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Abstract 

Background: Hip fracture is a common and costly condition among elderly and often have adverse outcomes. 

Many hip fracture patients use several prescription medications including selective serotonin reuptake 

inhibitors (SSRIs) despite concerns about adverse effects. It is unknown whether SSRI use is associated with 

adverse outcomes after hip fracture surgery. 

Objective: To examine the association between SSRI use and mortality, postoperative complications, and 

quality of care in hip fracture patients. 

Methods: We conducted a nationwide cohort study based on individual-level linked, prospectively-collected 

data from Danish population-based national registries. Patients with first-time hospitalization due to hip 

fracture undergoing surgery from 2006 to 2016 were identified. Using Cox regression analysis, hazard ratios 

(HRs) of 30-day mortality, any readmission, any reoperation, and specific postoperative complications were 

estimated. Relative risks of quality of in-hospital care were estimated using Poisson regression analysis. All 

analyses were performed comparing current and former SSRI users with non-users. 

Results: In 68,487 hip fracture patients, 13,272 (19%) were current SSRI users, 2,777 (4%) were former SSRI 

users, and 52,438 (77%) were SSRI non-users. The 30-day mortality risk was 13% in current SSRI users (HR 

1.16, 1.10 to 1.21) and 12% in former (HR 1.15, 1.04 to 1.27) compared with 10% in non-users. The HR for 

any readmission was 1.11 (1.02 to 1.20) in current and 1.13 (1.01 to 1.27) in former SSRI users and for any 

reoperation 1.21 (1.11 to 1.31) in current and 1.04 (0.84 to 1.28) in former SSRI users compared with non-

users. The risk of venous thromboembolism, myocardial infarction, stroke, and bleeding were similar 

irrespective of SSRI use. No association between current and former SSRI use and quality of in-hospital care 

was found. 

Conclusions: In patients undergoing hip fracture surgery, 30-day mortality and overall readmission risk were 

elevated in both current and former SSRI users compared with non-users. Those currently using SSRIs had an 

increased reoperation risk compared with non-users. However, SSRI use was not associated with increased 

risk of postoperative complications and lower quality of in-hospital care.  



 

 

  



 

 

Dansk resumé 

Baggrund: Hoftefraktur er en almindelig og omkostningsfuld tilstand blandt ældre og har ofte et 

uhensigtsmæssigt udfald. Mange hoftefrakturpatienter bruger forskellig receptpligtig medicin inklusiv 

selektive serotoningenoptagelseshæmmere (SSRI) til trods for bekymringer om utilsigtede virkninger. Det 

er uvist om SSRI er associeret med uhensigtsmæssige udfald efter operation for hoftefraktur. 

Formål: At undersøge associationen mellem SSRI-brug og mortalitet, postoperative komplikationer og 

kvaliteten af hospitalsbehandling hos hoftefrakturpatienter. 

Metode: Vi udførte et landsdækkende kohortestudie baseret på prospektive data fra danske 

befolkningsbaserede nationale registre. Patienter med førstegangshospitalisering på grund af hoftefraktur 

opereret fra 2006 til 2016 blev identificeret. Ved brug af Cox regressionsanalyse beregnedes hazardratio 

(HR) for 30-dagesmortalitet, -genindlæggelse, -reoperation og specifikke postoperative komplikationer. 

Relativ risiko for kvaliteten af hospitalsbehandling beregnedes ved brug af Poisson regressionsanalyse. Alle 

analyser blev udført under sammenligning af nuværende og tidligere SSRI-brugere med ikke-brugere. 

Resultater: Blandt 68.487 hoftefrakturpatienter var 13.272 (19%) nuværende SSRI-brugere, 2.777 (4%) 

tidligere brugere og 52.438 (77%) ikke-brugere. 30-dagesmortaliteten var 13% hos nuværende SSRI-brugere 

(HR 1,16; 1,10-1,21) og 12% hos tidligere brugere (HR 1,15; 1,04-1,27) sammenlignet med 10% hos ikke-

brugere. HR for alle genindlæggelser var 1,11 (1,02-1,20) hos nuværende og 1,13 (1,01-1,27) hos tidligere 

SSRI-brugere og HR for alle reoperationer var 1,21 (1,11-1,31) hos nuværende og 1,04 (0,84-1,28) hos 

tidligere SSRI-brugere sammenlignet med ikke-brugere. Risikoen for venøs tromboemboli, 

myokardieinfarkt, slagtilfælde og blødning var ens uanset SSRI-brug. Der blev ikke fundet nogen association 

mellem nuværende og tidligere SSRI-brug og kvaliteten af hospitalsbehandling. 

Konklusion: Blandt patienter opereret for hoftefraktur var 30-dagesmortaliteten og 

genindlæggelsesrisikoen øget hos både nuværende og tidligere SSRI-brugere sammenlignet med ikke-

brugere. De patienter, som var nuværende brugere af SSRI’er, havde en øget reoperationsrisiko 

sammenlignet med ikke-brugere. SSRI-brug var ikke associeret med øget risiko for postoperative 

komplikationer og lavere behandlingskvalitet.  
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Manuscript 

Introduction 

Hip fracture is a frequent surgical procedure among the elderly.1 It correlates with high medical costs and 

healthcare utilisation2 and confers increased risk of mortality.3 Thirty-day mortality in elderly surgically 

treated hip fracture patients is 10% and increases to 30% within one year.4 Patients who receive the 

recommended pre- and postoperative in-hospital care such as pain assessment, nutritional risk assessment, 

osteoporosis prophylaxis, and basic mobility assessment at admission and discharge may have a lower 

mortality risk compared with those who do not.5 Additionally, high mortality is linked to the occurrence of 

postoperative complications, which affect approximately 20% of elderly hip fracture patients.5 6 The most 

common postoperative complication is infection.4 However, patients can experience venous 

thromboembolism (VTE), myocardial infarction (MI), stroke, and gastrointestinal bleeding as well.4 7 

Elderly hip fracture patients are often multimorbid and receive multiple prescription medication including 

selective serotonin reuptake inhibitors (SSRIs).8 SSRIs are prescribed to 8% of Danish elderly aged 65 years 

or older.9 In general, SSRI use appears to increase the risk of mortality, new cardiovascular events, and 

postoperative bleeding.6 10 Previous studies among patients undergoing major surgery, including orthopedic 

surgeries reported higher risk of mortality, readmission, and blood transfusion in those using SSRIs 

perioperatively11 12 However, a study including orthopedic patients showed no evidence that SSRI use 

increase the risk of receiving a blood transfusion.13 Thus, existing literature examining the effect of SSRI use 

on surgery outcome is somewhat inconclusive. The impact of preadmission SSRI use on mortality, 

postoperative complications, and quality of in-hospital care among elderly and fragile hip fracture patients, 

has not been reported previously. Therefore, we conducted a nationwide, prospective cohort study 

examining whether preadmission SSRI use is associated with adverse outcomes in hip fracture surgery 

patients. 

Methods 

Setting and design 

The study is a nationwide cohort study using prospectively collected data from Danish medical registries 

covering all Danish citizens; approximately 5.7 million people.14 The health care system in Denmark is tax-

funded, and all citizens have equal access to health care services. 

Data sources 

The Danish Multidisciplinary Hip Fracture Registry15 has routinely registered comprehensive clinical data on 

all patients aged 65 years or older with first-time hip fracture admitted to any orthopedic department in 
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Denmark since 2004. Data include detailed pre- and postoperative data, as well as data on quality of in-

hospital care represented by process-performance measures. The Danish Civil Registration System16 

established in 1968 holds data on date of birth, vital status, and migration on all individuals in Denmark. Every 

citizen has a unique civil personal registration number, which allows for individual-level linkage across all 

Danish registries. The Danish National Patient Registry17 contains data on civil personal registration number, 

hospital admission and discharge diagnosis codes, and diagnostic and surgical procedure codes from all 

Danish somatic hospitals since 1977. Diagnoses were coded using the International Classification of Diseases 

Eighth Revision (ICD-8) until the end of 1993 and Tenth Revision (ICD-10) thereafter.  The Danish National 

Database of Reimbursed Prescriptions18 tracks reimbursed medicine dispensing at all community pharmacies 

and hospital-based outpatient pharmacies in Denmark since 2004. The database holds data on civil personal 

registration number, Anatomical Therapeutic Chemical code, redemption date, item quantity, pack size, 

defined daily dose, dose form, and generic substitution done at pharmacy. 

Study population 

Patients aged 65 years or older undergoing surgical treatment for hip fracture between 2004 and 2016 were 

identified in the Danish Multidisciplinary Hip Fracture Registry. The study period was subsequently restricted 

to patients registered between 1 January 2006 and 31 December 2016 to ensure at least two years 

prescription history. Patients with missing data on operation delay (n=119) were excluded. In total, 68,487 

first-time hip fracture patients operated from 2006 to 2016 were available for analyses. 

Exposure 

All redeemed prescriptions for SSRIs one year before hip fracture surgery were identified in the Danish 

National Database of Reimbursed Prescriptions. Patients were classified according to SSRI use: Current SSRI 

users redeemed at least one prescription within 90 days, former users redeemed one prescription between 

91 and 365 days, and non-users redeemed no prescriptions within 365 days before hip fracture surgery. 

Outcome measures 

Several outcomes occurring after hip fracture surgery were examined separately. First, all-cause 30-day 

mortality was ascertained from the Civil Registration System. Second, postoperative complications were 

ascertained from the Danish National Patient Registry. The following postoperative complications were 

examined: 1) any readmission, 2) any reoperation, 3) cardiovascular events including VTE, MI, and stroke, 

and 4) major bleeding defined as intracranial bleeding, gastrointestinal bleeding, or urinary/lung bleeding 

within 30 days of surgery. Third, quality of in-hospital care represented by process-performance measures19 

including preoperative optimization, operation delay, mobilization within 24 hours postoperatively, basic 
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mobility assessment at admission and discharge, nutritional risk assessment, osteoporosis prophylaxis, and 

future fall prophylaxis were obtained from the Danish Multidisciplinary Hip Fracture Registry. 

Covariates 

Operation year, housing, body mass index (BMI), fracture type, operation type, and operation delay 

information were assessed from the Danish Multidisciplinary Hip Fracture Registry. Four categories 

comprising housing information were created: own accommodation, residential institution, homeless, and 

unknown. Likewise, four categories based on BMI values were created: underweight (BMI<18.5 kg/m2), 

normal weight (BMI≥18.5<25 kg/m2), overweight or obese (BMI≥25 kg/m2), and unknown. Age, gender and 

marital status were obtained from the Danish Civil Registration System. Comorbidities were identified using 

the Danish National Patient Registry. Overall comorbidity was summarized according to the Charlson 

Comorbidity Index (CCI) score. The CCI was categorized as low (score 0), medium (score 1-2), and high (score 

≥3) comorbidity score.20 The following medications were assessed from the Danish National Database of 

Reimbursed Prescriptions: non-steroid anti-inflammatory drugs (NSAIDs), corticosteroids, anticoagulants, 

statins, non-SSRI antidepressants, and antipsychotics. Use of each medication was defined as follows: current 

users redeemed one prescription within 90 days, former users redeemed one prescription between 91 and 

365 days, and non-users redeemed no prescriptions within 365 days before hip fracture surgery. All codes 

defining study variables are available in Supplementary table A-C. 

Statistical analysis 

Patient characteristics were tabulated according to SSRI use. All patients were followed from operation date 

to death, any readmission, any reoperation, cardiovascular event, bleeding event, or up to 30 days. Kaplan-

Meier curves of the three SSRI exposure groups were plotted depicting the absolute mortality risk over time. 

The cumulative incidence of postoperative complications was estimated treating death as a competing risk. 

Crude and adjusted hazard ratios (HRs) with 95% confidence intervals of death and postoperative 

complications within 30 days were estimated using Cox regression analysis comparing current and former 

SSRI users with non-users. The mortality model was evaluated for effect modification by age and gender. 

Readmission outcome data were only available for patients operated from 1 January 2011 onwards, thus 

readmission analyses were restricted to patients operated between 1 January 2011 and 31 December 2016. 

Relative risks of quality of in-hospital care were estimated using Poisson regression analysis. The process-

performance measures representing quality of in-hospital care were introduced in the Danish 

Multidisciplinary Hip Fracture Registry at various times. Therefore, the analyses regarding the quality of in-

hospital care were performed only in hip fracture patients operated between 1 January 2015 and 31 

December 2016. Potential confounder assessment was done using a directed acyclic graph (Supplementary 
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figure A).21 All adjusted analyses accounted for age, gender, marital status, operation year, comorbidities, 

other medication, and clustering by unit setting. 

Sensitivity analysis 

Two sensitivity analyses were performed to test the robustness of the results. First, missing BMI values were 

imputed using multiple imputation.22 Missing housing data were not imputed due to lack of predictors. In the 

multiple imputation model, all variables that were in the subsequent analysis model were included: SSRIs, 

age, gender, marital status, operation year, body mass index, comorbidities, and other medication. 

Furthermore, some auxiliary variables such as operation delay, fracture type, operation type, and 

postoperative complications were included. Imputation of body mass index values was done using truncated 

regression creating 20 imputed datasets. After imputation, the association between SSRI use and mortality 

was estimated in each imputed dataset using Cox regression analysis. The measures of association from each 

imputed dataset were combined using Rubin’s rule.23 

Second, the exposure definition was changed to address potential compliance problems; current SSRI users 

redeemed two prescriptions within two years, of which one prescription was redeemed within eight months 

before hip fracture, former users redeemed two prescriptions between eight months and two years, and 

non-users redeemed one or no prescriptions within two years before hip fracture. The mortality analysis was 

repeated employing a new exposure definition. 

All statistical analyses were performed using Stata 14 for Windows (Stata Corp, College Station, TX, USA) and 

R for Windows 3.4.2 (The R Foundation for Statistical Computing, Vienna, Austria) 

Results 

Patient characteristics 

We identified 68,487 first-time hip fracture patients between 2006 and 2016. Of these, 13,272 (19%) were 

current SSRI users, 2,777 (4%) former, and 52,438 (77%) non-users. Table 1 presents the patient 

characteristics according to SSRI use. The median patient age was 84 years in current users and 83 years in 

former users and non-users. The current and former SSRI users had higher overall comorbidity than non-

users as well as higher prevalence of cerebrovascular disease, dementia, use of non-SSRI antidepressants, 

and antipsychotics. Current SSRI users had a higher prevalence of anticoagulant use than both former users 

and non-users (Table 1). 

In total, 13,295 patients (19%) were missing BMI data and 30,285 (44%) patients were missing housing data. 

In the available housing data, we observed that SSRI non-users more often lived in their own accommodation 

compared with current and former users. However, there was no difference in BMI distribution between the 

exposure groups (Table 1). 
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Mortality 

Overall, 7,295 hip fracture patients died within the first 30 days following hip fracture surgery. Mortality was 

higher in current (13%) and former (12%) users compared with non-users (10%) (Figure 1 and Table 2). 

Compared with non-users, the adjusted HR was 1.16 (1.10 to 1.21) in current users and 1.15 (1.04 to 1.27) in 

former users (Table 2). We found no effect modification by age and gender of the relation between SSRI use 

and mortality. 

Readmission and reoperation  

Table 2 shows cumulative incidences and HRs of any readmission and any reoperation within 30 days 

postoperatively. In total, 6,208 of 36,356 were readmitted and 2,327 of 68,487 re-operated within 30 days 

after surgery. Both current (HR 1.11, 1.02 to 1.20) and former users (HR 1.13, 1.01 to 1.27) had a higher 

readmission risk compared with non-users. Current SSRI users had a higher reoperation risk (HR 1.21, 1.11 to 

1.31) compared with non-users while there was no difference between former users (HR 1.04, 0.84 to 1.28) 

and non-users. 

Postoperative complications 

During the first 30 days following hip fracture surgery, 573 patients experienced VTE, 546 MI, 863 stroke, and 

1,011 major bleeding. Table 2 shows cumulative incidences and HRs of the individual complications. Current 

SSRI users had a similar risk of VTE (HR 0.89, 0.67 to 1.17), MI (HR 1.03, 0.81 to 1.30), stroke (HR 0.93, 0.80 

to 1.09), and bleeding (HR 1.06, 0.89 to 1.28) as non-users. Likewise, former SSRI users had a similar risk of 

VTE (HR 0.93, 0.64 to 1.35), MI (HR 0.89, 0.57 to 1.40), stroke (HR 0.67, 0.44 to 1.01), and bleeding (HR 1.06, 

0.69 to 1.64) as non-users. 

Quality of in-hospital care 

The analyses included 11,363 patients operated during 2015 to 2016. Figure 2 and Table 3 shows no 

difference in quality of in-hospital care between the three SSRI exposure groups. 

Sensitivity analysis 

The HRs of mortality did not materially change after multiple imputation of missing BMI values and 

adjustment for BMI (Supplementary table E). Changing the exposure definition, we identified 14,530 (21%) 

current SSRI users, 1,116 (2%) former users, and 52,841 (77%) non-users. Patient characteristics in the new 

exposure groups were similar to the patient characteristics in the exposure groups used in the main analysis 

and the HRs of mortality were similar to the main analysis results (Supplementary table F and G). 
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Discussion 

In this nationwide cohort study of hip fracture surgery patients, 30-day mortality and overall readmission 

were elevated in both current and former SSRI users. Those currently using SSRIs had an increased 

reoperation risk compared with non-users. However, SSRI use was not associated with increased risk of 

cardiovascular and bleeding complications and inferior quality of in-hospital care. 

Strengths and limitations 

The strengths of this study are the use of well-established, well-validated, and prospective-collected data 

from Danish population-based registries with complete follow-up. The registries originate from a tax-

supported and uniformly organized health care system reducing the risk of selection bias. The validity of the 

hip fracture diagnosis is high,24 25 and the complete follow-up reduces the risk of differential misclassification. 

In general, our study included all elderly hip fracture patients aged 65 years or older in Denmark between 

2006 and 2016. These patients are similar regarding age and gender to those included in other studies on hip 

fractures in the elderly.4 7 To date, this is the largest study examining the association between SSRI use and 

mortality, postoperative complications, and quality of in-hospital care in hip fracture patients. 

We ascertained comprehensive data on potential confounders including complete in-hospital comorbidity 

history compiled in the Charlson Comorbidity Index (CCI) and history of specific diseases. However, we did 

not have information on the severity of diseases included in the CCI, on diseases treated in primary care, 

which were not severe enough to warrant a hospital diagnosis, or information on the underlying disease 

indication for SSRI prescription.  Further, the registries we used did not contain information on 

socioeconomic status, smoking, alcohol use, and other lifestyle factors. Lack of these data may have resulted 

in residual confounding. However, in this study we included former SSRI users as a negative control. I.e. we 

anticipated that they would be more similar to the current users than non-users in many aspects. Thus, if the 

effect of SSRI exposure on mortality was caused by the medication itself, we would anticipate only seeing an 

effect in current users and not in former users. However, this was not the case, and the observed association 

between SSRI use and mortality may rather be caused by underlying risk factors.26 

We did not have information about compliance. In our study, non-compliance would cause a misclassification 

of non-users as users, and therefore the observed association between SSRI use and mortality, readmission, 

or reoperation risk might actually be higher. However, as the patients redeem the prescriptions, our 

estimates most likely reflect actual drug use. Even considering misclassification, dispensed prescriptions are 

considered a good measure of medication intake.27 Furthermore, we had no data on in-hospital medication 

use. This may not influence the outcome since hip fracture surgery is an acute procedure with short length 

of hospital stay. 
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Comparison with other studies 

We observed an equally increased mortality risk in current and former SSRI users. This suggests that rather 

than being a risk factor in itself, SSRI use may be a marker of underlying risk factors such as psychiatric illness, 

socioeconomic status, and life style factors (smoking, alcohol misuse, and physical inactivity). These results 

are consistent with those obtained by Auerbach et al. showing an increased mortality in SSRI users compared 

with non-users after major surgery, including approximately 2% hip fracture surgeries.11 However, the 

association found by Auerbach et al. attenuated in patients with depression suggesting that the underlying 

psychiatric indication for SSRI use may explain the increased risk rather than SSRI in itself.11 The most 

common indications for SSRI treatment are depression and anxiety.28 A systematic review by Eaton et al. 

showed that depression and anxiety correlate with increased mortality.29 Mortality in hip fracture patients 

may also be influenced by socioeconomic status,30 and Marinacci et al. found an association between lower 

educational level and mortality.31 Lower educational level is further associated with increased risk of 

psychiatric admission due to schizophrenia, alcoholism, drug dependency, affective psychosis, neurosis, and 

personality disorder.32 Finally, Seitz et al. found no difference in 30-day mortality between current (9.1%) and 

former (9.4%) serotonergic antidepressant users undergoing hip fracture surgery.33 However, they did not 

include a non-user group, which distorts the association between SSRI use and mortality. 

Our findings of an increased overall readmission risk in current and former SSRI users compared with non-

users is consistent with findings reported by Auerbach et al. in major surgery patients. In their study, this 

association persisted in patients receiving SSRI for depression, but not in patients receiving SSRI for other 

reasons.11 This also suggests that SSRI use may not be a risk factor in itself but a marker of underlying disease 

or risk factors. 

Another important finding was that current SSRI users had an increased reoperation risk compared with non-

users, whereas the risk was not elevated in former users. A possible explanation for this could be that SSRI 

use may increase the likelihood of complications necessitating reoperation. There are different reasons for 

performing reoperation for example wound dehiscence, infection, and bleeding,19 and these complications 

may be more frequent in SSRI users. Gärtner et al. found an association between SSRI use and reoperation 

due to bleeding after breast cancer surgery.34 However, Tully et al. showed no association between 

serotonergic antidepressant use and reoperation due to infection or bleeding after coronary artery bypass 

graft surgery.35 Further research is needed to establish the association between SSRI use and reoperation risk 

due to different causes in hip fracture patients. 

We found little evidence of an association between SSRI and the risk of VTE, MI, stroke, and bleeding. To our 

knowledge, no other studies investigated the association between SSRI use and the above-mentioned 

postoperative complications following hip fracture surgery. Auerbach et al. found an association between 
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SSRI use and postoperative bleeding in major surgery patients. However, they had a broader bleeding 

definition including bleeding following procedure, and they included both acute and elective operations.11 

Tully et al. showed no association between SSRI use and MI, stroke, or bleeding after coronary artery bypass 

graft surgery35 supporting our findings. 

The present study did not find any difference between SSRI non-users and users regarding quality of in-

hospital care. This is important and in line with efforts of European governments to reduce social inequality 

in treatment of patients.36 However, we have no information on quality of patient care outside hospital 

settings. Previous research suggests lower 30-day mortality in hip fracture patients who received higher 

quality of care.5 Quality of in-hospital care may not explain the increased mortality associated with SSRI use 

in our study. 

Implications of findings  

One issue emerging from our findings is the question about discontinuation of SSRI treatment after hip 

fracture surgery. Since hip fracture is an acute condition, it is not possible to stop treatment before surgery. 

Stopping SSRI treatment after surgery would not change the mortality and overall readmission risk since they 

were similar in current and former users compared with non-users. The overall reoperation risk was 

augmented in current users but not in former users compared with non-users. However, pausing SSRI 

treatment without a complete discussion of the risks and benefits is unwarranted. The increased risk of 

mortality, readmission, and reoperation calls for increased clinical awareness on hip fracture patients using 

SSRIs. This patient group may be more prone to adverse outcomes after surgery regardless of the indication 

for SSRI treatment. 

In conclusion, 30-day mortality and overall readmission in hip fracture patients were elevated in both current 

and former SSRI users compared with non-users. Those currently using SSRIs had an increased overall 

reoperation risk compared with non-users. However, SSRI use was not associated with increased risk of 

cardiovascular and bleeding complications and lower quality of in-hospital care.  
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Supplementary 

The following research report section contains general methodological considerations concerning study 

design, exposure definition, statistical analyses, and missing values. Furthermore, it describes the strengths 

and limitations including discussion of bias and confounding, and clinical perspectives and future studies 

related to the present study. 

Methodological considerations 

Study design 

There are several different possibilities when designing a scientific study. First, I will give some examples of 

different study designs and afterwards justify the choice made in the present study. 

Case-control studies start out with a source population, where a limited number of cases and controls are 

identified. Cases are individuals who had the outcome of interest and controls are individuals who did not 

have the outcome of interest. Afterwards, information on the exposure is obtained. It is possible to include  

several exposures, but only one outcome of interest.37 In traditional case-control studies exposure data are 

recorded after the outcome occurred leading to an increased risk of recall bias. Recall bias arise as cases may 

report exposure information different than controls. For example, cases may be more likely to report being 

exposed than controls because they try to explain the occurrence of the outcome.37 Recall bias can be 

eliminated by using prospectively collected register data. Here, exposure information is collected before 

occurrence of the outcome and thus does not lead to recall bias. Another problem that the case-control study 

design cannot control is the risk of confounding.37 One way to eliminate this problem is to use a different 

study design and conduct a randomized controlled trial. 

In the randomized controlled trial, study participants are randomly assigned to different intervention groups. 

The randomization is intended to balance confounding between intervention groups, but caution must be 

exercised, as balance is not guaranteed.37 An issue arises in randomized controlled trials when the patients 

do not follow the intervention or treatment and e.g. change treatment during the follow-up. This will lead to 

bias depending on the treatment change.37 The randomized controlled trial study design can only be used 

when investigating the effect of an intervention on the outcome occurrence. Therefore, the association 

between a random event such as hip fracture and an outcome cannot be investigated using the randomized 

controlled trial study design. If the objective of a study is to investigate this association, another study design 

such as the cohort study design must be used. 

In general, cohort studies measure the disease occurrence within a given cohort.37 A cohort is defined as a 

group of individuals who are followed over a time period.38 Cohort studies present several limitations such 

as susceptibility to confounding, the need for very large cohorts, the cost and time consuming nature of the 



 

10 
 

design, and the association assessment relating only to those factors recorded at the outset of the study.39  

On the contrary prospective cohort studies have several strengths such as the ability to establish the absolute 

risk directly, elimination of recall bias, the ability to examine several outcomes and exposures in one study, 

and the ability to assess lifestyle factors not available elsewhere.39 

In the present study, the cohort study design was chosen because the study objective was to examine the 

association between SSRI use and mortality, postoperative complications, and quality if in-hospital care in 

hip fracture patients. Thus, there are several outcomes of interest, and hip fracture needs to occur after 

exposure to SSRI. This favors the conduction of a cohort study. The randomized controlled study design is not 

possible to apply studying the association between pre-hip fracture SSRI use and adverse outcomes. There 

are several reasons for this: First, a very large study sample would be necessary. Second, it would be unethical 

to treat people with medication they may not need. Third, the study would be costly and time-consuming. 

Finally, a randomized controlled trial is not problem free as loss to follow-up may occur. This is not a problem 

in the present cohort study as all patients have complete follow-up from hip fracture to outcome occurrence 

or up to 30 days. 

Exposure definition 

Exposure is defined as a risk factor that an individual comes in contact with before becoming ill.39 There are 

several ways to characterize exposure e.g. ever exposed, current dose, largest dose, cumulative dose, time 

of exposure, time since first exposure and so on.39 In the present study, the exposure of interest is SSRI use. 

SSRI use was characterized as ever use and was categorized as follows: Current SSRI users redeemed at 

least one prescription within 90 days, former users redeemed at least one prescription between 91 and 365 

days, and non-users redeemed no prescriptions within 365 days before hip fracture (Supplementary figure 

1). 

 

Supplementary figure 1: Exposure definition and outcomes. 

The exposure period was chosen because SSRIs are mainly prescribed in packets for 3 months use. Former 

users were included as a negative control.26 This means that if there is a true causal effect of SSRI on 
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mortality, the association between former SSRI use and mortality is expected to be null, and the association 

between current SSRI use and mortality not null. If both current and former SSRI use are associated with 

mortality, there is no causal effect of SSRI, and the association may be due to underlying risk factors. 

Patients redeeming a prescription was assumed to have initiated treatment and be compliant. However, 

compliance seems more likely when patients redeem a second prescription. This was not the case in the 

present study as a sensitivity analysis with a different exposure definition showed no significant deviation 

from study results. 

Statistical analyses 

The time-to-event analyses compare the postoperative outcome rates in the different exposure groups. The 

survival analysis model is based on two assumptions. First, it assumes that the hazards are proportional. Thus, 

the ratio of the hazards comparing different exposure groups remains constant over time.40 This means that 

the instantaneous risk remains constant in the two exposure groups during the entire follow-up period. 

Second, it assumes independent censoring meaning that the censoring-probability is not related to the risk 

of the event occurring.40 E.g. dependent censoring would occur if those censored were more comorbid and 

thus at higher risk of dying compared with the uncensored. In other words, an individual censored at a specific 

time must be representative of those still at risk at that time.41 In the present study, dependent censoring 

does not occur, as there was no loss to follow-up. The Kaplan-Meyer estimator was used to compare 

mortality rates in the different exposure groups. However, caution was exercised when examining outcomes 

with competing risks.41 The competing-risk issue arise when the event of interest cannot occur because a 

competing event happened first. In the present study, it is not possible for patients to experience VTE if death 

already occurred. The Kaplan-Meyer estimator treats the competing events as independent-censored 

observations thus overestimating the results.41 Instead, the Aalen-Johansen estimator was used as it 

determines the cumulative incidence of an event in a situation with competing risks.41 Competing risks do 

not interfere with the Cox regression estimates. The Cox regression model is considering the risk sets of 

individuals still being followed up at each time an event occurs.40 If a patient die during follow-up, the patient 

is no longer at risk and does not contribute to the estimation. However, the patient will contribute with risk 

time until the occurrence of death. 

Poisson regression analyses were used to estimate relative risks comparing the different exposure groups 

regarding quality of in-hospital care. The model was chosen after careful considerations. First, logistic 

regression was considered for estimating the associations. Using this model, the model parameters, odds 

ratios, are used to estimate the relative risks in case-control studies, where the outcome is rare.37 When the 

risk is small, the odds are close to the risk. However, in cohort studies, the outcome is often frequent and 

risks or rates are directly obtainable. In this case, estimating an odds ratio may overestimate the relative risk 
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when it is more than 1 and underestimate it when it is less than 1.42 In this study, more than 10% of exposed 

patients have an event thus odds ratios would over- or underestimate the relative risk. 

Missing data 

Missing data are a recurrent issue in registry-based research. It occurs in medical registries for several 

reasons: loss to follow-up, failure to attend medical appointments, lack of measurements, and inaccurate 

transfer of data from paper registration to an electronic database.22 In the present study, data were missing 

on operation delay (0.2%, n=119), BMI (19%, n=13,329), and housing (44%, n=30,403). There are different 

types of missing data and they are often categorized in the following three groups: missing completely at 

random (MCAR), missing at random (MAR), and missing not at random (MNAR).22 If data are MCAR, it does 

not depend on observed or unobserved data.43 For example, in the present study BMI may be missing 

because the scale broke. However, it is unlikely to be broken 19% of the time, thus the data are probably not 

MCAR. When the missingness depends on already observed information, data are MAR.43 In this case, 

females may be less likely to be weighed and thus having missing data on BMI. Finally, data can be MNAR if 

they depend on the unobserved data.43 In the case of missing BMI values, data are MNAR if normal weight 

individuals are less likely to be weighed than over- or underweight. The missing data in the present study are 

probably not MCAR, but are more likely to be MAR or MNAR. Missing data can be handled in several ways in 

data analysis. Three methods were considered during this study. First, the missing indicator method were 

assessed.22 Missing values were grouped in an “unknown” category retaining the full dataset. However, the 

estimates were biased due to residual confounding as the “unknown” category were a mixture of the other 

categories. Second, complete-case analysis was considered including only individuals with complete data on 

all variables. This is a simple method to handle missing data, but it assumes that data are MCAR, which is 

probably not the case.22 Furthermore, almost half of the observations in this study were excluded reducing 

statistical power. However, this approach was used regarding operation delay, as there were only 0.2% 

(n=119) incomplete cases. Finally, multiple imputation was considered aiming to provide unbiased and valid 

association estimates retaining the full dataset. Multiple imputation assumes that data are MAR, but can 

handle both data MCAR and MNAR.22 Some considerations were made before performing the imputation of 

BMI values. First, auxiliary variables were selected using logistic regression examining the relationship with 

missingness and value of missing data.23 Due to lack of predictors, multiple imputation was not performed 

on housing, but only on BMI. The number of imputed data sets were selected based on the rule of thumb 

suggested by White et al.: the number of imputations should be similar to the percentage of incomplete 

cases.23 In this study, 20 imputations were performed corresponding to 19% (n=13,329) missing BMI values.  
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Strengths and limitations 

The present study aims to obtain measures of the association between SSRI use and mortality, 

postoperative complications, and quality of in-hospital care in hip fracture patients. However, these 

measures are only estimates of the true association. If the obtained measure is close to the true 

association, the study is accurate and has little error. The size of the error can never be determined, as we 

do not know the true association.37 Nevertheless, steps are made to reduce error through design and 

analysis. There are two types of error that should be taken into account; systematic error and random 

error.37 Systematic error is also known as bias and are often described as selection bias, information bias, 

and confounding. Random error is variability in the data that cannot be explained. Random error is 

decreasing with increasing study size as it is determined by chance.37 In the present study, the study size is 

very large and random error plays a relatively small role. However, systematic error is unaffected by study 

size, and in very large studies the relative role of systematic errors becomes larger (Supplementary figure 

2). 

 

Supplementary figure 2: The relation of systematic error and random error to study size. 

(After Rothman, KJ, Epidemiology: An Introduction) 

Selection bias 

Selection bias occurs when the association between exposure and outcome differs for participants and 

nonparticipants. The bias is introduced through selection of participants at entry or by loss to follow-up.37 

In the present study, participants enter the study on the day of hip fracture. They are identified in the 
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Danish Multidisciplinary Hip Fracture Registry, which contains data on all hip fractures in Denmark from 

2003 onwards.15 As the Danish health care system is tax-funded, all citizens have equal access to health 

care services. Furthermore, all hip fractures require admission to hospital and are therefore recorded in the 

Danish medical registries. Therefore, there is no selection of participants at entry. Loss to follow-up is 

probably nonexistent in this study as the Civil Registration System is virtually complete regarding 

emigration and death.16 The combination of complete inclusion of all Danish hip fracture patients and 

complete follow-up reduces the risk of selection bias. 

Information bias 

Information bias arises when information about participants are misclassified. Misclassification can be 

differential or non-differential. Differential misclassification relates to the value of other study variables 

whereas non-differential misclassification does not.37 Differential misclassification occurs in cohort studies if 

unexposed individuals are underdiagnosed more than exposed individuals are. In this study, mortality is 

unlikely to be underdiagnosed in SSRI non-users. However, postoperative complications may be 

underdiagnosed in non-users and former users if clinicians are more aware of symptoms in current SSRI users. 

Non-differential misclassification affects all epidemiological studies to some extent.37 In the present study, 

SSRI exposure may be misclassified, as we do not know if people are actually taking the medication after 

redemption. The misclassification is however non-differential because the misclassification of SSRI exposure 

does not depend on the outcomes. This means that the associations may be under- or overestimated, but as 

there is three exposure groups it is not possible to say which way the estimates are biased. However, non-

differential misclassification of the exposure will not bias the effect estimate if there is no effect to begin 

with.37 

Confounding 

Confounding is the confusion of effects. The effect of the exposure is confused with the effect of another 

variable.37 Thus, a confounder must influence the outcome and be associated with the exposure.21 An 

example from the present study is comorbidity. Comorbidity is a confounder of the association between 

SSRI and mortality in hip fracture patients as comorbidity increases the risk of developing depression44 and 

thus receiving SSRI. Furthermore, mortality after hip fracture surgery increases with increasing comorbidity 

level.3 4 Thus, comorbidity is associated with both the exposure and the outcome (Supplementary figure 3). 

A variable is only a confounder if the distribution of the values differs in the various exposure categories.37 

This is the case for the CCI-score distribution as it differs across SSRI user groups. Finally, a confounder must 

not be an effect of the exposure.37 In this study, comorbidity is probably not an effect of SSRI treatment and 

thus fulfils the confounder properties.  
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Supplementary figure 3: Correlation of exposure, outcome, and confounder with examples from the present study. 

Not all confounders can be identified and controlled. Confounding by indication is often an issue in 

pharmacoepidemiological research. The issue arises when the medical condition indicating drug use differs 

between drug users and non-users. Even differences in disease severity or other risk factors between drug 

users, users of other drug therapies and non-users can introduce confounding by indication.37 Thus, the 

indication for drug use may cause the outcome independently of the drug itself. In the present study, the 

indication for SSRI treatment is unknown as is the severity of disease. Furthermore, psychiatric illness is 

associated with additional risk factors further complicating the picture.45 However, the aim was not to 

investigate the sole pharmacological effect of SSRI treatment, but to investigate differences in mortality, 

postoperative complications and quality of in-hospital care in the SSRI-treated hip fracture patient 

subgroup. Thus, both the direct effect of SSRI use and the effect of factors associated with SSRI use was of 

interest. Therefore, confounding by indication was not a limitation I this study. 

Confounding can be prevented in the study design and analysis phases. In the design phase, there are three 

ways to prevent confounding. The first method is randomization, which can only be done in experimental 

studies.37 In the present study, participants cannot be randomly assigned to SSRI treatment before hip 

fracture. The second method is restriction where the sample is restricted to participants with almost the 

same value for a potentially confounding variable.37 This is done to some extent in the present study, as the 

sample is restricted to patients aged 65 years or older. By restricting the sample to elderly, the confounding 

effect of age is reduced. The third method is matching where exposed participants are matched with 

unexposed individuals based on the confounder distribution.37 This method was not used in this study. 

However, in the analysis phase, confounding can be controlled in two ways. The first method is to use 

stratification where data are cross-tabulated on exposure and outcome by categories of potential 

confounding variables.37 The other method is to use regression models as done in the present study. 
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Clinical perspectives and future studies 

The population of elderly individuals is increasing.46 In this population, comorbidity and prescription drug 

use are frequent and stress the necessity to increase the life quality.47 Life quality of elderly patients is 

improved through treatment enhancement, which may further reduce illness burden, prolong the period of 

adult vigor, and reduce the need for medical care and associated costs.48 A common and costly disorder in 

elderly is hip fracture.1 Therefore, measures to prevent hip fractures as well as to improve the 

postoperative outcomes are crucial. Many elderly hip fracture patients receive multiple prescription drugs 

including SSRIs emphasizing the need for improving drug safety.8 

The results of the present study highlight the need for increased clinical awareness on hip fracture patients 

currently and formerly treated with SSRIs. These patients may be more prone to adverse outcomes after 

surgery and therefore requires increased clinical attention. The study adds insight into the issues related to 

SSRI treatment concerning mortality, readmission, reoperation, postoperative complications, and quality of 

care in hip fracture surgery patients. However, the study does not elucidate the cause of death, 

readmission, or reoperation associated with current and former SSRI use. These issues may be subject to 

future research including data from the Danish Cause of Death Register and the Danish National Patient 

Registry. Additionally, the long-term prognosis of hip fracture patients using SSRIs may be evaluated.  
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Tables and figures 

Table 1: Baseline patient characteristics according to pre-hip fracture selective serotonin reuptake inhibitor (SSRI) use 2006-2016 

 
 SSRI   

Variable All patients Non-users Former 

users 

Current users  

 n % n % n % n % 

Total 68,487  100 52,438 76.6 2,777 4.0 13,272 19.4 

Median age (years) 83  83  83  84  

Age (years)         

65-74 13,271 19.4 10,571 20.2 533 19.2 2,167 16.3 

75-84 26,086 38.1 19,768 37.7 1,159 41.7 5,159 38.9 

≥ 85 29,130 42.5 22,099 42.1 1,085 39.1 5,946 44.8 

Gender         

Male 19,750 28.8 15,541 29.6 730 26.3 3,479 26.2 

Female 48,737 71.2 36,897 70.4 2,047 73.7 9,793 73.8 

Marital status         

Married 20,300 29.6 16,105 30.7 842 30.3 3.353 25.3 

Unmarried 48,187 70.4 36,333 69.3 1,935 69.7 9,919 74.7 

Housing         

Own accommodation 31,075 45.4 25,537 48.7 1,126 40.5 4,412 33.2 

Homeless 22 <0.1 20 0.1 0 0.0 2 <0.1 

Residential institution 7,105 10.4 4,213 8.0 408 14.7 2,484 18.7 

Uknown 30,285 44.2 22,668 43.2 1,243 44.8 6,374 48.0 

Fracture type         

Femoral neck fracture 36,341 53.1 27,854 53.1 1,451 52.3 7,036 53.0 

Per- and subtrochanteric fracture 32,146 46.9 24,584 46.9 1,326 47.7 6,236 46.9 

Operation type         

Alloplastic surgery 46,859 68.4 35,843 68.4 1,902 68.5 9,114 68.7 

Osteosynthesis 21,628 31.6 16,595 31.6 875 31.5 4,158 31.3 

Operation delay (h)         

<24 41,671 60.8 31,859 60.8 1,721 62.0 8,091 61.0 

24-48 12,517 18.3 9,646 18.4 461 16.6 2,410 18.1 

>48 14,299 20.9 10,933 20.8 595 21.4 2,771 20.9 

Operation year         

2006-2010 32,131 46.9 23,822 45.4 1,342 48.3 6,967 52.5 

2011-2016 36,356 53.1 28,616 54.6 1,435 51.7 6,305 47.5 

Body mass index (BMI), kg/m2         

< 18.5: Underweight 5,988 8.8 4,558 8.7 292 10.5 1,138 8.6 

≥ 18.5 < 25: Normal weight 31,582 46.1 24,390 46.5 1,254 45.2 5,938 44.7 

≥ 25: Overweight or obese 17,622 25.7 13,602 25.9 689 24.8 3,331 25.1 

Unknown 13,295 19.4 9,888 18.9 542 19.5 2,865 21.6 
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Table 1 continued 

 
 SSRI   

Variable All patients Non-users Former 

users 

Current users  

 n % n % n % n % 

Charlson comorbidity index         

Low (0) 27,283 39.8 22,505 42.9 840 30.3 3,938 29.7 

Medium (1-2) 27,787 40.6 20,365 38.8 1,244 44.8 6,178 46.5 

High (3+) 13,417 19.6 9,568 18.3 693 24.9 3,156 23.8 

Comorbidity         

Myocardial infarction 3,762 5.5 2,820 5.4 151 5.4 791 6.0 

Congestive heart failure 6,289 9.2 4,632 8.8 291 10.5 1,366 10.3 

Peripheral vascular disease 5,511 8.1 4,060 7.7 267 9.6 1,184 8.9 

Cerebrovascular disease 12,678 18.5 8,467 16.2 689 24.8 3,522 26.5 

Dementia 6,733 9.8 3,859 7.4 433 15.6 2,441 19.4 

Chronic pulmonary disease 8,663 12.7 6,191 11.8 496 17.9 1,976 14.9 

Connective tissue disease 3,243 4.7 2,480 4.7 139 5.0 624 4.7 

Ulcer disease 3,855 5.6 2,673 5.1 224 8.1 958 7.2 

Liver disease 870 1.3 646 1.2 46 1.7 178 1.3 

Diabetes type 1 and 2 6,689 9.8 5,005 9.5 281 10.1 1,403 10.6 

Hemiplegia 175 0.3 111 0.2 12 0.4 52 0.4 

Moderate to severe renal disease 2,688 3.9 1,973 3.4 132 4.8 583 4.4 

Cancer 10,957 16.0 8,351 15.9 501 18.0 2,105 15.9 

Other medication*         

NSAID 7,681 11.2 5,869 11.2 334 12.0 1,478 11.1 

Corticosteroids 4,158 6.1 3,068 5.9 186 6.7 904 6.8 

Anticoagulants 26,716 39.0 19,323 36.9 1,064 38.3 6,329 47.7 

Statins 13,052 19.1 9,581 18.3 505 19.2 2,966 22.4 

Non-SSRI antidepressants 7,975 11.6 4,977 9.5 596 21.5 2,402 18.1 

Antipsychotics 4,992 7.3 2,899 5.5 319 11.5 1,774 13.4 
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Figure 1: Kaplan-Meyer survival curve showing mortality in hip fracture patients according to selective serotonin reuptake inhibitor 

(SSRI) use 2006-2016. 
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Table 2: Cumulative incidences and hazard ratios (HRs) with 95% confidence intervals (CIs) of mortality, readmission, reoperation, 

and postoperative complications within 30 days of hip fracture surgery according to selective serotonin reuptake inhibitor use 2006-

2016 (N=68,487) 

 Event/total Incidence % 

(95% CI) 

Unadjusted HR 

(95% CI) 

Adjusted* HR 

(95% CI) 

Mortality     

Current users 1,755/13,272 13.2 (12.7-12.8) 1.35 (1.28-1.43) 1.16 (1.10-1.21) 

Former users 338/2,777 12.2 (11.0-12.5) 1.24 (1.11-1.38) 1.15 (1.04-1.27) 

Non-users 5,202/52,438 9.9 (9.7-10.2) 1.00 1.00 

Readmission†     

Current users 975/6,305 15.5 (14.6-16.4) 1.30 (1.21-1.39) 1.18 (1.08-1.28) 

Former users 215/1,435 15.0 (13.2-16.9) 1.22 (1.06-1.40) 1.12 (0.97-1.28) 

Non-users 3,574/28,616 12.5 (12.1-12.9) 1.00 1.00 

Reoperation     

Current users 749/13,272 5.6 (5.3-6.0) 1.29 (1.18-1.40) 1.21 (1.11-1.31) 

Former users 135/2,777 4.9 (4.1-5.7) 1.10 (0.92-1.30) 1.04 (0.84-1.28) 

Non-users 2,353/52,438 4.5 (4.3-4.7) 1.00 1.00 

Venous thromboembolism     

Current users 96/13,272 0.7 (0.6-0.9) 0.85 (0.68-1.06) 0.89 (0.67-1.17) 

Former users 22/2,777 0.8 (0.5-1.7) 0.92 (0.60-1.42) 0.93 (0.64-1.35) 

Non-users 455/52,438 0.9 (0.8-0.9) 1.00 1.00 

Myocardial infarction     

Current users 109/13,272 0.8 (0.7-1.0) 1.04 (0.84-1.28) 1.03 (0.81-1.30) 

Former users 18/2,777 0.6 (0.4-1.0) 0.82 (0.51-1.31) 0.89 (0.57-1.40) 

Non-users 419/52,438 0.8 (0.7-0.9) 1.00 1.00 

Stroke     

Current users 176/13,272 1.3 (1.1-1.5) 1.06 (0.90-1.25) 0.93 (0.80-1.09) 

Former users 25/2,777 0.9 (0.6-1.3) 0.72 (0.48-1.07) 0.67 (0.44-1.01) 

Non-users 662/52,438 1.3 (1.2-1.4) 1.00 1.00 

Bleeding     

Current users 218/13,272 1.6 (1.4-1.9) 1.17 (1.01-1.36) 1.06 (0.89-1.28) 

Former users 43/2,777 1.5 (1.1-2.1) 1.09 (0.81-1.49) 1.06 (0.69-1.64) 

Non-users 750/52,438 1.4 (1.3-1.5) 1.00 1.00 

*Adjusted for age, gender, marital status, operation year, myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, 

liver disease, diabetes type 1 and 2, hemiplegia, moderate to severe renal disease, cancer, non-steroid anti-

inflammatory drugs, corticosteroids, anticoagulants, statins, non-SSRI antidepressants, antipsychotics, and 

clustering by unit setting. 

†Restricted to hip fracture patients operated between 2011 and 2016 (n=36,356). 



 

25 
 

 

Figure 2: Adjusted relative risks (RRs) with 95% confidence intervals (CIs) of quality of in-hospital care according to selective 

serotonin reuptake inhibitor (SSRI) use 2015-2016 (N=11,363). 

Adjusted for age, gender, marital status, operation year, myocardial infarction, congestive heart failure, peripheral vascular disease, 

dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, liver disease, diabetes type 1 and 2, hemiplegia, 

moderate to severe renal disease, cancer, non-steroid anti-inflammatory drugs, corticosteroids, anticoagulants, statins, non-SSRI 

antidepressants, antipsychotics, and clustering by unit setting. 
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Table 3: Unadjusted and adjusted relative risks (RRs) with 95% confidence intervals (CIs) of quality of in-hospital care according to 

selective serotonin reuptake inhibitor (SSRI) use 2015-2016 (N=11,363) 

 Fulfilment (%) Unadjusted RR (95% CI) Adjusted* RR (95% CI) 

Preoperative optimization 4,301 (37.9)   
Non-user 3,491 (38.0) 1.00 1.00 
Former user 161 (37.0) 0.97 (0.83-1.14) 0.97 (0.88-1.09) 
Current user 649 (37.2) 0.98 (0.90-1.07) 1.00 (0.93-1.07) 

Surgery within 24 hours 7,751 (68.2)   
Non-user 6,285 (68.4) 1.00 1.00 
Former user 291 (66.9) 0.98 (0.87-1.10) 1.00 (0.94-1.06) 
Current user 1,175 (67.4) 0.99 (0.93-1.05) 1.00 (0.97-1.04) 

Surgery within 36 hours 9,641 (84.8)   
Non-user 7,816 (85.1) 1.00 1.00 
Former user 354 (81.4) 0.96 (0.86-1.06) 0.97 (0.93-1.00) 
Current user 1,471 (84.4) 0.99 (0.94-1.05) 1.00 (0.98-1.02) 

Mobilization within 24 hours 6,483 (57.1)   
Non-user 5,282 (57.5) 1.00 1.00 
Former user 249 (57.2) 1.00 (0.88-1.13) 1.03 (0.95-1.11) 
Current user 952 (54.6) 0.95 (0.89-1.02) 0.99 (0.94-1.03) 

Basic mobility at admission 10,383 (91.4)   
Non-user 8,412 (91.6) 1.00 1.00 
Former user 402 (92.4) 1.01 (0.91-1.12) 1.02 (1.00-1.03) 
Current user 1,569 (90.0) 0.98 (0.93-1.04) 0.99 (0.97-1.01) 

Basic mobility at discharge 9,945 (87.5)   
Non-user 8,033 (87.5) 1.00 1.00 
Former user 391 (89.9) 1.03 (0.93-1.14) 1.03 (1.01-1.06) 
Current user 1,521 (97.3) 1.00 (0.94-1.05) 1.00 (0.99-1.02) 

Nutritional status assessment 9,304 (81.9)   
Non-user 7,511 (81.8) 1.00 1.00 
Former user 344 (79.1) 0.97 (0.87-1.08) 0.97 (0.91-1.03) 
Current user 1,449 (83.1) 1.02 (0.96-1.08) 1.02 (0.99-1.06) 

Osteoporosis prophylaxis 9,673 (85.1)   
Non-user 7,805 (85.0) 1.00 1.00 
Former user 392 (90.1) 1.06 (0.96-1.17) 1.07 (1.03-1.11) 
Current user 1,476 (84.7) 1.00 (0.94-1.05) 1.00 (0.98-1.03) 

Future fall prophylaxis 9,402 (82.7)   
Non-user 7,591 (82.7) 1.00 1.00 
Former user 380 (87.4) 1.06 (0.95-1.17) 1.06 (1.02-1.11) 
Current user 1,431 (82.1) 0.99 (0.94-1.05) 1.00 (0.97-1.03) 

*Adjusted for age, gender, marital status, operation year, myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, 

liver disease, diabetes type 1 and 2, hemiplegia, moderate to severe renal disease, cancer, non-steroid anti-

inflammatory drugs, corticosteroids, anticoagulants, statins, non-SSRI antidepressants, antipsychotics, and 

clustering by unit setting. 
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Supplementary tables and figures 

Supplementary table A: Anatomical Therapeutic Chemical (ATC) codes defining exposure variables 

Selective serotonin reuptake inhibitors ATC codes 

Fluoxetin N06AB03 

Citalopram N06AB04 

Paroxetin N06AB05 

Sertralin N06AB06 

Fluvoxamin N06AB08 

Escitalopram N06AB10 

 

Supplementary table B: International Classification of Diseases 10th revision (ICD-10) codes defining outcome variables 

Postoperative complications ICD-10 codes 

Bleeding I60-I62, I850, J942, K250, K260, K270, K280, K252, 

K262, K272, K282, K254, K264, K274, K284, K256, 

K266, K276, K286, K290, K625, K920-K922, R31, 

N02, R04 

Venous thromboembolism I801-I803, I26 

Myocardial infarction I21 

Ischemic stroke I63, I64, G459 
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Supplementary table C: International Classification of Diseases 8th revision (ICD-8), 10th revision (ICD-10) and Anatomical 

Therapeutic Chemical (ATC) codes defining covariates 

Covariates Codes 

Carlson comorbidity index ICD-8 codes ICD-10 codes 

Myocardial infarction 410 I21, I22, I23  

Congestive heart failure 427.09, 427.10, 427.11, 427.19, 

428.99, 782.49 

I50, I11.0, I13.0, I13.2 

Peripheral vascular disease 440, 441, 442, 443, 444, 445 I70, I71, I72, I73, I74, I77  

Cerebrovascular disease 430-438 I60-I69, 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 M05, M06, M08, M09, M30, 

M31, 

M32, M33, M34, M35, M36, D86 

Ulcer disease 530.91, 530.98, 531-534 K22.1, K25-K28 

Liver disease 571, 573.01, 573.04, 070.00, 

070.02, 070.04, 070.06, 070.08, 

573.00, 456.00-456.09 

B18, K70.0-K70.3, K70.9, K71, 

K73, K74, K76.0, B15.0, B16.0, 

B16.2, B19.0, K70.4, K72, K76.6, 

I85 

Diabetes mellitus type 1 and 2 249.00, 249.06, 249.07, 249.09, 

250.00, 250.06, 250.07, 250.09, 

249.01-249.05, 249.08, 

250.01-250.05, 250.08 

E10.0, E10.1, E10.9, 

E11.0, E11.1, E11.9, E10.2-E10.8, 

E11.2-E11.8 

Hemiplegia 344 G81, G82 

Moderate to severe renal 

disease 

403, 404, 580-583, 584, 590.09, 

593.19, 753.10-753.19, 792 

I12, I13, N00-N05, N07, N11, 

N14, N17-N19, Q61 

Cancer 140-194, 204-207, 200-203, 

275.59, 195-198, 199 

C00-C75, C91-C95, C81-C85, C88, 

C90, C96, C76-C80 

Other medication ATC codes 

NSAIDs M01A 

Corticosteroids H02AB 

Anticoagulants B01A, B01AC06, N02BA 

Statins C10AA 

Non-SSRI antidepressants N06AA, N06AF, N06AG, N06AX 

Antipsychotics N05A 
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Supplementary figure A: Directed acyclic graph of the possible relationship between important covariates and mortality in hip fracture 

patients. 
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Supplementary table D: Baseline characteristics of hip fracture patients (n=68,487) according to preoperative selective serotonin 

reuptake inhibitor (SSRI) use 2006-2016 after imputation of body mass index 

Variable  SSRIs   

 All patients Non-users Former users Current users  

 n % n % n % n % 

Total 68,487  100 52,438 76.6 2,777 4.0 13,272 19.4 

Median age (years) 83  83  83  84  

Age (years)         

65-74 13,271 19.4 10,571 20.2 533 19.2 2,167 16.3 

75-84 26,086 38.1 19,768 37.7 1,159 41.7 5,159 38.9 

≥ 85 29,130 42.5 22,099 42.1 1,085 39.1 5,946 44.8 

Gender         

Male 19,750 28.8 15,541 29.6 730 26.3 3,479 26.2 

Female 48,737 71.2 36,897 70.4 2,047 73.7 9,793 73.8 

Marital status         

Married 20,300 29.6 16,105 30.7 842 30.3 3.353 25.3 

Unmarried 48,187 70.4 36,333 69.3 1,935 69.7 9,919 74.7 

Housing         

Own accommodation 31,075 45.4 25,537 48.7 1,126 40.5 4,412 33.2 

Homeless 22 <0.1 20 0.1 0 0.0 2 <0.1 

Residential institution 7,105 10.4 4,213 8.0 408 14.7 2,484 18.7 

Unknown 30,285 44.2 22,668 43.2 1,243 44.8 6,374 48.0 

Fracture type         

Fracture of femoral neck 36,341 53.1 27,854 53.1 1,451 52.3 7,036 53.0 

Per- and subtrochanteric fracture 32,146 46.9 24,584 46.9 1,326 47.7 6,236 46.9 

Operation type         

Alloplastic surgery 46,859 68.4 35,843 68.4 1,902 68.5 9,114 68.7 

Osteosynthesis 21,628 31.6 16,595 31.6 875 31.5 4,158 31.3 

Operation delay (h)         

<24 41,671 60.8 31,859 60.8 1,721 62.0 8,091 61.0 

24-48 12,517 18.3 9,646 18.4 461 16.6 2,410 18.1 

>48 14,299 20.9 10,933 20.8 595 21.4 2,771 20.9 

Operation year         

2006-2010 32,131 46.9 23,822 45.4 1,342 48.3 6,967 52.5 

2011-2016 36,356 53.1 28,616 54.6 1,435 51.7 6,305 47.5 

Body mass index (kg/m2)*         

< 18.5: underweight 7,672 11.2 5,806 11.1 357 12.9 1,509 11.4 

≥ 18.5 < 25: normal weight 35,397 51.7 27,163 51.8 1,440 51.8 6,794 51.2 

≥ 25: overweight or obese 25,418 37.1 19,469 37.1 980 35.3 4,969 37.4 

  



 

31 
 

Supplementary table D continued 

Variable  SSRIs   

 All patients Non-users Former users Current users  

 n % n % n % n % 

Charlson comorbidity index         

Low (0) 27,283 39.8 22,505 42.9 840 30.3 3,938 29.7 

Medium (1-2) 27,787 40.6 20,365 38.8 1,244 44.8 6,178 46.5 

High (3+) 13,417 19.6 9,568 18.3 693 24.9 3,156 23.8 

Comorbidity         

Myocardial infarction 3,762 5.5 2,820 5.4 151 5.4 791 6.0 

Congestive heart failure 6,289 9.2 4,632 8.8 291 10.5 1,366 10.3 

Peripheral vascular disease 5,511 8.1 4,060 7.7 267 9.6 1,184 8.9 

Cerebrovascular disease 12,678 18.5 8,467 16.2 689 24.8 3,522 26.5 

Dementia 6,733 9.8 3,859 7.4 433 15.6 2,441 19.4 

Chronic pulmonary disease 8,663 12.7 6,191 11.8 496 17.9 1,976 14.9 

Connective tissue disease 3,243 4.7 2,480 4.7 139 5.0 624 4.7 

Ulcer disease 3,855 5.6 2,673 5.1 224 8.1 958 7.2 

Liver disease 870 1.3 646 1.2 46 1.7 178 1.3 

Diabetes type 1 and 2 6,689 9.8 5,005 9.5 281 10.1 1,403 10.6 

Hemiplegia 175 0.3 111 0.2 12 0.4 52 0.4 

Moderate to severe renal disease 2,688 3.9 1,973 3.4 132 4.8 583 4.4 

Cancer 10,957 16.0 8,351 15.9 501 18.0 2,105 15.9 

Other medication         

NSAID 7,681 11.2 5,869 11.2 334 12.0 1,478 11.1 

Corticosteroids 4,158 6.1 3,068 5.9 186 6.7 904 6.8 

Anticoagulants 26,716 39.0 19,323 36.9 1,064 38.3 6,329 47.7 

Statins 13,052 19.1 9,581 18.3 505 19.2 2,966 22.4 

Other antidepressants 7,975 11.6 4,977 9.5 596 21.5 2,402 18.1 

Antipsychotics 4,992 7.3 2,899 5.5 319 11.5 1,774 13.4 

*Body mass index values from m=1 data  
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Supplementary table E: Incidences and hazard ratios (HRs) with 95% confidence intervals (CIs) of mortality within 30 days of hip 

fracture surgery according to selective serotonin reuptake inhibitor use 2006-2016 (N=68,487) after imputation of body mass index 

 Events Incidence 

(95% CI) 

Unadjusted HR 

(95% CI) 

Adjusted* HR 

(95% CI) 

Non-user 5,202 9.9 (9.7 to 10.2) Ref. Ref. 

Former user 338 12.2 (11.0 to 12.5) 1.24 (1.11 to 1.38) 1.12 (1.00 to 1.24) 

Current user 1,755 13.2 (12.7 to 12.8) 1.35 (1.28 to 1.43) 1.16 (1.10 to 1.22) 

*Adjusted for age, gender, marital status, body mass index, operation year, myocardial infarction, congestive 

heart failure, peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, 

ulcer disease, liver disease, diabetes type 1 and 2, hemiplegia, moderate to severe renal disease, cancer, non-

steroid anti-inflammatory drugs, corticosteroids, anticoagulants, statins, non-SSRI antidepressants, 

antipsychotics, and clustering by unit setting. 
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Supplementary table F: Baseline characteristics of hip fracture patients (n=68,487) according to preoperative selective serotonin 

reuptake inhibitor (SSRI) use 2006-2016 after changing the exposure definition 

Variable  SSRIs   

 All patients Non-users Former 

users 

Current users  

 n % n % n % n % 

Total 68,487 100 52,841 77.2 1,116 1.6 14,530 21.2 

Median age (years) 83  83  82  84  

Age (years)         

65-74 13,271 19.4 10,620 20.1 230 20.6 2,421 16.6 

75-84 26,086 38.1 19,910 37.7 487 43.6 5,689 39.2 

≥ 85 29,130 42.5 22,311 42.2 399 35.8 6,420 44.2 

Gender         

Male 19,750 28.8 15,690 29.7 274 24.5 3,786 26.1 

Female 48,737 71.2 37,151 70.3 842 75.5 10,744 73.9 

Marital status         

Married 20,300 29.6 16,247 30.7 320 28.7 3,733 25.7 

Unmarried 48,187 70.4 36,594 69.3 796 71.3 10,797 74.3 

Housing         

Own accommodation 31,075 45.4 25,728 48.7 414 37.1 4,933 33.9 

Homeless 22 <0.1 17 <0.1 3 0.3 2 <0.1 

Residential institution 7,150 10.4 4,232 8.0 190 17.0 2,683 18.5 

Unknown 30,285 44.2 22,864 43.3 509 45.6 6,912 47.6 

Fracture type         

Fracture of femoral neck 36,341 53.1 28.073 53.1 595 53.3 7.673 52.8 

Per- and subtrochanteric fracture 32,146 46.9 24,768 46.9 521 46.7 6,857 47.2 

Operation type         

Alloplastic surgery 46,859 68.4 36,122 68.4 761 68.2 9,976 68.7 

Osteosynthesis 21,628 31.6 16,719 31.6 355 31.8 4,554 31.3 

Operation delay (h)         

<24 41,671 60.8 32,090 60.7 700 62.7 8,881 61.1 

24-48 12,517 18.3 9,715 18.4 196 17.6 2,606 17.9 

>48 14,299 20.9 11,036 20.9 220 19.7 3,043 21.0 

Operation year         

2006-2010 32,131 46.9 24,061 45.5 539 48.3 7,531 51.8 

2011-2016 36,356 53.1 28,780 54.5 577 51.7 6,999 48.2 

Body mass index (kg/m2)         

< 18.5: underweight 5,988 8.8 4,623 8.7 104 9.3 1,261 8.7 

≥ 18.5 < 25: normal weight 31,582 46.1 24,630 46.6 492 44.1 6,460 44.5 

≥ 25: overweight or obese 17,622 25.7 13,616 25.8 292 26.2 3,714 25.5 

Unknown 13,295 19.4 9,972 18.9 228 20.4 3,095 21.3 
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Supplementary table F continued 

Variable  SSRIs   

 All patients Non-users Former 

users 

Current users  

 n % n % n % n % 

Charlson comorbidity index         

Low (0) 27,283 39.8 22,655 42.9 339 30.4 4,289 29.5 

Medium (1-2) 27,787 40.6 20,544 38.9 494 44.3 6,749 46.5 

High (3+) 13,417 19.6 9,642 18.2 283 25.3 3,492 24.0 

Comorbidity         

Myocardial infarction 3,762 5.5 2,848 5.4 57 5.1 857 5.9 

Congestive heart failure 6,289 9.2 4,677 8.9 125 11.2 1,487 10.2 

Peripheral vascular disease 5,511 8.1 4,092 7.7 112 10.0 1,307 9.0 

Cerebrovascular disease 12,678 18.5 8,549 16.2 278 24.9 3,851 26.5 

Dementia 6,733 9.8 3,891 7.4 172 15.4 2,670 18.4 

Chronic pulmonary disease 8,663 12.7 6,229 11.8 187 16.8 2,247 15.5 

Connective tissue disease 3,243 4.7 2,495 4.7 60 5.4 688 4.7 

Ulcer disease 3,855 5.6 2,693 5.1 81 7.3 1,081 7.4 

Liver disease 870 1.3 647 1.2 24 2.2 199 1.4 

Diabetes type 1 and 2 6,689 9.8 5,041 9.5 131 11.7 1,517 10.4 

Hemiplegia 175 0.3 112 0.2 3 0.3 60 0.4 

Moderate to severe renal disease 2,688 3.9 1,995 3.8 54 4.8 639 4.4 

Cancer 10,957 16.0 8,440 16.0 175 15.7 2,342 16.1 

Other medication         

NSAID 7,681 11.2 5,926 11.2 128 11.5 1,627 11.2 

Corticosteroids 4,158 6.1 3,100 5.9 86 7.7 972 6.7 

Anticoagulants 26,716 39.0 19,520 36.9 425 38.1 6,771 46.6 

Statins 13,052 19.1 9,698 18.4 182 16.3 3,172 21.8 

Other antidepressants 7,975 11.6 4,905 9.3 372 33.3 2,698 18.6 

Antipsychotics 4,992 7.3 2,897 5.5 165 14.8 1,930 13.3 
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Supplementary table G: Incidences and hazard ratios (HRs) with 95% confidence intervals (CIs) of mortality within 30 days of hip 

fracture surgery according to selective serotonin reuptake inhibitor use 2006-2016 (N=68,487) after changing the exposure 

definition 

 Events Incidence 

(95% CI) 

Unadjusted HR 

(95% CI) 

Adjusted* HR 

(95% CI) 

Non-user 5,251 9.9 (9.7 to 10.2) Ref. Ref. 

Former user 137 12.3 (10.5 to 14.4) 1.25 (1.05 to 1.48) 1.12 (0.97 to 1.30) 

Current user 1,907 13.1 (12.6 to 13.7) 1.34 (1.27 to 1.41) 1.16 (1.10 to 1.21) 

*Adjusted for age, gender, marital status, operation year, myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue disease, ulcer disease, 

liver disease, diabetes type 1 and 2, hemiplegia, moderate to severe renal disease, cancer, non-steroid anti-

inflammatory drugs, corticosteroids, anticoagulants, statins, non-SSRI antidepressants, antipsychotics, and 

clustering by unit setting.





 

 
 

Reports/PhD theses from Department of Clinical Epidemiology 

1. Ane Marie Thulstrup: Mortality, infections and operative risk in patients with liver cirrhosis in 

Denmark. Clinical epidemiological studies. PhD thesis. 2000. 

 

2. Nana Thrane: Prescription of systemic antibiotics for Danish children. PhD thesis. 2000. 

 

3. Charlotte Søndergaard. Follow-up studies of prenatal, perinatal and postnatal risk factors in infantile 

colic. PhD thesis. 2001. 

 

4. Charlotte Olesen: Use of the North Jutland Prescription Database in epidemiological studies of drug 

use and drug safety during pregnancy. PhD thesis. 2001. 

 

5. Yuan Wei: The impact of fetal growth on the subsequent risk of infectious disease and asthma in 

childhood. PhD thesis. 2001. 

 

6. Gitte Pedersen. Bacteremia: treatment and prognosis. PhD thesis. 2001. 

 

7. Henrik Gregersen: The prognosis of Danish patients with monoclonal gammopathy of undertermined 

significance: register-based studies. PhD thesis. 2002. 

 

8. Bente Nørgård: Colitis ulcerosa, coeliaki og graviditet; en oversigt med speciel reference til forløb og 

sikkerhed af medicinsk behandling. PhD thesis. 2002.  

 

9. Søren Paaske Johnsen: Risk factors for stroke with special reference to diet, Chlamydia pneumoniae, 

infection, and use of non-steroidal anti-inflammatory drugs. PhD thesis. 2002. 

 

10. Elise Snitker Jensen: Seasonal variation of meningococcal disease and factors associated with its 

outcome. PhD thesis. 2003. 

 

11. Andrea Floyd: Drug-associated acute pancreatitis. Clinical epidemiological studies of selected drugs. 

PhD thesis. 2004. 

 

12. Pia Wogelius: Aspects of dental health in children with asthma. Epidemiological studies of dental 

anxiety and caries among children in North Jutland County, Denmark. PhD thesis. 2004. 

 

13. Kort-og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Nordjyllands, Viborg og 

Århus amter 1985-2003. 2004. 

 

14. Reimar W. Thomsen: Diabetes mellitus and community-acquired bacteremia: risk and prognosis. PhD 

thesis. 2004. 

 

15. Kronisk obstruktiv lungesygdom i Nordjyllands, Viborg og Århus amter 1994-2004. Forekomst og 

prognose. Et pilotprojekt. 2005. 

 

16. Lungebetændelse i Nordjyllands, Viborg og Århus amter 1994-2004. Forekomst og prognose. Et 

pilotprojekt. 2005. 



 

 

 

17. Kort- og langtidsoverlevelse efter indlæggelse for nyre-, bugspytkirtel- og leverkræft i Nordjyllands, 

Viborg, Ringkøbing og Århus amter 1985-2004. 2005. 

 

18. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Nordjyllands, Viborg, 

Ringkøbing og Århus amter 1995-2005. 2005. 

 

19. Mette Nørgaard: Haematological malignancies: Risk and prognosis. PhD thesis. 2006. 

 

20. Alma Becic Pedersen: Studies based on the Danish Hip Arthroplastry Registry. PhD thesis. 2006. 

 

Særtryk: Klinisk Epidemiologisk Afdeling - De første 5 år. 2006. 

 

21. Blindtarmsbetændelse i Vejle, Ringkjøbing, Viborg, Nordjyllands og Århus Amter. 2006. 

 

22. Andre sygdommes betydning for overlevelse efter indlæggelse for seks kræftsygdomme i 

Nordjyllands, Viborg, Ringkjøbing og Århus amter 1995-2005. 2006. 

 

23. Ambulante besøg og indlæggelser for udvalgte kroniske sygdomme på somatiske hospitaler i Århus, 

Ringkjøbing, Viborg, og Nordjyllands amter. 2006.  

 

24. Ellen M Mikkelsen: Impact of genetic counseling for hereditary breast and ovarian cancer disposition 

on psychosocial outcomes and risk perception: A population-based follow-up study. PhD thesis. 2006. 

 

25. Forbruget af lægemidler mod kroniske sygdomme i Århus, Viborg og Nordjyllands amter 2004-2005. 

2006. 

 

26. Tilbagelægning af kolostomi og ileostomi i Vejle, Ringkjøbing, Viborg, Nordjyllands og Århus Amter. 

2006. 

 

27. Rune Erichsen: Time trend in incidence and prognosis of primary liver cancer and liver cancer of 

unknown origin in a Danish region, 1985-2004. Research year report. 2007. 

 

28. Vivian Langagergaard: Birth outcome in Danish women with breast cancer, cutaneous malignant 

melanoma, and Hodgkin’s disease. PhD thesis. 2007. 

 

29. Cynthia de Luise: The relationship between chronic obstructive pulmonary disease, comorbidity and 

mortality following hip fracture. PhD thesis. 2007. 

 

30. Kirstine Kobberøe Søgaard: Risk of venous thromboembolism in patients with liver disease: A 

nationwide population-based case-control study. Research year report. 2007. 

 

31. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Region Midtjylland og 

Region Nordjylland 1995-2006. 2007. 

 



 

 
 

32. Mette Skytte Tetsche: Prognosis for ovarian cancer in Denmark 1980-2005: Studies of use of hospital 

discharge data to monitor and study prognosis and impact of comorbidity and venous 

thromboembolism on survival. PhD thesis. 2007.  

 

33. Estrid Muff Munk: Clinical epidemiological studies in patients with unexplained chest and/or 

epigastric pain. PhD thesis. 2007. 

 

34. Sygehuskontakter og lægemiddelforbrug for udvalgte kroniske sygdomme i Region Nordjylland. 2007. 

 

35. Vera Ehrenstein: Association of Apgar score and postterm delivery with neurologic morbidity: Cohort 

studies using data from Danish population registries. PhD thesis. 2007. 

 

36. Annette Østergaard Jensen: Chronic diseases and non-melanoma skin cancer. The impact on risk and 

prognosis. PhD thesis. 2008. 

 

37. Use of medical databases in clinical epidemiology. 2008. 

 

38. Majken Karoline Jensen: Genetic variation related to high-density lipoprotein metabolism and risk of 

coronary heart disease. PhD thesis. 2008. 

 

39. Blodprop i hjertet - forekomst og prognose. En undersøgelse af førstegangsindlæggelser i Region 

Nordjylland og Region Midtjylland. 2008. 

 

40. Asbestose og kræft i lungehinderne. Danmark 1977-2005. 2008. 

 

41. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme i Region Midtjylland og 

Region Nordjylland 1996-2007. 2008. 
 

Sandra Kruchov Thygesen. Atrial fibrillation in patients with ischemic stroke: A population-based 

study. Research year report. 2008. 

 

42. Akutte indlæggelsesforløb og skadestuebesøg på hospiter i Region Midtjylland og Region Nordjylland 

2003-2007. Et pilotprojekt. Not published. 

 

43. Peter Jepsen: Prognosis for Danish patients with liver cirrhosis. PhD thesis. 2009. 

 

44. Lars Pedersen: Use of Danish health registries to study drug-induced birth defects – A review with 

special reference to methodological issues and maternal use of non-steroidal anti-inflammatory 

drugs and Loratadine. PhD thesis. 2009. 

 

45. Steffen Christensen: Prognosis of Danish patients in intensive care. Clinical epidemiological studies on 

the impact of preadmission cardiovascular drug use on mortality. PhD thesis. 2009.  

 

46. Morten Schmidt: Use of selective cyclooxygenase-2 inhibitors and nonselective nonsteroidal 

antiinflammatory drugs and risk of cardiovascular events and death after intracoronary stenting. 

Research year report. 2009. 

 

47. Jette Bromman Kornum: Obesity, diabetes and hospitalization with pneumonia. PhD thesis. 2009. 



 

 

 

48. Theis Thilemann: Medication use and risk of revision after primary total hip arthroplasty. PhD thesis. 

2009. 

 

49. Operativ fjernelse af galdeblæren. Region Midtjylland & Region Nordjylland. 1998-2008. 2009. 

 

50. Mette Søgaard: Diagnosis and prognosis of patients with community-acquired bacteremia. PhD 

thesis. 2009. 

 

51. Marianne Tang Severinsen. Risk factors for venous thromboembolism: Smoking, anthropometry and 

genetic susceptibility. PhD thesis. 2010. 

 

52. Henriette Thisted: Antidiabetic Treatments and ischemic cardiovascular disease in Denmark: Risk and 

outcome. PhD thesis. 2010. 
 
53. Kort- og langtidsoverlevelse efter indlæggelse for udvalgte kræftsygdomme. Region Midtjylland og 

Region Nordjylland 1997-2008. 2010. 
 
54. Prognosen efter akut indlæggelse på Medicinsk Visitationsafsnit på Nørrebrogade, Århus Sygehus. 

2010.  
 
55. Kaare Haurvig Palnum: Implementation of clinical guidelines regarding acute treatment and 

secondary medical prophylaxis among patients with acute stroke in Denmark. PhD thesis. 2010. 
 
56. Thomas Patrick Ahern: Estimating the impact of molecular profiles and prescription drugs on breast 

cancer outcomes. PhD thesis. 2010. 
 
57. Annette Ingeman: Medical complications in patients with stroke: Data validity, processes of care, and 

clinical outcome. PhD thesis. 2010. 
 
58. Knoglemetastaser og skeletrelaterede hændelser blandt patienter med prostatakræft i Danmark. 

Forekomst og prognose 1999-2007. 2010. 
 
59. Morten Olsen: Prognosis for Danish patients with congenital heart defects - Mortality, psychiatric 

morbidity, and educational achievement. PhD thesis. 2010. 
 
60. Knoglemetastaser og skeletrelaterede hændelser blandt kvinder med brystkræft i Danmark. 

Forekomst og prognose 1999-2007. 2010.  
 

61. Kort- og langtidsoverlevelse efter hospitalsbehandlet kræft. Region Midtjylland og Region Nordjylland 
1998-2009. 2010. 

 
62. Anna Lei Lamberg: The use of new and existing data sources in non-melanoma skin cancer research. 

PhD thesis. 2011. 
 

63. Sigrún Alba Jóhannesdóttir: Mortality in cancer patients following a history of squamous cell skin 
cancer – A nationwide population-based cohort study. Research year report. 2011.  

 



 

 
 

64. Martin Majlund Mikkelsen: Risk prediction and prognosis following cardiac surgery: the EuroSCORE 
and new potential prognostic factors. PhD thesis. 2011. 

 
65. Gitte Vrelits Sørensen: Use of glucocorticoids and risk of breast cancer: a Danish population-based 

case-control study. Research year report. 2011. 
 

66. Anne-Mette Bay Bjørn: Use of corticosteroids in pregnancy. With special focus on the relation to 
congenital malformations in offspring and miscarriage. PhD thesis. 2012.  
 

67. Marie Louise Overgaard Svendsen: Early stroke care: studies on structure, process, and outcome. PhD 
thesis. 2012. 
 

68. Christian Fynbo Christiansen: Diabetes, preadmission morbidity, and intensive care: population-based 
Danish studies of prognosis. PhD thesis. 2012. 
 

69. Jennie Maria Christin Strid: Hospitalization rate and 30-day mortality of patients with status 
asthmaticus in Denmark – A 16-year nationwide population-based cohort study. Research year 
report. 2012. 
 

70. Alkoholisk leversygdom i Region Midtjylland og Region Nordjylland. 2007-2011. 2012. 
 

71. Lars Jakobsen: Treatment and prognosis after the implementation of primary percutaneous coronary 
intervention as the standard treatment for ST-elevation myocardial infarction. PhD thesis. 2012. 
 

72. Anna Maria Platon: The impact of chronic obstructive pulmonary disease on intensive care unit 
admission and 30-day mortality in patients undergoing colorectal cancer surgery: a Danish 
population-based cohort study. Research year report. 2012. 
 

73. Rune Erichsen: Prognosis after Colorectal Cancer - A review of the specific impact of comorbidity, 
interval cancer, and colonic stent treatment. PhD thesis. 2013.  
 

74. Anna Byrjalsen: Use of Corticosteroids during Pregnancy and in the Postnatal Period and Risk of 
Asthma in Offspring - A Nationwide Danish Cohort Study. Research year report. 2013. 
 

75. Kristina Laugesen: In utero exposure to antidepressant drugs and risk of attention deficit 
hyperactivity disorder (ADHD). Research year report. 2013.  
 

76. Malene Kærslund Hansen: Post-operative acute kidney injury and five-year risk of death, myocardial 
infarction, and stroke among elective cardiac surgical patients: A cohort study. Research year report. 
2013. 
 

77. Astrid Blicher Schelde: Impact of comorbidity on the prediction of first-time myocardial infarction, 
stroke, or death from single-photon emission computed tomography myocardial perfusion imaging: A 
Danish cohort study. Research year report. 2013. 
 

78. Risiko for kræft blandt patienter med kronisk obstruktiv lungesygdom (KOL) i Danmark. (Online 
publication only). 2013. 
 

79. Kirurgisk fjernelse af milten og risikoen for efterfølgende infektioner, blodpropper og død. Danmark 
1996-2005. (Online publication only). 2013.  



 

 

 
Jens Georg Hansen: Akut rhinosinuitis (ARS) – diagnostik og behandling af voksne i almen praksis. 
2013. 
 

80. Henrik Gammelager: Prognosis after acute kidney injury among intensive care patients. PhD thesis. 
2014. 
 

81. Dennis Fristrup Simonsen: Patient-Related Risk Factors for Postoperative Pneumonia following Lung 
Cancer Surgery and Impact of Pneumonia on Survival. Research year report. 2014. 

 
82. Anne Ording: Breast cancer and comorbidity: Risk and prognosis. PhD thesis. 2014.  

 
83. Kristoffer Koch: Socioeconomic Status and Bacteremia: Risk, Prognosis, and Treatment. PhD thesis. 

2014.   
 

84. Anne Fia Grann: Melanoma: the impact of comorbidities and postdiagnostic treatments on prognosis. 
PhD thesis. 2014.  

 
85. Michael Dalager-Pedersen: Prognosis of adults admitted to medical departments with community-

acquired bacteremia. PhD thesis. 2014. 
 

86. Henrik Solli: Venous thromboembolism: risk factors and risk of subsequent arterial thromboembolic 
events. Research year report. 2014. 

 
87. Eva Bjerre Ostenfeld: Glucocorticoid use and colorectal cancer: risk and postoperative outcomes. PhD 

thesis. 2014.  
 

88. Tobias Pilgaard Ottosen: Trends in intracerebral haemorrhage epidemiology in Denmark between 
2004 and 2012: Incidence, risk-profile and case-fatality. Research year report. 2014. 

 
89. Lene Rahr-Wagner: Validation and outcome studies from the Danish Knee Ligament Reconstruction 

Registry. A study in operatively treated anterior cruciate ligament injuries. PhD thesis. 2014.   
 

90. Marie Dam Lauridsen: Impact of dialysis-requiring acute kidney injury on 5-year mortality after 
myocardial infarction-related cardiogenic shock - A population-based nationwide cohort study. 
Research year report. 2014. 

 
91. Ane Birgitte Telén Andersen: Parental gastrointestinal diseases and risk of asthma in the offspring. A 

review of the specific impact of acid-suppressive drugs, inflammatory bowel disease, and celiac 
disease. PhD thesis. 2014.  

 
Mikkel S. Andersen: Danish Criteria-based Emergency Medical Dispatch – Ensuring 112 callers the 
right help in due time? PhD thesis. 2014. 

 
92. Jonathan Montomoli: Short-term prognosis after colorectal surgery: The impact of liver disease and 

serum albumin. PhD thesis. 2014. 
 

93. Morten Schmidt: Cardiovascular risks associated with non-aspirin non-steroidal anti-inflammatory 
drug use: Pharmacoepidemiological studies. PhD thesis. 2014.  

 



 

 
 

94. Betina Vest Hansen: Acute admission to internal medicine departments in Denmark - studies on 
admission rate, diagnosis, and prognosis. PhD thesis. 2015. 

 
95. Jacob Gamst: Atrial Fibrillation: Risk and Prognosis in Critical Illness. PhD thesis. 2015. 

 
96. Søren Viborg: Lower gastrointestinal bleeding and risk of gastrointestinal cancer. Research year 

report. 2015. 
 

97. Heidi Theresa Ørum Cueto: Folic acid supplement use in Danish pregnancy planners: The impact on 
the menstrual cycle and fecundability. PhD thesis. 2015. 

 
98. Niwar Faisal Mohamad: Improving logistics for acute ischaemic stroke treatment: Reducing system 

delay before revascularisation therapy by reorganisation of the prehospital visitation and 
centralization of stroke care. Research year report. 2015. 

 
99. Malene Schou Nielsson: Elderly patients, bacteremia, and intensive care: Risk and prognosis. PhD 

thesis. 2015. 
 

100. Jens Tilma: Treatment Injuries in Danish Public Hospitals 2006-2012. Research year report. 2015. 
 

101. Thomas Lyngaa: Intensive care at the end-of-life in patients dying of cancer and non-cancer chronic 
diseases: A nationwide study. Research year report. 2015. 

 
102. Lone Winther Lietzen: Markers of immune competence and the clinical course of breast cancer. PhD 

thesis. 2015. 
 

103. Anne Høy Seemann Vestergaard: Geographical Variation in Use of Intensive Care in 
Denmark: A Nationwide Study. Research year report. 2015. 

 
104. Cathrine Wildenschild Nielsen: Fecundability among Danish pregnancy planners. Studies on 

birth weight, gestational age and history of miscarriage. PhD thesis. 2015. 
 

105. Kathrine Dyhr Lycke: Preadmission use of antidepressants and quality of care, intensive care 
admission and mortality of colorectal cancer surgery – a nationwide population-based 
cohort study. Research year report. 2015. 

 
106. Louise Bill: Hyponatremia in acute internal medicine patients: prevalence and prognosis. 

PhD thesis. 2015. 
 

107. Kirstine Kobberøe Søgaard: Risk and prognosis of venous thromboembolism in patients with 
liver disease. PhD thesis. 2015. 

 
108. Rikke Nørgaard Pedersen: Reoperation due to surgical bleeding in breast cancer patients 

and breast cancer recurrence: A Danish population-based cohort study. Research year 
report. 2015. 

 
109. Thomas Deleuran: Cirrhosis of the liver and diseases of the large joints. PhD Thesis. 2016. 

 
110. Anne Mette Falstie-Jensen: Hospital accreditation – what’s in it for the patients? PhD thesis. 

2016. 



 

 

 
111. Sandra Kruchov Thygesen: Respiratory distress syndrome in moderately late and late 

preterm infants and selected long-term neurodevelopmental outcomes. PhD thesis. 2016. 
 

112. Alma Bečić Pedersen: Total hip replacement surgery - occurrence and prognosis. Doctoral 
dissertation. 2016. 

 
113. Anil Mor: Type 2 Diabetes and Risk of Infections. PhD thesis. 2016. 

 
114. Aske Hess Rosenquist: Behavioral Development Following Early Life Organochlorine 

Exposure. Research year report. 2016. 
 

115. Simon Ramsdal Sørensen: Anti-platelet and Anti-coagulant Prescriptions and Breast Cancer 
Recurrence: a Danish Nationwide Prospective Cohort Study. Research year report. 2016. 
 

116. Regional Differences in Treatment of Patients with Inflammatory Bowel Disease in Denmark 
 

117. Clara Reece Medici: Impact of preadmission anti-inflammatory drug use on risk of 
depression and anxiety after intensive care requiring mechanical ventilation. Research year 
report. 2016. 
 

118. Johan Frederik Håkonsen Arendt. Clinical implications and biochemical understanding of 
high plasma vitamin B12 levels. PhD thesis. 2016. 

119. Manual for using the LABKA database for research projects. 2016. 
 

120. Søren Christiansen: Timing of renal replacement therapy and long-term risk of chronic 
kidney disease and death in intensive care patients with acute kidney injury. Research year 
report. 2017. 
 

121. Ellen Hollands Steffensen: Preadmission antidepressant use and bladder cancer: a 
population-based cohort study of stage at diagnosis, time to surgery, and surgical 
outcomes. Research year report. 2017. 
 

122. Sara Søndergaard Schwartz: Incidence and mortality of pulmonary hypertension in adults 
with congenital heart disease. Research year report. 2017. 
 

123. Jesper Smit: Community-acquired Staphylococcus aureus bacteremia: Studies of risk and 
prognosis with special attention to diabetes mellitus and chronic heart failure. PhD thesis. 
2017. 
 

124. Carina Nørskov Bagge: Risk of Dementia in Adults with Congenital Heart Disease: A 
Nationwide Population-Based Cohort Study. Research year report. 2017. 
 

125. Pia Kjær Kristensen: Hip fracture in Denmark: Quality of in-hospital care and clinical 
outcomes. PhD thesis. 2017. 
 

126. Anne Nakano Jensen: Incident heart failure in Denmark: Studies on a nationwide quality 
improvement initiative. PhD thesis. 2017. 

 



 

 
 

127. Kasper Adelborg: Neurological and psychiatric comorbidity in patients with heart failure − 
Risk and prognosis. PhD thesis. 2017. 

 
128. Jens Sundbøll: Depression, stroke, and dementia in patients with myocardial infarction — 

Studies of risk and prognosis. PhD thesis. 2017. 
 

129. Sigrún Alba Jóhannesdóttir Schmidt: Herpes zoster: Occurrence and risk factors. PhD thesis. 
2017. 

 
130. Mette Glavind Bülow Pedersen: Ischemic Stroke in Adults with Congenital Heart Disease: a 

population-based cohort study. Research year report. 2017. 
 

131. Sidse Høyer: Male alcohol intake and couples’ time to pregnancy - A prospective cohort 
study. Research year report. 2017. 

 
132. Cecilie Daugaard: Socioeconomic inequality in drug reimbursement during end-of-life care: 

A nationwide study. Research year report. 2018. 


