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Gender differences in adverse
event reports associated
with antidiabetic drugs

Kyung-In Joung2, Gyu-Won Jung®2, Han-Heui Park?, Hyesung Lee?, So-Hee Park® &
Ju-Young Shin***

Little is known about gender-specific reporting of adverse events (AEs) associated with antidiabetic
drugs. This study was to assess the gender-related difference in AEs reporting associated with
antidiabetic agents. The number of antidiabetic drug-AE pairs associated was identified using the
Korea Adverse Event Reporting System database. Prevalence of diabetes was estimated using the
Health Insurance Review and Assessment Service-National Patients Sample database. Reporting
rate per 10,000 people was calculated by dividing drug-AE pairs with the number of antidiabetic
drug users by gender. Gender difference was presented with risk ratio (reporting rate ratio) of
women to men. Antidiabetic agent-associated AEs were more frequently reported by women than
men throughout body organs and drug classes. 13 out of 17 system organ class level disorders with
significant gender differences were reported more often by women than men. By drug class, gender-
specific reporting rates were observed in most of the drug classes, especially in newer classes such as
glucagon-like peptide-1 analog (GLP1-RA), sodium glucose co-transporter-2 inhibitor (SGLT2i), and
thiazolidinedione (TZD). Looking into preferred term level for each drug class, women dominated
the reports of class-specific AEs of newer antidiabetic drugs such as urinary tract/genital infection (all
reported by women) in SGLT2i, edema in TZD (risk ratio (RR) 12.56), and hyperglycemia in insulin users
(RR 15.35). Gender differences in antidiabetic-associated AE reporting often attributed to women.
Explanations for these different report levels by gender should be further investigated.

Diabetes is one of the critical health problems with a risk of developing serious life-threatening complications
and increased mortality. The global prevalence of diabetes has been increasing that the affected people were
expected to be 693 million by 2045 worldwide'. The burden of diabetes is also raising in Korea and a recent study
estimated that 14% of Korean adults suffer from the disease?. Since life-long therapies with glucose-lowering
agents are unavoidable in most diabetic patients, optimal drug choice through recognizing drug adverse events
(AEs) and ensuring compliance with medications are key to glycemic control.

Sex differences in physiological, hormonal, and genetic conditions that affect pharmacokinetics and pharma-
codynamics of a drug may be the reason for unequal occurrence of drug AEs between women and men®->. Some
studies have overviewed gender differences in adverse drug events reporting and found that women report AEs
more often than men®-8. Several other pieces of researches focused on the specific drug or drug class to look more
closely at gender differences in AE reporting. They found that the report prevalence was higher in women than in
men. However, discrepancies in report rate by gender varied according to the event categories or drug subclass”'’.

Regarding antidiabetic drugs, studies on the gender difference in AEs are rare, and even in clinical trials, the
impact of gender was not usually assessed. Meanwhile, unfavorable results for women such as a more adverse
cardiovascular disease risk profile, a higher likelihood of failing treatment goals, and more reported AEs after
metformin treatment, than men, were occasionally demonstrated'!~!*. While two studies encompass the entire
range of drugs to assess gender differences in AE reporting, they were not focused on antidiabetic class”®. This
study aimed to assess the gender-related difference in reported AEs among antidiabetics users.

Methods

Data sources. Two nationwide-databases were used: one is for AE reports, and the other is for measuring
the size of antidiabetic exposure. The number of AE reports containing antidiabetic drugs was identified using
the 2016 Korea Adverse Event Reporting System (KAERS) database, and the prevalence of diabetes in 2016 was
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estimated using the Health Insurance Review and Assessment Service-National Patients Sample (HIRA-NPS)
database.

The KAERS is a computerized AE reporting system developed by the Korea Institute of Drug Safety and Risk
Management (KIDS) in 2012. It contains the voluntary AE reports from healthcare professionals, consumers,
regional pharmacovigilance centers, and market authorization holders including pharmaceutical companies,
but also includes AE reports based on post-marketing surveillance, observation studies such as pharmacoepi-
demiologic studies to collect safety information of drug products, and other drug adverse reaction surveillance
program. The KAERS database is aligned with the international standards and WHO-UMC (Uppsala Monitoring
Centre) international drug monitoring program. To date, the KAERS database contains more than 1 million
reports and 228,939 reports were newly integrated into the database in 2016. Each report includes information
on administered drugs, AEs, patients, and reporters. Serious AE is defined as any AE occurring the following
outcomes and coded in the KAERS database: death, a life-threatening experience, inpatient hospitalization or
prolongation of existing hospitalization, a persistent or significant disability or incapacity, a congenital disability,
or any other significant medical event requiring intervention. KAERS uses the Anatomical Therapeutic Chemical
(ATC) classification to code drug names, and the World Health Organization-Adverse Reaction Terminology
(WHO-ART) to code AEs and medication errors'®.

The claims data of HIRA is national data compiled from healthcare providers across the country that corre-
sponds to the number of claims submitted by patients. South Korea has a universal health coverage system that
the National Health Insurance covers approximately 98% of the entire Korean population that the claims data
of HIRA encompass about 90% of the Korean population. The HIRA-NPS data is a stratified random sample of
the HIRA data with representativeness, comprising 3% of all patients per year. The data contains information
on medical utilization including demographics, diagnosis, treatment, procedures, and prescription drugs which
provide a valuable resource for healthcare service research. HIRA-NPS uses 8-digit variables to code drug name
and the International Classification of Diseases, 10 edition (ICD-10) from the World Health Organization'®.

Outcome and exposure definition. The outcome was an occurrence of AE associated with antidiabetic
drugs and the number of antidiabetic drug-AE combination in AE reports was calculated to be an estimation.
The source database in KAERS from January 1, 2016, to December 31, 2016, included 228,939 reports and the
reports corresponded to 735,370 drug-AE pairs after combining all of the events and drugs from each report.
Among them, only pairs on antidiabetic drugs were included. Inclusion criteria for antidiabetic drugs was those
recommended as standards of medical care for diabetes as follows: insulin, biguanides, sulfonylureas, alpha-glu-
cosidase inhibitors (AGI), thiazolidinediones (TZD), dipeptidyl peptidase 4 inhibitors (DPP4i), glucagon-like
peptide-1 analog (GLP-1RA), and SGLT2i, and other oral glucose-lowering drugs. After excluding pairs without
information of gender and sulfonamide-AE pairs (only two pairs were reported), 15,669 antidiabetic drug-event
combinations were finally included.

To estimate the exposed population, we used the HIRA-NPS database as the KAERS database lacks denomi-
nator information. The total number of the population exposed to antidiabetic drugs was defined as those diag-
nosed with diabetes mellitus (DM) (ICD10: E10-E14) at least once during 2016. We also extracted the number of
patients according to the prescribed antidiabetic class. A person who was once prescribed for each class during
2016 was defined as a patient exposed to the corresponding drug class. As the HIRA-NPS data was 3% sampled,
the number of diabetic patients in the entire Korean population was calculated by multiplying the identified
numbers from HIRA-NPS by 100/3.

Identification of gender difference. Gender differences in the occurring antidiabetic drugs associated
AEs were assessed by comparing the reporting rates of the drug-event combinations by gender. The reporting
rates were computed as the number of reported drug-event combinations divided by the population exposed to
corresponding drugs, expressed as rate per 10,000 persons summarized at the System Organ Class (SOC) level
and drug class according to the ATC classification system. The reporting rate of the individual event at preferred
term (PT) level was derived for each drug class and shown in Table 4 only when the difference in reporting rate
between the genders is statistically significant and substantial: i.e., arbitrarily more than three times the differ-
ence. For these drug-AE combinations, we additionally calculated the reporting odds ratio (ROR) to assess the
disparity in the signal generation. The ROR compares the ratio of case/non-case for a drug of interest with the
corresponding ratio for all other drugs'’.

Statistical analyses. The demographic characteristics of diabetic patients and the basic information of the
event reports were described by gender. DM patients were analyzed according to age group, DM type, coexisting
conditions, and concomitant drugs. For AE reports, the distribution of age group, seriousness of events, report
type, and report source was featured. We calculated the differences in the frequencies between women and men
to compare the distribution of the analyzed variables. The risk of women to men was estimated as reporting rate
ratio with the 95% confidence interval (CI). The criteria for a statistically significant difference in the report-
ing rate between genders were determined as risk ratio not equal to 1, and 95% CI not including 1. Statistical
analyses were performed using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA) and Excel 2010 (Microsoft
Corp., Redmond, WA, USA).

Results

Descriptive data. Intotal, 115,048 diabetic patients were identified in the HIRA-NPS database during 2016
with 61,089 (46.9%) men and 53,959 (53.1%) women, which were converted to 2,036,300 men and 1,798,633
women in the total Korean population. Women with diabetes have a higher percentage of older adults than
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‘Women (N =8469) Men (N =7200)
Categories Drug-AE pairs | % Drug-AE pairs | % Difference in percentage
Age, years (n, %)
<39 760 9.0) 319 (4.4) 4.6
40-49 802 9.5) 769 (10.7) -1.2
50-59 1468 (17.3) | 1576 (21.9) -4.6
60-69 2145 (253) | 1754 (24.4) 0.9
70-79 1969 (23.2) | 1614 (22.4) 0.8
>80 470 (5.5) 379 (5.3) 0.2
Missing 855 (10.1) 789 (11.0) -0.9
Serious adverse events (n, %)
Yes 2451 (28.9) | 2654 (36.9) -8.0
No 6018 (71.1) | 4546 (63.1) 8.0
Report type (n, %)
Spontaneous 4675 (55.2) | 3226 (44.8) 10.4
Survey research 2570 (30.3) | 2970 (41.3) | -11.0
Literature 33 (0.4) 22 (0.3) 0.1
Etc 1191 (14.1) 982 (13.6) 0.5
Report source by person (n, %)
Doctor 3247 (38.3) | 3442 (47.8) | -9.5
Pharmacist 1012 (11.9) 668 (9.3) 2.6
Nurse 346 (4.1) 243 (3.4) 0.7
Consumer 3696 (43.6) | 2718 (37.8) 5.8
Other 99 (1.2) 68 0.9) 0.3
Missing 69 (0.8) 61 (0.8) 0.0
Report source by affiliation (n, %)
Regional pharmacovigilance center 1975 (23.3) | 1366 (19.0) 43
Pharmaceutical company 6460 (76.3) | 5801 (80.6) -43
Medical institution 26 (0.3) 12 (0.2) 0.1
Consumer 1 (0.0) 0 (0.0) 0.0
Other 7 (0.1) 21 (0.3) -0.2

Table 1. Distribution of antidiabetic drug-AE pairs extracted from KAERS database between January 1, 2016
and December 31, 2016. KAERS Korea Adverse Event Reporting System, AE adverse event.

men, while the proportion of older adults in their 40s and 50s is significantly higher in women than in men. All
comorbidities examined except nephropathy were more prevalent in men than in women, and hypertension,
dyslipidemia, and cardiovascular disease were among the highest comorbid conditions in both genders in this
order. Comedications with antihypertensives (except ACEi/ARB) and statin were more frequent in men than
in women as well. Generally, the patterns of comorbidities and comedications seemed not to be particularly
gender-specific. This background information is presented in Supplementary Table SI.

Basic information on antidiabetic drugs-related AE reports was presented in Table 1. We identified 7200 and
8469 antidiabetic drug-event pairs for men and women respectively from the KAERS database during 2016.
Overall reporting rate per 10,000 people calculated by dividing drug-AE pairs with the number of antidiabetic
drug users was higher in women than men (35 pairs in men vs. 47 pairs in women). On the contrary, the serious
events were more frequently reported by men than women (14.8 pairs in men vs. 13.6 pairs in women). Both
spontaneous reports and survey research accounted for the majority of the report types for both genders, while
women presented higher occupancy of spontaneous report type compared to men (55.2% vs. 44.8%). By reporter,
both reports from doctors and consumers accounted for more than 80% of the total diabetic drug-event pairs
reported in both men and women. While drug-event pairs in men were reported most frequently by doctors
(47.8%), whereas those in women were most frequently reported by consumers (43.6%). Notably, during the
study period, most of the AE reports relevant to antidiabetic drugs were reported by pharmaceutical companies
in Korea, which was quite different from the general feature of the national reporting: this seems to be due to
the undergoing re-examination, an active surveillance by the Korean Ministry of Food and Drug Safety. 46 out
of 72 antidiabetic drugs were re-examined over that time (Table 2).

Gender differences in reporting at the SOC level. Frequencies of drug-AE pairs, reporting rate per
10,000 patients by gender, and its ratio of women to men were summarized at SOC level (Table 2). Both men
and women had the highest reporting rates of metabolic and nutritional disorders, followed by gastrointestinal
system disorders. In a wide range of disorders at the SOC level, women reported higher drug-event reporting
rates than men. Of the 30 SOC level disorders, gender differences were detected in 17 SOCs. 13 of these indicated
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‘Women Men

SOC Drug-AE pairs | Reporting rate® | Drug-AE pairs | Reporting rate® | Risk ratio® (95% CI)
Overall 11,269 62.65 9905 48.64 1.29 (1.25-1.32)
Foetal disorders 194 1.08 2 0.01 109.82 (27.27-442.25)
Reproductive disorders 134 0.75 34 0.17 4.46 (3.06-6.50)
Special senses other, disorders 14 0.08 6 0.03 2.64 (1.02-6.87)
Hearing and vestibular disorders 46 0.26 20 0.10 2.60 (1.54-4.40)
Neoplasms 126 0.70 85 0.42 1.68 (1.27-2.21)
Application site disorders 296 1.65 206 1.01 1.63 (1.36-1.94)
Gastro-intestinal system disorders 2132 11.85 1538 7.55 1.57 (1.47-1.68)
Psychiatric disorders 531 2.95 384 1.89 1.57 (1.37-1.79)
Heart rate and rhythm disorders 112 0.62 91 0.45 1.39 (1.06-1.84)
Skin and appendages disorders 596 331 488 2.40 1.38 (1.23-1.56)
Musculo-skeletal system disorders 389 2.16 319 1.57 1.36 (1.19-1.6)
Metabolic and nutritional disorders 2343 13.03 1945 9.55 1.36 (1.28-1.45)
gentral and peripheral nervous system 927 515 318 402 128 (1.17-1.41)

isorders
Vision disorders 156 0.87 149 0.73 1.19 (0.95-1.48)
Resistance mechanism disorders 113 0.63 108 0.53 1.18 (0.91-1.54)
White cell and RES* disorders 146 0.81 142 0.70 1.16 (0.92-1.47)
Urinary system disorders 446 248 452 222 1.12 (0.98-1.27)
Body as a whole—general disorders 1060 5.89 1123 5.51 1.07 (0.98-1.16)
Secondary terms—events 370 2.06 394 1.93 1.06 (0.92-1.23)
Vascular (extracardiac) disorders 101 0.56 123 0.60 0.93 (0.71-1.21)
Respiratory system disorders 550 3.06 670 3.29 0.99 (0.83-1.04)
Endocrine disorders 19 0.11 25 0.12 0.86 (0.47-1.56)
Red blood cell disorders 52 0.29 78 0.38 0.75 (0.53-1.07)
dpizéerﬁ’r Eleedi“g and clotting 66 0.37 107 0.53 0.70 (0.51-0.95)
Cardiovascular disorders, general 117 0.65 192 0.94 0.69 (0.55-0.87)
g’.fg’gr'c’l:fsd"" pericardial and valve 52 0.29 86 0.42 0.68 (0.49-0.97)
Liver and biliary system disorders 176 0.98 319 1.57 0.62 (0.52-0.75)
Neonatal and infancy disorders 2 0.01 0 0 -
Collagen disorders 1 0.00 1 0 -
Poison specific terms 2 0.01 0 0 -

Table 2. Frequencies of drug-AE pairs, reporting rate by gender, and its ratio of women to men, summarized
at SOC level. SOC system organ class, AE adverse event, CI confidence interval. *Reporting rate per 10,000
people was calculated over the total number of diabetes patients (women = 1,798,633; men =2,036,300). "Risk
ratio =reporting rate of women/reporting rate of men.

higher reporting rates in women than men. Disorders at SOCs levels that demonstrated a significant difference
between the genders were illustrated in Fig. 1.

Gender differences in the reporting by antidiabetic drug class. Examination of the antidiabetic
drug-event pairs by drug class showed particularly high rates of GLP-1RA-, insulin-, and SGLT2i- related report-
ing in both men and women. Higher reporting rates in women were also observed throughout the analysis by
drug class. Of the 9 classes, 7 classes had significantly higher reporting rates in women than in men. In particu-
lar, newer classes such as GLP-1RA and SGLT2i were relatively small in the number of patients treated, but the
related drug-event reporting was quite frequent in men and women, and even the largest gender differences
(Table 3).

The reporting rate of the individual event at the PT level with statistical significance and more than three
times the difference between women and men was shown in Table 4. Majority of these events were dominated by
women including headache in GLP1-RA users [risk ratio (95% confidence interval), 7.97 (1.01-62.78)], genital
infection and urinary tract infections (all reported by women), in SGLT2i users, edema (fluid retention) [12.56
(2.91-54.13)] in TZD users, hyperglycemia [15.35 (8.54-27.60)] in insulin users, and urinary tract infection [5.66
(2.14-14.95)] in DPP-4 inhibitor users. The disparity of signal represented by ROR between genders generally
aligned with the main results, reporting rate ratios (Table 4).

Scientific Reports |

(2020) 10:17545 | https://doi.org/10.1038/s41598-020-74000-4 nature research



www.nature.com/scientificreports/

Psychiatric disorders
[ ]

L

N=531 N=384
Rate=2.95 Rate=1.89
Ratio (95% Cl) = 1.57 (1.37-1.79)

Central & peripheral nervous system disorders
[ ]

N=927 N=818
Rate=5.15 Rate=4.02
Ratio (95% Cl) = 1.28 (1.17-1.41)

Cardiovascular disorders Hearing and vestibular disorders

[ ] [ ]
i P
N=117 N=192 N=46 N=20

Rate=0.26 Rate=0.10
Ratio (95% Cl) = 2.60 (1.54-4.40)

Rate=0.65 Rate=0.94
Ratio (95% Cl) = 0.69 (0.55-0.87)

Myo-, endo-, pericardial & valve disorder Gastro-intestinal system disorders

[ ] [ ]
i P
N=52 N=86 N=2,132 N=1,538

Rate=11.85 Rate=7.55
Ratio (95% Cl) = 1.57 (1.47-1.68)

Rate=0.29 Rate=0.42
Ratio (95% Cl) = 0.68 (0.49-0.97)

Platelet, bleeding & clotting disorders

[ ] [ ]
L p 1
N=112 N=91 ‘«(((’([m\\\\\\ N=66 N=107

Rate=0.62 Rate=0.45 Rate=0.37 Rate=0.53
Ratio (95% Cl) = 1.39 (1.06-1.84) . Ratio (95% Cl) = 0.70 (0.51-0.95)

Heart rate and rhythm disorders

Liver and biliary system disorders
[ ]

i 1
N=176 N=319

Rate=0.98 Rate=1.57
Ratio (95% Cl) = 0.62 (0.52-0.75)

Skin and appendages disorders
[ ]

L

N=596 N=488
Rate=3.31 Rate=2.40
Ratio (95% CI) = 1.38 (1.23-1.56)

Reproductive disorders Application site disorders

[ ] [ ]

LK L
N=134 N=34 N=296 N=206
Rate=0.75 Rate=0.17 Rate=1.65 Rate=1.01
Ratio (95% Cl) = 4.46 (3.06-6.50) Ratio (95% Cl) = 1.63 (1.36-1.94)
Foetal disorder Musculo-skeletal system disorders

[ ] [ ]

4 L
N=194 N=2 N=389 N=319
Rate=1.08 Rate=0.01 Rate=2.16 Rate=1.57
Ratio (95% Cl) = 109.82 (27.27-442.25) Ratio (95% Cl) = 1.38 (1.19-1.60)

Neoplasms Metabolic and nutritional disorders Special senses other, disorders
[ ] [ ] [ ]
LK L L
N=126 N=85 N=2,343 N=1,945 N=14 N=6
Rate=0.70 Rate=0.42 Rate=13.03 Rate=9.55 Rate=0.08 Rate=0.03
Ratio (95% Cl) = 1.68 (1.27-2.21) Ratio (95% Cl) = 1.36 (1.28-1.45) Ratio (95% Cl) = 2.64 (1.02-6.87)

Figure 1. Disorders at SOCs level that demonstrated a significant difference between men and women. Rate,
reporting rate per 10,000 people; Ratio, reporting rate ratio of women to men. The human body image in this
figure was sourced from VectorStock, Royalty Free Vectors. https://www.vectorstock.com/royalty-free-vector/
diagram-of-organs-of-the-human-body-vector-9717196 Accessed April 2019.
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Women (N =8469) Men (N =7200)

Number of Reporting Number of Reporting Risk ratio®
Drug class drug user Drug-AE pairs | rate® drug user Drug-AE pairs | rate® (95% CI)
GLP-1RA 3167 193 609.5 2800 73 260.7 2.34 (1.79-3.05)
tSOC;QLTZ inhibi- 72,400 482 66.6 78,767 233 29.6 225 (1.93-2.63)
Thiazolidin- 145,500 221 152 203,033 19 9.7 1,57 (1.30-1.91)
edione
Insulin 245,800 4919 200.1 281,267 3901 138.7 1.44 (1.38-1.50)
Sulfonylurea 660,133 1096 16.6 834,033 1090 13.1 1.27 (1.17-1.38)
Metformin 1,210,667 2530 209 1,482,000 2445 16.5 1.27 (1.20-1.34)
E)fsp -4inhibi- | g1 667 1493 18.4 1,045,533 1602 15.3 1.20 (1.12-129)
Others 11,633 189 162.5 12,767 188 147.3 1.10 (0.90-1.35)
a-glucosidase 54,533 146 26.8 59,733 177 29.6 0.90 (0.73-1.12)
inhibitors

Table 3. Frequencies of drug-AE pairs and reporting rate according to the drug class by gender, and its ratio
of women to men. Combination drugs were included in each drug class by corresponding ingredients. AE
adverse event, CI confidence interval, GLP-1RA glucose like peptide-1 receptor analogues, SGLT2 inhibitors
sodium-glucose co-transporter 2 inhibitors, DPP4i dipeptidyl peptidase 4 inhibitors. *Reporting rate per
10,000 people was calculated over the total number of drug users of each class. *"Reporting ratio = reporting
rate of women/ reporting rate of men.

Discussion

We investigated gender differences in the reporting of AE associated with the use of antidiabetic drugs by
employing two different national databases, KAERS and the HIRA-NPS database. As a result, reporting of events
following antidiabetic treatments was found to be predominant in women compared to men throughout the
events categories and drug classes. 13 out of 17 SOCs levels with significant gender differences were reported
more commonly by women than in men. The unequal reporting by gender were remarkable in gastrointestinal
and metabolic and nutritional disorders considering both incidence rate and its gender discrepancy. By drug
class, gender-specific reporting rates were observed in most antidiabetic classes, especially in newer oral anti-
diabetics such as GLP1-RA, SGLT2i, and TZD. Looking into PT level for each drug class, majorities of AEs with
substantial disparity in reporting rate between genders were dominated by women, including urinary tract and
genital infection after SGLT2i treatment, edema after TZD treatment, hyperglycemia in insulin users, and UTI
in DPP-4i users.

Although quite a few studies explored gender differences in drug AEs, studies focused on antidiabetic drugs
are sporadic and, to our knowledge, no studies have assessed the gender differences in reported AEs across entire
antidiabetic agents at the national level in the real world situation. Admitting the different coverage of study
drugs, our findings are consistent with those in the previous studies showing that the overall risk of adverse drug
reporting is higher in women than men”!>!¢. In a systematic analysis of AE reports gender differences in 20
treatment regimens, female patients were more likely to report drug-event combinations based on logarithmic
reporting odds ratio’. A more recent observational study found that 322 out of 365 drug-event combinations
with relevant gender differences were reported more often for women®.

Considering the magnitude of the gender difference and plausibility with antidiabetic medications, gender
differences in gastrointestinal disorders reporting should be given attention. Gastrointestinal complaints such
as diarrhea, nausea, and abdominal discomfort symptoms were common in metformin which is the first choice
for diabetes with the highest volume of prescriptions. In a recent study using Dutch Pharmacovigilance data,
female metformin users reported more common gastrointestinal side effects than men, with the greatest differ-
ence in nausea reporting rates (8.1% vs. 23.5%)'*. GLP1-RA is another class strongly associated with the risk of
gastrointestinal events, but whether it is gender-dependent is unknown'®. While, a study of exenatide by using
clinical trials data revealed that nausea, vomiting, and diarrhea were highly incident in females than males, in
a randomized controlled trial, nausea incidence over 2 years in liraglutide treated diabetic patients was similar
between the genders?. More frequent reporting by women for gastrointestinal events could be partly explained
by the more prevalent functional gastrointestinal disorders in women. Also, it could attribute to a more sensitive
attitude to a negative effect of diabetes on daily lives*.. Metabolic and nutritional diseases were also reported
more by women than men with high reporting frequencies posing clinical importance. Examining by drug class,
much of the difference by gender appeared to be ascribed to some of the characteristic side effects such as genital
and urinary tract infection, and edema, which were mainly resulted from the use of newer antidiabetic classes
including GLP-1RA, SGLT?2i, and TZD, and insulin therapy.

It is recognized that genital infection and urinary tract infection are more prevalent in women during treat-
ment with SGLT2is?%. Two population-based studies are in line with our results. A study in Singapore using
national adverse reporting data identified majorities of reports describing urinary tract infection involved female
patients?. A retrospective cohort study using claim data in the United States, the excess risk per 1000 people for
genital infection in the SGLT2i group comparing to the DPP4i group was greater in women than in men (87.6
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Adverse event (PT omen pien

level) Drug-AE pairs | Reporting rate* | ROR Drug-AE pairs | Reporting rate* | ROR Risk ratio® (95% CI)
GLP1-RA (Women =3167; Men =2800)

Headache 9 28.42 2.16 1 3.57 0.70 7.97 (1.01-62.78)
Vomiting 20 63.16 2.46 4 14.29 1.91 442 (1.51-12.92)
Dizziness 12 37.89 1.15 3 10.71 0.99 3.54 (1.01-12.52)
SGLT2 inhibitor (Women =72,400; Men =78,767)

:ijéi]nary tract infec- 19 262 18.63 0 0 B B

Vaginitis 11 1.52 58.27 0 0 - -

Genital infection 17 2.35 901.15 0 0 - -

Pruritus, genital 44 6.08 430.56 1 0.13 259.37 | 47.87 (6.60-347.44)
Pruritus 20 0.97 2.76 2 0.25 0.19 10.88 (2.54-46.54)
Headache 11 1.03 1.52 2 0.25 0.44 5.98 (1.33-27.00)
Thiazolidinedione (Women = 145,500; Men =203.033)

Edema 18 1.24 11.57 2 0.10 2.61 12.56 (2.91-54.13)
Vomiting 7 0.48 0.70 1 0.05 0.17 9.77 (1.20-79.39)
Edema generalised 7 0.48 9.23 1 0.05 3.09 9.77 (1.20-79.39)
SGOT increased 7 0.48 7.84 2 0.10 1.62 4.88 (1.01-23.51)
SGPT increased 7 0.48 7.07 2 0.10 1.46 4.88 (1.01-23.51)
Insulin (Women =245,800; Men =281,267)

Hyperglycemia 161 6.55 46.63 | 12 0.43 1.96 15.35 (8.54-27.60)
Pharyngitis 79 3.21 1.80 |16 0.57 0.41 5.65 (3.30-9.67)
]I;;J;fsi'r?g“ site 64 2.60 1396 |14 0.50 1836 | 5.23(29.3-9.33)
Sweating increased 52 2.12 241 |15 0.53 0.77 3.97 (2.23-7.05)
Ketosis 18 0.73 241.42 6 0.21 33.10 3.43 (1.36-8.65)
Azotaemia 7 0.28 0.72 |24 0.85 1.52 0.33(0.14-0.77)
Hypertension 8 0.33 0.39 |38 1.35 2.07 0.24 (0.11-0.52)
Pneumonia 7 0.28 0.25 |39 1.39 0.85 0.21 (0.09-0.46)
Night sweats 0 - 20 0.71 4698 |-

Sulfonylurea (Women = 660,133; Men =823,033)

Granulocytopenia 20 0.30 0.85 5 0.06 0.21 5.05(1.9-13.47)
Dyspepsia 55 0.83 1.77 |17 0.20 0.75 4.09 (2.37-7.04)
Abdominal pain 29 0.44 1.62 |11 0.13 0.66 3.33 (1.66-6.67)
Myalgia 15 0.23 1.35 6 0.07 0.74 3.16 (1.23-8.14)
Pneumonia 4 0.06 0.65 |20 0.24 1.58 0.25 (0.09-0.74)
Metformin (Women = 1,210,667, Men = 1,482,000)

Fracture 28 0.23 [ 248 [ 0.07 (185 [312(155-6.26)
DPP-4 inhibitor (Women = 812,667; Men = 1,045,533)

g;innary tractinfec- | ) 0.27 679 | 5 0.05 345 | 5.66(2.14-14.95)
Hyponatremia 13 0.16 11.28 3 0.03 0.90 5.58 (1.59-19.56)
Herpes zoster 11 0.14 5.60 3 0.03 0.96 4.72 (1.32-16.91)
Palpitation 14 0.17 1.15 4 0.04 0.68 4.50 (1.48-13.68)
Fracture 19 0.23 2.85 6 0.06 1.54 4.07 (1.63-10.20)
AGI (Women =54,533; Men=59,733)

Diarrhea 2 0.37 [ 060 |11 1.84 (211 [020(004-0.90)

Table 4. Adverse event reports with substantial gender differences by antidiabetic subclass. PT preferred term,
ROR reporting odds ratio, CI confidence interval. *Reporting rate per 10,000 people was calculated over the
total number of drug users of each class.

vs. 11.9)™. In animal studies, female rats preferentially use SGLT1 and SGLT2 transporters over other channels
for Na* reabsorption compared to male rats. While increased reliance on these glucose transporters in female
animals is often linked to a higher incidence of glomerular hyperfiltration, whether these differences extend to
humans is still unclear®. There also exists conflicting. In recent population-based cohort studies, gender dif-
ferences were not significant in the incidence rate of genital infection in patients receiving SGLT2i, and overall
safety profiles were not related to gender®. Indeed, the highest risk ratio was found in genital diseases, which may
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be related to the high prevalence of genital diseases in women. For example, diabetic women are more likely to
develop vulvovaginal and pelvic infection?>”, and insulin deficiency followed by poor metabolic control results
in reproductive dysfunction with decreased female hormones®.

It is accepted that edema can occur in patients treated with TZD. Edema itself may not be a serious side effect,
but edema due to TZD may be a concern as it may be a sign of congestive heart disease?. Predominant report-
ing for edema in TZD treated women than men in our study was consistent with the previous study®. Female
reproductive hormones such as estrogen are involved with the mechanisms to retain body water by increasing
osmotic sensitivity, then women tend to experience fluid retention more common than men. However, it should
be suspected that this may make it easier to overlook the edema as a precursor of coronary heart disease in
women taking TZD.

Insulin mainly indicated for patients with severe hyperglycemia, not properly responding to oral hypoglyce-
mic agents®'. In addition to the high potential for adverse effects of insulin itself, the poor health status of their
users can be attributed to the high reporting rate. A higher reporting rate of hyperglycemia in female insulin
users is in line with previous studies which have indicated that women with diabetes have poorer glycemic
control. Not presented in Table 4, hypoglycemia was also reported more by women than by men [RR (95%
CI), 1.31 (1.17-1.47)], consistent with the results from the pooled analysis of clinical studies in which diabetic
women experienced more hypoglycemic events, receiving higher weight-adjusted insulin doses than male'*. More
alleviated counter-regulatory responses to hypoglycemia in women was suggested as a mechanism®>*. Indeed,
the fear of hypoglycemia has been described as a factor for suboptimal glycemic control in diabetic patients®.

Admitting that the AEs are mainly mild or modest and the reporting bias by gender can be inevitable, such
a tendency of more frequently reported AEs by women throughout the antidiabetic drugs may be emphasizing
efforts to improve compliance with the diabetic drug in women. Quite a few studies were showing that women
are usually less likely to adhere to their medications compared with men®. A study using claim data presented
that women were less likely than men to be adherent in medication for their chronic conditions including
diabetes®®. However, a French national survey study found no significant difference in adherence to diabetic
treatment between the genders®.

To our knowledge, this study is the first to show the overview of the gender-related differences in reported
AEs associated with entire antidiabetic drugs. We could also provide specific points of priority in the practice of
diabetes treatment through analyzing the gender differences in the reporting rates at both macroscopic perspec-
tives by body organs and at specific PT levels for each drug class. Very few studies have provided information
on gender-specific AEs reporting in antidiabetic treatment making it difficult to fully compare with previous
studies, but our results generally coincide with the previous studies: this implicitly supports the reliability of
our research results and usefulness of the voluntary drug adverse report data in gender studies. This study had
several methodological advantages: Based on two large-scale databases, we could complement the inherent
limitation of voluntary drug AEs reporting data lack of denominator. Next, despite the inherent drawbacks of
the KAERS database, our study has additional strengths in its generalizability by using a large size of nationwide
data. According to a published guide for utilization of HIRA sample data, a test demonstrated that the estima-
tion of diabetes prevalence and prescription of each hypoglycemic agent using the sample data aligned with the
results of population analysis®®.

Our study has several limitations. First, the ratio of reporting rates can not be a perfect approximate to the
difference of actual risks by gender. Although there was a validation of such an assumption, it was in the case
that the two compared drugs belong to the same therapeutic class and are used in similar conditions*. Gender
have an impact on spontaneous reporting of AEs. A study indicated that healthcare professionals more frequently
reported AEs for women. Conversely, serious reports were more frequently reported for men*’, which was also
supported by our findings. Another survey study showed the different attitudes for the disease between gen-
ders: Women dealt with the disease more seriously, and appealed to a higher impact on daily life and were more
involved in self-management while men were dependent more on family support*'. Second, different disease
states such as comorbidities, diabetes severity, and age distribution according to gender affect the reporting rate.
For instance, prevalence of morbidities such as UTT and genital infection were much higher in women than in
men (Supplementary Table S1). Lastly, spontaneously reported AEs database has limitations such as possible
under-reporting and absence of a causal relationship between reported drug and AE. The reporting rate in
our study should not be viewed as a measure of AEs risk associated with antidiabetics. Further studies with an
improved methodology to rule out the bias and confounding will be needed.

Conclusion

The analysis of real-world data showed that reporting of AEs among diabetic drugs was more frequent in women
than in men throughout the body organs and drug classes. This gender imbalance was pronounced in some of
AEs specific to the newer antidiabetic classes such as headache in GLP1-RA, genital/urinary tract infection in
SGLT2i, and edema in TZD. Gender differences in reported hyperglycemia among insulin users also greatly
referred to women. Explanations for these different report levels by gender should be further explored.

Data availability

KAERS and HIRA-NPS databases are available at the KIDS (https://open.drugsafe.or.kr/original/invitation.jsp)
and the HIRA service webpage (https://opendata.hira.or.kr/op/opc/selectPatDataAplInfoView.do), respectively.
The dataset used and/or analyzed during this study are not publicly available due to privacy or ethical restrictions.

Received: 31 March 2020; Accepted: 2 September 2020
Published online: 16 October 2020

Scientific Reports |

(2020) 10:17545 | https://doi.org/10.1038/s41598-020-74000-4 nature research


https://open.drugsafe.or.kr/original/invitation.jsp
https://opendata.hira.or.kr/op/opc/selectPatDataAplInfoView.do

www.nature.com/scientificreports/

References

1.

Cho, N. et al. IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin.
Pract. 138, 271-281 (2018).

2. Won, J. C. et al. Diabetes fact sheet in Korea, 2016: an appraisal of current status. Diabetes Metab. J. 42, 415-424. https://doi.
0rg/10.4093/dm;j.2018.0017 (2018).

3. Anderson, G. D. Int. Rev. Neurobiol. 83, 1-10 (2008).

4. Gandhi, M., Aweeka, E,, Greenblatt, R. M. & Blaschke, T. F. Sex differences in pharmacokinetics and pharmacodynamics. Annu.
Rev. Pharmacol. Toxicol. 44, 499-523. https://doi.org/10.1146/annurev.pharmtox.44.101802.121453 (2004).

5. Tamargo, J. et al. Gender differences in the effects of cardiovascular drugs. Eur. Heart J. Cardiovasc. Pharmacother. 3, 163-182
(2017).

6. Zopf, Y. et al. Women encounter ADRs more often than do men. Eur. J. Clin. Pharmacol. 64, 999 (2008).

7. Yu, Y. et al. Systematic analysis of adverse event reports for sex differences in adverse drug events. Sci. Rep. 6, 24955. https://doi.
org/10.1038/srep24955 (2016).

8. de Vries, S. T. et al. Sex differences in adverse drug reactions reported to the National Pharmacovigilance Centre in the Netherlands:
an explorative observational study. Br. J. Clin. Pharmacol. 85, 1507-1515. https://doi.org/10.1111/bcp.13923 (2019).

9. Harris, T., Nair, J., Fediurek, J. & Deeks, S. L. Assessment of sex-specific differences in adverse events following immunization
reporting in Ontario, 2012-15. Vaccine 35, 2600-2604 (2017).

10. Rydberg, D. M. et al. Sex differences in spontaneous reports on adverse drug events for common antihypertensive drugs. Eur. J.
Clin. Pharmacol. 74, 1165-1173 (2018).

11. Legato, M. J. et al. Gender-specific care of the patient with diabetes: review and recommendations. Gender Med. 3, 131-158 (2006).

12. Penno, G. et al. Gender differences in cardiovascular disease risk factors, treatments and complications in patients with type 2
diabetes: the RIACE Italian Multicentre Study. J. Intern. Med. 274, 176-191 (2013).

13. McGill, J. B. et al. Effect of gender on treatment outcomes in type 2 diabetes mellitus. Diabetes Res. Clin. Pract. 102, 167-174. https
://doi.org/10.1016/j.diabres.2013.10.001 (2013).

14. de Vries, S. T, Denig, P, Ekhart, C., Mol, P. G. & van Puijenbroek, E. P. Sex differences in adverse drug reactions of metformin: a
longitudinal survey study. Drug Saf. https://doi.org/10.1007/s40264-020-00913-8 (2020).

15. Korea Institute of Drug Safety and Risk Management (KIDS). Introduction of KAERShttps://www.drugsafe.or.kr/en/index.do
(2020).

16. Kim, J., Yoon, S., Kim, L.-Y. & Kim, D.-S. Towards actualizing the value potential of Korea Health Insurance Review and Assess-
ment (HIRA) data as a resource for health research: strengths, limitations, applications, and strategies for optimal use of HIRA
data. J. Korean Med. Sci. 32, 718-728 (2017).

17. Almenoff, J. et al. Novel statistical tools for monitoring the safety of marketed drugs. Clin. Pharmacol. Ther. 82, 157-166 (2007).

18. Dave, C. V,, Schneeweiss, S. & Patorno, E. Comparative risk of genital infections associated with sodium-glucose co-transporter-2
inhibitors. Diabetes Obes. Metab. 21, 434-438. https://doi.org/10.1111/dom.13531 (2019).

19. Davies, M. J. et al. Efficacy of liraglutide for weight loss among patients with type 2 diabetes: the SCALE diabetes randomized
clinical trial. JAMA 314, 687-699 (2015).

20. Pencek, R., Blickensderfer, A., Li, Y., Brunell, S. C. & Chen, S. Exenatide once weekly for the treatment of type 2 diabetes: effective-
ness and tolerability in patient subpopulations. J. Clin. Pract. 66, 1021-1032. https://doi.org/10.1111/j.1742-1241.2012.03006.x
(2012).

21. Wredling, R. et al. Well-being and treatment satisfaction in adults with diabetes: a Swedish population-based study. Qual. Life Res.
4, 515-522. https://doi.org/10.1007/bf00634746 (1995).

22. Johnsson, K. M. et al. Vulvovaginitis and balanitis in patients with diabetes treated with dapagliflozin. J. Diabetes Complic. 27,
479-484 (2013).

23. Limenta, M., Ho, C. S., Poh, J. W,, Goh, S.-Y. & Toh, D. S. Adverse drug reaction profile of SGLT2 inhibitor-associated diabetic
ketosis/ketoacidosis in singapore and their precipitating factors. Clin. Drug Investig. 39, 683-690 (2019).

24. Shepard, B. D. Sex differences in diabetes and kidney disease: mechanisms and consequences. Am. J. Physiol. Renal Physiol. 317,
F456-F462 (2019).

25. Raparelli, V. et al. Sex differences in cardiovascular effectiveness of newer glucose-lowering drugs added to metformin in type 2
diabetes mellitus. J. Am. Heart Assoc. 9, €012940 (2020).

26. Julka, S. Genitourinary infection in diabetes. Indian J. Endocrinol. Metab. 17, 83-87. https://doi.org/10.4103/2230-8210.119512
(2013).

27. Brunham, R. C,, Gottlieb, S. L. & Paavonen, J. Pelvic inflammatory disease. N. Engl. J. Med. 372, 2039-2048. https://doi.org/10.1056/
NEJMral411426 (2015).

28. Arrais, R. F. & Dib, S. A. The hypothalamus-pituitary-ovary axis and type 1 diabetes mellitus: a mini review. Hum. Reprod. 21,
327-337. https://doi.org/10.1093/humrep/dei353 (2005).

29. Nesto, R. W. et al. Thiazolidinedione use, fluid retention, and congestive heart failure: a consensus statement from the American
Heart Association and American Diabetes Association. Diabetes Care 27, 256-263 (2004).

30. Tang, W. W,, Francis, G. S., Hoogwerf, B. ]. & Young, J. B. Fluid retention after initiation of thiazolidinedione therapy in diabetic
patients with established chronic heart failure. J. Am. Coll. Cardiol. 41, 1394-1398 (2003).

31. Wallia, A. & Molitch, M. E. Insulin therapy for type 2 diabetes mellitus. JAMA 311, 2315-2325. https://doi.org/10.1001/
jama.2014.5951 (2014).

32. Diamond, M. P. et al. Gender influences counterregulatory hormone responses to hypoglycemia. Metabolism 42, 1568-1572. https
://doi.org/10.1016/0026-0495(93)90152-E (1993).

33. Davis, S. N., Cherrington, A. D., Goldstein, R. E., Jacobs, J. & Price, L. Effects of insulin on the counterregulatory response to
equivalent hypoglycemia in normal females. Am. J. Physiol. 265, E680-E689. https://doi.org/10.1152/ajpendo.1993.265.5.E680
(1993).

34. Wild, D. et al. A critical review of the literature on fear of hypoglycemia in diabetes: implications for diabetes management and
patient education. Patient Educ. Couns. 68, 10-15 (2007).

35. Kautzky-Willer, A. & Harreiter, J. Sex and gender differences in therapy of type 2 diabetes. Diabetes Res. Clin. Pract. 131, 230-241.
https://doi.org/10.1016/j.diabres.2017.07.012 (2017).

36. Manteuffel, M. et al. Influence of patient sex and gender on medication use, adherence, and prescribing alignment with guidelines.
J. Women’s Health (Larchmt) 23, 112-119 (2014).

37. Tiv, M. et al. Medication adherence in type 2 diabetes: the ENTRED study 2007, a French population-based study. PLoS ONE 7,
€32412 (2012).

38. Kim, L., Kim, J.-A. & Kim, S. A guide for the utilization of health insurance review and assessment service national patient samples.
Epidemiol. Health 36, 2014008 (2014).

39. Pierfitte, C., Bégaud, B., Lagnaoui, R. & Moore, N. D. Is reporting rate a good predictor of risks associated with drugs?. Br. J. Clin.
Pharmacol. 47, 329-331 (1999).

40. Holm, L., Ekman, E. & Jorsiter Blomgren, K. Influence of age, sex and seriousness on reporting of adverse drug reactions in Sweden.
Pharmacoepidemiol. Drug Saf. 26, 335-343 (2017).

Scientific Reports|  (2020) 10:17545 | https://doi.org/10.1038/s41598-020-74000-4 nature research


https://doi.org/10.4093/dmj.2018.0017
https://doi.org/10.4093/dmj.2018.0017
https://doi.org/10.1146/annurev.pharmtox.44.101802.121453
https://doi.org/10.1038/srep24955
https://doi.org/10.1038/srep24955
https://doi.org/10.1111/bcp.13923
https://doi.org/10.1016/j.diabres.2013.10.001
https://doi.org/10.1016/j.diabres.2013.10.001
https://doi.org/10.1007/s40264-020-00913-8
https://www.drugsafe.or.kr/en/index.do
https://doi.org/10.1111/dom.13531
https://doi.org/10.1111/j.1742-1241.2012.03006.x
https://doi.org/10.1007/bf00634746
https://doi.org/10.4103/2230-8210.119512
https://doi.org/10.1056/NEJMra1411426
https://doi.org/10.1056/NEJMra1411426
https://doi.org/10.1093/humrep/dei353
https://doi.org/10.1001/jama.2014.5951
https://doi.org/10.1001/jama.2014.5951
https://doi.org/10.1016/0026-0495(93)90152-E
https://doi.org/10.1016/0026-0495(93)90152-E
https://doi.org/10.1152/ajpendo.1993.265.5.E680
https://doi.org/10.1016/j.diabres.2017.07.012

www.nature.com/scientificreports/

41. Mosnier-Pudar, H. et al. How do patients with type 2 diabetes perceive their disease? Insights from the French DIABASIS survey.
Diabetes Metab. 35, 220-227 (2009).

Acknowledgements
We would like to thank the Korea Institute of Drug Safety (KIDS) and Risk Management for their cooperation
in providing access to the KIDS-KAERS Database (KIDS-KD) for this study.

Author contributions
K-1.J. and G-W.J. wrote the manuscript; G-W.J., H-H.P,, and J-Y.S. designed the research; K-1.J., G-W.J, H.L., and
S-H.P. performed the research; G-W.J., K-L]., S-H.P. and J-Y.S. analyzed the data.

Funding

This research was supported by Government-wide R&D Fund project for infectious disease research through
the Government-wide R&D Fund for Infectious Disease Research (GFID) funded by the Korea Health Industry
Development Institute (No. HG18C0068).

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https://doi.org/10.1038/s41598-020-74000-4.

Correspondence and requests for materials should be addressed to J.-Y.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International
BY

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports |

(2020) 10:17545 | https://doi.org/10.1038/s41598-020-74000-4 nature research


https://doi.org/10.1038/s41598-020-74000-4
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Gender differences in adverse event reports associated with antidiabetic drugs
	Methods
	Data sources. 
	Outcome and exposure definition. 
	Identification of gender difference. 
	Statistical analyses. 

	Results
	Descriptive data. 
	Gender differences in reporting at the SOC level. 
	Gender differences in the reporting by antidiabetic drug class. 

	Discussion
	Conclusion
	References
	Acknowledgements


