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Abstract

Background—Infections are an important concern in patients using immunosuppressive therapy 

for their inflammatory bowel disease (IBD). Diabetes affects nearly 10% of Americans. Whether it 

confers an additional risk with immunosuppression in IBD has not been examined previously.

Aim—To examine the association between diabetes and infections with immunomodulator use in 

IBD
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Methods—Using a validated, multi-institutional IBD cohort, we identified all patients who 

received at least one prescription for immunomodulators (thiopurines, methotrexate). Our primary 

outcome was infection within 1 year of the prescription of the immunomodulator. Multivariable 

logistic regression adjusting for relevant confounders was used to estimate the independent 

association with diabetes.

Results—Our study included 2,766 patients receiving at least one prescription for 

immunomodulators among whom 210(8%) developed an infection within 1 year. Patients who 

developed an infection were likely to be older, have more comorbidities, more likely to have 

received a prescription for steroids but similar in initiation of anti-TNF therapy within that year. 

Only 8% of those without an infection had diabetes compared to 19% of those who developed an 

infection within 1 year (Odds ratio (OR) 2.74, 95% confidence interval (CI) 1.88 – 3.98, p < 

0.001). On multivariate analysis, diabetes was independently associated with a nearly two-fold 

increase in risk of infections (OR 1.80, 95% CI 1.20 – 2.68). There was no increase in risk of 

infections with addition of anti-TNF therapy (OR 1.14, 95% CI 0.80 – 1.63).

Conclusions—Diabetes is an independent risk factor for infection in IBD patients using 

immunomodulator therapy.
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INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) (Inflammatory bowel diseases (IBD)) are 

chronic immunologically mediated diseases associated with significant morbidity. Though 

their peak incidence is during young adulthood, a second peak of incidence in seen between 

the ages of 50-80 years.1 This older population accounts of 15% of all IBD diagnoses and 

25% of hospitalizations.1-5 Inherent in the challenge of managing IBD in older patients is 

the influence of non-IBD comorbidity. Advances in therapy have improved our ability to 

achieve remission, reduce surgery and hospitalizations, and improve health-related quality 

of life.6-8 However, immunosuppression, the mainstay of treating IBD, is associated with 

serious risks including infections and cancers.9-11 Treatment-related cancers are of concern 

to patients, but are very rare.10 In contrast, infections occur in over 10% of patients,9 

accounting for a quarter of the hospitalizations.12 The influence of specific comorbidities on 

the risk of infections has not been examined previously in those with IBD. This is a 

particularly pertinent question in the face of the changing demographic epidemiology of 

IBD.

Diabetes mellitus (DM) affects an estimated 29.1 million people in the United States (9.3% 

of the population). Apart from macrovascular and microvascular complications, diabetes is 

itself associated with an increased risk for common, serious, and opportunistic 

infections.13-16 This increase in risk is mediated through several mechanisms including 

impaired inflammatory cytokine production , phagocytosis, and neutrophilic response to 

infectious triggers.14, 17, 18 Given the risk of infection with immunosuppression, it is 

particularly important to examine whether underlying diabetes confers additional risk in 
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patients. We performed this study to define the risk of infection in a large IBD cohort 

initiating immunomodulator therapy and to specifically examine the impact of co-existing 

diabetes on this risk.

METHODS

Study Cohort

The population for our study consisted of patients with CD or UC at one of two tertiary 

referral centers, Massachusetts General Hospital or Brigham and Women’s Hospital or 

affiliated practices within the Partners Healthcare network. The development of our cohort 

from electronic health record (EHR) data has been described in previous publications.19-21 

We identified all patients with at least one International Classification of Diseases, 9th 

edition, clinical modification (ICD-9-CM) code for CD or UC. Using a combination of 

codified data comprising disease-related complications, procedures and treatments, as well 

as free text data identified using natural language processing, we developed and validated a 

regression algorithm that classified patients as having CD or UC with a positive predictive 

value (PPV) of 97%, yielding a final cohort of 5,522 patients with UC and 5,506 with CD.21

For this study, we identified an incident user cohort of patients receiving their first 

prescription for an immunomodulator for IBD (azathioprine, 6-mercaptopurine, and 

methotrexate). We did not include a parallel cohort initiating anti-tumor necrosis factor α 

(anti-TNF) biologic therapies owing to small numbers with diabetes, but adjusted for use of 

such therapy as a covariate. We examined the occurrence of our outcome (infections) within 

one year of this first prescription for an immunomodulator. Patients who died or did not 

continue to follow-up within our healthcare system ceased contributing follow-up time 

beyond their last contact. The follow-up period for patients with an interval of less than 1 

year between the first and last prescription for immunomodulator use ended at 90 days after 

the date of the last prescription.

Outcomes, predictors and covariates

The main predictor of interest was a diagnosis of diabetes, defined as the presence of ≥ 1 

relevant ICD-9-CM codes (250.0-250.7) (Figure 1). Only those with diabetes prior to 

immunomodulator initiation were included. A review of charts from 50 random patients 

meeting this criterion demonstrated a PPV of 74%. Nearly two-thirds of patients with ≥ 1 

ICD-9 code for diabetes had a prescription anti-diabetic medication in our system. The PPV 

of the combination of ≥ 1 ICD-9 code and ≥ 1 anti-diabetic medication was 85%. Other 

covariates included age at immunomodulator initiation, age at first diagnosis code for IBD, 

gender and race. Comorbidity was assessed using the Charlson comorbidity index;22 

however, we calculated a modified Charlson index that excluded diabetes and associated 

complications. The use of systemic corticosteroids and anti-tumor necrosis factor α 

biologics (infliximab, adalimumab, certolizumab pegol) was also assessed in the year 

following the prescription for immunomodulator therapy. For those who developed an 

infectious complication, only prescriptions prior to the outcome were included.
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Our primary outcome of interest was the occurrence of an infection within 365 days of 

initiation of immunomodulators. Relevant infections were identified using the appropriate 

ICD-9-CM codes (supplementary table 1). The accuracy of the codes for infections was 

assessed by randomly reviewing charts of 30 patients each with pneumonia, urinary tract 

infection, cellulitis, and bacteremia/sepsis (which were the most common infections noted) 

for clinical evidence of infection and treatment with antibiotics. The PPV ranged from 75% 

for urinary tract infection to 90% for bacteremia/sepsis.

Statistical Analysis

All statistical analysis was carried out with Stata 13.0 (StataCorp, College Station, TX). 

Continuous variables were summarized using medians and interquartile ranges if skewed, 

and means with standard deviations otherwise. Categorical variables were expressed in 

proportions and compared using the chi-square test while continuous variables were 

compared using the t-test. Univariate logistic regression with infection as the outcome of 

interest was performed. All variables significant at p < 0.10 were carried forward to a 

multivariable logistic regression adjusting for potential confounders. A p-value < 0.05 

indicated independent statistical significance in the adjusted model. Internal validation was 

performed by bootstrapping with 500 replications.

We performed a number of sensitivity analyses. As patients with diabetes may be more 

closely followed contributing to ascertainment bias, we adjusted for intensity of healthcare 

utilization measured as a ‘fact density’. Each encounter with the healthcare system – 

laboratory test, radiology, procedures, hospitalizations, office visits – contributed to an 

individual fact, and dividing the sum total of facts by follow-up time yielded fact density. 

We repeated our analysis by varying the definition of diabetes to either an ICD-9 code for 

diabetes OR a prescription anti-diabetic agent or presence of both ≥ 1 ICD-9 code AND a 

prescription anti-diabetic. We also repeated our analysis including only infections that 

required hospitalization. Our study was approved by the Institutional Review Board of 

Partners Healthcare.

RESULTS

Study Population

Our study included 2,676 patients with IBD (62% CD, 38% UC) initiating n 

immunomodulator therapy (90% thiopurines, 10% methotrexate). The mean interval 

between the first and most recent prescription for immunomodulators was 23 months. The 

median age of the cohort was 38 years (interquartile range (IQR) 27-54 years) and the 

median age at first diagnosis code for IBD was 31 years (IQR 22-46 years). The cohort was 

predominantly white, just over half were women (51%) and over two-thirds (70%) had one 

or more comorbidities. Just under 9% of cohort had diabetes (n=235). Diabetic patients were 

older at immunomodulator initiation (57 vs. 39 years), more likely to be Black (11% vs. 

7%), have ulcerative colitis (55% vs. 49%) and more comorbidities. They were also more 

likely to receive systemic steroids (43% vs. 32%, p=0.01) but not anti-TNF biologics (16% 

vs. 19%, p=0.21).
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Within the first year of immunomodulator initiation, 210 patients developed an infection 

(7.8%). Patients who developed infections were older and had more comorbidities than 

those who did not develop an infection (Table 1). While there was no difference in anti-

TNF biologic use between the two groups, patients who developed infections were more 

likely to have received systemic steroids (62% vs. 31%). Among those with diabetes, 17% 

developed infections within the first year compared to 7% of those without diabetes 

(unadjusted odds ratio (OR) 2.74, 95% confidence interval (CI) 1.88 – 3.98) (Figure 1). 

Table 2 presents the frequency of various infections. The most common infections in 

diabetics were pneumonia, urinary tract infection, sepsis and cellulitis. These were also the 

most common infections in non-diabetics, but cellulitis formed a larger proportion among 

those without diabetes than those with.

Predictors of infection

Variables selected for the final regression model (p < 0.10 on univariate analysis) were age, 

gender, comorbidity, diabetes, corticosteroid use in addition to anti-TNF biologic therapy 

which included as a covariate a priori due to its potential association with infections in 

previous literature23, 24. In the final adjusted model, diabetes was independently associated 

with a nearly two-fold increase in risk of infections (adjusted OR 1.80, 95% CI 1.20 – 2.68) 

(Table 3). The increase in risk of infection with diabetes was similar in those older than 65 

years as in younger patients. The risk of infection was greater among insulin users (OR 2.01, 

95% CI 1.22 – 3.31) than among users of oral anti-diabetic agents (OR 1.54, 95% CI 0.83 – 

2.84), possibly reflecting the effect of more difficult to control diabetes.

Corticosteroid use (OR 1.98, 95% CI 1.35 – 2.90) and the modified Charlson comorbidity 

index (OR 5.85, 95% CI 3.13 – 10.94) were also associated independently with an increased 

risk of infection. Concomitant anti-TNF therapy was not associated with an elevated risk of 

infection (OR 1.14, 95% CI 0.80 – 1.63). Only a small number of patients had a hemoglobin 

A1C available during this time period; consequently we were not able to address whether 

the risk of infection demonstrated a dose-response relationship with tightness of glycemic 

control.

To compare the effect of concomitant diabetes to corticosteroid use, we stratified patients by 

whether they were diabetic, had been prescribed systemic steroids, or had both exposures 

during the first year. The proportion of patients with diabetes (12%) who developed 

infections in the year following immunomodulator initiation was similar to the rate among 

corticosteroid users in non-diabetics (14%) (Figure 2). Patients with both exposures had the 

greatest increase in frequency and likelihood of infections (adjusted OR 5.13, 95% 2.98 – 

8.82) (Table 4).

Sensitivity Analyses

Adjusted for healthcare utilization (OR 1.78, 95% CI 1.19 – 2.67) or for the presence of a 

primary care provider within our hospitals (OR 1.81, 95% CI 1.21 – 2.70) did not 

significantly influence our estimates. We also examined the robustness of association with 

varying our definitions of diabetes. The association with infection persisted when defining 

diabetes as either one ICD-9-CM code or an anti-diabetic medication (OR 2.49, 95% CI 1.78 
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– 3.50) or requiring both a code for diabetes and a prescription for anti-diabetic therapy (OR 

1.84, 95% CI 1.16 – 2.93). Internal validation using bootstrapping with 500 replications 

yielded similar association with diabetes (OR 1.89, 95% CI 1.24 – 2.90). Restricting the 

analysis to infections that resulted in hospitalizations also yielded a similar magnitude of 

association with diabetes (OR 1.97, 95% CI 1.24 – 3.12).

DISCUSSION

With the aging of the population and rising incidence in IBD, the intersection of IBD and 

non- disease related comorbidity is increasingly important, particularly with reference to 

safety of immunosuppressive therapies which form the cornerstone of management of these 

complex diseases. In the present study from a large cohort of 2,676 patients with IBD 

initiating immunomodulator therapy, we demonstrate that co-existing diabetes is associated 

independently with a nearly two-fold increase in risk of infections.

Despite the growing prevalence of diabetes among those with IBD in addition to the effect 

of corticosteroids in precipitating diabetes or hyperglycemia in those with a predisposition, 

there is a remarkable paucity of data on the effect of co-existing diabetes (or indeed, 

significant other comorbidity) on risk for infections associated with immunosuppressive 

therapy in IBD. Supporting our findings of increased susceptibility to infections with 

diabetes among those using immunosuppressive therapy are complementary studies in those 

with rheumatoid arthritis (RA). In a study of 16,788 RA patients followed for over 3 years, 

co-existing diabetes was associated with a 50% increase in hospitalizations for pneumonia 

and similar in magnitude to the excess risk conferred by prednisone.25 The North American 

CORRONA registry of patients with RA including nearly 8,000 patients also similarly 

demonstrated an increased risk of infection associated with diabetes.26 Among RA patients 

using anti-TNF biologics, diabetes was associated with a nearly two-fold independent 

increased in risk of hospitalization with a definite bacterial infection.27 However, infection 

risks in RA patients cannot be directly extrapolated to those with IBD owing to a different 

natural history of disease, age and comorbidity burden, and differences in use of 

concomitant medications including steroids, doses of immunomodulators and biologics, as 

well as differences in intrinsic susceptibility to infections.

An increase in risk of infections with diabetes in the general population has been debated,15 

but several large studies suggest a modest increase in risk. Analysis of the National Health 

and Nutrition Examination Survey (NHANES) mortality study demonstrated that infection-

related deaths were twice as common in those with diabetes compared to those without13 

while a prospective Dutch cohort showed both type 1 and type 2 diabetes to be associated 

with an increased risk for lower respiratory infections, urinary infections, bacterial skin and 

mucous membrane infections.16 There are several mechanisms how diabetes may predispose 

to infections.14 Diabetes is associated with reduced secretion of interleukin-1 (IL-1) and 

IL-6 in response to lipopolysaccharide stimulation (LPS) and glycation inhibits production 

of IL-10 by myeloid cells.14, 15, 17, 18, 28 Other studies have suggested a deficiency of C4 

component of the complement system in patients with diabetes, decreased mobilization of 

leucocytes via chemotaxis and reduced phagocytic activity during hyperglycemia.14
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The association between older age and infections in IBD patients has been well replicated in 

the literature1, 23 and our findings in this largely ambulatory IBD cohort confirmed previous 

studies among hospitalized patients demonstrating an association between age, comorbidity 

and infections.12 Our findings of lack of an additional risk of infection associated with 

biologic therapy in immunomodulator users is consistent with a growing body of literature 

that suggests anti-TNF biologics themselves do not significantly elevate infection risk over 

that conferred by immunomodulators, or indeed if they do so, the effect is very modest. In a 

large, pooled analysis by Grijalva et al. that included patients with various autoimmune 

diseases, the rates of hospitalization for infection were similar among patients initiating anti-

TNF biologics (10.9 per 100 person-years) and comparators (9.6 per 100 person years).29 

Pooled analysis of randomized controlled trials as well as large observational cohorts 

revealed a modest increase in risk of infections with immunomodulators but not 

biologics.11, 24 In contrast, five year analysis from the Crohn’s Therapy, Resource, 

Evaluation, and Assessment Tool (TREAT) registry did suggest a small increase in risk of 

infections with infliximab use, but a stronger effect was observed for severity of disease, use 

of narcotic analgesics, and prednisone.23 The excess infection risk conferred with 

prednisone is widely supported in the literature as evident from several studies universally 

demonstrating a moderate increase in risk of serious infections and opportunistic infections 

among users compared to non-users.23, 30 In a case control study of 100 consecutive IBD 

patients with opportunistic infections, corticosteroid use was associated with a three-fold 

increase in risk of infections on univariate analysis, and further numerically increased risk of 

opportunistic infections even among those who were on concomitant immunomodulator or 

infliximab therapy.30

There are several implications to our findings. To our knowledge, ours is the first study to 

specifically quantify the absolute and relative risk of infections associated with diabetes 

among patients initiating immunomodulator therapy for their IBD. The magnitude of this 

excess risk was similar to that associated with systemic corticosteroid use which is widely 

recognized by treating providers and patients as risk factor. Consequently, with an expected 

growing intersection between diabetes and IBD owing to the aging of the population, it is 

important for providers involved in treating IBD to recognize this excess risk posed by 

diabetes, and furthermore the added risk imposed by use of systemic corticosteroids in such 

patients. Steroid sparing strategies may need to play a particularly important role among 

older IBD patients with diabetes. Secondly, pneumonia was the most common infection in 

such patients, but yet is one that lends itself, at least in part, to prevention with appropriate 

vaccination.31, 32 Recognizing the excess risk associated with diabetes, such patients should 

be targeted for appropriate health maintenance. While we were not able to directly examine 

the effect of glycemic control on the risk of infection, other studies have suggested that 

hyperglycemia is associated with impaired immune function.15, 18, 28 Consequently, it is 

important to facilitate tight glycemic control in IBD patients with diabetes on 

immunosuppressive therapy. Future studies are also essential to determine if the increase in 

risk of infections associated with diabetes is specific to immunomodulator therapy or of 

similar magnitude in those with chronic low-dose steroid use or biologics. As agents with 

likely different mechanisms of actions and safety profile become available, it is increasingly 
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important to compare relative safety of therapies in population with specific high-risk 

comorbidities such as diabetes to inform treatment choice.

We acknowledge several limitations to our study. First, our EHR cohort was primarily 

composed of patients receiving care at two tertiary referral centers and consequently may be 

skewed towards more severe disease. Analysis of population-based cohorts are essential to 

complement our findings; yet given the 10% prevalence of both diabetes and infections 

among those using immunomodulators, large sample sizes would be required for robust 

analyses. In addition, the rate of infections in our study is consistent with other reported 

cohorts of thiopurine users (7– 14%), suggesting generalizability of our findings.33, 34 

Second, we were not able to specifically examine the effect of diabetes on patients who are 

on anti-TNF biologic monotherapy as the numbers of diabetics among this group was too 

small. This is an important question to examine in future studies. Third, ascertainment of 

infections was using administrative codes; however, chart review confirmed high positive 

predictive value for such codes within our cohort. It is possible that patients with diabetes 

are under closer surveillance within the healthcare system, consequently leading to an 

ascertainment bias in the detection of infections. However, our findings were robust on 

adjusting for intensity of healthcare utilization. Additionally, the odds ratio was numerically 

higher and remained statistically significant if our outcome was defined as infections that 

required hospitalizations, arguably an outcome which is less likely to be influenced by such 

bias. Fourth, we were not able to differentiate between type 1 and type 2 diabetes mellitus, 

or that precipitated by long-term use of corticosteroids. However, prior studies suggest that 

the risk of infection associated with diabetes is similar in magnitude across all types of 

diabetes.16 Chart review also confirmed good positive predictive value for ICD-9 codes in 

defining diabetes and our findings were robust on a number of sensitivity analyses with 

varying assumptions for this exposure of interest. Finally, we did not have sufficient data to 

examine the impact of both short- and long-term glycemic control.

In conclusion, utilizing a large cohort of patients with IBD initiating immunomodulator 

therapy, we demonstrate that diabetes is associated independently with an increased risk for 

infections within the first year of therapy. Appropriate physician and patient education 

strategies on this excess risk are essential and preventive healthcare maintenance 

emphasized to reduce risk of preventable infections and improve patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flowchart describing study design

Ananthakrishnan et al. Page 11

Aliment Pharmacol Ther. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Frequency of infections within 1 year of initiating immunomodulator therapy, stratified by 

diabetes and corticosteroid use
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Table 1

Characteristics of the study population

Characteristics No infection
(n = 2,466)

%

Infection
(n = 210)

%

p-value

Age (in years) 40.5 (17.3) 45.8 (18.9) < 0.001

Age at first IBD ICD9 code (in years) 34.0 (16.6) 39.7 (19.6) < 0.001

Sex 0.086

 Female 52 58

 Male 48 42

Race 0.18

 White 89 87

 Black 7 10

 Other 4 3

Charlson comorbidity† < 0.001

 0 30 5

 1 or more 70 95

Type of IBD 0.30

 Crohn’s disease 63 59

 Ulcerative colitis 37 41

Diabetes < 0.001

 No 92 81

 Yes 8 19

Medication use

 Anti-TNF 19 22 0.23

 Steroid 31 62 < 0.001

IBD – inflammatory bowel disease; Anti-TNF – monoclonal antibodies to tumor necrosis factor α (infliximab, adalimumab, certolizumab pegol)

†
Charlson index was modified to exclude diabetes and related complications
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Table 2

Types of infections within 1 year of immunomodulator use, stratified by concomitant diabetes

Type of infection IBD with concomitant
diabetes
(n = 40)

IBD without diabetes
(n = 170)

Pneumonia 15 42

Urinary tract infection 13 45

Sepsis 10 27

Cellulitis 9 94

Herpes Simplex 3 17

Herpes zoster 3 12

Bacteremia 3 23

CMV 2 10

Tuberculosis 1 4

Streptococcal 1 0

Aspergillosis 1 3

Meningitis 1 2

Meningitis 1 2

Streptococcal 1 0

Influenza 0 5

EBV 0 4

Lung abscess 0 1

IBD – inflammatory bowel disease; CMV – cytomegalovirus, EBV – Epstein Barr Virus
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Table 3

Multivariable logistic regression for predictors of infection within 1 year of immunomodulator use

Characteristic Odds Ratio 95% confidence
interval

p-value

Age (for each1 year) 1.01 1.00 – 1.01 0.16

Sex

 Male 1.0 Reference

 Female 1.24 0.93 – 1.66 0.15

Charlson comorbidity*

 0 1.0 Reference

 ≥ 1 5.85 3.13 – 10.94 < 0.0001

Type of IBD

 Ulcerative colitis 1.0 Reference

 Crohn’s disease 0.96 0.71 – 1.29 0.78

Concomitant medications

Anti-TNF therapy

 No 1.0 Reference

 Yes 1.14 0.80 – 1.63 0.46

Corticosteroids

 No 1.0 Reference

 Yes 1.98 1.35 – 2.90 < 0.001

Diabetes

 No 1.0 Reference

 Yes 1.80 1.20 – 2.68 0.004

IBD – inflammatory bowel disease; Anti-TNF – monoclonal antibodies to tumor necrosis factor α (infliximab, adalimumab, certolizumab pegol)

*
Charlson index modified to exclude diabetes
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Table 4

Multivariable analysis of risk of infection, stratified by diabetes and concomitant steroid use

Characteristic Odds Ratio 95% confidence interval p-value

None 1.0 Reference

Only diabetes 2.24 1.23 – 4.07 0.008

Only corticosteroids use 3.46 2.47 – 4.83 < 0.0001

Corticosteroid use and diabetes 5.13 2.98 – 8.82 < 0.0001

Adjusted for age, gender, modified Charlson co-morbidity index, anti-TNF use, and type of IBD P-value for interaction between corticosteroid use 
and diabetes > 0.05
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