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Objective: This study investigated the prevalence of generalized anxiety disorder (GAD) in Taiwanese
patients with type 2 diabetes mellitus (T2DM).
Methods: This retrospective observational study was conducted with a random sample of patients
from the entire population of National Health Insurance enrollees during 2000-2010 and used ICD-9-
CM diagnostic codes to identify T2DM patients and GAD. The prevalence of GAD was compared
between T2DM patients and the general population.
Results: Between 2000 and 2010, the prevalence of GAD was significantly greater in the T2DM
patients than the general population, while the increase of GAD was higher in the general popula-
tion (from 0.25 to 0.63%) than among T2DM patients (from 0.81 to 1.03%). In T2DM patients, GAD
was associated with female gender, a Charlson Comorbidity Index X 1, diabetes mellitus duration
4 9 years, and the following comorbidities: congestive heart failure, peripheral vascular disease,
and depressive disorder. The prevalence of GAD among T2DM patients was negatively associated
with rapid-acting insulin injection therapy and with the use of metformin and sulfonylureas.
Conclusion: Since the prevalence of GAD was greater among T2DM patients than the general
population, public health initiatives are needed to prevent and treat GAD in T2DM patients, specifically
those with the above mentioned risk factors.
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Introduction

Generalized anxiety disorder (GAD) is among the most
prevalent mental health conditions and is characterized
by excessive and uncontrollable worry that leads to impair-
ment or significant distress.1 The estimated 12-month
prevalence of GAD is 3.9% (range, 2.1-6.6%), and the
estimated lifetime prevalence of GAD is 12% (range,
8-13.7%).2 Notably, 45-91% of GAD patients have
comorbidities, such as other psychiatric disorders (e.g.,
panic disorder and major depressive disorder [MDD]) or
various other medical conditions, including cardiovas-
cular, gastrointestinal, and respiratory diseases.3

Diabetes mellitus (DM), which has a global prevalence
of 8.3%, is a chronic and disabling disease and is a major
cause of lost disability-adjusted life years.4,5 DM and its
complications impose a heavy burden not only on a
personal level, but on a global level, i.e., on public health

care systems. The number of DM patients is expected to
increase faster in Asia than on other continents.5,6 Type 2
diabetes mellitus (T2DM) is now a major public health
threat for ethnic Chinese populations in mainland China,
Hong Kong, Taiwan, and Singapore, with adult preva-
lence rates having reached 20%.5,7

Co-occurring mental and physical illnesses, often
categorized as chronic illness with complexity, is an
emerging research area. Chronic illness with complexity
is often defined as multiple chronic conditions occurring
concurrently, regardless of causal pathways and associa-
tions.8-10 However, mental illnesses that co-occur with
physical illnesses are often considered discordant10-12

due to the special challenges of self-management and the
varying treatment regimens for the co-occurring diseases.
Conditions commonly observed in DM patients include
clinical depression, anxiety disorder (AD), depressive
affect, and diabetes-specific distress, all of which have
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been linked to negative effects on various bio-behavioral
variables, including disease management, health care
costs, days of missed work, and mortality.10,13-17 Research
on the prevalence of GAD in T2DM patients is scant; most
studies of the prevalence of co-occurring anxiety symptoms
and AD have focused on DM patients.18-21 Furthermore,
these studies have focused on symptoms or self-reported
measures rather than clinical diagnoses.18-21

Despite the rapid westernization of food and lifestyles
in Asia, ethnic Chinese and Western societies differ
widely in genetic factors, obesity, diet, culture, lifestyle,
and medical resources. Although analyzing cultures is a
critical component of epidemiology, research focusing on
Asian populations, especially ethnic Chinese populations,
is scant. Specifically, no comprehensive epidemiological
studies on GAD in T2DM patients have been conducted
in Taiwan. Thus, this study used Taiwan’s National Health
Insurance (NHI) database to estimate the prevalence
of GAD in T2DM patients in order to obtain information
needed for public health promotion efforts. This study first
investigated the prevalence of GAD in patients treated
for T2DM between 2000 and 2010 and then compared
GAD-associated factors between T2DM patients and the
general population (GP). Finally, factors associated with
T2DM were analyzed in GAD patients.

Methods

Data source

The Taiwanese NHI program is a mandatory, single-payer
system established in 1995; approximately 98% of
Taiwan residents are enrolled in the NHI program, and
almost all medical care providers in Taiwan, including
those employed at medical and primary care centers,
are contracted by the NHI Administration to provide
outpatient and inpatient services. Through a fee-for-service
payment system, all health care providers file monthly
service claims to the NHI to receive reimbursements for
their medical fees. These claims records include inpatient,
ambulatory, and home care visits and associated informa-
tion, such as patient demographic characteristics, clinical
details, and health care utilization and expenditures.

Sample

This retrospective observational study analyzed a random
sample of patients from the entire population of NHI
enrollees from 2000 to 2010. In 2010, the NHI program
provided medical claims data for 1 million randomly
selected people (approximately 4.5% of Taiwan’s popula-
tion of 23 million) who were enrolled in the NHI and
utilized health services in 2010. For these 1 million NHI
enrollees, the registration and claims data constitute the
Longitudinal Health Insurance Database 2010 (LHID
2010). The sample does not significantly differ from other
enrollees in terms of age, gender, and average insured
payroll-related amount. A random sample of NHI enrol-
lees aged X 20 years each year during 2000-2010 were
included.

Definitions of T2DM and GAD

Taiwanese NHI claims data include ICD-9-CM diagnostic
codes.22 These data provided a useful structure for using
ICD-9-CM diagnostic codes to identify T2DM patients and
GAD. This study analyzed patients who had at least two
service claims for ambulatory care or one service claim
for inpatient care for a principal diagnosis of T2DM (ICD9-
CM codes 250.x0 and 250.x2).23,24 GAD was defined as a
record of at least one outpatient or inpatient service claim
for a principal diagnosis of GAD (ICD9-CM code 300.02)
between 2000 and 2010.17

Prevalence of GAD

The prevalence of GAD in the GP was calculated by
dividing the number of GAD cases by the total GP. The
prevalence of GAD in T2DM patients was calculated by
dividing the number of GAD cases by the total number of
T2DM patients.

Measurements

The patients’ demographic characteristics, including age,
gender, residence area, residence urbanization level,
income, comorbidities, Charlson Comorbidity Index (CCI),
and DM duration were obtained from each patient file
retrieved from the NHI database. For the covariates listed
in Table 1, we measured demographic characteristics
based on the 2010 record. Patients were classified into
seven age groups: 20-30, 31-40, 41-50, 51-60, 61-70,
71-80, and X 80 years of age, while residence area was
classified into five geographical regions of Taiwan: northern
region, central region, southern region, eastern region, and
offshore islets/other. Urbanization level was categorized
as rural or urban. Average monthly income was classi-
fied into six categories: p NT$17,280, $17,281-$22,880,
$22,881-$28,800, $28,801-$36,300, $36,301-$45,800,
and 4 $45,800. Comorbidities included myocardial
infarction, congestive heart failure, peripheral vascular
disease, hemiplegia or paraplegia, renal disease, cere-
brovascular disease, and depressive disorder. The CCIs
were defined as 0 or X 1. The DM duration (years) was
classified into four categories: p 3, 3-6 (including the
6th year), 6-9 (including the 9th year), and 4 9.

We also assessed patients who were prescribed oral
antidiabetic therapy (ADT) or insulin injection therapy in
at least three outpatient visits. Oral ADT was categorized
into five groups: metformin (anatomical therapeutic
chemical [ATC] code A10BA), sulfonylureas (ATC code
A10BB), meglitinides (ATC code A10BX), thiazolidine-
diones (ATC code A10BG), or a-glucosidase inhibitors
(ATC code A10BF). Insulin injection therapy was classi-
fied as rapid-acting (ATC code A10AB), intermediate-
acting (ATC code A10AC), long-acting (ATC code A10AE),
or a combination (ATC code A10AD).

Statistical analysis

The distribution of characteristics was compared among
three groups of patients: T2DM with GAD, T2DM without
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GAD, and the GP. For categorical and continuous
variables, w2 and t-tests were used, respectively.
Generalized linear mixed models, assuming a Poisson
distribution, were used to compare the prevalence of
GAD in T2DM patients and the GP. The risk factors
considered in the estimates were age, gender, residence

area, urbanization level, income, comorbidities, CCI,
and ADT. Prevalence ratios (PR) in the T2DM and GP
groups were calculated and compared using a log-
binomial model. A multiple logistic regression model was
used to estimate the adjusted odds ratio (OR) and 95%
confidence interval (95%CI) to determine associations

Table 1 Demographic characteristics of type 2 diabetes mellitus patients with and without generalized anxiety disorder
compared to the general population, 2010

T2DM with
GAD (n=645)

T2DM without
GAD (n=6,722)

GP
(n=715,756) P1 P2 P3

Age (years), mean (SD) 63.5 (11.4) 62.5 (13.2) 44.5 (16.0) 0.0636 o 0.0001 o 0.0001

Age group
20-30 2 (0.3) 613 (1.0) 150,017 (21.0)
31-40 12 (1.9) 2,404 (3.9) 168,180 (23.5)
41-50 56 (8.7) 7,386 (12.0) 154,120 (21.5)
51-60 189 (29.3) 16,485 (26.7) 125,318 (17.5)
61-70 187 (29.0) 16,087 (26.1) 59,114 (8.3)
71-80 147 (22.8) 12,686 (20.6) 37,519 (5.2)
4 80 52 (8.1) 6,061 (9.8) 21,488 (3.0) 0.0008 o 0.0001 o 0.0001

Gender
Male 224 (34.7) 31,043 (50.3) 345,736 (48.3)
Female 421 (65.3) 30,679 (49.7) 370,020 (51.7) o 0.0001 o 0.0001 o 0.0001

Region
Northern 300 (46.5) 28,177 (45.7) 343,067 (47.9)
Central 166 (25.7) 14,208 (23.0) 167,093 (23.3)
Southern 163 (25.3) 17,035 (27.6) 183,341 (25.6)
Eastern 15 (2.3) 1,681 (2.7) 16,174 (2.3)
Offshore islets and other 1 (0.2) 621 (1.0) 6,081 (0.8) 0.0776 0.2351 o 0.0001

Urbanization
Rural 296 (45.9) 30,146 (48.8) 335,594 (46.9)
Urban 349 (54.1) 31,576 (51.2) 380,162 (53.1) 0.1359 0.6127 o 0.0001

Income (in NTD)
p 17,280 223 (34.6) 22,413 (36.3) 425,699 (59.5)
17,281-22,880 303 (47.0) 25,573 (41.4) 172,793 (24.1)
22,881-28,800 31 (4.8) 3,098 (5.0) 29,330 (4.1)
28,801-36,300 23 (3.6) 3,712 (6.0) 32,903 (4.6)
36,301-45,800 35 (5.4) 3,352 (5.4) 26,840 (3.7)
4 45,800 30 (4.7) 3,574 (5.8) 28,191 (3.9) 0.0221 o 0.0001 o 0.0001

Comorbidities
Myocardial infarction 19 (2.9) 1,160 (1.9) 2,283 (0.3) 0.0479 o 0.0001 o 0.0001
Congestive heart failure 98 (15.2) 6,380 (10.3) 14,821 (2.1) o 0.0001 o 0.0001 o 0.0001
Peripheral vascular disease 69 (10.7) 4,561 (7.4) 12,673 (1.8) 0.0014 o 0.0001 o 0.0001
Hemiplegia or paraplegia 16 (2.5) 1,889 (3.1) 7,090 (1.0) 0.3946 o 0.0001 o 0.0001
Renal disease 50 (7.8) 5,173 (8.4) 11,229 (1.6) 0.5661 o 0.0001 o 0.0001
Cerebrovascular disease 167 (25.9) 12,402 (20.1) 30,465 (4.3) o 0.0001 o 0.0001 o 0.0001
Depression 208 (32.2) 2,330 (3.8) 16,283 (2.3) o 0.0001 o 0.0001 o 0.0001

CCI, mean (SD) 2.4 (1.8) 1.9 (1.8) 0.7 (1.2) o 0.0001 o 0.0001 o 0.0001

CCI
0 91 (14.1) 14,286 (23.1) 448,300 (62.6)
X 1 554 (85.9) 47,436 (76.9) 267,456 (37.4) o 0.0001 o 0.0001 o 0.0001

Diabetes duration (years)
p 3 182 (28.2) 16,940 (27.4)
3-6 105 (16.3) 10,737 (17.4)
6-9 109 (16.9) 11,604 (18.8)
4 9 249 (38.6) 22,441 (36.4) 0.4385

Data presented as n (%), unless otherwise specified.
Comorbidities and CCI for each comorbidity were defined as X 3 outpatient claims each.
CCI = Charlson Comorbidity Index; GAD = generalized anxiety disorder; GP = general population; NTD = New Taiwan dollar; P1 = T2DM with
GAD vs. T2DM without GAD; P2 = T2DM with GAD vs. GP; P3 = T2DM without GAD vs. GP; SD = standard deviation; T2DM = type 2
diabetes mellitus.
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between GAD in T2DM patients and independent risk
factors, including age, gender, residence area, urbani-
zation level, income, comorbidities, CCI, diabetes dura-
tion, and ADT. We also used the Cochran-Armitage test
to determine trends for ordinal variables, such as income
and diabetes duration.25,26 The Joinpoint Regression
Program version 4.2.0.2 was used to estimate trends in
GAD prevalence. The average annual percent change
(AAPC) in GAD prevalence among T2DM patients or
the GP was then estimated using joinpoint regression
analysis, being a summary measure of the trend over a
1-year fixed interval. Statistical analyses were performed in
SAS version 9.4. Statistical tests were double-sided, with
p values o 0.05 considered statistically significant.

Ethics statement

This study was conducted according to Declaration of
Helsinki guidelines and was approved by the institutional
review board of Kaohsiung Medical University Hospital.

Results

In 2010, a sample of 715,756 patients aged X 20 years
were analyzed from the study database. In Table 1,
the demographic characteristics for 2010, including
age, gender, residence area, urbanization level, income,
comorbidities, CCI score, and diabetes duration are
compared among the T2DM with GAD group (n=645),
T2DM without GAD group (n=61,722), and the GP group
(n=715,756). The T2DM with GAD group and the T2DM
without GAD group significantly differed in all demo-
graphic characteristics except for mean age, residence
area, urbanization level, comorbidities (hemiplegia or
paraplegia, and renal disease), and diabetes duration.
Except for region and urbanization, all demographic

characteristics significantly differed between the GP
group and the T2DM with GAD group. All demographic
characteristics significantly differed between the GP
group and the T2DM without GAD group.

Figure 1 compares temporal trends in GAD prevalence
from 2000 to 2010. During this period, the prevalence of
GAD increased from 0.81 to 1.03% in the T2DM group
and from 0.25 to 0.63% in the GP group. GAD was
significantly (p o 0.0001) more prevalent in the T2DM
group than the GP group. The AAPC significantly differed
from 0 at alpha = 0; the AAPC for GAD in T2DM was
3.2% (95%CI 1.7-4.8, p o 0.05), and the AAPC for
GAD in GP was 10.3% (95%CI 8.7-12.0, p o 0.05). The
AAPC for GAD was significantly higher in the GP than
in the T2DM group (comparison, -7.1, 95%CI -9.3 to -5.0,
p o 0.05). In 2010, however, the PR for GAD in the
T2DM group compared to the GP group was 1.63 (95%CI
1.50-1.77).

Table 2 compares the prevalence of GAD between the
T2DM and GP groups in 2010. The 1-year prevalence
rate for GAD was significantly higher in the T2DM group
than the GP group (1.03 vs. 0.63%; PR: 1.63; 95%CI
1.50-1.77; p o 0.0001). The 1-year prevalence of GAD
was higher in T2DM patients who had received ADT than
the GP (0.90 vs. 0.63%, respectively) and was higher
in T2DM patients who had not received ADT than the
GP (1.60 vs. 0.63%, respectively). There was a higher
prevalence of AD in the T2DM group than the GP among
individuals with the following demographic characteris-
tics: age 51-60 years; men and women, all residence
area other than eastern and offshore islets/other, both
urban and rural areas; income p NT$ 17,280, $ 17,281-
$ 22,880, or $ 36,301-$ 45,800, or with CCIs and a CCI
score of 0. However, individuals with comorbid renal
disease and cerebrovascular disease in the T2DM group
had a lower prevalence of GAD.

Figure 1 Prevalence of GAD in T2DM patients, in the GP, and GAD prevalence ratios. Temporal trend in GAD prevalence
from 2000 to 2010. The prevalence of GAD was calculated by dividing the number of GAD cases by the total number of T2DM
patients or GP. The rates increased from 0.81 to 1.03% in T2DM and from 0.25 to 0.63% in the GP. The prevalence of GAD in
T2DM patients was significantly higher overall than in the GP from 2000 to 2010 (p o 0.0001). Moreover, each year from 2000
to 2010 the prevalence ratios of GAD were significantly higher in T2DM patients than the GP (p o 0.0001). The T2DM-to-GP
GAD prevalence ratio decreased from 3.25 in 2000 to 1.63 in 2010. GAD = generalized anxiety disorder; GP = general
population; T2DM = type 2 diabetes mellitus.
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Table 3 shows the results of the multiple logistic regres-
sion analysis for factors associated with the prevalence of
GAD in T2DM patients. The prevalence of GAD in T2DM
patients was associated with female gender, CCI X 1,
DM duration 4 9 years, congestive heart failure, peri-
pheral vascular disease, and depressive disorder. Results
from the Cochran-Armitage trend test indicated there

were no statistical trends for income and diabetes dura-
tion associated with the prevalence of GAD. The pre-
valence of GAD was low in T2DM patients who used
metformin, sulfonylureas, and rapid-acting insulin injec-
tion therapy. Notably, the highest prevalence of GAD was
associated with comorbid depressive disorder (OR =
10.71; 95%CI 8.99-12.76; p o 0.0001).

Table 2 Prevalence of generalized anxiety disorder and the prevalence ratio of type 2 diabetes mellitus, 2010

T2DM GP

GAD
At risk

population
Prevalence
% (95%CI) GAD

At risk
population

Prevalence
% (95%CI)

T2DM vs. GP
PR (95% CI) p-value

Total (overall) 645 62,367 1.03 (0.96-1.12) 4,542 715,756 0.63 (0.62-0.65) 1.63 (1.50-1.77) o 0.0001

Age group (years)
20-30 2 615 0.33 (0.08-1.30) 329 150,017 0.22 (0.20-0.24) 1.48 (0.37-5.94) 0.5780
31-40 12 2,416 0.50 (0.28-0.87) 734 168,180 0.44 (0.41-0.47) 1.14 (0.64-2.01) 0.6560
41-50 56 7,442 0.75 (0.58-0.98) 1,039 154,120 0.67 (0.63-0.72) 1.12 (0.85-1.46) 0.4212
51-60 189 16,674 1.13 (0.98-1.31) 1,132 125,318 0.90 (0.85-0.96) 1.25 (1.08-1.46) 0.0037
61-70 187 16,274 1.15 (1.00-1.33) 686 59,114 1.16 (1.08-1.25) 0.99 (0.84-1.16) 0.9042
71-80 147 12,833 1.15 (0.97-1.35) 435 37,519 1.16 (1.06-1.27) 0.99 (0.82-1.19) 0.8986
4 80 52 6,113 0.85 (0.65-1.12) 187 21,488 0.87 (0.75-1.00) 0.98 (0.72-1.33) 0.8839

Gender
Males 224 31,267 0.72 (0.63-0.82) 1,537 345,736 0.44 (0.42-0.47) 1.61 (1.40-1.85) o 0.0001
Females 421 31,100 1.35 (1.23-1.49) 3,005 370,020 0.81 (0.78-0.84) 1.67 (1.51-1.84) o 0.0001

Region
Northern 300 28,477 1.05 (0.94-1.18) 2,332 343,067 0.68 (0.65-0.71) 1.55 (1.38-1.75) o 0.0001
Central 166 14,374 1.15 (0.99-1.34) 1,045 167,093 0.63 (0.59-0.66) 1.85 (1.57-2.17) o 0.0001
Southern 163 17,198 0.95 (0.81-1.11) 1,038 183,341 0.57 (0.53-0.60) 1.67 (1.42-1.97) o 0.0001
Eastern 15 1,696 0.88 (0.53-1.47) 97 16,174 0.60 (0.49-0.73) 1.47 (0.86-2.53) 0.1597
Offshore islets and other 1 622 0.16 (0.02-1.14) 30 6,081 0.49 (0.34-0.71) 0.33 (0.04-2.39) 0.2696

Urbanization
Rural 296 30,442 0.97 (0.87-1.09) 1,949 335,594 0.58 (0.56-0.61) 1.67 (1.48-1.89) o 0.0001
Urban 349 31,925 1.09 (0.98-1.21) 2,593 380,162 0.68 (0.66-0.71) 1.60 (1.43-1.79) o 0.0001

Income (in NTD)
p 17,280 223 22,636 0.99 (0.86-1.12) 2,152 425,699 0.51 (0.48-0.53) 1.95 (1.70-2.24) o 0.0001
17,281-22,880 303 25,876 1.17 (1.05-1.31) 1,574 172,793 0.91 (0.87-0.96) 1.29 (1.14-1.45) o 0.0001
22,881-28,800 31 3,129 0.99 (0.70-1.41) 200 29,330 0.68 (0.59-0.78) 1.45 (1.00-2.12) 0.0518
28,801-36,300 23 3,735 0.62 (0.41-0.93) 226 32,903 0.69 (0.60-0.78) 0.90 (0.58-1.37) 0.6166
36,301-45,800 35 3,387 1.03 (0.74-1.44) 188 26,840 0.70 (0.61-0.81) 1.48 (1.03-2.11) 0.0338
4 45,800 30 3,604 0.83 (0.58-1.19) 202 28,191 0.72 (0.62-0.82) 1.16 (0.79-1.70) 0.4418

Comorbidities
Myocardial infarction 19 1,179 1.61 (1.03-2.53) 32 2,283 1.40 (0.99-1.98) 1.15 (0.65-2.02) 0.6273
Congestive heart failure 98 6,478 1.51 (1.24-1.84) 242 14,821 1.63 (1.44-1.85) 0.93 (0.73-1.17) 0.5205
Peripheral vascular disease 69 4,630 1.49 (1.18-1.89) 199 12,673 1.57 (1.37-1.80) 0.95 (0.72-1.25) 0.7061
Hemiplegia or paraplegia 16 1,905 0.84 (0.51-1.37) 84 7,090 1.18 (0.96-1.47) 0.71 (0.42-1.21) 0.2052
Renal disease 50 5,223 0.96 (0.73-1.26) 155 11,229 1.38 (1.18-1.62) 0.69 (0.51-0.95) 0.0237
Cerebrovascular disease 167 12,569 1.33 (1.14-1.55) 485 30,465 1.59 (1.46-1.74) 0.83 (0.70-0.99) 0.0424
Depression 208 2,538 8.20 (7.15-9.39) 1,462 16,283 8.98 (8.53-9.45) 0.91 0.79-1.05) 0.1984

CCI
0 91 14,377 0.63 (0.52-0.78) 1,503 448,300 0.34 (0.32-0.35) 1.89 (1.53-2.33) o 0.0001
X 1 554 47,990 1.15 (1.06-1.25) 3,039 267,456 1.14 (1.10-1.18) 1.02 (0.93-1.11) 0.7301

Antidiabetic therapy
No* 186 11,622 1.60 (1.39-1.85) 4,542 715,756 0.63 (0.62-0.65) 2.52 (2.18-2.92) o 0.0001
Yesw 459 50,745 0.90 (0.83-0.99) 4,542 715,756 0.63 (0.62-0.65) 1.43 (1.30-1.57) o 0.0001

Data presented as n, unless otherwise specified.
Comorbidities, CCI for each comorbidity, and antidiabetic therapy were defined as X 3 outpatient claims each.
PR with 95%CI was estimated with generalized linear mixed models, assuming a Poisson distribution.
PR with 95%CI was estimated with a log-binomial model.
95%CI = 95% confidence interval; CCI = Charlson Comorbidity Index; GAD = generalized anxiety disorder; GP = general population;
NTD = New Taiwan dollar; PR = prevalence ratio; T2DM = type 2 diabetes mellitus.
*T2DM patients without antidiabetic therapy compared to the GP.
wT2DM patients with antidiabetic therapy compared to the GP.
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Discussion

This study is the first to use the population-based NHI
dataset to estimate the prevalence of GAD in T2DM
patients and the GP of Taiwan. Because the NHI program
covers 98% of Taiwan’s population, the prevalence data
obtained from this study approximate the actual distribu-
tion of GAD in Taiwanese T2DM patients. To the best
of our knowledge, little or no real-world data are available
for GAD diagnoses in T2DM patients. Most studies of
T2DM patients have focused on the prevalence of anxiety
symptoms or AD, rather than on GAD.11,17-21,27-32 Ano-
ther unique feature of this study is that it analyzed a
specific Asian population (i.e., ethnic Han Chinese).

Table 1 shows that, compared to GAD patients in the
GP, T2DM GAD patients were more likely to have high
CCI scores, be older, female, and have multiple comor-
bidities. Figure 1 shows that from 2000 to 2010, the
prevalence of GAD was significantly higher in the T2DM
group than the GP group, which is consistent with the
results of other studies on anxiety symptoms or AD in
Western populations.29,32 Between 2000 and 2010, the
prevalence of GAD increased in both the T2DM group
and the GP group. During this period, the AAPC in GAD
was 3.2% in the T2DM group and 10.3 % in the GP group.
Table 2 shows that in 2010 the AAPC in GAD was larger
in the GP group than in the T2DM group. However, the
PR of GAD in the T2DM group vs. the GP was 1.63.
Between 2000 and 2010, the number of GAD cases
increased in both the T2DM group (from 209 to 645) and
the GP group (from 1,875 to 4,542). Furthermore, the
number of T2DM cases increased from 25,827 in 2000 to
62,367 in 2010, although the number decreased from
752,296 in 2000 to 715,756 in 2010 in the GP. This
explains why the AAPC in GAD was larger in the GP
group than the T2DM group. Another possible explanation
for this difference is that the T2DM group received more
comprehensive medical support than the GP. Better
medical support could reduce anxiety,33 which is con-
sistent with the annual medical support burden growth
among T2DM patients in Taiwan.34 Table 2 shows that
the 1-year prevalence of GAD in 2010 was higher in the
T2DM group (1.03%) than the GP group (0.63%), which is
consistent with the results of AD studies performed in
Western countries.29,32 A systematic review reported that,
in the GP of western countries, the median 12-month
GAD prevalence was 3.9% (range, 2.1-6.6%) and that
the median lifetime prevalence of GAD was 12% (range,
8-13.7%).2 A Chinese study reported that the overall
12-month and lifetime prevalence of GAD were 0.8 and
1.2%, respectively.35 In the GP group analyzed in the
current study, the 1-year prevalence of GAD in 2010
(0.63%) was much lower than that reported in western
countries, but was comparable to that reported in
China.2,35 Our literature review only included studies on
AD, not studies on GAD in T2DM.The 1-year prevalence
of any diagnosed AD in T2DM patients is 14%.32

Table 3 shows that the prevalence of GAD was not
associated with age in the T2DM patients analyzed in this
study. Previous studies have reported an association
between younger or middle-aged T2DM patients and a

Table 3 Adjusted odds ratio for the prevalence of
generalized anxiety disorder in type 2 diabetes mellitus
patients

Adjusted OR
(95%CI) p-value

Age group (years)
20-30 1.00
31-40 1.42 (0.31-6.40) 0.6519
41-50 2.24 (0.54-9.31) 0.2688
51-60 3.20 (0.78-13.12) 0.1064
61-70 3.03 (0.74-12.46) 0.1244
71-80 2.71 (0.66-11.20) 0.1674
4 80 1.91 (0.46-8.02) 0.3763

Gender
Male 1.00
Female 1.59 (1.33-1.89) o 0.0001

Region
Northern 1.00
Central 1.16 (0.92-1.45) 0.2010
Southern 0.92 (0.75-1.13) 0.4149
Eastern 0.87 (0.51-1.51) 0.6313
Offshore islets and other 0.16 (0.02-1.14) 0.0666

Urbanization
Rural 1.00
Urban 1.20 (0.99-1.45) 0.0567

Income (in NTD)
p 17,280 0.95 (0.63-1.42) 0.7888
17,281-22,880 1.12 (0.75-1.66) 0.5831
22,881-28,800 1.01 (0.60-1.69) 0.9676
28,801-36,300 0.66 (0.38-1.15) 0.1429
36,301-45,800 1.09 (0.66-1.79) 0.7388
4 45,800 1.00

Comorbidities
Myocardial infarction 1.57 (0.97-2.53) 0.0640
Congestive heart failure 1.36 (1.07-1.71) 0.0103
Peripheral vascular disease 1.30 (1.00-1.69) 0.0480
Hemiplegia or paraplegia 0.63 (0.38-1.05) 0.0789
Renal disease 0.79 (0.58-1.08) 0.1399
Cerebrovascular disease 1.18 (0.97-1.44) 0.0926
Depression 10.71 (8.99-12.76) o 0.0001

CCI
0 1.00
X 1 1.32 (1.04-1.68) 0.0218

Diabetes duration (years), n (%)
p 3 1.00
3-6 1.11 (0.86-1.44) 0.4242
6-9 1.08 (0.83-1.40) 0.5792
4 9 1.29 (1.00-1.66) 0.0463

Oral antidiabetic therapy
Metformin (A10BA) 0.73 (0.59-0.91) 0.0042
Sulfonylureas (A10BB) 0.67 (0.54-0.84) 0.0004
Meglitinides (A10BX) 1.08 (0.85-1.38) 0.5226
Thiazolidinediones (A10BG) 1.09 (0.87-1.36) 0.4524
a-glucosidase inhibitor (A10BF) 0.96 (0.76-1.19) 0.6905

Insulin injection therapy
Rapid-acting (A10AB), 0.65 (0.44-0.95) 0.0276
Intermediate-acting (A10AC) 1.22 (0.77-1.92) 0.3998
Long-acting (A10AE) 1.04 (0.64-1.68) 0.8710
Combination (A10AD) 1.27 (0.81-1.99) 0.2903

Comorbidities, CCI for each comorbidity, oral antidiabetic therapy,
and insulin injection therapy for each ATC code were defined as
X 3 outpatient claims each.
95%CI = 95% confidence interval; ATC = Anatomical Therapeutic
Chemical; CCI = Charlson Comorbidity Index; NTD = New Taiwan
dollar; OR = odds ratio.
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high prevalence of AD.18,19,29,30,36 However, the data
used in most of the studies performed so far have been
limited to symptom ratings or data collected by telephone
surveys rather than data on clinical diagnoses of AD.
The current study also found a higher GAD risk in female
T2DM patients than their male counterparts, which is
consistent with reports that the co-occurrence of AD and
diabetes is higher in women than in men.8,18,20,28-30,32

Possible causes for this higher prevalence are hormonal
differences and the effects of childbirth. Other possible
causes are gender differences in the response to psy-
chosocial stressors and major life events (such as the
loss of a spouse), gender differences in social and family
roles (such as being the primary caregiver in a house-
hold), and gender differences in the occurrence of chronic
diseases and conditions.10 Further systematic studies are
needed to explore biological, behavioral, and psychologi-
cal mechanisms underlying the higher prevalence of GAD
in women.

Notably, the prevalence of GAD in this sample of T2DM
patients did not significantly differ by geographic region or
by urbanization level. To date, no consistent findings on
the relative prevalence of AD rural and urban areas have
been reported.17,21 Furthermore, there was no significant
difference in income and GAD prevalence among T2DM
patients in this study. Nevertheless, low income is a
reported risk factor for increased depressive and anxiety
symptoms in diabetes patients.17,31,37

Multivariate analysis of T2DM patients revealed that
GAD risk was significantly associated with most of the
comorbidities considered in this study, including conges-
tive heart failure, peripheral vascular disease, depressive
disorder, and multiple comorbidities (CCI X 1). Depres-
sive disorder was a major risk factor for GAD in T2DM
patients, which is consistent with the literature.28 Other
comorbidities were not associated with GAD in T2DM
patients, although depressive disorder was probably a
major confounding factor in associations with GAD.
There was a high risk of GAD among patients with a long
duration (4 9 years) of T2DM, which is consistent with
reports that a long duration of DM is associated with a high
risk of AD and with worsening anxiety symptoms.27,28

Of the T2DM patients in this study, those with the
highest GAD risk had comorbid depressive disorder,
which is consistent with the literature.28 Another study
reported that MDD patients and GAD patients often exhibit
symptoms of both disorders simultaneously.29 Thus, clini-
cians should compare diagnostic criteria for both conditions
and be aware that co-occurring depressive disorder and
GAD require more complex and intensive treatment than
either of these disorders occurring alone.

Diabetes management usually starts with lifestyle inter-
ventions, followed by treatment with a single medication
(metformin, sulfonylureas, meglitinide, thiazolidinedione,
and a-glucosidase inhibitors), treatment with multiple
medications or a single basal insulin injection and, finally,
treatment with multiple insulin injections. Use of metfor-
min and sulfonylureas were associated with significantly
lower GAD rates among the T2DM patients in this study.
The anxiolytic effect of glucose stabilization remains
controversial.38,39 A study by Sarkaki et al.38 indicated

that metformin may improve anxiety-like behaviors through
AMPK-dependent regulation of autophagy following tran-
sient forebrain ischemia. However, further studies are
needed to clarify whether the aforementioned oral ADTs
are associated with GAD in the context of T2DM. Insulin
can be categorized as rapid-acting, intermediate-acting,
or long-acting. Injections of one of these types, or a
combination of these types, are the most effective therapy
after failed oral ADT therapy. Our analysis showed that
GAD was only associated with rapid-acting insulin, which
conferred a low risk of GAD in T2DM patients. Although an
association between anxiety symptoms and insulin therapy
has been established,40 animal models of streptozotocin-
induced diabetes have revealed that improved dysregula-
tion of neurotransmitters after insulin injection has an
anxiolytic effect.41 A recent study also reported that
insulin has a protective effect against AD after multiple
risk adjustments.28 Further studies are needed to clarify
the associations between each insulin type and GAD in
T2DM patients.

This study estimated the prevalence of GAD in a large,
randomly selected, population-based sample of T2DM
patients and the GP. Insurance data are useful for
studying GAD in T2DM patients because of the large
number of patients available for data sampling. Using
a health insurance database avoids the need to spend
time and money performing psychiatric assessments and
collecting longitudinal data on GAD prevalence and
associated risk factors.10,42 However, the limitations of a
database study include the potential for inconsistencies in
the diagnostic criteria for GAD and T2DM, reduced reli-
ability and validity of secondary data,10,24 dual diagnoses,
and over- and underdiagnoses.10,43 In patients with
multiple comorbidities, the coding order can also intro-
duce complexities. However, since this study limited the
maximum number of diagnostic codes to five for each
admission or outpatient visit, the order of diagnostic
codes probably did not affect the results of this study.
That is, diagnostic codes were analyzed for all patients
except those with 4 5 comorbidities. Another limitation
was that data for certain essential variables were not
accessed, including education level, occupation, marital
status, lifestyle factors, physical activity, blood glucose
control, glycemic level, and body weight. Additionally,
this study did not calculate the accumulated dosage of
medications, insulin, or antidepressants. Furthermore,
the sequence of occurrence of T2DM and GAD was not
recorded. Finally, causalities could not be fully clarified.
Causal relationships between the high comorbidity of
GAD in T2DM patients could not be established with-
out knowing whether T2DM is a risk factor for GAD or
the reverse. Thus, further research is needed to explore
causation between the prevalence of T2DM and GAD.
Studies on the prevalence of T2DM and GAD must be
carefully designed and select the appropriate measure-
ment instruments. Regular follow-up studies of NHI data
are needed to compare the accumulating epidemiologic
data for patients in Taiwan.

In conclusion, this study had several key findings.
The prevalence of GAD was significantly higher in T2DM
patients than in the GP between 2000 and 2010. In 2010,
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the 1-year prevalence of GAD in the GP was much lower
than that in western countries but was comparable to
that of China.2,35 The prevalence of GAD increased from
0.81 to 1.03% in T2DM patients during the study period.
Compared to patients with GAD in the GP, T2DM patients
with GAD tended to be female, older, and have more
comorbidities and higher CCIs. From 2000 to 2010, the
prevalence of GAD increased in both the T2DM patients
and the GP. Specifically, the high prevalence of GAD in
T2DM patients was associated with female gender, CCI
X 1, DM duration 4 9 years, comorbid congestive heart
failure, peripheral vascular disease, and depressive dis-
order. T2DM patients who received metformin, sulfony-
lureas, and rapid-acting insulin injection therapy had a low
GAD prevalence. The highest risk factor for GAD in T2DM
patients was comorbid depressive disorder. These results
suggest that physicians should carefully screen T2DM
patients for GAD, particularly those who exhibit the above
risk factors. Public health officials must also develop
effective prevention and treatment strategies for T2DM
patients who have a high risk for GAD, particularly those
with comorbid depressive disorder.
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