decade of life.50 The median serum MBL concentration in healthy individuals is
800–1000 µg/L.20,47 Large inter-individual variation in serum MBL levels exist, from undetectable to above
10000 µg/L in some individuals with diabetes, mainly due to the above-mentioned MBL polymorphisms.20,50
However, also for individuals with identical genotypes, the serum MBL levels differ considerable.47
1.5 Mendelian randomization
Observational study designs are prone to confounding and reverse causation that limits their ability to
identify causal associations.51 The observed association between serum MBL levels and cardiovascular
disease is potentially biased by confounders associated with both serum MBL levels and cardiovascular
disease. In addition, since serum MBL may act as a weak acute-phase reactant, it is possible that
cardiovascular disease causes increased serum MBL levels (i.e., reverse causation), and not the other way
around. Randomized trials are often considered the “gold standard” to proving causality; however,
observational studies may also suggest causality, e.g., with the Mendelian randomization study design.51
Mendelian randomization studies utilizes Mendel’s second law of inheritance stating that alleles of SNPs are
passed independently of one another and randomly at the time of conception.51,52 Central in a Mendelian
randomization study design is the use of an instrumental variable, that is a measurable variable (i.e., a
genotype in Mendelian randomization) which is associated with the exposure, but not with any other factors
or confounders.51 Figure 3 illustrates the principle of a complete Mendelian randomization study design. In
study II and III, we conducted the first three steps in a Mendelian randomization study design, and the third
step aids in substantiating a causal association.51

Figure 3. Mendelian randomization study
design shown with a risk factor, an outcome,
and a genotype associated with the risk factor.
1. Testing whether the risk factor (serum
MBL) is associated with the outcome. 2.
Testing whether the genotype (MBL
expression genotype) is associated with the
risk factor (serum MBL). 3. Testing whether
the genotype (MBL expression genotype) is
associated with the outcome, as an indication
of a causal association of the risk factor on
disease. 4. Causal estimate using instrumental
variable analysis. Modified and reprinted from
Benn et al.51, with permission from Oxford
University Press.
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1.6 Literature review
A review of selected relevant background literature for this thesis was performed. I identified studies on the
prevalence of diabetes complications and associated clinical characteristics in newly diagnosed type 2
diabetes (study I), and the association between MBL and risk of cardiovascular disease, early death, and
infections in individuals with type 2 diabetes (study II and III). I searched MEDLINE (PubMed) on October
24, 2019, using the major and non-major Medical Subject Heading (MeSH) search terms: “prevalence”, “risk
factors”, “diabetes complications”, “diabetic complications”, “newly diagnosed type 2 diabetes”, “mannosebinding lectin”, “mannan-binding lectin”, “MBL”, “diabetes mellitus”, “cardiovascular disease”, “mortality”,
and “infections”. In addition, I did a search of PubMed and EMBASE for studies using the same or similar
non-MeSH terms. Searches were supplemented by review of reference lists of retrieved relevant full-text
articles. I restricted the searches to individuals with newly diagnosed type 2 diabetes in study I and to
individuals with diabetes in study II and III. I excluded non-human studies. The last search date was January
24, 2020.
The titles and abstracts for papers listed in the search results were assessed as an initial screening for
relevance. Retrieval of full text papers was performed where abstracts suggested that inclusion criteria were
met. Table 1 summarizes the result of the literature review.
The search for studies on MBL and risk of cardiovascular disease in individuals with diabetes yielded
19, 30, and 79 papers in the initial search from PubMed (MeSH and non-MeSH) and EMBASE, respectively.
I identified 8 studies on the association between MBL and cardiovascular disease in individuals with
diabetes. The search for studies on MBL and mortality in individuals with diabetes yielded 0, 16, and 38
papers in the initial search from PubMed (MeSH and non-MeSH) and EMBASE, respectively. I selected 2
studies on the association between MBL and mortality in individuals with diabetes. The search for studies on
MBL and infections in individuals with diabetes yielded 5, 16, and 54 papers in the initial search from
PubMed (MeSH and non-MeSH) and EMBASE, respectively. I found no relevant studies on the association
between MBL and infections in individuals with diabetes.
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Table 1. Summary of the literature
Study I – Prevalence of diabetes complications in individuals with newly diagnosed type 2 diabetes
Author,
journal, year

Design, setting, registries, period

Population, exposure, controls (if applicable), outcome

Results, limitations

Gylfadottir et
al.53
- 2019

- Cross-sectional questionnaire
study
- Denmark
- the DD2 cohort
- Enrolled 2010-2016
- Cross-sectional study
- Pakistan
- Enrolled 2015-2016

- Recently diagnosed type 2 diabetes patients (n=5514)
- Prevalence of symptom-based diabetic polyneuropathy and patient
characteristics

- Prevalence of symptom-based diabetic polyneuropathy was 18%.
- Female sex, age, diabetes duration, body mass index, and smoking
associated with symptom-based polyneuropathy
- A median of 2.8 yr since DD2 enrollment

- Newly diagnosed type 2 diabetes patients (n=891)
- Prevalence of micro- and macrovascular complications

Martinell et
al.55
- 2015

- Cross-sectional study
- Sweden
- Enrolled 2008-2013

Bansal et al.56
- 2014

- Cross-sectional study
- India
- Enrolled 2011-2013
- Cross-sectional study
- UK/Germany
- 2008-2012

- Recently/newly diagnosed type 2 diabetes (n=2174, 93% type 2
diabetes, 7% LADA)
- Prevalence of diabetic retinopathy and contributing risk by socio and
clinical characteristics
- Newly diagnosed type 2 diabetes patients (n=449)
- Prevalence of microvascular complications and associated risk factors

- Overall prevalence of micro- and macrovascular complications was 68.8%
and 9.0%, respectively. Neuropathy, nephropathy, and retinopathy were
reported in 59.6%, 24.4%, and 15.9% of the patients, respectively. Angina,
myocardial infarction, peripheral arterial disease, stroke were reported in
5.2%, 3.3%, 2.2%, and 2.0% of the patients, respectively
- Prevalence of 12% of diabetic retinopathy (DR)
- Low educational level increased risk of DR (OR: 1.44, 1.07-1.93)
- <50% beta-cell function increased risk of DR (aOR: 1.77, 1.28-2.44)

Uddin et al.54
- 2018

Kostev et al.57
- 2014

- Newly diagnosed type 2 diabetes patients from primary care practices
(n=45633 Germany and n=14205 UK)
- Prevalence and risk factors of diabetic neuropathy
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Sandbæk et
al.58
- 2014
Ruta et al.59
- 2013
Kostev et al.60
- 2013
Looker et al. 61
- 2012
Sinclair et al.62
- 2012
UKPDS 3363
-1998

- Prevalence of any microvascular complications was 18%. Prevalence of
neuropathy, retinopathy, and nephropathy was 8.2%, 9.5%, and 2.8%,
respectively.
- Prevalence of 5.7% (Germany) and 2.4% (UK) of diabetic neuropathy
- At baseline: 3.6% (Germany) and 17.7% (UK) retinopathy; 9.4%
(Germany) and 13.4% (UK) nephropathy; 9.5% (Germany) and 39.5% (UK)
peripheral artery disease; 23.2% (Germany) and 7.9% (UK) coronary heart
disease.
- Diabetic neuropathy was associated with male sex, age, antidiabetic
treatment, and antihypertensive treatment
- registry data
- At baseline: 20% albuminuria.
- At 5 years follow-up: 23% albuminuria, 11% retinopathy, 5.5% neuropathy

- Randomized controlled trial
- Denmark
- ADDITION-Europe study
- 2001-2006
- Review article
- Australia
- Cross-sectional study
- UK
- 2005-2009

- Screen-detected type 2 diabetes (n=3057)
- Prevalence of diabetes complications

- Newly diagnosed type 2 diabetes patients (n number not stated)
- prevalence of diabetic retinopathy
- Newly diagnosed type 2 diabetes patients in general practices
(n=12524)
- Prevalence and risk factors of diabetic retinopathy

- Prevalence estimates of diabetic retinopathy varied from 1.5%- 31%

- Cross-sectional study
- Scotland
- 2005-2008
- Cohort study
- UK
- 2003-2005
- Randomized clinical trial
- UK
- enrolled from general
practitioners(GPs)

- Newly diagnosed type 2 diabetes patients (n=51526)
- Prevalence and risk factors of diabetic retinopathy

- Prevalence of any retinopathy 19.3% and for referable retinopathy 1.9%.
- Diabetic retinopathy was associated with male sex, HbA1c, systolic blood
pressure, and obesity
- 1.7% presented with microvascular complications
- 19.2% presented with cardiovascular complications

- Newly diagnosed type 2 diabetes patients (n=9158)
- Prevalence of diabetes complications
- Newly diagnosed type 2 diabetes patients (n=3867)
- Prevalence of diabetes complications

- Prevalence of 19.0% of diagnosed diabetic retinopathy
- Diabetic retinopathy was associated with age, male sex, HbA1c, systolic
blood pressure, and antihypertensive drugs

- 36% retinopathy, 1.9% proteinuria, 11.5% neuropathy

UKPDS 1764
-1996

- Included between 1977-1997
- Randomized clinical trial
- UK
- enrolled from GPs
- Included between 1977-1997

- Newly diagnosed type 2 diabetes patients (n=4209)
- Prevalence of diabetes complications

- Approximately 50% had an diabetes-related tissue damage at recruitment:
8% had cardiovascular disease, 37% had retinopathy, 18% had
microalbuminuria

Study II – MBL and cardiovascular disease in individuals with diabetes
Design, setting, registries, period

Population, exposure, controls (if applicable), outcome

Results, limitations

- Prospective cohort study
- the population based CODAM
cohort
- the Netherlands

- Normal/impaired glucose metabolism/type 2 diabetes (52/22/26 %)
(n=495)
- plasma MBL concentrations
- MBL genotype (3 SNPs: B,C,D)
- median 7 yr follow-up
- Outcomes: Carotid.intima-media thickness, low-grade inflammation,
cardiovascular disease, cardiovascular events

Káplár et al.66
- 2015

- Cross-sectional study
- Hungary

Zhao et al.67
- 2015

- Meta-analysis (12 published
studies on MBL and vascular
complications in diabetes)
- China
- Published between 2004-2014
- Prospective cohort study
- the Netherlands

- Patients with type 2 diabetes (n=103)
- Age matched controls (n=98)
- serum MBL levels (divided into 4 groups: <100, 100-500, 500-1000,
>1000 ng/mL)
- Outcome: Carotid.intima-media thickness
- Patients with diabetes (n=2714)
- data on MBL expression levels
- vascular complications
- 400 µg/L as the cutoff – 2256 cases with high expression levels of MBL
and 458 cases with low expression MBL
- type 2 diabetes patients (n =168)
- 122 with known type 2 diabetes and 46 newly diagnosed
- MBL genotype (3 SNPs: B,C,D)
- serum MBL levels
- Outcomes: cardiovascular events
- median follow-up 7.7 yr

- Non-linear association between plasma MBL (tertiles) and low-grade
inflammation
- Association of MBL genotype and incident CVE: Low/intermediate MBL
genotype compared to high MBL genotype: aOR 1.60 (0.73-3.51)
- Association of plasma MBL (tertiles) and incident CVE: aOR of 2.57 (0.897.44) for the low compared to the middle plasma MBL and 2.12 (0.65-6.90)
for the high compared to the middle plasma MBL
- Only genotyped for 3 of the 6 SNPs. Not all diabetic patients.
- Low and intermediate MBL genotype grouped together
- U shaped association between serum MBL levels (categories) and
carotid.intima-media thickness in type 2 diabetes. No association in controls.
- study size and no MBL genotype information
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Author,
journal, year
Hertle et al.65
- 2016

Siezenga et al.68
- 2011

Mellbin et al.69
- 2010

- Prospective cohort study
- Substudy of the DIGAMI 2 trial
- Sweden/Denmark

- Patients with type 2 diabetes and myocardial infarction (n=387)
- serum MBL (dichotomized below or above 1000µg/L)
- MBL genotype (n= 287) categorized as high or low
- Outcome: A composite of cardiovascular events (cardiovascular disease
death, reinfarction, stroke)
- mean follow-up 2.5 yr

- The combined ORs for the high MBL expression levels with vascular
complications were 1.60 (1.24-2.08) and 1.94 (1.00-3.76)
- No MBL genotype information
- Cutoff at 400 µg/L
- also included microvascular complications
- Compared to the high MBL genotype, the low MBL genotype was
associated with cardiovascular events (HR 3.43, 1.24-9.49)
- Compared to the high MBL genotype the HR for the intermediate genotype
was 0.65 (0.20-2.07)
- Log-transformed serum MBL levels were not associated with CVE (HR
0.93, 0.50-1.73; aHR 1.19, 0.61-2.30)
- log-transformation of serum MBL – will not show the true association
between serum MBL and cardiovascular events because both low and high
serum MBL levels are potentially associated with cardiovascular events
- No association between cardiovascular events and serum MBL (continuous
variable) (HR 0.93, 0.85-1.01) or genotype (0.92, 0.82-1.02)
- Patients with high MBL levels (sMBL >1000) had lower event rates
(unadjusted HR 0.68, 0.48-0.95) compared to low MBL levels
- Patients with high genotype/high MBL levels had a lower event rate
(unadjusted HR 0.49, 0.26-0.92) compared to low genotype/low MBL levels
- log-transformation of serum MBL – will not show the true association
between serum MBL and cardiovascular events because both low and high
serum MBL levels are potentially associated with cardiovascular events
- Grouped low and intermediate MBL genotype into one category

- case control studies (crosssectional and follow-up groups –
nested case-control study)
- Iceland
- subsample from the prospective
Reykjavik study

- Population based cohort
- Cross-sectional group – myocardial infarction (MI) cases (n=457),
gender matched controls (n=530)
- Follow-up group – MI cases (n=867), event-free controls (n=442).
Follow-up time 27 yr
- outcome: nonfatal MI and cardiovascular disease death
- stratification to diabetes
- Serum MBL (dichotomized – high >1000 and low <1000µg/L)

Hansen et al.20
- 2004

- case-control study
- Steno Diabetes Center, Denmark
-

Best et al.71
- 2004

- Case-control study
- Subsample from The strong Heart
Study
- USA
- Enrolled between 1989 and 1992

- Cases: 199 type 1 diabetes patients with diabetic nephropathy and 192
type 1 diabetes patients with normoalbuminuria matched for sex, age,
diabetes duration
- Controls: 100 age matched healthy subjects
- serum MBL and MBL genotype (categorized as high or low)
- Outcomes: cardiovascular disease (ischemic heart disease, stroke,
claudication)
- 3 American Indian communities (n=434)
- 69% of cases had diabetes and 37% of controls had diabetes
- MBL genotype categorized in low and high
- Cases – experiencing an outcomes (n=217)
- Controls matched on SHS center, sex, and age – without an outcome
(n=217)
- Outcome: coronary artery disease

Saevarsdottir
et al.70
- 2005

-

Overall: high serum MBL (>1000) associated with decreased risk of MI
compared to low serum MBL (<1000)
- Cross-sectional group (aOR=0.64;0.50-0.82)
- Follow-up group (aOR=0.88;0.69-1.1)
Stratification to diabetes ptt: High MBL associated with decreased risk of MI
in patients with diabetes
- Cross-sectional group (aOR=0.38;0.17-0.88)
- Follow-up group (aOR=0.15;0.03-0.78)
- small groups when stratified for diabetes
- Serum MBL concentrations higher among ptt with previous CVD compared
to ptt without CVD
- This difference persisted in patients with high genotype but not with low
genotype
- Grouped low and intermediate MBL genotype into one category

- Low MBL genotype was associated with increased risk of Coronary artery
disease
- aOR 3.2 (1.5-7.0)
- Categorized MBL genotype into low and high

Study II – MBL and all-cause mortality in individuals with diabetes
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Author,
journal, year
Østergaard et
al.72
- 2015

Design, setting, registres, period

Population, exposure, controls (if applicable), outcome

Results, limitations

- Prospective cohort study
- Steno Diabetes Center Denmark
- Included in 1993

- Patients with type 1 diabetes (n=372)
- Serum MBL levels (dichotomized in high and low MBL levels –
above/low the median)
- MBL genotype (dichotomized in high and low MBL expression
genotypes)
- Outcome: all-cause mortality

Hansen et al.73
- 2006

- Prospective cohort study
- Steno Diabetes Center Denmark
- Included between Jan and Dec
1987

- Patients with type 2 diabetes (n=326)
- Serum MBL levels (dichotomized <1000 and ≥1000µg/L)
- Outcome: all-cause mortality
- median follow-up 15.6 yr.

- The adjusted HR for all-cause mortality was 1.47 (0.97-2.21) for high
genotype compared to low genotype
- the same tendency was found for MBL genotype and CVD mortality (data
not shown)
- The adjusted HR for all-cause mortality was aHR 1.79 (1.19-2.71) for high
MBL levels compared to low MBL levels.
Increased CVD mortality rate for those with high MBL levels compared to
low MBL levels (data not shown)
- High MBL levels was associated with increased risk of dying compared to
low MBL levels (HR 1.2, 0.7-2.1) after 5 years follow-up.
- Small study size, no MBL genotype

Study III – MBL and infection in individuals with diabetes
Author,
journal, year

Design, setting, registres, period

No relevant studies were found

Population, exposure, controls (if applicable), outcome

Results, limitations

1.7 Prevalence of diabetes complications (study I)
As seen from Table 1, a number of studies have reported the prevalence of microvascular and/or
macrovascular complications in individuals with newly diagnosed type 2 diabetes. Reported estimates vary
widely between 1.7%-68.8% for early microvascular complications54,56,62 and 9% for early macrovascular
complications.54 The reported estimates also vary widely between 2.4%-59.6% for diabetic neuropathy53,54,5658,63

, 1.5%-37% for diabetic retinopathy54-61,63,64, 2.8%-24.4% for diabetic nephropathy54,56-58,64, 7.9%-23.2%

for cardiovascular disease54,57,62,64, 2% for cerebrovascular disease54, and 2%-39.5% for peripheral vascular
disease.54,57 These large variations may be partly explained by some of the following. Increased diabetes
case-finding in populations-at-risk74 in recent years, lead to earlier type 2 diabetes diagnosis and lower
prevalence of complications at time of diagnosis75,76, compared to older studies.63,64 A recent study reported a
large decline in hemoglobin A1c (HbA1c) at first diabetes treatment from 2000-2017, suggesting earlier
diabetes diagnosis.77 Various ways of assessing diabetes complications may also play a role, i.e.,
complication data derived from randomized clinical trials58,63 (i.e., structured interview and clinical
examination), exclusively through hospital contact diagnoses57 or in combination with questionnaire data.53
Other explanations include differences in: 1) study populations, e.g., ethnic differences78, sampled from
outpatients clinics or primary care, non-similar health care access, and obesity prevalence; and 2) diabetes
duration, may lead to the reported difference in prevalence of early diabetes complications. In some studies
of “newly diagnosed” diabetes, individuals had been known with diabetes for a varying period before
complications assessment.53,55,58,60 Increasing diabetes duration is a well-known risk factor for development
of diabetes complications.79 Thus, the timing of diabetes complication assessment in relation to diabetes
diagnosis may have an impact on the prevalence of diabetes complications.
1.8 MBL and cardiovascular disease in individuals with diabetes (study II)
The association between MBL and cardiovascular disease is ambiguous. Some studies have associated low
MBL levels and other studies high MBL levels with increased risk of cardiovascular disease. In 2004,
Hansen et al.20 were among the first to show that serum MBL levels were higher in individuals with type 1
diabetes with previous cardiovascular disease compared to individuals with type 1 diabetes without
cardiovascular disease. This difference persisted in individuals with high MBL genotype, but not with low
genotype. In 2004, Best et al.71 were the first to show an association between low MBL genotype and
incident coronary artery disease in the Strong Heart Study (69% of cases with diabetes). In 2005,
Saevarsdottir et al.70 showed that high serum MBL levels were associated with decreased risk of myocardial
infarction in individuals with diabetes. Mellbin et al.69 found no association between cardiovascular events
and serum MBL or MBL genotype in individuals with type 2 diabetes and myocardial infarction. After
dichotomizing serum MBL, the risk of cardiovascular events was lower in individuals with high MBL
genotype and high serum levels compared to individuals with low MBL genotype and low serum levels.
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Siezenga et al.68 reported that low MBL genotype was associated with increased risk of cardiovascular
events compared to high MBL genotype in individuals with type 2 diabetes. In addition, intermediate MBL
genotype seemed associated with decreased risk of cardiovascular events compared to high MBL genotype.
Serum MBL levels were not associated with cardiovascular events. In a metaanalysis, Zhao et al.67 reported
an association between high serum MBL levels and increased risk of vascular complications (also including
microvascular complications) in diabetes.
It is biologically plausible that MBL may play a double-edged role in the development of
cardiovascular disease. Low MBL levels (such as in MBL deficiency) may impair pathogen clearance and
reduce removal of atherogenic lipoproteins.68,80 High MBL levels may amplify a low-grade immune response
through complement activation, in particular if hyperglycemia is present.42,81 In support of this, Káplár et
al.66 showed for the first time in individuals with type 2 diabetes, that both high serum MBL levels and low
serum MBL levels were associated with increases in carotid intima-media thickness as a marker of
subclinical atherosclerosis.82 Hertle et al.65 also found a non-linear association between plasma MBL levels
(tertiles) and cardiovascular events and low-grade inflammation. In addition, low MBL genotype was
associated with increased risk of cardiovascular events compared to high MBL genotype.
Overall, the literature review shows that examinations of the association between MBL and
cardiovascular disease in individuals with diabetes have yielded mixed and contradictory findings regarding
the direction of the association. Selected studies on the association between MBL and cardiovascular disease
in the general population48,83-86 and in other selected populations87-89 (e.g., individuals with rheumatoid
arthritis) will be discussed in the Discussion section of this thesis.
1.9 MBL and mortality in individuals with diabetes (study II)
The association between MBL and mortality is less well studied compared to the association with
cardiovascular disease. In 2006, Hansen et al.73 showed that mortality was higher in individuals with type 2
diabetes with high MBL levels compared to low MBL levels. Østergaard et al.72 also showed an association
in individuals with type 1 diabetes between high serum MBL levels and increased mortality compared to low
serum levels. In addition, compared to low MBL genotype, they reported an association between high MBL
genotype and increased mortality. These two studies does not report on cause-specific mortality. A large
Danish general population study showed no clear association with death from any cause, whereas MBL
deficiency showed a trend towards an association with death from cardiovascular disorders.48
1.10 MBL and infections in individuals with diabetes (study III)
To my knowledge, no previous studies have investigated the association between MBL and infections in
individuals with diabetes. It is well known that there is an association between MBL deficiency and
susceptibility to infections.15,17 Especially in individuals with additional risk factors (e.g., immature adaptive
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immune response in infants, chemotherapy, or cancer), MBL deficiency may play a pivotal role in
predisposition to infections.22,27-29 MBL binds to a wide variety of pathogens, e.g., bacteria, fungi, viruses,
and parasites.15 A number of studies have reported an association between MBL deficiency and lower
respiratory tract infections.49,90-92 Since there is no local production of MBL in the lungs, this can be
explained biologically by “leakage” of MBL protein from bloodstream into infected airways, thereby
activating the complement system.22 In addition, there are multiple studies reporting strong associations
between MBL deficiency and severe bacterial infections in patients undergoing chemotherapy.15 This may be
explained by a compromised adaptive immune response. Mannan is a major component of fungal cell walls
and MBL has been shown to bind to a variety of fungi, thus, causing activation of the complement system.15
Previous studies have reported increased susceptibility to HIV infection in individuals with MBL
deficiency.15 Studies on the association between MBL and viral infection are however limited.

12

2. Hypotheses and aims
The exact prevalence of micro- and macrovascular complications and associated clinical characteristics in
newly diagnosed type 2 diabetes is uncertain. Moreover, after two decades of research, the exact role of
MBL in the development of cardiovascular disease and early death remains ambiguous. Several studies have
found an association between decreased MBL levels and increased risk of infections, but none in individuals
with type 2 diabetes who are at high risk of infections. Thus, the overall aim of this thesis was to examine the
prevalence of early complications among individuals newly diagnosed with type 2 diabetes, and the
association between MBL and subsequent cardiovascular events, early death, and infections in individuals
newly diagnosed with type 2 diabetes. The hypotheses and specific aims of the three studies included in this
thesis are listed below:

Study I

Hypothesis: Baseline clinical characteristics may differ between recently diagnosed
individuals with type 2 diabetes presenting with either microvascular or macrovascular
complications.
Aim: To examine the prevalence of micro- and macrovascular complications and associated
clinical characteristics among individuals with recently diagnosed type 2 diabetes in the
Danish DD2 cohort.

Study II

Hypothesis: Compared to intermediate MBL levels, both low and high serum MBL levels are
directly associated with increased risk of cardiovascular events and all-cause mortality in
individuals with type 2 diabetes.
Aim: To investigate the association between MBL and risk of cardiovascular events and allcause mortality in individuals with recently diagnosed type 2 diabetes from the DD2 cohort.

Study III

Hypothesis: Low baseline MBL levels are associated with increased risk of future infections
compared with intermediate or high levels in individuals with type 2 diabetes.
Aim: To examine the association between MBL and risk of hospital-treated infections and
community-based antimicrobial prescriptions in individuals with recently diagnosed type 2
diabetes from the DD2 cohort.

Cross-sectional study I describes the baseline DD2 cohort, on which longitudinal studies II and III were
based.
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3. Methods
This section describes the methods used for studies I-III. An overview is provided in Table 2.
Methodological considerations will be discussed in section 5.2 Methodological considerations.
3.1 Setting
Denmark has a universal tax-financed health care system, guaranteeing free access to health care for all
residents and partial reimbursement of most costs for prescription medications.93 General practitioners (GPs)
are essential for a well-functioning primary health care sector and serve as gatekeepers to the secondary
health care sector as they are responsible for the majority of referrals to the secondary sector.94 In Denmark,
the majority of individuals with type 2 diabetes are treated by GPs, while the remaining ~20% receive
diabetes care at Danish hospital outpatient clinics.95
3.2 Data sources
All three studies used prospectively collected data recorded in medical and administrative databases. The
unique and permanent central personal registration (CPR) number, assigned to each Danish resident at birth
or immigration by the Civil Registration System (CRS), allowed for accurate and unambiguous individuallevel linkage of all the databases with complete follow-up.93
3.2.1 Administrative and health care databases
The Civil Registration System93(studies I, II, and III) was established in 1968 and provides a complete
account of all changes in vital statistics on a daily basis. The CRS registry records exact date of birth, death,
immigration, emigration, civil status, address, and kinship (children, partner, and parents) for all Danish
residents.
The Danish National Patient Registry (DNPR)96(studies I, II, and III) records data on all Danish nonpsychiatric hospital admissions since 1977, on all Danish non-psychiatric emergency visits and hospital
outpatient clinics contacts since 1995, and on all Danish psychiatric hospital contacts since 1995. Reporting
to the DNPR is mandatory. The DNPR records exact dates of admission and discharge, a primary diagnosis
(the primary reason for contact), an optional number of secondary diagnoses (additional conditions), and any
surgical procedures performed. The primary and secondary diagnoses were coded according to the
International Classification of Diseases (ICD), 8th revision, until the end of 1993, and by the ICD-10
thereafter. Since 1996, Nordic Medico-Statistical Committee classification was used for surgical procedures.
The Danish Registry of Causes of Death (DRCD)97(study II) records data on all Danish death certificates
since 1943 and the classification of cause of death is based on ICD-10 codes since 1994. The physician in
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Table 2: Summary of materials and methods.
Objectives

Setting
Design
Data sources

Study
population

Exposures

Outcomes
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Study I
To examine the prevalence of micro- and
macrovascular complications and associated
clinical characteristics in individuals with
recently diagnosed type 2 diabetes.
Denmark, 2010-2016.

Study II
To examine the association between MBL and risk of
cardiovascular events (CVE) and early death in
individuals with recently diagnosed type 2 diabetes.

Study III
To examine the association between MBL and risk of
future infection in individuals with recently
diagnosed type 2 diabetes.

Denmark, 2010-2018.

Denmark, 2010-2018.

Cross-sectional.
DD2 core data, DD2 biobank data, and linked
Danish health register data (CRS, DNPR,
DNHSP, DDDA)
All DD2 participants enrolled by February 2016,
n=6,958. Subcohort linkable to the DDDA,
n=5,115.

Prospective cohort study.
DD2 core data, DD2 biobank data, and linked Danish
health register data (CRS, DNPR, DNHSP, DDDA,
DRCD)
All DD2 participants enrolled by December 2016 and
with a stored blood sample in the DD2 biobank,
n=7,588.

Prospective cohort study.
DD2 core data, DD2 biobank data, and linked Danish
health register data (CRS, DNPR, DNHSP, DDDA)

Age, sex, central obesity, waist-hip ratio, physical
activity, blood glucose, c-peptide, CRP.
Subcohort linkable to the DDDA: blood pressure,
smoking, BMI, lipid levels, HbA1c.
Micro- and macrovascular complications
diagnosed prior to or up to 6 months after the
DD2 enrolment date.

Serum MBL level (n=7,305) and MBL expression
genotype (n=3,043).

Serum MBL level (n=7,305) and MBL expression
genotype (n=3,043).

A composite of CVE (first occurrence of myocardial
infarction, ischemic stroke, unstable angina, coronary
revascularization, or cardiovascular death), individual
subtypes of CVE, and all-cause mortality.
Age, sex, diabetes duration, waist circumference, waisthip ratio, BMI, physical activity, smoking, blood
pressure, CCI, anti-diabetes, lipid-lowering, antihypertensive, and anti-thrombotic drug use, blood
glucose, HbA1c, C-peptide, albumin:creatinine ratio,
lipid levels, and hs-CRP. Missing covariates were
treated with multiple imputation.
Restricted cubic spline models. Cumulative incidence
of CVE, considering non-cardiovascular death as a
competing risk, using STATA’s stcompet command.
Cumulative mortality using the Kaplan–Meier method.
Hazard ratios using the Cox regression analysis.
Multiple imputation.
1. Exclusion of individuals with CRP levels >10 mg/L
(n=641).
2. Exclusion of individuals with a registered diabetes
duration >1 year (n=4,042).
3. Exclusion of individuals with any prior record of
cardiovascular disease (n=1,451).

First hospital-treated infections (classified into
bacterial, viral, and fungal).
First community-based antimicrobial prescriptions
and individual subtypes
Age, sex, diabetes duration, waist circumference,
waist-hip ratio, BMI, physical activity, smoking,
alcohol consumption, CCI, anti-diabetes, and lipidlowering drug use, blood glucose, HbA1c, lipid
levels, and hs-CRP. Missing covariates were treated
with multiple imputation.

Covariates

-

Statistical
analysis

Calculation of prevalence. Calculation of
prevalence ratios using Log-binomial and Poisson
regression.

Sensitivity
analyses

Restriction to individuals with type 2 diabetes
with no glucose-lowering treatment, registration
in the DDDA, or hospital diagnoses of type 2
diabetes >1 year prior to DD2 enrolment.

All DD2 participants enrolled by December 2016
and with a stored blood sample in the DD2 biobank,
n=7,588.

Restricted cubic spline models. Cumulative
incidence of outcomes, considering death as a
competing risk, using STATA’s stcompet command.
Hazard ratios using the Cox regression analysis.
Multiple imputation.
1. Exclusion of individuals with CRP levels >10
mg/L (n=641).

charge assigns one diagnosis (the underlying cause of death) and additional diagnoses (contributory or direct
causes of death).
The Danish Diabetes Database for Adults (DDDA)98(studies I, II, and III) is a nationwide clinical quality
database, monitoring the quality-of-care for Danish diabetes patients since 2005. Danish hospital outpatient
clinics and GP offices provide data on a number of variables (e.g., smoking habits, blood pressure, lipid
levels, HbA1c, anthropometric measures) annually with up to one year of latency. In 2013, it became
mandatory for the GP offices to report to the DDDA database.
The Danish National Health Service Prescription Database (DNHSP)99(studies I, II, and III) records data on
all filled prescriptions of reimbursable drugs at Danish community pharmacies since 2004. Data includes the
following variables: name and type of the drug dispensed according to the Anatomical Therapeutic Chemical
(ATC) classification system, strength and amount of the drug dispensed, and data and place of the
dispensing.
3.2.2 The Danish Centre for Strategic Research in Type 2 Diabetes Cohort
The Danish Centre for Strategic Research in Type 2 Diabetes (DD2) cohort100 (studies I, II, and III) was
established in 2009 and the first participant was enrolled November 10, 2010. The DD2 project is still
ongoing with continuous enrolment, and the cohort, by February 2020, consists of 8218 participants. The
DD2 project's overall goal is to provide a large, data-rich, and extensive resource for type 2 diabetes
research, including studies of type 2 diabetes complications, and improved genotypic, and clinical
characterization of type 2 diabetes. The DD2 participants are individuals newly or recently diagnosed with
type 2 diabetes (the WHO criteria for diabetes) in the routine clinical practice throughout Denmark, and the
DD2 enrolment takes place from GPs or hospital outpatient clinics. The DD2 project aims to enroll
individuals with type 2 diabetes around the time of their diagnosis and encourages clinicians to do so, but
some individuals may have been diagnosed years before enrolment.101 The DD2 project enrolls an estimated
5% of individuals with newly diagnosed type 2 diabetes nationwide in Denmark.100 By 2016, 53% of the
DD2 participants were enrolled from GPs and 47% from hospital outpatient clinics.100 An estimated 80% of
individuals with type 2 diabetes in Denmark receive their diabetes care by GPs, and the remainder at Danish
hospital outpatient clinics.100 In brief, the physician/nurse completes an online questionnaire eliciting
lifestyle information (e.g. physical activity, alcohol consumption) and clinical examination data (e.g. waistand hip circumference) for each entered DD2 participant at the time of enrollment (DD2 core data). In
addition, urine- and fasting blood samples are obtained and stored in the DD2 biobank102 and have currently
been analyzed for a number of biomarkers, e.g., fasting blood glucose and C-peptide. High-sensitivity Creactive protein (hs-CRP) and MBL (both serum and genotype) have been measured as a part of this PhD.
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3.3 Study designs and study populations
Study I103 is a cross-sectional study and the study population was all DD2 participants enrolled by February
2016. Study II and III are cohort studies and the study populations were all DD2 participants enrolled by
December 2016 and with a stored blood sample in the DD2 biobank (for overview, see the flow diagram in
Figure 5 of the Result section).
3.4 Exposures
3.4.1 Patient characteristics (study I)
In study I103, we extracted data on patient characteristics present at time of DD2 enrolment from the DD2
core data and the linked health databases: DDDA (we used the variable closest to the DD2 enrolment date)
and DNHSP (we used yes/no to a redeemed prescription the previous year). Our focus was to examine
micro- and macrovascular complications and their associated clinical characteristics among individuals with
recently diagnosed type 2 diabetes. As mentioned previously, DD2 aims to enroll individuals with newly and
recently diagnosed type 2 diabetes, thus, we used time of DD2 enrolment as a proxy for time of type 2
diabetes diagnosis. Patient characteristics of interest were age, sex, central obesity (defined as waist
circumference ≥94 cm for men and ≥80 cm for women), waist-hip ratio, regular physical activity (yes/no),
fasting blood glucose (mmol/L), C-peptide (pmol/L), CRP (mg/L), and lipid-lowering, and anti-hypertensive
drug use. Patient characteristics of interest available for a subcohort currently linkable to the DDDA database
(n=5115, 75%), were HbA1c (%), blood pressure (mmHg), body mass index (BMI, kg/m2), tobacco smoking
(defined as smoking or never/previous smoking), plasma lipids (mmol/L).
3.4.2 Serum MBL levels (study II and III)
For study II and III, functional serum MBL was measured in the DD2 baseline blood samples using an inhouse time resolved immune-fluorometric assay (TRIFMA).104 Serum levels of MBL were determined in
duplicates. In brief, microtiter wells were coated with mannan, followed by incubation with diluted serum
samples. After washing, biotin-labelled monoclonal anti-MBL antibody was added followed by europiumlabelled streptavidin, and after incubation and washing, the amount of bound MBL was assessed by timeresolved fluorometry. Serum samples with known high, intermediate, and low MBL concentration were
included as internal controls on every plate. The limit of quantification was 10 μg/L at the dilution used,
thus, MBL deficiency was set to 10 μg/L. The intra- and interassay coefficients of variation were below 10%.
We analyzed serum MBL levels as a continuous variable to examine a potential nonlinear association with
outcomes, and categorized as low (≤100 µg/L), intermediate (101–1000 µg/L), or high (>1000 µg/L), cut
points often used in MBL research.37 This TRIFMA method requires MBL binding to mannan, thus, this
method assays biologically functional MBL.17
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3.4.3 MBL expression genotypes (study II and III)
In study II and III, we used purified DNA, from the DD2 baseline blood samples, genotyping the human
MBL2 gene. MBL2 genotyping was performed on the first consecutive individuals with type 2 diabetes
enrolled in the DD2 cohort (n=3042). The six SNPs located within the promoter region (rs11003125,
rs7096206, rs7095891) and exon 1 (rs5030737, rs1800451, rs1800450) of the MBL2 gene were genotyped by
real-time polymerase chain reaction (PCR) technique using TaqMan genotyping assays as previously
described.45 In brief, for PCR reactions, a GeneAmp 9700 thermal cycler (ABI, Foster City, CA, USA) were
used for amplification. The PCR reaction mixes contained 20 ng DNA, 900 nM primers, and 200 nM probes,
as well as TaqMan Universal PCR Master Mix (Applied Biosystems, Foster City, CA, USA) in a final
volume of 5 μL in 384-well plates. The PCR profile included 2 minutes at 50 °C, 10 minutes at 95 °C,
followed by 40 cycles of 15 seconds at 95 °C and 1 minute at an annealing temperature of 60 °C. PCR
primers are designed to amplify a small piece of DNA around a SNP target and allele specific probes are
labeled with reporter dye.105 Samples only emitting the dye of the common allele were homozygous for the
common allele (A/A), while samples only emitting the dye of the rare allele were homozygous for the rare
allele (O/O), and finally, samples emitting both dyes were heterozygous (A/O). The endpoint reading of the
fluorescence generated during PCR amplification were carried out on the real-time PCR instrument Quant
Studio 12K Flex using the Quant Studio 12K Flex software. Due to linkage disequilibrium, the six SNPs give
rise to seven major haplotypes: HYPA, LYQA, LYPA, LXPA, LYPB, LYQC and HYPD.47 We categorized
the MBL haplotypes into three MBL expression genotypes, low (YO/YO, XA/YO), intermediate (XA/XA,
YA/YO), or high (YA/YA, XA/YA)49,106, that previously have been correlated with serum MBL levels
(Figure 4).37 See the Appendix II, supplemental for additional information.

Figure 4. Correlation between plasma MBL levels
and genotypes. A/A indicates the wild type, A/O
indicates the heterozygotes; and O/O indicates the
homozygotes. Adapted and reprinted from
Gadjeva et al.37, with permission from Elsevier.
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3.5 Outcomes
3.5.1 Micro- and macrovascular complications (study I)
For each DD2 cohort participant included in study I103, we retrieved information on presence or absence of
micro- and macrovascular complications (both inpatient hospital admission or hospital outpatient clinic
contact with a primary or secondary diagnosis) recorded in the DNPR96 between 10 years before and until 6
months after the DD2 enrollment date. Our focus was to examine the prevalence of micro- and
macrovascular complications at time of type 2 diabetes diagnosis. Again, time of DD2 enrolment was used
as a proxy for time at type 2 diabetes diagnosis. We categorized micro- and macrovascular complications as:
no complications, microvascular complications, macrovascular complications, or both micro- and
macrovascular complications at DD2 enrolment. Microvascular complications included: retinopathy
(including any diabetes related eye disease, atherosclerotic eye disease, blindness/severely impaired vision,
or use of retinal photocoagulation therapy); neuropathy (including any diabetes related neurological
complication); and nephropathy (including any diabetes related kidney disease, albuminuria, chronic
dialysis, or renal failure). Macrovascular complications included: ischemic heart disease (including angina
pectoris and coronary surgery); atherosclerotic cerebrovascular disease (including thrombolysis and
thrombectomy); and atherosclerotic peripheral vascular disease (including vascular surgery, amputation, and
any operation for macroangiopathy). See Appendix I, Appendix Supplementary table A.1 for diagnosis and
procedure codes.
3.5.2 Cardiovascular events (study II)
A composite endpoint of cardiovascular events and the individual subtypes of cardiovascular events were
outcomes in study II. The composite endpoint of cardiovascular events were defined as first-time inpatient
hospital admission of myocardial infarction, ischemic stroke, unstable angina pectoris, coronary
revascularization, or cardiovascular death after the DD2 enrolment date. Individuals with an event prior to
DD2 enrollment (n=434 for myocardial infarction; n=248 for ischemic stroke; n=602 for coronary
revascularization; n=163 for unstable angina pectoris; and n=924 for any cardiovascular events) were
excluded from the analyses for the relevant outcome. We retrieved information on diagnosis of
cardiovascular events (both as the primary or secondary discharge diagnosis) from the DNPR96 and on
cardiovascular death (both as the immediate or underlying cause of death) from the DRCD.97 See Appendix
II, Supplemental material, Supplementary Table 1 for diagnosis and procedure codes.
3.5.3 All-cause mortality (study II)
All-cause mortality was another outcome in study II. Information on vital status, including exact date of
death was assessed from the CRS.93
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3.5.4 Hospital-treated infections (study III)
Any hospital-treated infections and individual subtypes were outcomes in study III. Any hospital-treated
infections were defined as first-time inpatient hospital admissions or hospital outpatient clinic contacts with a
primary or secondary diagnosis of any infections after the DD2 enrolment date. We retrieved information on
hospital-treated infections based on diagnosis from the DNPR.96 We categorized infections into subtypes
consistent with previous studies107,108: bacterial, viral, and fungal. Hospital-treated bacterial infections were:
pneumonia, skin infections, urinary tract infections, sepsis, intra-abdominal infections, abscesses, diarrheal
diseases, and other bacterial infections. Hospital-treated viral infections were: influenza and other viral
infection. See Appendix III, Supplemental material, Supplementary Table 1 for diagnostic codes.
3.5.5 Community-based antimicrobial prescriptions (study III)
Community-based antimicrobial prescriptions and individual subtypes were outcomes in study III and we
used these as a proxy for community-treated infections. Any community-based antimicrobial prescriptions
were defined as first-time redeemed antimicrobial prescriptions recorded in the DNHSP after the DD2
enrolment date, consistent with previous studies.107,109 We categorized any community-based antimicrobial
prescriptions into subtypes as previously used107: all antimicrobial drugs prescribed for oral treatment of
bacterial, viral, and fungal infection. As a proxy for respiratory tract infections, we identified the number of
redeemed prescriptions for oral treatment with phenoxymethylpenicillin and specific macrolides
(erythromycin, roxithromycin, and clarithromycin).107 As a proxy for skin infections, we identified redeemed
prescriptions of dicloxacillin and flucloxacillin.107 As a proxy for urinary tract infections, we used redeemed
prescriptions of pivmecillinam, sulfamethizole, nitrofurantoin, and trimethoprim.107 In an additional analysis,
we included pivampicillin as an expanded proxy for urinary tract infections. Furthermore, we evaluated
redeemed prescriptions with commonly prescribed broad-spectrum penicillins (amoxicillin and amoxicillin
with enzyme inhibitor). See Appendix III, Supplemental material, Supplementary Table 2 for ATC codes.
3.6 Covariates
For study II and III, we extracted information on various covariates to describe the study population110 (of
which some could be associated with subsequent outcome risk) and to perform subgroup analyses. From the
DD2 online questionnaire111 and linked administrative and health care registries, we obtained baseline
information on other covariates present at the time of DD2 enrollment.
3.6.1 Demographic information
From the CRS, we extracted information on sex and age at time of DD2 enrolment.
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3.6.2 Diabetes duration
As previously mentioned, some of the individuals with type 2 diabetes in the DD2 cohort have been
diagnosed with diabetes years before enrolment. In study II and III we defined a diabetes duration variable as
time from first of the following events until the DD2 enrollment date: prescription of glucose-lowering
drugs, first diabetes-related diagnosis in the Danish National Patient Registry, or DDDA registration. In the
absence of information from a prior drug prescription, diabetes diagnosis from the DNPR, or DDDA
registration, diabetes duration was set to 0 at DD2 enrollment date.
3.6.3 High-sensitive C-reactive protein
In study II and III serum hs-CRP was measured in the DD2 baseline blood samples by in-house
TRIFMA112 based on commercially available monoclonal antibodies (MAB17071 and BAM17072; R&D
Systems, Minneapolis, MN, USA) and calibrated against recombinant human CRP WHO 85/506 (National
Institute for Biological Standards and Control). Samples were diluted 1000-fold and measured in duplicate.
Intra- and interassay coefficients of variations were <5% and <6%, respectively.
3.6.4 Other covariates
In study II and III, we extracted information on baseline patient characteristics from the DD2 core data, the
DNPR, the DDDA, and the DNHSP that could be associated with subsequent outcome risk. In brief, these
included physical activity, the Charlson Comorbidities Index (CCI), HbA1c, BMI, central obesity, waist-hip
ratio, waist circumference, smoking, blood pressure, fasting blood-glucose level, C-peptide level, plasma
lipid level, use of anti-hypertensive and lipid-lowering drugs, and albumin/creatinine ratio. From the DNPR,
we obtained information on inpatient and outpatient discharge diagnoses recorded within a period of 10 years
(older diagnosis would less likely affect the outcome occurrence) before the DD2 enrolment date. We
computed the CCI scores113 using this information, and categorized the overall comorbidity level as: low
(CCI score = 0), medium (CCI score = 1–2), and high (CCI score ≥ 3). The Diabetes category was not
included in the CCI scoring system, as it constituted the index disease of our cohort. An overview, that lists
covariates, definitions, and codes, is provided in appendix II and III, supplemental material, Supplementary
Table 1. In study II and III, DD2 participants with missing covariates were not excluded from the analyses
but treated with multiple imputation.114 For further information on multiple imputation, see statistical
analyses in the Method section (section 3.7.3 page 24-25).
3.7 Statistical analyses
In all three studies, we provided descriptive tables of the study populations included in each study. In study I
according to micro- and macrovascular complication groups and in study II and III according to serum MBL
and MBL expression genotype categories.
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3.7.1 Prevalence of micro-/macrovascular complications (study I)
The prevalence of microvascular, macrovascular, and both types of complications at time of type 2 diabetes
diagnosis was calculated as the number of individuals diagnosed with a micro- and/or macrovascular
complications at time of DD2 enrolment divided by the total number of all DD2 cohort members.103 We
further calculated the prevalence of individual complications, i.e. retinopathy, neuropathy, nephropathy,
ischemic heart disease, atherosclerotic cerebrovascular disease, and atherosclerotic peripheral vascular
disease.
3.7.2 Characteristics associated with micro-/macrovascular complications (study I)
We calculated prevalence ratios (PRs) with 95% confidence intervals (CIs) of microvascular, macrovascular,
and both micro- and macrovascular complications associated with presence of each of the patient
characteristics under study103 using log-binomial and Poisson regression.115-118 The exact pathophysiological
pathways between the metabolic syndrome and other cardiovascular-related and dysglycemia-related factors
are incompletely understood and various factors may act as clusters in the same causal pathway.119 Thus, in
our main analysis we only adjusted all our PRs for age and sex to assess whether the associations were
independent of age and sex. We did a supplementary analysis where we also adjusted all associations for
waist-hip ratio (as a marker of central obesity) because obesity and in particular abdominal obesity might be
a fundamental factor preceding several of the other metabolic risk factors.
In order to maximize the probability of type 2 diabetes being a newly detected diagnosis, we
performed a sensitivity analysis where we excluded all individuals with type 2 diabetes from the DD2 cohort
with an earlier glucose-lowering treatment, hospital diagnosis of type 2 diabetes, or registration in the DDDA
database recorded >1 year prior to the DD2 enrolment date.
3.7.3 MBL and outcomes (study II and III)
In study II and III, we used time-to-event data to examine the association between MBL and outcomes (study
II: cardiovascular events, individual subtypes, and all-cause mortality; study III: hospital-treated infections,
community-based antimicrobial prescriptions, and individual subtypes). Individuals with type 2 diabetes
were followed from DD2 enrolment date until an event, death, migration, or end of follow-up, whichever
came first. We used study time as the time scale in the analyses. Individuals with an event prior to DD2
enrolment were excluded from the analyses for the relevant outcome. We did not consider recurrent events.
To circumvent confounding and reverse causation, and to assess a potential causal association between
serum MBL levels and outcomes, we investigated the first three steps of a Mendelian randomization study
design51: 1) the association between serum MBL levels and risk of outcomes; 2) the association between
MBL expression genotype and serum MBL levels; and 3) whether MBL expression genotype was associated
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with outcomes. According to the Mendelian randomization study design, this third step aids in substantiating
a causal association between serum MBL levels and outcomes.51
We examined a potential nonlinear association between serum MBL levels, as a continuous variable,
and risk of outcomes using restricted cubic spline models.120,121 We used STATA’s stcompet command to
plot the cumulative incidence of cardiovascular events, hospital-treated infections, and community-based
antimicrobial prescriptions for the three MBL categories, with risk for non-cardiovascular death and death as
a competing risks, respectively.122 We plotted cumulative mortality for the three MBL categories using the
Kaplan–Meier method. Incidence and mortality rates of cardiovascular events, hospital-treated infections,
community-based antimicrobial prescriptions, and all-cause mortality for the three MBL categories, were
calculated by dividing the total number of new events/deaths by the total person-time of the at risk
population expressed per 1000 person-years using the STATA’s stptime command. We used Cox
proportional hazard regression analysis to compute hazard ratios (HRs) of cardiovascular events, all-cause
mortality, hospital-treated infections, and community-based antimicrobial prescriptions with 95% CIs
according to the three MBL (both serum levels and MBL expression genotypes) exposure categories. The
intermediate MBL (both serum levels and MBL expression genotypes) categories were used as references
based on previous studies indicating a nonlinear association between serum MBL and cardiovascular
outcomes.65,66,88 Multivariable Cox regression was used to adjust for potential confounders. We performed
extensive adjustments for a priori decided potential confounders to ensure robustness of the potential
associations. We graphically verified the proportional hazards assumption by plotting –ln(survival
probability) against ln(analysis time) and detected no violations.
In study II, we created three models to adjust for potential confounders. In Model 1, HRs were
adjusted for sex and age. In Model 2, HRs were adjusted for sex, age, diabetes duration, and levels of hsCRP. In Model 3, HRs were adjusted for sex, age, diabetes duration, hs-CRP, waist circumference, waist–hip
ratio, BMI, physical activity, smoking, systolic and diastolic blood pressure, CCI, fasting blood glucose,
HbA1c, C-peptide, albumin/creatinine ratio, total cholesterol, low-density lipoprotein, high-density
cholesterol, triglycerides, and use of anti-diabetic, lipid-lowering, anti-hypertensive, or anti-thrombotic
drugs.
In study III, we created three models to adjust for potential confounders. In Model 1, HRs were
adjusted for sex and age. In Model 2, HRs were adjusted for sex, age, diabetes duration, and levels of hsCRP. In Model 3, HRs were adjusted for sex, age, diabetes duration, hs-CRP, waist circumference, waist–hip
ratio, BMI, physical activity, smoking, alcohol consumption, CCI, fasting blood glucose, HbA1c, total
cholesterol, low-density lipoprotein, high-density cholesterol, triglycerides, and use of anti-diabetic, or lipidlowering treatment.
We used multiple imputation to handle missing data.114 Missing data on covariates (n=5–3966; 0.1%–
54%; Appendix II, Supplemental material, Supplementary Table 2) used for adjustment in the Cox
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regression models were imputed to maximize power and avoid selection bias. We used multivariate normal
imputation (MVNI)123 to impute 20 complete data sets. MVNI assumes that all variables in the imputation
model follow a multivariate normal distribution and that missing data are missing at random. Continuous
variables with clearly non-normal (skewed) distributions were zero-skewness log-transformed, i.e.,
transformed to approximate normality before imputation. Then the imputed values were transformed back to
the original scale before analysis.114 Smoking (categorical variable) was also imputed using MVNI, which
has been shown to perform well even in the presence of binary and ordinal variables.123 All covariates used
in the analysis model, as well as the outcomes, were included in the imputation model to ensure maximum
recovery of information about the association of interest. See Appendix II, Supplemental material for the full
text on multiple imputation. We did not impute the exposure MBL expression genotype where this
information was missing (n=4262, 58%).
In study II and III, to assess risk of genotype misclassification, we used the Hardy–Weinberg
equilibrium and the χ² test, comparing the observed allele frequency distribution in the study population with
the expected distribution.124 We performed the Cuzick non-parametric test for trend across ordered groups125
and calculated R2 (coefficient of determination) by simple linear regression to evaluate the association
between MBL expression genotype and serum MBL levels.
We performed several sensitivity analyses. In study II, we first excluded DD2 participants with a
serum CRP level >10 mg/L (n=641; 9%) to decrease the risk of misclassification of serum MBL levels
related to acute inflammation and/or infection.34,108,126 Second, we excluded anyone with a registered diabetes
duration >1 year (n=4042; 55%) to focus solely on individuals with newly diagnosed type 2 diabetes. Third,
we excluded individuals with any previous record of cardiovascular disease (See Appendix II, Supplemental
material, Supplementary Table 1 for diagnosis and procedure codes), including any atherosclerotic disease or
heart failure (n=1451; 20%). In study III, we performed a sensitivity analysis excluding individuals with
serum CRP levels >10 mg/L (n=641; 9%) to prevent ongoing infection at the time of testing.108
In study I, we used SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina, USA) for data
management and analyses. In study II and III, we used SAS version 9.4 (SAS Institute) for data management
and STATA statistical software package version 14.2 (Stata Corp, College Station, TX, USA) for analyses.
3.8 Ethical considerations
All three studies included in this thesis were approved by the Danish Data Protection Agency and by the
Regional Committees on Health Research Ethics for Southern Denmark. All DD2 participants volunteered
and gave their written informed consent to participate in the DD2 project.
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4. Results
The main findings from study I-III are summarized below. See appendices I-III for the paper and
manuscripts.
4.1 Prevalence of micro-/macrovascular complications (study I)
Overall, 35% (n=2,456) of the 6,958 DD2 participants had a micro- and/or macrovascular complication at
time of DD2 enrollment.103 The prevalence of microvascular complications, macrovascular complications,
and both micro- and macrovascular complications was 11.9% (n=828), 17.1% (n=1,186), and 6.4% (n=442),
respectively.103 Of the individuals with recently diagnosed type 2 diabetes with any microvascular
complications, 3.4% (n=234) had nephropathy, 3.8% (n=264) had neuropathy, and 12.8% (n=887) had
retinopathy. Of the individuals with recently diagnosed type 2 diabetes with any macrovascular
complications, 2.2% (n=151) had peripheral vascular disease, 5.3% (n=365) had cerebrovascular disease, and
15.2% (n=1,059) had ischemic heart disease.103
4.2 Characteristics associated with micro-/macrovascular complications (study I)
Tables 3 and 4 shows the patient characteristics according to micro- and macrovascular complications among
individuals recently diagnosed with type 2 diabetes (i.e. time of DD2 enrollment). Patient characteristics
according to retinopathy, neuropathy, nephropathy, ischemic heart disease, cerebrovascular disease, and
peripheral vascular disease are shown in Appendix I, Supplementary Tables A8–A11.
We found that higher baseline HbA1c levels were associated with presence of microvascular and both
micro- and macrovascular complications at type 2 diabetes diagnosis but not with presence of macrovascular
complications. In contrast, we found that higher C-peptide levels were associated with presence of
macrovascular complications at diagnosis but not with microvascular complications (Tables 3 and 4).103
Overall, we found that the remaining metabolic syndrome related factors were all associated with
presence of macrovascular complications at type 2 diabetes diagnosis. We found that absence of lipidlowering drug use, higher blood pressure, and higher triglyceride levels were associated with presence of
microvascular complications at diagnosis (Tables 3 and 4).103 Male sex, higher age, and low-grade
inflammation (i.e., CRP >3.0 mg/L107) were associated with presence of macrovascular and both micro- and
macrovascular complications at type 2 diabetes diagnosis but not with microvascular complications, except
for age over 70 years (Table 3).103 Smoking was associated with presence of macrovascular complications at
diagnosis, but not with microvascular and both micro- and macrovascular complications (Table 4).103
The associations were robust to further adjustment for waist-hip ratio (Appendix I, Supplementary
Table A2 and A3).103 All sensitivity analyses restricted to DD2 participants with a newly detected type 2
diabetes diagnosis, showed robustness of results in the main analyses (Appendix I, Supplementary Table A6
and A7).103
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Table 3. Patient characteristics according to micro-/macrovascular complications among 6958 individuals with type 2 diabetes at DD2
enrollment, with corresponding age- and gender-adjusted prevalence ratios.
Characteristic

All T2D
patients

Main cohort
Sex
Female

6958

Male
Age (years)
<50
50-59
60-69
≥70

No complication
(%)

Microvascular
complication (%)

aPR (95% CI)

Macrovascular
complication
(%)

aPR (95% CI)

Micro- and
macrovascular
complications (%)

2927

2047 (69.9)

4031

2455 (60.9)

365 (12.5)

Ref (1.00)

463 (11.5)

0.92 (0.81-1.05)

1220
1790
2517

973 (79.8)
1262 (70.5)
1550 (61.6)

142 (11.6)
180 (10.1)
291 (11.6)

1431

717 (50.1)

aPR (95% CI)

374 (12.8)

Ref (1.00)

141 (4.8)

Ref (1.00)

812 (20.1)

1.60 (1.43-1.79)

301 (7.5)

1.59 (1.32-1.93)

Ref (1.00)
0.87 (0.70-1.07)
0.99 (0.82-1.20)

82 (6.7)
276 (15.4)
505 (20.1)

Ref (1.00)
2.31 (1.82-2.92)
2.99 (2.40-3.74)

23 (1.9)
72 (4.0)
171 (6.8)

Ref (1.00)
2.17 (1.36-3.44)
3.61 (2.35-5.55)

215 (15.0)

1.28 (1.05-1.56)

323 (22.6)

3.44 (2.73-4.32)

176 (12.3)

6.60 (4.31-10.12)

393 (69.0)
4099 (64.3)

63 (11.1)
765 (12.0)

Ref (1.00)
1.08 (0.85-1.38)

83 (14.6)
1103 (17.3)

Ref (1.00)
1.33 (1.09-1.63)

31 (5.4)
411 (6.4)

Ref (1.00)
1.38 (0.97-1.97)

506 (65.5)
911 (63.4)
3074 (64.9)

95 (12.3)
180 (12.5)
553 (11.7)

Ref (1.00)
0.99 (0.79-1.26)
0.92 (0.74-1.14)

131 (17.0)
261 (18.2)
793 (16.7)

Ref (1.00)
1.12 (0.93-1.36)
1.21 (1.02-1.43)

40 (5.2)
85 (5.9)
317 (6.7)

Ref (1.00)
1.22 (0.85-1.75)
1.75 (1.27-2.40)

1847 (67.8)
2655 (62.7)

304 (11.2)
524 (12.4)

Ref (1.00)
1.12 (0.98-1.28)

430 (15.8)
755 (17.8)

Ref (1.00)
1.10 (0.99-1.23)

144 (5.3)
298 (7.0)

Ref (1.00)
1.31 (1.08-1.58)

1537 (74.2)
2965 (60.7)

304 (14.7)
524 (10.7)

Ref (1.00)
0.70 (0.62-0.80)

171 (8.3)
1015 (20.8)

Ref (1.00)
2.31 (1.98-2.69)

60 (2.9)
382 (7.8)

Ref (1.00)
2.35 (1.81-3.07)

1548 (78.7)
2954 (59.2)

232 (11.8)
596 (11.9)

Ref (1.00)
0.94 (0.81-1.10)

151 (7.7)
1035 (20.7)

Ref (1.00)
2.28 (1.93-2.70)

36 (1.8)
406 (8.1)

Ref (1.00)
3.19 (2.27-4.49)

996 (64.3)
611 (66.6)
482 (64.2)
1424 (66.4)

159 (10.3)
86 (9.4)
80 (10.7)
245 (11.4)

Ref (1.00)
0.92 (0.71-1.17)
1.05 (0.82-1.36)
1.16 (0.96-1.41)

278 (18.0)
167 (18.2)
147 (19.6)
350 (16.3)

Ref (1.00)
1.00 (0.85-1.19)
1.07 (0.90-1.28)
0.95 (0.83-1.10)

115 (7.4)
53 (5.7)
42 (5.6)
127 (5.9)

Ref (1.00)
0.80 (0.59-1.09)
0.75 (0.54-1.06)
0.92 (0.72-1.16)

202 (68.5)
606 (71.0)
2932 (63.0)

36 (12.2)
90 (10.6)
552 (11.9)

Ref (1.00)
0.84 (0.58-1.21)
0.97 (0.71-1.33)

39 (13.2)
120 (14.1)
847 (18.2)

Ref (1.00)
1.00 (0.72-1.40)
1.34 (1.00-1.80)

18 (6.1)
37 (4.3)
321 (6.9)

Ref (1.00)
0.65 (0.38-1.12)
1.07 (0.68-1.69)

429 (68.4)
254 (63.0)

62 (9.9)
35 (8.7)

Ref (1.00)
0.86 (0.58-1.29)

114 (18.2)
87 (21.6)

Ref (1.00)
1.42 (1.11-1.81)

22 (3.5)
27 (6.7)

Ref (1.00)
2.34 (1.34-4.07)

a
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Central obesity
No
570
Yes
6378
Waist-hip ratiob
≤0.95m/≤0.80f
772
0.96-1.0m/0.81-0.85f
1437
>1.0m/>0.85f
4737
Regular physical exercise
Yes
2725
No
4232
Use of lipid-lowering drugs
No
2072
Yes
4886
Use of anti-hypertensive drugs
No
1967
Yes
4991
Fasting blood glucose (mmol/L)
<6.5
1548
6.5-7.0
917
7.0-7.5
751
≥7.5
2146
C-peptide (pmol/L)
<550
295
550 - 800
853
≥800
4652
CRP (mg/L)
≤3.0
627
>3.0
403

Table modified from Gedebjerg A. et al.103 J Diabetes Complications. 2018. Appendix I.
Abbreviations: DD2=the Danish Centre for Strategic Research in Type 2 Diabetes; T2D=type 2 diabetes; aPR=adjusted prevalence ratio; CI=confidence interval.
aCentral obesity=waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m=males; f=females.

Table 4. Patient characteristics according to micro-/macrovascular complications in the subcohort of 5115 inidividuals at DD2 enrollment,
with corresponding age- and gender-adjusted prevalence ratios.
Characteristic

All T2D
patients
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5115
Subcohort
High blood pressure (mmhg)a
No
1575
Yes
3261
Smoking
No
3903
Yes
941
BMI (kg/m2)
<25
500
25-29
1291
30-34
1147
≥35
897
HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
2061
<1.3m/<1.0f
969
Triglycerides (mmol/L)
<1.7
2410
≥1.7
2348
HbA1C (%)
<7.0
3592
7.0 - 8.0
824
8.0 - 9.0
303
≥9.0
313

No complication
(%)

Microvascular
complication (%)

aPR (95% CI)

Macrovascular
complication (%)

aPR (95% CI)

Micro- and
macrovascular
complications (%)

aPR (95% CI)

1012 (64.3)
2013 (61.7)

173 (11.0)
450 (13.8)

Ref (1.00)
1.27 (1.08-1.50)

278 (17.7)
572 (17.5)

Ref (1.00)
0.94 (0.83-1.07)

112 (7.1)
226 (6.9)

Ref (1.00)
0.92 (0.74-1.14)

2464 (63.1)
579 (61.5)

490 (12.6)
127 (13.5)

Ref (1.00)
1.08 (0.90-1.30)

676 (17.3)
177 (18.8)

Ref (1.00)
1.20 (1.04-1.40)

273 (7.0)
58 (6.2)

Ref (1.00)
1.07 (0.82-1.41)

309 (61.8)
800 (62.0)
692 (60.3)
554 (61.8)

73 (14.6)
156 (12.1)
141 (12.3)
145 (16.2)

Ref (1.00)
0.84 (0.65-1.08)
0.84 (0.65-1.09)
1.11 (0.85-1.45)

78 (15.6)
222 (17.2)
231 (20.1)
150 (16.7)

Ref (1.00)
1.10 (0.87-1.40)
1.37 (1.09-1.73)
1.39 (1.08-1.80)

40 (8.0)
113 (8.8)
83 (7.2)
48 (5.4)

Ref (1.00)
1.05 (0.74-1.48)
1.01 (0.70-1.47)
0.85 (0.56-1.31)

1246 (60.5)
558 (57.6)

297 (14.4)
152 (15.7)

Ref (1.00)
1.01 (0.84-1.22)

356 (17.3)
181 (18.7)

Ref (1.00)
1.37 (1.16-1.61)

162 (7.9)
78 (8.1)

Ref (1.00)
1.37 (1.06-1.78)

1573 (65.3)
1430 (60.9)

261 (10.8)
330 (14.1)

Ref (1.00)
1.31 (1.12-1.52)

415 (17.2)
424 (18.1)

Ref (1.00)
1.16 (1.03-1.31)

161 (6.7)
164 (7.0)

Ref (1.00)
1.23 (1.00-1.52)

2298 (64.0)
500 (60.7)
182 (60.1)
187 (59.7)

413 (11.5)
126 (15.3)
43 (14.2)
52 (16.6)

Ref (1.00)
1.35 (1.12-1.62)
1.30 (0.96-1.74)
1.53 (1.17-2.01)

651 (18.1)
129 (15.7)
57 (18.8)
47 (15.0)

Ref (1.00)
0.91 (0.76-1.08)
1.19 (0.93-1.52)
1.00 (0.76-1.32)

230 (6.4)
69 (8.4)
21 (6.9)
27 (8.6)

Ref (1.00)
1.48 (1.14-1.91)
1.50 (0.97-2.30)
2.14 (1.46-3.13)

Table modified from Gedebjerg A. et al.103 J Diabetes Complications. 2018. Appendix I.
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
aHigh blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic bloodpressure ≥85)
bHDL cholesterol: m = males; f = females.

4.3 MBL, cardiovascular events, and all-cause mortality (study II)
Of the 7,588 DD2 participants with type 2 diabetes, 7,305 (96%) had a serum MBL measurement and 3,043
(42%) were genotyped for the six SNPs in the MBL2 gene (Figure 5). During 2010 to 2018, we identified
324 individuals with type 2 diabetes from the DD2 cohort whom developed the composite endpoint of
cardiovascular events, including 157 with coronary revascularization, 124 with ischemic stroke, 106 with
myocardial infarction, 45 with unstable angina pectoris, and 73 with cardiovascular death (more than one
outcome was possible). We identified 439 all-cause deaths. Table 1 and Supplementary Table 3 in the
Appendix II shows baseline characteristics according to serum MBL and MBL expression genotype
categories. We found no clear associations between serum MBL and MBL expression genotype categories
and baseline characteristics.

Figure 5. Flowchart of study populations (study II-III). *The six SNPs in the MBL2 gene were: rs11003125,
rs7096206, rs7095891, rs5030737, rs1800451, and rs1800450. Figure from Gedebjerg et al. Appendix II.
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4.3.1 Serum MBL levels and risk of cardiovascular events/all-cause mortality
We found a U-shaped association between serum MBL levels and cardiovascular events in individuals with
type 2 diabetes (Figure 6A). Both low and high serum MBL levels were associated with an increased risk of
cardiovascular events. The association did not change when adjusted for potential confounders (Figure 7).
The individual subtypes of cardiovascular events showed results consistent with the results of the composite
endpoint of cardiovascular events (Appendix II, Supplemental material, Supplementary Figures 2–16). We
found a similar but attenuated U-shaped association for all-cause mortality (Figures 6B and 7). All sensitivity
analyses showed robustness of the main results (Appendix II, Supplemental material, Supplementary Figures
18–32).

Figure 6. Risk of cardiovascular events and all-cause mortality by serum MBL levels in individuals with
type 2 diabetes. Cardiovascular events (A) and all-cause mortality (B). The solid lines indicate the hazard
ratios and the dotted lines indicate the 95% CI. The continuous variable serum MBL was modeled with five
restricted cubic splines. Figure from Gedebjerg et al. Appendix II.
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Figure 7. Hazard ratios of cardiovascular events and all-cause mortality by serum MBL and MBL expression genotype categories.
Model 1 adjusted for sex and age. Model 2 adjusted for sex, age, diabetes duration, and hs-CRP. Model 3 adjusted for sex, age, diabetes duration, waist circumference, waist–hip ratio, body mass
index, physical activity, smoking, systolic and diastolic blood pressure, comorbidities, fasting blood glucose, HbA1c, C-peptide, albumin:creatinine ratio, total cholesterol, low-density lipoprotein,
32 and anti-thrombotic drugs.
high-density cholesterol, triglycerides, hs-CRP, and use of anti-diabetic, lipid-lowering, anti-hypertensive,
Missing covariates were treated with multiple imputation. Figure adapted from Gedebjerg et al. Appendix II.

4.3.2 MBL expression genotype and serum MBL levels
The distributions of the seven common MBL haplotypes and the uncommon LYPD haplotype (i.e.,
combining to form 30 haplotypes in this population) with corresponding median serum MBL levels are
shown in Appendix II, Supplementary Table 5. The overall frequencies of A/A, A/O, and O/O MBL
genotypes among individuals with type 2 diabetes were 59%, 36%, and 5%, respectively, which was similar
to the general population48 and individuals with type 1 diabetes.20 Figure 8 shows that the continuous
variable serum MBL was strongly associated with MBL expression genotypes.
Figure 8. Genotype–phenotype association. Serum MBL levels according to MBL expression genotypes. R2
is the coefficient of determination. Cuzick’s non-parametric test for trend (P<1×10-300).

Figure from Gedebjerg et al. Appendix II.

4.3.2 MBL expression genotype and risk of cardiovascular events/all-cause mortality
In the crude analysis, we found that both low and high MBL expression genotypes were associated with a
44% increased risk of cardiovascular events, consistent with a U-shaped association (Figure 7). Again, the
association did not change when adjusted for potential confounders (Figure 7). The individual subtypes of
cardiovascular events showed results consistent with the results of the composite endpoint of cardiovascular
events (Appendix II, Supplemental material, Supplementary Figures 2–16). We found no association
between MBL expression genotype and all-cause mortality (Figure 7).
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4.4 MBL and infections (study III)
Of the 7,588 DD2 participants, 7,305 (96%) had a serum MBL measurement and 3,043 (42%) were
genotyped for the six SNPs in the MBL2 gene (Figure 5). From 2010 to 2018, we identified 1140 individuals
with type 2 diabetes (15.7% of all) who were hospitalized for an infections and we identified 5077
individuals (69.5% of all) who redeemed a community-based antimicrobial prescription. Supplementary
Table 5 in the Appendix III shows the individual subtype events. More than one outcome was possible. Table
1 and Supplementary Table 6 in the Appendix III shows baseline characteristics according to serum MBL
and MBL expression genotype categories. We found no clear associations between serum MBL and MBL
expression genotype categories and baseline characteristics.

4.4.1 MBL and risk of hospital-treated infections
Serum MBL and the risk of any hospital-treated infections, bacterial infections, as well as major subtypes
pneumonia, urinary tract infections, diarrheal diseases, and other bacterial infections showed a tendency
towards an “L-shaped” association (Appendix III, Figure 2 and Supplementary Figure 3). In the fully
adjusted Model 3 of serum MBL categories and infection outcomes, there was a modest association between
low serum MBL level (≤100 µg/L) and increase in any hospital-treated infections (1.13 [0.96-1.33]), driven
by bacterial infections (1.19 [1.01-1.41]) (Figure 9). The association of low MBL with bacterial infections
was modest for urinary tract infections (1.14 [0.81-1.62]), and strongest for pneumonia (1.30 [0.98-1.70]),
diarrheal diseases (1.77 [0.97-3.23]), and other bacterial infections (1.50 [1.00-2.24]) (Figure 9). Low MBL
expression genotype was less strongly associated with increased risk of any hospital-treated infections (1.08
[0.84–1.38]) and bacterial infection (1.13 [0.88–1.46]) including an adjusted HR of 2.23 (1.04–4.80) for
diarrheal diseases (Figure 9). Both high serum MBL levels and MBL expression genotype were associated
with increased risk of fungal infections (Appendix III, Supplementary Figure 4). The sensitivity analysis
excluding individuals with CRP above 10 mg/L, showed robustness of the main results (Appendix III,
Supplemental material, Supplementary Figures 7–18).
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Figure 9. Risk of hospital-treated infections and bacterial subtypes by serum MBL and MBL
expression genotype categories. Figure from Gedebjerg et al. Appendix III.
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4.4.2 MBL and risk of community-based antimicrobial prescriptions
Overall, low serum MBL levels tended to show positive associations with increased antimicrobial
prescriptions as with increased hospital-treated infections, but with lower risk estimates, e.g., adjusted HRs
of 1.06 (0.98-1.15) for any prescriptions, 1.07 (0.99-1.16) for antibacterial prescriptions, 1.10 (1.00-1.21) for
prescriptions for respiratory tract infections, and 1.09 (0.95-1.21) for prescriptions for urinary tract infections
(Figure 10). Interestingly, the genetic association with low MBL expression genotype tended to be stronger
than the observational association with serum MBL levels (Figure 10). Thus, modestly increased risk
estimates were seen for most prescriptions with low MBL expression genotype, including for any
prescriptions (1.18 [1.04-1.34]) and for antibacterial prescriptions (1.20 [1.05-1.36]), and prescriptions for
respiratory tract infections (1.08 [0.93-1.25]) and skin infections (1.22 [0.97-1.53]) (Figure 10). Like for
hospital-treated fungal infection, we found that high serum MBL levels were associated with antifungal
prescriptions (Appendix III, Supplemental material, Supplementary Figure 6). In addition, high MBL
expression genotype was associated with slightly increased risk estimates for any prescriptions (1.10 [1.001.20]) and also with slight increases for a number of individual prescription subtypes (Figure 10). The
sensitivity analysis excluding individuals with CRP above 10 mg/L, showed similar results (Appendix III,
Supplemental material, Supplementary Figures 7–18).
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Figure 10. Risk of community-based antimicrobial prescriptions and subtypes of antibacterial
prescriptions by serum MBL and MBL expression genotype categories.
Abbreviations: RTIs, respiratory tract infections; UTIs, urinary tract infections; infs, infections.
Figure from Gedebjerg et al. Appendix III.
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5. Discussion
Among DD2 participants with recently diagnosed type 2 diabetes, we found that approximately 1 in 3 had a
diabetes complication already at time of diagnosis. We showed that microvascular complication associates
with hyperglycemia, absence of lipid-lowering drug use, higher blood pressure, and higher triglyceride
levels, and whereas macrovascular complications associates with metabolic and lifestyle factors including
general and central obesity, tobacco smoking, high C-peptide level, dyslipidemia, low-grade inflammation,
and use of lipid-lowering and antihypertensive drug use.
We found a U-shaped association for both serum MBL and MBL expression genotype with
cardiovascular event risk among individuals with type 2 diabetes in the DD2 cohort. We found a similar Ushaped association between serum MBL and all-cause mortality, but with lower risk estimates. MBL
expression genotype was not associated with all-cause mortality.
Finally, we found an association between low serum MBL levels and increased risk of future hospitaltreated bacterial infections among individuals with type 2 diabetes in the DD2 cohort, primarily driven by
pneumonia, urinary tract infections, diarrheal diseases, and other bacterial infections. Low MBL expression
genotype was only clearly associated with risk of diarrheal diseases. We found a similar association with
community-based antimicrobial prescriptions, but with lower risk estimates and more clearly seen for low
MBL genotype than for low serum MBL.

5.1 Comparison with existing literature
In the following sections, the study results will be compared to existing literature and possible explanations
of our findings will be discussed. Relevant literature is summarized in Table 1. The discussion of studies II
and III will go beyond studies of individuals with diabetes and will include selected studies of the general
population and other selected populations.
5.1.1 Prevalence
The UKPDS studies63,64, which enrolled individuals with newly diagnosed type 2 diabetes referred from GPs,
reported that 36% had retinopathy, 11.5% had neuropathy, 18% had microalbuminuria, and 8% had
cardiovascular disease at recruitment, whereas the ADDITION study58 among screen-detected individuals
with type 2 diabetes 5 years after diagnosis, reported that 11% had retinopathy, 23% had albuminuria, and
5.5% had neuropathy. Compared to our findings (13% had retinopathy, 4% had neuropathy, 3% had
nephropathy, 15% had ischemic heart disease, 5% had cerebrovascular disease, and 2% had peripheral
vascular disease103), the UKPDS studies63,64 reported a much higher prevalence of retinopathy, neuropathy,
and microalbuminuria but a lower prevalence of cardiovascular disease. This lower prevalence of individual
subtypes of diabetes complications in our study compared to the older UKPDS studies63,64 may be explained
by earlier type 2 diabetes detection and improved clinical management over time.127 Our retinopathy and
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neuropathy prevalence’s were more comparable with that reported in the ADDITION study58 but they
reported a much higher prevalence of nephropathy compared to ours, likely because we only assessed
nephropathy through hospital diagnosis and not by albuminuria like in the ADDITION and UKPDS
studies.58,63,64 These discrepancies may be explained by the differences in study design (randomized
controlled trials (RCTs) vs. registry-based studies) in assessment of diabetes complication data from a
structured evaluation following diagnosis vs. hospital contact diagnosis, likely leading to an underestimation
in our prevalence data.103
Several observational studies have reported the prevalence of diabetes complications and/or
subtypes.53-57,60-62,103 In another Danish cross-sectional study53, also from the DD2 cohort, of 5514 individuals
with recently diagnosed type 2 diabetes, the authors reported an 18% prevalence of symptom-based diabetic
polyneuropathy (a median of 2.8 years of follow-up since DD2 enrollment) compared to a 4% prevalence of
neuropathy in our study.103 Again, this discrepancy may be explained by questionnaire-based evaluation of
neuropathy53 vs. hospital contact diagnosis.103 In a UK cohort study of 9158 individuals newly diagnosed
with type 2 diabetes, 19.2% presented with a cardiovascular complication (comparable with our findings of a
17% prevalence of macrovascular complications) but they only found that 1.7% presented with a
microvascular complication compared to our findings of a 12% prevalence of microvascular complications.
A cross-sectional study55 from Sweden of 2174 individuals with recently diagnosed type 2 diabetes found a
12% prevalence of diabetic retinopathy, compatible with our findings. Three cross-sectional studies57,60,61
from the UK/Germany/Scotland reported slightly higher prevalence’s of retinopathy, nephropathy, and
peripheral artery disease, but a lower prevalence of coronary heart disease compared to our findings. A
cross-sectional study54 from Pakistan of 891 individuals with newly diagnosed type 2 diabetes reported much
higher presence of microvascular complications (68.8% vs 12% in our study) and lower presence of
macrovascular complications (9% vs 17% in our study), possibly explained by ethnic differences.78
However, an cross-sectional study56 from India of 449 individuals with newly diagnosed type 2 diabetes
found compatible results with ours, with only a slightly higher prevalence of microvascular complications
(18%).
When comparing our prevalence data in individuals with recently diagnosed type 2 diabetes to other
studies, it must be kept in mind that although the DD2 cohort aims to enroll individuals with newly
diagnosed type 2 diabetes, some may have had diabetes some years before enrollment101 (median diabetes
duration of 1.4 years in study II and III) which may lead to an overestimation of our complication
prevalence’s in “newly diagnosed” diabetes.
5.1.2 Associated clinical characteristics
The pathophysiology leading to micro- and macrovascular complications in individuals with type 2 diabetes
remains incompletely understood. In the following sections, different clinical characteristics will be
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discussed briefly in relation to micro- and macrovascular complications, and individual subtypes, while
keeping in mind the limitations of our cross-sectional design (see section Methodological considerations for
further discussion).
5.1.2.1 Hyperglycemia
It is well documented that glycemic control reduces the risk of microvascular complications in individuals
with type 2 diabetes.128 In accordance, we found that higher baseline HbA1c levels (>7.0%) were associated
with higher prevalence of overall microvascular complications and individual subtypes (retinopathy,
neuropathy, and nephropathy) in our study.103 Corroborating our findings, two cross-sectional studies60,61,
reported an association between HbA1c levels and diabetic retinopathy among individuals with newly
diagnosed type 2 diabetes. In contrast, the exact role of tight and early glucose control on subsequent
cardiovascular disease risk is still debated.128-130 Although large clinical RCTs have not been able to show a
clear beneficial effect of very intensive glucose control on cardiovascular events in type 2 diabetes128, there
may still be a beneficial effect of good early glycemic control.130 We found no overall association between
HbA1c and early macrovascular complications, but higher HbA1c levels (>8%) tended to be associated with
ischemic heart disease.103
5.1.2.2 Metabolic syndrome and other cardiovascular risk factors
Recent clinical RCTs131-134 suggest that newer glucose-lowering drugs reduce cardiovascular risk beyond
their glucose-lowering effect, by affecting other cardiovascular risk factors.135 In accordance, we found that
baseline central obesity, high triglyceride levels (≥1.7), low HDL cholesterol (<1.3), and use of antihypertensive drugs were associated with higher prevalence of overall macrovascular complications and
individual subtypes (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease), except
for cerebrovascular disease and high triglycerides. In addition, we found that other cardiovascular risk
factors, e.g., baseline high waist-hip ratio, high BMI (>30), smoking, physical activity, and use of lipidlowering drugs, were associated with higher prevalence of macrovascular but not microvascular
complications, except for physical activity and microvascular complications that tended to be associated as
well.103 Thus, metabolic syndrome-related and other cardiovascular risk factors may be of greater importance
than hyperglycemia for development of cardiovascular disease in individuals with type 2 diabetes.103 Cpeptide may reflect the insulin resistance underlying the metabolic syndrome.136 Corroborating this, we
found that high baseline C-peptide levels (≥ 800) were associated with macrovascular but not microvascular
complications.103 In a case-control study137 of 2535 with type 2 diabetes (median duration of 14 years) they
found an increased risk of microvascular disease with higher triglyceride levels and lower HDL levels, with
the strongest association for diabetic kidney disease and a less strong association for retinopathy. Compatible
with this, we found that baseline high triglyceride levels and low HDL cholesterol levels were strongly
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associated with higher prevalence of nephropathy, and that baseline high triglyceride levels, but not low
HDL cholesterol levels, were associated with retinopathy.103 The longitudinal ADDITION study138 of 1533
screen-detected individuals with type 2 diabetes (followed for 13 years) reported that low HDL cholesterol
levels were associated with increased risk of diabetic polyneuropathy. Another study of 218 individuals with
type 2 diabetes139 reported an association between hypertriglyceridemia and increased risk of diabetic
polyneuropathy. In contrast, we found no association between baseline high triglyceride levels and low HDL
cholesterol levels and higher prevalence of neuropathy.103 Two cross-sectional studies60,61, reported an
association between systolic blood pressure and diabetic retinopathy among individuals with newly
diagnosed type 2 diabetes. Likewise, we found an association between high blood pressure and retinopathy.
5.1.2.3 Sex and age
Male sex is a well-known risk factor for development of cardiovascular disease. In accordance, we observed
a higher prevalence of macrovascular complications and the individual subtypes among males. Male sex was
not associated with overall microvascular complications in our study. However, for the individual subtypes,
male sex was associated with a higher prevalence of both neuropathy and nephropathy, but not of
retinopathy. Our findings are in disagreement with two previous studies60,61 reporting an association between
male sex and diabetic retinopathy but in agreement with another study57 reporting an association between
male sex and diabetic neuropathy. In contrast, the previously mentioned cross-sectional study53 from the
DD2 cohort, found a higher prevalence of diabetic polyneuropathy (questionnaire-based) among females
with recently diagnosed type 2 diabetes, which may be explained by difference between males and females
in reporting of symptoms.57 Older age is also a well-recognized risk factor for cardiovascular disease. In
accordance, we found strong associations between older age and macrovascular complications and the
individual subtypes in individuals with recently diagnosed type 2 diabetes in our study. In contrast, age
above 70 years was only associated with higher prevalence of microvascular complications. However, when
examining the individual subtypes of microvascular complications, all age groups tended to be associated
with the individual subtypes, corroborating previous findings.57,60
5.1.2.4 Low-grade inflammation
Low-grade inflammation (e.g., hs-CRP > 3mg/L) is associated with development of cardiovascular
disease.140 In accordance, we found that baseline low-grade inflammation (CRP > 3mg/L) was associated
with higher prevalence of macrovascular and both micro- and macrovascular complications in our subgroup
analysis of 1030 individuals recently diagnosed with type 2 diabetes with available CRP measurements.103
We found no clear association between low-grade inflammation (CRP > 3mg/L) and microvascular
complications in individuals recently diagnosed with type 2 diabetes.103 This may represent a chance finding.
A recent prospective study141 of 1301 participant with type 2 diabetes, reported that baseline hs-CRP
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predicted both coronary heart disease and microvascular complications in this study population. In
accordance with this, reanalyzing our data on 6223 individuals with recently diagnosed type 2 diabetes from
the DD2 cohort, we found a clear association between baseline low-grade inflammation (hs-CRP > 3mg/L)
and microvascular complications (age and gender adjusted HR of 1.30, 95% CI 1.13–1.50, data not shown).
5.1.3 Mannose-binding lectin and cardiovascular disease (study II)
Previous studies of the association between MBL and cardiovascular disease have shown contradictory
findings regarding the direction of the association. Some studies have linked only low MBL expression
genotype48,68,71,84,86,142 or low serum MBL levels69,70,87 with increased risk of cardiovascular disease. For
instance, the prospective cohort study by Siezenga et al.68 found that in individuals with type 2 diabetes, the
O/O MBL genotype (i.e., low MBL expression genotype) was associated with a 3-fold increased risk of
cardiovascular events compared to the wild-type A/A (i.e., high MBL expression genotype). However, they
found no association between serum MBL levels (log-transformed) and cardiovascular events. The Strong
Heart Study71 (high burden of diabetes) also found that the low MBL genotype was associated with a 3-fold
increased risk of coronary heart disease. In the prospective Reykjavik study70, they found that in individuals
with type 2 diabetes, low serum MBL levels were associated with increased incidence of myocardial
infarction. Opposite, some studies have linked only high MBL expression genotype or high serum MBL
levels with increased risk.20,67,83,85,89 For instance, a case-control study20 found higher serum MBL levels in
individuals with type 1 diabetes with previous cardiovascular disease compared to individuals without
cardiovascular disease. This difference persisted in individuals with high MBL genotype but not with low
genotype. The seeming discrepancies can possibly be explained by the fact that most previous studies: 1)
analyzed serum MBL as a categorical variable not considering a potential non-linear association; 2) used
different combinations of both serum MBL and MBL2 genotype categories, e.g., low combined with
intermediate versus high, or low versus intermediate combined with high ; 3) used different reference groups
in the analyses of genotype and serum MBL levels; 4) log-transformation of serum MBL – see below; 5)
were substantially smaller than our study; and 6) had heterogeneous study populations and designs not
directly comparable with our results. MBL is not normally distributed and in our study 12% had no
detectable MBL protein (MBL deficiency set to 10 µg/L as the limit of quantification). The distribution of
MBL was skewed to the right and because of MBL-deficient individuals it is not possible to achieve normal
distribution by standard log-transformation.65 In addition, log-transformation of serum MBL will not show
the true association between serum MBL and cardiovascular events because both low and high serum MBL
levels are associated with cardiovascular events and thus, log-transformation of the continuous variable
serum MBL will not detect this. Thus, we analyzed serum MBL as a continuous variable and in relevant
clinical categories without log-transformation.
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We found that both serum MBL and MBL expression genotype showed a U-shaped association with
risk of cardiovascular events in individuals with type 2 diabetes. A biologically plausible explanation for
these findings is that both low and high serum MBL may promote chronic inflammation and atherosclerosis
in type 2 diabetes. Low MBL levels (e.g., MBL deficiency) by impairment of pathogen clearance80,84,143 and
reduced removal of atherogenic lipoproteins.68 High MBL levels by amplifying a low-grade immune
response through complement activation in connection with hyperglycemia.42,81 In support of our findings
and these explanations, three studies65,66,88 (two in diabetes65,66) have reported a U-shaped association
between serum MBL and low-grade inflammation and carotid intima-media thickness (a surrogate marker of
atherosclerosis82), supporting the hypothesis of a potential dual role of MBL in the development of
cardiovascular disease. A cohort study of 9245 participants from the Danish general population48 reported a
relative risk of 1.2 (95% CI: 1.0-1.4) with homozygote (i.e., low MBL expression genotype) versus
noncarriers (i.e., high MBL expression genotype) MBL deficiency genotype, and 0.95 (95% CI: 0.87-1.0)
with heterozygote (i.e., intermediate MBL expression genotype) versus noncarriers MBL deficiency
genotype for hospitalization from cardiovascular disorders, compatible with a U-shaped association.
Furthermore, compared to the noncarriers, the heterozygotes were associated with a reduced risk (relative
risk of 0.73, 95% CI 0.55-0.95) of death from cardiovascular disorders. Had they used the heterozygote MBL
deficiency genotype (i.e., intermediate MBL expression genotype A/O) as reference category, their results
might have been comparable with our findings of a U-shaped association. These results suggest that our
findings may be applicable to the general population and not only to individuals with type 2 diabetes.
5.1.4 Mannose-binding lectin and all-cause mortality (study II)
We found no association between MBL expression genotype and all-cause mortality in individuals with type
2 diabetes. This result was in agreement with the large Danish general population study previously
mentioned48 but in disagreement with another Danish cohort study72 of 372 individuals with type 1 diabetes
reporting an adjusted HR of 1.47 (95% CI: 0.97-2.21) for high expression genotype compared to low
(combined intermediate and low) MBL expression genotype. This possible discrepancy may be explained by
differences in individuals with type 1 and type 2 diabetes and the association with mortality, and differences
in diabetes duration (in the type 1 diabetes study individuals had longstanding diabetes at baseline).
Furthermore, a Danish cohort study142 of 91 individuals with systemic lupus erythematosus reported a greater
risk of death (HR 2.9, 95% CI: 0.6-13.8) among individuals with the low MBL expression genotype (i.e.,
O/O MBL genotype) compared to the high MBL expression genotype (i.e., combined A/A and A/O
genotype). However, in the latter study, the study cohort was substantially smaller than our study, with only
2 events in the low genotype category and very wide confidence intervals, thus also compatible with a null
association in line with our findings.
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We found that both low and high serum MBL levels were associated with a 19% (1.19 [0.89–1.59])
and 16% (1.16 [0.92–1.46]) increased risk of all-cause mortality in individuals with type 2 diabetes,
respectively, although we could not rule out neither a null association or a much larger effect (59% and 46%,
respectively). Our results of a weaker association between MBL and all-cause mortality compared to the
composite outcome of cardiovascular events, including cardiovascular mortality, suggest that the modest
association between MBL and all-cause mortality may be driven by cardiovascular mortality. Dichotomizing
the serum MBL levels (i.e., high [≥ 1000 µg/L] versus low and intermediate [< 1000 µg/L] serum MBL
categories) yielded a HR of 1.15 (95% CI: 0.95-1.39) among the high serum MBL category compared to the
combined low serum MBL category. This result is in agreement with a Danish cohort study73 in individuals
with type 2 diabetes reporting a HR of 1.2 (95% CI: 0.7-2.1) among individuals with high serum MBL levels
(≥ 1000 µg/L) compared to low serum MBL levels (< 1000 µg/L) after 5 years follow-up. Dichotomizing the
serum MBL levels (i.e., high [≥ 1895 µg/L] versus low and intermediate [< 1895 µg/L] serum MBL
categories) yielded a HR of 1.35 (95% CI: 1.08-1.67) among the high serum MBL category compared to the
combined low serum MBL category. Thus, our estimate increased a bit but was still at the low end of the
previously mentioned Danish cohort study72 in individuals with type 1 diabetes reporting an adjusted HR of
1.79 (95% CI: 1.19-2.71) among individuals with high serum MBL levels (≥ 1895 µg/L, i.e., above the
median) compared to low serum MBL levels (< 1895 µg/L, i.e., below the median). In a cohort study of 107
hemodialysis patients, mortality was not associated with plasma MBL levels (HR not reported).87
5.1.5 Mannose-binding lectin and infections (study III)
The association between MBL and infections in general has been examined before15,22,49,90-92, but the
association has to my knowledge not been investigated specifically in individuals with diabetes. MBL is an
important factor in the innate immune system, by initiation of the complete system hereby promoting
pathogen clearance.20,104 Thus, it is biologically plausible that MBL deficiency increases the risk of future
infection. However, in the Danish general population study48 mentioned above, low MBL expression
genotype was not associated with increased risk of hospitalization due to infection. This may indicate that in
individuals from the general population, other parts of the immune system (e.g., ficolins144 – an additional
group of soluble pattern recognition molecules – that can activate the lectin pathway145) are able to take over
and compensate for MBL deficiency. In accordance with this, MBL deficiency may only increase
susceptibility for infection when other parts of the immune system are compromised.22,146 Several studies
have thus examined the association between MBL deficiency and chemotherapy, cancer, and autoimmune
and inflammatory diseases.22,146 Chemotherapy induces neutropenia and thus increases risk of subsequent
infection.146 Peterslund et al.29 showed that among 54 adults treated with chemotherapy for hematological
malignancies, serum MBL levels were lower in patients developing a subsequent infection compared to
patients not developing an infection. In a cohort study147 of 255 adults with hematological malignancy

45

undergoing chemotherapy, they found an increased risk of severe infection in MBL-deficient patients (MBL
concentration <500 ng/mL) compared to non-MBL-deficient patients (HR 1.50, 95% CI: 1.04-2.16).
Inflammation and autoimmune disease are connected and thus, a number of studies on the association with
MBL exist. In individuals with systemic lupus erythematosus, MBL deficiency increases the risk of
respiratory tract infection.148,149
Several studies have found an association between low levels of serum MBL and MBL2 genotype and
increased risk of infection, in particular bacterial infection.15,17,22,49,90-92 We found that in individuals with
type 2 diabetes, low serum MBL levels were associated with an increased risk of future bacterial infections –
mainly for hospital-treated infections and to a lesser extent community-based antimicrobial prescriptions –
thus, supporting previous findings. This suggest that type 2 diabetes (like systemic lupus erythematosus) is
an inflammatory disease150 in which parts of the immune system are suppressed, increasing the susceptibility
for infection in MBL-deficient patients. The association between MBL and increased susceptibility to future
bacterial infections may be explained by reduced activation of the complement system by the lectin pathway
and decreased opsonophagocytic killing.17
We found a weaker association between MBL expression genotype and risk of future infections, both
when defining an infection event by hospital contact due to infections and as redeemed prescriptions of
antimicrobial agents. A case-control study151 of 120 MBL deficient adults showed that individuals with the
O/O genotype (i.e., low MBL expression genotype) were associated with more gastrointestinal disease than
individuals with the A/O (i.e., intermediate MBL expression genotype) and A/A genotype (i.e., high MBL
expression genotype) corroborating our findings of an association between MBL deficiency and diarrheal
disease. The association that we observed between both high serum MBL levels and high MBL expression
genotype and increased risk of hospital-treated fungal infection needs to be confirmed in future studies.

5.2 Methodological considerations
The overall goal of an epidemiological study is to achieve valid and precise estimates of disease occurrence
or the effect of an exposure on an outcome,152 the latter with the ultimate goal of estimating causal inference.
However, errors in estimation are inevitable. Errors in estimation are classified as either random error
(precision) or systematic error (internal validity) of which the latter are selection bias, information bias, and
confounding.152 Traditionally, observational study designs have been ranked according to their potential
validity, ranking the cohort study (study II and III) above the cross-sectional study (study I) due to the
potential inherent limitations of this study design. Potential limitations to the cross-sectional study design
include intrinsic uncertainty as to whether the exposure is leading to the outcome (premise for estimating
causal association) or vice versa and whether a covariate is an intermediate factor on the causal pathway or a
potential confounder. Study I was a cross-sectional study ascertaining exposure (patient characteristics) and
outcome (microvascular and macrovascular complications) status simultaneously153, making it hard to draw
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firm conclusions concerning the direction of the exposure-outcome associations.103 Study II and III were
cohort studies defined by two or more groups of individuals that are free of disease (i.e. outcome(s) of
interest) and that differ according to the extent of their exposure (serum MBL levels and MBL expression
genotypes) to a potential cause of disease.153 This provides the possibility of estimating a potential causal
exposure-outcome association, with consideration of the remaining potential threats to the internal validity.
In the following, a critical appraisal of the potential limitations related to internal validity of our findings are
discussed.
5.2.1 Random error (chance)
Random error (or chance) is related to statistical precision. We used the width of the confidence intervals to
quantify the precision, which together with the effect estimate enables an evaluation of inference.154,155 We
did not use P-values or locations of CI boundaries in which inferences are based on statistical hypothesis
testing (a dichotomous declaration of a test result as either statistically significant or not) rather than
considering both the strength and precision of the esimates.154-156 In study II, compared to the intermediate
MBL expression genotype, the adjusted HR for cardiovascular events was 1.41 (95% CI, 0.88 to 2.26) for
the low expression genotype. Had we done a significance test or used the locations of the CI boundaries, we
would have concluded that there was no association between low MBL expression genotype and
cardiovascular events, i.e. 1 included in the confidence interval. Instead, we used the magnitude of the effect
estimate and the width of the CI when concluding that low MBL expression genotype was associated with a
potentially clinically important 41% increased risk of cardiovascular events, although statistical precision
was limited and we could not rule out neither a null association or a much larger effect (126%).
The rather large number of individuals included in all of our studies reduces the random error, caused
by sample variation, and increases the precision of the effect estimates.156 However, although all main
analyses yielded convincingly precise estimates (judged by the width of the CI), the precision in subgroup(i.e., individual subtypes of cardiovascular events, infections, and micro- and macrovascular complications)
and sensitivity analyses (e.g., maximize the probability of type 2 diabetes being a newly detected diagnosis)
was compromised by wide CI and thus these results must be interpreted with caution.
5.2.2 Selection bias
Selection bias is a systematic error that occur when the association between the exposure and outcome is
different for those participating in the study and all those theoretically eligible for the study, including those
who do not participate.152
A common source of selection bias is self-selection, which refers to a bias that occurs if participation
in the study is associated with the measured outcome.152 This may have caused bias of our complication
prevalence estimates in study I. Selection bias (self-selection) may have been introduced by invited
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practitioners/outpatient clinics if factors related to inclusion are also related to the outcome, e.g., difference
in type 2 diabetes phenotype of individuals recently diagnosed and difference in clinical management of type
2 diabetes across regions/practices/outpatient clinics in Denmark. Another potential source of self-selection
bias into the DD2 cohort may be introduced if individuals with complications were more likely to participate.
This would lead to an overestimation of the true diabetes complication prevalence. Opposite, individuals
with a healthier lifestyle may also be more likely to participate, possibly leading to underestimation of
complications. The initial enrollment into the DD2 cohort often took place in hospital outpatient clinics,
potentially including individuals with a more severe type 2 diabetes phenotype than average in Denmark.100
This may represent a Berksonian-like bias (Berksonian bias is a type of selection bias which occurs when
both the exposure and the outcome affects participation into the study leading to bias of the relative
estimates152) if an undiagnosed diabetes complication leads individuals to seek medical attention, thus
causing type 2 diabetes to be diagnosed and the individual to be enrolled in the DD2 cohort possibly leading
to an overestimation of diabetes complication prevalence in early type 2 diabetes.103 Such bias may also have
led to inflated associations between risk factors and complications in study 1, if both the risk factor exposure
and the diabetes complication increased the likelihood of hospital clinic contact and DD2 cohort
participation. Major selection bias seems unlikely, because the characteristics of the DD2 cohort appear very
comparable and representative of population-based individuals with type 2 diabetes from the Northern
Region of Denmark initiating their first glucose-lowering therapy.76
Loss to follow-up is potentially a major source of selection bias in cohort studies if the nonparticipation over time is associated with both the exposure and the outcomes. However, as the follow-up in
the DD2 cohort was close to 100% due to linkage with the Danish health registries103 and death as a
competing risk has been handled in the analyses, this would unlikely bias our results. A potential selection
bias may also exist in studies II and III affecting the relative estimates if non-participation is associated with
genotype (MBL expression) and/or phenotype (serum MBL), and the outcome of interest. The participants
were not aware of their exposure status and the studies encompassed in this thesis at the DD2 enrollment,
thus this bias seems less likely. In addition, participants included in the DD2 cohort survived until DD2
enrollment where blood was drawn for serum MBL and MBL2 genotype analyses. This may introduce
survival bias (thought of as a special case of selection bias152). However, both situations (selection and
survival bias) would lead to decreased participation of individuals with a severe type 2 diabetes phenotype or
high outcome risk (e.g., cardiovascular) and would likely bias the results towards the null hypothesis, and
therefore most likely cannot explain our findings for cardiovascular events, all-cause mortality, and
infections. Overall, selection bias and survival bias are less likely because the patient characteristics and
comorbidities of individuals enrolled in the DD2 cohort are similar to individuals with early treated type 2
diabetes in routine practice in Denmark.76,130
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Although we were able to include more than 3,000 individuals with type 2 diabetes with a MBL
expression genotype measurement, a considerable number of individuals in our genotype analyses were
excluded because the MBL expression genotype was unavailable. However, DNA purification and MBL2
genotyping were non-selective and analyzed on the first 3043 consecutive individuals with type 2 diabetes
enrolled in the DD2 cohort; therefore, missing genotype data are unlikely to affect the validity of our
findings.
5.2.3 Information bias
Information bias is a systematic error that arises because of mismeasurement of exposure or outcome
variables.152 Misclassification can be either differential (when the classification errors differ between groups,
i.e., exposure or outcome groups) or non-differential (the classification is incorrect but is the same across
groups, i.e., exposure or outcome groups).152 All three studies in this thesis were based on prospectively
recorded/collected data which avoids recall bias that can occur when outcome affects the exposure, thus
reducing the risk of differential misclassification. In addition, the DD2 participants and treating physicians
are unaware of the exposure status (at baseline) and a potential misclassification would likely be nondifferential. The direction of bias by non-differential misclassification of a dichotomous variable is toward
the null value.152 With an exposure that is divided into more than two categories, however, non-differential
misclassification can bias results in either direction.152

Misclassification of exposure
In studies II and III, serum MBL (levels and categories) and MBL expression genotype categories served as
the exposures. By restriction to those individuals with available serum MBL and genotype measurements,
misclassification of individuals with unavailable MBL measurements was eliminated. We used nondichotomous exposure variables, and thus non-differential misclassification of high-exposure individuals
(high MBL serum and expression genotype) as low-exposure individuals (low MBL serum and expression
genotype) would lead to upward bias of the risk estimate for the low-exposure category.152 This effect could
be an explanation for the non-null finding observed between the low serum MBL category and
cardiovascular events in study II. However, we find this explanation unlikely as serum MBL was determined
in duplicates, had low intra- and interassay coefficients of variation, large study size (the probability
decreases that a particular result will deviate from its expectation152), and good correlation between serum
MBL concentrations and MBL expression genotypes. Furthermore, we find it biologically unlikely that highexposure would be misclassified as low-exposure as serum MBL act as a weak acute phase reactant that
would increase 2-3-fold during infection/inflammation causing it to be more likely that the low-exposure
would be misclassified as the high-exposure. Non-differential misclassification of low-exposure individuals
as high-exposure individuals would lead to downward bias of the risk estimate for the high-exposure

49

individuals152, thus this cannot explain our findings. This was confirmed in sensitivity analyses excluding
those individuals with CRP above 10 mg/L. In addition, misclassification of genotype is unlikely given the
lack of major deviations from Hardy-Weinberg equilibrium and given that MBL2 genotype frequencies and
serum MBL levels were similar to previous studies.20,37

Misclassification of outcome
Correct classification of outcomes depends on several factors, e.g., patients seeking healthcare, quality of
clinical diagnoses, prescribed treatment, and reporting to the registries.
In study I, micro- and macrovascular complications were the primary outcomes and identified by ICD10 codes in the DNPR.103 We included a 6 months after enrollment period to take account of prevalent
micro- and macrovascular complications diagnosed shortly after diabetes diagnosis. Assessment of diabetes
complications exclusively through hospital contact diagnoses leads to likely underestimation of the
complication prevalence, especially for microvascular, but probably less so for macrovascular
complications.103 Macrovascular complications are often severe and most individuals with these diseases
would have come into contact with a hospital, and thus would have been recorded in the registries. Opposite,
individuals with diabetic retinopathy may largely be followed at private eye specialists, instead of at
hospitals, and thus would not be recorded in the registries (misclassified). Likewise, diabetic nephropathy
and diabetes neuropathy may also be misclassified when only based on hospital contact diagnoses, not
including clinical examination (e.g., albuminuria). Thus, this should be kept in mind when interpreting our
prevalence data.
In study II, a composite endpoint of cardiovascular events (first occurrence of myocardial infarction,
ischemic stroke, coronary revascularization, unstable angina pectoris, and cardiovascular death) and allcause mortality were the primary outcomes. The positive predictive value of cardiovascular diagnoses and
procedure codes in the Danish national registries is high.157-159 The positive predictive values of
cardiovascular diagnoses and procedure codes in the DNPR has been estimated to be 97% for first-time
myocardial infarction, 97% for ischemic stroke, 98% for coronary revascularization, and 88% for unstable
angina pectoris, respectively.157-159 The Danish Register of Causes of Death may have fairly low validity.97,160
However, any misclassification of cardiovascular events would likely be non-differential and bias the
association with MBL toward the null value, and therefore most likely cannot explain our findings for
cardiovascular events. Information on all-cause mortality was based on vital status from the CRS, which is
updated daily and holds complete and accurate data with virtually no losses to follow-up and thus
misclassification of all-cause mortality is unlikely.93
In study III, outcomes were hospital-treated infections identified by ICD-10 codes in the DNPR and
community-based antimicrobial prescriptions identified by ATC-codes in the DNHSP. ICD-10 discharge
diagnoses have been shown to identify infections with a high degree of validity.108,161,162 However, hospital-
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treated infections identified by diagnosis codes may still be misclassified (misdiagnosis), but most likely be
non-differential and bias the association with MBL toward the null value. Therefore, this may explain some
of our findings for hospital-treated infections. A limited supply of topically low-dose antimicrobials (e.g.,
fusidin) are available over-the-counter, while systemic antimicrobials are available only on prescription, and
thus, we may have missed some of the milder infections. In addition, individuals may have used previously
prescribed antimicrobials for actual infections or individuals may receive a prescription for prophylactic
usage (e.g., traveling). However, a potential misclassification would likely be non-differential and bias the
results toward null. Again, this may explain some of our findings for community-based antimicrobial
prescriptions. Furthermore, use of filled prescriptions may not always be an accurate surrogate for actual
drug use.
5.2.4 Confounding
Confounding may be considered the confusion of effects that occurs when the exposure of interest is
distorted because the effect of other factors is mixed with the actual effect of the exposure on the outcome.152
To fulfill the criteria for a confounder, a factor has to have an effect on the outcome, must be unevenly
distributed across exposure categories, and it cannot be an intermediate step on the causal pathway from
exposure to outcome.152 Confounders can be controlled for by design, e.g., restriction and matching, and in
the statistical analysis, e.g. stratification, standardization, and adjustment.152 Still, observational studies are
vulnerable to residual and unmeasured confounding.
In study I, we handled potential confounding from a few basic patient factors by adjustment. As
previously mentioned, we are fully aware that firm causal inference cannot be drawn from a cross-sectional
study while conducting our association study between clinical characteristics and complications. In addition,
the precise pathophysiological pathways between the metabolic syndrome-related and dysglycemia-related
factors are incompletely understood and more factors may act as intermediates on the same causal
pathway.103,119 Thus, in our main analysis we only adjusted all our PRs for age and sex to assess whether the
associations were independent of age and sex, similar to other studies.138 Because abdominal obesity is
thought to be an important factor preceding other risk factors of the metabolic syndrome, we conducted a
supplementary analysis in which we also adjusted our risk estimates for waist-to-hip ratio as a marker of
abdominal obesity.103
In studies II and III, we also handled potential confounding by adjustments. The exact association
between MBL and other covariates that may have an independent effect on outcome risk (e.g., risk of
cardiovascular disease) is unknown. Thus, it is unclear if factors such as obesity, hyperlipidemia,
hypertension etc. may influence MBL level and independently influence cardiovascular risk, or if some of
these factors may be effects of a longstanding high MBL level, and thus not be confounders but rather
intermediate factors on the pathway from MBL to cardiovascular disease. We chose to perform several
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regression models, first only adjusting for age and sex, and then for successively more factors, to examine if
the association persisted even with detailed adjustment for a range of outcome risk factors. In the full model,
we may have risked adjustment for some potential intermediate factors which may have falsely attenuated
the association between MBL and outcomes.163 However, crude and adjusted estimates (in the different
models) were very similar. Still, incomplete measurement of some variables (e.g., ethnicity) may have led to
residual confounding.
In studies II and III, a potential limitation is confounding by variation in nearby genes, i.e., if variants
of another gene related to the risk of outcomes are in linkage disequilibrium with the MBL polymorphisms
we have studied, this will confound our results.164 However, this is unlikely because no SNPs in the MBL2
gene were in linkage disequilibrium with any other genetic variants.
5.2.5 Statistical considerations
Overall, the methods used in this thesis are well-established statistical methods within epidemiology.
However, some words are required on less conventional statistical methods, e.g., restricted cubic spline
models to assess the association between serum MBL (as a continuous variable) and outcomes in study II
and III, and multiple imputation to address problems with missing data in study II and III.
Categorization (two or more groups) of a continuous variable assumes that all values of the category
(e.g., serum MBL) have the exact same association with the outcome.121 This entails inefficient use of
information stored in each category and may result in loss of power and precision.165 Restricted cubic spline
models does not assume constant risks within each interval and can take on practically any form, which
allows for a precise description of the actual exposure-outcome association without categorization (jumps
from one interval to the other) or imposing the assumption of a linear association on a continuous variable.121
Thus, this method is ideal for exploration of potential non-linear continuous associations121, like in our case
with serum MBL and cardiovascular disease. As in categorical analyses, intervals needs to be defined,
usually five or fewer knots are sufficient.121 A restricted cubic spline has the additional property that the
curve is linear before the first knot and after the last knot to overcome problems of instability at the extreme
ends of the spline where data are sparse.166 We used five knots based on Harrell et al.166 Interpretation of a
restricted cubic spline is not always straightforward and splines may be more valuable in determining the
shape of the risk function, opposed to the actual risk estimates.120
Furthermore, in study II and study III, we did not estimate the magnitude of the potential causal effect
on e.g., cardiovascular risk (i.e., the fourth step of a complete Mendelian randomization design51 which
assumes linear association between exposure and outcome52) because of our non-linear association findings.
Several methods exist to assess non-linear causal effects167-169, which we could have applied to our results in
study II and study III. However, according to the Mendelian randomization design, the third step provides
information on whether there is a causal association and the fourth step merely quantifies this relationship.51
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Missing data are frequent in epidemiologic studies. We had missing data on some variables (e.g., Cpeptide, BMI, and HDL cholesterol) both due to missingness in the original cohort data and because only
around two-thirds of the DD2 participants were linkable to the DDDA. Improper handling of missing data
can undermine the validity of study results.114,170 In study I103, we analyzed our data (prevalence ratios) using
complete case analysis that reduces precision and may lead to bias114, and thus this should be kept in mind
when interpreting our results for the variables affected by missing data.103 In studies II and III we used
multiple imputation to handle the missing data. Missing data on covariates used for adjustment in the Cox
regression models were imputed to maximize power and avoid selection bias. We used MVNI123 to impute
20 complete data sets. MVNI assumes that all variables in the imputation model follow a multivariate normal
distribution and that missing data are missing at random, meaning that the probability of a variable being
missing depends only on the observed data but not on the unobserved data. Continuous variables (e.g., BMI)
with clearly non-normal (skewed) distributions were zero-skewness log-transformed (i.e., transformed to
approximate normality) before imputation. Then the imputed values were transformed back to the original
scale before analysis.114 Smoking (categorical variable) was also imputed using MVNI, which has been
shown to perform well even in the presence of binary and ordinal variables.123 The binary variable smoking
(1: smoking – former/current vs. 0: never smoking) was imputed on a continuous scale and rounded to 0 or 1
by simple rounding.171 Each variable in the data set was characterized as being ‘imputed’ or ‘regular’. All
covariates used in the analysis model, as well as the outcomes, were included in the imputation model to
ensure maximum recovery of information about the association of interest. The imputed models were
validated by comparing the mean, median, and inter-quartile range of the first and last imputed dataset with
the complete dataset.
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6. Main conclusions and perspectives
In this thesis, we have shown that one-third of individuals with recently diagnosed type 2 diabetes enrolled in
the Danish DD2 cohort presented with a likely diabetes complication around the time of diabetes diagnosis.
With the previous discussion of type 2 diabetes being true newly diagnosed in mind, our results show that in
spite of earlier diagnosis and improved treatment, preventable diabetes complications are still very prevalent
in individuals with recently diagnosed type 2 diabetes in the 2010s. This suggest that some individuals may
be diagnosed on the basis of already having developed diabetes complications.
Again, taking into account the discussion concerning methodological considerations of the crosssectional design in study I, the observed associations of hyperglycemia with microvascular complications,
and of metabolic syndrome- and other cardiovascular disease-related factors with macrovascular
complications, point to different underlying pathophysiological mechanisms. Therefore, individualized
preventative treatment strategies may hold great potentials for reducing the risk of both micro- and
macrovascular complications. Large longitudinal cohort studies on the exact association between a range of
potential risk factors and biomarkers in early type 2 diabetes and the development of diabetes complications
are needed.
Studies II and III combine the use of primary collected biomarkers and register data, and add to the
scientific knowledge regarding the association between MBL and risk of cardiovascular events (study II), allcause mortality (study II), and infectious disease (study III).
Previous studies have associated low levels or high levels of MBL expression genotype and serum
MBL with increased risk of cardiovascular disease. The potential dual role of MBL in cardiovascular
disease, and whether or not this association is causal, has not been formally investigated before. To our
knowledge, we show for the first time a U-shaped association between serum MBL and cardiovascular
events. According to the Mendelian randomization study design, the consistency of the U-shaped association
for both serum MBL and MBL expression genotype suggests that serum MBL is directly involved in the
development of cardiovascular disease in type 2 diabetes. As discussed in section 5.1.3 of this thesis, the Ushaped association might also be applicable to the general population. More research on the potential dual
role of serum MBL in the development of cardiovascular disease in both diabetes populations and general
populations are needed. As discussed under statistical considerations (Section 5.2.5) our aim was not to
quantify this association, merely to clarify the nature of the association. Future studies could try to quantify
this potential causal association by non-linear Mendelian randomization.
We found a similar but weaker U-shaped association between serum MBL and all-cause mortality. We
suggest that this modest association may be driven by cardiovascular mortality, which is supported by our
finding of no association between MBL expression genotype and all-cause mortality.
Taken together, our findings support previous studies showing that intermediate MBL levels are the
most advantageous for healthy aging.172,173 Individuals with low and high serum MBL levels may benefit
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from more aggressive preventative treatment strategies. However, MBL replacement therapy is likely not the
way to go due to the potential dual role of MBL in development of cardiovascular disease. MBL may be
used as a biomarker for cardiovascular risk stratification, but this needs to be confirmed in future studies.
Study III adds new evidence suggesting that MBL deficiency may be a risk factor for future bacterial
infections in individuals with type 2 diabetes. Even though we only found a modestly increased relative risk,
the absolute risk of both hospital-treated infections and community-based antimicrobial prescriptions is high
in diabetes. Thus, our findings merit attention to MBL deficient individuals with type 2 diabetes, as this
group may be particularly vulnerable to bacterial infection.
We found an association, although weak, between MBL expression genotype and risk of infections in
individuals with type 2 diabetes, which suggests that MBL is directly involved in development of infections
in type 2 diabetes according to the principle of Mendelian randomization. MBL deficiency in combination
with type 2 diabetes may act as a dual hit to the immune system and thus increase the susceptibility of
bacterial infections.
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7. Summary
The excess mortality and morbidity in diabetes is related to development of diabetes complications, divided
into microvascular complications, macrovascular complications, and non-vascular complications e.g.
infections. Understanding of why only some individuals develop e.g. macrovascular complications and
others do not is limited. After two decades of research, the exact role of mannose-binding lectin (MBL, a
multifunctional protein involved in innate immunity) in the development of cardiovascular disease and early
death remains uncertain. Previous findings have been ambiguous, with some studies linking low levels and
other studies linking high levels of MBL with increased cardiovascular risk. Several studies have found an
association between MBL deficiency and increased risk of infections, but none in individuals with diabetes.
In this thesis, based on the DD2 cohort, we aimed to study the prevalence of micro- and macrovascular
complications and associated clinical characteristics among individuals with recently diagnosed type 2
diabetes (study I). Moreover, we wanted to investigate the association between MBL and risk of
cardiovascular events and all-cause mortality in individuals with type 2 diabetes (study II). Finally, we
wanted to examine the association between MBL and risk of hospital-treated infections and communitybased antimicrobial prescriptions in individuals with type 2 diabetes (study III).
In study I, we reported a prevalence of diabetes complications of 35%, among individuals with
recently diagnosed type 2 diabetes. Of these individuals, 12% had microvascular complications only, 17%
had macrovascular complications only, and 6% had both micro- and macrovascular complications.
Moreover, we showed that older age, higher HbA1c, absence of lipid-lowering drug use, higher blood
pressure, and higher triglyceride levels were associated with microvascular complication, whereas male sex,
older age, higher C-peptide level, central obesity, higher BMI, higher waist-hip ratio, dyslipidemia, lowgrade inflammation, and use of lipid-lowering and antihypertensive drugs were associated with
macrovascular complications.
In study II, we found that both serum MBL and MBL expression genotype showed a U-shaped
association with cardiovascular event risk in individuals with type 2 diabetes. According to the Mendelian
randomization study design, the consistency of the association for both serum MBL and MBL expression
genotype suggests that serum MBL is directly involved in the development of cardiovascular disease in type
2 diabetes. Serum MBL levels showed a similar but attenuated association with all-cause mortality. MBL
expression genotype was not associated with all-cause mortality.
In study III, we found an association between baseline low serum MBL levels (≤100 µg/L vs. 101–
1000 µg/L) and increased risk of future hospital-treated bacterial infections in individuals with type 2
diabetes. Low MBL expression genotype showed similar, but weaker, associations with increased risk of
hospital-treated bacterial infections, indicating direct involvement of serum MBL in bacterial infections. We
found similar, although weaker, associations between MBL and community-based antimicrobial
prescriptions in individuals with type 2 diabetes.
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8. Dansk resumé (Danish summary)
Øget morbiditet og mortalitet blandt diabetikere er relateret til udviklingen af sendiabetiske komplikationer,
opdelt i mikrovaskulære komplikationer (dvs. i små blodkar), makrovaskulære komplikationer (dvs. i store
blodkar) og ikke-vaskulære komplikationer som f.eks. infektioner. Vores viden om hvorfor det kun er nogle
personer, der udvikler f.eks. makrovaskulære komplikationer, mens andre ikke gør, er begrænset. På trods af
mange års forskning, kender vi fortsat ikke den præcise rolle af mannose-bindende lektin (MBL, et
multifunktionelt protein som spiller en rolle i det første immunforsvar) i udviklingen af hjertekarsygdom og
tidlig død. Tidligere fund har været tvetydige, hvor nogle studier har koblet lave niveauer af MBL og andre
studier har koblet høje niveauer af MBL sammen med øget risiko for hjertekarsygdom. Adskillige
undersøgelser har fundet en sammenhæng mellem MBL mangel og øget risiko for infektioner, men ingen har
undersøgt sammenhængen blandt personer med diabetes. Formålet med denne afhandling, som er baseret på
DD2 kohorten, var at undersøge forekomsten af mikro- og makrovaskulære komplikationer og associerede
kliniske karakteristika blandt relativ nydiagnosticerede type 2 diabetes personer (studie I). Desuden ønskede
vi at undersøge sammenhængen mellem MBL og risikoen for udvikling af kardiovaskulære sygdomme og
tidlig død hos personer med type 2 diabetes (studie II). Sluttelig ønskede vi at undersøge sammenhængen
mellem MBL og risikoen for udvikling af hospitals-behandlede infektioner samt indløsning af recept på
antimikrobiel medicin blandt personer med type 2 diabetes (studie III).
I studie I fandt vi en forekomst af diabetes komplikationer på 35% blandt personer med relativ
nydiagnosticeret type 2 diabetes. Blandt disse personer havde 12% kun mikrovaskulære komplikationer,
17% havde kun makrovaskulære komplikationer og 6% havde både mikro- og makrovaskulære
komplikationer. Mikrovaskulære komplikationer var relateret til højere alder, højere HbA1c, fravær af lipidsænkende medicin brug, højere blodtryk, og højere triglycerid niveauer. Makrovaskulære komplikationer var
relateret til mandligt køn, højere alder, højere C-peptid niveauer, mavefedme, højere BMI, højere talje-hofte
mål, højere triglycerid- og lavere HDL kolesterol niveauer, højere CRP niveauer, og brug af lipid-sænkende
og blodtrykssænkende medicin.
I studie II fandt vi en U-formet sammenhæng mellem både serum MBL niveauer og MBL ekspressions
genotype og risikoen for udvikling af kardiovaskulære sygdomme hos personer med type 2 diabetes. Ifølge
principperne bag Mendelsk randomisering indikerer overensstemmelsen mellem sammenhængen for både
serum MBL niveauer og MBL ekspressions genotype, at serum MBL er direkte involveret i udviklingen af
hjertekarsygdom i type 2 diabetes. Vi fandt en tilsvarende omend svagere sammenhæng mellem serum MBL
niveauer og død. Vi fandt ingen sammenhæng mellem MBL ekspressions genotype og død.
I studie III fandt vi en sammenhæng mellem lave serum MBL niveauer (≤100 µg/L vs. 101–1000
µg/L) og øget risiko for udvikling af hospitals-behandlede bakterielle infektioner hos personer med type 2
diabetes. Vi fandt en tilsvarende, men svagere sammenhæng mellem lav MBL ekspressions genotype og øget
risiko for bakterielle infektioner, hvilket kan indikere at serum MBL er direkte involveret i udviklingen af
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bakterielle infektioner. Vi fandt en tilsvarende men svagere sammenhæng mellem serum MBL niveauer og
indløsning af recept på antimikrobiel medicin blandt personer med type 2 diabetes.
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a b s t r a c t
Aims: To examine the prevalence of micro- and macrovascular complications and their associated clinical characteristics at time of type 2 diabetes (T2D) diagnosis.
Methods: We examined the prevalence of complications and associated clinical characteristics among 6958
newly diagnosed T2D patients enrolled in the prospective Danish Center for Strategic Research in T2D cohort during 2010–2016. We calculated age- and gender-adjusted prevalence ratios (aPRs) of complications using logbinomial and Poisson regression.
Results: In total, 35% (n = 2456) T2D patients had diabetic complications around diagnosis; 12% (n = 828) had
microvascular complications, 17% (n = 1186) macrovascular complications, and 6% (n = 442) had both. HbA1c
levels of ≥7% were associated with microvascular complications [HbA1c 7%–8%; aPR: 1.35, 95% conﬁdence interval (CI): 1.12–1.62] but not macrovascular complications [aPR: 0.91, 95% CI: 0.76–1.08]. High Cpeptide ≥ 800 pmol/L was associated with macrovascular [aPR 1.34, 95% CI: 1.00–1.80] but not microvascular
[aPR 0.97, 95% CI: 0.71–1.33] complications. Macrovascular complications were associated with male sex,
age N 50 years, obesity, hypertriglyceridemia, low HDL cholesterol, smoking, elevated CRP levels, and antihypertensive therapy. Microvascular complications were associated with high blood pressure, hypertriglyceridemia, and absence of lipid-lowering therapy.
Conclusions: One-third of patients with T2D had diabetes complications around time of diagnosis. Our ﬁndings
suggest different pathophysiological mechanisms behind micro- and macrovascular complications.
© 2017 Elsevier Inc. All rights reserved.

1. Introduction
It is a major clinical and public health problem that a variable proportion of individuals with T2D remains undiagnosed and untreated before developing diabetes complications.1 Many patients with T2D thus
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present with complications already at time of diagnosis,1 as the various
pathophysiological abnormalities associated with T2D, such as hyperglycemia, dyslipidemia, and hypertension may have existed for several
years.2,3
Recent data on the prevalence of diabetes-related complications at
time of diagnosis are scarce. Many studies that examined this issue are
10–20 years old, and generally showed high prevalences of
complications, 4 e.g., a ~ 36% prevalence of retinopathy in the UKPDS
study. 4 Diabetes case-ﬁnding has been increasing in populations-at-
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risk, 5 likely leading to earlier diabetes diagnoses and possibly a lower
prevalence of complications at onset. 6,7 For example, Thomsen et al. 6
found that the median baseline hemoglobin A1c (HbA1c) measurement
before initial glucose-lowering treatment in Denmark declined from
8.9% in 2000–2003 to 7.0% in 2010–2012, suggesting earlier diagnosis
and therapy.
It is not well understood at present whether pathogenic processes
leading to micro- and macrovascular T2D complications differ.8 Hyperglycemia per se seems to be an important risk factor for microvascular
outcomes but less so for macrovascular outcomes, for which traditional
cardiovascular risk factors may play a greater role.4,9 Moreover, several
recent randomized clinical trials (RCTs)10–13 have found that newer diabetes drugs exert a CVD protective effect beyond their glucoselowering effect.9 In this context, we hypothesized that clinical characteristics at baseline may differ between T2D patients presenting with
micro- and macrovascular complications, with dysglycemia-related factors being more important for microvascular complications and metabolic syndrome-related factors more important for macrovascular
complications. In the present study, we examined the prevalence of
micro- and macrovascular complications and associated characteristics
among newly diagnosed T2D patients in a large prospective Danish
cohort.
2. Materials and methods
2.1. Study population
We conducted this cross-sectional study using information from
the Danish Centre for Strategic Research in Type 2 Diabetes (DD2)
project, which includes a nationwide cohort of newly or recently diagnosed type 2 diabetes mellitus (T2D) patients enrolled from general practitioners' (GPs) ofﬁces and hospital specialist outpatient
clinics in Denmark since November 2010. 14 The implementation
and logistics of the DD2 project, patient enrollment, and the DD2
biobank 15 have been described in detail previously. 16 In brief, GPs
or hospital physicians provide detailed interview and clinical examination data for each DD2 patient at time of enrollment. This information is recorded in the DD2 database together with each
patient's civil registration number (CPR number). Blood samples
(fasting) and urine samples are obtained from each patient, either
on the day of the interview or later. 17
Our main study population consisted of all 6958 incident T2D patients currently enrolled in the DD2 cohort. The unique CPR number
provided to each Danish resident, at birth or upon immigration,
allowed data linkage of this cohort with other Danish registries. We
could thus obtain a complete hospital contact history for each DD2
participant through linkage with the Danish National Patient Registry (DNPR), which covers all Danish hospitals and contains discharge
records from all inpatient hospitalizations since 1977 and all hospital
outpatient clinic and emergency department visits since 1995. 18 Additionally, we obtained complete data on ﬁlled medication prescriptions for each DD2 participant through linkage with the Danish
National Health Service Prescription Database (DNHSPD). 19 Through
linkage with a nationwide quality-of-care database, the Danish Diabetes Database for Adults (DDDA), we were furthermore able to extract additional clinical data for a subcohort of 5115 (75%) DD2
patients. 14
2.2. Micro- and macrovascular complications
For each cohort member, we assessed presence or absence of diabetes complications as recorded in the DNPR between 10 years
before and up till 6 months after the DD2 enrolment date. The
6 months after period was included to allow for investigation and
diagnosis of prevalent diabetes complications shortly after diabetes diagnosis. We categorized diabetes complications as: (1) no
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microvascular or macrovascular complications at enrolment;
(2) microvascular complications; (3) macrovascular complications; and (4) both microvascular and macrovascular complications. Microvascular complications included a medical database
history of the following conditions: retinopathy, including any
diabetes-related eye disease, atherosclerotic eye disease, blindness
or severely impaired vision, or use of retinal photocoagulation therapy; neuropathy, including any diabetes-related neurological complication; and nephropathy, including any diabetes-related kidney
disease, albuminuria, chronic dialysis, or renal failure. Macrovascular
complications included a medical registry history of any of the following conditions: history of ischemic heart disease including angina pectoris or coronary surgery; atherosclerotic cerebrovascular
disease including thrombolysis and thrombectomy; atherosclerotic
peripheral vascular disease including vascular surgery or amputation; or any operation for macroangiopathy (see Supplemental
Table A1 for diagnosis and procedure codes).
2.3. Associated patient characteristics
From the DD2 cohort questionnaire and the linked medical databases, we extracted data on patient characteristics present at the
time of DD2 enrollment. Patient characteristics of particular interest
included age, sex, body mass index (BMI) ≥ 30 kg/m 2, central obesity
(deﬁned as waist circumference ≥ 94 cm for men and ≥ 80 cm for
women), high waist-hip ratio (WHR) (deﬁned as N 1.0 in men and
N0.85 in women), tobacco smoking, blood pressure (mm Hg), fasting
blood-glucose level (mmol/L), C-peptide level (pmol/L), plasma lipid
level (mmol/L), C-reactive protein (CRP) level (mg/L), and use of
anti-hypertensive and lipid-lowering drugs. Data on age, sex, central
obesity, WHR, physical activity, and use of lipid-lowering and antihypertensive drugs were available for the entire DD2 cohort, and
data on HbA1c, blood pressure, BMI, tobacco smoking, and plasma
lipids were available for the subcohort of 5115 patients (75%) currently linkable to the DDDA. 14 Concerning speciﬁc biomarkers,
fasting blood glucose, C-peptide and CRP have currently been analyzed for the ﬁrst 5563 (80%), 5800 (83%) and 1030 (15%) DD2 cohort patients in the DD2 biobank.
The DD2 project, including patient registration and sample collection, has been approved by The Regional Committees on Health Research Ethics for Southern Denmark (record number S-20100082) and
the Danish Data Protection Agency (record number 2008-58-0035).
After receiving detailed oral and written information approved by The
Regional Committees on Health Research Ethics for Southern
Denmark, patients volunteer to participate in the DD2 project. Their
willingness to participate is documented by a signed written informed
consent document.
2.4. Statistical analysis
We characterized patients according to factors as described
above. Prevalence of microvascular, macrovascular, and both
micro- and macrovascular complications at baseline was calculated
as proportions (percentages) of all DD2 cohort members. We calculated prevalence ratios (PRs) with 95% conﬁdence intervals
(CIs) of the different complications associated with presence of
each factor using log-binomial and Poisson regression. 20 The
exact pathophysiological pathways between the different
dysglycemia-related and metabolic syndrome-related factors are
incompletely understood and several factors may act as clusters
in the same causal pathway. 21 We therefore only adjusted our estimates for age and gender in the main analysis (aPRs) to assess
whether associations were independent of these two factors. 20 Because obesity and in particular abdominal obesity is thought to be a
fundamental factor preceding a number of other metabolic risk factors in many individuals; we did a supplementary analysis in which
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we also adjusted all associations for WHR category as a marker of
abdominal obesity.
Although the DD2 project aims to enroll newly or recently diagnosed T2D patients, we conducted a sensitivity analysis to maximize
the probability of T2D being a newly detected diagnosis: in this analysis, we included only T2D patients who had no earlier glucoselowering treatment, hospital diagnosis of T2D, or registration in the
DDDA quality-of-care database recorded N 1 year prior to DD2
enrollment.
In addition, we calculated aPRs separately for individual complications, i.e. retinopathy, neuropathy, nephropathy, ischemic heart disease,
atherosclerotic cerebrovascular disease, and atherosclerotic peripheral
vascular disease.
All analyses were performed using SAS version 9.4 (SAS Institute,
Inc., Cary, North Carolina).
3. Results
3.1. Prevalence data
Among the 6958 patients with T2D, 35% (n = 2456) had diabetes complications around enrolment in the DD2 cohort. Of these patients, 12% (n = 828) had microvascular complications only, 17%
(n = 1186) had macrovascular complications only, and 6% (n =
442) had both micro- and macrovascular complications (Table 1).
Among all newly diagnosed T2D patients with any microvascular
complications, 13% (n = 887) had retinopathy, 4% (n = 264) had
neuropathy, and 3% (n = 234) had nephropathy (Supplementary
Table A.8). Among all newly diagnosed T2D patients with any
macrovascular complications, 15% (n = 1059) had ischemic heart
disease, 5% (n = 365) had atherosclerotic cerebrovascular disease,
and 2% (n = 151) had atherosclerotic peripheral vascular disease
(Supplementary Table A.10).
3.2. Characteristics associated with micro- and
macrovascular complications
Tables 1 and 2 present clinical and lifestyle characteristics according
to diabetes complications around time of diagnosis, with corresponding
aPRs and 95% CIs.
Compared with HbA1c levels b 7%, higher HbA1c levels at diagnosis were associated with a higher prevalence of microvascular complications [e.g., HbA1c 7–8%, aPR: 1.35, 95% conﬁdence interval
(CI): 1.12–1.62] and of both micro- and macrovascular complications
[aPR: 1.48, 95% CI: 1.14–1.91], but not of macrovascular complications [aPR: 0.91, 95% CI: 0.76–1.08] (Table 2). Similarly, we found a
relationship between high baseline fasting blood glucose levels
(N 7.5 mmol/L) and the presence of microvascular complications,
but no association with either macro- or combined micro-/
macrovascular complications (Table 1). In contrast, high Cpeptide ≥ 800 pmol/L was associated with macrovascular complications [aPR 1.34, 95% CI: 1.00–1.80], but not microvascular complications [aPR 0.97, 95% CI: 0.71–1.33] or both micro- and macrovascular
complications [aPR: 1.07, 95% CI: 0.68–1.69].
Higher age and male sex were both associated with presence of
macrovascular complications and both micro- and macrovascular complications (Table 1). In contrast, the presence of microvascular complications was only increased in persons aged ≥ 70 years and did not
differ by sex.
For the remaining metabolic syndrome-related factors, we
found that central obesity, high baseline triglyceride (≥ 1.7), low
baseline HDL cholesterol (b 1.3), and use of anti-hypertensive
drugs were all associated with presence of macrovascular and
both micro- and macrovascular complications (Tables 1 and 2).
Similar associations were found for high waist-hip ratio (N1.0)
and BMI. Regarding microvascular complications, we found an

association with high blood pressure [aPR: 1.27, 95% CI:
1.08–1.50] and high triglyceride level [aPR: 1.31, 95% CI:
1.12–1.52]. The prevalence of microvascular complications was
lower in patients using lipid-lowering drugs (99.5% used statins),
while the prevalence of macrovascular and both micro- and
macrovascular complications was increased.
Smoking was associated with macrovascular complications, but not
with microvascular or both micro- and macrovascular complications
(Table 2). In the subsample with biobank information, high baseline
CRP (N 3.0 mg/L) was associated with presence of macrovascular and
both micro- and macrovascular complications, but not with microvascular complications.
Of interest, most associations were very robust to further adjustment for central obesity assessed by WHR categories, as seen in Supplementary Tables A.2 and A.3.
Overall, the sensitivity analysis restricted to patients with maximized probability of having newly detected diabetes showed consistent
results with the main analysis (Supplementary Tables A.4 and A.5). This
included similar associations between HbA1c levels and complications
as observed in the main analysis. Further adjustment for WHR categories in these subcohorts did not change the estimates materially (Supplementary Tables A.6 and A.7).
3.3. Characteristics associated with individual complications
Characteristics associated with individual micro- and macrovascular
complications are presented in Supplementary Tables A.8–A.11. Statistical precision was limited, but some interesting tendencies were noted.
For macrovascular complications, central obesity, high waist-hip ratio
(N1.0), physical inactivity, high blood pressure, and smoking were
more closely associated with peripheral vascular disease than with the
other complications. High C-peptide was most strongly associated
with cerebrovascular disease. In contrast, very high HbA1c values of
9% or more tended to be associated with ischemic heart disease, but
not with cerebrovascular disease. For microvascular complications, an
increased HbA1c level of 7% or more was associated with both retino-,
neuro-, and nephropathy. Male sex was associated with neuropathy
and nephropathy, but not with retinopathy. Obesity, high C-peptide,
and dyslipidemia tended to be associated with nephropathy, but not
with the other microvascular complications. Smoking was related to
neuropathy.
4. Discussion
Our ﬁndings from the nationwide DD2 study cohort show that
one-third of newly or recently diagnosed T2D patients have
hospital-diagnosed micro- and macrovascular complications already
around time of diagnosis. Of concern, this suggests that many patients have their T2D diagnosed on the basis of already having developed diabetes complications. While keeping in mind the limitations
of a cross-sectional analysis, the observed associations of
dysglycemia-related factors with microvascular complications, and
metabolic syndrome related factors with macrovascular complications corroborate hypotheses about different underlying pathophysiological mechanisms.
4.1. Strengths and limitations
The main strength of this large cross-sectional study is its comprehensive and detailed assessment of lifestyle and clinical factors
based on the DD2 database, DD2 biobank, and linkage with
population-based health registries. These resources provide close
to 100% completeness for demographic, clinical characteristics and
prescription data for the newly diagnosed T2D patients in our
study. 17
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Table 1
Prevalence of diabetes complications among 6958 patients with newly diagnosed type 2 diabetes in the DD2 cohort. Age- and gender-adjusted prevalence ratios are shown according to
each patient characteristic.
Characteristic

All T2D
patients

No
complication (%)

Microvascular
complication (%)

Main cohort

6958

4502 (64.7)

828 (11.9)

Sex
Female
Male

2927
4031

2047 (69.9)
2455 (60.9)

365 (12.5)
463 (11.5)

Age (years)
b50
50–59
60–69
≥70

1220
1790
2517
1431

973 (79.8)
1262 (70.5)
1550 (61.6)
717 (50.1)

Central obesitya
No
Yes

570
6378

aPR (95% CI)

Macrovascular
complication (%)

aPR (95% CI)

Micro- and
macrovascular
complications (%)

aPR (95% CI)

1186 (17.1)

442 (6.4)

Ref (1.00)
0.92 (0.81–1.05)

374 (12.8)
812 (20.1)

Ref (1.00)
141 (4.8)
1.60 (1.43–1.79) 301 (7.5)

Ref (1.00)
1.59 (1.32–1.93)

142 (11.6)
180 (10.1)
291 (11.6)
215 (15.0)

Ref (1.00)
0.87 (0.70–1.07)
0.99 (0.82–1.20)
1.28 (1.05–1.56)

82 (6.7)
276 (15.4)
505 (20.1)
323 (22.6)

Ref (1.00)
23 (1.9)
2.31 (1.82–2.92)
72 (4.0)
2.99 (2.40–3.74) 171 (6.8)
3.44 (2.73–4.32) 176 (12.3)

Ref (1.00)
2.17 (1.36–3.44)
3.61 (2.35–5.55)
6.60 (4.31–10.12)

393 (69.0)
4099 (64.3)

63 (11.1)
765 (12.0)

Ref (1.00)
83 (14.6)
1.08 (0.85–1.38) 1103 (17.3)

Ref (1.00)
31 (5.4)
1.33 (1.09–1.63) 411 (6.4)

Ref (1.00)
1.38 (0.97–1.97)

Waist-hip ratiob
≤0.95m/≤0.80f
772
0.96–1.0m/0.81–0.85f 1437
N1.0m/N0.85f
4737

506 (65.5)
911 (63.4)
3074 (64.9)

95 (12.3)
180 (12.5)
553 (11.7)

Ref (1.00)
0.99 (0.79–1.26)
0.92 (0.74–1.14)

131 (17.0)
261 (18.2)
793 (16.7)

Ref (1.00)
40 (5.2)
1.12 (0.93–1.36)
85 (5.9)
1.21 (1.02–1.43) 317 (6.7)

Ref (1.00)
1.22 (0.85–1.75)
1.75 (1.27–2.40)

Regular physical exercise
Yes
2725
No
4232

1847 (67.8)
2655 (62.7)

304 (11.2)
524 (12.4)

Ref (1.00)
1.12 (0.98–1.28)

430 (15.8)
755 (17.8)

Ref (1.00)
144 (5.3)
1.10 (0.99–1.23) 298 (7.0)

Ref (1.00)
1.31 (1.08–1.58)

Use of lipid-lowering drugs
No
2072
Yes
4886

1537 (74.2)
2965 (60.7)

304 (14.7)
524 (10.7)

Ref (1.00)
171 (8.3)
0.70 (0.62–0.80) 1015 (20.8)

Ref (1.00)
60 (2.9)
2.31 (1.98–2.69) 382 (7.8)

Ref (1.00)
2.35 (1.81–3.07)

Use of anti-hypertensive drugs
No
1967
Yes
4991

1548 (78.7)
2954 (59.2)

232 (11.8)
596 (11.9)

Ref (1.00)
151 (7.7)
0.94 (0.81–1.10) 1035 (20.7)

Ref (1.00)
36 (1.8)
2.28 (1.93–2.70) 406 (8.1)

Ref (1.00)
3.19 (2.27–4.49)

Fasting blood glucose (mmol/L)
b6.5
1548
6.5–7.0
917
7.0–7.5
751
≥7.5
2146

996 (64.3)
611 (66.6)
482 (64.2)
1424 (66.4)

159 (10.3)
86 (9.4)
80 (10.7)
245 (11.4)

Ref (1.00)
0.92 (0.71–1.17)
1.05 (0.82–1.36)
1.16 (0.96–1.41)

278 (18.0)
167 (18.2)
147 (19.6)
350 (16.3)

Ref (1.00)
115 (7.4)
1.00 (0.85–1.19)
53 (5.7)
1.07 (0.90–1.28)
42 (5.6)
0.95 (0.83–1.10) 127 (5.9)

Ref (1.00)
0.80 (0.59–1.09)
0.75 (0.54–1.06)
0.92 (0.72–1.16)

C-peptide (pmol/L)
b550
550–800
≥800

295
853
4652

202 (68.5)
606 (71.0)
2932 (63.0)

36 (12.2)
90 (10.6)
552 (11.9)

Ref (1.00)
0.84 (0.58–1.21)
0.97 (0.71–1.33)

39 (13.2)
120 (14.1)
847 (18.2)

Ref (1.00)
18 (6.1)
1.00 (0.72–1.40)
37 (4.3)
1.34 (1.00–1.80) 321 (6.9)

Ref (1.00)
0.65 (0.38–1.12)
1.07 (0.68–1.69)

627
403

429 (68.4)
254 (63.0)

62 (9.9)
35 (8.7)

Ref (1.00)
0.86 (0.58–1.29)

114 (18.2)
87 (21.6)

Ref (1.00)
1.42 (1.11–1.81)

Ref (1.00)
2.34 (1.34–4.07)

CRP (mg/L)
≤3.0
N3.0

22 (3.5)
27 (6.7)

DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; aPR: adjusted prevalence ratio; CI: conﬁdence interval.
Data available in total DD2 cohort (n = 6958) for central obesity (n = 10 missing); for waist-hip ratio (n = 12 missing); for regular physical activity (n = 1 missing). Data currently
analyzed in the DD2 biobank for fasting blood glucose (n = 5362); for C-peptide (n = 5800); and for CRP (n = 1030).
a
Central obesity = waist circumference N 94 (men) and N80 (women).
b
Waist-hip ratio: m = males; f = females.

Our study also has important limitations. Firstly, the crosssectional design of our study leads to intrinsic uncertainty as to
whether given diabetes complications preceded or followed the diagnosis of T2D and some of the patient characteristics, making it difﬁcult to draw ﬁrm conclusions about the direction of exposureoutcome associations. Secondly, although the DD2 project aims to
enroll newly diagnosed T2D patients, some may have been diagnosed with diabetes several years before enrolment, 22 which may
have led to an overestimation of the true complication prevalence
at diabetes debut. Thirdly, the DD2 cohort may represent patients
whose newly diagnosed T2D is more severe than average in
Denmark, as initial enrolment took place in hospital specialist outpatient clinics in about half of the cases. 17 This may represent an example of Berksonian-like bias if an undiagnosed diabetic complication
leads patients to seek medical attention in secondary health care,
thus causing T2D to be diagnosed and the patient to be enrolled in
the DD2, with a possible overestimation of the average complication

prevalence in early T2D. However, since 2013, the number of patients recruited by GPs has increased rapidly and by 2016 characteristics of the cohort appear to be representative of all newly
diagnosed T2D patients in Denmark. 6 Fourth, assessment of complications exclusively through hospital contact diagnoses leads to likely
underestimation, especially for microvascular complications, but
probably less so for macrovascular complications. Thus, when comparing with results from RCTs, it must be kept in mind that our complication data are not derived from a structured evaluation following
brieﬂy after diagnosis, leading to a likely underestimation.
4.2. Comparison with previous literature
The lower prevalence of individual diabetes complications in our cohort compared with older studies may originate in earlier and more
complete detection of T2D cases in recent years, or be due to improvements over time in clinical management 23 which seem to have
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Table 2
Prevalence of diabetes complications in the subcohort of 5115 DD2 patients who currently can be linked to the DDDA. Age- and gender-adjusted prevalence ratios are shown according to
patient characteristics.
Characteristic All T2D
patients

Macrovascular
complication (%)

aPR (95% CI)

Micro- and
macrovascular
complications (%)

aPR (95% CI)

Microvascular
complication (%)

aPR (95% CI)

High blood pressure (mm Hg)a
No
1575
1012 (64.3)
Yes
3261
2013 (61.7)

173 (11.0)
450 (13.8)

Ref (1.00)
278 (17.7)
1.27 (1.08–1.50) 572 (17.5)

Ref (1.00)
112 (7.1)
0.94 (0.83–1.07) 226 (6.9)

Ref (1.00)
0.92 (0.74–1.14)

Smoking
No
Yes

3903
941

2464 (63.1)
579 (61.5)

490 (12.6)
127 (13.5)

Ref (1.00)
676 (17.3)
1.08 (0.90–1.30) 177 (18.8)

Ref (1.00)
273 (7.0)
1.20 (1.04–1.40)
58 (6.2)

Ref (1.00)
1.07 (0.82–1.41)

BMI (kg/m2)
b25
25–29
30–34
≥35

500
1291
1147
897

309 (61.8)
800 (62.0)
692 (60.3)
554 (61.8)

73 (14.6)
156 (12.1)
141 (12.3)
145 (16.2)

Ref (1.00)
78 (15.6)
0.84 (0.65–1.08) 222 (17.2)
0.84 (0.65–1.09) 231 (20.1)
1.11 (0.85–1.45) 150 (16.7)

Ref (1.00)
40 (8.0)
1.10 (0.87–1.40) 113 (8.8)
1.37 (1.09–1.73)
83 (7.2)
1.39 (1.08–1.80)
48 (5.4)

Ref (1.00)
1.05 (0.74–1.48)
1.01 (0.70–1.47)
0.85 (0.56–1.31)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
2061
1246 (60.5)
b1.3m/b1.0f
969
558 (57.6)

297 (14.4)
152 (15.7)

Ref (1.00)
356 (17.3)
1.01 (0.84–1.22) 181 (18.7)

Ref (1.00)
162 (7.9)
1.37 (1.16–1.61)
78 (8.1)

Ref (1.00)
1.37 (1.06–1.78)

Triglycerides (mmol/L)
b1.7
2410
≥1.7
2348

1573 (65.3)
1430 (60.9)

261 (10.8)
330 (14.1)

Ref (1.00)
415 (17.2)
1.31 (1.12–1.52) 424 (18.1)

Ref (1.00)
161 (6.7)
1.16 (1.03–1.31) 164 (7.0)

Ref (1.00)
1.23 (1.00–1.52)

HbA1C (%)
b7.0
7.0–8.0
8.0–9.0
≥9.0

2298 (64.0)
500 (60.7)
182 (60.1)
187 (59.7)

413 (11.5)
126 (15.3)
43 (14.2)
52 (16.6)

Ref (1.00)
651 (18.1)
1.35 (1.12–1.62) 129 (15.7)
1.30 (0.96–1.74)
57 (18.8)
1.53 (1.17–2.01)
47 (15.0)

Ref (1.00)
230 (6.4)
0.91 (0.76–1.08)
69 (8.4)
1.19 (0.93–1.52)
21 (6.9)
1.00 (0.76–1.32)
27 (8.6)

Ref (1.00)
1.48 (1.14–1.91)
1.50 (0.97–2.30)
2.14 (1.46–3.13)

Subcohort

No
complication (%)

5115

3592
824
303
313

DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: conﬁdence interval.
Data available in DDDA cohort (n = 5115); for blood pressure (n = 279 missing); for smoking (n = 271 missing); for BMI (n = 1280 missing); for HDL (n = 2085 missing); for triglycerides (n = 357 missing); and for HbA1c (n = 83 missing).
a
High blood pressure = deﬁned as no (systolic blood pressure b 130 or diastolic blood pressure b 85) and as yes (systolic blood pressure ≥ 130 or diastolic blood pressure ≥ 85).
b
HDL cholesterol: m = males; f = females.

decreased the gap in life expectancy for persons with diabetes versus
the general population. 24 The UKPDS study, 4 which enrolled patients
with newly diagnosed diabetes referred by GPs, reported a 36% prevalence of retinopathy and an 11.5% prevalence of neuropathy. Our observed prevalence of 12.8% with retinopathy and 3.8% with
neuropathy was more comparable with that reported among screendetected T2D patients 5 years after diagnosis in the ADDITION study 25
(11% and 5.5%, respectively). Compared to our ﬁndings, the ADDITION
study reported a much higher prevalence of nephropathy (23% vs.
3.4% in our study), likely because we were only able to assess nephropathy through manifest hospital diagnoses and not by albuminuria 25
leading to an underestimation. Among 9158 people newly diagnosed
with T2D during 2003–2005 in a UK cohort study,26 a lower proportion
(1.7%) presented with microvascular conditions and cardiovascular
complications (19.2%), compared with our study. A large populationbased cohort study conducted in Sweden among patients with T2D
and mean diabetes duration of 7.4 years 27 reported microalbuminuria
in 16.6% and cardiovascular disease in 18.2% during the follow-up
time of maximum 6 years. Another large Swedish cross-sectional
population-based study28 reported a prevalence of 12% of diabetic retinopathy among newly diagnosed T2D patients which corresponds well
with our ﬁndings.
The pathophysiology leading to micro- versus macrovascular complications in T2D patients remains incompletely understood. Overall,
RCTs have not demonstrated a substantial clinical effect of intensive
glucose-lowering therapy on macrovascular outcomes in T2D patients,
although there may be beneﬁcial legacy effects of good early glucose
control.29 Also, recent RCTs10–13 suggest that newer glucose lowering
drugs reduce CVD risk beyond their glucose-lowering effect, by

affecting other CVD risk factors. Our cross-sectional observations conﬁrms that risk factors related to the metabolic syndrome, e.g., central
obesity, dyslipidemia, and hypertension, in addition to low physical
activity, tobacco smoking, and older age, may be of greater importance than hyperglycemia per se for development of macrovascular
complications. High C-peptide ≥ 800 pmol/L was associated with
early macrovascular complications in our study in accordance with
others' ﬁndings 30 and may reﬂect the insulin resistance underlying
most of the metabolic syndrome. 31 In contrast, the fact that poor glycemic control per se reﬂected by a high HbA1c level was associated
with microvascular but not macrovascular complications corroborates
main ﬁndings from several randomized clinical trials3,32–34 that tight
glycemic control in T2D patients reduces the risk of microvascular
complications by 10% - 28%. Of note, high triglyceride levels, but not
HDL cholesterol levels, were also associated with microvascular complications, and absence of lipid-lowering drug use was associated with
microvascular complications at diagnosis. In analyses of individual
complications, high triglyceride and low HDL cholesterol levels were
clearly associated with nephropathy, consistent with a large casecontrol study 35 that reported strong associations between diabetic
kidney disease, high triglyceride levels, and low HDL cholesterol
levels. We did not ﬁnd an association between retinopathy or neuropathy and high triglyceride or low HDL cholesterol levels, as other studies have reported.36,37
4.3. Conclusion
In conclusion, almost one-third of newly or recently diagnosed
T2D patients in the DD2 cohort presented with a likely diabetic
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complication around disease onset. Our ﬁndings suggest that different phenotypical risk proﬁles exist for microvascular versus
macrovascular complications, pointing to different pathophysiological mechanisms and a possible need to individualize preventive
treatment strategies.
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Supplementary table A.1: ICD-10 and procedure codes used to identify micro- and macrovascular complications.
ICD-10 codes
Diabetes with any microvascular
complication

E104, E114, E144, G590, G632,
E103, E113, E143, H340-H342, H280, H334, H450, H360, H540, H541, H544, H25, H268, H269,
H430, H431, H438C, H439, H334A, H330, H335, KCKC10, KCKC15, KCKD65,
E102, E112, E142, I120, N083, N06, N17-N19, R809, BJFD2

Diabetes with any macrovascular
complication

KFNA, KFNB, KFNC, KFND, KFNE, KFNF, KFNG, KFNH, KFNW, KFLF, KPAE+F+H+N+P+Q,
KPAW99, KPAU74, KPBE+F+H+N+P+Q, KPBW, KPGH10, KPCE+F+H+N+P+Q, KPCW99,
KPCW20, KPCU74+82+83+84, KPGE+F+H+N+P+Q, KPGW99, KPGW20, KPEE+F+H+N+P+Q+W,
KPFE+H+N+P+Q+W, KPGH20+21+22+23+30+31+40+99, KPDU74+82+83+84,
KPEU74+82+83+84, KPFU74+82+83+84, KPGU74+83+84+99, KPGW, KPWG, KAAL10, KAAL11
I20-I25, T822A, T823
I61, I63-I66, I672, I678-I679, I691, I693-I698
I702, I742-I745, I739A, I739B, I739C, E105, E115, KNBQ, KNCQ, KNDQ, KNEQ, KNFQ, KNGQ,
KNHQ
I700, I708, I709, I740-I741, I748-I749, N280, I701, K550-K551, K558-559
H340-H342
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Supplementary table A.2. Prevalence of diabetes complications among 6958 patients in the DD2 cohort. Prevalence ratios adjusted for age and gender, and additionally
adjusted for waist-hip ratio.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
6958
4502 (64.7)
828 (11.9)
1186 (17.1)
442 (6.4)
Main cohort
Sex
Female
Male

2927
4031

2047 (69.9)
2455 (60.9)

365 (12.5)
463 (11.5)

Ref (1.00)
0.90 (0.78-1.03)

374 (12.8)
812 (20.1)

Ref (1.00)
1.66 (1.47-1.86)

141 (4.8)
301 (7.5)

Ref (1.00)
1.79 (1.47-2.17)

Age (years)
<50
50-59
60-69

1220
1790
2517

973 (79.8)
1262 (70.5)
1550 (61.6)

142 (11.6)
180 (10.1)
291 (11.6)

Ref (1.00)
0.87 (0.70-1.07)
0.99 (0.82-1.20)

82 (6.7)
276 (15.4)
505 (20.1)

Ref (1.00)
2.28 (1.81-2.89)
2.99 (2.39-3.73)

23 (1.9)
72 (4.0)
171 (6.8)

Ref (1.00)
2.14 (1.34-3.40)
3.58 (2.33-5.50)

≥70

1431

717 (50.1)

215 (15.0)

1.27 (1.04-1.54)

323 (22.6)

3.43 (2.73-4.31)

176 (12.3)

6.76 (4.41-10.37)

Central obesitya
No
Yes

570
6378

393 (69.0)
4099 (64.3)

63 (11.1)
765 (12.0)

Ref (1.00)
1.18 (0.89-1.56)

83 (14.6)
1103 (17.3)

Ref (1.00)
1.26 (1.01-1.57)

31 (5.4)
411 (6.4)

Ref (1.00)
1.05 (0.71-1.53)

Waist-hip ratiob
≤0.95m/≤0.80f
0.96-1.0m/0.81-0.85f
>1.0m/>0.85f

772
1437
4737

506 (65.5)
911 (63.4)
3074 (64.9)

95 (12.3)
180 (12.5)
553 (11.7)

Ref (1.00)
0.99 (0.79-1.26)
0.92 (0.74-1.14)

131 (17.0)
261 (18.2)
793 (16.7)

Ref (1.00)
1.12 (0.93-1.36)
1.21 (1.02-1.43)

40 (5.2)
85 (5.9)
317 (6.7)

Ref (1.00)
1.22 (0.85-1.75)
1.75 (1.27-2.40)

Regular physical exercise
Yes
2725
No
4232

1847 (67.8)
2655 (62.7)

304 (11.2)
524 (12.4)

Ref (1.00)
1.13 (0.99-1.29)

430 (15.8)
755 (17.8)

Ref (1.00)
1.09 (0.98-1.22)

144 (5.3)
298 (7.0)

Ref (1.00)
1.27 (1.05-1.54)

Use of lipid-lowering drugs
No
2072
Yes
4886

1537 (74.2)
2965 (60.7)

304 (14.7)
524 (10.7)

Ref (1.00)
0.71 (0.62-0.81)

171 (8.3)
1015 (20.8)

Ref (1.00)
2.29 (1.96-2.67)

60 (2.9)
382 (7.8)

Ref (1.00)
2.29 (1.76-2.99)

Use of anti-hypertensive drugs
No
1967
Yes
4991

1548 (78.7)
2954 (59.2)

232 (11.8)
596 (11.9)

Ref (1.00)
0.95 (0.82-1.11)

151 (7.7)
1035 (20.7)

Ref (1.00)
2.26 (1.91-2.67)

36 (1.8)
406 (8.1)

Ref (1.00)
3.06 (2.18-4.29)

Fasting blood glucose (mmol/L)
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Supplementary table A.2. Prevalence of diabetes complications among 6958 patients in the DD2 cohort. Prevalence ratios adjusted for age and gender, and additionally
adjusted for waist-hip ratio.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
<6.5
1548
996 (64.3)
159 (10.3)
Ref (1.00)
278 (18.0)
Ref (1.00)
115 (7.4)
Ref (1.00)
6.5-7.0
917
611 (66.6)
86 (9.4)
0.92 (0.72-1.18)
167 (18.2)
1.00 (0.85-1.19)
53 (5.7)
0.79 (0.58-1.08)
7.0-7.5
751
482 (64.2)
80 (10.7)
1.06 (0.82-1.36)
147 (19.6)
1.07 (0.90-1.28)
42 (5.6)
0.75 (0.54-1.05)
≥7.5
2146
1424 (66.4)
245 (11.4)
1.18 (0.97-1.43)
350 (16.3)
0.95 (0.82-1.09)
127 (5.9)
0.91 (0.72-1.15)
C-peptide (pmol/L)
<550
550 - 800
≥800

295
853
4652

202 (68.5)
606 (71.0)
2932 (63.0)

36 (12.2)
90 (10.6)
552 (11.9)

Ref (1.00)
0.80 (0.55-1.14)
1.03 (0.74-1.42)

39 (13.2)
120 (14.1)
847 (18.2)

Ref (1.00)
1.02 (0.73-1.44)
1.26 (0.94-1.70)

18 (6.1)
37 (4.3)
321 (6.9)

Ref (1.00)
0.59 (0.34-1.03)
0.97 (0.60-1.54)

CRP (mg/L)
≤3.0
627
429 (68.4)
62 (9.9)
Ref (1.00)
114 (18.2)
Ref (1.00)
22 (3.5)
Ref (1.00)
>3.0
403
254 (63.0)
35 (8.7)
0.88 (0.59-1.30)
87 (21.6)
1.38 (1.08-1.76)
27 (6.7)
2.31 (1.32-4.04)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; aPR: adjusted prevalence ratio; CI: confidence interval.
a
Central obesity = waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m = males; f = females.
Data available in total DD2 cohort (n=6958) for central obesity (n=10 missing); for waist-hip ratio (n=12 missing); for regular physical activity (n=1 missing). Data currently
analysed in the DD2 biobank for fasting blood glucose (n=5362); for C-peptide (n=5800); and for CRP (n=1030).

5

Supplementary table A.3. Prevalence of diabetes complications in the subcohort of 5115 DD2 patients who currently can be linked to the DDDA. Prevalence ratios
adjusted for age and gender, and additionally adjusted for waist-hip ratio.
CharacAll T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
teristic
patients complication complication
complication
macrovascular
(%)
(%)
(%)
complications
(%)
5115
Subcohort
High blood pressure (mmhg)a
No
1575
1012 (64.3)
173 (11.0)
Ref (1.00)
278 (17.7)
Ref (1.00)
112 (7.1)
Ref (1.00)
Yes
3261
2013 (61.7)
450 (13.8)
1.28 (1.09-1.51)
572 (17.5)
0.94 (0.82-1.06)
226 (6.9)
0.90 (0.73-1.12)
Smoking
No
Yes

3903
941

2464 (63.1)
579 (61.5)

490 (12.6)
127 (13.5)

Ref (1.00)
1.09 (0.90-1.30)

676 (17.3)
177 (18.8)

Ref (1.00)
1.20 (1.03-1.39)

273 (7.0)
58 (6.2)

Ref (1.00)
1.06 (0.81-1.40)

BMI (kg/m2)
<25
25-29
30-34
≥35

500
1291
1147
897

309 (61.8)
800 (62.0)
692 (60.3)
554 (61.8)

73 (14.6)
156 (12.1)
141 (12.3)
145 (16.2)

Ref (1.00)
0.85 (0.65-1.11)
0.88 (0.66-1.18)
1.15 (0.85-1.56)

78 (15.6)
222 (17.2)
231 (20.1)
150 (16.7)

Ref (1.00)
1.08 (0.85-1.37)
1.37 (1.06-1.77)
1.28 (0.95-1.71)

40 (8.0)
113 (8.8)
83 (7.2)
48 (5.4)

Ref (1.00)
0.97 (0.68-1.38)
0.83 (0.56-1.23)
0.81 (0.49-1.34)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
2061
1246 (60.5)
<1.3m/<1.0f
969
558 (57.6)

297 (14.4)
152 (15.7)

Ref (1.00)
1.02 (0.85-1.23)

356 (17.3)
181 (18.7)

Ref (1.00)
1.35 (1.14-1.59)

162 (7.9)
78 (8.1)

Ref (1.00)
1.36 (1.04-1.76)

Triglycerides (mmol/L)
<1.7
2410
≥1.7
2348

261 (10.8)
330 (14.1)

Ref (1.00)
1.33 (1.14-1.55)

415 (17.2)
424 (18.1)

Ref (1.00)
1.15 (1.01-1.30)

161 (6.7)
164 (7.0)

Ref (1.00)
1.20 (0.97-1.48)

1573 (65.3)
1430 (60.9)

HbA1C (%)
<7.0
3592
2298 (64.0)
413 (11.5)
Ref (1.00)
651 (18.1)
Ref (1.00)
230 (6.4)
Ref (1.00)
7.0 - 8.0
824
500 (60.7)
126 (15.3)
1.36 (1.13-1.63)
129 (15.7)
0.91 (0.76-1.08)
69 (8.4)
1.46 (1.13-1.89)
8.0 - 9.0
303
182 (60.1)
43 (14.2)
1.31 (0.97-1.76)
57 (18.8)
1.18 (0.93-1.51)
21 (6.9)
1.47 (0.95-2.26)
≥9.0
313
187 (59.7)
52 (16.6)
1.57 (1.19-2.06)
47 (15.0)
1.00 (0.75-1.30)
27 (8.6)
2.08 (1.41-3.05)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
a
High blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic bloodpressure ≥85)
b
HDL cholesterol: m = males; f = females.
Data available in DDDA cohort (n=5115); for blood pressure (n=279 missing); for smoking (n=271 missing); for BMI (n=1280 missing); for HDL(n = 2085 missing); for
triglycerides (n= 357 missing); and for HbA1c (n= 83 missing).
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Supplementary table A.4: Prevalence of diabetes complications in the subgroup of 3077 patients DD2 with highest probability of having newly detected T2D: no earlier
glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database recorded more than 1 year prior to DD2 enrollment.
Prevalence ratios adjusted for age and gender.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
3077
2041 (66.3)
374 (12.2)
502 (16.3)
160 (5.2)
Subcohort
Sex
Female
Male

1302
1775

920 (70.7)
1121 (63.2)

163 (12.5)
211 (11.9)

Ref (1.00)
0.96 (0.79-1.16)

161 (12.4)
341 (19.2)

Ref (1.00)
1.63 (1.37-1.94)

58 (4.5)
102 (5.8)

Ref (1.00)
1.41 (1.03-1.92)

Age (years)
<50
50-59
60-69
≥70

618
891
1053
515

485 (78.5)
648 (72.7)
643 (61.1)
265 (51.5)

72 (11.7)
94 (10.6)
142 (13.5)
66 (12.8)

Ref (1.00)
0.92 (0.68-1.22)
1.16 (0.89-1.52)
1.06 (0.78-1.44)

52 (8.4)
119 (13.4)
210 (19.9)
121 (23.5)

Ref (1.00)
1.62 (1.19-2.21)
2.48 (1.86-3.31)
2.95 (2.18-4.00)

9 (1.5)
30 (3.4)
58 (5.5)
63 (12.2)

Ref (1.00)
2.43 (1.15-5.12)
3.86 (1.92-7.75)
8.57 (4.30-17.11)

Central obesitya
No
Yes

246
2823

181 (73.6)
1852 (65.6)

26 (10.6)
348 (12.3)

Ref (1.00)
1.16 (0.80-1.70)

30 (12.2)
472 (16.7)

Ref (1.00)
1.52 (1.09-2.13)

9 (3.7)
151 (5.4)

Ref (1.00)
1.66 (0.85-3.25)

342
655
2070

228 (66.7)
426 (65.0)
1378 (66.6)

46 (13.5)
83 (12.7)
245 (11.8)

Ref (1.00)
0.92 (0.66-1.30)
0.83 (0.61-1.14)

54 (15.8)
110 (16.8)
337 (16.3)

Ref (1.00)
1.09 (0.81-1.45)
1.26 (0.97-1.64)

14 (4.1)
36 (5.5)
110 (5.3)

Ref (1.00)
1.39 (0.76-2.54)
1.64 (0.93-2.90)

Regular physical exercise
Yes
1215
No
1862

841 (69.2)
1200 (64.5)

141 (11.6)
233 (12.5)

Ref (1.00)
1.08 (0.89-1.32)

179 (14.7)
323 (17.4)

Ref (1.00)
1.17 (0.99-1.38)

54 (4.4)
106 (5.7)

Ref (1.00)
1.29 (0.94-1.76)

Use of lipid-lowering drugs
No
1170
Yes
1907

885 (75.6)
1156 (60.6)

170 (14.5)
204 (10.7)

Ref (1.00)
0.71 (0.59-0.87)

91 (7.8)
411 (21.6)

Ref (1.00)
2.48 (2.00-3.08)

24 (2.1)
136 (7.1)

Ref (1.00)
2.85 (1.86-4.37)

Use of anti-hypertensive drugs
No
1065
831 (78.0)

132 (12.4)

Ref (1.00)

85 (8.0)

Ref (1.00)

17 (1.6)

Ref (1.00)

Waist-hip ratiob
≤0.95m/≤0.80f
0.96-1.0m/0.81-0.85f

>1.0m/>0.85f
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Supplementary table A.4: Prevalence of diabetes complications in the subgroup of 3077 patients DD2 with highest probability of having newly detected T2D: no earlier
glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database recorded more than 1 year prior to DD2 enrollment.
Prevalence ratios adjusted for age and gender.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
Yes
2012
1210 (60.1)
242 (12.0)
0.92 (0.75-1.14)
417 (20.7)
2.18 (1.73-2.74)
143 (7.1)
2.98 (1.79-4.94)
Fasting blood glucose (mmol/L)
<6.5
718
473 (65.9)
6.5-7.0
400
275 (68.8)
7.0-7.5
316
204 (64.6)
≥7.5
835
578 (69.2)

77 (10.7)
33 (8.3)
28 (8.9)
91 (10.9)

Ref (1.00)
0.77 (0.52-1.14)
0.83 (0.55-1.25)
1.05 (0.78-1.40)

120 (16.7)
67 (16.8)
69 (21.8)
133 (15.9)

Ref (1.00)
1.01 (0.77-1.32)
1.28 (0.99-1.66)
1.02 (0.82-1.27)

48 (6.7)
25 (6.3)
15 (4.8)
33 (4.0)

Ref (1.00)
0.97 (0.62-1.53)
0.73 (0.41-1.29)
0.70 (0.46-1.06)

C-peptide (pmol/L)
<550
108
550 - 800
353
≥800
2110

17 (15.7)
38 (10.8)
260 (12.3)

Ref (1.00)
0.69 (0.40-1.17)
0.78 (0.50-1.22)

14 (13.0)
50 (14.2)
362 (17.2)

Ref (1.00)
1.09 (0.64-1.85)
1.41 (0.87-2.26)

6 (5.6)
14 (4.0)
124 (5.9)

Ref (1.00)
0.73 (0.29-1.85)
1.17 (0.52-2.62)

71 (65.7)
251 (71.1)
1364 (64.6)

CRP (mg/L)
≤3.0
393
273 (69.5)
34 (8.7)
Ref (1.00)
76 (19.3)
Ref (1.00)
10 (2.5)
Ref (1.00)
>3.0
251
164 (65.3)
20 (8.0)
0.95 (0.56-1.61)
53 (21.1)
1.41 (1.04-1.92)
14 (5.6)
2.86 (1.28-6.42)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
a
Central obesity = waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m = males; f = females.
Data available in the subgroup of the DD2 cohort (n=3077) for central obesity (n=8 missing); for waist-hip ratio (n=10 missing). Data currently analysed in the DD2 biobank for
fasting blood glucose (n=2269); for C-peptide (n=2571); and for CRP (n=644).
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Supplementary table A.5: Prevalence of diabetes complications in the subgroup of 2054 patients who currently can be linked to the DDDA and have highest
probability of having newly detected T2D: no earlier glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database
recorded more than 1 year prior to DD2 enrollment. Prevalence ratios adjusted for age and gender.
Characteristic All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications
(%)
2054
Subcohort
High blood pressure (mmhg)a
No
623
395 (63.4)
75 (12.0)
Ref (1.00)
112 (18.0)
Ref (1.00)
41 (6.6)
Ref (1.00)
Yes
1325
811 (61.2)
202 (15.3)
1.28 (1.00-1.64)
228 (17.2)
0.94 (0.77-1.15)
84 (6.3)
0.97 (0.68-1.39)
Smoking
No
Yes

1573
363

993 (63.1)
212 (58.4)

217 (13.8)
62 (17.1)

Ref (1.00)
1.21 (0.93-1.57)

262 (16.7)
71 (19.6)

Ref (1.00)
1.35 (1.07-1.70)

101 (6.4)
18 (5.0)

Ref (1.00)
0.99 (0.61-1.62)

BMI (kg/m2)
<25
25-29
30-34
≥35

206
541
472
378

124 (60.2)
328 (60.6)
298 (63.1)
226 (59.8)

34 (16.5)
76 (14.1)
56 (11.9)
74 (19.6)

Ref (1.00)
0.85 (0.58-1.24)
0.71 (0.47-1.06)
1.11 (0.76-1.63)

35 (17.0)
94 (17.4)
88 (18.6)
60 (15.9)

Ref (1.00)
1.05 (0.74-1.48)
1.17 (0.82-1.65)
1.32 (0.89-1.95)

13 (6.3)
43 (8.0)
30 (6.4)
18 (4.8)

Ref (1.00)
1.22 (0.66-2.25)
1.17 (0.59-2.31)
0.95 (0.44-2.04)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
704
397 (56.4)
<1.3m/<1.0f
372
211 (56.7)

125 (17.8)
76 (20.4)

Ref (1.00)
1.03 (0.79-1.35)

123 (17.5)
62 (16.7)

Ref (1.00)
1.36 (1.02-1.80)

59 (8.4)
23 (6.2)

Ref (1.00)
1.05 (0.64-1.72)

Triglycerides (mmol/L)
<1.7
931
≥1.7
960

107 (11.5)
158 (16.5)

Ref (1.00)
1.41 (1.12-1.77)

155 (16.7)
173 (18.0)

Ref (1.00)
1.21 (1.00-1.47)

63 (6.8)
52 (5.4)

Ref (1.00)
0.95 (0.67-1.36)

606 (65.1)
577 (60.1)

HbA1C (%)
<7.0
1428
899 (63.0)
181 (12.7)
Ref (1.00)
264 (18.5)
Ref (1.00)
84 (5.9)
Ref (1.00)
7.0 - 8.0
320
194 (60.6)
53 (16.6)
1.29 (0.98-1.70)
46 (14.4)
0.81 (0.61-1.08)
27 (8.4)
1.60 (1.06-2.41)
8.0 - 9.0
121
81 (66.9)
17 (14.1)
1.14 (0.71-1.84)
18 (14.9)
0.96 (0.62-1.48)
5 (4.1)
1.06 (0.44-2.53)
≥9.0
153
87 (56.9)
33 (21.6)
1.72 (1.23-2.40)
24 (15.7)
1.01 (0.69-1.48)
9 (5.9)
1.46 (0.76-2.82)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
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Supplementary table A.5: Prevalence of diabetes complications in the subgroup of 2054 patients who currently can be linked to the DDDA and have highest
probability of having newly detected T2D: no earlier glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database
recorded more than 1 year prior to DD2 enrollment. Prevalence ratios adjusted for age and gender.
Characteristic All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications
(%)
a
High blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic bloodpressure ≥85)
b
HDL cholesterol: m = males; f = females.Data available in the subgroup of the DDDA cohort (n=2054); for blood pressure (n=106 missing); for smoking (n=118 missing);
for BMI (n=457 missing); for HDL(n = 978 missing); for triglycerides (n= 163 missing); and for HbA1c (n= 32 missing).
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Supplementary table A.6: Prevalence of diabetes complications in the subgroup of 3077 patients DD2 with highest probability of having newly detected T2D: no earlier
glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database recorded more than 1 year prior to DD2 enrollment.
Prevalence ratios adjusted for age and gender, and additionally adjusted for waist-hip ratio.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
3077
2041 (66.3)
374 (12.2)
502 (16.3)
160 (5.2)
Subcohort
Sex
Female
Male

1302
1775

920 (70.7)
1121 (63.2)

163 (12.5)
211 (11.9)

Ref (1.00)
0.93 (0.76-1.14)

161 (12.4)
341 (19.2)

Ref (1.00)
1.72 (1.43-2.05)

58 (4.5)
102 (5.8)

Ref (1.00)
1.53 (1.12-2.11)

Age (years)
<50
50-59
60-69
≥70

618
891
1053
515

485 (78.5)
648 (72.7)
643 (61.1)
265 (51.5)

72 (11.7)
94 (10.6)
142 (13.5)
66 (12.8)

Ref (1.00)
0.92 (0.69-1.22)
1.17 (0.90-1.53)
1.05 (0.77-1.43)

52 (8.4)
119 (13.4)
210 (19.9)
121 (23.5)

Ref (1.00)
1.60 (1.18-2.18)
2.47 (1.85-3.29)
2.97 (2.19-4.02)

9 (1.5)
30 (3.4)
58 (5.5)
63 (12.2)

Ref (1.00)
2.38 (1.13-5.00)
3.82 (1.90-7.66)
8.78 (4.36-17.67)

Central obesitya
No
Yes

246
2823

181 (73.6)
1852 (65.6)

26 (10.6)
348 (12.3)

Ref (1.00)
1.35 (0.89-2.04)

30 (12.2)
472 (16.7)

Ref (1.00)
1.45 (1.01-2.07)

9 (3.7)
151 (5.4)

Ref (1.00)
1.39 (0.69-2.78)

342
655
2070

228 (66.7)
426 (65.0)
1378 (66.6)

46 (13.5)
83 (12.7)
245 (11.8)

Ref (1.00)
0.92 (0.66-1.30)
0.83 (0.61-1.14)

54 (15.8)
110 (16.8)
337 (16.3)

Ref (1.00)
1.09 (0.81-1.45)
1.26 (0.97-1.64)

14 (4.1)
36 (5.5)
110 (5.3)

Ref (1.00)
1.39 (0.76-2.54)
1.64 (0.93-2.90)

Regular physical exercise
Yes
1215
No
1862

841 (69.2)
1200 (64.5)

141 (11.6)
233 (12.5)

Ref (1.00)
1.10 (0.90-1.33)

179 (14.7)
323 (17.4)

Ref (1.00)
1.15 (0.98-1.36)

54 (4.4)
106 (5.7)

Ref (1.00)
1.27 (0.92-1.73)

Use of lipid-lowering drugs
No
1170
Yes
1907

885 (75.6)
1156 (60.6)

170 (14.5)
204 (10.7)

Ref (1.00)
0.72 (0.59-0.87)

91 (7.8)
411 (21.6)

Ref (1.00)
2.45 (1.98-3.05)

24 (2.1)
136 (7.1)

Ref (1.00)
2.81 (1.83-4.30)

Use of anti-hypertensive drugs
No
1065
831 (78.0)
Yes
2012
1210 (60.1)

132 (12.4)
242 (12.0)

Ref (1.00)
0.93 (0.75-1.15)

85 (8.0)
417 (20.7)

Ref (1.00)
2.15 (1.70-2.70)

17 (1.6)
143 (7.1)

Ref (1.00)
2.92 (1.77-4.83)

Waist-hip ratiob
≤0.95m/≤0.80f
0.96-1.0m/0.81-0.85f

>1.0m/>0.85f

Fasting blood glucose (mmol/L)
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Supplementary table A.6: Prevalence of diabetes complications in the subgroup of 3077 patients DD2 with highest probability of having newly detected T2D: no earlier
glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database recorded more than 1 year prior to DD2 enrollment.
Prevalence ratios adjusted for age and gender, and additionally adjusted for waist-hip ratio.
Characteristic
All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications (%)
<6.5
718
473 (65.9)
77 (10.7)
Ref (1.00)
120 (16.7)
Ref (1.00)
48 (6.7)
Ref (1.00)
6.5-7.0
400
275 (68.8)
33 (8.3)
0.78 (0.53-1.15)
67 (16.8)
1.02 (0.78-1.34)
25 (6.3)
0.97 (0.62-1.53)
7.0-7.5
316
204 (64.6)
28 (8.9)
0.84 (0.55-1.26)
69 (21.8)
1.29 (1.00-1.67)
15 (4.8)
0.74 (0.42-1.31)
≥7.5
835
578 (69.2)
91 (10.9)
1.06 (0.79-1.42)
133 (15.9)
1.03 (0.82-1.28)
33 (4.0)
0.70 (0.46-1.06)
C-peptide (pmol/L)
<550
108
550 - 800
353
≥800
2110

71 (65.7)
251 (71.1)
1364 (64.6)

17 (15.7)
38 (10.8)
260 (12.3)

Ref (1.00)
0.67 (0.38-1.15)
0.83 (0.52-1.33)

14 (13.0)
50 (14.2)
362 (17.2)

Ref (1.00)
1.18 (0.68-2.04)
1.28 (0.79-2.06)

6 (5.6)
14 (4.0)
124 (5.9)

Ref (1.00)
0.66 (0.27-1.66)
1.11 (0.49-2.52)

CRP (mg/L)
≤3.0
393
273 (69.5)
34 (8.7)
Ref (1.00)
76 (19.3)
Ref (1.00)
10 (2.5)
Ref (1.00)
>3.0
251
164 (65.3)
20 (8.0)
1.00 (0.59-1.71)
53 (21.1)
1.38 (1.01-1.87)
14 (5.6)
3.01 (1.30-6.97)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
a
Central obesity = waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m = males; f = females.
Data available in the subgroup of the DD2 cohort (n=3077) for central obesity (n=8 missing); for waist-hip ratio (n=10 missing). Data currently analysed in the DD2 biobank for
fasting blood glucose (n=2269); for C-peptide (n=2571); and for CRP (n=644).
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Supplementary table A.7: Prevalence of diabetes complications in the subgroup of 2054 patients who currently can be linked to the DDDA and have highest
probability of having newly detected T2D: no earlier glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database
recorded more than 1 year prior to DD2 enrollment. Prevalence ratios adjusted for age and gender, and additionally adjusted for waist-hip ratio.
Characteristic All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications
(%)
2054
Subcohort
High blood pressure (mmhg)a
No
623
395 (63.4)
75 (12.0)
Ref (1.00)
112 (18.0)
Ref (1.00)
41 (6.6)
Ref (1.00)
Yes
1325
811 (61.2)
202 (15.3)
1.31 (1.02-1.68)
228 (17.2)
0.92 (0.75-1.13)
84 (6.3)
0.95 (0.66-1.35)
Smoking
No
Yes

1573
363

993 (63.1)
212 (58.4)

217 (13.8)
62 (17.1)

Ref (1.00)
1.23 (0.95-1.59)

262 (16.7)
71 (19.6)

Ref (1.00)
1.33 (1.06-1.68)

101 (6.4)
18 (5.0)

Ref (1.00)
0.98 (0.60-1.59)

BMI (kg/m2)
<25
25-29
30-34
≥35

206
541
472
378

124 (60.2)
328 (60.6)
298 (63.1)
226 (59.8)

34 (16.5)
76 (14.1)
56 (11.9)
74 (19.6)

Ref (1.00)
0.90 (0.61-1.34)
0.69 (0.44-1.08)
1.14 (0.73-1.78)

35 (17.0)
94 (17.4)
88 (18.6)
60 (15.9)

Ref (1.00)
1.02 (0.71-1.44)
1.16 (0.78-1.72)
1.20 (0.78-1.85)

13 (6.3)
43 (8.0)
30 (6.4)
18 (4.8)

Ref (1.00)
1.12 (0.59-2.12)
1.09 (0.50-2.36)
0.96 (0.39-2.39)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
704
397 (56.4)
<1.3m/<1.0f
372
211 (56.7)

125 (17.8)
76 (20.4)

Ref (1.00)
1.04 (0.79-1.36)

123 (17.5)
62 (16.7)

Ref (1.00)
1.33 (1.00-1.77)

59 (8.4)
23 (6.2)

Ref (1.00)
1.06 (0.64-1.76)

Triglycerides (mmol/L)
<1.7
931
≥1.7
960

107 (11.5)
158 (16.5)

Ref (1.00)
1.45 (1.15-1.83)

155 (16.7)
173 (18.0)

Ref (1.00)
1.20 (0.99-1.45)

63 (6.8)
52 (5.4)

Ref (1.00)
0.94 (0.66-1.34)

606 (65.1)
577 (60.1)

HbA1C (%)
<7.0
1428
899 (63.0)
181 (12.7)
Ref (1.00)
264 (18.5)
Ref (1.00)
84 (5.9)
Ref (1.00)
7.0 - 8.0
320
194 (60.6)
53 (16.6)
1.30 (0.99-1.72)
46 (14.4)
0.81 (0.61-1.08)
27 (8.4)
1.61 (1.07-2.43)
8.0 - 9.0
121
81 (66.9)
17 (14.1)
1.16 (0.72-1.86)
18 (14.9)
0.95 (0.62-1.47)
5 (4.1)
1.05 (0.44-2.50)
≥9.0
153
87 (56.9)
33 (21.6)
1.77 (1.26-2.47)
24 (15.7)
1.00 (0.68-1.47)
9 (5.9)
1.45 (0.75-2.81)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI: confidence interval.
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Supplementary table A.7: Prevalence of diabetes complications in the subgroup of 2054 patients who currently can be linked to the DDDA and have highest
probability of having newly detected T2D: no earlier glucose-lowering treatment, hospital diagnosis of T2D, or registration in the DDDA quality-of-care database
recorded more than 1 year prior to DD2 enrollment. Prevalence ratios adjusted for age and gender, and additionally adjusted for waist-hip ratio.
Characteristic All T2D
No
Microvascular
aPR (95% CI)
Macrovascular
aPR (95% CI)
Micro- and
aPR (95% CI)
patients complication
complication (%)
complication (%)
macrovascular
(%)
complications
(%)
a
High blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic bloodpressure ≥85)
b
HDL cholesterol: m = males; f = females.
Data available in the subgroup of the DDDA cohort (n=2054); for blood pressure (n=106 missing); for smoking (n=118 missing); for BMI (n=457 missing); for HDL(n = 978
missing); for triglycerides (n= 163 missing); and for HbA1c (n= 32 missing).
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Supplementary table A.8: Prevalence of individual microvascular complications (retinopathy, neuropathy, and nephropathy) among 6958 patients with
newly diagnosed type 2 diabetes from the DD2 cohort. Age- and gender-adjusted prevalence ratios are shown according to patient characteristics.
Characteristic
All T2D
Retinopathy (%)
aPR (95% CI)
Neuropathy (%)
aPR (95% CI) Nephropathy (%)
aPR (95% CI)
patients
6958
887 (12.8)
264 (3.8)
234 (3.4)
Main cohort
Sex
Female
Male

2927
4031

384 (13.1)
503 (12.5)

Ref (1.00)
0.96 (0.85-1.09)

80 (2.7)
184 (4.6)

Ref (1.00)
1.67 (1.29-2.17)

70 (2.4)
164 (4.1)

Ref (1.00)
1.71 (1.30-2.26)

Age (years)
<50
50-59
60-69
≥70

1220
1790
2517
1431

116 (9.5)
145 (8.1)
317 (12.6)
309 (21.6)

Ref (1.00)
0.86 (0.68-1.08)
1.32 (1.08-1.62)
2.26 (1.85-2.76)

32 (2.6)
79 (4.4)
102 (4.1)
51 (3.6)

Ref (1.00)
1.70 (1.13-2.54)
1.55 (1.05-2.29)
1.38 (0.89-2.13)

30 (2.5)
53 (3.0)
83 (3.3)
68 (4.8)

Ref (1.00)
1.22 (0.78-1.89)
1.34 (0.89-2.03)
1.95 (1.28-2.99)

Central obesitya
No
Yes

570
6378

72 (12.6)
815 (12.8)

Ref (1.00)
1.05 (0.84-1.32)

18 (3.2)
246 (3.9)

Ref (1.00)
1.34 (0.83-2.15)

9 (1.6)
225 (3.5)

Ref (1.00)
2.51 (1.29-4.88)

772
1437
4737

103 (13.3)
183 (12.7)
601 (12.7)

Ref (1.00)
0.95 (0.76-1.19)
0.97 (0.79-1.19)

25 (3.2)
62 (4.3)
177 (3.7)

Ref (1.00)
1.35 (0.86-2.14)
1.42 (0.93-2.16)

18 (2.3)
46 (3.2)
170 (3.6)

Ref (1.00)
1.43 (0.83-2.48)
1.92 (1.17-3.15)

Regular physical exercise
Yes
2725
No
4232

325 (11.9)
562 (13.3)

Ref (1.00)
1.13 (0.99-1.28)

86 (3.2)
178 (4.2)

Ref (1.00)
1.29 (1.00-1.66)

71 (2.6)
163 (3.9)

Ref (1.00)
1.43 (1.09-1.89)

Use of lipid-lowering drugs
No
2072
Yes
4886

270 (13.0)
617 (12.6)

Ref (1.00)
0.88 (0.77-1.00)

75 (3.6)
189 (3.9)

Ref (1.00)
1.04 (0.80-1.37)

54 (2.6)
180 (3.7)

Ref (1.00)
1.32 (0.98-1.78)

Use of anti-hypertensive drugs
No
1967
Yes
4991

200 (10.2)
687 (13.8)

Ref (1.00)
1.09 (0.94-1.26)

60 (3.1)
204 (4.1)

Ref (1.00)
1.31 (0.97-1.76)

24 (1.2)
210 (4.2)

Ref (1.00)
3.15 (2.06-4.82)

Fasting blood glucose (mmol/L)
<6.5
1548
6.5-7.0
917

192 (12.4)
102 (11.1)

Ref (1.00)
0.91 (0.73-1.13)

56 (3.6)
26 (2.8)

Ref (1.00)
0.77 (0.49-1.22)

46 (3.0)
24 (2.6)

Ref (1.00)
0.87 (0.54-1.42)

Waist-hip ratiob
≤0.95m/≤0.80f
0.96-1.0m/0.81-0.85f

>1.0m/>0.85f
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Supplementary table A.8: Prevalence of individual microvascular complications (retinopathy, neuropathy, and nephropathy) among 6958 patients with
newly diagnosed type 2 diabetes from the DD2 cohort. Age- and gender-adjusted prevalence ratios are shown according to patient characteristics.
Characteristic
All T2D
Retinopathy (%)
aPR (95% CI)
Neuropathy (%)
aPR (95% CI) Nephropathy (%)
aPR (95% CI)
patients
7.0-7.5
751
87 (11.6)
0.96 (0.76-1.21)
29 (3.9)
1.04 (0.67-1.62)
21 (2.8)
0.91 (0.55-1.52)
≥7.5
2146
235 (11.0)
0.98 (0.82-1.17)
91 (4.2)
1.18 (0.85-1.64)
83 (3.9)
1.37 (0.95-1.95)
C-peptide (pmol/L)
<550
550 - 800
≥800

295
853
4652

39 (13.2)
101 (11.8)
599 (12.9)

Ref (1.00)
0.85 (0.60-1.20)
0.95 (0.70-1.29)

18 (6.1)
27 (3.2)
177 (3.8)

Ref (1.00)
0.52 (0.29-0.93)
0.62 (0.39-0.99)

4 (1.4)
13 (1.5)
172 (3.7)

Ref (1.00)
1.07 (0.34-3.43)
2.67 (1.00-7.13)

CRP (mg/L)
≤3.0
627
59 (9.4)
Ref (1.00)
14 (2.2)
Ref (1.00)
14 (2.2)
Ref (1.00)
>3.0
403
37 (9.2)
1.04 (0.70-1.55)
16 (4.0)
1.75 (0.83-3.68)
12 (3.0)
1.57 (0.71-3.45)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; aPR: adjusted prevalence ratio; CI: confidence interval.
a
Central obesity = waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m = males; f = females.
Data available in total DD2 cohort (n=6958) for central obesity (n=10 missing); for waist-hip ratio (n=12 missing); for regular physical activity (n=1 missing).
Data currently analysed in the DD2 biobank for fasting blood glucose (n=5362); for C-peptide (n=5800); and for CRP (n=1030).
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Supplementary table A.9: Prevalence of individual microvascular complications (retinopathy, neuropathy, and nephropathy) among 5115 patients
with newly diagnosed type 2 diabetes from the DD2 cohort who currently can be linked to the DDDA. Age- and gender-adjusted prevalence ratios
are shown according to patient characteristics.
Characteris
All T2D
Retinopathy
aPR (95% CI)
Neuropathy
aPR (95% CI)
Nephropathy
aPR (95% CI)
tic
patients
(%)
(%)
(%)
5115
Subcohort
High blood pressure (mmhg)a
No
1575
195 (12.4)
Ref (1.00)
63 (4.0)
Ref (1.00)
54 (3.4)
Ref (1.00)
Yes
3261
480 (14.7)
1.17 (1.00-1.36)
139 (4.3)
1.03 (0.77-1.38)
118 (3.6)
1.00 (0.73-1.37)
Smoking
No
Yes

3903
941

546 (14.0)
122 (13.0)

Ref (1.00)
1.02 (0.84-1.22)

152 (3.9)
47 (5.0)

Ref (1.00)
1.29 (0.94-1.78)

134 (3.4)
30 (3.2)

Ref (1.00)
0.96 (0.65-1.41)

BMI (kg/m2)
<25
25-29
30-34
≥35

500
1291
1147
897

87 (17.4)
190 (14.7)
155 (13.5)
123 (13.7)

Ref (1.00)
0.87 (0.69-1.09)
0.84 (0.66-1.07)
0.87 (0.67-1.12)

23 (4.6)
62 (4.8)
57 (5.0)
39 (4.4)

Ref (1.00)
0.97 (0.61-1.55)
1.04 (0.64-1.68)
0.97 (0.56-1.68)

10 (2.0)
43 (3.3)
44 (3.8)
47 (5.2)

Ref (1.00)
1.50 (0.76-2.94)
1.92 (0.95-3.86)
2.76 (1.35-5.63)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
2061
<1.3m/<1.0f
969

340 (16.5)
160 (16.5)

Ref (1.00)
1.07 (0.89-1.27)

95 (4.6)
47 (4.9)

Ref (1.00)
1.10 (0.77-1.55)

66 (3.2)
44 (4.5)

Ref (1.00)
1.65 (1.11-2.46)

Triglycerides (mmol/L)
<1.7
2410
≥1.7
2348

308 (12.8)
348 (14.8)

Ref (1.00)
1.25 (1.09-1.44)

89 (3.7)
94 (4.0)

Ref (1.00)
1.09 (0.81-1.47)

58 (2.4)
100 (4.3)

Ref (1.00)
1.90 (1.37-2.63)

HbA1C (%)
<7.0
3592
454 (12.6)
Ref (1.00)
130 (3.6)
Ref (1.00)
110 (3.1)
Ref (1.00)
7.0 - 8.0
824
132 (16.0)
1.37 (1.15-1.64)
46 (5.6)
1.52 (1.09-2.10)
40 (4.9)
1.59 (1.12-2.28)
8.0 - 9.0
303
45 (14.9)
1.43 (1.08-1.90)
19 (6.3)
1.77 (1.10-2.87)
13 (4.3)
1.51 (0.85-2.68)
≥9.0
313
60 (19.2)
1.94 (1.52-2.49)
11 (3.5)
0.99 (0.53-1.86)
11 (3.5)
1.33 (0.70-2.52)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI:
confidence interval.
a
High blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic
bloodpressure ≥85). bHDL cholesterol: m = males; f = females.
Data available in DDDA cohort (n=5115); for blood pressure (n=279 missing); for smoking (n=271 missing); for BMI (n=1280 missing); for HDL(n = 2085
missing); for triglycerides (n= 357 missing); and for HbA1c (n= 83 missing).
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Supplementary table A.10: Prevalence of individual macrovascular complications (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease)
among 6958 patients with newly diagnosed type 2 diabetes from the DD2 cohort. Age- and gender-adjusted prevalence ratios are shown according to patient
characteristics.
Characteristic
All T2D patients Ischemic heart
aPR (95% CI)
Cerebrovascular
aPR (95% CI)
Peripheral vascular aPR (95% CI)
disease (%)
disease (%)
disease (%)
6958
1059 (15.2)
365 (5.3)
151 (2.2)
Main cohort
Sex
Female
Male

2927
4031

320 (10.9)
739 (18.3)

Ref (1.00)
1.70 (1.51-1.92)

127 (4.3)
238 (5.9)

Ref (1.00)
1.39 (1.13-1.71)

44 (1.5)
107 (2.7)

Ref (1.00)
1.82 (1.29-2.58)

Age (years)
<50
50-59
60-69
≥70

1220
1790
2517
1431

67 (5.5)
222 (12.4)
448 (17.8)
322 (22.5)

Ref (1.00)
2.28 (1.75-2.96)
3.25 (2.54-4.16)
4.20 (3.27-5.39)

20 (1.6)
72 (4.0)
148 (5.9)
125 (8.7)

Ref (1.00)
2.46 (1.51-4.02)
3.60 (2.26-5.71)
5.38 (3.38-8.58)

5 (0.4)
21 (1.2)
66 (2.6)
59 (4.1)

Ref (1.00)
2.88 (1.10-7.60)
6.43 (2.60-15.90)
10.27 (4.15-25.41)

Central obesitya
No
Yes

570
6378

75 (13.2)
984 (15.4)

Ref (1.00)
1.34 (1.08-1.66)

23 (4.0)
342 (5.4)

Ref (1.00)
1.50 (0.99-2.25)

8 (1.4)
143 (2.2)

Ref (1.00)
1.91 (0.95-3.83)

Waist-hip ratiob
≤0.95m/≤0.80f
0.96-1.0m/0.81-0.85f
>1.0m/>0.85f

772
1437
4737

118 (15.3)
226 (15.7)
714 (15.1)

Ref (1.00)
1.09 (0.89-1.33)
1.27 (1.06-1.51)

44 (5.7)
84 (5.9)
237 (5.0)

Ref (1.00)
1.08 (0.76-1.54)
1.04 (0.76-1.43)

10 (1.3)
27 (1.9)
114 (2.4)

Ref (1.00)
1.71 (0.87-3.36)
2.67 (1.43-4.97)

Regular physical exercise
Yes
No

2725
4232

379 (13.9)
679 (16.0)

Ref (1.00)
1.12 (1.00-1.26)

138 (5.1)
227 (5.4)

Ref (1.00)
1.05 (0.85-1.28)

40 (1.5)
111 (2.6)

Ref (1.00)
1.74 (1.22-2.49)

Use of lipid-lowering drugs
No
Yes

2072
4886

127 (6.1)
932 (19.1)

Ref (1.00)
2.80 (2.35-3.35)

45 (2.2)
320 (6.6)

Ref (1.00)
2.68 (1.97-3.64)

22 (1.1)
129 (2.6)

Ref (1.00)
2.16 (1.38-3.37)

93 (4.7)

Ref (1.00)

37 (1.9)

Ref (1.00)

23 (1.2)

Ref (1.00)

Use of anti-hypertensive drugs
No
1967

18

Supplementary table A.10: Prevalence of individual macrovascular complications (ischemic heart disease, cerebrovascular disease, and peripheral vascular disease)
among 6958 patients with newly diagnosed type 2 diabetes from the DD2 cohort. Age- and gender-adjusted prevalence ratios are shown according to patient
characteristics.
Characteristic
All T2D patients Ischemic heart
aPR (95% CI)
Cerebrovascular
aPR (95% CI)
Peripheral vascular aPR (95% CI)
disease (%)
disease (%)
disease (%)
Yes
4991
966 (19.4)
3.34 (2.71-4.12)
328 (6.6)
2.69 (1.91-3.80)
128 (2.6)
1.49 (0.95-2.36)
Fasting blood glucose (mmol/L)
<6.5
6.5-7.0
7.0-7.5
≥7.5

1548
917
751
2146

263 (17.0)
149 (16.3)
118 (15.7)
312 (14.5)

Ref (1.00)
0.95 (0.79-1.14)
0.91 (0.75-1.10)
0.92 (0.79-1.07)

86 (5.6)
49 (5.3)
51 (6.8)
100 (4.7)

Ref (1.00)
0.96 (0.69-1.35)
1.23 (0.88-1.72)
0.94 (0.71-1.25)

30 (1.9)
22 (2.4)
23 (3.1)
50 (2.3)

Ref (1.00)
1.27 (0.74-2.19)
1.60 (0.95-2.71)
1.40 (0.90-2.17)

C-peptide (pmol/L)
<550
550 - 800
≥800

295
853
4652

38 (12.9)
90 (10.6)
779 (16.8)

Ref (1.00)
0.77 (0.54-1.10)
1.26 (0.94-1.69)

10 (3.4)
35 (4.1)
266 (5.7)

Ref (1.00)
1.12 (0.56-2.22)
1.62 (0.87-3.02)

6 (2.0)
10 (1.2)
116 (2.5)

Ref (1.00)
0.52 (0.19-1.43)
1.15 (0.51-2.58)

CRP (mg/L)
≤3.0
627
89 (14.2)
Ref (1.00)
25 (4.0)
Ref (1.00)
14 (2.2)
Ref (1.00)
>3.0
403
65 (16.1)
1.37 (1.02-1.83)
24 (6.0)
1.77 (1.02-3.07)
19 (4.7)
2.71 (1.42-5.18)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; aPR: adjusted prevalence ratio; CI: confidence interval.
a
Central obesity = waist circumference >94 (men) and >80 (women). bWaist-hip ratio: m = males; f = females.
Data available in total DD2 cohort (n=6958) for central obesity (n=10 missing); for waist-hip ratio (n=12 missing); for regular physical activity (n=1 missing). Data currently
analysed in the DD2 biobank for fasting blood glucose (n=5363); for C-peptide (n=5800); and for CRP (n=1030).
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Supplementary table A.11: Prevalence of individual macrovascular complications (ischemic heart disease, cerebrovascular disease, and peripheral
vascular disease) among 5115 patients with newly diagnosed type 2 diabetes from the DD2 cohort who currently can be linked to the DDDA. Age- and
gender-adjusted prevalence ratios are shown according to patient characteristics.
Characteristic All T2D
Ischemic
aPR (95% CI)
Cerebrovascular
aPR (95% CI)
Peripheral
aPR (95% CI)
patients
heart disease
disease (%)
vascular disease
(%)
(%)
5115
Subcohort
High blood pressure (mmhg)a
No
1575
279 (17.7)
Ref (1.00)
94 (6.0)
Ref (1.00)
26 (1.7)
Ref (1.00)
Yes
3261
521 (16.0)
0.85 (0.75-0.97)
166 (5.1)
0.81 (0.64-1.04)
83 (2.6)
1.45 (0.94-2.23)
Smoking
No
Yes

3903
941

648 (16.6)
144 (15.3)

Ref (1.00)
1.05 (0.89-1.24)

209 (5.4)
51 (5.4)

Ref (1.00)
1.19 (0.88-1.61)

81 (2.1)
29 (3.1)

Ref (1.00)
1.82 (1.20-2.77)

BMI (kg/m2)
<25
25-29
30-34
≥35

500
1291
1147
897

78 (15.6)
210 (16.3)
222 (19.4)
131 (14.6)

Ref (1.00)
1.00 (0.79-1.27)
1.33 (1.06-1.68)
1.23 (0.95-1.60)

25 (5.0)
86 (6.7)
64 (5.6)
39 (4.4)

Ref (1.00)
1.37 (0.89-2.10)
1.28 (0.82-1.99)
1.26 (0.76-2.08)

9 (1.8)
39 (3.0)
22 (1.9)
15 (1.7)

Ref (1.00)
1.66 (0.80-3.46)
1.14 (0.53-2.46)
1.34 (0.59-3.05)

HDL cholesterol (mmol/L)b
≥1.3m/≥1.0f
2061
<1.3m/<1.0f
969

340 (16.5)
185 (19.1)

Ref (1.00)
1.52 (1.29-1.78)

116 (5.6)
57 (5.9)

Ref (1.00)
1.34 (0.98-1.82)

46 (2.2)
26 (2.7)

Ref (1.00)
1.77 (1.09-2.86)

Triglycerides (mmol/L)
<1.7
2410
≥1.7
2348

379 (15.7)
393 (16.7)

Ref (1.00)
1.20 (1.06-1.37)

136 (5.6)
125 (5.3)

Ref (1.00)
1.09 (0.85-1.38)

46 (1.9)
57 (2.4)

Ref (1.00)
1.52 (1.03-2.24)

HbA1C (%)
<7.0
7.0 - 8.0
8.0 - 9.0
≥9.0

585 (16.3)
135 (16.4)
50 (16.5)
52 (16.6)

Ref (1.00)
1.08 (0.91-1.27)
1.21 (0.93-1.58)
1.32 (1.02-1.71)

201 (5.6)
42 (5.1)
18 (5.9)
12 (3.8)

Ref (1.00)
1.00 (0.72-1.38)
1.35 (0.84-2.16)
0.94 (0.52-1.67)

80 (2.2)
19 (2.3)
4 (1.3)
7 (2.2)

Ref (1.00)
1.15 (0.70-1.89)
0.80 (0.29-2.18)
1.51 (0.70-3.25)

3592
824
303
313
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Supplementary table A.11: Prevalence of individual macrovascular complications (ischemic heart disease, cerebrovascular disease, and peripheral
vascular disease) among 5115 patients with newly diagnosed type 2 diabetes from the DD2 cohort who currently can be linked to the DDDA. Age- and
gender-adjusted prevalence ratios are shown according to patient characteristics.
Characteristic All T2D
Ischemic
aPR (95% CI)
Cerebrovascular
aPR (95% CI)
Peripheral
aPR (95% CI)
patients
heart disease
disease (%)
vascular disease
(%)
(%)
DD2: the Danish Centre for Strategic Research in Type 2 Diabetes; DDDA: the Danish Diabetes Database for Adults; aPR: adjusted prevalence ratio; CI:
confidence interval.
a
High blood pressure = defined as no (systolic blood pressure <130 or diastolic bloodpressure <85) and as yes (systolic blood pressure ≥130 or diastolic
bloodpressure ≥85). bHDL cholesterol: m = males; f = females.
Data available in DDDA cohort (n=5115); for blood pressure (n=279 missing); for smoking (n=271 missing); for BMI (n=1280 missing); for HDL(n = 2085
missing); for triglycerides (n= 357 missing); and for HbA1c (n= 83 missing).

21

Paper II
● Appendix II

1

2

Title page
Running head: Mannose-binding Lectin and Outcomes in Type 2 Diabetes
Gedebjerg A et al.

Mannose-binding Lectin and Risk of Cardiovascular Events and Mortality in
Type 2 Diabetes: A Danish Cohort Study
A. Gedebjerg, MD1,2, M. Bjerre, PhD3, A.D. Kjaergaard, PhD1, R. Steffensen, PhD4, J.S. Nielsen,
PhD5, J. Rungby, DMSc6,7, S. Friborg, MD8, I. Brandslund, DMSc9, S. Thiel, PhD10, H. BeckNielsen, DMSc5,8, H.T. Sørensen, DMSc1,11,12, T.K. Hansen, DMSc13, R.W. Thomsen, PhD1
1

Department of Clinical Epidemiology, Aarhus University Hospital, Aarhus, Denmark

2

Danish Diabetes Academy, Odense University Hospital, Odense, Denmark

3

Medical Research Laboratory, Department of Clinical Medicine, Aarhus University, Aarhus,

Denmark
4

Department of Immunology, Aalborg University Hospital, Aalborg, Denmark

5

DD2, Steno Diabetes Center Odense, Odense University Hospital, Odense, Denmark

6

Department of Endocrinology IC, Bispebjerg University Hospital, Copenhagen, Denmark

7

Copenhagen Center for Translational Research, Bispebjerg University Hospital, Copenhagen

8

Diabetes Research Centre, Department of Endocrinology, Odense University Hospital, Odense,

Denmark
9

Department of Biochemistry, Lillebaelt Hospital, Vejle, Denmark

10

Department of Biomedicine, Aarhus University, Aarhus, Denmark

11

Department of Epidemiology, Boston University, MA, USA

12

Center for Population Health Sciences, Stanford University, CA, USA

13

Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus, Denmark

Corresponding author: Anne Gedebjerg, Department of Clinical Epidemiology, Aarhus University
Hospital, Olof Palmes Alle 43-45, DK-8200 Aarhus N, Denmark; Tel: +45 87168253; Fax: +45
87167215
Email: aged@clin.au.dk

1

Word count:
Title (words): 17; summary (words): 252; main text (words): 3040 (excluding summary, tables,
figure legends, reference list, and supplementary tables); number of references: 40; number of
tables: 1; number of figures: 3; number of supplementary tables: 5; number of supplementary
figures: 32.

2

Abstract
Objective: Mannose-binding lectin (MBL) is linked to risk of cardiovascular disease in diabetes,
but the nature of the association is unclear. We investigated the association between MBL and risk
of cardiovascular events (CVE) and all-cause mortality in type 2 diabetes.
Research Design and Methods: In a cohort study of 7588 patients with type 2 diabetes, we
measured serum MBL in 7305 and performed MBL expression genotyping in 3043. We grouped
serum MBL and MBL expression genotypes into three categories: low, intermediate, and high.
Outcomes were CVE (myocardial infarction, stroke, coronary revascularization, unstable angina,
and cardiovascular death) and all-cause mortality. The association with outcomes was examined by
spline and Cox regression analyses.
Results: Serum MBL and CVE showed a U-shaped association. Compared to the intermediate
serum MBL category, the adjusted hazard ratio (HR) for CVE was 1.82 (95% confidence interval
[CI], 1.34 to 2.47) for the low-MBL category and 1.48 (95% CI, 1.14 to 1.92) for the high-MBL
category. We found a similar U-shaped association for all-cause mortality, but with lower risk
estimates. Compared to the intermediate MBL expression genotype, the adjusted HR for CVE was
1.41 (95% CI, 0.88 to 2.26) for the low-expression genotype and 1.43 (95% CI, 1.00 to 2.04) for the
high-expression genotype. MBL expression genotype was not associated with all-cause mortality.
Conclusions: Both serum MBL and MBL expression genotype showed a U-shaped association
with CVE risk in individuals with type 2 diabetes. Our findings suggest that serum MBL is a risk
factor for cardiovascular disease in this population.
Keywords: Type 2 diabetes; complement system; cohort study, mannose-binding lectin;
cardiovascular event; mortality; association
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Mannose-binding lectin (MBL, also known as mannan-binding lectin) is a multifunctional serum
protein primarily produced in the liver.(1) It belongs to the lectin family of blood proteins and is
instrumental in innate immunity(1), initiating the complement cascade via the lectin pathway and
promoting pathogen clearance. In contrast to the classical complement pathway, which recognizes
an antibody bound to its target, the lectin pathway starts with MBL binding to carbohydrate
structures (e.g., patterns of mannose) on the surface of pathogens.(1; 2) Functional serum MBL
levels are relatively stable over time(3) and largely determined genetically by six common single
nucleotide polymorphisms (SNPs).(4) These SNPs can be categorized into three MBL expression
genotypes – low, intermediate, and high(1) – with corresponding serum MBL levels.(4)
The association of MBL with cardiovascular disease (CVD) is mixed. Some studies have
linked low levels and other studies high levels of serum MBL and MBL expression genotypes with
increased risk of CVD(1; 5-11) and all-cause mortality(6; 12; 13) in individuals with diabetes and in
the general population. MBL thus may play two roles in the development of CVD. Low levels (as in
MBL deficiency) could impair pathogen clearance and reduce removal of atherogenic
lipoproteins.(10; 14) High levels may amplify a low-grade immune response through complement
activation, in particular if hyperglycemia is present.(15; 16) In support of this potential dual role,
three studies(17-19) (two in patients with diabetes(17; 18)) have reported a U-shaped association of
serum MBL levels with carotid intima-media thickness and low-grade inflammation. If both low
and high serum MBL levels are directly involved in development of CVD and all-cause mortality,
then both low and high MBL expression genotypes also would be expected to show a similar
association.(20) The potential dual role of both serum MBL and MBL expression genotypes in
CVD and all-cause mortality in type 2 diabetes has not been formally investigated.
We hypothesized that compared to intermediate levels, both low and high serum MBL levels
are directly associated with increased risk of cardiovascular events (CVE) and all-cause mortality in
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patients with early type 2 diabetes. To test this hypothesis, we conducted a Danish cohort study of
7588 patients with type 2 diabetes followed for up to 8 years. We first investigated the link between
serum MBL levels and risk of CVE and all-cause mortality. Second, we examined the association
between MBL expression genotype and serum MBL levels. Third, we investigated whether MBL
expression genotype was associated with risk of CVE and all-cause mortality. According to the
Mendelian randomization study design, this third step aids in substantiating a causal association
between serum MBL and CVE and all-cause mortality.(20)

RESEARCH DESIGN AND METHODS
Study Cohort
We accessed information from the Danish Centre for Strategic Research in Type 2 Diabetes (DD2)
cohort, an ongoing cohort of patients recently diagnosed with type 2 diabetes.(21) Enrollment in the
cohort has been continuous from general practitioners’ offices and hospital specialist outpatient
clinics since November 1, 2010.(21) In brief, general practitioners or hospital physicians identify
newly/recently diagnosed individuals with type 2 diabetes and complete an online questionnaire(22)
eliciting lifestyle (e.g., physical activity) and clinical examination data for each entered participant
at the time of enrollment. Urine and fasting blood samples are collected from each patient and
stored in the DD2 biobank.(23) The study cohort was all DD2 participants enrolled by December
2016 and with a stored blood sample in the DD2 biobank.

Ethics
This study was approved by the Danish Data Protection Agency (record number 2008-58-0035) and
by the Regional Committees on Health Research Ethics for Southern Denmark (record number S20100082). All cohort participants gave written informed consent.
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Outcomes
Outcomes were a composite of CVE (first occurrence of myocardial infarction, ischemic stroke,
unstable angina pectoris, coronary revascularization, or cardiovascular death), individual subtypes
of CVE, and all-cause mortality. We obtained all diagnoses (primary and secondary discharge
diagnoses) from the Danish National Patient Registry, which covers all hospitals in Denmark and
contains records of discharge diagnoses from all inpatient hospitalizations since 1977 and all
emergency department visits and hospital outpatient clinic since 1995.(24) Exact dates of death
were obtained from the Danish Civil Registration System(25), and information on cardiovascular
death (both as the immediate or underlying cause of death) was accessed from the Danish Registry
of Causes of Death.(26; 27) Diagnoses and procedure codes are shown in Supplementary Table 1.

Serum MBL Levels
Functional serum MBL levels were measured using an in-house time resolved immuno-fluorometric
assay, as described elsewhere.(2) Mannan-coated microtiter wells were incubated with serum
samples, and bound MBL was detected with biotin-labeled monoclonal anti-MBL antibody
followed by europium-labeled streptavidin and detection by time-resolved fluorometry. The limit of
quantification was 10 μg/L at the dilution used, and MBL deficiency (n=849; 12%) was set to 10
μg/L. The intra- and interassay coefficients of variation were <10%. Serum MBL levels were
categorized as low (≤100 µg/L), intermediate (101–1000 µg/L), or high (>1000 µg/L), with the cut
points often used in MBL research.(28) Consistent with previous studies indicating a nonlinear
association between serum MBL and cardiovascular outcomes(17-19), the intermediate serum MBL
category (101–1000 µg/L) was used as reference.
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MBL Expression Genotypes
Six SNPs located within the promoter region (rs11003125, rs7096206, rs7095891) and exon 1
(rs5030737, rs1800451, rs1800450) of the MBL2 gene were genotyped on the first 3043
consecutive individuals in the DD2 cohort, using TaqMan genotyping assays as previously
described.4 Because of linkage disequilibrium, the six SNPs give rise to seven major haplotypes:
HYPA, LYQA, LYPA, LXPA, LYPB, LYQC, and HYPD. These MBL haplotypes were
categorized into three MBL expression genotypes – low, intermediate, and high(1; 4) – that have
previously been correlated with serum MBL levels.(28) Complete methods are described in the
supplemental material.

Covariates
From the DD2 cohort questionnaire(22) and linked medical and administrative registries, we
extracted baseline information on covariates present at the time of DD2 enrollment that could be
associated with subsequent cardiovascular risk. Covariates, definitions, and codes are listed in
Supplementary Table 1.

Statistical Analysis
We used restricted cubic spline models with five degrees of freedom to examine the association
between serum MBL levels, as a continuous variable, and risks of CVE and all-cause mortality. The
cumulative incidence of CVE, with risk of non-cardiovascular death as a competing risk, was
plotted using STATA’s stcompet command, and we plotted cumulative incidence of all-cause
mortality using the Kaplan–Meier method. Incidence and mortality rates were calculated using
STATA’s stptime command, and to calculate hazard ratios (HRs) and 95% confidence intervals
(CIs), we used Cox regression analysis. We performed extensive adjustments to ensure robustness
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of the potential associations. In Model 1, HRs were adjusted for sex and age. In Model 2, HRs were
adjusted for sex, age, diabetes duration, and levels of high-sensitivity C-reactive protein (hs-CRP).
In Model 3, HRs were adjusted for sex, age, diabetes duration, hs-CRP, waist circumference, waist–
hip ratio, body mass index, physical activity, smoking, systolic and diastolic blood pressure,
comorbidities, fasting blood glucose, HbA1c (hemoglobin), C-peptide, albumin:creatinine ratio,
total cholesterol, low-density lipoprotein, high-density cholesterol, triglycerides, and use of antidiabetes, lipid-lowering, anti-hypertensive, or anti-thrombotic drugs. Missing covariates (n=5–
3966; 0.1%–54%; Supplementary Table 2) were treated with multiple imputation (the full text on
multiple imputation is shown in the supplemental material). We did not impute MBL expression
genotype where this information was missing (n=4262; 58%).
For Cox regression analyses, we graphically verified the proportional hazards assumption by
plotting –ln(survival probability) against ln(analysis time) and detected no violations. Individuals
with type 2 diabetes were followed from the enrollment date until an event, death, or August 10,
2018, whichever came first. All-cause and cardiovascular death data were available up to August
22, 2018, and December 28, 2016, respectively. Individuals with an event prior to enrollment
(myocardial infarction, n=434; ischemic stroke, n=248; coronary revascularization, n=602; unstable
angina pectoris: n=163; any cardiovascular events, n=924) were excluded from the analyses for the
relevant outcome. We did not consider recurrent events.
To assess risk of genotype misclassification, we used the Hardy–Weinberg equilibrium and
the χ² test. We performed a Cuzick non-parametric test for trend and calculated R2 by simple linear
regression to evaluate the association between MBL expression genotype and serum MBL levels.
We also performed a number of sensitivity analyses. First, to decrease risk of
misclassification of serum MBL related to acute infection and/or inflammation, we excluded
individuals with serum hs-CRP levels >10 mg/L (n=641; 9%).(29) Second, to focus exclusively on

8

individuals newly diagnosed with type 2 diabetes, we excluded anyone with a registered diabetes
duration >1 year (n=4042; 55%). Third, we excluded individuals with any previous record of CVD,
including any atherosclerotic disease or heart failure (n=1451; 20%). For statistical analyses, we
used STATA version 14.2.

RESULTS
Baseline Characteristics
The study included 7588 participants with type 2 diabetes, of whom 7305 (96%) had a serum MBL
measurement available and 3043 (42%) had been genotyped for the six SNPs in the MBL2 gene
(Supplementary Fig. 1). The cohort was followed for a median period of 4.7 years (inter-quartile
range [IQR]: 3.3–5.7) for CVE and 4.8 years (IQR: 3.6–5.8) for all-cause mortality. Between 2010
and 2018, 324 patients developed the composite outcome of CVE, including 106 with myocardial
infarction, 124 with ischemic stroke, 73 with cardiovascular death, 157 with coronary
revascularization, and 45 with unstable angina pectoris. More than one outcome was possible. There
were 439 all-cause deaths.
Table 1 shows baseline characteristics according to serum MBL categories (≤100, 101–
1000, or >1000 µg/L), and Supplementary Table 3 shows them according to MBL expression
genotypes (low, intermediate, and high). Serum MBL and MBL expression genotype categories
showed no clear associations with any baseline characteristics. No MBL categories were associated
with hs-CRP levels.

Serum MBL Levels and Risk for Cardiovascular Events/All-Cause Mortality
Serum MBL levels and CVE showed a U-shaped association (Fig. 1A). Compared to intermediate
serum MBL levels, both low and high serum MBL levels were associated with increased CVE risk
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(Fig. 1A and Fig. 2A). All-cause mortality had a similar but attenuated association (Fig. 1B and Fig.
2C). Supplementary Table 4 lists incidence rates.
Fig. 3 shows the HRs for CVE and all-cause mortality by serum MBL categories and MBL
expression genotypes. Compared to the intermediate serum MBL category, the adjusted HR (Model
3) for CVE was 1.82 (95% CI, 1.34–2.47) for the low serum MBL category and 1.48 (95% CI,
1.14–1.92) for the high serum MBL category. Results for the CVE subtypes were consistent with
the analysis of the composite outcome of CVE (Supplementary Fig. 2–16): there was a U-shaped
association between serum MBL levels and all individual subtypes of CVE, but with limited
statistical precision because of fewer events. The spline for all-cause mortality was similar to the
spline for cardiovascular mortality, but attenuated. Compared to the intermediate serum MBL
category, the adjusted HR (Model 3) for all-cause mortality was 1.19 (95% CI, 0.89–1.59) for the
low serum MBL category and 1.16 (95% CI, 0.92–1.46) for the high category.

MBL Expression Genotypes and Serum MBL Levels
The distributions of all MBL haplotypes with corresponding median serum MBL levels are shown
in Supplementary Table 5. We identified no major deviations from Hardy–Weinberg equilibrium (χ²
test for rs11003125, P=0.97; for rs7095891, P=0.10; for rs7096206, P=0.66; for rs1800451,
P=0.91; for rs1800450, P=0.78; and for rs5030737, P=0.01; Supplementary Table 6). Median
serum MBL levels for individuals with low, intermediate, and high MBL expression genotypes
were 10 µg/L (IQR: 10–26 µg/L), 321 µg/L (IQR: 199–545 µg/L), and 1527 µg/L (IQR: 974–2394
µg/L), respectively (Supplementary Table 5). Serum MBL levels were strongly associated with
MBL expression genotypes (R2=0.31, P for trend <1×10-300) (Supplementary Fig. 17).

MBL Expression Genotypes and Risk for Cardiovascular Events/All-Cause Mortality
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Both low and high MBL expression genotypes were associated with increased risk of CVE (Fig.
2B). There was no clear association for all-cause mortality (Fig. 2D). Supplementary Table 4 shows
incidence rates.
Compared to the intermediate MBL expression genotype, the adjusted HR (Model 3) for
CVE was 1.41 (95% CI, 0.88–2.26) for the low MBL expression genotype and 1.43 (95% CI, 1.00–
2.04) for the high MBL expression genotype (Fig. 3). Individual subtypes of CVE showed results
consistent with those from the analysis of the composite outcome of CVE (Supplementary Fig. 2–
16), with limited precision because of fewer events.
Compared to the intermediate MBL expression genotype, the adjusted HR (Model 3) for allcause mortality was 1.06 (95% CI, 0.69–1.64) for the low MBL expression genotype and 1.06 (95%
CI, 0.77–1.44) for the high MBL expression genotype (Fig. 3).

Sensitivity Analyses
Overall, the sensitivity analyses restricted to individuals with hs-CRP below 10 mg/L, newly
diagnosed type 2 diabetes, and no previous CVD yielded results similar to analyses of the
composite CVE and all-cause mortality (Supplementary Fig. 18–32).

CONCLUSIONS
In this prospective study of 7305 patients with type 2 diabetes, compared to the intermediate
expression genotype, both low and high MBL expression genotypes were associated with a 41%
and 43% increased risk of CVE. The consistency of this association for serum levels and MBL
expression genotypes suggests a causal role for serum MBL in development of CVD in type 2
diabetes.
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Previous studies of the association between MBL and CVD have yielded contradictory
findings regarding the direction of the associations. Some studies have shown links only for low
serum MBL levels(30; 31) or low MBL expression genotype(5; 6; 10; 11) and increased risk of
CVD. Other groups have reported that only high serum MBL levels(1; 7; 32; 33) or high MBL
expression genotype were associated with increased risk. A possible explanation for these apparent
discrepancies is that the studies used different combinations of MBL categories (low and
intermediate versus high, or low versus high and intermediate). They also had heterogeneous study
populations and designs that preclude direct comparison with the present results. As an example, a
previous cohort study of 9245 individuals from the Danish general population(6) yielded a relative
risk of 1.2 with low versus high MBL expression genotype, and 0.95 with intermediate versus high
MBL expression genotype, respectively, compatible with a U-shaped association. If the authors had
used the intermediate MBL expression genotype as the reference category, the identified risks might
have been comparable with the current values. This suggests that our findings might be applicable
to the general population, not only to patients with type 2 diabetes. Taken together, these previous
observations support our findings that intermediate MBL levels are the most advantageous for
healthy aging(34; 35) and that both low and high MBL levels may raise risk of CVD.
We found no association between MBL expression genotype and risk of all-cause mortality,
in agreement with the Danish general population study mentioned above(6) but in contrast with
another Danish study of 372 patients with type 1 diabetes.(13) These latter authors reported a 47%
increased risk of all-cause mortality with a high versus low MBL expression genotype. We also
found that low and high serum MBL levels were compatible with a 16% to 19% increased risk of
all-cause mortality, although we could not rule out a null association. These findings are at the low
end of previously reported values, including the results of the earlier study of patients with type 1
diabetes(13) and another Danish study of 326 individuals with type 2 diabetes(12) suggesting that
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high serum MBL levels were associated with a 20% to 79% increased risk of all-cause mortality.
Our findings of a weaker association of MBL with all-cause mortality than with CVE (a composite
outcome also including cardiovascular mortality) suggests that the modest association between
MBL and all-cause mortality is driven by cardiovascular mortality.
It is biologically plausible that both low and high serum MBL could promote chronic
inflammation and atherosclerosis in individuals with type 2 diabetes. Low MBL levels (such as in
MBL deficiency) could do so by impairment of pathogen clearance(8; 14; 36) and reduced removal
of atherogenic lipoproteins.(10) High MBL levels could have this effect by amplifying a low-grade
immune response through complement activation in an interplay with hyperglycemia.(15; 16) In
support of these explanations, two cross-sectional studies(18; 19) and one prospective study(17)
have shown a U-shaped association of serum MBL with carotid intima-media thickness and lowgrade inflammation, supporting the hypothesis of a dual role for MBL in the development of CVD.
Limitations of this study include the possibility of survival bias and selection bias in
the DD2 cohort. Both situations would likely lead to decreased participation of individuals with a
severe type 2 diabetes phenotype or high cardiovascular risk and likely bias results towards the null
hypothesis. Moreover, survival and selection bias are unlikely because the characteristics and
comorbidities of individuals participating in DD2 are similar to those of individuals with early
treated type 2 diabetes in routine practice in Denmark.(21; 37) Another potential concern include
misclassification of diagnoses, which we do not believe happened to a large degree because the
validity of cardiovascular diagnoses and procedures in the national Danish registries is high.(38;
39) In addition, misclassification of genotype is unlikely given the MBL2 genotype frequencies (and
serum levels) that were similar to those of previous studies and the lack of major deviations from
Hardy–Weinberg equilibrium.(1; 28) Another limitation is potential pleiotropy. According to Ldlink
(https://ldlink.nci.nih.gov/ ), no SNPs in the MBL2 gene were in linkage disequilibrium with any
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genetic variants outside the MBL2 gene. Confounding by variation in nearby genes can therefore
not explain our findings. Pleiotropy is often impossible to refute completely, but is unlikely as the
six SNPs we used were located within the promoter region and exon1 of the MBL2 gene, were
highly associated with serum MBL levels, and were not associated with any potential confounders.
More than 90% of Denmark’s population is Caucasian, and our results may not necessarily apply to
other ethnic groups. Finally, we did not estimate the magnitude of the potential causal effect (i.e.,
the fourth step of a complete Mendelian randomization design(20)) because of the non-linear
association between serum MBL levels and outcomes.(40)
In conclusion, in this prospective study of individuals with type 2 diabetes, we found a Ushaped association for both serum MBL and MBL expression genotype with risk of CVE. This
result suggests that serum MBL is directly involved in the development of CVD. Individuals with
low and high serum MBL might benefit from a more aggressive preventative treatment.
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Legends
Figure 1. Risk of cardiovascular events and all-cause mortality by serum MBL levels.
Cardiovascular events (A) and all-cause mortality (B). The solid lines indicate the hazard ratios, and
the dotted lines indicate 95% confidence intervals. The continuous variable serum MBL was
modeled with five restricted cubic splines.

Figure 2. Time-to-event curves of cardiovascular events and all-cause mortality by serum
MBL and MBL expression genotype categories.
Cumulative incidence plots of cardiovascular events (A and B) and all-cause mortality (C and D) by
serum MBL (A and C) and MBL expression genotype (B and D) categories. Cumulative incidence
estimates are based on time from DD2 enrollment date to first event, with risk of noncardiovascular death as a competing risk (A and B).

Figure 3. Hazard ratios of cardiovascular events and all-cause mortality by serum MBL and
MBL expression genotype categories.
Model 1 is adjusted for sex and age. Model 2 is adjusted for sex, age, diabetes duration, and hsCRP. Model 3 is adjusted for sex, age, diabetes duration, waist circumference, waist–hip ratio, body
mass index, physical activity, smoking, systolic and diastolic blood pressure, comorbidities, fasting
blood glucose, HbA1c, C-peptide, albumin:creatinine ratio, total cholesterol, low-density
lipoprotein, high-density cholesterol, triglycerides, hs-CRP, and use of anti-diabetes, lipid-lowering,
anti-hypertensive, and anti-thrombotic drugs. Missing covariates were treated with multiple
imputation.
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Table 1. Characteristics of DD2 Cohort Members at Baseline by Serum MBL Category.
Low serum MBL
Intermediate serum
(≤100 µg/L)
MBL (101-1000 µg/L)
1295 (17.7)
2975 (40.7)
Total, N (%)
727 (56.1)
1612 (54.2)
Male sex, n (%)
61.6 (52.7–69.0)
61.9 (53.1–68.7)
Median age (IQR), years
1.3 (0.3–2.9)
1.4 (0.4–2.9)
Median diabetes duration (IQR), years
106 (97–117)
107 (97–117)
Median waist circumference (IQR), cm
0.98 (0.92–1.04)
0.98 (0.92–1.04)
Median waist–hip ratio (IQR)
2
30.5 (27.1–34.5)
30.7 (27.4–34.7)
Median body mass index (IQR), kg/m
3 (2–7)
3 (2–7)
Physical activity* (IQR), days/week
Smoking, n (%)
Never
434 (45.5)
1039 (47.7)
Former
351 (36.8)
749 (34.4)
Current
170 (17.8)
389 (17.9)
130 (124–140)
130 (123–140)
Median systolic blood pressure (IQR), mmHg
80 (74–85)
Median diastolic blood pressure (IQR), mmHg 80 (74–85)
CCI score†, n (%)
0
882 (68.1)
2034 (68.4)
1-2
339 (26.2)
783 (26.3)
3
74 (5.7)
158 (5.3)
1080 (83.4)
2547 (85.6)
Anti-diabetes drug use, n (%)
932 (72.0)
2176 (73.1)
Lipid-lowering drug use, n (%)
926 (71.5)
2175 (73.1)
Anti-hypertensive drug use, n (%)
372 (28.7)
873 (29.3)
Anti-thrombotic drug use, n (%)
7.1 (6.3–8.1)
7.1 (6.3–8.2)
Median fasting blood glucose (IQR), mmol/L
6.6 (6.2–7.2)
6.6 (6.1–7.2)
Median HbA1c (IQR), %
49 (44–55)
49 (43–55)
Median HbA1c (IQR), mmol/mol
1151 (865–1579)
1197 (890–1605)
Median C-peptide (IQR), pmol/L
9 (4–22)
9 (4–22)
Median albumin:creatinine ratio (IQR), mg/g
4.4 (3.8–5.2)
4.3 (3.7–5.1)
Median total cholesterol (IQR), mmol/L
2.1 (1.7–2.7)
2.2 (1.7–2.8)
Median LDL cholesterol (IQR), mmol/L
1.2 (1–1.4)
1.2 (1–1.4)
Median HDL cholesterol (IQR), mmol/L
1.7 (1.2–2.5)
1.7 (1.2–2.4)
Median triglycerides (IQR), mmol/L
2.0 (0.8–4.7)
2.0 (0.9–4.5)
Median hs-CRP (IQR), mg/L

High serum MBL
(>1000 µg/L)
3035 (41.6)
1939 (63.9)
62.3 (53.0–68.8)
1.2 (0.3–2.9)
105 (96–115)
0.98 (0.93–1.04)
29.7 (26.4–33.7)
4 (2–7)
1052 (46.3)
750 (33.0)
471 (20.7)
130 (124–140)
80 (75–86)
2109 (69.5)
763 (25.1)
163 (5.4)
2582 (85.1)
2037 (67.1)
2143 (70.6)
855 (28.2)
7.2 (6.4–8.3)
6.6 (6.2–7.3)
49 (44–56)
1131 (838–1528)
9 (4–22)
4.3 (3.7–5.1)
2.2 (1.7–2.9)
1.2 (1–1.5)
1.6 (1.1–2.3)
1.9 (0.8–4.3)

Abbreviations: MBL, mannose-binding lectin; IQR, interquartile range; CCI, Charlson Comorbidity Index; HbA1c,
hemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein
*Days per week with a minimum of 30 minutes of physical activity
†CCI (Charlson Comorbidity Index) score excluding diabetes.
Number of participants varied because availability of data (missing covariates are listed in Supplementary Table 2).
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FIGURE 1

Figure 1. Risk of cardiovascular events and all-cause mortality by serum MBL levels.
Cardiovascular events (A) and all-cause mortality (B). The solid lines indicate the hazard ratios, and the
dotted lines indicate 95% confidence intervals. The continuous variable serum MBL was modeled with five
restricted cubic splines.
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FIGURE 3

Figure 3. Time-to-event curves of cardiovascular events and all-cause mortality by serum MBL and MBL expression genotype categories.
Cumulative incidence plots of cardiovascular events (A and B) and all-cause mortality (C and D) by serum MBL (A and C) and MBL expression
genotype (B and D) categories. Cumulative incidence estimates are based on time from DD2 enrollment date to first event, with risk of noncardiovascular death as a competing risk (A and B).
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FIGURE 4

Figure 4. Hazard ratios of cardiovascular events and all-cause mortality by serum MBL and MBL expression genotype categories.
Model 1 is adjusted for sex and age. Model 2 is adjusted for sex, age, diabetes duration, and hs-CRP. Model 3 is adjusted for sex, age, diabetes duration, waist circumference,
waist–hip ratio, body mass index, physical activity, smoking, systolic and diastolic blood pressure, comorbidities, fasting blood glucose, HbA1c, C-peptide, albumin:creatinine
ratio, total cholesterol, low-density lipoprotein, high-density cholesterol, triglycerides, hs-CRP, and use of anti-diabetic, lipid-lowering, anti-hypertensive, and anti-thrombotic
drugs. Missing covariates were treated with multiple imputation.
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EXPANDED METHODS SECTION
MBL Expression Genotypes
Six SNPs located within the promoter region (rs11003125, rs7096206, rs7095891) and exon 1 (rs5030737, rs1800451, rs1800450) of the
MBL2 gene were genotyped using TaqMan genotyping assays, as previously described. From the six MBL polymorphisms, we generated
seven common haplotypes (HYPA, LYPA, LYQA, LXPA, LYPB, LYQC, and HYPD) and ranked the haplotype combinations according
to increasing serum MBL concentrations. The MBL haplotypes were divided into three MBL expression genotypes (low, intermediate, and
high) based on the resulting serum MBL concentration. To compare genotype frequencies (for the six SNPs in the MBL2 gene) between the
DD2 cohort and other European cohorts, we performed a search in the Exome Aggregation Consortium (ExAC,
http://exac.broadinstitute.org/) and the Genome Aggregation Database (gnomAD, https://gnomad.broadinstitute.org/ ). ExAC spans 60,706
exome sequences and gnomAD spans 125,748 exome sequences and 15,708 whole-genome sequences from unrelated individuals
sequenced as part of various disease-specific and population genetic studies (URL: http://exac.broadinstitute.org/ and
https://gnomad.broadinstitute.org/). Because of differences in allele frequencies across different populations, we present information only
for the European non-Finnish population from the ExAC and gnomAD databases, comprising approximately half of the total sequenced
population (Supplemental Table 6). To examine possible confounding by variation in nearby genes, we searched for SNPs in linkage
disequilibrium with the six SNPs used in this study. The search was performed on LDlink (https://ldlink.nci.nih.gov/ ), a suite of web-based
applications designed to interrogate linkage disequilibrium in population groups.
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Multiple Imputation
Missing data on covariates used for adjustment in the Cox regression models (Supplementary Table 3) were imputed to maximize power
and avoid selection bias. We used multivariate normal imputation (MVNI)1 to impute 20 complete data sets using a Bayesian approach
with a Markov chain Monte Carlo algorithm. Missing values were sampled from the predictive distribution based on the observed data.
MVNI assumes that all variables in the imputation model follow a multivariate normal distribution and that missing data are missing at
random (MAR), meaning that the probability of a variable being missing depends only on the observed values. Continuous variables
(fasting blood glucose, C-peptide, systolic and diastolic blood pressure, BMI, total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides, HbA1c, and albumin/creatinine ratio) with clearly non-normal (skewed) distributions were zero-skewness log-transformed,
i.e., transformed to approximate normality before imputation. Then the imputed values were transformed back to the original scale before
analysis.2 Smoking (categorical variable) was also imputed using MVNI, which has been shown to perform well even in the presence of
binary and ordinal variables.1 The binary variable smoking (1: smoking – former/current vs. 0: never smoking) was imputed on a
continuous scale and rounded to 0 or 1 by simple rounding.3 Each variable in the data set was characterized as being ‘imputed’ or ‘regular’.
Imputed variables contain missing values, and those values are imputed. Regular variables usually do not contain missing values, or if they
do, the missing values are not imputed. All covariates used in the analysis model, as well as the outcomes, were included in the imputation
model to ensure maximum recovery of information about the association of interest. The following variables were characterized as
‘imputed’: fasting blood glucose, C-peptide, HbA1c, systolic blood pressure, diastolic blood pressure, total cholesterol, LDL cholesterol,
HDL cholesterol, triglycerides, albumin/creatinine ratio, height, weight, hs-CRP, waist circumference, waist-to-hip ratio, and smoking. The
6

following variables were characterized as ‘regular’: all-cause mortality, cardiovascular events, age, sex, diabetes duration, central obesity,
anti-diabetic treatment, antihypertensive treatment, use of lipid-lowering drugs, anti-thrombotic treatment, and Charlson Comorbidity
Index. The imputed models were validated by comparing the mean, median, and inter-quartile range of the first and last imputed dataset
with the complete dataset.
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Supplementary Table 1. Definitions and codes used in this study.
Registries
The Danish Centre
for Strategic
Research in Type 2
Diabetes (DD2)
cohort

Variables

Definitions and Codes
A nationwide Danish cohort of individuals recently diagnosed with T2D. Cohort
members have been enrolled continuously from general practitioners’ offices and
hospital specialist outpatient clinics since November 1, 2010. Concerning specific
biomarkers in the DD2 biobank, fasting blood glucose, C-peptide, and hs-CRP (mg/L)
were available for the first 5277 (72%), 5703 (78%), and 7300 (100%) DD2 cohort
patients, respectively.
-Serum high-sensitivity C-reactive -Continuous variable. hs-CRP was determined by in-house Time Resolved Immunoprotein (hs-CRP, mg/L)
fluorometric Assay, as previously described4. Samples were diluted 1000-fold and
measured in duplicate. Intra- and interassay coefficients of variation were <5% and
<6%, respectively.
-C-peptide, pmol/L
-Physical activity, days/week
-Continuous variable
-Categorical variable (0, 1–2, ≥3 days/week). Physical activity was defined as “number
-Fasting blood glucose, mmol/L
of days per week with a minimum of 30 minutes of physical activity.”
-Waist circumference, cm
-Continuous variable
-Waist–hip ratio
-Continuous variable
-BMI (see below)
-Continuous variable, defined as >1.0 in men and >0.85 in women

The Danish
Diabetes Database
of Adults (DDDA)

-Blood pressure, mmHg
-Lipids, mmol/L
-HbA1c, %
-Smoking
-Albumin:creatinine ratio
-BMI (see below)

A nationwide quality-of-care database were available for a subcohort of 5847 patients
(~80%).
For all DDDA variables except height:
We used the measure closest to the DD2 enrollment date. All measures before or after
DD2 enrollment were eligible for use. If a variable was measured exactly the same
number of days before and after the DD2 enrollment date, we used the measure prior to
DD2 enrollment.
-Continuous variables: systolic and diastolic blood pressure
-Continuous variables: LDL, HDL, triglycerides, total cholesterol
-Continuous variable
-Categorical variable: never, former, current (daily + occasionally)
-Continuous variable

BMI, kg/m2
Height
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Data on height were available from 3 sources:
DD2 enrollment (2010 onwards), DDDA data (repeated measures), questionnaire data
2016 (self-reported).

BMI DD2 enrollment

Continuous variable
Weight:
If weight was recorded during the DD2 enrollment process (few), we used this weight;
otherwise, we used the DDDA weight.
Height:
We did not expect height to change over time among the adults in our study.
Thus, we used available heights in the following hierarchical order: height obtained at
DD2 enrollment, height obtained at DDDA enrollment, and questionnaire data obtained
in 2016.

Time from first of the following events until the DD2 enrollment date: prescription of
glucose-lowering drugs, first diabetes-related diagnosis in the Danish National Patient
Registry, or DDDA registration. In the absence of information from a prior drug
prescription, diabetes diagnosis from the DNPR, or DDDA registration, diabetes
duration was set to DD2 enrollment date = 0.

Diabetes duration

The Civil
Registration System

-Age
-Sex

The Danish Health
Service Prescription
database
-Anti-diabetic drugs
-Lipid-lowering drugs
-Statins
-Anti-hypertensive drugs
-Anti-thrombotic drugs
ICD-10 and
procedure codes
used to identify
CVE from the
Danish National
Patient Registry or
the Danish Registry
of Causes of Death
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-Continuous variable
-Male/female
For all prescription data, the relevant time period was around baseline (DD2
enrollment). The look-back period was 1 year prior to the DD2 enrollment date. Yes/no
redemption of a drug prescription during the year prior to the index date.
ATC: A10A, A10B
ATC: C10
ATC: C10AA, C10BA, C10BX
ATC: C02, C03A, C03B, C03D, C03E, C07, C08, C09A, C09B, C09C, C09D, C09X
B01AC04, B01AC06, B01AC07, B01AC22, B01AC24, B01AC30, N02BA01
First-time inpatient hospital admission (with a date after the index date) with one of the
following ICD-10 or procedure codes as primary or secondary discharge diagnosis:

Acute myocardial infarction
Combined ischemic stroke
Cardiovascular death
Coronary revascularization
Unstable angina pectoris
The Danish
National Patient
Registry
Any macrovascular complications

Modified Charlson
Comorbidity Index
Score 1
Myocardial infarction
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DI21
DI63, DI64
DI00-DI99
KFNA, KFNB, KFNC, KFND, KFNE, KFNF, KFNG, KFNH20,
DI200
For all variables, the relevant time period was before DD2 enrollment (as a proxy for
medical history prior to the diabetes diagnosis). Thus, the look-back period extended
from the DD2 enrollment date back to 1994 (based on International Classification of
Diseases, Tenth Revision, diagnosis codes).
DI21, DI23, DI24, DT822A (ischemic heart disease); DT823 (acute ischemic heart
disease with/without complications); DI20 (angina pectoris); DI25 (chronic ischemic
heart disease); KFNA, KFNB, KFNC, KFND, KFNE, KFNF, KFNG, KFNH, KFNW,
KFLF (coronary bypass or percutaneous coronary intervention); DI500, DI501, DI502,
DI503, DI508, DI509, DI110, DI130, DI132, DI420, DI426, DI427, DI428, DI429
(heart failure); DI61 (cerebral bleeding); DI63, DI64, DI65, DI66 (cerebrovascular
infarct); DG45 (transient cerebrovascular disease); DI672, DI678, DI679 (unspecified
cerebrovascular disease); DI691, DI693, DI694, DI698 (previous cerebrovascular
disease); KAAL10, KAAL11 (cerebral thrombolysis or thromboendarterectomy)
(Abdominal- and peripheral vascular disease);
DE105, DE115, DE125, DE135, DE145 (diabetes with peripheral vascular
complications); DI700, DI701, DI702, DI708, DI709, DI739, DI74, DN280, DK550,
DK551, DH340, DH341, DH342 (peripheral/abdominal vascular disease); KNBQ,
KNCQ, KNDQ, KNEQ, KNFQ, KNGQ, KNHQ, KPAE, KPAF, KPAH, KPAN, KPAP,
KPAQ, KPAW99, KPAU74, KPBE, KPBF, KPBH, KPBN, KPBP, KPBQ, KPBW,
KPGH10, KPCE, KPCF, KPCH, KPCN, KPCP, KPCQ, KPCW99, KPCW20, KPCU74,
KPCU82, KPCU83, KPCU84, KPGE, KPGF, KPGH, KPGN, KPGP, KPGQ, KPGW99,
KPGW20, KPEE, KPEF, KPEH, KPEN, KPEP, KPEQ, KPEW, KPFE, KPFH, KPFN,
KPFP, KPFQ, KPFW, KPGH20, KPGH21, KPGH22, KPGH23, KPGH30, KPGH31,
KPGH40, KPGH99, KPDU74, KPDU82, KPDU83, KPDU84, KPEU74, KPEU82,
KPEU83, KPEU84, KPFU74, KPFU82, KPFU83, KPFU84, KPGU74, KPGU83,
KPGU84, KPGU99 (vascular surgery)
We categorized comorbidities according to the Charlson Comorbidity Index (CCI)
within the 10-year period before the DD2 enrollment date. Diabetes was not included in
the CCI scoring system because it constituted the index disease for our cohort.
DI21, DI22, DI23

Congestive heart failure

DI50, DI110, DI130, DI132

Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease

DI70, DI71, DI72, DI73, DI74, DI77
DI60, DI61, DI62, DI63, DI64, DI65, DI66, DI67, DI68, DI69, DG45, DG46
DF00, DF02, DF03, DF051, DG30
DJ40, DJ41, DJ42, DJ43, DJ44, DJ45, DJ46, DJ47, DJ60, DJ61, , DJ62, , DJ63, , DJ64,
, DJ65, , DJ66, , DJ67, DJ684, DJ701, DJ703, DJ841, DJ920, DJ961, DJ982, DJ983
DM05, DM06, DM08, DM09, DM30, DM31, DM32, DM33, DM34, DM35, DM36,
DD86
DK221, DK25, DK26, DK27, DK28
DB18, DK700, D701, DK702, DK703, DK709, DK71, DK73, DK74, DK760

Connective tissue disease
Ulcer disease
Mild liver disease
Score 2
Hemiplegia
Moderate to severe renal
disease
Any tumor (except basocellular
carcinoma)
Leukemia
Lymphoma
Score 3
Moderate to severe liver disease
Score 6
Metastatic solid tumor
AIDS
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DG81, DG82
D12, DI13, DN00, DN01, DN02, DN03, DN04, DN05, DN07, DN11, DN14, DN17,
DN18, DN19, DQ61
C00–C75, (excluding C44)
DC91, DC92, DC93, DC94, DC95
DC81, DC82, DC83, DC84, DC85, DC90, DC96
DB150, DB160, DB162, DB190, DK704, DK72, DK766, DI85
DC76, DC77, DC78, DC79, DC80
DB21, DB22, DB23, DB24

Supplementary Table 2. Missing covariates for the serum MBL and MBL expression genotype cohorts.
Serum MBL cohort
MBL expression genotype cohort
Missing, n (%)
Total
Missing, n (%)
Total
Sex
0 (0.0)
7305
0 (0.0)
3043
Age
0 (0.0)
7305
0 (0.0)
3043
Diabetes duration
0 (0.0)
7305
0 (0.0)
3043
Waist circumference
13 (0.18)
7305
<5** (0.2)
3043
Waist–hip ratio
11 (0.15)
7305
<5** (0.2)
3043
BMI*
569 (7.79)
7305
245 (8.05)
3043
Physical activity
<5† (0.0)
7305
0 (0.0)
3043
Smoking*
1900 (26.01)
7305
612 (20.11)
3043
Systolic blood pressure*
1774 (24.28)
7305
547 (17.98)
3043
Diastolic blood pressure*
1774 (24.28)
7305
547 (17.98)
3043
CCI score
0 (0.0)
7305
0 (0.0)
3043
Anti-diabetes drug use
0 (0.0)
7305
0 (0.0)
3043
Lipid-lowering drug use
0 (0.0)
7305
0 (0.0)
3043
Anti-hypertensive drug use
0 (0.0)
7305
0 (0.0)
3043
Anti-thrombotic drug use
0 (0.0)
7305
0 (0.0)
3043
Fasting blood glucose
2028 (27.76)
7305
368 (12.09)
3043
*
HbA1C
1548 (21.19)
7305
486 (15.97)
3043
C-peptide
1602 (21.93)
7305
24 (0.79)
3043
Albumin:creatinine ratio*
2074 (28.39)
7305
653 (21.46)
3043
Total cholesterol*
3966 (54.29)
7305
1244 (40.88)
3043
LDL cholesterol*
1763 (24.13)
7305
550 (18.07)
3043
HDL cholesterol*
3951 (54.09)
7305
1245 (40.91)
3043
Triglycerides*
1849 (25.31)
7305
572 (18.80)
3043
hs-CRP
5 (0.07)
7305
56 (1.84)
3043
*By August 2018, a total of 5847 DD2 patients (80%) in the serum MBL cohort and 2597 DD2 patients (85%) in the MBL
genotype cohort had been linked to the Danish Diabetes Database for Adults.
†Exact number of missing too low to be displayed according to Danish data protection regulations.
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EXPANDED RESULTS SECTION
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7588 individuals were enrolled with
a blood sample stored in the
biobank
283 were excluded:
214 withdrew their consent
69 had no serum MBL
7305 individuals with
serum MBL measurement

2990 individuals with MBL
genotype and serum MBL
measurements

3116 available for genetic analyses

73 failed genotyping for one or more
of the six SNPs in the MBL2 gene
3043 were genotyped for the
six SNPs* in the MBL2 gene

Supplementary Figure 1. Flow diagram of the study population.
*The six SNPs in the MBL2 gene were: rs11003125, rs7096206, rs7095891, rs5030737, rs1800451,
and rs1800450.
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Supplementary Table 3. Characteristics of DD2 cohort members at baseline by MBL
expression genotype category.
Total, N (%)
Male sex, n (%)
Median age (IQR), years
Median diabetes duration (IQR), years
Median waist circumference (IQR), cm
Median waist–hip ratio (IQR)
Median body mass index (IQR), kg/m2
Physical activity* (IQR), days/week
Smoking, n (%)
Never
Former
Current
Median systolic blood pressure (IQR), mmHg
Median diastolic blood pressure (IQR), mmHg
CCI score†, n (%)
0
1–2
3
Anti-diabetes drug use, n (%)
Lipid-lowering drug use, n (%)
Anti-hypertensive drug use, n (%)
Anti-thrombotic drug use, n (%)
Median fasting blood glucose (IQR), mmol/L
Median HbA1c (IQR), %
Median HbA1c (IQR), mmol/mol
Median C-peptide (IQR), pmol/L
Median albumin/creatinine ratio (IQR), mg/g
Median total cholesterol (IQR), mmol/L
Median LDL cholesterol (IQR), mmol/L
Median HDL cholesterol (IQR), mmol/L
Median triglycerides (IQR), mmol/L
Median hs-CRP (IQR), mg/L

Low MBL
expression genotype
446 (14.7)
277 (62.1)
61.3 (52.5–68.3)
0.8 (0.2–2.2)
104 (96–114)
0.97 (0.92–1.03)
29.7 (26.6–33.8)
3 (2–7)

Intermediate MBL
expression genotype
939 (30.8)
533 (56.8)
61.3 (52.9–67.7)
0.8 (0.2–2.0)
105 (96–116)
0.97 (0.91–1.04)
30.4 (27.0–34.1)
3 (1–7)

High MBL
expression genotype
1658 (54.5)
944 (56.9)
62.0 (53.3–68.1)
0.8 (0.3–2.1)
106 (97–116)
0.97 (0.92–1.03)
30.3 (26.8–34.3)
3 (2–7)

158 (45.0)
131 (37.3)
62 (17.7)
130 (124–140)
80 (74–85)

382 (51.2)
220 (29.5)
144 (19.3)
130 (124–140)
80 (74–85)

667 (50.0)
416 (31.2)
251 (18.8)
130 (124–140)
80 (75–86)

296 (66.4)
125 (28.0)
25 (5.6)
356 (79.8)
295 (66.1)
306 (68.6)
122 (27.4)
7.2 (6.4–8.3)
6.5 (6.2–7.1)
48 (44–54)
1114 (837–1539)
9 (4–22)
4.3 (3.6–5.1)
2.2 (1.8–2.9)
1.2 (1–1.4)
1.5 (1.1–2.3)
1.8 (0.7–4.3)

636 (67.7)
253 (26.9)
50 (5.3)
784 (83.5)
652 (69.4)
663 (70.6)
309 (32.9)
7.0 (6.3–8.2)
6.5 (6.1–7.2)
48 (43–55)
1143 (846–1558)
9 (4–22)
4.5 (3.8–5.2)
2.3 (1.8–2.9)
1.2 (1–1.5)
1.6 (1.1–2.3)
2.0 (0.8–4.1)

1129 (68.1)
430 (25.9)
99 (6.0)
1388 (83.7)
1176 (70.9)
1201 (72.4)
551 (33.2)
7.1 (6.4–8.3)
6.5 (6.1–7.1)
48 (43–54)
1191 (908–1595)
9 (4–25)
4.3 (3.7–5.1)
2.2 (1.8–2.8)
1.2 (1–1.5)
1.6 (1.2–2.4)
1.9 (0.8–4.6)

MBL: mannose-binding lectin; IQR: interquartile range; CCI: Charlson Comorbidity Index; HbA1c: hemoglobin A1c; LDL:
low-density lipoprotein; HDL: high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein
*Days per week with minimum 30 minutes of physical activity
†CCI score excluding diabetes
Number of participants varies because of availability of data (see Supplementary Table 2 for missing covariates).
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Supplementary Table 4. Incidence/mortality rates per 1,000 person-years among 7305
individuals with T2D according to MBL categories.
Cardiovascular Events

All-cause mortality

Incidence rates (95% CI)

Mortality rates (95% CI)

Serum MBL (µg/L)
≤100
101–1000
>1000

14.9 (11.9–18.7)
8.2 (6.7–10.0)
12.6 (10.8–14.8)

13.7 (11.0–17.0)
11.5 (9.8–13.4)
14.0 (12.2–16.1)

MBL expression genotype
Low
Intermediate
High

13.3 (9.3–19.0)
9.3 (6.9–12.5)
13.3 (11.0–16.1)

12.5 (8.9–17.6)
13.8 (11.0–17.2)
13.4 (11.3–15.9)
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Supplementary Table 5. Haplotypes and serum MBL levels in 3043 individuals with T2D
according to low, intermediate, and high MBL expression genotypes.
Haplotype
All low MBL expression genotypes
LXPA/LYQC
LXPA/LYPB
LXPA/HYPD
LYPB/LYPB
LYPB/LYQC
LYPB/HYPD
LYPB/LYPD*
LYQC/LYQC*
LYQC/HYPD*
HYPD/HYPD

Number (%)
446 (14.7)
19 (0.6)
180 (5.9)
99 (3.3)
63 (2.1)
14 (0.5)
40 (1.3)
<10 (0.3)
<10 (0.3)
<10 (0.3)
23 (0.8)

Median serum MBL concentration (µg/L)
10 (10–26)
10 (10–42)
10 (10–20)
28 (10–80)
10 (10–10)
10 (10–10)
10 (10–10)
116
10
10 (10–12)
10 (10–10)

All intermediate MBL expression genotypes
LXPA/LXPA
HYPA/LYPB
LYPA/LYPB
LYQA/LYPB
HYPA/LYQC
LYPA/LYQC*
LYQA/LYQC
HYPA/HYPD
LYPA/HYPD
LYQA/HYPD
LYQA/LYPD*

939 (30.9)
151 (5.0)
285 (9.4)
56 (1.8)
172 (5.7)
27 (0.9)
<10 (0.3)
22 (0.7)
109 (3.6)
35 (1.2)
75 (2.5)
<10 (0.3)

321 (199–545)
253 (102–594)
313 (225–407)
195 (115–297)
259 (179–338)
293 (210–402)
292 (244–488)
247 (197–358)
740 (501–1050)
441 (276–746)
631 (465–832)
873

All high MBL expression genotypes
1658 (54.5)
1527 (974–2394)
HYPA/HYPA
276 (9.1)
1911 (1185–2974)
HYPA/LYPA
98 (3.2)
2010 (1381– 2611)
HYPA/LYQA
347 (11.4)
2022 (1349–2888)
HYPA/LXPA
400 (13.1)
1162 (784–1714)
LYPA/LYPA*
<10 (0.3)
2571 (1141–2738)
LYPA/LYQA
67 (2.2)
1785 (1151–2706)
LYPA/LXPA
86 (2.8)
1157 (613–1812)
LYQA/LYQA
129 (4.2)
2025 (1317–2769)
LYQA/LXPA
250 (8.2)
1129 (716–1643)
*Exact number of haplotypes too low to be displayed according to Danish data protection regulations.
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Supplementary Table 6. Allele frequencies of the six SNPs in the MBL2 gene.
SNP

Genotype*

Serum MBL†
µg/L

DD2 cohort
N (%)

HWE

ExAC database‡
N (%)

HWE

gnomeAD database‡
N (%)
HWE

Promoter region
rs11003125
(-550 G>C)

HH
LH
LL

1333 (761–2375)
889 (321–1816)
404 (68–1254)

408 (13.4)
1411 (46.4)
1224 (40.2)

0.97

NA
NA
NA

NA

1081 (14.1)
3647 (47.4)
2964 (38.5)

0.45

rs7096206
(-221 G>C)

YY
XY
XX

828 (281–1997)
835 (73–1432)
253 (102–594)

1857 (61.0)
1035 (34.0)
151 (5.0)

0.66

NA
NA
NA

NA

4594 (59.7)
2700 (35.0)
407 (5.3)

0.69

rs7095891§
(c.+4 C>T)

QQ
PQ
PP

1807 (1046–2579)
1087 (416–2036)
546 (118–1381)

152 (5.0)
986 (32.4)
1905 (62.6)

0.10

NA
NA
NA

NA

304 (3.9)
2563 (33.3)
4841 (62.8)

0.12

rs5030737
(p. Arg52Cys)

AA
AD (or AO)
DD (or OO)

909 (274–1851)
344 (26–748)
10 (10–10)

2653 (87.1)
367 (12.1)
23 (0.8)

0.01

28,503 (85.4)
4632 (13.9)
221 (0.7)

0.03

55,308 (85.8)
8743 (13.6)
363 (0.6)

0.39

rs1800451
(p. Gly54Asp)

AA
AB (or AO)
BB (or OO)

1188 (597–2071)
203 (18–331)
10 (10–10)

2224 (73.1)
754 (24.8)
65 (2.1)

0.91

32,115 (96.4)
1198 (3.6)
14 (0.0)

0.41

62,059 (96.4)
2308 (3.6)
25 (0.0)

0.45

Exon 1

rs1800450
(p. Gly57Glu)

AA
826 (250–1716)
2948 (96.9)
24,337 (73.0)
47,173 (73.3)
AC (or AO)
181 (10–313)
94 (3.1)
0.78
8285 (24.8)
0.54
15836 (24.6)
0.18
CC (or OO)
10 (10–10)
1 (0.0)
724 (2.2)
1387 (2.1)
Abbreviations: DD2, the Danish Centre for Strategic Research in Type 2 Diabetes; HWE, Hardy–Weinberg equilibrium
NA=not available or not applicable because the ExAC database spans only exome sequences and thus does not cover the promoter region.
* The major alleles of the three SNPs in exon 1 are all referred to as the A allele, while the minor alleles (B, C, and D) are collectively referred to as
the O allele.
† Serum MBL is expressed as median (interquartile range).
‡The Exome Aggregation Consortium (ExAC) spans 60,706 exome sequences and the Genome Aggregation Database (gnomAD) spans 125,748
exome sequences and 15,708 whole-genome sequences from unrelated individuals sequenced as part of various disease-specific and population genetic
studies (URL: http://exac.broadinstitute.org/ and https://gnomad.broadinstitute.org/) [August 2019].
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Because of differences in allele frequencies across different populations, we present only information for the European non-Finnish population from
the ExAC and gnomAD databases, comprising around half of the total population sequenced.
§Previously known as rs12780112.
A minor deviation was observed for rs5030737 because of a slightly higher number of rare homozygotes than expected. We believe that this results
from chance. However, even if this resulted from a minor genotyping error, potential misclassification of the MBL expression genotype (based on the
seven haplotypes) is unlikely to be extensive and would possibly bias the results toward the null hypothesis.
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SUBTYPES OF CARDIOVASCULAR EVENTS

Supplementary Figure 2. Risk of Myocardial Infarction by Serum MBL Levels.
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Supplementary Figure 3 Time-to-Event Curves of Myocardial Infarction by Serum MBL and MBL Expression Genotype
Categories.
Time-to-event curves of myocardial infarction (considering death as a competing risk) divided into 3 groups of serum MBL (left) in 6871 individuals with
type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 2848 individuals with type 2 diabetes.
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Supplementary Figure 4. Hazard Ratios of Myocardial Infarction by Serum MBL and MBL Expression Genotype Categories.
22

Supplementary Figure 5. Risk of Ischemic Stroke by Serum MBL Levels.
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Supplementary Figure 6. Time-to-Event Curves of Ischemic Stroke by Serum MBL and MBL Expression Genotype Categories.
Time-to-event curves of ischemic stroke (considering death as a competing risk) divided into 3 groups of serum MBL (left) in 7057 individuals with type 2
diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 2933 individuals with type 2 diabetes.
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Supplementary Figure 7. Hazard Ratios of Ischemic Stroke by Serum MBL and MBL Expression Genotype Categories.
25

Supplementary Figure 8. Risk of Cardiovascular Mortality by Serum MBL Levels.
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Supplementary Figure 9. Time-to-Event Curves of Cardiovascular Mortality by Serum MBL and MBL Expression Genotype
Categories.
Time-to-event curves of cardiovascular mortality (considering death from other courses as a competing risk) divided into 3 groups of serum MBL (left) in
7301 individuals with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 3041 individuals
with type 2 diabetes.
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Supplementary Figure 10. Hazard Ratios of Cardiovascular Mortality by Serum MBL and MBL Expression Genotype
Categories.
28

Supplementary Figure 11. Risk of Coronary Revascularization by Serum MBL Levels.
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Supplementary Figure 12. Time-to-Event Curves of Coronary Revascularization by Serum MBL and MBL Expression Genotype
Categories.
Time-to-event curves of coronary revascularization (considering death as a competing risk) divided into 3 groups of serum MBL (left) in 6703 individuals
with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 2785 individuals with type 2
diabetes.
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Supplementary Figure 13. Hazard Ratios of Coronary Revascularization by Serum MBL and MBL Expression Genotype
Categories.
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Supplementary Figure 14. Risk of Unstable Angina Pectoris by Serum MBL Levels.
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Supplementary Figure 15. Time-to-Event Curves of Unstable Angina Pectoris by Serum MBL and MBL Expression Genotype
Categories.
Time-to-Event curves of unstable angina pectoris (considering death as a competing risk) divided into 3 groups of serum MBL (left) in 7142 individuals with
type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 2981 individuals with type 2 diabetes.
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Supplementary Figure 16. Hazard Ratios of Unstable Angina Pectoris by Serum MBL and MBL Expression Genotype
Categories.
<5 = Exact number of events too low to be displayed according to Danish data protection regulations.
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Supplementary Figure 17. Genotype–phenotype association.
Serum MBL levels according to MBL expression genotypes. R2 is the coefficient of determination. Cuzick’s non-parametric test for trend
(P<1×10-300).
35

SENSITIVITY ANALYSES
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Supplementary Figure 18. Risk of Cardiovascular Events by Serum MBL Levels Excluding Individuals with CRP>10 mg/L.
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Supplementary Figure 19. Time-to-Event Curves of Cardiovascular Events by Serum MBL and MBL Expression Genotype Categories
Excluding Individuals with CRP>10 mg/L.
Time-to-event curves of cardiovascular events (considering death as a competing risk) excluding individuals with a CRP >10 mg/L divided into 3 groups of
serum MBL (left) in 5807 individuals with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes
in 2416 individuals with type 2 diabetes.
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Supplementary Figure 20. Hazard Ratios of Cardiovascular Events by Serum MBL and MBL Expression Genotype Categories Excluding
Individuals with CRP>10 mg/L.
39

Supplementary Figure 21. Risk of All-cause Mortality by Serum MBL Levels Excluding Individuals with CRP>10 mg/L.
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Supplementary Figure 22. Time-to-Event Curves of All-cause Mortality by Serum MBL and MBL Expression Genotype Categories
Excluding Individuals with CRP>10 mg/L.
Time-to-event curves of all-cause mortality excluding individuals with a CRP >10 mg/L divided into 3 groups of serum MBL (left) in 6664 individuals with
type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 2788 individuals with type 2 diabetes.
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Supplementary Figure 23. Hazard Ratios of All-cause Mortality by Serum MBL and MBL Expression Genotype Categories Excluding
Individuals with CRP>10 mg/L.
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Supplementary Figure 24. Risk of Cardiovascular Events by Serum MBL Levels Excluding Individuals with Diabetes Duration
>1 year.
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Supplementary Figure 25. Time-to-Event Curves of Cardiovascular Events by Serum MBL and MBL Expression Genotype Excluding
Individuals with diabetes duration >1year.
Time-to-event curves of cardiovascular events (considering death as a competing risk) excluding individuals with a diabetes duration >1 year divided into 3
groups of serum MBL (left) in 2890 individuals with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression
genotypes in 1460 individuals with type 2 diabetes.
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Supplementary Figure 26. Hazard Ratios of Cardiovascular Events by Serum MBL and MBL Expression Genotype Excluding Individuals
with diabetes duration >1 year.
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Supplementary Figure 27. Risk of All-cause Mortality by Serum MBL Levels Excluding Individuals with Diabetes Duration >1
year.
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Supplementary Figure 28. Time-to-Event Curves of All-cause Mortality by Serum MBL and MBL Expression Genotype Excluding
Individuals with Diabetes Duration >1year.
Time-to-event curves of all-cause mortality excluding individuals with a diabetes duration >1 year divided into 3 groups of serum MBL (left) in 3263
individuals with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL expression genotypes in 1656 individuals with
type 2 diabetes.
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Supplementary Figure 29. Hazard Ratios of All-cause Mortality by Serum MBL and MBL Expression Genotype Excluding Individuals
with Diabetes Duration >1 year.
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Supplementary Figure 30. Risk of Cardiovascular Events by Serum MBL Levels Excluding Individuals with Any Previous
Cardiovascular Disease.
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Supplementary Figure 31. Time-to-Event Curves of Cardiovascular Events by Serum MBL and MBL Expression Genotype Excluding
Individuals with Any previous Cardiovascular Disease.
Time-to-event curves of cardiovascular events (considering death as a competing risk) excluding individuals with any previous cardiovascular disease divided
into 3 groups of serum MBL (left) in 5854 individuals with type 2 diabetes. Right panel shows the association between low, intermediate, and high MBL
expression genotypes in 2431 individuals with type 2 diabetes.
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Supplementary Figure 32. Hazard Ratios of Cardiovascular Events by Serum MBL and MBL Expression Genotype Excluding Individuals
with Any Previous Cardiovascular Disease.
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ABSTRACT
Objective: Mannose-binding lectin (MBL) has been associated with risk of infection, but the nature
and causality of this association in type 2 diabetes (T2D) is unclear.
Methods: We measured serum MBL in 7305 patients with early T2D in the nationwide Danish
Center for Strategic Research in Type 2 Diabetes cohort. We then performed MBL expression
genotyping in 3043 patients. Outcomes were hospital-treated infections and community-based
antimicrobial prescriptions. The associations were examined by spline and Cox regression analyses.
Results: Risks of hospital-treated infections (n=1140 events) and antimicrobial prescriptions
(n=5077 events) were increased in T2D patients with low serum MBL (≤100 µg/L) followed for up
to 8 years, yielding an L-shaped risk profile. Compared to the intermediate serum MBL category
(100–1000 µg/L), the adjusted hazard ratio (aHR) for the low MBL category were 1.13 (95%
confidence interval, 0.96–1.33) for any hospital-treated infections and 1.19 (1.01–1.41) for bacterial
infections, including 1.14 (0.81–1.62) for urinary tract infections, 1.30 (0.98–1.70) for pneumonia,
1.77 (0.97–3.23) for diarrheal diseases, and 1.50 (1.00–2.24) for other bacterial infections. A similar
but attenuated association with low serum MBL was present for antimicrobial prescriptions (aHR
1.06 [0.98–1.15]). For the low MBL expression genotype, the aHR was 1.08 (0.84–1.38) for any
infections, including an aHR of 2.23 (1.04–4.80) for diarrheal diseases, and the aHR was 1.18
(1.04–1.34) for antimicrobial prescriptions.
Conclusions: In patients with early T2D, low serum MBL levels are associated with increased risk
of future bacterial infections. A low MBL expression genotype was associated with increased risk
of community antimicrobial prescriptions and hospital-treated diarrheal disease, indicating a causal
involvement of serum MBL in development of infections in T2D.
Keywords: Type 2 diabetes; complement system; cohort study, mannose-binding lectin; infection;
association
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INTRODUCTION
Mannose-binding lectin (MBL) belongs to the C-type lectin family of blood proteins and plays an
important role in innate immunity.1 MBL recognizes and binds to carbohydrate structures (e.g.,
patterns of mannose) on pathogens surfaces. This initiates the complement system, independent of
antibodies via the lectin pathway, and promotes clearance of pathogens.1,2 Serum MBL levels are
rather stable over lifetime3, but vary widely between individuals mainly because of six common
single nucleotide polymorphisms (SNPs).4 Due to linkage disequilibrium the six SNPs give rise to
seven major haplotypes: HYPA, LYQA, LYPA, LXPA, LYPB, LYQC and HYPD, which can be
further combined into three MBL expression genotypes – low, intermediate, and high5,6 –
corresponding to approximate serum MBL levels of ≤100, 101-1000, and >1000 µg/L.4
Low MBL concentrations (i.e., below 100 µg/L, as seen in ~12% of the general
population7) may have impaired normal innate immune function and thus increased susceptibility of
infections.5,8-13 However, a large general population study found no clear association between MBL
deficiency and increased risk of infections.14 Due to the redundancy of the immune system, the
increased risk of infections may only be apparent in individuals with additional risk factors, such as
cancer, chemotherapy, autoimmune diseases15-18, and possibly diabetes.
463 million adults now live with diabetes worldwide19, and there is clear evidence that
diabetes is associated with increased risk and severity of infections20, in particular bacterial
infections.21 The causal role of serum MBL in infection risk in T2D has to our knowledge never
been investigated before.
We tested the hypothesis that low MBL is associated with increased risk of infections
in patients with T2D. To test this, we conducted a Danish cohort study of 7588 patients with T2D
followed for up to 8 years. We first investigated the link between baseline serum MBL levels and
subsequent risk of any hospital-treated infections, any community-based antimicrobial

3

prescriptions, and subtypes hereof. Second, we investigated whether MBL expression genotype was
associated with risk of infection outcomes. According to the Mendelian randomization study design,
this step aids in substantiating a causal association between serum MBL and infection risk.22

MATERIAL AND METHODS
Study Population
The Danish Centre for Strategic Research in Type 2 Diabetes (DD2) cohort has been described in
detail previously.23 Briefly, the DD2 cohort was initiated in November 2010 and is an ongoing
cohort of patients recently diagnosed with T2D.23 Enrollment has been continuous from hospital
specialist outpatient clinics and general practitioners’ offices. Hospital physicians and general
practitioners identify newly/recently diagnosed patients with T2D and complete an online
questionnaire24 on health-related items (e.g., physical activity, alcohol consumption, and
anthropometric measurements) and clinical examination data (e.g., waist–hip ratio) for each
participants at the time of DD2 enrollment. Fasting blood and urine samples have been collected
from each participant at enrolment and stored at -80C in the DD2 biobank.25

Identification of hospital-treated infections
We identified first hospital-treated infections after the DD2 enrollment date based on all diagnoses
(primary and secondary discharge diagnoses) from the Danish National Patient Registry, which
contains all Danish hospital records of discharge diagnoses from all inpatient hospitalizations since
1977 and all emergency department visits and hospital outpatient clinic since 1995.26 Discharge
diagnoses were based on the International Classification of Diseases, 10th revision. Supplementary
Table 1 gives diagnosis codes. Hospital-treated infections were classified into subtypes consistent
with previous studies27,28: the major category of bacterial infections, as well as viral and fungal
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infections. Bacterial diseases were pneumonia, urinary tract infections, skin infections, sepsis,
abscesses, intra-abdominal infections, diarrheal diseases, and other bacterial infections. Viral
diseases included influenza and other viral infections.

Identification of community-based antimicrobial prescriptions
We identified first community-based antimicrobial prescriptions after the DD2 enrollment date
from the Danish Health Service Prescription Database, which contains information on all prescribed
drugs dispensed from all Danish pharmacies.29 Antimicrobial prescriptions were based on the
Anatomical Therapeutic Chemical (ATC) classification system. Supplementary Table 2 gives ATC
codes. Community-based antimicrobial prescriptions were classified into subtypes consistent with
previous studies27: dispensed prescriptions of all antimicrobial agents prescribed for oral treatment
of bacterial, viral, and fungal infections were identified. As a proxy for respiratory tract infections,
we identified the number of dispensed prescriptions for oral treatment with
phenoxymethylpenicillin (which is recommended first-line treatment for respiratory tract infections
in Denmark) and specific macrolides (erythromycin, roxithromycin, and clarithromycin).27 As a
proxy for skin infections, we identified dispensed prescriptions of dicloxacillin and flucloxacillin.27
As a proxy for urinary tract infections, we used dispensed prescriptions of pivmecillinam,
sulfamethizole, nitrofurantoin, and trimethoprim. In an additional analysis, we also included
pivampicillin in an expanded proxy for urinary tract infections.27 Furthermore, we evaluated
dispensed prescriptions with commonly prescribed broad-spectrum penicillin in Denmark
(amoxicillin and amoxicillin with enzyme inhibitor), which may be used for several infection
types.27

Serum MBL Levels
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Functional serum MBL levels at time of cohort enrolment were measured in the DD2 biobank using
an in-house time-resolved immuno-fluorometric assay, as described in detail elsewhere.2 In
brief, mannan-coated microtiter wells were incubated with serum samples, and bound MBL was
detected with biotin-labeled monoclonal anti-MBL antibody followed by europium-labeled
streptavidin and detection by time-resolved fluorometrics. The limit of quantification was 10 μg/L
and the intra- and interassay coefficients of variation were <10%. Serum MBL levels were
categorized as previously defined (ref): low (≤100 µg/L), intermediate (101–1000 µg/L), or high
(>1000 µg/L). Consistent with our previous finding indicating that intermediate MBL levels are the
most advantageous for lowest mortality and cardiovascular outcomes, the intermediate serum MBL
category (101–1000 µg/L) was used as reference (ref).

MBL Expression Genotypes
TaqMan genotyping assays were used to genotype the six single nucleotide polymorphisms (SNPs)
in the MBL2 gene (rs11003125, rs7096206, rs7095891, rs5030737, rs1800451, and rs1800450) on
the first 3043 consecutive patients in the DD2 cohort4, as described in detail in the Supplemental
Material. Due to linkage disequilibrium, the six SNPs give rise to seven major haplotypes: HYPA,
LYQA, LYPA, LXPA, LYPB, LYQC, and HYPD. These MBL haplotypes were categorized as
previously defined (ref): low, intermediate, and high, previously shown to correlate with serum
MBL levels (ref).30

Covariates
From the online DD2 questionnaire24 and linked administrative and medical registries, we extracted
information on covariates present at the time of DD2 enrollment. Selection of covariates was based
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on their known association with serum MBL levels and/or risk of infections. Covariates, definitions,
and codes are listed in Supplementary Table 3.

Biochemical analysis
High-sensitivity C-reactive protein (hs-CRP, mg/L) was determined by in-house Time Resolved
Immuno-fluorometric Assay, as previously described.31 Samples were diluted 1000-fold and
measured in duplicate. Intra- and interassay coefficients of variation were <5% and <6%,
respectively. HbA1c (hemoglobin), fasting blood glucose, and lipids were measured by hospital
routine analysis.

Statistical Analysis
Analyses were performed using STATA version 14.2. Hardy–Weinberg equilibrium was assessed
by a χ² test for assess risk of genotype misclassification. To evaluate the association between MBL
expression genotype and serum MBL levels, we performed a Cuzick non-parametric test for trend
and calculated R2 by a simple linear regression.
The cumulative incidence of hospital-treated infections and community-based antimicrobial
prescriptions, with death as a competing risk, was plotted using STATA’s stcompet command and
incidence rates were calculated using STATA’s stptime command. We used restricted cubic spline
models with five degrees of freedom to examine the association between serum MBL levels, as a
continuous variable, and risks of hospital-treated infections and community-based antimicrobial
prescriptions. Cox regression analysis, with time as the time scale, were used to compute hazard
ratios (HRs) and 95% confidence intervals (CIs) for hospital-treated infections and communitybased antimicrobial prescriptions. We detected no major violations of the proportional hazard
assumption. We performed extensive adjustments to ensure robustness of the potential associations
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between MBL and infections. In Model 1, HRs were adjusted for sex and age. In Model 2, HRs
were adjusted for sex, age, diabetes duration, and levels of hs-CRP to examine whether this
inflammatory biomarker could attenuate the association between MBL and risk of infections. In the
fully adjusted Model 3, HRs were adjusted for sex, age, diabetes duration, hs-CRP, waist
circumference, waist–hip ratio, body mass index, physical activity, smoking, alcohol consumption,
comorbidities, fasting blood glucose, HbA1c, total cholesterol, low-density lipoprotein, highdensity cholesterol, triglycerides, and use of anti-diabetic, and lipid-lowering treatment. Missing
values for each covariate (n=5–3966; 0.1%–54%; Supplementary Table 4) were imputed, in order to
use a complete dataset. The multiple imputation is described in detail in the Supplemental Material.
We did not impute MBL expression genotype where this information was missing (n=4262; 58%).
For all analyses, we ignored any infectious disease and antimicrobial prescriptions prior to
the DD2 enrollment date, and thus did not exclude patients with these events. We assumed that
most patients with previous infectious disease would have fully recovered from the disease if they
were able to attend the DD2 enrollment examination. We followed the patients from the DD2
enrollment date until a first infection event (separately for hospital-diagnosed infections and
antimicrobial prescriptions), emigration, death, or end of follow-up, whichever came first. We did
not consider recurrent infectious disease. For hospital-treated infections, end of follow-up was
August 10, 2018. For community-based antimicrobial prescriptions, end of follow-up was
December 31, 2017. Vital and emigration status, as well as exact dates of death were obtained from
the Danish Civil Registration System.32
We performed a sensitivity analysis excluding patients with serum CRP levels above 10
mg/L (n=641; 9%) at the time of enrolment, to exclude possible ongoing infections at the time of
MBL testing.28
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Ethics
This study was approved by the Regional Committees on Health Research Ethics for Southern
Denmark (record number S-20100082) and by the Danish Data Protection Agency (record number
2008-58-0035). All DD2 participants gave written informed consent.

RESULTS
The study included 7588 patients with T2D, of whom 7305 (96%) had a serum MBL measurement
available and 3043 (42%) had been genotyped for the six SNPs in the MBL2 gene (Supplementary
Figure 1). The cohort was followed for up to 8 years, with a median follow-up of 4.5 years [interquartile range (IQR): 3.0–5.5] for any hospital-treated infections and 1.5 years [IQR: 0.5–3.1] for
any community-based antimicrobial prescriptions. Between 2010 and 2018, 1140 patients (16%)
were hospitalized with an infection and a total of 5077 patients (70%) had redeemed a communitybased antimicrobial prescription. See supplementary Table 5 for the patient subtype events. More
than one event was possible.
Table 1 shows baseline characteristics of T2D patients according to serum MBL
categories (≤100, 101–1000, or >1000 µg/L) and Supplementary Table 6 shows them according to
MBL expression genotype categories (low, intermediate, and high). We found no clear differences
in baseline characteristics between the different serum MBL and MBL expression genotype
categories.
The MBL genotype frequencies in T2D were 59% for A/A (wildtype), 36% for A/O
(heterozygotes), and 5% for O/O (deficiency homozygotes), similar to the general population14 and
patients with type 1 diabetes.1 The median serum MBL levels for patients with low, intermediate,
and high MBL expression genotypes were 10 µg/L (IQR: 10–26 µg/L), 321 µg/L (IQR: 199–545
µg/L), and 1527 µg/L (IQR: 974–2394 µg/L), consistent with previous studies.1 The distributions of
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the MBL haplotypes with corresponding median serum MBL levels are shown in Supplementary
Table 7. We detected no major deviations in Hardy-Weinberg equilibrium (Supplementary Table 8).
Serum MBL levels were strongly associated with MBL expression genotypes (Supplementary
Figure 2; R2=0.31, P for trend <1×10-300).

MBL and risk of hospital-treated infections
Low serum MBL and low MBL expression genotypes were associated with the highest cumulative
incidence of infections (Figure 1). Incidence rates are shown in Supplementary Table 9. When
assessing serum MBL on a continuous scale (Figure 2 and Supplementary Figure 3), the risk of any
hospital-treated infections, bacterial infections, as well as the main subtypes pneumonia, urinary
tract infections, diarrheal diseases, and other bacterial infections showed a tendency towards an “Lshaped” association with serum MBL levels. Figure 3 shows aHRs for any hospital-treated
infections and for the main categories of bacterial infections, by serum MBL and MBL expression
genotype categories. In the fully adjusted Model 3, there was a modest association between low
serum MBL level (≤100 µg/L) and increased risk of any hospital-treated infections (aHR 1.13, 95%
CI 0.96–1.33), driven by bacterial infections (aHR 1.19, 95% CI 1.01–1.41) (Figure 3). The
association between low serum MBL levels and bacterial infections was modest for urinary tract
infections (aHR 1.14, 95% CI 0.81–1.62), and strongest for pneumonia (aHR 1.30, 95% CI 0.98–
1.70), diarrheal diseases (aHR 1.77, 95% CI 0.97–3.23), and other bacterial infections (aHR 1.50,
95% CI 1.00–2.24) (Figure 3). Low MBL expression genotype was less strongly associated with
increased risk of hospital-treated infections, with an aHR of 1.08 (0.84–1.38) for any hospitalized
infections and 1.13 (0.88–1.46) for bacterial infections, including an aHR of 2.23 (1.04–4.80) for
diarrheal diseases. As an additional finding, both high serum MBL levels and MBL expression
genotype were associated with increased risk of fungal infection (Supplementary Figure 4).

10

MBL and risk of community-based antimicrobial prescriptions
Overall, low serum MBL levels tended to show the same positive associations with increased
antimicrobial prescriptions as with hospital-treated infection (Figure 1). Incidence rates are shown
in Supplementary Table 9. However, spline associations were less clear (Figure 2 and
Supplementary Figure 5), and adjusted risk estimates were lower, e.g., aHR of 1.06 (95% CI, 0.98–
1.15) for any antimicrobial prescriptions, 1.07 (95% CI, 0.99–1.16) for antibacterial prescriptions,
1.10 (95% CI, 1.00–1.21) for prescriptions for respiratory tract infections, and 1.09 (95% CI, 0.95–
1.21) for prescriptions for urinary tract infections (Figure 4). Interestingly, the genetic associations
with MBL expression genotypes tended to be stronger than the observational associations with
serum MBL, e.g. for any antimicrobial prescriptions (aHR 1.18, 95% CI 1.04–1.34) and
antibacterial prescriptions (aHR 1.20, 95% CI 1.05–1.36) (Figure 4). Like for hospital-treated
fungal infection, high serum MBL levels (but not high MBL expression genotype) were associated
with increased risk of antifungal prescriptions (Supplementary Figure 6). In addition, high MBL
expression genotype was associated with a slightly increased risk for any antimicrobial
prescriptions (aHR 1.10, 95% CI 1.00–1.20) and antibacterial prescriptions (aHR 1.11, 95% CI
1.02–1.22) (Figure 4).

Sensitivity Analyses
Overall, the sensitivity analyses restricted to patients with CRP below 10 mg/L (Supplementary
Figures 7–18) yielded results similar to the main analyses of risk of future infections.

DISCUSSION
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In this prospective study of 7305 patients with recently diagnosed T2D, low serum MBL levels
were associated with increased risk of future bacterial infections. The association was evident both
when defining an infectious disease events as a hospital contact due to infection and as a redeemed
prescription of an antimicrobial agent. Importantly, the increased risk was shown mainly for
bacterial infections, and was supported by similar, although weaker, associations with low MBL
expression genotype, suggesting a causal role of MBL in infection risk according to the principle of
Mendelian randomization.
MBL is a pivotal factor in the innate immune system, initiating the complement
cascade and promoting pathogen clearance.1,2 However, MBL deficiency did not increase risk of
infection in a Danish cohort study of 9245 individuals from the general population.14 This indicates
that other immune systems, e.g., ficolins33, are able to compensate for the MBL function in adults
with MBL deficiency.14 In accordance, MBL deficiency may only increase risk of infections when
other parts of the immune system are compromised8, e.g., by chemotherapy17, autoimmune and
inflammatory diseases34, or cancer.16 We demonstrate for the first time that low serum MBL levels
increase risk of bacterial infections in patients with T2D. The biological mechanisms associated
with increased susceptibility to infections may include reduced opsonophagocytic killing and
reduced activation of the complement system by the lectin pathway.35
The consistency that both low serum MBL levels and MBL expression genotypes
were strongly associated with diarrheal diseases suggests an important direct involvement of serum
MBL in gastrointestinal infections in T2D. In accordance with this, a case-control study of 120
MBL deficient adults showed that individuals with the low MBL expression genotype (O/O) were
more likely to suffer from gastrointestinal disease than individuals with the intermediate genotype
(A/O) and high MBL expression genotype (A/A).36
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Mannan is a major component of fungal cell walls, and MBL binds to different fungal
pathogens.9 We observed that high MBL serum levels and MBL expression genotypes were
associated with increased risk of hospital-treated fungal infections. On the basis of transcriptomic
data from The Cancer Genome Atlas it was very recently revealed that the level of MBL is
influencing the oncogenic potential of pancreatic ductal adenocarcinoma patients, i.e. low levels of
MBL were associated with longer survival.37 This may be based on fungal dysbiosis driven by the
lectin pathway of the complement system. It was confirmed by studies in mice that MBL induced a
more pathogenic phenotype in this setting (ref).
Limitations of this study include the possibility of survival bias and selection bias in
the DD2 cohort. However, these situations would likely result in underrepresentation of patients
with a severe T2D phenotype or patients predisposed to infectious diseases, and would likely bias
the results towards the null hypothesis. Another potential limitation includes misclassification of
diagnoses, genotypes, and prescriptions. However, the validity of major diagnoses including
infectious disease diagnoses in the Danish registries is high.38 In addition, genotype
misclassification is unlikely due to the lack of major deviations from Hardy-Weinberg
equilibrium.30 Prescription antimicrobials serve only as a proxy for the occurrence of an infectious
disease in the community, as antimicrobial agents might be prescribed outside their proper
indication and general practitioners’ approach to treating infectious diseases may vary.27 This may
result in some outcome misclassification, but we expect such misclassification to be non-differential
according to MBL level, likely biasing the results towards the null hypothesis. We were
unfortunately unable to investigate the specific type of infection based on microbiological
assessments. Finally, another limitation is pleiotropy. According to Ldlink
(https://ldlink.nci.nih.gov/ ), no SNPs in the MBL2 gene were in linkage disequilibrium with any
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genetic variants outside the MBL2 gene and confounding by variation in nearby genes can therefore
not explain our findings.
In conclusion, in this prospective study, we found evidence that patients with early
T2D and low MBL levels have an increased risk of future bacterial infections. T2D in combination
with MBL deficiency may act as a dual hit to the immune system and increase susceptibility to
bacterial infections.
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Legends
Figure 1. Time-to-event curves of any hospital-treated infections and any community-based
antimicrobial prescriptions by serum MBL and MBL expression genotype categories.
Cumulative incidence plots of any hospital-treated infections (A and B) and any community-based
antimicrobial prescriptions (C and D) by serum MBL (A and C) and MBL expression genotype (B
and D) categories. Cumulative incidence estimates are based on time from DD2 enrollment date to
first event, with risk of death as a competing risk.

Figure 2. Risk of hospital-treated infections and community-based antimicrobial prescriptions
by serum MBL levels. Any infections (A), bacterial infections (B), any prescriptions (C), and
antibacterial prescriptions (D). The solid lines indicate the hazard ratios, and the dotted lines
indicate 95% confidence intervals. The continuous variable serum MBL was modeled with five
restricted cubic splines.

Figure 3. Hazard ratios of hospital-treated infections and bacterial subtypes by serum MBL
and MBL expression genotype categories.
Model 3: sex, age, diabetes duration, hs-CRP, waist circumference, waist–hip ratio, body mass
index, physical activity, smoking, alcohol consumption, comorbidities, fasting blood glucose,
HbA1c, total cholesterol, low-density lipoprotein, high-density cholesterol, triglycerides, and use of
anti-diabetic, and lipid-lowering treatment. Missing covariates were treated with multiple
imputation.

Figure 4. Hazard ratios of community-based antimicrobial prescriptions and subtypes of
antibacterial prescriptions by serum MBL and MBL expression genotype categories.
Model 3: sex, age, diabetes duration, hs-CRP, waist circumference, waist–hip ratio, body mass
index, physical activity, smoking, alcohol consumption, comorbidities, fasting blood glucose,
HbA1c, total cholesterol, low-density lipoprotein, high-density cholesterol, triglycerides, and use of
anti-diabetic, and lipid-lowering treatment. Missing covariates were treated with multiple
imputation.
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Table 1. Characteristics of DD2 Cohort Participants at Baseline by Serum MBL Category.
Low serum MBL
Intermediate serum
(≤100 µg/L)
MBL (101-1000 µg/L)
1295 (17.7)
2975 (40.7)
Total, N (%)
727 (56.1)
1612 (54.2)
Male sex, n (%)
61.6 (52.7–69.0)
61.9 (53.1–68.7)
Median age (IQR), years
1.3 (0.3–2.9)
1.4 (0.4–2.9)
Median diabetes duration (IQR), years
106 (97–117)
107 (97–117)
Median waist circumference (IQR), cm
0.98 (0.92–1.04)
0.98 (0.92–1.04)
Median waist–hip ratio (IQR)
2
30.5 (27.1–34.5)
30.7 (27.4–34.7)
Median body mass index (IQR), kg/m
a
74 (5.7)
211 (7.1)
High alcohol intake , n (%)
3 (2–7)
3 (2–7)
Physical activityb (IQR), days/week
Smoking, n (%)
Never
434 (45.5)
1039 (47.7)
Former
351 (36.8)
749 (34.4)
Current
170 (17.8)
389 (17.9)
CCI scorec, n (%)
0
1-2
3
Anti-diabetes drug use, n (%)
Lipid-lowering drug use, n (%)
Median fasting blood glucose (IQR), mmol/L
Median HbA1c (IQR), %
Median total cholesterol (IQR), mmol/L
Median LDL cholesterol (IQR), mmol/L
Median HDL cholesterol (IQR), mmol/L
Median triglycerides (IQR), mmol/L
Median hs-CRP (IQR), mg/L

882 (68.1)
339 (26.2)
74 (5.7)
1080 (83.4)
932 (72.0)
7.1 (6.3–8.1)
6.6 (6.2–7.2)
4.4 (3.8–5.2)
2.1 (1.7–2.7)
1.2 (1–1.4)
1.7 (1.2–2.5)
2.0 (0.8–4.7)

2034 (68.4)
783 (26.3)
158 (5.3)
2547 (85.6)
2176 (73.1)
7.1 (6.3–8.2)
6.6 (6.1–7.2)
4.3 (3.7–5.1)
2.2 (1.7–2.8)
1.2 (1–1.4)
1.7 (1.2–2.4)
2.0 (0.9–4.5)

High serum MBL
(>1000 µg/L)
3035 (41.6)
1939 (63.9)
62.3 (53.0–68.8)
1.2 (0.3–2.9)
105 (96–115)
0.98 (0.93–1.04)
29.7 (26.4–33.7)
190 (6.3)
4 (2–7)
1052 (46.3)
750 (33.0)
471 (20.7)
2109 (69.5)
763 (25.1)
163 (5.4)
2582 (85.1)
2037 (67.1)
7.2 (6.4–8.3)
6.6 (6.2–7.3)
4.3 (3.7–5.1)
2.2 (1.7–2.9)
1.2 (1–1.5)
1.6 (1.1–2.3)
1.9 (0.8–4.3)

Abbreviations: MBL, mannose-binding lectin; IQR, interquartile range; CCI, Charlson Comorbidity Index; HbA1c,
hemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein
a
High alcohol intake defines as ≥14/21 alcoholic drinks/week for women/men.
b
Days per week with a minimum of 30 minutes of physical activity
c
CCI (Charlson Comorbidity Index) score excluding diabetes.
Number of participants varied because availability of data (see Supplementary Table 4 for missing covariates).
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EXPANDED METHODS SECTION
MBL Expression Genotypes
Six SNPs located within the promoter region (rs11003125, rs7096206, rs7095891) and exon 1 (rs5030737, rs1800451, rs1800450) of the
MBL2 gene were genotyped using TaqMan genotyping assays, as previously described. From the six MBL polymorphisms, we generated
seven common haplotypes (HYPA, LYPA, LYQA, LXPA, LYPB, LYQC, and HYPD) and ranked the haplotype combinations according
to increasing serum MBL concentrations. The MBL haplotypes were divided into three MBL expression genotypes (low, intermediate, and
high) based on the resulting serum MBL concentration. To compare genotype frequencies (for the six SNPs in the MBL2 gene) between the
DD2 cohort and other European cohorts, we performed a search in the Exome Aggregation Consortium (ExAC,
http://exac.broadinstitute.org/) and the Genome Aggregation Database (gnomAD, https://gnomad.broadinstitute.org/ ). ExAC spans 60,706
exome sequences and gnomAD spans 125,748 exome sequences and 15,708 whole-genome sequences from unrelated individuals
sequenced as part of various disease-specific and population genetic studies (URL: http://exac.broadinstitute.org/ and
https://gnomad.broadinstitute.org/). Because of differences in allele frequencies across different populations, we present information only
for the European non-Finnish population from the ExAC and gnomAD databases, comprising approximately half of the total sequenced
population (Supplemental Table 6). To examine possible confounding by variation in nearby genes, we searched for SNPs in linkage
disequilibrium with the six SNPs used in this study. The search was performed on LDlink (https://ldlink.nci.nih.gov/ ), a suite of web-based
applications designed to interrogate linkage disequilibrium in population groups.
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Multiple Imputation
Missing data on covariates used for adjustment in the Cox regression models (Supplementary Table 3) were imputed to maximize power
and avoid selection bias. We used multivariate normal imputation (MVNI)1 to impute 20 complete data sets using a Bayesian approach
with a Markov chain Monte Carlo algorithm. Missing values were sampled from the predictive distribution based on the observed data.
MVNI assumes that all variables in the imputation model follow a multivariate normal distribution and that missing data are missing at
random (MAR), meaning that the probability of a variable being missing depends only on the observed values. Continuous variables
(fasting blood glucose, C-peptide, systolic and diastolic blood pressure, BMI, total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides, HbA1c, and albumin/creatinine ratio) with clearly non-normal (skewed) distributions were zero-skewness log-transformed,
i.e., transformed to approximate normality before imputation. Then the imputed values were transformed back to the original scale before
analysis.2 Smoking (categorical variable) was also imputed using MVNI, which has been shown to perform well even in the presence of
binary and ordinal variables.1 The binary variable smoking (1: smoking – former/current vs. 0: never smoking) was imputed on a
continuous scale and rounded to 0 or 1 by simple rounding.3 Each variable in the data set was characterized as being ‘imputed’ or ‘regular’.
Imputed variables contain missing values, and those values are imputed. Regular variables usually do not contain missing values, or if they
do, the missing values are not imputed. All covariates used in the analysis model, as well as the outcomes, were included in the imputation
model to ensure maximum recovery of information about the association of interest. The following variables were characterized as
‘imputed’: fasting blood glucose, C-peptide, HbA1c, systolic blood pressure, diastolic blood pressure, total cholesterol, LDL cholesterol,
HDL cholesterol, triglycerides, albumin/creatinine ratio, height, weight, hs-CRP, waist circumference, waist-to-hip ratio, and smoking. The
following variables were characterized as ‘regular’: all-cause mortality, cardiovascular events, age, sex, diabetes duration, central obesity,
anti-diabetic treatment, antihypertensive treatment, use of lipid-lowering drugs, anti-thrombotic treatment, and Charlson Comorbidity
Index. The imputed models were validated by comparing the mean, median, and inter-quartile range of the first and last imputed dataset
with the complete dataset.
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Supplementary Table 1: Diagnostic ICD-10 codes used to identify hospital-treated infections

Pneumonia
Urinary tract infections
Skin infections

ICD-10 codes (first post-index-date occurrence of a hospital in- or outpatient clinic contact
associated with a primary or secondary discharge diagnosis of infection – ICD10 codes)
The below mentioned ICD-10 codes
The below mentioned ICD-10 codes for pneumonia, urinary tract infection, skin infection, diarrheal
infection, sepsis, intra-abdominal infection, abscess, and other bacterial infection, meningitis,
tuberculosis, joint and connective tissue disease, endocarditis, myocarditis, pericarditis
J12-J18, J851, A70, A481
N10-N12, N151, N300, N308A, N309, N340, N341, N390
A46, L00-L08, L303, L308F, L738H

Sepsis

A282B, A267, A327, A392, A394, A40, A41, A427, A499A

Abscesses

A541, B43, D733, E060A, E236A, E321, G06-G07, H000A, H050A, H440A, H600, J340A, J36,
J383D, J387G, J390-J391, J398A, J851-J853, K113, K122, K130A, K140A, K209A, K353A,
K353B, K570, K572, K574, K578, K61, K630, K650, K750, K810A, K858A, L02, L050, L059,
M608A, M868A, M869A, N151, N340, N412, N450, N482, N492A, N619A, N619B, N700A,
N700B, N710A, N730A, N730B, N732A, N732B, N733A, N735A, N738A, N738C, N751, N764,
N768A

Intra-abdominal infections

K209A, K35, K37, K570, K572, K574, K578, K61, K630, K650, K658I, K678, K750, K751, K770,
K800, K803, K804, K810, K830, K858A, K858E, K819, K659
A00-A09
A20-A28, A30, A31, A320, A328, A329, A35-A37, A38, A42-A44, A48, A49, A65-A69, A71,
A74, A75, A77-A79, B96, B96, B98, B99
A170, A87, A203, A390, B003, B010, B021, B051, B261, G00, G01, G020, G03
A15-A19, B90, N330, K230, K673, K930, M011, M490, M900
I33, I38, I398, I400, I41, I301, I302, I321
M00, M01, M463, M465, M491-M493, M600, M608A, M630-M632, M650, M651, M680, M710,
M711, M726, M868, M869A, M901, M902
J00-J06, J340A, J340D, J340I, J36, J382A, J383D, J387G, J39
J20-J22, J440, J86
I430, I520, I521, I681, I981
B00-B09, B25-B27, B30, B33, B34, B97, A92-A99, J09-J11, B15-B17, B19, B20-B24

Any hospital-treated infections
Bacterial infections

Diarrheal infections
Other bacterial infections
Meningitis
Tuberculosis
Endocarditis, myocarditis, pericarditis
Joint and connective tissue infection
Upper respiratory tract infection
Other lower respiratory tract infection
Other infections of heart and blood vessels
Viral infection
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Exceptions

A541B, B430, B438,
B439, K570B,
K570C, K572B,
K572C, K574A,
K650M, K650N,
K650O, K650P

Fungal infection

B35-B49

Parasitic infection

B50-B58, B60, B64
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Supplementary Table 2: Diagnostic ATC codes used to identify community-based antimicrobial prescriptions
ATC codes ( first post-index-date redemption of a prescription from a primary care physician for an antiinfective
agent for systemic use – ATC codes)
Any community-based antimicrobial prescriptions J01, J02, J04A, J05, A07AA, G01AA10, D01B”
J01CE02, J01FA01, J01FA09, J01FA06, J01CA08, J01EB02, J01XE01, J01EA01, J01CA08, J01EB02, J01XE01,
Antibacterial prescriptions
J01EA01, J01CA02, J01CF01, J01CF05, J01CA04, J01CR02, J01FA10, J01M, J01A, J01D, J04A
J01CE02, J01FA01, J01FA09, J01FA06
Prescriptions for respiratory tract infections
J01CA08, J01EB02, J01XE01, J01EA01
Prescriptions for urinary tract infections
Prescriptions for expanded urinary tract infections J01CA08, J01EB02, J01XE01, J01EA01, J01CA02
J01CF01, J01CF05
Prescriptions for skin infections
J01CA04, J01CR02
Broad-spectrum penicillins
J05
Antiviral prescriptions
J02, D01B
Antifungal prescriptions
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Supplementary Table 3. Definitions and codes used in this study.
Registries
The Danish Centre
for Strategic
Research in Type 2
Diabetes (DD2)
cohort

Variables

Definitions and Codes
A nationwide Danish cohort of patients recently diagnosed with T2D. Cohort members
have been enrolled continuously from general practitioners’ offices and hospital
specialist outpatient clinics since November 1, 2010. Concerning specific biomarkers in
the DD2 biobank, fasting blood glucose, C-peptide, and hs-CRP (mg/L) were available
for the first 5277 (72%), 5703 (78%), and 7300 (100%) DD2 cohort patients,
respectively.
-Serum high-sensitivity C-reactive -Continuous variable.
protein (hs-CRP, mg/L)
-C-peptide, pmol/L
-Physical activity, days/week
-Fasting blood glucose, mmol/L
-Waist circumference, cm
-Waist–hip ratio
-BMI (see below)

The Danish
Diabetes Database
of Adults (DDDA)

-Blood pressure, mmHg
-Lipids, mmol/L
-HbA1c, %
-Smoking
-Albumin:creatinine ratio
-BMI (see below)

-Continuous variable
-Categorical variable (0, 1–2, ≥3 days/week). Physical activity was defined as “number
of days per week with a minimum of 30 minutes of physical activity.”
-Continuous variable
-Continuous variable
-Continuous variable, defined as >1.0 in men and >0.85 in women
A nationwide quality-of-care database were available for a subcohort of 5847 patients
(~80%).
For all DDDA variables except height:
We used the measure closest to the DD2 enrollment date. All measures before or after
DD2 enrollment were eligible for use. If a variable was measured exactly the same
number of days before and after the DD2 enrollment date, we used the measure prior to
DD2 enrollment.
-Continuous variables: systolic and diastolic blood pressure
-Continuous variables: LDL, HDL, triglycerides, total cholesterol
-Continuous variable
-Categorical variable: never, former, current (daily + occasionally)
-Continuous variable

BMI, kg/m2
Height

BMI DD2 enrollment
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Data on height were available from 3 sources:
DD2 enrollment (2010 onwards), DDDA data (repeated measures), questionnaire data
2016 (self-reported).
Continuous variable

Weight:
If weight was recorded during the DD2 enrollment process (few), we used this weight;
otherwise, we used the DDDA weight.
Height:
We did not expect height to change over time among the adults in our study.
Thus, we used available heights in the following hierarchical order: height obtained at
DD2 enrollment, height obtained at DDDA enrollment, and questionnaire data obtained
in 2016.
Time from first of the following events until the DD2 enrollment date: prescription of
glucose-lowering drugs, first diabetes-related diagnosis in the Danish National Patient
Registry, or DDDA registration. In the absence of information from a prior drug
prescription, diabetes diagnosis from the DNPR, or DDDA registration, diabetes
duration was set to DD2 enrollment date = 0.

Diabetes duration

The Civil
Registration System

-Age
-Sex

The Danish Health
Service Prescription
database
-Anti-diabetic drugs
-Lipid-lowering drugs
-Statins
Modified Charlson
Comorbidity Index
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-Continuous variable
-Male/female
For all prescription data, the relevant time period was around baseline (DD2
enrollment). The look-back period was 1 year prior to the DD2 enrollment date. Yes/no
redemption of a drug prescription during the year prior to the index date.
ATC: A10A, A10B
ATC: C10
ATC: C10AA, C10BA, C10BX
We categorized comorbidities according to the Charlson Comorbidity Index (CCI)
within the 10-year period before the DD2 enrollment date. Diabetes was not included in
the CCI scoring system because it constituted the index disease for our cohort.

Score 1
Myocardial infarction

DI21, DI22, DI23

Congestive heart failure

DI50, DI110, DI130, DI132

Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease

DI70, DI71, DI72, DI73, DI74, DI77
DI60, DI61, DI62, DI63, DI64, DI65, DI66, DI67, DI68, DI69, DG45, DG46
DF00, DF02, DF03, DF051, DG30
DJ40, DJ41, DJ42, DJ43, DJ44, DJ45, DJ46, DJ47, DJ60, DJ61, , DJ62, , DJ63, , DJ64,
, DJ65, , DJ66, , DJ67, DJ684, DJ701, DJ703, DJ841, DJ920, DJ961, DJ982, DJ983

Connective tissue disease
Ulcer disease
Mild liver disease
Score 2
Hemiplegia
Moderate to severe renal
disease
Any tumor (except basocellular
carcinoma)
Leukemia
Lymphoma
Score 3
Moderate to severe liver disease
Score 6
Metastatic solid tumor
AIDS
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DM05, DM06, DM08, DM09, DM30, DM31, DM32, DM33, DM34, DM35, DM36,
DD86
DK221, DK25, DK26, DK27, DK28
DB18, DK700, D701, DK702, DK703, DK709, DK71, DK73, DK74, DK760
DG81, DG82
D12, DI13, DN00, DN01, DN02, DN03, DN04, DN05, DN07, DN11, DN14, DN17,
DN18, DN19, DQ61
C00–C75, (excluding C44)
DC91, DC92, DC93, DC94, DC95
DC81, DC82, DC83, DC84, DC85, DC90, DC96
DB150, DB160, DB162, DB190, DK704, DK72, DK766, DI85
DC76, DC77, DC78, DC79, DC80
DB21, DB22, DB23, DB24

Supplementary Table 4. Missing covariates for the serum MBL and MBL expression genotype cohorts.
Serum MBL cohort
MBL expression genotype cohort
Missing, n (%)
Total
Missing, n (%)
Total
Sex
0 (0.0)
7305
0 (0.0)
3043
Age
0 (0.0)
7305
0 (0.0)
3043
Diabetes duration
0 (0.0)
7305
0 (0.0)
3043
Waist circumference
13 (0.18)
7305
<5** (0.2)
3043
Waist–hip ratio
11 (0.15)
7305
<5** (0.2)
3043
BMI*
569 (7.79)
7305
245 (8.05)
3043
Alcohol intake
0 (0.0)
7305
0 (0.0)
3043
Physical activity
<5† (0.0)
7305
0 (0.0)
3043
Smoking*
1900 (26.01)
7305
612 (20.11)
3043
CCI score
0 (0.0)
7305
0 (0.0)
3043
Anti-diabetes drug use
0 (0.0)
7305
0 (0.0)
3043
Lipid-lowering drug use
0 (0.0)
7305
0 (0.0)
3043
Fasting blood glucose
2028 (27.76)
7305
368 (12.09)
3043
HbA1C*
1548 (21.19)
7305
486 (15.97)
3043
Total cholesterol*
3966 (54.29)
7305
1244 (40.88)
3043
LDL cholesterol*
1763 (24.13)
7305
550 (18.07)
3043
HDL cholesterol*
3951 (54.09)
7305
1245 (40.91)
3043
Triglycerides*
1849 (25.31)
7305
572 (18.80)
3043
hs-CRP
5 (0.07)
7305
56 (1.84)
3043
*By August 2018, a total of 5847 DD2 patients (80%) in the serum MBL cohort and 2597 DD2 patients (85%) in the
MBL genotype cohort had been linked to the Danish Diabetes Database for Adults.
†Exact number of missing too low to be displayed according to Danish data protection regulations.
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7588 patients were enrolled with a
blood sample stored in the biobank
283 were excluded:
214 withdrew their consent
69 had no serum MBL
t
7305 patients with serum
MBL measurement

2990 patients with MBL
genotype and serum MBL
measurements

3116 available for genetic analyses

73 failed genotyping for one or more of
the six SNPs in the MBL2 gene
3043 were genotyped for the
six SNPs* in the MBL2 gene

Supplementary Figure 1. Flow diagram of the study population.
*The six SNPs in the MBL2 gene were: rs11003125, rs7096206, rs7095891, rs5030737, rs1800451,
and rs1800450.
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Supplemental Table 5. Outcomes among 7305 patients with type 2 diabetes
Hospital-treated infections

Outcomes

Community-based antimicrobial prescriptions

Outcomes

Any infections
Bacterial infections
Pneumonia
Urinary tract infections
Skin infections
Sepsis
Abscesses
Diarrheal diseases
Intra abdominal infections
Other bacterial infections
Viral infections
Fungal infections

1140
1051
390
247
221
201
199
84
155
159
74
33

Any prescriptions
Antibacterial prescriptions
Prescriptions for respiratory tract infections
Prescriptions for urinary tract infections
Presciptions for skin infections
Broad-spectrum penicillins
Antiviral prescriptions
Antifungal prescriptions

5077
4855
3526
1691
1287
1408
340
845
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Supplemental Table 6. Characteristics of DD2 cohort members at baseline by MBL expression
genotype category.
Total, N (%)
Male sex, n (%)
Median age (IQR), years
Median diabetes duration (IQR), years
Median waist circumference (IQR), cm
Median waist–hip ratio (IQR)
Median body mass index (IQR), kg/m2
High alcohol intakea, n (%)
Physical activityb (IQR), days/week
Smoking, n (%)
Never
Former
Current
CCI scorec, n (%)
0
1–2
3
Anti-diabetes drug use, n (%)
Lipid-lowering drug use, n (%)
Median fasting blood glucose (IQR), mmol/L
Median HbA1c (IQR), %
Median total cholesterol (IQR), mmol/L
Median LDL cholesterol (IQR), mmol/L
Median HDL cholesterol (IQR), mmol/L
Median triglycerides (IQR), mmol/L
Median hs-CRP (IQR), mg/L

Low MBL
expression genotype
446 (14.7)
277 (62.1)
61.3 (52.5–68.3)
0.8 (0.2–2.2)
104 (96–114)
0.97 (0.92–1.03)
29.7 (26.6–33.8)
27 (6.1)
3 (2–7)

Intermediate MBL
expression genotype
939 (30.8)
533 (56.8)
61.3 (52.9–67.7)
0.8 (0.2–2.0)
105 (96–116)
0.97 (0.91–1.04)
30.4 (27.0–34.1)
65 (6.9)
3 (1–7)

High MBL
expression genotype
1658 (54.5)
944 (56.9)
62.0 (53.3–68.1)
0.8 (0.3–2.1)
106 (97–116)
0.97 (0.92–1.03)
30.3 (26.8–34.3)
112 (6.8)
3 (2–7)

158 (45.0)
131 (37.3)
62 (17.7)

382 (51.2)
220 (29.5)
144 (19.3)

667 (50.0)
416 (31.2)
251 (18.8)

296 (66.4)
125 (28.0)
25 (5.6)
356 (79.8)
295 (66.1)
7.2 (6.4–8.3)
6.5 (6.2–7.1)
4.3 (3.6–5.1)
2.2 (1.8–2.9)
1.2 (1–1.4)
1.5 (1.1–2.3)
1.8 (0.7–4.3)

636 (67.7)
253 (26.9)
50 (5.3)
784 (83.5)
652 (69.4)
7.0 (6.3–8.2)
6.5 (6.1–7.2)
4.5 (3.8–5.2)
2.3 (1.8–2.9)
1.2 (1–1.5)
1.6 (1.1–2.3)
2.0 (0.8–4.1)

1129 (68.1)
430 (25.9)
99 (6.0)
1388 (83.7)
1176 (70.9)
7.1 (6.4–8.3)
6.5 (6.1–7.1)
4.3 (3.7–5.1)
2.2 (1.8–2.8)
1.2 (1–1.5)
1.6 (1.2–2.4)
1.9 (0.8–4.6)

MBL: mannose-binding lectin; IQR: interquartile range; CCI: Charlson Comorbidity Index; HbA1c: hemoglobin A1c; LDL:
low-density lipoprotein; HDL: high-density lipoprotein; hs-CRP: high-sensitivity C-reactive protein
a
High alcohol intake defines as ≥14/21 alcoholic drinks/week for women/men.
b
Days per week with minimum 30 minutes of physical activity
c
CCI score excluding diabetes
Number of participants varies because of availability of data (see Supplementary Table 4 for missing covariates).
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Supplementary Table 7. Haplotypes and serum MBL levels in 3043 patients with T2D
according to low, intermediate, and high MBL expression genotypes.
Haplotype

Number (%)

Low MBL expression genotypes (XA/YO, YO/YO)
LXPA/LYQC
LXPA/LYPB
LXPA/HYPD
LYPB/LYPB
LYPB/LYQC
LYPB/HYPD
LYPB/LYPD*
LYQC/LYQC*
LYQC/HYPD*
HYPD/HYPD

446 (14.7)
19 (0.6)
180 (5.9)
99 (3.3)
63 (2.1)
14 (0.5)
40 (1.3)
<10 (0.3)
<10 (0.3)
<10 (0.3)
23 (0.8)

Median serum MBL
concentration (µg/L)
10 (10–26)
10 (10–42)
10 (10–20)
28 (10–80)
10 (10–10)
10 (10–10)
10 (10–10)
116
10
10 (10–12)
10 (10–10)

Intermediate MBL expression genotypes (XA/XA, YA/YO)
LXPA/LXPA
HYPA/LYPB
LYPA/LYPB
LYQA/LYPB
HYPA/LYQC
LYPA/LYQC*
LYQA/LYQC
HYPA/HYPD
LYPA/HYPD
LYQA/HYPD
LYQA/LYPD*

939 (30.9)
151 (5.0)
285 (9.4)
56 (1.8)
172 (5.7)
27 (0.9)
<10 (0.3)
22 (0.7)
109 (3.6)
35 (1.2)
75 (2.5)
<10 (0.3)

321 (199–545)
253 (102–594)
313 (225–407)
195 (115–297)
259 (179–338)
293 (210–402)
292 (244–488)
247 (197–358)
740 (501–1050)
441 (276–746)
631 (465–832)
873

High MBL expression genotypes (YA/YA, XA/YA)
1658 (54.5)
1527 (974–2394)
HYPA/HYPA
276 (9.1)
1911 (1185–2974)
HYPA/LYPA
98 (3.2)
2010 (1381– 2611)
HYPA/LYQA
347 (11.4)
2022 (1349–2888)
HYPA/LXPA
400 (13.1)
1162 (784–1714)
LYPA/LYPA*
<10 (0.3)
2571 (1141–2738)
LYPA/LYQA
67 (2.2)
1785 (1151–2706)
LYPA/LXPA
86 (2.8)
1157 (613–1812)
LYQA/LYQA
129 (4.2)
2025 (1317–2769)
LYQA/LXPA
250 (8.2)
1129 (716–1643)
*Exact number of haplotypes too low to be displayed according to Danish data protection regulations.
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Supplementary Table 8. Allele frequencies of the six SNPs in the MBL2 gene.
SNP

Genotype*

Serum MBL†
µg/L

DD2 cohort
N (%)

HWE

ExAC database‡
N (%)

HWE

gnomeAD database‡
N (%)
HWE

Promoter region
rs11003125
(-550 G>C)

HH
LH
LL

1333 (761–2375)
889 (321–1816)
404 (68–1254)

408 (13.4)
1411 (46.4)
1224 (40.2)

0.97

NA
NA
NA

NA

1081 (14.1)
3647 (47.4)
2964 (38.5)

0.45

rs7096206
(-221 G>C)

YY
XY
XX

828 (281–1997)
835 (73–1432)
253 (102–594)

1857 (61.0)
1035 (34.0)
151 (5.0)

0.66

NA
NA
NA

NA

4594 (59.7)
2700 (35.0)
407 (5.3)

0.69

rs7095891§
(c.+4 C>T)

QQ
PQ
PP

1807 (1046–2579)
1087 (416–2036)
546 (118–1381)

152 (5.0)
986 (32.4)
1905 (62.6)

0.10

NA
NA
NA

NA

304 (3.9)
2563 (33.3)
4841 (62.8)

0.12

rs5030737
(p. Arg52Cys)

AA
AD (or AO)
DD (or OO)

909 (274–1851)
344 (26–748)
10 (10–10)

2653 (87.1)
367 (12.1)
23 (0.8)

0.01

28,503 (85.4)
4632 (13.9)
221 (0.7)

0.03

55,308 (85.8)
8743 (13.6)
363 (0.6)

0.39

rs1800451
(p. Gly54Asp)

AA
AB (or AO)
BB (or OO)

1188 (597–2071)
203 (18–331)
10 (10–10)

2224 (73.1)
754 (24.8)
65 (2.1)

0.91

32,115 (96.4)
1198 (3.6)
14 (0.0)

0.41

62,059 (96.4)
2308 (3.6)
25 (0.0)

0.45

Exon 1

rs1800450
(p. Gly57Glu)

AA
826 (250–1716)
2948 (96.9)
24,337 (73.0)
47,173 (73.3)
AC (or AO)
181 (10–313)
94 (3.1)
0.78
8285 (24.8)
0.54
15836 (24.6)
0.18
CC (or OO)
10 (10–10)
1 (0.0)
724 (2.2)
1387 (2.1)
Abbreviations: DD2, the Danish Centre for Strategic Research in Type 2 Diabetes; HWE, Hardy–Weinberg equilibrium
NA=not available or not applicable because the ExAC database spans only exome sequences and thus does not cover the promoter region.
* The major alleles of the three SNPs in exon 1 are all referred to as the A allele, while the minor alleles (B, C, and D) are collectively referred to as
the O allele.
† Serum MBL is expressed as median (interquartile range).
‡The Exome Aggregation Consortium (ExAC) spans 60,706 exome sequences and the Genome Aggregation Database (gnomAD) spans 125,748
exome sequences and 15,708 whole-genome sequences from unrelated individuals sequenced as part of various disease-specific and population genetic
studies (URL: http://exac.broadinstitute.org/ and https://gnomad.broadinstitute.org/) [August 2019].
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Because of differences in allele frequencies across different populations, we present only information for the European non-Finnish population from
the ExAC and gnomAD databases, comprising around half of the total population sequenced.
§Previously known as rs12780112.
A minor deviation was observed for rs5030737 because of a slightly higher number of rare homozygotes than expected. We believe that this results
from chance. However, even if this resulted from a minor genotyping error, potential misclassification of the MBL expression genotype (based on the
seven haplotypes) is unlikely to be extensive and would possibly bias the results toward the null hypothesis.
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Supplementary Figure 2. Genotype–phenotype association.
Serum MBL levels according to MBL expression genotypes. R2 is the coefficient of determination.
Cuzick’s non-parametric test for trend (P<1×10-300).
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Supplementary Table 9. Incidence rates per 1,000 person-years among 7305
patients with T2D according to MBL categories.
Any hospital-treated
infection

Any community-based
antimicrobial prescriptions

Incidence rates (95% CI)

Incidence rates (95% CI)

Serum MBL (µg/L)
≤100
101–1000
>1000

40.0 (35.0-45.7)
36.0 (32.8-39.4)
36.0 (32.9-39.4)

37.8 (35.4-40.3)
35.8 (34.3-37.4)
34.4 (32.9-35.9)

MBL expression genotype
Low
Intermediate
High

40.8 (33.4-49.9)
38.2 (33.1-44.0)
37.5 (33.7-41.8)

39.4 (35.6-43.6)
33.6 (31.3-36.2)
37.2 (35.3-39.3)
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Splines: Hospital-treated infection
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Supplementary Figure 3. Risk of hospital-treated infections by serum MBL

Supplementary Figure 4. Risk of Hospital-treated infections by serum MBL and MBL expression genotype categories.
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Splines: Community-based antimicrobial prescriptions

Supplementary Figure 5. Risk of community-based antimicrobial prescriptions bysSerum MBL
Levels.
24

Supplementary Figure 6. Risk of Community-based antimicrobial prescriptions by serum
MBL and MBL expression genotype categories.
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Exclusion of patients with CRP above 10 mg/L
Splines: Exclusion of patients with CRP above 10 mg/L

Supplementary Figure 7. Risk of hospital-treated infection by serum MBL levels, excluding patients
with CRP >10mg/L.
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Supplementary Figure 8. Risk of Any community-based antimicrobial use by serum
MBL Levels, excluding individuals with CRP >10mg/L.

Cumulative incidence curves: Exclusion of patients with CRP above 10 mg/L

Supplementary Figure 9. Cumulative incidence curves of Any hospital-treated infection by serum MBL and MBL expression genotype
categories excluding patients with CRP >10mg/L.
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Supplementary Figure 10. Cumulative incidence curves of Hospital-treated bacterial infection by serum MBL and MBL expression
genotype categories excluding patients with CRP >10mg/L.
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Supplementary Figure 11. Cumulative incidence curves of Hospital-treated viral infection by serum MBL and MBL expression genotype
categories excluding patients with CRP >10mg/L.
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Supplementary Figure 12. Cumulative incidence curves of Hospital-treated fungal infection by serum MBL and MBL expression genotype
categories excluding patients with CRP >10mg/L.
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Supplementary Figure 13. Cumulative incidence curves of Any community-based antimicrobial use by serum MBL and MBL expression
genotype categories excluding patients with CRP >10mg/L.

33

Supplementary Figure 14. Cumulative incidence curves of Antibacterial treatment by serum MBL and MBL expression genotype
categories excluding patients with CRP >10mg/L.
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Supplementary Figure 15. Cumulative incidence curves of Antiviral treatment by serum MBL and MBL expression genotype categories
excluding patients with CRP >10mg/L.
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Supplementary Figure 16. Cumulative incidence curves of Antiviral treatment by serum MBL and MBL expression genotype categories
excluding patients with CRP >10mg/L.
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Forestplots: Exclusion of patients with CRP above 10 mg/L

Supplementary Figure 17. Risk of Hospital-treated infections by serum MBL and MBL expression
genotype categories excluding patients with CRP >10mg/L. Fully adjusted includes all variables
included in Model 3.
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Supplementary Figure 18. Risk of Community-based antimicrobial use by serum MBL and MBL
expression genotype categories excluding patients with CRP >10mg/L. Fully adjusted includes all
variables included in Model 3.
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