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ABSTRACT

OBJECTIVE

To assess whether the use of dipeptidyl peptidase-4
inhibitors is associated with the incidence of
inflammatory bowel disease in patients with type 2
diabetes.

DESIGN
Population based cohort study.

SETTING

More than 700 general practices contributing data
to the United Kingdom Clinical Practice Research
Datalink.

PARTICIPANTS

A cohort of 141 170 patients, at least 18 years of age,
starting antidiabetic drugs between 1 January 2007
and 31 December 2016, with follow-up until 30 June
2017.

MAIN OUTCOME MEASURES

Adjusted hazard ratios for incident inflammatory
bowel disease associated with use of dipeptidyl
peptidase-4 inhibitors overall, by cumulative duration
of use, and by time since initiation, estimated using
time dependent Cox proportional hazards models.
Use of dipeptidyl peptidase-4 inhibitors was modelled
as a time varying variable and compared with use of
other antidiabetic drugs, with exposures lagged by six
months to account for latency and diagnostic delays.

RESULTS

During 552 413 person years of follow-up, 208
incident inflammatory bowel disease events occurred
(crude incidence rate of 37.7 (95% confidence interval
32.7 to 43.1) per 100 000 person years). Overall, use
of dipeptidyl peptidase-4 inhibitors was associated

WHAT IS ALREADY KNOWN ON THIS TOPIC

The effect of the dipeptidyl peptidase-4 (DPP-4) enzyme in autoimmune diseases
such as inflammatory bowel disease (IBD) is not well understood

Low concentrations of the DPP-4 enzyme have been associated with increased
IBD activity, although the direction of this association remains unclear

No observational studies have investigated the association between the use of
DPP-4 inhibitors and the incidence of IBD

WHAT THIS STUDY ADDS

of IBD

Use of DPP-4 inhibitors was associated with an overall 75% increase in the risk

This association was elevated between three and four years of use and between
two and four years after the start of treatment

These findings need to be replicated, but physicians should be made aware of
this possible association
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with an increased risk of inflammatory bowel disease
(53.4 v34.5 per 100 000 person years; hazard ratio
1.75, 95% confidence interval 1.22 to 2.49). Hazard
ratios gradually increased with longer durations of
use, reaching a peak after three to four years of use
(hazard ratio 2.90, 1.31 to 6.41) and decreasing after
more than four years of use (1.45, 0.44 t0 4.76). A
similar pattern was observed with time since starting
dipeptidyl peptidase-4 inhibitors. These findings
remained consistent in several sensitivity analyses.
CONCLUSIONS

In this first population based study, the use of
dipeptidyl peptidase-4 inhibitors was associated
with an increased risk of inflammatory bowel disease.
Although these findings need to be replicated,
physicians should be aware of this possible
association.

Introduction

The use of dipeptidyl peptidase-4 inhibitors in
the treatment of type 2 diabetes has increased
considerably since their introduction a decade ago.’
These second to third line treatments have been
shown to have favourable effects compared with
other antidiabetic drugs, such as lowering the risk
of hypoglycaemia and having neutral effects on
body weight and cardiovascular outcomes.>* These
effects are mediated by inhibition of the dipeptidyl
peptidase-4 enzyme leading to a rise in glucagon-like
peptide 1 concentrations,? but inhibition may also
have unintended effects. The dipeptidyl peptidase-4
enzyme is found in the serum and has been associated
with several different cellular functions.’ It is also
expressed on the surface of a variety of cell types,
including those involved in immune response.®’

The effect of the dipeptidyl peptidase-4 enzyme in
autoimmune conditions such as inflammatory bowel
disease is not well understood. On the one hand,
studies in mouse models of inflammatory bowel disease
suggest that treatment with dipeptidyl peptidase-4
inhibitors results in decreased disease activity.”*° On
the other hand, clinical data indicate that patients
with inflammatory bowel disease have lower serum
dipeptidyl peptidase-4 enzyme concentrations
than healthy controls.® ' 1> Moreover, such lower
concentrations are inversely associated with increased
disease activity, although whether this is the cause
or consequence of active disease is unclear.!? > To
date, the association between dipeptidyl peptidase-4
enzyme concentrations and incident inflammatory
bowel disease has not been studied.
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To our knowledge, no observational study has
specifically investigated the association between use of
dipeptidyl peptidase-4 inhibitors and the incidence of
inflammatory bowel disease. Thus, the objective of this
population based study was to determine whether the
use of dipeptidyl peptidase-4 inhibitors is associated
with the incidence of inflammatory bowel disease in
patients with type 2 diabetes.

Methods

Data source

This study used data from the Clinical Practice
Research Datalink (CPRD), a primary care database
from the UK. The CPRD records demographic and
lifestyle information, prescription data, referrals,
and diagnoses for more than 15 million patients
in more than 700 general practices. These data are
representative of the general UK population and have
been shown to be of high quality and validity.**¢ The
CPRD uses the Read code classification for medical
diagnoses and procedures,’” and a coded drug
dictionary based on the British National Formulary for
prescription details.

Study population

We identified a base cohort of patients, at least 18 years
of age, newly treated with non-insulin antidiabetic
drugs (metformin, sulfonylureas, meglitinides,
thiazolidinediones, acarbose, dipeptidyl peptidase-4
inhibitors, glucagon-like peptide 1 receptor agonists,
and sodium-glucose co-transporter-2 inhibitors)
between 1 January 1988 and 31 December 2016.
Patients were required to have at least one year
of medical history in the CPRD before their initial
prescription. We excluded patients treated with
insulin at any time before their initial prescription for
a non-insulin antidiabetic drug (that is, patients with
advanced disease) and female patients with a history
of polycystic ovary syndrome (at any time before their
initial prescription) or a history of gestational diabetes
(in the year before their initial prescription), as these
are other indications for metformin.

Within the base cohort, we assembled a study cohort
of patients who started a new antidiabetic drug class
not previously used in their treatment history in or after
2007 (the year the first dipeptidyl peptidase-4 inhibitor,
sitagliptin, entered the UK market).? This cohort thus
included patients newly treated for diabetes, as well as
those for whom treatment was newly modified (add-
ons or switches). Cohort entry was the date of this new
antidiabetic prescription. At this stage, we excluded
patients previously diagnosed as having inflammatory
bowel disease, including those previously exposed to
mesalamine, at any time before cohort entry (Crohn’s
disease and ulcerative colitis; Read codes listed in
supplementary table A). Diagnoses of inflammatory
bowel disease have been previously validated in
the CPRD, with positive predictive values above
90%.'32° We also excluded patients with a history of
diverticulitis, ischaemic colitis, pseudomembranous
colitis, or unspecific colitis (common differential
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diagnoses for inflammatory bowel disease’!) at any
time before cohort entry. Finally, we excluded patients
with less than six months of follow-up after cohort
entry to account for a latency period and known
diagnostic delays of inflammatory bowel disease.?? All
patients were followed starting six months after cohort
entry until an incident diagnosis of inflammatory
bowel disease or censored on an incident diagnosis
of ischaemic colitis or diverticulitis, death from any
cause, end of registration with the general practice, or
the end of the study period (30 June 2017), whichever
occurred first.

Exposure assessment

We modelled the use of dipeptidyl peptidase-4
inhibitors (alone or in combination with other
antidiabetic drugs) as a time varying variable and
compared it with the use of all other antidiabetic
drugs. As part of this exposure definition, patients
could move from a period of non-exposure to a period
of exposure after a six month lag period (allowing them
to contribute both unexposed and exposed person
time). Thus, patients were considered exposed starting
six months after their first prescription until the end of
the follow-up period, analogous to an intention to treat
approach. Consequently, we considered inflammatory
bowel disease events occurring during the six month
lag period to be unexposed events. The use of a lag
period was necessary for latency considerations, given
that exposures of short duration are unlikely to be
associated with the incidence of inflammatory bowel
disease, to account for possible diagnostic delays
associated with inflammatory bowel disease,?? and to
reduce detection bias and reverse causality. Finally,
we deemed the comparator group of other antidiabetic
drugs to be appropriate, as none of these drugs has
been previously associated with the incidence of
inflammatory bowel disease. We considered this to be
the definition of primary exposure.

We also considered two definitions of secondary
exposure. The first assessed the association according
to cumulative duration of dipeptidyl peptidase-4
inhibitor use. We defined this time dependent
variable by summing the durations associated with
each prescription up until time of event. The second
assessed time since initiation, which we defined in a
time dependent fashion as the time between the first
dipeptidyl peptidase-4 inhibitor prescription and time
of event.

Potential confounders

The models were adjusted for the following potential
confounders measured at cohort entry: age, sex, year
of cohort entry, body mass index, alcohol related
disorders (alcoholism, alcoholic cirrhosis of the
liver, alcoholic hepatitis, and hepatic failure), and
smoking status. We also adjusted for haemoglobin
A, (last laboratory result before cohort entry),
microvascular (nephropathy, neuropathy, retinopathy)
and macrovascular (myocardial infarction, stroke,
peripheral arteriopathy) complications of diabetes
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(at any time before cohort entry), duration of treated
diabetes, and antidiabetic drugs used before cohort
entry, as proxies for disease severity. Age and
duration of treated diabetes were modelled flexibly
as continuous variables by using cubic spline models
to account for possible non-linear relations with
the outcome. The models also considered the use
of aspirin, non-steroidal anti-inflammatory drugs,
hormonal replacement therapy, oral contraceptives,
other autoimmune conditions (all at any time before
cohort entry),” as well as the total number of unique
non-antidiabetic drugs received in the year before
cohort entry as a general measure of comorbidity.**

Statistical analysis

We calculated crude incidence rates of inflammatory
bowel disease with 95% confidence intervals based
on the Poisson distribution for the entire cohort and
for each exposure group. For all analyses, we used
time dependent Cox proportional hazards models to
estimate hazard ratios and 95% confidence intervals
for inflammatory bowel disease associated with the
use of dipeptidyl peptidase-4 inhibitors compared
with the use of other antidiabetic drugs. The models
were adjusted for the potential confounders listed
above. We also calculated the number needed to
harm for patients followed over a two year and four
year period by using methods accounting for varying
patient follow-up times.*®

Secondary analyses

We did four secondary analyses. Firstly, we assessed
whether a duration-response relation existed
according to cumulative duration of use by estimating
hazard ratios for five predefined duration categories
(<1 year, 1.1-2 years, 2.1-3 years, 3.1-4 years, and
>4 years). Secondly, we investigated the association
with time since initiation by estimating hazard ratios
for three predefined categories (<2 years, 2.1-4 years,
and >4 years). We also modelled cumulative duration
of use and time since initiation as continuous
variables by using restricted cubic splines. Thirdly, to
investigate the possibility of a drug specific effect, we
repeated the analysis stratifying by type of dipeptidyl
peptidase-4 inhibitor (sitagliptin, saxagliptin, and
other). Finally, we repeated the primary analysis by
stratifying on type of inflammatory bowel disease
(Crohn’s disease, ulcerative colitis, and unspecified
disease).

Sensitivity analyses

We did 11 sensitivity analyses to assess the robustness
of our findings. Firstly, given uncertainties related to
the length of the lag period, we increased the exposure
lag period to one year. Secondly, to assess the validity
of our outcome definition, we restricted inflammatory
bowel disease events to those accompanied by
clinically relevant supporting events (supplementary
methods 1). Thirdly, to investigate the effect of
informative censoring, we did a competing risk
analysis by death from any cause, using the Fine and

thelbmj | BMJ2018;360:k872 | doi: 10.1136/bmj.k872
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Gray subdistribution model.?® Fourthly, to investigate
the effect of detection bias from undiagnosed
inflammatory bowel disease, we stratified the cohort
by age at cohort entry (<60 and >60 years). In the UK,
patients aged 60-74 years are invited for faecal occult
blood tests every two years as part of the Bowel Cancer
Screening Programme.?’ Fifthly, we used a stricter
exposure definition, in which dipeptidyl peptidase-4
inhibitor use was redefined as receipt of at least four
prescriptions within a 12 month moving window; we
considered patients to be exposed only six months
after the fourth qualifying prescription. Sixthly, to
account for a possible incretin effect of glucagon-like
peptide 1 receptor agonists, we redefined exposure
into four mutually exclusive categories: dipeptidyl
peptidase-4 inhibitors (alone or in combination,
excluding glucagon-like peptide 1 receptor agonists),
glucagon-like peptide 1 receptor agonists (alone or
in combination, excluding dipeptidyl peptidase-4
inhibitors), both dipeptidyl peptidase-4 inhibitor and
glucagon-like peptide 1 receptor agonists, and other
antidiabetic drugs (new reference category). Seventhly,
to assess the possibility of anti-inflammatory effects
of thiazolidinediones,?® we excluded patients treated
with thiazolidinediones at any time before cohort entry
and censored them on initiation during follow-up. The
eighth to tenth analyses assessed the effect of residual
confounding by conducting a marginal structural
model (using inverse probability of treatment and
censoring weighting), disease risk score, and multiple
imputation for variables with missing information
(supplementary methods 2-4). Finally, in a post hoc
sensitivity analysis, we used the rule out method to
estimate the strength of an unknown or unmeasured
confounder that would be needed to move the observed
hazard ratio to the null.”

Ancillary analyses

We did two ancillary analyses to further assess the
validity of our findings. The first used insulin as a
negative control exposure,*® a last line treatment that
has not been associated with inflammatory bowel
disease. For this analysis, we excluded prevalent users
of insulin before cohort entry and modelled new use
of insulin as a time dependent variable lagged by six
months. The second was a head to head comparison
of patients newly treated with dipeptidyl peptidase-4
inhibitors versus insulin between 1 January 2007 and
31 December 2016, with follow-up until 30 June 2017.
For this analysis, a Cox proportional hazard model was
stratified on fifths of propensity score (supplementary
methods 5). We used SAS version 9.4 for all the
analyses described above.

Patient involvement

We did not include patients as study participants, as
our study involved the use of secondary data. Patients
were not involved in the design or implementation
of the study. We do not plan to involve patients in
the dissemination of results, nor will we disseminate
results directly to patients.
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100 000 per year; hazard ratio 1.75, 95% confidence
interval 1.22 to 2.49). The number needed to harm
corresponded to 2291 patients followed over a two
year period and 1177 over a four year period. In
secondary analyses, hazard ratios gradually increased
with longer durations of use, reaching a peak after
three to four years of use (hazard ratio 2.90, 1.31 to
6.41) and decreasing after more than four years of use
(1.45, 0.44 to 4.76). A similar pattern was observed
with time since initiation, with the highest hazard ratio
observed between two and four years after initiation
(2.50, 1.57 to 3.99) and a decrease after more than four
years (1.75, 0.86 to 3.58). These patterns remained
consistent in the cubic spine models (supplementary
figures A and B).

Overall, no single dipeptidyl peptidase-4 inhibitor
drug was statistically associated with inflammatory
bowel disease, although the strata had few events
(supplementary table C). In analyses stratified on
type of inflammatory bowel disease, the use of
dipeptidyl peptidase-4 inhibitors was associated with
a greater than twofold increase in risk of ulcerative

Patients with a first ever prescription for a non-insulin antidiabetic
drug between 1 January 1988 and 31 December 2016 (n=420 666)

Excluded (n=203 026):
<18 years of age (n=1168)
<365 days coverage in database (n=179 788)
———— Date inconsistencies (n=67)
Insulin before first ever non-insulin antidiabetic drug (n=9311)
Women with polycystic ovarian syndrome (n=11 123)
Women with gestational diabetes in year before first prescription (n=1569)

Patients included in base cohort (n=217 640)

Excluded (n=60 809):
Died or left cohort before first incretin based drug entered market (n=24 731)
Never added on or switched to new antidiabetic drug class after incretin
based drugs entered market (n=36 078)

Cohort of new users or switchers after incretin based drugs entered market (n=156 831)

Excluded (n=15 661):
Previous inflammatory bowel disease (n=2021)
Previous use of mesalamine (n=380)
Previous diverticulitis (n=2877)
Previous ischaemic colitis (n=38)
Previous pseudomembranous colitis (n=24)
History of unspecified colitis (1=532)
Less than 6 months of follow-up (n=9789)

Study cohort (n=141 170)

Fig 1 | Flowchart of patients included in base and study cohorts

Results

We included 141 170 patients in the cohort (fig 1).
These patients were followed for a median of 3.6
(interquartile range 1.6-5.9) years beyond the
six month post-cohort entry lag period. During
552 413 person years of follow-up, 208 incident
inflammatory bowel disease events occurred,
generating an incidence rate of 37.7 (95%
confidence interval 32.7 to 43.1) per 100 000 person
years. Nearly all these events (n=193; 92.8%)
had at least one clinically relevant supporting
event (supplementary table B). Overall, 30488
(21.6%) patients received at least one prescription
for a dipeptidyl peptidase-4 inhibitor during the
study period; the median duration of use was 1.6
(interquartile range 0.7-3.1) years.

Table 1 shows the baseline characteristics of
the entire cohort and the cohort stratified by drug
use at cohort entry. Compared with users of other
antidiabetic drugs, dipeptidyl peptidase-4 inhibitor
users were older, more likely to have higher
haemoglobin A, concentrations, more likely to have
alonger duration of treated diabetes, and more likely
to have microvascular complications of diabetes.
Users of dipeptidyl peptidase-4 inhibitors were also
more likely to have used aspirin and non-steroidal
anti-inflammatory drugs but less likely to have used
oral contraceptives.

Table 2 shows the results of the primary and
secondary analyses. Compared with use of other
antidiabetic drugs, use of dipeptidyl peptidase-4
inhibitors was associated with a 75% increase in
risk of inflammatory bowel disease (53.4 v 34.5 per

colitis (hazard ratio 2.23, 1.32 to 3.76), whereas no
statistically significant association was observed with
Crohn’s disease (0.87, 0.37 to 2.09) (supplementary
table D).

Sensitivity and ancillary analyses

Figure 2 summarises the results of the sensitivity
analyses (shown in detail in supplementary tables E-N
and supplementary figure C). Overall, these analyses
produced results that were consistent with those of the
primary analysis, with statistically significant hazard
ratios ranging between 1.60 and 2.21. The negative
control analysis comparing the use of insulin with
the use of other antidiabetic drugs yielded a hazard
ratio close to the null value (0.92, 0.53 to 1.58; table
3). In the head to head comparison, use of dipeptidyl
peptidase-4 inhibitors was associated with a greater
than twofold increase in risk of inflammatory bowel
disease, compared with insulin (hazard ratio 2.28,
1.07 to 4.85) (table 3, supplementary figure D and
supplementary table O).

Discussion

To our knowledge, this is the first observational
study to specifically investigate the association
between the use of dipeptidyl peptidase-4 inhibitors
and the incidence of inflammatory bowel disease.
Use of dipeptidyl peptidase-4 inhibitors was
associated with an overall 75% increase in risk of
inflammatory bowel disease. In secondary analyses,
the association was particularly elevated between
three and four years of use and between two and
four years after the start of dipeptidyl peptidase-4
inhibitor treatment. This gradual increase in the
risk is consistent with the hypothesis of a possible
delayed effect of the use of dipeptidyl peptidase-4
inhibitors on the incidence of inflammatory bowel
disease. This association remained highly consistent
across a variety of sensitivity analyses.

doi: 10.1136/bmj.k872 | BMJ2018;360:k872 | thebmj
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Table 1 | Baseline characteristics of entire cohort and cohort stratified by drug use at
cohort entry. Values are numbers (percentages) unless stated otherwise

Use at cohort entry

Entire cohort DPP-4 inhibitors Other antidiabetic
Characteristic (n=141170) (n=7231) drugs (n=133939)
Mean (SD) age, years 61.6 (13.6) 66.1(11.8) 61.4(13.6)
Male sex 80995 (57.4) 4164 (57.6) 76831 (57.4)
Year of cohort entry:
2007 20368 (14.4) 126 (1.7) 20242 (15.1)
2008 18658 (13.2) 506 (7.0) 18152 (13.6)
2009 18801 (13.3) 1014 (14.0) 17787 (13.3)
2010 17507 (12.4) 1485 (20.5) 16022 (12.0)
2011 14701 (10.4) 1103 (15.3) 13598 (10.2)
2012 13788 (9.8) 983 (13.6) 12805 (9.6)
2013 12214 (8.7) 744 (10.3) 11470 (8.6)
2014 9896 (7.0) 544 (7.5) 9352 (7.0)
2015 8731 (6.2) 451 (6.2) 8280 (6.2)
2016 6506 (4.6) 275 (3.8) 6231 (4.7)
Body mass index:
<25 14743 (10.4) 736 (10.2) 14007 (10.5)
25-30 41434 (29.4) 2127 (29.4) 39307 (29.3)
>30 81993 (58.1) 4337 (60.0) 77 656 (58.0)
Unknown 3000 (2.1) 31 (0.4) 2969 (2.2)
Alcohol related disorders 20782 (14.7) 1431 (19.8) 19351 (14.5)
Smoking status:
Current smoker 22812 (16.2) 940 (13.0) 21872 (16.3)
Past smoker 51490 (36.5) 2817 (39.0) 48673 (36.3)
Never smoker 66350 (47.0) 3467 (47.9) 62883 (47.0)
Unknown 518 (0.4) 7 (0.1) 511 (0.4)
Haemoglobin A :
<7.0% 25508 (18.1) 1325 (18.3) 24183 (18.1)
7.1-8.0% 30720 (21.8) 2424 (33.5) 28296 (21.1)
>8.0% 43227 (30.6) 3170 (43.8) 40057 (29.9)
Unknown 41715 (29.6) 312 (4.3) 41403 (30.9)
Nephropathy 34573 (24.5) 2855 (39.5) 31718 (23.7)
Neuropathy 14564 (10.3) 1838 (25.4) 12726 (9.5)
Retinopathy 15249 (10.8) 2348 (32.5) 12901 (9.6)
Myocardial infarction 9627 (6.8) 598 (8.3) 9029 (6.7)
Stroke 6844 (4.9) 463 (6.4) 6381 (4.8)
Peripheral arteriopathy 5010 (3.6) 417 (5.8) 4593 (3.4)
Mean (SD) duration of treated 1.3 (3.0) 7.7 (4.2) 1.0 (2.5)
diabetes, years
Class of antidiabetic drugs*:
Metformin 27265 (19.3) 6482 (89.6) 20783 (15.5)
Sulfonylureas 13522 (9.6) 4032 (55.8) 9490 (7.1)
Thiazolidinediones 7154 (5.1) 2462 (34.1) 4692 (3.5)
Insulin 1213 (0.9) 373 (5.2) 840 (0.6)
Other 939 (0.7) 277 (3.8) 662 (0.5)
Aspirin 60329 (42.7) 4760 (65.8) 55569 (41.5)
Non-steroidal anti-inflammatory 76366 (54.1) 4600 (63.6) 71766 (53.6)
drugs
Hormonal replacement therapy 17202 (12.2) 1069 (14.8) 16133 (12.1)
Oral contraceptives 11567 (8.2) 398 (5.5) 11169 (8.3)
Other autoimmune conditions: 4418 (3.1) 250 (3.5) 4168 (3.1)
Psoriasis 1821 (1.3) 92 (1.3) 1729 (1.3)
Systemic vasculitis 513 (0.4) 18 (0.3) 495 (0.4)
Rheumatoid arthritis 1953 (1.4) 123 (1.7) 1830 (1.4)
Sjégren’s syndrome 161 (0.1) 14 (0.2) 147 (0.1)
Systemic lupus erythematosus 166 (0.1) 11(0.2) 155 (0.1)
No of non-antidiabetic drugs:
Mean (SD) 8.2 (6.1) 10.5 (6.3) 8.0 (6.0)
0 6206 (4.4) 59 (0.8) 6147 (4.6)
1 7228 (5.1) 103 (1.4) 7125 (5.3)
2 8839 (6.3) 171 (2.4) 8668 (6.5)
3 10003 (7.1) 254 (3.5) 9749 (7.3)
>4 108894 (77.1) 6644 (91.9) 102250 (76.3)

DPP-4=dipeptidyl peptidase-4.
*Non-mutually exclusive groups measured at any time before (not including) cohort entry.

thelbmj | BMJ2018;360:k872 | doi: 10.1136/bmj.k872

Comparison with previous studies
The dipeptidyl peptidase-4 enzyme is involved in
inflammatory response and is known to modulate
gastric hormones; these have been shown to be
elevated in patients with inflammatory bowel
disease.’’ However, further study of the exact effect of
this enzyme in inflammatory bowel disease is needed.
Inhibition of this enzyme with dipeptidyl peptidase-4
inhibitors has been shown to reduce disease activity
in Crohn’s disease by increasing concentrations of
glucagon-like peptide 2, an incretin hormone with
intestinotrophic effects.” Furthermore, in experimental
mouse models of colitis, treatment with dipeptidyl
peptidase-4 inhibitors decreased both disease activity
and disease severity, through inhibition of T cell
proliferation and cytokine production and restoration
of gut mucosal damage, respectively.®*° However, the
available clinical evidence shows a complex relation
between the dipeptidyl peptidase-4 enzyme and
inflammatory bowel disease activity. Although the
expression of dipeptidyl peptidase-4 was elevated on T
cells from patients with inflammatory bowel disease,®’
serum concentrations and activity of dipeptidyl
peptidase-4 were lower compared with healthy
controls.® ' 2 Moreover, dipeptidyl peptidase-4
enzyme concentrations had an inverse relation with
inflammatory bowel disease activity scores, although
the direction of this association remains unclear.'?*?
In contrast to the aforementioned animal studies
that have supported a role for dipeptidyl peptidase-4
inhibitors in the treatment of inflammatory
bowel disease,”*® our study focused on incident
inflammatory bowel disease, in which dipeptidyl
peptidase-4 may have a different biological function.
Although one previous observational study reported a
decreased risk of a composite of several autoimmune
diseases (including inflammatory bowel disease) with
the use of dipeptidyl peptidase-4 inhibitors (hazard
ratio 0.68, 95% confidence interval 0.52 to 0.89),8
it did not report any findings on inflammatory bowel
disease specifically. This decreased risk may have been
driven by other diseases included in the composite
outcome. Finally, our results indicate that an increased
risk with dipeptidyl peptidase-4 inhibitors may be
associated with ulcerative colitis and not Crohn’s
disease. However, this finding should be interpreted
with caution as this stratified analysis was based on
few events, generating a wide confidence interval
with an upper 95% confidence limit of 2.09. Thus,
our results do not rule out a possible association with
Crohn’s disease as well. In summary, although our
findings need to be replicated, additional studies are
also needed to understand the possible mechanism
through which dipeptidyl peptidase-4 inhibitors may
increase the risk of inflammatory bowel disease.

Strengths and limitations of study

This study has several strengths. Firstly, our study
design excluded prevalent users, thus eliminating
biases associated with their inclusion.?? Secondly,
we used a time dependent exposure definition that
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Analysis

Primary analysis

One year exposure lag period
Restriction to clinically supported events

Competing risk

Stratification on screening age:

<60 years
=60 years

Table 2 | Crude and adjusted hazard ratios for association between use of DPP-4 inhibitors and risk of inflammatory

bowel disease

Hazard ratio (95% Cl)

Exposure Events Person years Incidence rate (95% CI)* Crude Adjustedt

Use of other antidiabetic drugs 159 460623 34.5 (29.4 to 40.3) 1.00 1.00 (reference)

DPP-4 inhibitors 49 91790 53.4 (39.5t070.6) 1.59 1.75 (1.22 t0 2.49)

Cumulative duration of DPP-4 inhibi-

tor use, years:
<1 16 36030 44.4 (25.41072.1) 1.32 1.42 (0.84t0 2.41)
1.1-2 15 25491 58.8 (32.91t097.1) 1.70 1.91 (1.11t03.32)
2.1-3 St St 55.8 (24.1t0 110.0) 1.69 1.90 (0.91 to 3.96)
3.1-4 7 8423 83.1(33.4t0171.2) 2.56 2.90(1.31t0 6.41)
>4 St St 39.9(8.2t0116.7) 1.28 1.45 (0.44 t0 4.76)

Time since first DPP-4 inhibitor

prescription, years:
<2 15 38608 38.9 (21.7 to 64.1) 1.12 1.23(0.72t02.11)
2.1-4 24 32385 74.1 (47.5t0110.3) 2.24 2.50 (1.57 to 3.99)
>4 10 20797 48.1 (23.1t0 88.4) 1.56 1.75 (0.86 to0 3.58)

DPP-4=dipeptidyl peptidase-4.
*Per 100000 person years.

tAdjusted for age, sex, year of cohort entry, body mass index, alcohol related disorders (including alcoholism, alcoholic cirrhosis of liver, alcoholic hepatitis,
and hepatic failure), smoking status, haemoglobin A, , microvascular (nephropathy, neuropathy, retinopathy) and macrovascular (myocardial infarction,
stroke, peripheral arteriopathy) complications of diabetes, duration of treated diabetes, antidiabetic drugs used before cohort entry, use of aspirin, non-
steroidal anti-inflammatory drugs, hormonal replacement therapy, oral contraceptives, other autoimmune conditions, total number of unique non-diabetic

drugs in year before cohort entry.

$Numbers <5 are not shown, as per confidentiality policies of Clinical Practice Research Datalink.

allowed patients to contribute both unexposed and
exposed person time, thereby eliminating immortal
time bias.>® Type 2 diabetes and inflammatory bowel
disease have been shown to share inflammatory
pathways,>* although large population based studies
have not reported an association between these two
diseases.>® Nevertheless, we rigorously assessed the
effect of possible residual confounding in several
analyses; these analyses yielded consistent findings.
Moreover, the null association observed with insulin (a
last line treatment of which the users are typically at an
advanced disease stage) as a negative control provides
reassurance on the internal validity of our findings.
Finally, our results remained highly consistent across
a variety of sensitivity analyses intended to overcome
different sources of bias.

Hazard ratio Hazard ratio

Stricter exposure definition
Hierarchical exposure reclassification
Exclusion of thiazolidinediones
Marginal structural model

Disease risk score

Multiple imputation

(95% CI) (95% ClI)
_— 1.75 (1.22 to 2.49)
—_— 2.02(1.39t02.93)
_— 1.94 (1.33 to 2.82)
_— 1.78 (1.24 to 2.56)
—_— 1.68 (1.03 to 2.72)
_— 1.86 (1.16 to 3.00)
—_— 2.21 (1.54 to 3.18)
R — 1.78 (1.23 to 2.59)
—_— 1.60 (1.04 to 2.45)
_— 1.71 (1.12 to 2.61)
—_— 1.79 (1.26 to 2.55)
_— 1.73 (1.21 to 2.47)

0.4 1 2 4

Fig 2 | Forest plot summarising results of primary analysis and sensitivity analyses,
showing adjusted hazard ratios and 95% Cls for association between use of dipeptidyl
peptidase-4 inhibitors and inflammatory bowel disease

6

Our study has a few limitations. As prescriptions
in the CPRD are written by general practitioners and
not specialists, some exposure misclassification
is possible. In the UK, however, type 2 diabetes is
managed almost entirely through primary care,® so
such misclassification is likely to have been minimal.
Although inflammatory bowel disease has been
shown to be well recorded in the CPRD,***° outcome
misclassification is also possible. Reassuringly, we
observed consistent findings in a sensitivity analysis
using an algorithm based on clinically supporting
events. Finally, as with all observational studies,
residual confounding from unknown or unmeasured
variables remains possible. However, on the basis
of the rule out method,?® a hypothetical confounder
would need to be strongly associated with both the
exposure (odds ratio >4.7) and the outcome (relative
risk >5.0) to move the point estimate towards the null
(supplementary figure C). Whether such a hypothetical
confounder exists beyond those considered in the
analyses is unclear.

Conclusions

The results of this large population based cohort
study indicate that the use of dipeptidyl peptidase-4
inhibitors is associated with an overall 75% increase
in the risk of inflammatory bowel disease in patients
with type 2 diabetes. Although the absolute risk is
low, physicians should be aware of this possible
association and perhaps refrain from prescribing
dipeptidyl peptidase-4 inhibitors for people at high
risk (that is, those with a family history of disease
or with known autoimmune conditions). Moreover,
patients presenting with persistent gastrointestinal
symptoms such as abdominal pain or diarrhoea
should be closely monitored for worsening of
symptoms.

doi: 10.1136/bmj.k872 | BMJ2018;360:k872 | thebmj
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Table 3 | Ancillary analyses of insulin as negative control exposure and head to head comparison of DPP-4 inhibitors

versus insulin on risk of inflammatory bowel disease

Analysis Events Person years Incidence rate (95% CI)* Adjusted hazard ratio (95% Cl)t#
Insulin negative control exposure

No use of insulin 188 502 896 37.4(32.2t043.1) 1.00 (reference)

Insulin 18 44800 40.2 (23.8t0 63.5) 0.92 (0.53 to 1.58)

Head to head comparison

Insulin 11 31870 34.5(17.2t061.8) 1.00 (reference)

DPP-4 inhibitors 40 77 476 51.6 (36.9t0 70.3) 2.28 (1.07 to 4.85)

DPP-4=dipeptidyl peptidase-4.
*Per 100000 person years.

tInsulin negative control: adjusted for age, sex, year of cohort entry, body mass index, alcohol related disorders (including alcoholism, alcoholic cirrhosis of
liver, alcoholic hepatitis, and hepatic failure), smoking status, haemoglobin A, , microvascular (nephropathy, neuropathy, retinopathy) and macrovascular
(myocardial infarction, stroke, peripheral arteriopathy) complications of diabetes, duration of treated diabetes, antidiabetic drugs used before cohort entry,
use of aspirin, non-steroidal anti-inflammatory drugs, hormonal replacement therapy, oral contraceptives, other autoimmune conditions, total number of

unique non-diabetic drugs in year before cohort entry.
$Head to head comparison: stratified on fifths of propensity score.
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