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Abstract

Background
Higher bullous pemphigoid (BP) risk has been reported to be associated with dipeptidyl peptidase 4
inhibitor (DPP4i). However, large-scale studies to investigate the association between BP and DPP4i
treatment are limited. The aim of this study is to examine the association between BP risk and DPP4i
treatment in diabetes patients.

Methods
We conducted a nationwide cohort study based on the Taiwan National Health Insurance Database
between 2000 and 2015. 124,619 diabetic patients who were receiving DPP4i therapy were matched 1: 1
with diabetic patients who had never received DPP4i by age, sex, duration of diabetes, insulin usage, and
propensity score-matching of comorbidities.

Results
Of the 124,619 diabetes patients in the two groups, the mean age at diabetes diagnosis was 52.4 ± 10.9
years, with a mean duration of diabetes of 6.0 ± 3.9 years. After adjusting for competing mortality risk, the
6-year cumulative incidence of BP in the DPP4i-treated cohort was signi�cantly higher than that in the
non-DPP4i group (0.74 per 1000; 95% con�dence interval [CI]: 0.51–1.05 vs 0.38 per 1000; 95% CI: 0.26–
0.53, P = .001). The DPP4i and insulin-treated group had the highest 6-year cumulative incidence for BP
(0.93; 95% CI: 0.54–1.54 per 1000). Modi�ed Cox regression analysis revealed that DPP4i treatment (HR:
2.15, 95% CI: 1.18–3.91, P = 0.01), age (HR: 1.06, P < .001), renal disease (HR: 2.32, P < .001), and
metformin user (HR: 1.93, P = 0.006) were associated with increased BP risk.

Conclusion
DPP4i users had a 2.2-fold increase in the risk of BP, and the risk was the highest in those with
concomitant use of DPP4i and insulin. The use of DPP4is as anti-diabetic medications must be
monitored carefully and may be replaced by other anti-diabetic medications in BP patients.

Background
Bullous pemphigoid (BP) is a common autoimmune blistering skin disease associated with substantial
morbidity and mortality [1, 2]. The incidence of BP has been reported to be approximately 13.4–66 new
cases per 1 million people per year [3, 4]. BP is accompanied by intense pruritus and can cause
considerable disability and mortality, typically affecting elderly patients [2, 5, 6]. A recent meta-analysis
reported a 1-year mortality rate of 23.5% in patients with BP [7]. BP is characterized by autoantibodies
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directed against hemidesmosomal proteins (BP180 and BP230) at the dermoepidermal junction [8]. A 1.9-
to 4.3-fold increase in the incidence of BP has been reported in the past two decades [3, 4, 9]. One
possible explanation is the increased use of some medications in older adults [3].

Dipeptidyl peptidase-4 inhibitors (DPP4is) are a new class of oral antidiabetic agents for patients with
type 2 diabetes [10]. Recent studies have suggested that DPP4is are associated with an increased risk of
BP [11–23]. However, there were some limitations in previous studies, for example, advanced and severe
diabetes patients were excluded [23] or the duration of diabetes and comorbidities were not well
controlled [11, 12, 22]. The interaction of DPP4is and insulin on the risk of BP has never been
investigated. The temporal relationship between the use of DPP4is and BP is unclear. Furthermore, the
association between sex and age of the DPP4i-treated group with the development of BP remains
controversial [12, 17, 21]. Large-scale cohort studies are warranted to further increase the knowledge in
these areas.

Therefore, we conducted a nationwide population-based cohort study to investigate the use of DPP4is
and risk of BP.

Methods
Data source

Data used in this nationwide cohort study were obtained from the National Health Insurance Research
Database (NHIRD) in Taiwan since January 1, 2000, to December 31, 2015. The NHIRD was set up in
1997 from the National Health Insurance (NHI), which is a mandatory national health insurance program
that covers more than 99% of the Taiwanese population [24]. The database contains comprehensive
information, including demographic characteristics, disease diagnoses, and details of prescriptions.
Diseases were recorded using the International Classi�cation of Diseases, Ninth Revision, Clinical
Modi�cation (ICD-9-CM). The NHIRD has been widely used in epidemiological studies and is one of the
most complete health care service databases in the world [25]. The quality of the NHIRD, in terms of the
diagnostic accuracy of major diseases and medications, has been well validated [26, 27]. Data
con�dentiality is assured by the regulations of the NHIRD Administration, Ministry of Health and Welfare,
Taiwan. This study was performed in accordance with the Helsinki Declaration and was approved by the
National Health Research Institutes and the Institutional Review Board of Taipei Veterans General
Hospital (IRB No.: 2019-01-007AC).

Study population

The patient selection process is shown in Figure 1. Diabetic patients were evaluated between January 1,
2000, and December 31, 2015. Individuals were de�ned as having diabetes if there were at least three
diagnosis codes (ICD-9-CM: 250) in their outpatient clinic records or one in their admission record, and if
they had at least 3- months of anti-diabetic medications. To avoid confounding and to investigate the
impact of DPP4i on BP, we excluded diabetic patients with cancers and neurological diseases, including
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cerebrovascular diseases, dementia, Alzheimer’s disease, Parkinson’s disease, epilepsy, multiple sclerosis,
and psychiatric diseases, which are well-known risk factors for BP [28, 29].

Sitagliptin was the �rst DPP4i reimbursement by NHI in Taiwan in 2009, followed by saxagliptin and
vidagliptin in 2011, and linagliptin in 2012. They were used alone or in combination with metformin as
the second line treatment for diabetes. Since no data is available for the duration of DPP4i use to the risk
of BP, a selection criterion of 3 months was used for enrolling DPP4i users. Patients who had used
DPP4i ≥ 28 days per month for at least 3 months were identi�ed as the DPP4i-treated group. An index
date was assigned as the date after 3 months of DPP4i medication. The duration of diabetes was
calculated from the date of diabetes diagnosis to the index date. We de�ned those who had used
metformin at least 3 months over 1 year as metformin user. To further identify severely diabetic patients
who required insulin treatment, insulin users were de�ned as diabetic patients who had used insulin for at
least 3 months over 1 year.

Patients who used other antidiabetic medications, with the exception of DPP4is, for at least 3 months
were assigned to the non-DPP4i-treated cohort. Because DPP4is were used as a second line anti-diabetic
medication, those who had not taken DPP4is may have been new-onset or mild diabetic patients.
Because diabetes has been reported as a risk factor for BP [30], we selected patients with the same
duration of diabetes to include a comparable control. We assigned a pseudo-index date for each non-
DPP4i patient and included those with the same duration of diabetes with the DPP4i-treated group.
Patients who met the exclusion criteria before the pseudo-index date of non-DPP4i group were further
excluded. A total of 124,619 patients who received DPP4i therapy were randomly matched 1:1 with those
who had never received DPP4i by means of age (± 0.5 year), sex, duration of diabetes (± 0.5 year), insulin
usage, and propensity scores (± 0.01) of comorbidities.

Outcome measurement

The occurrence of BP was the measured outcome. Patients who were diagnosed with BP were identi�ed
by ICD-9-CM 694.5. Individuals were de�ned as having BP if there were at least three diagnosis codes in
their outpatient clinic records or one in admission record. Patients who developed BP before the index
dates were excluded. Study participants were followed up until the date of BP diagnosis, death, or the end
of the study period.

Assessment of accuracy of BP identi�cation algorithm

To evaluate the accuracy of BP diagnosis by our de�ned algorithm, we retrieved BP data from the
electronic medical records of the Taipei Veterans General Hospital (a 2,802-bed teaching hospital in
Taipei) between January 1, 2011 and December 31, 2015. We reviewed patients’ clinical information,
pathology results, direct and indirect immuno�ourescence data, and medical records, as reference
standards to estimate the positive predictive value of the BP identi�cation algorithm. According to the BP
identi�cation algorithm, a total of 247 patients with BP were identi�ed from the electronic medical
records of the Taipei Veterans General Hospital. Among these algorithm-identi�ed patients, 242 were
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con�rmed through medical record reviews, suggesting that our algorithm had a good positive prediction
value of 98.0% (95% con�dence interval [CI]: 96.3-99.7%)

Major coexisting diseases

Several major coexisting diseases that might be associated with the risk of BP were identi�ed by ICD-9-
CM codes and included coronary artery disease, hypertension, hyperlipidemia, renal disease, chronic liver
disease and cirrhosis, chronic obstructive pulmonary disease, and connective tissue disease. The
diseases were included in the calculation of propensity score.

Statistical analysis

Continuous data were summarized with mean, median and interquartile range (IQR) whereas categorical
data with number and proportion, unless otherwise speci�ed. Cumulative incidence rates of BP during the
follow-up were calculated. After adjusting for competing mortality, cumulative incidence rates were
calculated and compared using modi�ed Kaplan-Meier and Gray methods [25]. A modi�ed log-rank test
was used to compare differences in the full time-to-event distribution between the DPP4i-treated and
untreated groups.

Multivariable analyses using hazard ratios (HRs) were performed with modi�ed Cox hazards models in
the presence of competing risk events, and adjusted for covariate factors, including use of DPP4i, age,
sex, duration of diabetes, all the major coexisting diseases, use of insulin, use of metformin, and the
interaction term of DPP4i and insulin. Further strati�ed multivariable analyses were performed. Two-sided
P values < .05 were considered statistically signi�cant. All data were managed using SAS software,
version 9.3 (SAS Institute, Gary, NC). The Cox proportional hazard regression models in the competing
risk analysis were carried out using the “cmprsk” package of R (http://cran.r-
project.org/web/packages/cmprsk/index.html).

Results
Characteristic of the study subjects

After 1:1 matching of the DPP4i-treated and non-DPP4i-treated groups, a total of 249,238 diabetic
patients were included (Table I). Of them, there were 44 BP patients in the DPP4i-treated group, and 47 BP
patients in the non-DPP4i-treated group. The mean follow-up time was signi�cantly shorter in the DPP4i-
treated group (3.2 ± 1.8 vs 5.5 ± 3.8 years for DPP4i-treated and non-DPP4i-treated group, respectively).
There were 80,185 (64.3%) men and 44,434 (35.7%) women in each group, with a mean ages of diabetes
diagnosis of 52.4 ± 10.9 years and a mean duration of diabetes (6.0 ± 3.9 years). There were no
signi�cant differences in the propensity scores of their comorbidities between these two groups.

Six-year cumulative incidences of BP
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After adjusting for competing mortality, patients in the DPP4i-treated group had a signi�cantly higher 6-
year cumulative incidence of BP than the non-DPP4i-treated group (0.74; 95% CI: 0.51–1.05 vs 0.38; 95%
CI: 0.26–0.53 per 1000, P = .001) (Figure 2). The DPP4i and insulin-treated group had the highest 6-year
cumulative incidence for BP (0.93; 95% CI: 0.54–1.54 per 1000), followed by the DPP4i and non-insulin-
treated group (0.64; 95% CI: 0.39–1.03 per 1000), the non-DPP4i and insulin-treated group (0.50; 95% CI:
0.29–0.84 per 1000), and the non-DPP4i and non-insulin-treated group (0.31; 95% CI: 0.19–0.50 per
1000).

Multivariable analysis of risk factors

In multivariable regression analysis adjusted for competing mortality and covariates, the use of DPP4i
was an independent risk factor for BP (HR: 2.15, 95% CI: 1.18–3.91, P = 0.01) (Table II). Age (HR: 1.06),
renal disease (HR: 2.32), and metformin user (HR: 1.93) were associated with increased risk of BP.

Multivariable strati�ed analysis for use of DPP4i

Multivariable strati�ed analysis was performed for subgroups of patients and adjusted for the same
covariates as the previous modi�ed Cox model, with the exception of the interaction term of DPP4i and
insulin (Figure 3). In the subgroup analysis, the risk of BP signi�cantly increased in some DPP4i-treated
subgroups, including in patients aged 60–69 (HR: 3.40), male sex (HR: 2.43), without coronary artery
disease (HR: 1.97), without hypertension (HR: 5.33), with hyperlipidemia (HR: 2.32), without renal disease
(HR: 2.34), without chronic liver disease and cirrhosis (HR: 2.00), without chronic obstructive pulmonary
disease (HR: 2.17), without connective tissue disease (HR:1.98), non-insulin users (HR: 2.26), and non-
metformin user (HR:2.09). The overall risk of BP was 1.75-fold higher (95%CI: 1.14–2.67) in the DPP4i-
treated group.

Discussion
This nationwide population-based cohort study showed that the DPP4i was associated with a 2.2-fold
increase in the risk of BP. Without adjustment for the interaction term of DPP4i and insulin, DPP4i
treatment remained a 1.8-fold increase in the risk of BP. Previous studies have reported that DPP4is
increased the risk of BP by 1.6 to 3.2-fold [11, 12, 21–23]. However, these studies might have some
methodological weaknesses, such as potential selection bias [21, 31], hospital setting [11, 22], excluding
advanced diabetic patients using insulin [23], or not controlling for the duration of diabetes [12], that
might have complicated the interpretation of their �ndings. In our study, we excluded major confounders
and chose non-DPP4i diabetic patients with the same diabetic duration and propensity score-matching of
comorbidities. Thus, the magnitude for the risk of DPP4is for BP is expected to be more accurate.

The duration of diabetes might be a risk factor for BP. When lifestyle intervention and oral therapies are
no longer fully successful in diabetic control, insulin is usually the most desirable therapy [32]. As DPP4is
are used as a second line of anti-diabetic treatment for advanced diabetes, when investigating the
association of DPP4i and BP, it is important to control for the diabetic duration and use of insulin. We
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observed the highest risk in those with concomitant use of DPP4i and insulin. These results imply that
the impact of DPP4is on the development of BP in diabetic patients might be additive with insulin, which
was a proxy of diabetic severity. Metformin user was observed to increase the risk of BP in our study.
However, the association of DPP4i use with BP was independent of the use of metformin.

The association of sex and risk of BP in the DPP4i-treated group remained con�icting. Garcia et al.
observed that the development of BP in diabetes patients was more common in men [17]. Lee et al. and
Benzaquen et al. reported that DPP4is were associated with an increased risk of BP in men but not in
women with diabetes [12, 22]. Kridin et al. revealed that the association of DPP4i with BP was stronger
among diabetic men [11]. However, Varpuluoma et al. observed that women were more likely than men to
develop BP after DPP4i intake [21]. In our study, the risks of BP associated with DPP4is were signi�cantly
increased in men but not in women.

The association between age and increased risk of BP in the DPP4i-treated group showed inconsistent
results. Benzaquen et al. has reported that DPP4i treatment was strongly associated with BP in patients
aged > 80 years [22]. Kridin et al. observed that the risk was the strongest in patients aged < 70 years [11].
Lee et al. presented that the risk was slightly higher in those aged < 75 years [12]. In our study, the risk of
BP associated with DPP4i was only signi�cantly increased in patients aged 60–69 years.

The median latent period between the initiation of DPP4i treatment and diagnosis of BP varied among
different studies, ranging from 5 months to over 4 years [11, 18, 19, 21, 22, 31, 33]. In our study, the
median latent time was 2.5 years, with a minimum of 73 days to a maximum of 6.2 years (quartiles 1–3:
1.3–4.1 years). The long latent period between DPP4i treatment and the initiation of BP suggests that it
is a drug-aggravated condition rather than a drug-induced cutaneous reaction.

The exact mechanism of how DPP4i induces BP remains unclear. DDP4 is a cell surface plasminogen
receptor that can activate plasminogen and lead to plasmin formation [34]. Plasmin is a major serine
protease that cleaves BP180 within the immunodominant NC16A domain [35]. DPP4i can inhibit plasmin
and may then alter the proper cleavage of BP180, which may affect its antigenicity and function [36]. It
has been previously reported that DPP4i might alter the antigenic properties of the epidermal basement
membrane and lead to modi�cations of the immune response in predisposed patients [16, 37, 38].

The study has several strengths. First, this study was a nationwide population-based study that included
large numbers of diabetes patients. We could evaluate the association between DPP4i and BP, and further
subgroup analyses. Second, to scrutinize the effects of DPP4i on BP, we excluded diabetic patients with
neurological diseases that were signi�cant risk factors for BP. Third, as an increase in the duration and
severity of diabetes were risk factors for BP, we chose non-DPP4i-treated diabetic patients with the same
diabetic duration and percentage of insulin users as the control group. Our �ndings provide solid
epidemiological evidence that DPP4is are associated with an increased risk of BP.

The potential limitations of our study should also be considered. First, as an observational study, residual
confounding remains possible. We attempted to avoid residual confounding by choosing good controls.
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Second, administrative data are subject to coding errors. However, these coding errors belong to non-
differential misclassi�cation bias that would make our results more conservative. Third, because using of
administrative data, we have no access to information of the severity or clinical characteristics of
diabetes or BP. We used insulin usage as a proxy for diabetic severity. Finally, because almost all of our
subjects were Taiwanese, our results may not be generalizable to other ethnic groups.

Conclusion
Our study revealed that DPP4is were associated with a 2.2-fold increase in the risk of BP, and the risk was
the highest in those using DPP4is and insulin concomitantly. The use of DPP4is as anti-diabetic
medications must be monitored carefully and may be replaced by other anti-diabetic medications in BP
patients.

Abbreviations
DPP4i: Dipeptidyl peptidase 4 inhibitor; BP: Bullous pemphigoid; NHIRD: National Health Insurance
Research Database; NHI: National Health Insurance; ICD-9-CM: International Classi�cation of Diseases,
Ninth Revision, Clinical Modi�cation; CI: Con�dence interval; IQR: Interquartile range; HR: Hazard ratio.
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Tables
Table 1. Baseline demographic characteristics of the participants 
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DPP4i-treated Non-DPP4i-treated  P value

rs 124,619 124,619  

phigoid (no, %) 44 (0.0) 47 (0.0) 0.83

me (year)    

D 3.2 ± 1.8 5.5 ± 3.8 <0.001

1-Q3) 3.2  (1.7-4.6) 4.8 (2.4-7.9) <0.001

   

%) 80,185 (64.3) 80,185 (64.3) >0.999

o, %) 44,434 (35.7) 44,434 (35.7) >0.999

tes diagnosis (year)    

D 52.4 ± 10.9 52.4 ± 10.9 0.98

1-Q3) 52.7 (45.7-59.6) 52.7 (45.7-59.6) 0.98

Date (year)    

D 58.4 ± 11.3 58.4 ± 11.3 0.84

1-Q3) 58.9 (51.6-65.7) 58.9 (51.6-65.7) 0.83

diabetes (year)    

D 6.0 ± 3.9 6.0 ± 3.9 0.56

1-Q3) 5.9 (2.4-9.4) 5.9 (2.4-9.4) 0.54

es (no, %)    

artery disease  30,493 (24.5) 31,591 (25.4) <0.001

sion 89,145 (71.5) 90,916 (73.0) <0.001

demia  97,162 (78.0) 96,817 (77.7) 0.10 

ase  19,224 (15.4) 20,168 (16.2) <0.001

ver diseases and cirrhosis  34,481 (27.7) 37,092 (29.8) <0.001

bstructive pulmonary disease  23,011 (18.5) 23,927 (19.2) <0.001

e tissue disease  3,476 (2.8) 3,508 (2.8) 0.71

y Score (Mean ± SD) 0.4 ± 0.1 0.4 ± 0.1 0.71

y Score (Median (Q1-Q3) 0.4 (0.4-0.5) 0.4 (0.4-0.5) 0.51

(no, %) 36,180 (29.0) 36,180 (29.0) >0.999

ser (no, %) 34,801 (27.9) 30,367 (24.4) <.001

Abbreviations: DPP4i: dipeptidyl peptidase-4 inhibitors; SD: standard deviation; IQR: interquartile range

 

Table 2. Risk of BP after adjusting for competing mortality
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Variable Numbers BP numbers  Multivariatea

    HR (95% CI) P Value

DPP4i vs Non-DPP4i      

    Non-treated 124,619 47  1 (Ref.)  

    Treated 124,619 44  2.15 (1.18-3.91) 0.01

Sex      

    Women 88,868 35  1 (Ref.)  

    Men 160,370 56  1.17 (0.77-1.79) 0.46

Age per year    1.06 (1.04-1.09) <0.001

Duration of diabetes per year    1.06 (1.00-1.12) 0.05

Coronary artery disease      

    No 187,154 66  1 (Ref.)  

    Yes 62,084 25  0.60 (0.37-0.96) 0.03

Hypertension      

    No 69,177 14  1 (Ref.)  

    Yes 180,061 77  1.13 (0.63-2.03) 0.68

Hyperlipidemia      

    No 55,259 29  1 (Ref.)  

    Yes 193,979 62  0.78 (0.50-1.24) 0.30

Renal Disease      

    No 209,846 56  1 (Ref.)  

    Yes 39,392 35  2.32 (1.46-3.68) < .001

Chronic liver disease and cirrhosis      

    No 177,665 70  1 (Ref.)  

    Yes 71,573 21  0.74 (0.45-1.22) 0.24

Chronic obstructive pulmonary disease       

    No 202,300 62  1 (Ref.)  

    Yes 46,938 29  1.25 (0.77-2.02) 0.37

Connective tissue disease      

    No 242,254 87  1 (Ref.)  

    Yes 6,984 4  1.14 (0.41-3.14) 0.80 

Insulin user      

    No 176,878 47  1 (Ref.)  

    Yes 72,360 44  1.19 (0.63-2.25) 0.59

Metformin user      

    No 184,070 46  1 (Ref.)  

    Yes 65,168 45  1.93 (1.21-3.08) 0.006

DPP4i x Insulin    0.65 (0.29-1.50) 0.31

Abbreviations: DPP4i: dipeptidyl peptidase-4 inhibitor; BP: bullous pemphigoid; HR: hazard ratio; CI: confidence interval

aMultivariable analysis was by Modified Cox proportional hazard model. Adjusted for covariate factors, including use of DPP4i, age, sex, duration of

diabetes, coronary artery disease, hypertension, hyperlipidemia, renal disease, chronic liver disease and cirrhosis, chronic obstructive pulmonary
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disease, connective tissue disease, use of insulin, use of metformin, and the interaction term of DPP4i and insulin.

Figures

Figure 1

Study patient selection �ow diagram
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Figure 2

Cumulative incidences of BP for different groups by use of DPP4i or insulin. Data were compiled after
adjustment for competing mortality. Cumulative incidence of BP and calculation and comparison of
competing risk data ratios were determined using modi�ed Kaplan-Meier and Gray methods.
Abbreviations: BP: bullous pemphigoid; DPP4i: dipeptidyl peptidase-4 inhibitor.
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Figure 3

Multivariable strati�ed analyses for the association between DPP4i treatment and BP development.
Multivariable analysis was by modi�ed Cox proportional hazard model and adjusted for covariate
factors, including the use of DPP4i, age, sex, duration of diabetes, coronary artery disease, hypertension,
hyperlipidemia, renal disease, chronic liver disease and cirrhosis, chronic obstructive pulmonary disease,
connective tissue disease, use of insulin, and use of metformin. Abbreviations: DPP4i: dipeptidyl
peptidase-4 inhibitors, BP: bullous pemphigoid.


