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1. Introduction

“After a careful history had been taken, the patient was
given a complete physical examination. Special attention
was directed to the finding of foci of possible infection. The
teeth, accessory sinuses, chest and digestive system were
examined clinically, as well as by x-ray. Special
consideration was given to a biliary tract infection,
constipation and chronic appendicitis. If any source of
septic absorption was located, it was appropriately
treated, since such conditions may lower carbohydrate
tolerance.”

Frederick G. Banting. Nobel Lecture delivered in
Stockholm on September 15", 1925. About clinical routine
examinations at the first three diabetes clinics in Toronto.

Diabetes mellitus is a substantial and increasing public health and clinical problem (1). In addition
to well-known diabetes complications affecting multiple organ systems, it is a common clinical
belief that a close association between diabetes mellitus and infection exists (2). For most
infections, this belief appears to be supported by relatively sparse epidemiological evidence (3;4).
Bacteremia constitutes the most severe end of the spectrum of frequent infections such as
pneumonia (5) and urinary tract infection (6), and the prevalence and thus disease burden of
bacteremia has increased during the last decades analogous with diabetes (7). In the present thesis,
we aimed to examine the association of diabetes with the two dominant groups of community-
acquired bacteremia: pneumococcal bacteremia and enterobacterial bacteremia. As an introduction,
we will give an overview of the epidemiology of bacteremia. We will also address the burden of
diabetes and what is already known on the association of diabetes with infection. Lastly, prior
studies of diabetes and bacteremia will be reviewed, with a discussion of these studies’

methodological shortcomings.

1.1. Introduction to bacteremia — definitions, disease burden, risk and
prognostic factors

What is bacteremia?

Bacteremia is usually defined as the presence of viable bacteria in the blood stream, as evidenced
by blood cultures (8;9). Bacteria may be transiently introduced into the blood which may or may
not lead to symptoms, e.g. after manipulation of mucous membranes, and some hematogenous

infections are preceeded by clinically silent bacteremia. Nevertheless, more extensive dissemination
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of bacteria into the blood stream becomes clinical manifest with only rare exceptions. Such
dissemination indicates a breakdown of normal defence mechanisms that serve to restrict an
infection to its primary site. In a clinical context, bacteremia can thus be defined as an infectious
disease associated with growth in blood cultures of one or more microorganisms that are considered

of etiological significance after clinical and microbiological evaluation (10).

Bacteremia is usually classified according to the microbial agent and an eventual coexisting focus
of infection, assessed on the basis of microbiological and clinical findings. It is important to
distinguish between momomicrobial and polymicrobial bacteremia (one or more than one microbial
agent), because polymicrobial bacteremia normally occurs in a quite different clinical setting (11),
and for epidemiological research it may be impossible to determine which microbial agent is the
“culprit”. It is further important to distinguish bacteremias acquired outside a hospital setting
(community-acquired) from those that arise in hospital (nosocomial), because the place of
acquisiton is closely associated with the focus of infection, microbial agent, antibiotic resistance,
and prognosis (12). In this thesis we focused on community-acquired bacteremia, as our aim was to
investigate diabetes as a risk factor for bacteremia in the general population, not among patients

already hospitalized.

The distribution of bacterial isolates and foci of infection in community-acquired bacteremias in
North Jutland County, Denmark between 1992 and 2002 is shown in Figures 1 and 2. It is seen that
the urinary tract and respiratory tract accounted for almost two thirds of episodes, with the
predominant bacteria being Enterobacteriaceae (the members of which are referred to as

enterobacteria in this thesis) and Strepfococcus pneumoniae (13;14).
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Fig. 1: Microbial isolates in 3,829 episodes of community-acquired bacteremia

County, Denmark 1992-2002.

Polymicrobial
8%

S. aureus
8%

Others
Anaerobes 2%

Strep. B-hem.
9% p. B

5%
Other gram-neg. bacteria

Strep. non-hem.
4%

4%
Salmonella
3%

Other Enterobacteria
8% Pneumococci

20%

Enterococci
1%

E. coli
33%

Fig. 2: Focus of infection in 3,141 episodes of community-acquired bacteremia with a determined

focus. North Jutland County, Denmark 1992-2002.
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Terminology in bacteremia epidemiology

Understanding bacteremia epidemiology has been complicated by the fact that many studies have
included the closely related clinical syndromes sepsis and septicemia (15). Sepsis is a systemic
response in the patient often elicited during bacteremia or other severe infections due to systemic
spread of microbial signal molecules or toxins. It is a clearly defined syndrome characterized by
presence of fever or hypothermia, tachycardia, tachypnea, and leukocytosis or leukopenia,
associated with confirmed infection (8). Sepsis may intensify over time to severe sepsis or sepsis
syndrome, i.e. sepsis with organ dysfunction or hypoperfusion, and eventually to septic shock.
Bacteremia has been documented in no more than 50% of patients with sepsis (16-18). Rangel-
Frausto et al suggested a dynamic multi-state sepsis model, in which the probability of positive
blood cultures and risk of death increases with progression from sepsis to severe sepsis and septic
shock (19). Conversely, close to all patients with bacteremia in our definition fulfil criteria of at
least uncomplicated sepsis (20) and between 7% and 24% of bacteremia patients reportedly have
septic shock (21-24). Septicemia means the presence of bacteria in the blood with clinical signs and

symptoms of infection (25), e.g. bacteremia of a “certain clinical severity” (9).

The burden of bacteremia

In a study using discharge data from a representative sample of U.S. hospitals, Martin et al found
that the annual prevalence of discharge diagnoses of septicemia, bacteremia or disseminated fungal
infections had increased from 0.8 discharges/1,000 inhabitants in 1979 to 2.4 discharges /1,000
inhabitants in 2000 (26). In 2000, septicemia was ranked the 10" leading cause of death in the
United States, constituting the largest group of severe infections with known microbial etiology
(27). Comparably, the prevalence of severe sepsis in 1995 was estimated as 3.0/1,000 inhabitants in
a cross sectional study from seven U.S. states, where a combination of diagnoses of organ failure
and infection was used to identify such cases (28). Case series including thousands of bacteremia
patients from hospitals in North America and Europe have reported an annual increase in
bacteremia episodes per number of discharges over decades (21;29). In England and Wales,
microbiological surveillance data showed a 70% increase in the prevalence of clinically significant
blood isolates from 1990 to 1998, corresponding to a bacteremia prevalence in 1998 of 1.0/1,000
inhabitants in 1998 (7). In North Jutland County, Denmark, a population-based study showed an
increase in the incidence rate of microbiologically detected bacteremias from 0.8/1,000 person-

years in 1981 to 1.5/1,000 person-years in 1994 (30).
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Figure 3 shows the total number of episodes of community-acquired and nosocomial bacteremia
registered in North Jutland County from 1992 through 2002. In accordance with other observations
(12;21;24;31), close to half of all episodes are categorized as community-acquired. The 1:1.5 ratio
of community-acquired bacteremia to nosocomial bacteremia has been relatively constant in

Denmark over the last decades, with an increasing occurrence of both groups (21).

Fig. 3: Prevalence of bacteremia in North Jutland County, Denmark 1981-2002
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The increasing incidence of bacteremia may be associated with demographic changes, e.g.
population ageing and the increasing longevity of patients with chronic diseases. A potential
increase in the ascertainment of bacteremia must also be taken into account, as incidence (and
prognosis) of bacteremia depends on how many of the milder cases that escape diagnosis (32)
Indications for taking blood cultures may have changed over time, and blood culture technology has
definitely improved, by recognition of a sufficient blood volume as critical factor for detection of
microorganisms (33), and through better growth detection systems and automation (34).
Nonetheless, the proportion of bacteremia patients who die either during hospitalization or shortly
after still approaches 20%, and this figure has decreased only slightly during the last decades
(26;35). Furthermore, several cohort studies have indicated that the long-time survival after
bacteremia and sepsis also may be curtailed (23;24). Bacteremia may have important health

outcomes other than death (36;37). These include chronic disability due to sequelae, pain and
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discomfort, emotional distress, and long-term financial costs for both the individual patient and
society. Annual costs of care for patients with sepsis have been estimated at $16.7 billion in the
United States alone (28). In another American study, the long-term health-related quality of life of
survivors of sepsis assessed by the Short-Form-36 scale was considerably lower than that of the

general population (38).

Risk factors for bacteremia

A risk factor for bacteremia may be defined as an exposure or an inborn characteristic of a patient
that is causally associated with bacteremia (39). A number of factors have consistently been
associated with an increased risk for various bacteremias (Figure 4, left side) (40;41). Most data on
suggested risk factors for bacteremia, however, stem from case series, and only few risk factors
have been investigated within a proper epidemiological design. It is questionable whether the

association with bacteremia is causal for several of the suggested factors.

Fig. 4: Risk factors for bacteremia.
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Most risk factors for bacteremia probably overlap with risk factors for localized infections that may
subsequently lead to bacteremia. Important steps on the causal pathway linking cause and effect

include the patient’s natural and specific immunity and his or her exposure to a microbial agent of a
certain virulence (Figure 4). Bacteremia is a multicausal disease, i.e. joint action of a number of risk

factors or component causes is required to form one sufficient causal mechanism for the occurrence
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of bacteremia (42). From an epidemiological point of view, the microbial agent (often called the
“etiological” agent in the field of clinical microbiology) is just one of a multitude of component
causes, albeit a necessary one in all the different causal mechanisms for bacteremia. Most other
single putative risk factors are not necessary components, illustrated by the fact that a certain
proportion of patients hospitalized with bacteremia are not exposed to any of these factors.
Moreover, yet unknown factors may be of importance in relation to bacteremia and explain the role
of putative risk factors; for example, mutations of genes involved in the innate immune system have
only recently been established as risk factors for bacteremia and sepsis (43;44), and these mutations

may be associated with various coexisting diseases (45).

Prognostic factors for bacteremia

Analogous with risk factors, prognostic factors for bacteremia may be defined as exposures or
inborn characteristics of a patient that are causally associated with an adverse outcome of
bacteremia. Some prognostic factors overlap with risk factors for bacteremia, foremost old age and
chronic diseases (14;46). Further, a number of bacteremia-related factors have been associated with
a poor prognosis. These include a pulmonary, abdominal or undetermined focus of infection, certain
microbial agents such as Pseudomonas aeruginosa or polymicrobial bacteremia, and, though
debated, bacterial antibiotic resistance (14;15;21;47;48). A number of physiological derangements
have been associated with bacteremia or sepsis prognosis (17;49), some of which are included in
intensive care scoring systems such as APACHE II (50) and SAPS (51). For pneumococcal
bacteremia for instance, mental confusion, hypoxemia, hypotension, acidosis, and an elevated
serum creatinine have been associated with a poor prognosis (49;52-55). Further, the level of acute-
phase proteins reflecting the magnitude of the inflammatory process, including the C-reactive

protein (CRP) (56), have been associated with prognosis of severe infection (57;58).

It is important to distinguish between explanatory studies of disease outcomes, i.e. studies of
prognostic factors that are causally related to an event, and studies of variables predictive of an
event. For instance, living in a nursing home, or being intubated at the ICU, may be clinically useful
predictors of bacteremia prognosis, but are not likely to be causes of a poor prognosis. Rather, they
are intermediary steps on the causal pathway from a prognostic factor to the outcome of bacteremia.
In explanatory studies examining the association of a single causal factor with prognosis, it is often
relevant to adjust for other prognostic factors. However, intermediary steps or consequences of the

putative prognostic factor should not be adjusted for. When studying the association of a pre-
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existent chronic disease on bacteremia prognosis in a patient, it seems clearly wrong to adjust for

factors reflecting bacteremia severity.
Many other factors than those related to the disease itself or the patient may determine prognosis

(59). Figure 5 displays factors that are likely to play a role for the prognosis of bacteremia. Factors

that have been substantiated from the literature are marked with an asterix.
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Fig. 5: Factors determining the prognosis of bacteremia (36;59).
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Bacteremia research during the last decade has to a large extend been focused on nosocomial
episodes, on bacterial antibiotic resistance, and on new modalities of treatment at the ICU setting
(48;60;61). Considerably less attention has been given to community-acquired bacteremia (14;62).
Patients included in sepsis outcome trials tend to be carefully selected subgroups of previously
relatively healthy not-too-old people within a defined severity stage of sepsis, and are therefore by
no means representative of community-acquired bacteremia. In summary, we still know relatively
little about risk and prognostic factors for these severe infections, and therefore which patients may
be potential targets for preventive measures in the community setting, including closer surveillance

for infections, lifestyle changes, eradication of bacterial colonization, or vaccination.

1.2. Diabetes mellitus: disease burden and association with infection
The prevalence of type 2 diabetes mellitus (T2 DM) is rising rapidly in many countries including

Denmark (63;64). The metabolic dysregulation associated with diabetes affects the function of
multiple organ systems that impose a tremendous burden on the individual with diabetes and on
health care systems worldwide. It is thus well established that individuals with diabetes have a two-
to fourfold increased risk of cardiovascular and cerebrovascular disease (65), and diabetes is the
leading cause of end-stage renal disease, nontraumatic lower extremity amputations, and adult
blindness in large parts of the Western world (66). The impact of diabetes on other important health

outcomes including infectious diseases is not supported by strong evidence (4).

What is diabetes mellitus?

Diabetes mellitus is a syndrome characterized by hyperglycemia resulting from an absolute or
relative impairment in insulin secretion and/or insulin action (66). Type 1 diabetes mellitus (T1
DM) most commonly develops before the age of 30-40 years and results from pancreatic beta cell
destruction leading to insulin deficiency. T2 DM is usually the type of diabetes diagnosed in
patients >40 years, but also occurs in adolescents and children; it is a heterogenous group of
disorders characterized by variable degrees of insulin resistance, impaired insulin secretion, and

increased hepatic glucose production.
Frequency of diabetes

It has been estimated that the woldwide number of individuals with T2 DM will double from the

present 150 million to ca. 300 million in 2025 (63). In Denmark, approximately 3% of the
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population have a diagnosis of diabetes, of which T2 DM accounts for 90% (67). Prevalence figures
of diabetes in the U.S. are estimated to be twice as high (68). A similar number of individuals
probably have undiagnosed diabetes (69), and the prevalence of diabetes in Denmark is estimated to
increase by 2% annually (67). The mechanisms behind the increase in T2 DM are vigorously
debated. Causes probably include population ageing and the increasing prevalence of obesity (70),
but may also include increasing diagnostic activity and a longer survival of diabetic patients due to
earlier diagnosis and/or more effective treatment (64). The incidence of T1 DM seems to rise
independently, at least in parts of the Western hemisphere (71), the causes for which are highly

speculative and beyond the scope of this thesis.

Population-based figures regarding the incidence and prevalence of medically treated diabetes in
Denmark can be obtained through prescription databases, as antidiabetic drugs are received
exclusively by diabetic patients, completely reimbursed by the National Health Service and not sold
over-the-counter in Denmark. A study from the county of Funen, Denmark, which was based on
antidiabetic drug prescriptions and mortality data, found an increasing prevalence of diabetes
potentially caused by improved survival rather than increasing incidence (64). We have investigated
if similar trends in the prevalence and incidence of medically treated diabetes prevail in our county,
by examining the number of patients receiving antidiabetic drugs over a ten-year period 1991-2000.
Figures 6, 7 and 8 show the prevalent and incident number of persons in North Jutland County who
redeemed prescriptions for insulin only (Figure 6), oral antidiabetics (“tablets”) only (Figure 7), and
insulin after previously redeeming tablets (“shift to insulin’) (Figure 8). The stable incident number
of patients receiving insulin only (Figure 6) may illustrate a stable T1 DM population in
conjunction with a constant policy regarding insulin treatment of T2 DM at debut. The gradual
increase in number of patients treated with oral antidiabetics (Figure 7), especially in the last part of
the period, probably reflects a true increase in T2 DM incidence, but may also in part be due to an
increase in case finding, shifting diagnostic criteria, or an increased survival of treated patients. The
steady increase in the number of patients shifting from tablets to insulin (Figure 8) probably reflects

a change towards a more intensive attitude to metabolic control of T2 DM.
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Fig. 6
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In summary, our and others’ analyses indicate that the prevalence and thus disease burden of
diabetes increases considerably in the current years. It therefore seems important to elucidate the
impact of diabetes on yet another substantial health problem in aging populations, namely severe

infections including bacteremia.

Diabetes and infections

The belief of a close association between diabetes and infection probably dates back to the pre-
insulin era, when sepsis and tuberculosis used to be frequent causes of death in diabetic patients
(72;73). In 1928, ATB Jacobsen reviewed the clinical course of the first 251 diabetic patients ever
treated with insulin in Denmark (74). Of 34 early deaths within four weeks after treatment start, 14
diabetic patients died of infection (among these five of tuberculosis, and three of pneumonia).
Among the 189 patients discharged with continuous insulin treatment and followed for one to five

years, 26 died, but only five of these deaths were due to infection.

As reviewed by Boyko and Lipsky in 1995 (3) and Joshi et al in 1999 (4) there is relatively sparse
epidemiological evidence to support that diabetes per se is a risk factor or prognostic factor for most
infections. It seems well established from case-series that certain rare infections occur almost
exclusively in diabetic patients. These include malignant otitis externa due to P. aeruginosa, the
fungal infection zygomycosis, necrotizing fasciitis (4), certain infections with gas-forming
microorganisms e.g. emphysematous pyelonephritis and cholecystitis (75), and the tropical diabetic
hand syndrome (76). Of greater importance for public health, diabetes has been observed to occur
frequently in more common infections, and to be associated with increased severity of some of
them. These include urinary tract infections (UTIs), skin and wound infections, osteomyelitis,
candidiasis, pneumonia, tuberculosis, hepatitis B, and bacteremia (77). Most reports are based on
case-series, and relatively few case-control or cohort studies exist. To supplement the recent
reviews (3;4;78) we searched the literature in MEDLINE for epidemiological and other relevant
studies using the Medical Subject Headings: “diabetes AND infection”. We also searched the
references of these publications. Table 1 tabulates important studies that have reported on diabetes
as a risk and/or prognostic factor for infection, with particular focus on studies of respiratory tract
infections and UTIs. The association of diabetes with bacteremia, pneumonia and UTI will be

discussed in more detail in section 1.3.
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Table 1: Studies on diabetes and the risk / prognosis of infections in general, as well as respiratory and urinary tract infections

Study Type of Author, year, . Sample size . Results for DM
category infection* country Study type Settingt (% DM or DM=N) } Measure of interest§ [95% Confidence interval] ||
Various
infections
. Ontario population Risk ratio for an infectious Overall risk ratio=1.21 [1.20-
Any infection (S%e;h, 2003, Canada Cohort study E’;)s:(ljatlon sample=1,027,498  disease hospitalization or 1.22], risk ratio for inpatient
(DM=513,749) physician claim infection=2.01 [1.96-2.06]
o Sample of .. MRR for any infectious . _
Any infection  Gu, 1998, USA (80) Cohort study  U.S. 13,830 (5%) . T MRR=2.3 males; 1.8 females
. disease on death certificate
population
: Sample of . .
Any infection Esﬁr)t"”" 2001, USA Gonortstudy  U.S. 9,208 (6%) (';’i'SRe'zsf‘;roan”gg;fticggr‘i;icate MRR=2.0 [1.2-3.2]
population
: . Weiderpass, 2001, Pop.based, Swedish population SMR for infectious and adj. SMR=2.6 [2.3-3.0] males;
Anyinfection g o den (82) Cohortstudy |\ tionwide  (DM=144,427 ) parasitic cause of death 2.7 [2.4-3.0] females
Respiratory
tract
Invasive
pneumococc. . . Hospital- Ca. 1.5 times increased in
infection %rg;th, 2000, USA Saesvée\;ggés based at-:-eor:ztasl (()I _2133(; Case-fatality DM when reported (no data
(most with cohorts P ° for DM in most series)
pneumonia)
. SMR for pneumonia or
Pneumonia Moss, 1991, USA Pop.based, _ . _
and influenza  (84) Cohort study Wisconsin (DM=1,772) |anu.e_nza on death SMR=1.7
certificates
. Swerdlow, 1996, UK Members DM _ SMR for pneumonia on SMR=1.3 [1.1-1.7] males;
Pneumonia (85) Cohort study association (DM=5,783) death certificates 2.2 [1.8-2.6] females
. Weiderpass, 2001, Pop.based, Swedish population SMR for pneumonia as adj. SMR=2.6 [2.5-2.8] males;
Pneumonia g oden (82) Cohortstudy |\ tionwide  (DM=144,427 ) cause of death 2.3 [2.2-2.5] females
Pneumonia Sample of MRR for pneumonia or
: Gu, 1998, USA (80) Cohort study U.S. 13,830 (5%) influenza on death MRR=2.4 males; 1.8 females
and influenza population certificate
. Ontario population
Pneumonia  onah, 2003, Canada o4 gy POPUlation- o nle=1.027,498  Risk ratio for pneumonia Risk ratio=1.5 [1.4-1.5]
(79) based (DM=513,749)
. Meta- Mostly
Community- . X Total of 33,148
acquired  Fine, 1996, USA (86) zt’lﬂiyess'so?f Bg:gga" otts, 14,655 with ;f;?i;‘;ary OR for Case- OR=1.3 [1.1-1.5]
pneumonia prognosis cohorts data on DM
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Urinary
tract

Review of
case-control/

Outpatient

Total of ca. 2,750
ptts with DM, ca.

ORs for ASB in DM vs.

ASB Boyko, 1995, USA (3) cross-sectio-  clinics 2,500 (usually controls OR between 2 — 4
nal studies healthy) controls
ASB Geerlings, 2000, The Case-control Outpatient S:?)thr:32353 Prevalence of ASB in DM DM=26%. controls 6%
Netherlands (87) clinics + GPs females ’ vs. controls o °
Makuyana, 2002, ) Outpatient Prevalence of ASB in DM _ano 440
ASB Zimbabwe (88) Case-control clinics Total of 176 ptts vs. controls DM=32%, controls=11%
. . . (DM=228), . _ o
ASB Bonadio, 2004, Italy Case-control Unlv_er5|ty controls=148, Prevalence of ASB in DM 1’1 DI\{)I—13.5 %, Tg DMO
(89) hospital vs. controls =18.8%, controls=18.5%
females
Members of
Cystitis Boyko, 2002, USA  Gase-control  group health 201 UT1 €ases, 913,y o for p adj. OR=2.2 [1.5-3.1]
(90) . healthy controls
cooperative
. Ontario population
Cystitis (372"’;“’ 2003, Canada &t study E;’;’;‘('ft'o” sample=1,027,498  Risk ratio for cystitis Risk ratio=1.39 [1.36-1.42]
(DM=513,749)
) . ) . . Autopsied ptts: Prevalence of acute
Pyelo_ . Robbins, 1944, USA Cros_s Unlv_er5|ty (DM=307), non-DM  pyelonephritis as cause of DM=7.3%, non-DM=1.6%
nephritis (91) sectional hospital Y
=2,800 death
) . . All residents of the . . o Risk ratio between 3.4 [2.0-
Eé’SL"ritis glacr?;'a'ja 1(852’?’ Cohort study Egg;'ft'o” Province of vl?/:tsrt( g";‘/gfo‘;";phh?ﬁips'ta“zat'o” 5.8] in men 265y and 24.1
Manitoba [16.5-35.3] in women 45-64y
. Ontario population
Pyelo- Shah, 2003, Canada Population- _ . . " . .
nephritis (79) Cohort study based sample=1,027,498  Risk ratio for pyelonephritis  Risk ratio=1.95 [1.78-2.13]

(DM=513,749)

*pneumococ.=pneumococcal; ASB=asymptomatic bacteriuria. tPop.based=population based; DM=diabetes mellitus; GPs =general practices.

Iptts=patients; UTl=urinary tract infection. §MRR=mortality rate ratio; SMR=standardized mortality ratio; adj.=adjusted; OR=o0dds ratio. || Study by Shah

et al = 99% confidence interval.
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A few cohort studies have reported on the risk of infection-related death in diabetic patients, either by
comparing diabetic cohort and general population estimates (82;84;85), or by comparison within cohorts of
diabetic and non-diabetic patients (80;81). One large population-based cohort study from Canada has
investigated the risk of hospitalization or a physician claim for treatment of an infectious disease in
individuals with and without diabetes (79). Among Ontario residents with diabetes and matched controls
(N=513,749 in each group) the risk ratio was 1.21 (99% CI: 1.20-1.22) for any infection, and 2.01 (99% CI:
1.96-2.06) for infections requiring hospitalization. A cohort study from the U.S. followed 9,200 adults
included in a health survey (NHANES II) for 12-16 years, among them 533 persons with self-reported
diabetes at baseline (81). Infection-related mortality was determined through national death or social security

indexes. The relative risk for infection-related death in DM was 2.0 (95% CI: 1.2-3.2).

Biological mechanisms
In the following, we will give an overview of the diverse biological mechanisms that may contribute to an

increased risk and a worse prognosis of infection in diabetes.

Immunology

Numerous in vitro studies have demonstrated that hyperglycemia can impair a range of functions in
neutrophils and macrophages, including chemotaxis, adherence, phagocytosis, and intracellular killing of
microorganisms, all of which may be important in limiting invasion by bacteria in vivo (93). Kjersem et al
found that in polymorphonuclear leukocytes from T1 DM patients, the ingestion of particles coated with
lipopolysaccharide from Escherichia coli became reduced during change from normo- to hyperglycemia
(94). Others demonstrated that hyperglycemia impairs the generation in leukocytes of oxygen free radicals
and hydrogen peroxide required for intracellular killing of microorganisms (95). The clinical significance of
these findings remains uncertain. Long-term hyperglycemic control in diabetes as assessed by repetitive
blood glucose measurements or glycosylated hemoglobin has not been convincingly associated with the risk
and outcome of infections (96). Rayfield et al followed 241 diabetic patients at outpatient clinics in New
York and noted a weak correlation between mean fasting plasma glucose levels and prevalence of
subsequent infections (97). Randomized trials have shown that surgical patients fed parenterally experience
more infections as compared to patients on enteral nutrition, potentially associated with development of
severe hyperglycemia (98;99). Recent randomized trials in patients undergoing surgery have shown that
intensive insulin treatment with corresponding tight hyperglycemic control may reduce the risk of

subsequent wound infections and sepsis, at least in certain groups of diabetic and non-diabetic patients
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(100;101). It is currently debated whether this observed effect may be due to reduced harm of

hyperglycemia, or beneficial anti-inflammatory effects of insulin (102).

Metabolic derangement

It is well-known that infection and ketoacidosis frequently co-occur (103;104). However, it may be difficult
to determine if hyperglycemia caused the infection in the patient or vice versa. During periods of influenza
epidemics, an increased prevalence of hospitalizations with ketoacidosis has been observed (105). The
combination of ketoacidosis and infection may be dangerous for the diabetic patient. Azoulay et al studied
123 episodes of ketoacidosis in intensive care unit patients, and found that 41% had clinically or
microbiologically documented infection. Lack of clearance of ketonuria within 12 hours was 3.7 times more
frequent among patients with infection (106). Gogos et al studied 49 patients with ketoacidosis or
hyperosmolar coma and signs of systemic inflammation, and found 45% of them to have infection; mortality

in this group was 23% vs. 7% in cases without infection (107).

The metabolic responses to severe infection are similar to changes associated with trauma and include initial
stimulation of gluconeogenesis by secretion of glucagon, cortisol, growth hormone and catecholamines and
inhibition of insulin secretion. A subsequent increase in insulin secretion (in T2 DM) is associated with
marked insulin resistance, particularly in skeletal muscle and therefore with persistent hyperglycemia.
Insulin resistance may be mediated by effects of interleukins and tumor necrosis factor on the insulin
receptor (108). Diabetic patients may thus be at risk of metabolic derangement caused by severe infection

per se and risk a poorer prognosis of infection compared to non-diabetic patients.

Diabetes complications

Diabetes is associated with pathophysiologic changes in multiple organ systems, each of which may increase
the risk and worsen the outcome of infection. Stroke and myocardial infarction, and related sequelae such as
dementia and congestive heart failure are frequently coexistent in patients with bacteremia and pneumonia
(5;109-111). Sepsis has been shown to be a frequent complication and cause of death in patients with end-
stage renal disease (112). Among hemodialysis patients, however, diabetes was not associated with an
increased risk of bacteremia (113). Decreased renal function as assessed by serum creatinine level is a well-
established negative predictor for bacteremia prognosis (24;55). The distinction between acutely and
chronically impaired renal function may be troublesome in bacteremia patients, but presence of

asymptomatic nephropathy could well have a negative prognostic impact in diabetic patients. Further, an
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elevated serum creatinine level was one of the best predictors for later hospitalization with an infectious
disease within 57,722 diabetic adult members of Kaiser Permanente, Northern California (114). The
universal micro- and macroangiopathy in diabetes may worsen the outcome of systemic infections due to
decreased tissue oxygenation and impaired leukocyte migration. Lastly, frequent diabetes complications may
weaken local barriers to infection and constitute portals of entry for pathogens. These include diabetic
cystopathia with retention of urine and an increased likelihood of instrumentation of the urinary tract (115),

and chronic skin ulcers (116).

Colonization with pathogenic microorganisms

Some studies have suggested an increased prevalence of colonization with microorganisms such as S. aureus
(117), Candida spp. (118), and E. coli (87;119) in diabetic patients. Colonization in itself has been suggested
to be a risk factor for infection (116,120;121). Insulin injections and blood glucose self monitoring may
theoretically increase bacterial colonization, yet manifest infections after such penetrating traumas (“finger
sepsis”) are rarely reported (122). Growth of certain microorganisms may be augmented in a hyperglycemic
environment. Virulence factors in C. albicans seem to respond in a dose-dependent fashion to environmental
glucose concentrations in vitro (123), and addition of glucose enhances the growth rate of E. coli in urine in
the laboratory (124). Geerlings et al found Type 1-fimbriated E. coli to adhere more to diabetic than to
control uroepithelial cells (125). Finally, colonization with pathogenic microorganisms may be increased in
diabetic patients due to frequent hospitalizations and disruptions of the normal microbial flora by repeated
antibiotic therapy. In patients with UTI, diabetes was associated with a 2.4 fold increased risk for multi-drug
resistant uropathogens at an emergency department (126), and in another series, the proportion of quinolone-
resistant bacteria was 17% in diabetic vs. 3.7% in non-diabetic UTI patients (127). In a study of 311 patients
with community-acquired UTI, diabetes was an independent risk factor (adjusted OR=2.6, 95% CI: 1.2-5.5)
for infection with extended-spectrum beta-lactamase producing bacteria according to logistic regression

analysis (128).

1.3. Diabetes and community-acquired bacteremia
Diabetes and bacteremia or sepsis due to various pathogens

There are at least seven cohort studies of bacteremia specifically comparing prognosis among diabetic and
non-diabetic patients (129-135). These studies comprise up to 3,000 episodes of bacteremia irrespective of

microbial agent and place of acquisition and are summarized in Table 2.
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Table 2: Studies on diabetes and the risk / prognosis of bacteremia

Study Bacteremia  Author, year, A Sample size . .
category type studied country Study type Setting (% DM or DM=N) Measure of interestt Results (diabetes)t
Bacteremia
- various
pathogens
. Aubertin, 1982, . 1 Medical ; . o o
Bacteremia France (129) Case series department 168 (30) Case-fatality 16% (23%)
_ Bryan, 1985,USA  Cross- 4 regional 1) Bacteremias/1000 1)9.4 (19.4)
Bacteremia 434 sectional hospitals 2,978 (10)  admissions 2) 30% (33%)
2) Case-fatality
1) DM prevalence in
. MacFarlane 1986, General . 1) Cases 29%, all ptts 10%
Bacteremia Case-control X 168 (29) admitted ptts o o
UK (131) hospital 2) Case-fatality 2) 35% (20%)
Bacteremia  -ioovici, 1991, Israel - o o0 cories  UNivVersity 632 (20) Case-fatality 29% (28%)
(132) hospital
. Guérin, 1992, France . Intensive ; . 0 o
Bacteremia (133) Case series care unit 295 (21) Case-fatality 61% (63%)
_ Carton, 1992, Spain  Cross- University 1) Bacteremias/1000 1)15.5 (26.8)
Bacteremia 434y sectional hospital 1640 (9)  admissions 2) 31% (29%)
2) Case-fatality
. Akbar, 1999, Saudi . University ; . 0 o
Bacteremia Arabia (135) Case series hospital 171 (42) Case-fatality 44% (24%)
. Weinstein, 1983, . 2 university . ; . Total 42%, healthy ptts 21%
Bacteremia USA (12) Case series hospitals 500 (not given) Case-fatality (30%)
. Arpi, 1995, Denmark . University P o o
Bacteremia 21) Case series hospital 3,491 (7) Case-fatality Total 14% (13%)
) edenceprosorien  1.1% 1257%
Senticorm Jaar, 2000, USA Cohort dialysis ptts 4,005 (DM=1,600)  2) OR for death vs. ptts 2) adj. OR=2.7 (2.3-3.1) in
epticemia (113) g . . non-DM vs. adj. OR=2.3 (2.0-
+/- DM without septicemia, Cox .
: 2.8)in DM
regression
Renal OR for DM in septicemia
Septicemia  A0POt, 2001, USA oo control  transplant  SMdy base 33479 o (N=1447) vs. non-  adj. OR=2.1 (1.7-2.4)
(136) (DM=8,454) i :
ptts +/- DM cases, logistic regression
. . Weiderpass, 2001, Pop.based, Swedish population SMR for septicemia as . _ )
Septicemia g o4en (82) Cohortstudy | Jtionwide  (DM=144.427 ) cause of death adj. SMR=3.9 (3.3-4.6)
. Ontario population : . .
. Shah, 2003, Canada Population- _ Risk ratio for hospitalization . . )
Sepsis (79) Cohort study based sample=1,027,498 with sepsis Risk ratio=2.5 (2.2-2.7)

(DM=513,749)
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Gram-

negative

bacteremia
Gram- Du Pont, 1969, USA . University . Other comorbidity than DM
negative (137) Case series | cpital 860 (5) Case-fatality 529%, healthy 23% (39%)
Gram- Kreger, 1980, USA Case series University 612 (not given) Case-fatalit “DM associated with case-
negative (110) hospital 9 y fatality”, X*=4.0, p<0.05
Gram- Uzun, 1992, Turkey . University ; . o o
negative (138) Case series hospital 448 (1) Case-fatality Total 45% (67%)

. Olesen, 1995, . University . .

E. coli Denmark (139) Case series hospital 433 (12) Case-fatality not given for DM
Klebsiella Hansen, 1998, University 100 Kiebsiella (21), OR for DM in Klebsiella vs. . _
and E. coli Denmark (140) Case-control hospital 100 E. coli (9) E. coli, log. regression adj. OR=2.5 (1.0-6.1)
Gram- Graff, 2002, USA . 2 university : . _ .
negative (141) Case series hospitals 326 (24) MRR, Cox regression adj. MRR=2.7 (1.5-4.8) in DM

Pneumo-

coccal

bacteremia
Pneumococ.  Austrian, 1964, USA . University . All with comorbidity 30%,
bacteremia  (142) Case series | spital 455 (%) Case-fatality healthy 7% (29%)
Pneumococ.  Mufson, 1974, USA . County ; . o o
bacteremia (143) Case series Hospital 325 (4) Case-fatality Total 28% (42%)
Pneumococ.  Gransden, 1985, UK . University . .
bacteremia (144) Case series hospital 325 (3) Case-fatality Not given for DM
Invasive Burman, 1985, . All hospitals ; . All with comorbidity 24%,
pneumococ.  Sweden (145) Case series in Géteborg 508 (4) = Case-fatality healthy 9% (27%)
Pneumococ.  Kuikka, 1992, Finland . University . :
bacteremia (54) Case series hospital 157 (15) Case-fatality Not given for DM
Pneumococ. = Watanakunakorn, Case series University 385 (12) Case-fatality, log. Total 25% (37%),
bacteremia 1992, USA (55) hospital regression adj. OR=1.0, SE 0.4
Pneumococ.  Afessa, 1995, USA . University . .
bacteremia (52) Case series hospital 304 (6) Case-fatality Not given for DM
Pneumococ. Kalin, 2000, C_:anada- . Multicenter- 460 (7) Case-fatality, log. DM not associated with case
bacteremia USA-UK-Spain- Case series  study, 5 (UK 3 —USA 14) regression fatality in univariate analysis

Sweden (49) countries

Invasive Dahl, 2001, Swe . All hospitals ; . All with comorbidity 19%,
pneumococ.  (146) Case series i, Gateborg 876 (12) = Case-fatality healthy 8% (20%)
Invasive Nuorti, 2000, USA- Case-control Pop.-based, 228 (10) cases, Odds ratio for DM, log. “No significant association”
pneumococ.  Canada (147) 3 regions 301 (4) controls regression between DM and case status

*ptts=patients; DM=diabetes mellitus; pop.based=population based. TOR=0dds ratio; SMR=standardized mortality ratio; MRR=mortality rate ratio. tadj.=adjusted; X?=chi-
square test; SE=standard error.
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The prevalence of coincident diabetes in the series was between 5% and 40%. The two largest
studies from North Carolina and Spain compared the prevalence of bacteremia among all
hospitalized patients with and without diabetes over several years in a cross-sectional design
(130;134). Both studies found a twofold increased number of bacteremia episodes per 1000 hospital
admissions in the diabetic group. No adjustment for differences in gender, age and coexisting
diseases were made. The crude in-hospital case-fatality in diabetic and non-diabetic patients with
bacteremia was similar in most series. In the population-based Canadian cohort studies of diabetic
and non-diabetic persons previously mentioned, the risk ratio for hospitalization with sepsis among
diabetic patients was 2.5 (95% CI: 2.2-2.7) (79). Another population-based cohort study from
Sweden identified 144,000 diabetes patients in a hospital discharge registry and followed them for
an average of 6.7 years for cause-specific deaths recorded in a nationwide register (82).
Standardized mortality rates for septicemia in diabetic patients, e.g. mortality rates compared with
age-, gender- and calendar-year specific mortality rates for the Swedish population, were four times
increased, with risk ratios ranging from 2.0 (95% CI: 1.5-2.7) in elderly patients to 8.3 (95% CI:
4.0-17.3) in diabetic patients hospitalized at age under 40.

Special considerations apply to a potential association of diabetes with the two most frequent
groups of community-acquired bacteremia: enterobacterial bacteremia and pneumococcal

bacteremia.

Diabetes and community-acquired pneumococcal bacteremia

S. pneumoniae accounts for 66% of microbiologically confirmed community-acquired pneumonias
(86;148). Pneumococcal bacteremia is probably a common feature of pneumococcal pneumonia,
though it may be detected in less than ten percent of hospitalized cases (149-151). Conversely, 80%
of patients with pneumococcal bacteremia have a respiratory tract focus of infection (55;144). In
cross-sectional and cohort studies based on death certificates, diabetic patients had a 1.5-2.5 times
increased risk for death caused by influenza and pneumonia compared with the general population;
the highest risk ratios were noted among young patients (82;84;85;152) (Table 1). Case-series of
community-acquired pneumonia have reported coexisting diabetes in no more than 5-10% of
patients, despite high prevalences of advanced age and cardiac disease (148;153). In a meta-analysis
of prognosis studies of community-acquired pneumonia, Fine et al found diabetes to be associated

with an odds ratio for death of 1.3 (95% CI: 1.1-1.5) (86). Koziel suggested several mechanisms
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behind a possibly increased pneumonia risk and fatality in diabetes, including cardiac disease,
reduced lung function, an increased risk of aspiration due to diabetic gastroparesis, and

microangiopathic changes of pulmonary blood vessels (154).

In Table 2 we have listed the larger studies of pneumococcal bacteremia that reported on diabetes.
As reviewed by Smith and Poland in 2000 (83), data about diabetes as risk factor for pneumococcal
bacteremia come primarily from case series. Diabetes prevalence in these studies has varied from
1% to approximately 20%, depending on the patients’ age, type of hospital, study period, and
country, as well as methods for ascertainment of diabetes. In the cross-sectional study of diabetes
and diverse bacteremia from Spain (134), the prevalence of bacteremia with S. pneumoniae was two
times increased in diabetic patients (13/5,667 hospital admissions compared with 97/95,725 hospital
admissions of non-diabetic patients), whereas the similar U.S. study found no increase for this
group of bacteremia (130). Marrie observed a three times higher diabetes prevalence (21% vs 7%)
in 47 bacteremic compared with 1,071 non-bacteremic cases of pneumococcal pneumonia in a
Canadian university hospital (150). In a recent North American case-control study of 228
immunocompetent, 18- to 64-year-old adults with invasive pneumococcal infection and 301 age-
matched control subjects, Nuorti et al (147) collected exposure data including diabetes by interview.
The self-reported occurrence of diabetes was 10% in cases and 4% in controls (OR=2.5, 95% CI:
1.2-5.1). However, after adjusting for other variables including race, gender, and coexisting
morbidity, the authors reported that the association was no longer statistically significant (risk
estimates not given). Concerning the outcome of pneumococcal bacteremia, previous cohort studies
included relatively few patients with diabetes, making it difficult to assess the impact of diabetes on
prognosis (83). In one of very few studies that adjusted for confounders, Watanakunakorn et al
found that an association between diabetes and a poor prognosis in 385 patients with pneumococcal
bacteremia disappeared after adjustment for higher age and coexisting morbidity in the diabetic

group (55).

Diabetes and community-acquired bacteremia due to E. coli and other enterobacteria

The most common focus of infection in enterobacterial bacteremia is the urinary tract, and urinary
tract infections seem to be a common clinical problem in diabetic patients (155;156). As reviewed
by Boyko and Lipsky (3), a dozen of smaller case-control studies from outpatient clinics have

reported that asymptomatic bacteriuria (ASB) is two- to four times more prevalent among women
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with diabetes than among non-diabetic women. More recent studies from the Netherlands (ASB
26% in DM vs. 6% in non-DM females) and Zimbabwe (32% in DM vs. 11% in non-DM) have
confirmed these findings (87;88), whereas another study from Italy found similar prevalences of
ASB (18% in both) in female T2 DM outpatients when compared with female non-diabetic
outpatients visiting a cardiology clinic (89). Concerning symptomatic urinary tract infections, an
American case-control study from 2002 reported that among 901 women aged 55-75 years with
acute symptomatic UTI and 913 controls, the adjusted OR for diabetes was 2.2 (95% CI: 1.6-3.0)
(90). A population-based cohort study from Manitoba, Canada found a clearly increased incidence
of hospitalizations with pyelonephritis among diabetic patients. Men and women aged over 65 years
with diabetes were three to six times more likely than nondiabetic persons to be hospitalized with
acute pyelonephritis, whereas diabetic patients under the age of 45 years had a 15-fold increased

risk (92).

Studies of the association between diabetes and bacteremia caused by enterobacteria are few (Table
2). However, the prevalence of enterobacterial bacteremia in diabetic patients was two- to threefold
increased in most cross-sectional studies of diverse bacteremias (133;134). Recent case-series have
reported a diabetes prevalence of 20-30% among patients with enterobacterial bacteremia (141),
and up to 40% among patients with community-acquired Klebsiella pneumoniae bacteremia (157).
Most of the larger studies of gram-negative bacteremia are several decades old, and few have
reported mortality estimates specifically for patients with diabetes. One study found a lower
mortality among cases with diabetes when compared with non-diabetic cases (137), whereas
another large study from the U.S. found diabetes to be associated with increased in-hospital
mortality in patients with nonfatal underlying diseases (110). In their study of diverse bacteremias,
Bryan et al noted that the prognosis for E. coli bacteremia was better among diabetic than non-
diabetic patients (16.7% deaths vs. 30.6% deaths) (130). By contrast, in a recent study of 326 adults
with gram-negative bacteremia in California diabetes was associated with mortality in a Cox

regression model (MRR=2.7, 95% CI: 1.5-4.8) (141).
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1.4. Difficulties in studying diabetes and bacteremia: epidemiological
considerations
Prior studies of diabetes as risk and prognostic factor for bacteremia have been hampered by a

number of methodological problems. We will describe some of these problems in the context of the

studies’ different epidemiological designs.

Studies of diabetes as a risk factor for community-acquired bacteremia

Case series

The vast majority of studies of diabetes and bacteremia were case series (Table 2), demonstrating
diabetes prevalences between one percent and more than 40 percent among bacteremia patients. In
the absence of a control group, it is not clear from these studies whether any apparent association
between diabetes and bacteremia is causal or related to confounding factors. Diabetes is known to
be associated with a high prevalence of characteristics that may be risk factors for bacteremia,
including old age and diseases coexistent with diabetes (=comorbidity). Furthermore, most of the
cited case series included nosocomial bacteremias in which any apparent association with diabetes

might be explained by more frequent hospitalizations and invasive procedures in diabetic patients.

Cross-sectional and case-control studies

At least six studies were cross-sectional studies or case-control studies in which exposure
(=diabetes) was measured as the proportion of people with diabetes among bacteremia cases and a
control group (Table 2). These studies have been hampered by problems related to selection of

cases and control subjects, measurement of diabetes, and risk of confounding.

A major drawback of several studies has been the lumping together of various groups of bacteremia
regardless of place of acquisition, focus of infection and microbial agent (131;134). This approach
is problematic because risk factors for different agents are widely variable and closely related to the
pathogenetic background and corresponding focus of infection. In studies including various
bacteremias, any positive association between diabetes and a particular microbial agent might be
obscured if diabetes is not or even negatively associated with another one. Therefore, separate
analyses according to microbial agent or group and focus of infection are warranted. This approach
demands large patient materials that may be difficult to achieve in hospital based studies, but may

be obtained from population-based bacteremia registries.
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Studies that included a mixture of nosocomial and community-acquired bacteremia cases have used
hospitalized patients as control group to estimate the distribution of exposure (in this case diabetes)
in the underlying source population (130;131;134). The source population, e.g. the population that
gives rise to bacteremia cases, is different, however, for nosocomial and community-acquired
bacteremia. For nosocomial episodes it consists of hospitalized patients, whereas for community-
acquired episodes it is the general population. Patients admitted for other reasons than bacteremia
might constitute a sample of the source population for community-acquired bacteremia, as long as
they are representative for the diabetes distribution. This has most probably not been the case in
previous studies from referral hospitals, where the hospital also has served as a diabetes referral
center (131). Further, diabetes may have increased the chance of being diagnosed as a bacteremia
case, leading to an overestimation of the risk of bacteremia in diabetic compared with non-diabetic

patients.

In earlier cross-sectional and case-control studies, diabetes was usually recorded after the
bacteremia had occurred; for instance, the Spanish study included diagnoses from hospital records
at discharge after the bacteremia (134). Further, most reports have determined diabetes status based
on interviews or hospital record reviews without strict diagnostic criteria being stated. Bacteremia
may lead to false registration of diabetes, if transient hyperglycemia is not excluded (inverse
causality). Most studies declared to have done so. Notwithstanding, ascertainment of diabetes in
cases and controls by the investigating physicians may be affected by the study hypothesis of an
association between bacteremia and diabetes. In studies based on interviews (147), recall bias may
have been an issue, as knowledge of outcome status (bacteremia) may improve the accurate recall
of diabetes in study subjects. This risk may be decreased in incidence case-control studies based on

prospectively collected data (158).

Differences in age and comorbidity related to both diabetes and bacteremia may have introduced
major confounding in the previous studies (159), and these differences have rarely been adjusted

for.
Cohort studies

Unlike in Denmark, population-based data on disease incidence in individual persons are not readily

available in most countries. Therefore, previous cohort studies of diabetic patients have often used
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disease-specific mortality based on death-certificates, e.g. the study by Weiderpass et al including
septicemia (82). However, disease-specific mortality in a population is a function of the incidence
and outcome of the disease in question, and thus mixes the concepts of risk and prognosis. The
cohort study from Ontario (79) is probably the only population-based study that has provided

estimates on the relative risk for hospitalization with sepsis in diabetic individuals.

Selection bias may have occurred in previous cohort studies by non-complete follow-up of study
subjects, if loss of follow-up was related to both diabetes and risk of bacteremia or bacteremia
death. For example, the NHANES II cohort study has been criticized for underregistration of
mortality records for Afro American subjects (81), and these individuals may have an increased risk
of both diabetes and pneumococcal bacteremia (5). In Scandinavian studies, it is possible to censor
study subjects at emigration (82), whereas the mentioned U.S. study (81) had to assume complete

follow-up for infection-related death until either end of the study or appearance in any death

registry.

Information bias in previous cohort studies may have resulted from misclassification of exposure
(diabetes) and/or outcome (bacteremia). Contrary to retrospective case-control studies, in a cohort
study any misclassification of diabetes will usually be non-differentially associated with later
outcomes, thus tending to bias risk estimates for bacteremia toward the null hypothesis.
Nevertheless, the diagnoses of septicemia or sepsis recorded on death certificates and in discharge
registries, which have been used in previous cohort studies as the outcome of interest, may have a
rather low validity. A data quality study of a Danish hospital discharge registry (20) thus revealed
that the predictive value of an ICD-coded diagnosis of septicemia was only 22% when compared
with data from a microbiological bacteremia registry. In cohort studies, it is further important to
avoid information bias caused by differential ascertainment of the outcome related to exposure
status. Studies using administrative registries have the advantage of outcome registration
independent of the investigators’ study hypothesis. Nevertheless, surveillance bias may also affect
routinely collected data in everyday clinical practice, e.g. if patients with diabetes are more readily

diagnosed with bacteremia.

Sufficient adjustment for confounding by other risk factors for bacteremia associated with diabetes

has rarely been possible (79). Several cohort studies have attempted to adjust for crudely
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categorized confounders in study subjects at the time of inclusion, such as presence or absence of

comorbidity (81;82). Occurrence of comorbidity during follow-up time has not been accounted for.

Studies of diabetes as a prognostic factor for community-acquired bacteremia

Studies of diabetes and bacteremia prognosis have usually been conducted in a cohort design
(36;132). Crude classification of bacteremia as one disease entity in these studies may be equally
problematic as in risk factor studies. A potentially negative prognostic factor in bacteremia such as
diabetes might be overlooked if this factor simultaneously is a risk factor for a frequent group of
bacteremia with a mild prognosis. Thus, a relatively mild prognosis for diabetic patients in studies
of mixed bacteremias has been attributed by several authors to an increased proportion of

community-acquired bacteremic UTIs in the diabetic group (130;133).

In the optimal study of prognosis, observation of a cohort of patients is started from the same well-
defined point along the course of disease. The assembly of such an inception cohort has probably
been rather impossible in bacteremia research, as the infection may develop rapidly over hours or
protracted over days. Selection bias may occur, if presence of diabetes in bacteremic patients leads
to admission in an earlier stage of infection. Differences in prognosis in diabetic and non-diabetic
patients might then be related to timing of hospitalization and not to diabetes. Similarly, a higher
proportion of mild cases might in general be hospitalized and thus detected among diabetic than

non-diabetic patients.

In the previously cited cohort studies of bacteremia, outcome has generally been reported as the
proportion of patients admitted with bacteremia who die either during hospitalization or within the
first 30 days after the diagnosis. This measure is often called in-hospital- or 30-day-“case fatality
rate”, though it is actually a cumulative incidence proportion and should be called case-fatality
proportion or simply case-fatality (CF). The CF is a summary measure of prognosis that may hide
considerable differences in timing of death or survival, which are important to our understanding of
the disease course in bacteremia and the mechanisms leading to the patient’s eventual death. Often
it is given without a specific time referent; the clinical presumption being that essentially all deaths
that occur shortly after onset of the infection are a direct consequence of the infection. However, the
“death kinetics” following community-acquired bacteremia is complicated and depends both on the

focus of infection and microbial agent, coexistent morbidity, timing of hospitalization, and
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therapeutic intervention (confer Figure 5). Within the first few days of admission, septic shock and
organ failure seem to be the most important determinants of prognosis, and bacteremia is causally
significant in more than 90% of deaths (160). In meningococcal and pneumococcal bacteremia a
high proportion of deaths occur early despite appropriate therapy (142;144); i.e. a “physiologic
point of no return” corresponding to an advanced stage of sepsis may be reached relatively early
(19), whereas e.g. E. coli bacteremia tends to develop less fulminantly, with CF’s increasing more
slowly (6). During the first 30 days after the bacteremia, a high proportion of deaths is expected to
be causally related to the infection (12;161), whereas for long-term prognosis after 30 days, an
increasing proportion of deaths is likely not to be a direct consequence of infection but determined
by coexisting morbidity. A prospective cohort study of 2287 patients with community-acquired
pneumonia, of whom 208 died within 90 days, found that 78% of 110 “pneumonia-related” deaths
occurred within 30 days, whereas 68% of 98 “pneumonia-unrelated” deaths occured after 30 days
(162). The distinction between infection-attributable and non-attributable deaths has been criticised,
as it appears somewhat theoretical and subjective and may be biased by the investigators’ study
objectives (163). Based on the above considerations, we would suggest the use of all-cause 30-day
and 90-day case-fatality (alternatively denoted 30-day and 90-day mortality) for epidemiological

studies of prognostic factors for bacteremia.

Few long-term prognosis studies of bacteremia exist (23;24), probably due to the difficulties in
many countries with individual follow-up of patients during the post-discharge period, and diabetes
has not been examined as an independent prognostic factor in these studies. Use of population-
based bacteremia registries with the possibility of complete long-term follow-up has proved an

efficient way for outcome analysis (164).

Diabetic and non-diabetic bacteremia patients in previous series are likely to have differed with
respect to other prognostic variables, but few studies have given mortality estimates adjusted for
confounding factors (49). Likewise, to our knowledge no studies have considered the issue of

differential subsequent treatment of bacteremia related to diabetes.
In conclusion, findings from most case series and a few cross-sectional, case-control and cohort

studies suggest that diabetes is associated with a high and possibly increased risk of bacteremia,

including pneumococcal and in particular enterobacterial bacteremia. It is not clear from the
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existing studies, however, whether any apparent association between diabetes and bacteremia is
causal, related to lack of adjustment for confounding factors such as age and comorbidity, or due to
increased surveillance of bacteremia in diabetes or vice versa. Some epidemiological studies have
indicated an increased risk for pneumonia and in particular UTI in diabetic patients, infections
which frequently are underlying community-acquired bacteremia, and predominantly are caused by
pneumococci and enterobacteria. Studies of diabetes and the prognosis of bacteremia have been
inconclusive and hampered by mixing of various bacteremias, inclusion of too few diabetic patients,
risk of selection bias, missing confounder adjustment, and lack of long-term follow-up. Diabetes
has emerged as one of the most common chronic diseases in our time, and its role as risk and
prognostic factor for community-acquired bacteremia remains uncertain. Properly designed
epidemiological studies are needed, taking account of the weaknesses of the previous studies. In this
thesis, population-based Danish registries combined with the unique personal identification number
system (165) served as a valuable resource for examining the impact of diabetes mellitus on the two
dominant microbial groups of community-acquired bacteremia: pneumococcal and enterobacterial

bacteremia.
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1.5. Aims of thesis

The aims of this thesis were to study:

1) Diabetes as a prognostic factor for community-acquired pneumococcal bacteremia (study I)
2) Diabetes as a risk factor for community-acquired pneumococcal bacteremia (study II)
3) Diabetes as a risk factor and prognostic factor for community-acquired bacteremia caused

by E. coli and other enterobacteria (study I11)
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2. Subjects and Methods

2.1. Data sources
Study population

The studies included in this thesis were conducted in North Jutland County, Denmark, within a
population of ca. 500,000 inhabitants, approximately 9% of the total Danish population. It is a
homogeneous Caucasian, mixed rural and urban study population, which is entirely provided with
tax-supported healthcare by the National Health Service, allowing free access to the county’s seven
public hospitals. All patients hospitalized with acute conditions are treated in these public hospitals,

of which one (Aalborg Hospital) serves as both district and referral hospital.

We collected data from the North Jutland County Bacteremia Registry, the County Prescription
Database and Hospital Discharge Registry, and the Central Population Registry. Through the use of
the 10-digit civil registry number, which is unique to every Danish citizen and encodes gender and
date of birth, a complete hospitalization and prescription history could be established for each

individual.

The North Jutland County Bacteremia Registry

A computerized microbiological bacteremia registry has been maintained by the Department of
Clinical Microbiology at Aalborg Hospital since 1981 (166). The department provides diagnostic
bacteriology for the entire county. For the study period 1992-2001 the registry comprises
approximately 9,000 episodes of bacteremia. Data have been obtained prospectively and
concurrently with the clinical episode by physicians at the department. The registry includes the
number of positive culture bottles, detection time in hours, number of bacterial isolates, name of the
bacterial species and species group/s, and their susceptibility to a range of antibiotics. The registry
also contains information on the patient’s civil registry number, age and gender, hospital and
department of admission, date of drawing the first positive blood culture, place of acquisition of the
bacteremia, focus of infection, and antibiotic therapy given at the time the attending physicians

were notified regarding positive blood cultures.
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The North Jutland County Prescription Database

All pharmacies in the county are equipped with a computerized accounting system by which data
are sent to the Danish National Health Service as part of the national health care program. This
program refunds the majority of the costs associated with the purchase of most drugs prescribed by
physicians. The County Prescription Database (167) was initiated in 1989 and retains key
information on redeemed prescriptions for refundable drugs dispensed from all pharmacies in the
county. The database includes the civil registry number of the patient and type of drug prescribed,
coded according to the Anatomical Therapeutical Chemical (ATC) classification system. For the
purpose of this thesis we retrieved data on prescriptions of antidiabetic drugs, immunosuppressive
drugs, and oral antibiotics, all of which were available by prescription only and refunded during the
study period (except tetracyclines and cephalosporins, consumption of which amounts to less than

five percent of all antibiotics used in the county) (168).

The North Jutland County Hospital Discharge Registry

The County Hospital Discharge Registry (169) is an administrative public registry that is truly
population-based and covers all nonpsychiatric hospitalizations in the county from January 1, 1977.
The registry includes civil registry numbers, and up to 20 discharge diagnoses coded exclusively by
physicians according to the Danish versions of the International Classification of Diseases (ICD)

(ICD-8 from 1977-1993 and ICD-10 from 1994; ICD-9 was never implemented in Denmark).

The Danish Central Population Registry
The Central Population Registry is electronically updated daily and keeps record of all changes in
vital status and migration for the entire Danish population since 1968, including change in address

and date of death (170).

Review of hospital records (study 1)

For study I, hospital records and laboratory reports were retrieved from 7 hospitals in the county to
confirm diabetes diagnoses in patients with pneumococcal bacteremia. Hospital records of
confirmed diabetic patients and a group of gender- and age-matched non-diabetic patients were
further reviewed to examine variables reflecting bacteremic disease severity at the time of hospital

admission.
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2.2. Definition of exposure, outcomes, and confounding factors
Diabetes

Data on diabetes in all studies were obtained from the Prescription Database and Hospital Discharge
Registry in the county. Diabetes was in this thesis defined as 1) redemption of at least one
prescription for insulin (ATC code A10A) or an oral antidiabetic drug (ATC code A10B); and/or 2)
a hospital discharge diagnosis of type 1 or type 2 diabetes with or without complications (ICD-8
codes 249-250 and ICD-10 codes E10-E11). All prescriptions and diagnoses recorded before the
date of a patient’s hospitalization with bacteremia were included. In study I, we included
prescriptions and diagnoses of diabetes made during hospitalization with bacteremia, in order to
evaluate the proportion of newly diagnosed cases of diabetes and to conduct survival analyses with
newly diagnosed cases both included and excluded. For study I, we were also able to obtain clinical
details from hospital records including type and duration of diabetes, glycosylated hemoglobin,
presence of ketoacidosis, and diabetic complications. For the purpose of studies II and III, we
attempted to classify diabetic patients as having T1 DM if they were aged up to 40 years at
diagnosis and were treated with insulin as monotherapy, and having T2 DM if they were treated by
diet alone, were ever treated with oral antidiabetics, or if they were aged over 40 years at diagnosis,

irrespective of treatment.

Bacteremia

Community-acquired bacteremias caused by pneumococci and enterobacteria were the outcomes in
the risk studies. We used the County Bacteremia Registry to identify patients aged more than 15
years with a first hospitalization for bacteremia caused by S. pneumoniae (study II) and members of
the family Enterobacteriaceae (study III). From the latter group, Sa/monella infections were
excluded because they usually originate from an animal reservoir and not from the patient’s
endogenous flora. For all studies, only the patient’s first episode of monomicrobial bacteremia was
included. The infection had to be present or incubating at admission to the hospital (171). We
excluded patients with either regular contact with hospitals or a hospitalization within 30 days prior
to admission with bacteremia, since we consider these cases to constitute a distinct group more

affected by factors associated with nosocomial infections (172).

Three different systems for blood culture were used during the study period: inoculation of blood

into multiple tubes of bacteriological media in the laboratory (1992); the Colorbact™ system (Statens
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Serum Institut, Copenhagen, Denmark) (34) (1992-95); and the BacT/Alert® system (bioMérieux
Inc., Durham, NC, USA) (1996-2001). The nominal volume per blood culture for the three systems
was 16-18 ml, 20-22 ml, and 28-32 ml for adult patients, respectively. Pneumococcal isolates were
identified directly by Quellung reaction (Omniserum, Statens Serum Institut) or latex agglutination
for pneumococcal antigen (Slidex pneumo-Kit, bioMerieux Inc.) (173). Optochin susceptibility was
confirmed by subculture on 5% horse blood agar. All isolates including occasional ones with
ambiguous results were referred to the national reference laboratory at Statens Serum Institut for
definitive identification and serotyping. Enterobacteria were identified in accordance with Farmer et

al (174) either by conventional methods or by a commercial identification system (175).

Bacteremia episodes in which only one culture-bottle was positive, or with more than 24 hours until
first indication of growth, were classified as bacteremia with low bacterial density. All other

episodes were classified as high bacterial density.

Antimicrobial susceptibility tests were carried out by disk diffusion (Neo-Sensitabs®; Rosco,
Taastrup, Denmark) on Danish horse blood agar (SSI Diagnostika, Copenhagen, Denmark); zone-
size interpretive guidelines were as stated by the manufacturer. For pneumococcal isolates, a 1 pg
oxacillin disc was employed to screen for the presence of penicillin resistance, and this was
confirmed by penicillin Etest (AB Biodisk, Solna, Sweden). Pneumococcal isolates with MIC of
penicillin > 2 ug/mL were classified as resistant. In study I, ongoing antibiotic therapy at 1*
notification of a positive blood culture was categorized as: therapy including a beta-lactam /
macrolide antibiotic, any other antibiotic therapy, or no antibiotic therapy. For enterobacteria,
empirical antibiotic therapy at 1¥ notification was regarded as appropriate if given intravenously
(except for fluoroquinolones) and if the blood isolate was susceptible in vitro to one or more of the

antibiotics given.

Some researchers have attempted to distinguish between a primary focus (sometimes denoted
“portal of entry”), e.g. a surgical wound or an intravascular catheter, and a secondary focus, e.g.
endocarditis or meningitis (176). For the purpose of this thesis, the focus of infection was defined as
the organ or tissues infected at the time when bacteremia becomes clinically apparent (177). The
focus was determined based on clinical symptoms and signs of local infection, biochemical

markers, imaging techniques, and microbiological confirmation through relevant samples.
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Death

The main outcome in the cohort studies included in this thesis was the proportion of patients with
bacteremia dying within the first 30 and 90 days after the first positive blood culture was drawn. We
have referred to this proportion as 30-day and 90-day mortality of patients with bacteremia (p. 32).
No attempt was made to determine the cause of death, i.e. as the fraction directly attributable to the
infection. In accordance with some but not all authorities in the field (163) we believe that this
distinction in the outcome of severe infections is extremely difficult, especially when using

historical data.

For the study of diabetes as a prognostic factor for pneumococcal bacteremia (study I), we
examined several variables reflecting bacteremic disease severity at the time of hospital admission
in a subsample of the study population. This was done to assess the possibility of surveillance bias
(p. 31), i.e. a situation where the proportion of patients with mild or less advanced bacteremic
disease is higher among diabetic compared with non-diabetic patients due to closer medical
surveillance. Hospital records were reviewed for all diabetic patients and a comparison group of
non-diabetic patients matched within gender and age group. Sepsis on admission was defined in
accordance with Bone et al’s criteria (8), and severe sepsis was defined as sepsis with > 1 of’ acute
alteration of mental state, sepsis-induced hypotension, or a S-creatinine of more than 140 pmol/L.
We also assessed the serum concentration of CRP on admission, because we expect this marker to
correlate with the inflammatory insult intensity and thus both severity and duration of

pneumococcal infection (56).

Confounding factors

To adjust for existing comorbid diseases in analyses of risk and prognosis, we calculated a summary
measure of confounding due to comorbidities (178). The Charlson index includes 19 major disease
categories, several of which have been suggested as risk factors for bacteremia, e.g., congestive
heart failure and chronic obstructive pulmonary disease for pneumococcal bacteremia (49), and
malignancies and liver cirrhosis for enterobacterial bacteremia (138;179). The index has been
adapted for use with hospital discharge registry data in ICD databases (180) for the prediction of
short- and long-term mortality (181;182). A weight is assigned to each comorbid disease category,
and the Charlson index score is the sum of these weights. We calculated the score for each patient

and control subject based on previous discharge diagnoses coded according to ICD-8 and ICD-10 in
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the Hospital Discharge Registry (see Appendix for codes included). Since diabetes was the main
variable in this thesis, diabetes was separated from the Charlson index and included as an
independent variable in the analyses. To avoid differential ascertainment of comorbidity related to
case status, as well as inclusion of comorbid diagnoses that might be complications of bacteremia,
we only included diagnoses recorded before the date of hospitalization with bacteremia. Three
levels of the comorbidity score were defined and included as design variables in the analyses: 0
(“low”) corresponding to persons with no recorded underlying diseases implemented in the

Charlson index; 1-2 (“medium”); and > 2 (“high”).

Since alcohol abuse and immunosuppressive therapy have been associated with the risk of
pneumococcal infection (146), for study II we also collected data on alcohol-related disorders from
the Discharge Registry (ICD-8 codes 291, 303, 979, 980, 577.10; ICD-10 codes F10, K86.0, Z72.1,
R78.0, T51) in addition to the diagnoses included in the Charlson index. For this study we further
collected data from the Prescription Database on the use of antibiotics and immunosuppressive
drugs including corticosteroids before hospitalization, defined as redemption of at least one
prescription for a systemic antibiotic of any kind (ATC code J01) within half a year of admission
(168), and redemption of at least one prescription for any immunosuppressive drug (ATC codes

L01, L04, HO2 AB) within one year of admission, respectively.

2.3. Study design and statistical analyses
We conducted two separate analyses to investigate the association of diabetes with the risk (study I)

and prognosis (study II) of community-acquired pneumococcal bacteremia. The association of
diabetes with community-acquired enterobacterial bacteremia was investigated in a third study

combining analyses of risk and prognosis in one paper (study III).

Case-control analysis of the risk for bacteremia

The risk studies were conducted in a nested case-control design (p. 24). Using civil registry
numbers, we selected 10 population control subjects for each case of bacteremia individually
matched by gender, age (same year of birth), and place of residence (North Jutland County). The
control subjects were selected with the incidence density sampling technique (183); that is, controls
for a given case were sampled among individuals from the source population who were alive and at

risk of first community-acquired bacteremia at the time the case was diagnosed (158).
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We used conditional logistic regression to estimate ORs with 95% ClIs for community-acquired
bacteremia among diabetic persons and population controls, since our dataset was matched in both
studies. Initially, we analyzed data by obtaining contingency tables for the main study variables:
diabetes, level of comorbidity, and case or control status. Since more than 95% of diabetic
bacteremia cases and controls had T2 DM according to our definition, we chose to consider diabetes
as one entity in further risk analyses. We then estimated ORs for bacteremia according to presence
of diabetes, adjusted for comorbidity. In study II, analyses were conducted with and without
adjustment for alcohol-related disorders and use of antibiotics and immunosuppressive therapy. In
studies II and III, stratified risk analyses were performed according to gender, age groups (15-39
years; 40-64 years; 65-79 years; 80+ years), and level of comorbidity to assess possible variation in
the ORs across the strata. In study III, ORs were further estimated separately for patients with a

urinary tract focus of infection, and for patients with bacteremia due to E. coli and due to Klebsiella

spp.

To examine the impact of diabetes on the overall risk of community-acquired bacteremia with
pneumococci and enterobacteria, respectively, we estimated the population-attributable risk (PAR)
for a diagnosis of diabetes, i.e., the proportion of all cases of bacteremia that are attributable to
diabetes (184). In case-control studies, the population-attributable risk (PAR) may be calculated by
the following equation:

PAR=Px (OR—-1)/ {[px (OR — 1)] + 1}.
The proportion of persons with diabetes in our reference population, p, can be estimated by the
diabetes prevalence in controls, since the population prevalence of diabetes is relatively low, and

our controls are representative for all non-cases in the population (184).

Cohort analysis of 30- and 90-day mortality
The association of diabetes with the prognosis of community-acquired bacteremia was examined in
a cohort design. We linked all included patients with bacteremia to the Central Population Registry,

to obtain information on vital status, date of death, or migration.
The duration of follow-up time was calculated from the date when the patient’s first positive blood

culture was drawn, until death, migration, or 90 days after. We first obtained contingency tables for

the main prognostic study variables: diabetes, gender, age group, level of comorbidity, focus of
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infection, and determined cumulative mortality after 30 and 90 days based on Kaplan-Meier curve
estimates. For each prognostic factor, the category with the lowest risk for death was used as the

reference category.

Cox proportional-hazards regression analyses were used to compare the mortality rate among
diabetic and non-diabetic bacteremia patients, with estimation of mortality rate ratios (MRRs) and
95% ClIs adjusted for gender, age, and level of comorbidity. Analyses were conducted both
including and excluding focus of infection. The assumption of proportional hazards in the Cox

models was assessed graphically, and found appropriate in all the models.

All statistical analyses were performed with use of STATA" software (version 8.0, STATA,
College Station, TX). The study was conducted according to guidelines of the regional scientific
ethics committee for use of clinical and laboratory data, and approved by the Danish Registry Board

(record no. 2002-611-0060).
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3. Results

Below follows a summary of the main results obtained from the three studies.

3.1. Study |

Diabetes as a prognostic factor for community-acquired pneumococcal bacteremia
We identified 628 patients older than 15 years hospitalized with a first episode of community-

acquired pneumococcal bacteremia.

Validation of the registry-based diagnosis of diabetes

To validate the diagnosis of diabetes established trough the Prescription Database and Discharge
Registry, we searched previous laboratory reports of patients with pneumococcal bacteremia and
potential diabetes. We accepted the diagnosis when the World Health Organization diagnostic
criteria (185) used during most of the study period were met, with certain modifications followed in
most epidemiological studies (186). We thus classified patients as having diabetes if they had a
single, fasting venous blood-glucose > 6.7 mmol/L or a random venous blood-glucose > 10.0
mmol/L with a concurrent medical history of diabetes. In order to estimate misclassification, the
positive predictive value of the registration of patients with diabetes was calculated as follows: the
number of patients with confirmed diagnoses of diabetes according to WHO criteria after hospital
record review divided by the total number patients recorded with diabetes in the registries. We
found 65 (10.4%) of patients to have a diagnosis of diabetes identified through the registries, of
which 63 (10.0%) met the WHO diagnostic criteria, corresponding to a predictive value of a

diagnosis of diabetes = 97% (95% CI: 89-100%).

Diabetes as a prognostic factor

Diabetic patients were slightly older (median age 71.7 years cf 67.0 years) and were found to have
more comorbidity (59% cf 46%) than non-diabetic patients with bacteremia. The most common
focus of infection was the respiratory tract (92% of diabetic and 80% of non-diabetic cases),
followed by the meninges (6% cf 10%). Pneumococcal serotype distribution, bacterial density in
blood cultures, antibiotic resistance, and choice of antibiotic therapy were all similar between

groups. In five diabetic patients (8%), ketoacidosis was present; none of these patients died.
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In our subsample study of the 63 diabetic and 63 gender- and age-matched non-diabetic patients, we
found the initial CRP to be higher in the diabetic group (median 277 mg/L ¢/ 204 mg/L), and a
higher proportion of diabetic patients fulfilled criteria of severe sepsis (56% cf 40%). Only one of
the 126 patients, who had been splenectomized, was known to have a prior pneumococcal

vaccination.

The mortality in diabetic compared with non-diabetic patients was 11.1% c¢f 16.5% after 30 days,
resulting in a crude mortality rate ratio (MRR) of 0.7 (95% CI: 0.3-1.4) (Table 3). After 90 days,
16.0% of diabetic patients had died, as compared with 19.5% of non-diabetic patients (crude
MRR=0.8, 95% CI: 0.4-1.5). Kaplan-Meier curves for 90 days of follow-up for diabetic and non-
diabetic patients are shown in Figure 9. After adjustment for gender, age group, and comorbidity,
the association between diabetes and mortality after 30 and 90 days of follow-up was almost
unchanged (adjusted MRR= 0.6, 95% CI: 0.3-1.2). If focus of infection was included in the
analysis, the adjusted MRR remained 0.6 (95% CI: 0.3-1.3) after 30 days and was 0.7 (95% CI: 0.4-
1.4) after 90 days. Excluding the 10 patients with newly diagnosed diabetes did not significantly
change the estimate (adjusted MRR=0.6 [95% CI: 0.3-1.4] after 30 days).

Table 3: Association between diabetes mellitus and 30-day and 90-day mortality in community-

acquired pneumococcal bacteremia.

Diabetes mellitus N Dead 30-day Crude Adjusted
at 30 mortality 30-day MRR 30-day MRR

days, N (95% CI) (95% CI) (95% CI)

Not present 565 93 16.5% 1.0 (ref.) 1.0 (ref.)

(13.7%-19.8%)
Present 63 7 11.1% 0.7 0.6

(5.5%-22.0%) (0.3-1.4) (0.3-1.2)

50



Diabetes mellitus N Dead 90-day Crude Adjusted

at 90 mortality 90-day MRR 90-day MRR
days, N (95% CI) (95% CI) (95% CI)
Not present 565 110 19.5% 1.0 (ref.) 1.0 (ref.)

(16.4%-23.0%)
Present 63 10 16.0% 0.8 0.6

(9.0%-27.7%) (0.4-1.5) (0.3-1.2)

"Adjusted by Cox proportional-hazards regression analysis for gender, age, and comorbidity.

Fig. 9:
Mortality curves for patients with community-acquired pneumococcal bacteremia. Patients with

diabetes (n=63) and non-diabetic patients (n=565).
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3.2. Study Il

Diabetes as a risk factor for community-acquired pneumococcal bacteremia

For study II, we included 598 incident cases with residence in North Jutland County and a first
hospitalization with community-acquired pneumococcal bacteremia, and 5,980 population controls.
A total of 53 cases (8.9%) had either redeemed a prescription for insulin or oral antidiabetic drugs
or had a discharge diagnosis of diabetes recorded before the date of hospitalization with bacteremia,
compared with 298 controls (5.0%). A considerably higher proportion of cases than controls (48%
cf. 27%) had one or more previously recorded discharge diagnoses as evidenced in the Charlson

index.

Table 4 gives crude and adjusted ORs for community-acquired pneumococcal bacteremia according
to presence or absence of diabetes mellitus. The crude OR for pneumococcal bacteremia in people
with diabetes was 1.9 (95% CI: 1.4-2.6). After adjustment for comorbidity, the OR decreased to 1.5
(95% CI: 1.1-2.0), indicating that the association was confounded by a higher level of comorbidity
in the diabetic group. Inclusion of antibiotics and immunosuppressive therapy in the analysis left

the adjusted OR unchanged 1.5 (95% CI: 1.1-2.0).

Table 4: Crude and adjusted odds ratios (OR) for community-acquired pneumococcal bacteremia

according to presence of diabetes mellitus.

Diabetes mellitus Crude OR* Adjusted OR}
(95% CI) (95% CI)
Not present 1.0 1.0
(ref.) (ref.)
Present 1.9 1.5
(1.4-2.6) (1.1-2.0)

* Crude OR for presence of diabetes in cases with pneumococcal bacteremia compared with
gender- and age-matched controls.

1 OR adjusted for level of comorbidity and alcohol-related disorders.
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To evaluate the impact of diabetes on the risk of pneumococcal bacteremia in certain subgroups, we
stratified our analyses according to age group, gender, and level of comorbidity. ORs were highest
in adults aged 40 and younger (adjusted OR=4.2, 95% CI: 1.1-16.7) and in persons without any
other coexisting morbidity (adjusted OR=2.3, 95% CI: 1.3-3.9). Further, ORs appeared to be higher

in male than in female diabetic individuals.

Under the assumption that the association was causal, and an overall prevalence of diabetes in the
study population of 5.0%, the total population-attributable risk was 2.4%. Thus, of 1,000
admissions with incident pneumococcal bacteremia in our study population, 24 may be attributed to

diabetes.

3.3. Study Il

We identified 1,317 incident cases with a first hospitalization with bacteremia due to enterobacteria

during 1992-2001.

Diabetes as a risk factor for community-acquired enterobacterial bacteremia

A total of 225 of the cases with bacteremia (17.1%) had diabetes recorded before the date of
hospitalization with bacteremia, compared with only 779 (5.9%) of 13,170 controls. The adjusted
OR for enterobacterial bacteremia in persons with diabetes was 2.9 (95% CI: 2.4-3.4) (Table 5).
The OR of bacteremia from diabetes was greatest in adults under 65 years (adjusted OR=5.9, 95%
CI: 3.9-9.0) and in persons without any other comorbidity (OR=4.9, 95% CI: 3.7-6.6). The risk
appeared to be higher in diabetic females than in males. Further analyses showed a higher risk ratio
for bacteremia with a urinary tract origin (adjusted OR=3.4, 95% CI: 2.7-4.2) than for bacteremia
with other foci of infection (adjusted OR=2.2, 95% CI: 1.6-2.9). The adjusted OR for E. coli
bacteremia was 3.0 (95% CI: 2.5-3.6), and for bacteremia due to Klebsiella spp. was 2.2 (95% CI:
1.3-3.7). Under the assumption that the association is causal, and a prevalence of diabetes in

controls of 5.9%, the population-attributable risk was 10.1%.
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Table 5: Crude and adjusted odds ratios (OR) for community-acquired enterobacterial bacteremia

according to presence of diabetes mellitus. Overall risk estimates and estimates stratified by age,

gender, and level of comorbidity.

Crude OR* Adjusted ORT
(95% CI) (95% CI)
No diabetes 1.0 (ref.) 1.0 (ref.)
Diabetes present 3.3(2.8-3.9) 2.9 (2.4-3.4)
Diabetes present, stratified by:
Age
15-39 years 10.0 (2.9-34.5) 6.6 (1.6-28.0)
40-64 years 7.3 (4.8-10.9) 5.8 (3.7-9.0)
65-79 years 2.9(2.2-3.7) 2.5(1.9-3.3)
80+ years 2.8 (2.2-3.6) 2.5(1.9-3.3)
Gender
Males 2.6 (2.1-3.5) 2.3 (1.8-3.1)
Females 3.9 (3.1-4.8) 3.4 (2.7-4.2)
Comorbidity index score
Low (0) 4.9 (3.7-6.6) 4.9 (3.7-6.6)
Medium (1-2) 2.2 (1.6-3.0) 2.2 (1.6-3.0)
High (>2) 2.0(1.0-4.3) 2.0(1.0-4.3)

* Crude OR for presence of diabetes in cases with enterobacterial bacteremia compared with

gender- and age-matched controls.

1 OR adjusted for level of comorbidity index score (except when stratified by this variable).
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Diabetes as a prognostic factor for community-acquired enterobacterial bacteremia

Diabetic patients with enterobacterial bacteremia were more likely than non-diabetic patients to
have a urinary tract focus of infection (68% cf'59%), compared with an abdominal focus (12% cf’
19%). There were no major differences in the bacterial density in blood cultures, distribution of
different bacterial groups, or appropriateness of empirical antibiotic therapy given (Table 6).
Mortality curves for 90 days of follow-up for diabetic and non-diabetic patients with bacteremia are
shown in Figure 10. The two curves tended to overlap during the first week but thereafter diverged,

corresponding to an increased risk of dying among diabetic patients in the second week after the

first positive blood culture.
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Table 6: Characteristics of 1,317 patients with community-acquired bacteremia due to

enterobacteria in North Jutland County, Denmark, 1992-2001".

Community-acquired enterobacterial bacteremia

Characteristic Diabetic patients Non-diabetic patients
(N=225) (N=1,092)
Urinary tract focus of infection 153 (68%) 647 (59%)
Abdominal focus of infection 28 (12%) 210 (19%)
Any other focus 4 (2%) 25 (2%)
Undetermined focus 40 (18%) 210 (19%)
Escherichia coli 186 (83%) 875 (80%)
Citrobacter spp. 0 (0%) 13 (1%)
Enterobacter spp. 6 (3%) 20 (2%)
Klebsiella spp. 20 (9%) 132 (12%)
Proteus mirabilis 9 (4%) 29 (3%)
Proteus vulgaris 2 (1%) 11 (1%)
Other enterobacteria 2 (1%) 12 (1%)
Bacteremia density low 81/194 (42%) 425/989 (43%)
Bacteremia density high 113/194 (58%) 564/989 (57%)
Appropriate empirical antibiotic 130/196 (66%) 619/989 (63%)
therapy at 1¥ notificationt
No appropriate antibiotic therapy 66/196 (34%) 370/989 (37%)

" Data are given as number (percentage of N) of individuals unless otherwise stated.
+ At the time of 1% notification of a positive blood culture. 29 (13%) of diabetic and 103 (9%) of
non-diabetic patients were excluded from the denominator due to discharge, death or missing

information at time of 1% notification



Fig. 10:
Mortality curves for patients with community-acquired bacteremia due to enterobacteria. Patients

with diabetes (N=225) and non-diabetic patients (N=1,092).
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The mortality in diabetic patients compared with non-diabetic patients was 17.3% cf 13.4% after 30
days, and 23.6% cf'19.5% after 90 days. After adjustment for gender, age group, and comorbidity,
the mortality rate ratio for diabetic patients was 1.3 (95% CI: 0.9-1.8) after 30 days, and 1.2 (95%
CI: 0.9-1.6) after 90 days. Stratification for focus of infection did not materially affect the
association between diabetes and mortality: 30-day MRR=1.3 (95% CI: 0.9-1.9) in bacteremias
with a urinary tract focus, and 30-day MRR=1.5 (95% CI: 0.9-2.5) in bacteremias with a focus
outside the urinary tract. When focus of infection was included in the final analyses, the adjusted

MRR was 1.4 (95% CI: 1.0-2.0) after 30 days, and 1.3 (95% CI: 0.9-1.7) after 90 days.
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4. Strengths and weaknesses of the studies

In this section, we will discuss strengths and weaknesses of our research design. To decide if the
associations found in the three studies are likely to be causal, we will evaluate the role of potential

bias in selection or measurement, confounding factors, and chance (statistical precision) (36).

4.1. Considerations about research design

Cohort vs. nested case-control design in risk factor studies

Prospective cohort studies of diabetic and non-diabetic patients are inefficient as large amounts of
risk time are needed to generate a sufficient number of relatively rare events, for instance
community-acquired pneumococcal bacteremia which occurs in 1-2 per 10,000 persons per year. A
way to remedy this obstacle is to rely on historical cohorts identified from past records e.g. in
disease registries and followed to the present time, as in the study by Weiderpass et al. (82).
However, there are complex analytic difficulties in modeling a cohort of many hundreds of
thousands of study subjects with varying follow-up times for a risk analysis of rare events.
Confounders may be variably present, and the study subjects may shift from one confounder
category to the next over time, yielding problems with both computer capacity and the researcher’s
keeping in touch with the data. A cohort design therefore still seems inefficient in relation to the
amount of information returned. On the other hand, earlier case-controls studies have been prone to

selection and information problems (p. 28 ff).

The nested case-control study used in our studies combines advantages of the cohort and case
control design. It enabled us to address the research question with markedly smaller sample sizes,
comparing diabetes exposure among bacteremia cases and a limited subset of controls sampled
from a well-defined source population in North Jutland County. By sampling control subjects with
the incidence density technique, the controls reflected the exposed person-time in the source
population, and the estimated ratio of the incidence rates of bacteremia gave us exactly the same

result that the underlying cohort study would provide (158).
Analyses of prognosis

The 90-day follow-up analyses in the studies were based on time-to-event data, i.e. the time of

occurrence of death as well as the time of censoring for individuals lost during follow-up was taken

58



into account, and cumulative probabilities of bacteremia survival at any time were calculated with
the Kaplan-Meier approach. Most previous cohort studies have reported bacteremia prognosis as in-
hospital or 30-day CF, but direct measurement of such cumulative incidence proportions essentially
requires that the whole cohort remains at risk and under observation for the entire follow-up period,
and most cohort outcome studies have not provided these conditions. The logistic regression model
used for confounder adjustment in some of these studies seems equally problematic, because the
model estimates cumulative incidence odds and thus assumes complete follow-up (it also assumes
that time to outcome/event is not important). For our time-to-event data, we found confounder
adjustment by Cox proportional hazards regression analysis to be appropriate, estimating adjusted
mortality rate ratios instead of cumulative mortality odds ratios, and taking time to death and

censoring into account.

4.2. Considerations about bias, confounding and chance

Study I

Selection bias

Study I was a cohort study of all patients who were hospitalized for the first time with community-
acquired pneumococcal bacteremia in North Jutland County 1992-2001. In cohort studies, selection
bias due to lack of inclusion in the cohort or loss to follow-up is a potential problem. We used
prospective population-based registries with complete follow-up of patients for the outcome =
death, including the few patients who moved out of North Jutland County shortly after the

bacteremia. Therefore, loss to follow up did not occur in this study.

Conversely, not all episodes of community-acquired pneumococcal bacteremia are likely to be
included in our cohort at baseline. The detection of pneumococcal bacteremia during pneumococcal
pneumonia may be highly dependent on admission patterns and timing of blood sampling for
culture. Selection bias might have occurred if the association between diabetes and pneumococcal
bacteremia prognosis differed for patients included in our cohort and those who remained
undetected. If diabetes or diabetes-related confounding factors caused bacteremia to be rapidly fatal
and thus undetected, diabetes may falsely appear to be associated with a favorable prognosis. On
the other hand, diabetic subjects and their physicians may be more alert to early signs of infection,

and milder cases of bacteremia may therefore have been admitted and diagnosed at the hospital
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among diabetic patients, again leading to an underestimation of mortality in the diabetic group.
However, our findings of a comparable measure of bacteremia density and greater severity of
inflammation and sepsis in diabetic patients speak against a more meticulous case-ascertainment
related to diabetes status in this study. Nevertheless, we can not exclude that some selection bias
might be present, which would probably have lead us to underestimate the mortality in bacteremic

patients with diabetes.

Information bias
Information problems in this cohort study may have occurred from non-differential or differential

misclassification of exposure status, outcome status, or confounder data.

Outcome data on death were recorded completely and independently of diabetes data through
administrative registries. This made bias due to differential diagnostic effort by the study hypothesis
unlikely.

We evaluated the predictive value of a diagnosis of diabetes established through the registries in
this study, and it proved to be high. Concerning completeness, Kristensen et al found that 76% of
patients with known diabetes could be identified by a county prescription registry similar to ours,
compared with an independent 34% by a regional hospital registry, by collecting data over a one-
year period only (187). Thus, we find it likely that our combined data sources are nearly complete
regarding known diabetes. On the other hand, pneumococcal bacteremia patients not registered with
diabetes may have included some diabetic cases who had never been hospitalized previously or ever
treated with antidiabetic drugs. This may have led us to underestimate any differences in prognosis

between bacteremic patients with diabetes and those without.

We identified ten additional patients with newly diagnosed diabetes during admission with
pneumococcal bacteremia who fulfilled the WHO diagnostic criteria after recovering from the
infection. This effectively ruled out misclassification of transient hyperglycemia as diabetes.
Because diagnosis of diabetes may have required survival of the acute stage of infection in these
patients, we conducted outcome analyses both in- and excluding them, which did not significantly

change the mortality estimates.
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We used discharge diagnoses from hospital registries for comorbidity adjustment, and this approach
may be hampered by data quality problems. The data problems may be categorized as: 1) errors in
discharge diagnoses due to either incorrect data entry or lack of entry of available information, and
2) correct entry of discharge data that do not reflect the true condition of the patient (170). The
validity of discharge diagnoses in the Hospital Discharge Registry is variable but generally high for
major diseases (169). Most important for our studies was the possibility that coding and diagnosis
of comorbidity might have been more complete for diabetic patients due to more frequent
hospitalizations. This would lead to differential confounder control between diabetic and non-
diabetic patients thus leading to an underestimation of the MRR for diabetic patients in this study.
However, crude and adjusted estimates were almost similar, as adjustment for comorbidity
decreased the MRR for the diabetic group slightly from 0.8 in the unadjusted analysis to 0.6.
Selective adjustment for comorbidity might have contributed to this decrease, but it could not

explain the observed mortality differences in the unadjusted analyses.

It is debatable if comorbidity should be included as confounding variable if diagnosed after the day
of admission with bacteremia. It is clinically well-known that an episode of bacteremia may demask
the presence of hitherto unknown severe morbidity. However, this approach bears the risks of
asymmetric data collection dependent on survival time after hospitalization and thus differential
confounder ascertainment. Therefore, we chose to include only comorbidity recorded before the day

of admission with bacteremia.

Confounding

We were able to adjust for several potential confounders related to both diabetes and bacteremia
mortality, including age, gender and comorbidity. Nevertheless, our mortality rate estimates may
still be affected by residual confounding. Residual confounding after adjustment may be due to
misclassification (see above) or use of crude categories for included confounders, or due to

unmeasured or unknown confounders not included in the analyses.

The Charlson index used in our study is the most extensively studied and validated comorbidity
index for predicting mortality (181). The weights applied to individual diseases in the Charlson
index were based on the relative risk of dying in one cohort of American patients (178). Other

weights would probably apply for different cohorts and other outcomes than death. A modified
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score based on empirically derived weights of individual diagnoses might have improved
adjustment for comorbidity in our study population (188). Furthermore, there is a possibility of
residual confounding in our study by diseases not included in the Charlson index. Nevertheless, the
overall credibility of our methodology was supported by the fact that the MRRs for pneumococcal
bacteremia were stepwise increasing for rising levels of the Charlson index score (adjusted 30-day
MRR=1.0 (ref.) for Charlson score = 0, MRR=1.4 for Charlson score 1-2, and MRR=2.0 for
Charlson score >2). Similar stepwise increases in MRRs were found in the prognosis analyses for

enterobacterial bacteremia in study III (data not shown).

A number of unmeasured factors may have had an impact on the prognosis for pneumococcal
bacteremia in this study (Figure 5). For instance, different medical therapy given before the
bacteremia associated with diabetes may have played a role for bacteremia prognosis. Many
medications (including insulin) are likely to be part of the exposure’s (diabetes) effect that we wish
to study and thus should not be considered as a potential confounding factor. Other medications are
closely associated with coexisting diseases (e.g. asthma drugs in chronic lung disease), therefore
yielding a risk of over-adjustment if we included both previous discharge diagnoses and drug
prescriptions as confounders in the analyses. Statins have recently been associated with a reduced
case-fatality of bacteremia (189). However, as stated in paper I the prevalence of patients in lipid-
lowering drug therapy was generally very low in our county during the study period. The issue of
pneumococcal vaccination will be discussed in the context of our case-control analysis in study II; it
is uncertain if prior pneumococcal vaccination can influence the prognosis of bacteremic
pneumococcal disease. Lastly, we may speculate whether potential differences in the treatment after
hospitalization, such as more intensive intravenous fluid therapy associated with diabetes, might
have played a role for the outcome of bacteremia. Appropriateness of empirical antibiotic therapy,

however, was similar and very high for both diabetic and non-diabetic patients in our cohort study.

Chance (statistical precision)

Although our cohort constitutes one of the largest study bases of community-acquired
pneumococcal bacteremia to date, the statistical precision of the mortality rate estimates is only
modest. Thus, the observed tendency towards a better prognosis in diabetic patients may be due to

chance alone.
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Study II

Selection bias

The main strength of this case-control study was the uniformly organized medical healthcare system
allowing the use of a truly population-based design for the identification of cases and controls. The
population-based sampling of controls minimized the risk of selection bias compared with previous

studies.

Selection bias in our case-control study comes about if the selection of cases and controls into the
study did dependent on diabetes. As previously discussed (p. 54), there might be a risk that diabetes
could have increased the likelihood of being diagnosed as a case of pneumococcal bacteremia. This
would have lead to an overestimation of the risk of bacteremia in diabetic patients. However, our
observations on disease severity in pneumococcal bacteremia from study I argued against this
situation. Previous findings (20) have demonstrated that adults included in the Bacteremia Registry
are almost entirely severe cases of systemic bacterial infection, which are unlikely to not being
hospitalized given a health care system with free and equal access to hospitals. Further, it is
common practice in the Danish region where these studies are set, upon hospital admission, to
obtain blood cultures from all patients suspected of systemic bacterial infection. Such cultures are
obtained by trained technicians and are not an obligation for housemen or residents (30). Still,
surveillance bias might have contributed to the only modestly increased risk estimates of

pneumococcal bacteremia in this study.

Information bias

Misclassification of exposure and confounder data may have influenced our findings. Data on
diabetes (exposure) was ascertained in the same way in cases and controls, namely by searching
prospectively recorded databases for earlier hospitalizations with diabetes or earlier prescriptions
for insulin or oral antidiabetic drugs before the time of the bacteremia events. This should make the
classification of diabetes independent of the index hospitalization of the cases. We thereby avoided

recall bias and non-response bias, which may have hampered previous case-control studies (147).
Both bacteremia cases and controls may have included a limited number of diet-treated diabetic

persons who have never previously been drug treated or hospitalized, but we expect such

misclassification to be non-differential, leading to a conservative risk estimate.
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We choose to include comorbidity as confounding variable only if diagnosed before the day of
admission with bacteremia. Therefore, registration of comorbidity was not influenced by case
status. The registration period for both exposure (diabetes) and confounder data (comorbidity and
use of certain drugs) was the cumulative time during which study subjects were residents in North
Jutland County (observation time) within the period of existence of the registries used. The mean
observation time was equal (57.3 years) for cases and controls, yet the individual “risk sets” of one
case and 10 controls were sampled on identical age, not identical observation times. We may have
missed some discharge diagnoses or prescriptions redeemed outside North Jutland County, possibly
leading to underregistration of diabetes and confounders. We have, however, no reason to believe

that this misclassification was associated with the later risk of developing bacteremia.

The completeness of the prescription data used for confounder adjustment in this study is probably
high due to the Danish reimbursement system that encourages the pharmacists to register the data
correctly (167;187). Data quality problems in the Hospital Discharge Registry have already been
discussed in relation to study I. Any non-differential misclassification of comorbidity or drug use
would lead to residual confounding and could have resulted in both attenuation and inflation of the
relative risk estimate in this study. By contrast, a systematically more complete diagnosing and
coding of comorbidity for diabetic patients would have lead to differential confounder control
between cases with and without diabetes, and thus an underestimation of pneumococcal bacteremia
risk in the diabetic group. Residual confounding by differential misclassification of comorbidity

would therefore not change our main conclusions of diabetes being a risk factor for bacteremia.

Confounding

Comorbidity showed to be a relatively strong confounder of the association between diabetes per se
and the risk of bacteremia, i.e. adjustment for a higher level of comorbidity in diabetes decreased
the relative risk from 1.9 to 1.5. Apart from residual confounding due to misclassification of
comorbidity (see above), the risk estimate may be affected by use of crude categories for the
included confounders, or by confounders not included in the analyses. The Charlson index has not
been validated as a method to measure confounding by comorbidity in explanatory studies of risk
factors for an index disease. However, if many comorbid diseases are to be adjusted for, a

comprehensive measure of comorbidity is needed for reasons of statistical efficiency, even in a
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relatively large study. The Charlson index includes most diseases that have been suggested as risk
factors for pneumococcal bacteremia, and similar to our prognosis analyses the risk estimates for
bacteremia were stepwise increasing for rising levels of the Charlson index score (0, 1-2, and >2) in
both this study and in study III. Among diseases not included in the Charlson index, alcoholism
seems to be the most important risk factor for pneumococcal bacteremia (). Inclusion of alcohol-

related disorders did not materially affect our risk estimate.

We chose to include a few medications as potential confounders in addition to comorbidity, i.e.
prior antibiotics and immunosuppressive drugs. Use of these drugs was clearly associated with
bacteremia risk (data not shown), but adjustment for the drugs left the relative risk estimates for
diabetes virtually unchanged. We had no data on pneumococcal vaccination, which has been shown
to reduce the incidence of invasive pneumococcal disease among adults and the immunocompetent
elderly in observational studies (190). However, the general vaccine coverage in proposed “at risk”
persons in our county is low, as the uptake of pneumococcal vaccine has been as low as 2 of 1,000
people per year since 1997 (191), when national vaccine recommendations were revised (Statens
Serum Institut, Copenhagen, Dec. 1996), and probably extremely low before that time. Thus, we
expect that pneumococcal vaccination did not have a major impact on our estimates. Nevertheless,
diabetic individuals in our study population may have been vaccinated at higher rates than non-
diabetic persons. The resulting bias, however, would lead to an underestimation of the true risk for

pneumococcal bacteremia in diabetic patients.

Other unmeasured potential confounders included tobacco smoking, socioeconomic status, and
living with young children attending daycare (147). We were able to adjust for major smoking-
related diseases which we consider proxy measures of smoking in our aged study population.
Living with children attending daycare is probably an uncommon risk factor in persons aged 50
years or more, who constituted 73% of our study population. Obesity is prevalent in diabetes and
has been associated with increased risk of pneumonia among healthy women (192), but has to our

knowledge not previously been established as risk factor for pneumococcal bacteremia.
Chance (statistical precision)

This study is to our knowledge the largest of its kind to date, but considerable statistical imprecision

was still seen for the risk estimates, particularly in stratified analyses. The overall finding of an
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increased risk estimate in diabetic patients was supported by consistent subgroup analyses

according to age and gender.

Study I
This study combined the nested case-control analysis of risk and cohort analysis of prognosis
developed in studies I and II. The findings may have been influenced by similar types of bias and

confounding as in the first two studies.

Selection bias

Similar to bacteremia during pneumococcal pneumonia, the detection of bacteremia with
enterobacteria during severe UTI such as pyelonephritis may depend on admission patterns and
timing of blood cultures, though this has not been well studied. Selection bias may have occurred if
diabetes did influence the chance of being diagnosed with bacteremia and consequently included as
a case. Patients with diabetes may be closer surveyed for UTI; on the other hand, focal UTI
symptoms may be more vague in diabetic patients (127). We found a higher mortality of
enterobacterial bacteremia in diabetic patients, and a similar bacterial density in blood cultures from
diabetic and non-diabetic patients; both findings argue against a more meticulous case-
ascertainment among diabetic persons. Any residual selection bias would lead us to overestimate
the risk of enterobacterial bacteremia in diabetic patients, and probably to underestimate the
differences in mortality between bacteremic patients with and without diabetes. It seems unlikely

however, that selection bias might have caused risk estimates of a magnitude observed in this study.

Information bias

Misclassification of exposure, outcome, and confounder data may have influenced our findings. The
mean total observation time for diabetes and comorbidity was similar (65.9 vs. 66.6 years) for cases
and controls included in the study. Both bacteremia cases and controls may have included a limited
number of diet-treated diabetic persons who have never previously been drug treated or
hospitalized. Further, diagnosis and coding of comorbidity may have been more complete in
diabetic patients due to more frequent previous hospitalizations. This possibility might in this study
have been exaggerated by non-inclusion of diagnoses during hospitalization with bacteremia, as
gram-negative bacteremia probably quite often demasks severe underlying comorbidity. However, a

more complete confounder control among diabetic patients would lead to a conservative risk
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estimate. In the mortality analyses, adjustment for comorbidity and other factors including the focus

of infection had only minor influence on the estimated MRRs.

Confounding

Unmeasured factors may have had an impact on the risk and prognosis of bacteremia in this
observational study. The majority of episodes of enterobacterial bacteremia had a urinary tract
origin. High sexual activity and use of spermicides (193), and pregnancy (92) are well-established
risk factors for UTIs in younger women. However, these are probably not common risk factors in
the vast majority of our study population, and the association of the factors with diabetes is
uncertain. Urinary tract catheterization may be a risk factor for enterobacterial bacteremia and
associated with diabetes, but should be regarded as a direct diabetes complication not to be included

as confounder in our analyses.

We may again speculate whether potential differences in treatment after hospitalization, such as
ICU admission, resuscitation orders etc. related to diabetes might have played a role for the
mortality rate estimates. As expected, the appropriateness of empirical antibiotic therapy was much
lower than for pneumococcal bacteremia in study I, but appeared to be unrelated to diabetes. As
previously discussed (p. 12), treatment factors are likely to reflect bacteremia severity and should

therefore not be adjusted for.

Chance (statistical precision)

This cohort of community-acquired enterobacterial bacteremia is one of the largest reported in the
literature. Still, the statistical precision of the mortality rate estimates for diabetes was only modest.
Notwithstanding, the adjusted risk estimates for bacteremia from diabetes were remarkably high

and reached statistical significance across all strata of age, gender, and comorbidity.

The PAR, i.e. the proportion of all enterobacterial bacteremia episodes in the population that might
be attributable to diabetes, was 10.1% in this study compared with only 2.4% for pneumocccal
bacteremia in study II. It is important to notice that interpretation of the PAR assumes a causal
association without any biases. Furthermore, the measure is dependent on the observed pattern of
exposure in a given population, which calls for caution when comparing between different

populations. Lastly, it may be problematic to interpret the PAR as the proportion of bacteremias that
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could have been prevented had diabetes not been present, because absence of diabetes would
probably expand the person-years at risk for bacteremia by removing other competing risks for

death (158).
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5. Main conclusions

Based on the results obtained and an examination of potential bias, confounding and chance in the

three studies, the following main conclusions were drawn:

Study I:

The study provides strong evidence against the belief that patients with diabetes mellitus carry a
higher case-fatality of community-acquired pneumococcal bacteremia, as compared with non-
diabetic patients. Whether the slightly better prognosis observed in patients with diabetes is due to
closer surveillance, undiagnosed comorbidity in non-diabetic patients, biological mechanisms of

diabetes or its treatment, or chance, still remains to be elucidated.

Study II:

We found a 1.5-fold increased risk of community-acquired pneumococcal bacteremia in individuals
with diabetes mellitus, when compared with non-diabetic individuals. The impact of diabetes on the
relative risk was most pronounced in younger adults and in persons without any coexisting

morbidity.

Study III:

Diabetes was associated with a highly increased risk of community-acquired bacteremia due to
enterobacteria, approaching a six-fold increased risk in adults below 65 years. Even in our region
with a relatively low prevalence of diabetes, more than 10 percent of cases of enterobacterial
bacteremia may be attributable to diabetes. In addition, diabetes seems to be associated with a

slightly poorer prognosis of enterobacterial bacteremia.
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6. Overall discussion and perspectives

6.1. Discussion
In the following the results of our studies will be discussed in relation to the aims they have

addressed, together with some considerations about the patophysiology underlying our findings.

Community-acquired pneumococcal bacteremia

Diabetes as a risk factor

To our knowledge, our study is the first population-based case-control study to examine the relative
risk of pneumococcal bacteremia specifically in diabetic patients. Our results are consistent with the
case-control study by Nuorti et al, in which diabetes prevalences among 25 year younger American
patients with invasive pneumococcal infection and age-matched controls were remarkably close to
ours (147). However, their study focused on smoking and probably did not have sufficient statistical
power to detect any independent association between diabetes and pneumococcal bacteremia. In the
Spanish cross-sectional study (134) the prevalence of bacteremia due to S. pneumoniae was two
times increased in diabetic patients, whereas a similar study from North Carolina found similar
prevalences in diabetic and non-diabetic patients (130). However, differences in age and other risk
factors were not accounted for in these studies. Our relative risk estimate for pneumococcal
bacteremia was somewhat lower than the risk estimates for pneumonia death in previous diabetic
cohort studies (RRs between 1.5 and 2.5) (80;82;84;85), but similar to the risk estimate for
pneumonia (RR= 1.5) in the population-based study by Shah et al (79). We observed a similar age-
dependency as in previous studies with the highest risk estimates among young diabetic adults. In
conclusion, diabetes may be a modest risk factor for community-acquired pneumococcal

bacteremia, although increased surveillance may have contributed to the findings.

Diabetes as a prognostic factor

Our findings agree with the limited data available on the prognosis of pneumococcal bacteremia
specifically in patients with diabetes (49;55). In one of the few studies adjusting for confounding by
age and comorbidity, Watanakunakorn et al found no association (OR=1.0) between diabetes and a
poor outcome of pneumococcal bacteremia (55). In Fine et al’s meta-analysis of pneumonia

outcome (which included 11 case series of bacteremic patients) (86), the 1.3 times increased OR for
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death in diabetic patients appears rather low, given the many old studies that probably included
selected diabetic patients without comorbidity adjustment. Our data combined with previous results
gives strong evidence that diabetes is not associated with a worse prognosis in pneumococcal

bacteremia.

Pathophysiology

Systemic pneumococcal disease will not occur without preceding colonization of the nasopharynx
with the homologous strain (Bogaert 2004), whereas conversion of colonization to invasive disease
is rare and in most cases requires microaspiration and multiplication of bacteria in the alveolar
spaces (Dallaire 2001). In patients with diabetes, a compromised inflammatory response and
macrophage function in alveoli might result in more episodes of invasive disease, but this has to our
knowledge not been studied. Also, patients with diabetes may have a lower threshold of bacterial
translocation into the bloodstream during less severe pneumococcal infection, due to leukocyte
dysfunction and vascular changes (Marrie 1992). The antibody response directed against
pneumococcal capsular polysaccharides, however, appears to be normal in presence of diabetes
(83). In a recent case-control study from the UK focusing on genotypes, Roy et al reported an
increased risk of invasive pneumococcal disease in patients with mannose-binding lectin deficiency
(44). This common immunodeficiency has been associated with several autoimmune diseases
including systemic lupus erythematosus and rheumatoid arthritis, but to our knowledge hitherto not
with diabetes mellitus. It has been speculated that a less active inflammatory cascade may protect
diabetic patients with sepsis against the development of acute respiratory distress syndrome
(ARDS). Moss et al found that in patients with septic shock, diabetes was associated with a lower
risk of developing ARDS, as compared with non-diabetic patients (194). The fact that we found a
lower mortality during the first week of infection in the diabetic group could support this
hypothesis, as a high proportion of fatalities in pneumococcal bacteremia is known to occur during
the first few days due to organ dysfunction (142). However, CRP on admission tended to be higher

in diabetic patients thus not supporting the hypothesis of a general hypoinflammation.
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Community-acquired enterobacterial bacteremia

Diabetes as a risk factor

Our finding of a substantially increased risk for this group of bacteremia is consistent with
suggestions from previous cross-sectional studies (130;134). In contrast to case-series especially
from the Far East (157), and a previous Danish case-control study (140), diabetes tends to be a
stronger risk factor for bacteremia caused by E. coli than by Klebsiella spp. in our region. Our
findings support the hypothesis that urinary tract infections link diabetes with an increased risk of
enterobacterial bacteremia. We further observed a similar effect modification by age as in a
previous population-based study of the association between acute pyelonephritis and diabetes (92),
with the highest relative impact of diabetes on the risk for enterobacterial bacteremia in adults less

than 40 years of age.

Diabetes as a prognostic factor

Conflicting results on diabetes and in-hospital CF in older case-series of gram-negative bacteremia
(110;137) may be due to comparison with differentially selected patients in referral hospitals, such
as patients with malignancies or severe gastrointestinal diseases and related invasive procedures,
since these studies dealt with both community-acquired and nosocomial gram-negative bacteremia.
It is well substantiated that community-acquired bacteremic urinary tract infection is a clinically
more benign disorder than gram-negative bacteremia with other foci of infection (6). We found
evidence that diabetes tends to be associated with a poorer prognosis of community-acquired
enterobacterial bacteremia, regardless of whether the focus of infection is within or outside the

urinary tract, corroborating findings from a recent study (141).

Pathophysiology

Enterobacterial bacteremia strains originate primarily from the patient’s own gastrointestinal tract
(195). The composition of the gut microflora is important in preventing colonization by pathogens
and may be altered by probiotics and nondigestible carbohydrates from fruit and vegetables (196). It
is uncertain if these food components that may be part of recommended diabetes diets can influence
the risk of enterobacterial infections in humans. Similarly to pneumococci, the key steps of
colonization and invasion of the urinary tract and other foci by enterobacteria depend on a complex

balance of bacterial virulence and host immunity factors, the latter being impaired in diabetes as
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formerly discussed. Asymptomatic bacteriuria (ASB) seems to occur with increased prevalence in
diabetic women (87), and ASB has further been shown to be a risk factor for symptomatic UTI in
both diabetic and non-diabetic women (121). It is noteworthy that the impact of diabetes on the risk
for enterobacterial bacteremia was — as for pyelonephritis in a prior study — highest at an age where
diabetic cystopathia and indwelling catheters are unlikely to be frequent causes for urinary tract
infections. The role of glucose in urine for the growth of E. coli and other enterobacteria in vivo
remains undetermined (124). Concerning the prognosis of enterobacterial bacteremia, our data
suggest that the poorer prognosis among diabetic patients is caused by an increased mortality during
the second week of infection. As compared to pneumococcal bacteremia, the mortality of gram-
negative bacteremia has been reported to increase more tardily over several weeks, in particular
when originating from the urinary tract (6). We may only speculate that in pneumococcal
bacteremia, a less active inflammatory cascade may protect diabetic patients against early severe
manifestations of sepsis and death, while in bacteremia caused by enterobacteria, protracted multi-
organ failure promoted by diabetic organ disease may play a role in the diabetic patients’ higher

mortality.

6.2. Perspectives
The burden and costs of community-acquired bacteremia and associated sepsis are high and

estimated to increase with further population ageing (28). The same holds true for diabetes. This
thesis demonstrates that diabetes may have a considerable public health impact on the risk of
bacteremia with enterobacteria acquired in the community setting, potentially contributing to one
tenth of episodes in our region. Conversely, diabetes is probably not a major contributor to the risk
of community-acquired pneumococcal bacteremia. The observed decreasing risk estimates with
increasing age in our studies must be viewed against the low absolute risk for bacteremia among
young persons, and may reflect less frailty of diabetic persons reaching later age groups, or different
risk patterns for patients with T1 DM compared with T2 DM. From a population perspective, a
modest increase in bacteremia risk among elderly people caused by diabetes may be much more
important than a many times increased risk among young diabetic subjects. For the young
individual with diabetes, however, the impact on his or her risk for bacteremia may be substantial in

the absence of other important risk factors.
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Bacteremia may be preventable. An important issue for further studies will be the influence of long-
term hyperglycemic control on both risk and prognosis of bacteremia. Observational studies based
on population-based laboratory registries may yield valuable information, as randomized controlled
trials of glycemic control in diabetes have largely failed to provide data on infectious diseases. The
23-valent pneumococcal vaccine is associated with a reduction of approximately 50% in the
incidence of invasive pneumococcal disease among adults and the immunocompetent elderly in
observational studies, whereas the vaccine’s efficacy against pneumonia or death is unproven (197).
It has been debated for decades if persons with diabetes should be included as a special risk group
in pneumococcal immunization recommendations (198;199). The results of the present thesis might
qualify these discussions. Other preventive measures for the adult diabetic patient would be to avoid
risk factors for pneumococcal colonization and/or infection, e.g. crowding, active and passive
smoking, influenza, and probably unnecessary antibiotic use. A recent randomized trial showed that
treatment of ASB in women with diabetes unfortunately did not reduce the risk of urinary tract
infection (200). Preventive measures for diabetic females might be to avoid well-known risk factors
for UTI, including certain sexual “risk” behavior and use of spermicides in younger women with
diabetes and unnecessary catheterizations, and to increase the surveillance for UTI even more

during pregnancy.

The present studies have shown notable differences in risk and prognosis related to the microbial
agent of community-acquired bacteremia in diabetic and non-diabetic subjects. Other important
microbial agents including beta-hemolytic streptococci and S. aureus also merit study. However,
these bacteria are more rare causes of community-acquired bacteremia and therefore collaborative
efforts in several counties would be needed. Still, the current designs for risk and prognosis studies

and the methods for data acquisition would probably be very useful.

During the last 10-15 years, the epidemiology of community-acquired bacteremia has been treated
rather stepmotherly (62). Unfortunately, our knowledge about preventable or modifiable risk factors
and prognostic factors for bacteremia in a population-based setting remains limited. These factors
include chronic diseases other than diabetes, various medications, and lifestyle factors, information
on which is contained in several Danish registries. Moreover, we are only beginning to understand
the impact of genetic factors within the host’s innate immune system on the risk and outcome of

severe infections, at both a patient level and a population level. It is hoped that in the future, joined
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efforts from disciplines including clinical-, molecular- and pharmaco-epidemiology, clinical
microbiology, infectious diseases, and clinical medicine will provide new insights into the etiology,
course and prevention of community-acquired bacteremia. The unique possibilities in Scandinavia
and in particular Denmark for combining data from population-based registries of discharge

diagnoses, prescriptions, clinical and laboratory databases will contribute to this work.
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7. Summary

Epidemiological studies have shown that the prevalence of both diabetes mellitus and
bacteremia/sepsis is increasing worldwide. Patients with diabetes may have an increased risk and a
poorer outcome of bacteremia, due to hyperglycemia, decreased immunity, angiopathy, and diabetic
complications. The aims of this thesis were; 1) to examine the association of diabetes with
prognosis (study I) and risk (study II) of community-acquired pneumococcal bacteremia, and 2) to
examine the association of diabetes with risk and prognosis of community-acquired bacteremia
caused by E. coli and other enterobacteria (study III).

Our studies were based on data from the North Jutland County Bacteremia Registry, Prescription
Database and Hospital Discharge Registry. Linkage between these population-based registries could
be performed by use of civil registry numbers.

We conducted a prognostic cohort study among 628 patients hospitalized with community-acquired
pneumococcal bacteremia in North Jutland County from January 1992 to December 2001. Ten
percent had verified diabetes based on data from the Prescription Database and Hospital Discharge
Registry. The predictive value of a diagnosis of diabetes identified by these registries was 97%,
using WHO diagnostic criteria as gold standard in a hospital record review. After adjustment for
potential confounders, the mortality rate ratio (MRR) for diabetic patients with bacteremia was 0.6
(95% confidence interval: 0.3-1.2) after both 30 and 90 days of follow-up, compared with the non-
diabetic bacteremia patients. Our findings combined with previous results give strong evidence that,
against common clinical belief, diabetes is not associated with a worse prognosis in pneumococcal
bacteremia (study I).

The association between diabetes and the risk of community-acquired pneumococcal bacteremia
was investigated in a population-based case-control design, including 10 gender- and age-matched
population controls per case. We found a 50% increased risk of pneumococcal bacteremia in
diabetic individuals. The odds ratio of bacteremia from diabetes was greatest among young persons
and persons without other morbidity, consistent with previous studies of the effect of diabetes on
pneumonia and other infections (study II).

Infections originating from the urinary tract seem to be a particular common clinical problem in
diabetic patients. In a third study we included 1,317 patients with community-acquired bacteremia
due to E. coli and other enterobacteria, combining our case-control and cohort study design. We
found that diabetes was associated with a highly increased risk of enterobacterial bacteremia, with a

six-fold increased risk in diabetic adults below 65 years. Even in our region with a relatively low
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prevalence of diabetes, one out of every ten cases of enterobacterial bacteremia may be attributable
to diabetes. In addition, diabetes was associated with a 30-40% increased mortality rate for

enterobacterial bacteremia, regardless of the underlying focus of infection (study III).

In conclusion, we found evidence that diabetes mellitus may have a substantial impact on the risk
for community-acquired bacteremia, at both an individual level and a population level. The
association of diabetes with risk and prognosis of community-acquired bacteremia shows notable
differences related to the microbial agent, underscoring the complexity of bacteremia as a disease
entity. The combination of primary and secondary data sources and the epidemiological analytic
strategies used proved an efficient approach to examine the association of diabetes with infection,

which should be further explored in the future.
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8. Danish Summary

Epidemiologiske studier har vist en stigende pravalens af bade diabetes mellitus og
bakteriemi/sepsis verden over. Diabetikere har muligvis en eget risiko og forvaerret prognose for
bakteriemi pd grund af hyperglykami, nedsat immunforsvar, angiopati og sendiabetiske
komplikationer. Formalet med athandlingen var at undersege 1) associationen mellem diabetes og
prognose [studie I] og risiko [studie II] for community-erhvervet pneumokokbakterieemi, samt 2)
associationen mellem diabetes og risiko og prognose for community-erhvervet bakteriemi med E.
coli og andre enterobakterier [studie III].

Studierne var baseret pa udtreek fra den Nordjyske Bakteriemidatabase, Legemiddeldatabasen i
Nordjyllands Amt og det Nordjyske Landspatientregister.

I det forste kohortestudie indgik 628 patienter forstegangs-indlagt med community-erhvervet
pneumokokbakteriemi mellem 1992 og 2001. Ti procent havde verificeret diabetes defineret som
tidligere recept pa diabetesmedicin og/eller tidligere udskrivningsdiagnose med diabetes i
registrene. WHO-kriterierne for diabetes var opfyldte for 97% af disse patienter ved
journalgennemgang. Efter justering for mulige confoundere var diabetikeres risiko for at de inden
for 30 og 90 dage efter bakteriemien 60% af ikke-diabetikeres (Mortalitets rate ratio = 0,6; 95%
konfidensinterval: 0,3-1,2). Vores fund kombineret med tidligere resultater giver god evidens for, at
diabetes - i modsetning til en udbredt klinisk opfattelse - ikke er associeret med dérligere prognose
for pneumokokbakterieemi [studie I].

Sammenhangen mellem diabetes og risikoen for community-erhvervet pneumokokbakterieemi blev
undersogt i et populationsbaseret case-control design. Ti kens- og aldersmatchede kontroller per
case blev udtrukket via CPR-registeret. Vi fandt en 50% foreget risiko for pneumokokbakterieemi
hos diabetikere. Den relative risikoggning var sterst hos yngre diabetikere og i gruppen uden anden
komorbiditet, konsistent med tidligere resultater for pneumoni og andre infektioner hos diabetikere
[studie II].

Urinvejsinfektioner synes at vere et hyppigt problem hos diabetikere. Det tredje studie inkluderede
1.317 patienter indlagt med community-erhvervet bakteriemi forarsaget af E. coli og andre
enterobakterier. I denne undersggelse kombinerede vi vores case-kontrol risikoanalyse og kohorte
prognoseanalyse design. Vi fandt, at diabetes er associeret med en kraftigt foreget risiko for
bakteriemi med enterobakterier, blandt diabetikere under 65 ar var risikoen siledes seks gange
foreget i forhold til ikke-diabetikere. Vore resultater tyder pa, at hvert tiende tilfalde af bakteriemi

med enterobakterier i vores region kan tilskrives diabetes. Samtidig var diabetes associeret med en
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30-40% hgjere mortalitetsrate for denne gruppe af bakteriemier, uathengigt af det underliggende
infektionsfokus [studie III].

Konkluderende viser vores resultater, at diabetes kan have en betydelig effekt pa risikoen for
community-erhvervet bakteriemi, bade pa individniveau og populationsniveau. Sammenhangen
mellem diabetes og bakterieemi-risiko og -prognose varierer athangig af det mikrobiologiske agens,
hvilket understreger kompleksiteten af bakterizemi som sygdomsenhed. Kombinationen af primare
og sekundere datakilder og de epidemiologiske analysemetoder anvendt i vore studier udger
tilsammen et effektivt redskab til videre udforskning af sammenhangen mellem diabetes og

infektioner.
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10. Appendix

Translation of disease categories in the Charlson index into discharge diagnoses in

ICD-8 and ICD-10.

Disease category

ICDS

ICD10

Myocardial infarction

410

121;122;123

Congestive heart failure

427.09; 427.10; 427.11; 427.19;
428.99; 782.49

150; 111.0; I13.0; 113.2

Peripheral vascular disease

440; 441; 442; 443; 444; 445

170; 171, 172; 173; 174; 177

Cerebrovascular disease

430-438

160-169; G45; G46

Dementia

290.09-290.19; 293.09

F00-F03; F05.1; G30

Chronic pulmonary disease

490-493; 515-518

J40-J47; J60-J67; J68.4; J70.1;
J70.3; J84.1; J92.0; J96.1; J98.2;
J98.3

Connective tissue disease

712; 716; 734; 446; 135.99

MO05; M06; MOS;
M09;:M30;M31;

M32; M33; M34; M35; M36;
D86

Ulcer disease

530.91; 530.98; 531-534

K22.1; K25-K28

Mild liver disease

571; 573.01; 573.04

B18; K70.0-K70.3; K70.9; K71;
K73; K74; K76.0

Diabetes typel 249.00; 249.06; 249.07; 249.09 E10.0, E10.1; E10.9
Diabetes type2 250.00; 250.06; 250.07; 250.09 E11.0; E11.1; E11.9
Hemiplegia 344 G81; G82

Moderate to severe renal
disease

403; 404; 580-583; 584; 590.09;
593.19; 753.10-753.19; 792

112; 113; N00-NO5; NO7; N11;
N14; N17-N19; Q61

Diabetes with end organ

damage typel 249.01-249.05; 249.08 E10.2-E10.8
type2 250.01-250.05; 250.08 E11.2-E11.8
Any tumor 140-194 C00-C75
Leukemia 204-207 C91-C95
Lymphoma 200-203; 275.59 C81-C85; C88; C90; C96

Moderate to severe liver
disease

070.00; 070.02; 070.04; 070.06;
070.08; 573.00; 456.00-456.09

B15.0; B16.0; B16.2; B19.0;
K70.4; K72; K76.6; 185

Metastatic solid tumor

195-198; 199

C76-C80

AIDS

079.83

B21-B24
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