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Aims/Introduction: Maternal hyperglycemia leads to adverse pregnancy outcomes,
and also subsequently affects both mothers and their offspring in later life. The prevalence
of type 2 diabetes mellitus is increasing worldwide, and gestational diabetes mellitus

(GDM) is also believed to be increasing. More precise nationwide and up-to-date data on
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GDM are required.

Materials and Methods: A population-based retrospective cohort study was carried out
with the Birth Certificate Application database and linked to the National Health Insurance
Research Database to explore trends in the annual crude prevalence of GDM in all women
who gave birth between 1 January 2004 and 31 December 2015 in Taiwan and their preg-
nancy outcomes. The registry is considered complete, reliable and accurate.

Results: A total of 2,468,793 births from 2,430,307 pregnancies were reported between
1 January 2004 and 31 December 2015. Finally, 2,053,305 pregnancies were included for
further analysis. The annual prevalence of GDM increased by 1.8-fold during the 12 years

from 2004 to 2015, with a significant continuous increasing trend (from 7.6% to 13.4%,
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P < 0001). The annual prevalence of GDM significantly increased in each age group (all
trends P < 0.001), particularly for women with maternal ages of 31 years and older.

Urbanization level, geographic risk factors and seasonal variations were also noted.

doi: 10.1111/jdi.13595

Conclusion: The annual prevalence of GDM increased by 1.8-fold in the 12-year period

from 2004 to 2015 in Taiwan, with a significant continuous increasing trend (from 7.6% to

134%, P < 0.001).

INTRODUCTION

Gestational diabetes mellitus (GDM) is defined as the onset or
first recognition of glucose intolerance in the second or third
trimester of pregnancy with no overt diabetes before gestation'.
Exposure to maternal hyperglycemia at 2428 weeks of gesta-
tion and onward has a continuum of adverse short- and long-
term outcomes in mothers and offspring’. The Hyperglycemia
and Adverse Pregnancy Outcome study, a multinational
prospective cohort study of >23,000 pregnant women, showed
that maternal hyperglycemia led to adverse pregnancy out-
comes, such as increased birthweight, primary cesarean delivery,
clinical neonatal hypoglycemia and increased cord blood serum
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C-peptide level (fetal hyperinsulinemia). Maternal hyper-
glycemia has significant associations with premature delivery
(before 37 weeks of gestation), shoulder dystocia or birth injury,
a need for intensive neonatal care, hyperbilirubinemia and pre-
eclampsia®. This condition is a global public health concern,
and the International Association of the Diabetes and Preg-
nancy Study Groups recommended that a more sensitive one-
step strategy be used. It increased the prevalence of GDM two-
fold to threefold®. Worldwide, the prevalence of GDM varies
widely (from 1% to 28%) depending on population characteris-
tics (e.g., maternal age, socioeconomic status, race or ethnicity,
or body composition), screening methods and diagnostic crite-
ria> ', In Taiwan, the prevalence of adult diabetes increased by
74% from almost 1 million in 2005 to 1.73 million in 2015.
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The prevalence of GDM is also believed to be increasing, but
little relevant nationwide public data are available. The aim of
the present study was to examine the trend in the annual crude
prevalence of GDM and associated risk factors in Taiwan, and
to reflect the scale of the major public health problem that
GDM represents.

MATERIALS AND METHODS

Research ethics approval

All data used in the present study were anonymous without
identifiable personal information, and were available through
formal application to the Health and Welfare Data Science
Center at the Ministry of Health and Welfare, Taiwan. As such,
no informed consent was required to analyze the claims data.
The protocol of this study was approved by the institutional
review board of Kuang Tien General Hospital (date of approval
17 October 2018, approval no. KITGH 10733).

Study design and data source

We carried out a retrospective population-based cohort study
by using the Birth Certificate Application database (BCA) and
the National Health Insurance Research Database to explore
trends in the annual crude prevalence of GDM among women
who gave birth in Taiwan between 1 January 2004 and 31
December 2015, and pregnancy outcome trends. Every citizen
of Taiwan has an identification number, and this number is
used to link registries. Legally, all births in Taiwan must be reg-
istered within 7 days of delivery. Almost 99% of pregnant Tai-
wanese women receive free prenatal care, including at least 10
prenatal care visits during pregnancy that are covered by Tai-
wan’s National Health Insurance. A validation study of the
BCA database showed a low percentage of missing information
(1.6%), and high validity and reliability'". The National Health
Insurance Research Database is administered by the govern-
ment and contains health data for 99.99% of the 23 million
residents of Taiwan. The registry is considered to be complete,
reliable and accurate'?.

Study population

We identified all women aged 1545 years who had singleton
deliveries and whose birth weeks were between 20 and
43 weeks between 1 January 2004 and 31 December 2015 in
Taiwan. In addition to eliminating potentially confounding fac-
tors, we excluded mothers with pre-existing diabetes (Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification code: 250.x).

Outcome measurement

We calculated the GDM prevalence and implemented further
classification according to age group, urbanization level and
geographic region. For numerators, we identified all pregnant
women with a GDM diagnosis (International Classification of
Diseases, Ninth Revision, Clinical Modification code: 648.0 or
648.8) at clinics during pregnancy, and the denominator was

ORIGINAL ARTICLE
Gestational diabetes mellitus in Taiwan

all deliveries in the respective year. Pregnancy outcomes
included preterm delivery (<35 weeks or <37 weeks), low birth-
weight (<2,500 g), macrosomia (>4,000 g), fetal death and an
Apgar score of <7 at 5 min; all of such outcomes were
recorded in the BCA.

Statistical analysis

The associations between GDM and age group, season, urban-
ization level, and geographic region were established using the
¥ -test. The trends of annual GDM prevalence and adverse
pregnancy outcomes over time were evaluated using the
Cochran—Armitage test. We considered a P-value of <0.05 to
denote statistical significance. All data were merged and ana-
lyzed using SAS 9.4 (SAS Institute, Cary, NC, USA). Age was
identified at conception and classified in 5-year ranges from 15
to 45 years. Season was also identified at conception. The
months of March to May were defined as spring, June to
August was defined as summer, September to November was
defined as autumn, and December to February was defined as
winter. The level of urbanization and geographical differences
observed were on the basis of the mother’s residence. Urbaniza-
tion level was determined using the standards established by
the National Health Insurance Research Institute of Taiwan. All
city districts and townships in Taiwan were classified into seven
urbanization levels (1, most urbanized; 7, least urbanized) on
the basis of population density (people/km?), proportion of resi-
dents with higher education, the population of elderly people
and agricultural workers, and the number of physicians per
100,000 people in each area'. Geographic regions were defined
by the Council for Economic Planning and Development, Exec-
utive Yuan (Northern, Central, Southern, Eastern regions and
Outer islands).

RESULTS

A total of 2,468,793 births of 2,430,307 pregnancies were
reported between 1 January 2004 and 31 December 2015. Preg-
nancy records for multifetal births (n = 37,991), deliveries
before week 20 or after week 43 (n = 601), mothers with miss-
ing age data (n = 9), mothers with an age at conception of <15
or >45 years (n = 1,942) and foreigners (n = 222,985) were
excluded. In addition, to eliminate potential confounding fac-
tors, pregnant women with pre-existing diabetes were excluded
(n = 113474; Figure 1). Finally, 2,053,305 pregnancies were
included for further analysis.

The annual GDM prevalence increased by 1.8-fold from
2004 to 2015, with a significant continuous increasing trend
(from 7.6% to 13.4%, P < 0.001; Figure 2). Table 1 shows the
demographics of pregnant women by GDM status in Taiwan.
The age at conception, the season of pregnancy and the
mother’s place of residence were all significantly related to the
prevalence of GDM (all P < 0.001). The older the conception
age was, the higher the rate of GDM was. Women who con-
ceived in winter had the highest GDM rate (11.2% vs 10.5—
10.9%). For the mother’s place of residence, in terms of
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The Birth Certificate Application database, 2004~2015
n = 2,468,793 Births
n = 2,430,307 Pregnancies

Pregnancies not meet inclusion criteria:
n=263,528(10.8%)

+ Multifetals: n=37,991
> * Delivery week < 20 or > 43: n=601
* Missing age: n=9
* Age of conception <15 or >45: n= 1,942
* Foreigner: n=222,985

Pregnancies aged 15-45 years had singleton deliveries and
whose birth weeks are between 20 and 43 weeks : n= 2166779

—){ Pre-existing diabetes : n=113,474 (5.2%)

Pregnancies in the analysis: n= 2,053,305

* GDM: n=220276 (10.7%)
. noany pre-existing diabetes/GDM: n=1833029 (89.3%)

Figure 1 | Flow chart of enrolled pregnancies. A total of 2,468,793
births of 2,430,307 pregnancies were reported between 1 January 2004
and 31 December 2015. Pregnancy records for multifetal births

(n = 37,991), deliveries before week 20 or after week 43 (n = €01),
mothers with missing age data (n = 9), mothers with an age at
conception of <15 or >45 years (n = 1,942) and foreigners

(n = 222,985) were excluded.

urbanization, the highest GDM rates occurred among women
living in level 2 and level 5 areas (12.5% and 12.0%). Level 3
and level 4 areas had the lowest GDM prevalence (8.9% and
9.4%). In terms of geographic region, women living in outly-
ing islands had the lowest GDM prevalence (4.8%), and the
highest prevalence rates were in the east and the south
(21.1%, 19.1%).

Age-stratified analysis showed that the annual prevalence of
GDM significantly increased in each age group (all trends
P < 0.001; Figure 3). Urbanization-stratified analysis showed
that the annual prevalence of GDM significantly increased in
each level (all trends P < 0.001; Figure 4). The GDM rate for
level 5 areas increased significantly faster than for other levels.
Level 3 areas had the lowest rate of GDM and the slowest
annual growth. Geographic region-stratified analysis showed
that the annual prevalence of GDM significantly increased in
each region (all trends P < 0.001; Figure 5). The east region
had the highest rate of GDM and fastest yearly growth. Outly-
ing islands had the lowest annual GDM rate, and the north
region had the slowest annual growth.

Table 2 shows the trends of pregnancy adverse outcomes for
pregnant Taiwanese women from 2004 to 2015. The prevalence
of premature delivery (<35 weeks and <37 weeks), low birth-
weight (<2,500 g) and fetal death tend to increase year by year

http://wileyonlinelibrary.com/journal/jdi

(all trends P < 0.001). However, the downward trend of fetal
macrosomia decreased from 2.26% to 1.22% (trend P < 0.001).
Apgar score <7 at 5 min had no yearly change.

DISCUSSION

Diabetes mellitus is a global concern, currently affecting 8.8%
of the world’s adult population. The estimated prevalence of
adults with type 2 diabetes mellitus, including undiagnosed dia-
betes mellitus, is predicted to increase worldwide, with the lar-
gest increase to occur in certain territories'*. Diabetes mellitus
is in the top 10 causes of non-communicable death, and it
places a burden on healthcare systems, damages economic pro-
ductivity, causes premature non-communicable death and bur-
dens households.

Maternal hyperglycemia without treatment can lead to
adverse perinatal outcomes. The most frequent adverse events
include increased risk of birth trauma, and higher incidence of
cesarean sections, macrosomia, episodes of neonatal hypo-
glycemia and respiratory distress syndrome and/or prematurity,
all of which increase the risk of perinatal death. Children of
mothers with GDM have a higher risk of obesity and metabolic
syndrome in adulthood'®. Mothers with GDM are also at an
increased risk of developing type 2 diabetes mellitus and meta-
bolic syndrome in later life, as well as pre-eclampsia in subse-
quent pregnancies”'®"”. This vicious cycle must be slowed. In
the present study, we found that the annual prevalence of
GDM increased by 1.8-fold from 2004 to 2015, with a signifi-
cant continuous increasing trend (from 7.6% to 13.4%,
P < 0.001; Figure 2a).

A diagnosis of GDM can be made using one of two strate-
gies: (i) the one-step 75-g oral glucose tolerance test derived
from the International Association of the Diabetes and Preg-
nancy Study Groups criteria’; and (i) the older two-step
approach with a 50-g (non-fasting) screen followed by a 100-g
oral glucose tolerance test for those who screen positive,
according to the National Diabetes Data Group threshold or
Carpenter and Coustan criteria'®'®. In Taiwan, both strategies
are accepted, and the one-step method is becoming increasingly
common. The one-step strategy has been anticipated to signifi-
cantly increase GDM incidence (from 5-6% to 15-20%), pri-
marily because only one abnormal value, not two, has become
sufficient for diagnosis®>*"*>. An increase in the prevalence of
GDM generates an increased workload for obstetricians,
endocrinologists and dietitian services in hospitals, maternal
and familial stress (regarding medicalization), and healthcare
system costs. That reflects that the GDM prevalence rate from
earlier studies of 3.50-8.14 per 100 (2001-2011) has increased
(prevalence of 7.6% in 2004 to 13.4% in 2015) %,

Advanced maternal age is a well-known risk factor for
GDM***, We found that the proportion of pregnancies among
older women has increased annually. Older reproductive age is
speculated to be a major factor in the annually increasing rate
of GDM. Women pregnant in winter show the highest preva-
lence of GDM, and the GDM screening time is approximately
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Figure 2 | Gestational diabetes mellitus prevalence over the years. The annual gestational diabetes mellitus prevalence increased by 1.8-fold from
2004 to 2015, with a significant continuous increasing trend.

Table 1 | Demographics of pregnant women by gestational diabetes mellitus status in Taiwan from 2004 to 2015.

Variable n GDM Non-GDM

Total 2,053,305 220,276 (107) 1,833,029 (893)

Age at conception (years)
15-20 90,400 5,005 (55) 85,395 (945)
21-25 352401 26,631 (76) 325,770 (924)
26-30 797,665 81411 (102) 716,254 (89.8)
31-35 630,903 80428 (12.8) 550475 (873)
36-40 166,903 24404 (14.6) 142,499 (854)
41-45 15,033 2397 (159) 12636 (84.1)

Season of conception
Spring 521,446 56,581 (109) 464,865 (89.2)
Summer 485,610 49815 (103) 435,795 (89.7)
Autumn 492,068 51,743 (105) 440,325 (89.5)
Winter 554,181 62,137 (11.2) 492,044 (8898)

Urbanization
1 Highly urbanized 453,034 48,740 (108) 404,294 (89.2)
2 Moderately urbanized 647,271 81,121 (12.5) 566,150 (87.5)
3 Newly urbanized 482,702 42942 89) 439,760 91.1)
4 General township 288,711 27,079 94) 261,632 (906)
5 Aged township 28,124 3,384 (120) 24,740 (88.0)
6 Agricultural township 66,357 7435 (11.2) 58922 (889)
7 Remote township 80,879 9,358 (116) 71,521 (884)

Geographic region
North 972,055 80485 83) 891,570 91.7)
Central 527171 34,857 6.6) 492,314 (934)
South 500624 95,716 (19.1) 404,908 (80.9)
East 40,868 8605 (1.1 32,263 (789)
Outlying islands 12,550 607 4.8) 11,943 (95.2)

All P~values <0.001. GDM, gestational diabetes mellitus.
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Figure 3 | Gestational diabetes mellitus trends of pregnant women according to age group. Age-stratified analysis showed that the annual
prevalence of gestational diabetes mellitus significantly increased in each age group.
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Figure 4 | Gestational diabetes mellitus trends of pregnant women according to urbanization level. Urbanization-stratified analysis showed that the
annual prevalence of gestational diabetes mellitus significantly increased in each level. Urbanization level was determined using the standards
established by the National Health Insurance Research Institute of Taiwan. All city districts and townships in Taiwan were classified into seven
urbanization levels (1, most urbanized; 7, least urbanized) on the basis of population density (people/km?), proportion of residents with higher
education, the population of elderly people and agricultural workers, and the number of physicians per 100,000 people in each area.
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Figure 5 | Gestational diabetes mellitus trends of pregnant women according to geographic region. Geographic region-stratified analysis showed
that the annual prevalence of gestational diabetes mellitus significantly increased in each region. Geographic regions were defined by the Council
for Economic Planning and Development, Executive Yuan (Northern, Central, Southern, Eastern regions and Outer islands).

24-28 weeks into pregnancy (6-7.5 months after pregnancy).
GDM was mostly diagnosed in the summer, which is consistent
with the literature: summer screening yields higher GDM diag-
nosis rates””'. In recent systematic review’> showed there is
mounting evidence that ambient temperature and season dur-
ing pregnancy is associated with an increased risk of developing
GDM and adverse glycemic outcomes. It was explained by the
hypothesis of brown adipose tissue activation, which induces

weight change, altered metabolic function and insulin sensitiv-
ity. Early recognition and intervention of maternal hyper-
glycemia significantly reduces fetal macrosomia. Most cases can
be controlled well with lifestyle modifications alone*>'>,
Regarding urbanization and geographic region parameters, all
items show increasing trends. Different development of urban-
ization results in different GDM prevalence. Overall, all cate-
gories are increasing at different growth rates. Urbanized cities

Table 2 | Trends of pregnancy adverse outcomes for pregnant Taiwanese women from 2004 to 2015

Birth year Preterm Preterm Low birthweight Macrosomia Fetal death Apgar

(<35 week) (<37 week) (<2500 g) (>4000 g) score at
5 min of <7
2004 2.77% 831% 5.98% 226% 093% 146%
2005 2.71% 801% 6.00% 2.00% 0.95% 146%
2006 267% 7.89% 5.90% 2.04% 097% 144%
2007 267% 7.88% 597% 1.85% 0.98% 141%
2008 2.82% 8.25% 6.17% 1.75% 1.01% 142%
2009 2.71% 791% 6.21% 1.65% 1.01% 140%
2010 293% 833% 651% 1.55% 1.08% 1.52%
2011 292% 806% 6.38% 1.55% 1.09% 148%
2012 269%% 7.77% 643% 149% 097% 1.33%
2013 290% 790% 6.69% 1.30% 1.08% 146%
2014 2.90% 7.80% 661% 1.26% 1.09% 148%
2015 2.96% 805% 6.94% 1.22% 1.10% 1.50%
Trend P <0.0001 0.0002 <0.0001 <0.0001 <0.0001 0438
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above level 3 showed slower growth rates, and cities below level
4 showed relatively rapid growth between 2004 and 2015. Some
studies reported that women living in urban areas had higher
GDM prevalence compared with women in rural areas™ .
The reason was explained by obesity and an aged population.
However, no studies investigate the effect on GDM growth rate.
The present result showed the GDM rate for level 5 areas
increased significantly faster than for other levels. Level 3 areas
had the lowest rate of GDM and the slowest annual growth.
Level 5 areas (aged township) and level 3 areas (new devel-
oped) showed the proportion of people aged >65 years to be
the highest and lowest, respectively, among the clusters'”.

Regarding geographic regions, the overall trends of GDM in
the eastern and southern regions were higher than that of other
regions. In addition, the eastern region had a rapid upward
trend of GDM prevalence than other regions in 2006—2011. It
is related to the geographical environment, climate, medical
resources, lifestyle, physical activity habits and living habits. A
recent systematic review found consistent evidence of a seasonal
effect on GDM risk, with a higher prevalence of GDM and
higher pregnancy glucose levels in summer months™. Preston
et al. found suggestive evidence of an association between
higher temperature and elevated glucose levels from GDM
screening tests. This might be one of the reasons for the higher
prevalence of GDM in southern Taiwan. The effect factor is
worth more precise further exploration.

Other parameters showing increasing trends were preterm
delivery (both <35 weeks and <37 weeks), low birthweight
(<2,500 g) and fetal death; trends of Apgar scores of <7 at
5 min did not increase’’. An ongoing epidemic of obesity and
diabetes exists globally, and this has led to higher rates of
type 2 diabetes among women of reproductive age, with an
increase in the number of pregnant women with undiagnosed
prediabetes or type 2 diabetes during early pregnancy. How-
ever, a universal preconception and first trimester screening is
hampered by a lack of data and consensus on appropriate diag-
nostic thresholds and outcomes™*. Only those with risk fac-
tors are tested for undiagnosed prediabetes and diabetes at the
first prenatal visit using standard diagnostic criteria.

GDM is increasing in prevalence worldwide and in Taiwan
(since 2004 to 2015), where the rate increased from 7.6% to
13.4%, P < 0.001 during a 12-year period (1.8-fold). The preva-
lence has increased for all reproductive age groups, but more
significantly so for ages >30 years. The risk factors include:
older maternal age at conception, certain seasons of conception,
urbanization level and geographic variations (ethnic group,
access to health facilities, eating habits). Effects on adverse preg-
nancy outcomes included a reduction in fetal macrosomia (po-
tentially due to the introduction and adoption of a more
sensitive one-step method and early intervention)lo, but little
effect was noted in other outcomes (low birthweight, preterm
delivery, fetal death).

GDM has emerged as a global public health burden, as well
as a local concern. Randomized controlled trials are difficult to

http://wileyonlinelibrary.com/journal/jdi

carry out. Screening, diagnosis and treatment of hyperglycemia
during pregnancy should be carried out as early as possible to
prevent adverse pregnancy outcomes'’. Screening and manage-
ment of GDM should be incorporated as a universal routine
antenatal service. Hyperglycemic surveillance should also be
carried out for all pregnancies at the first prenatal visit to
exclude prediabetes and diabetes. Postpartum long-term follow
up of mothers with GDM and their offspring is required for
effective lifestyle changes, early detection and cost-effective
treatment for metabolic syndrome, obesity, prediabetes and dia-
betes®**74%4142 " Coordinated multisectoral public health poli-
cies are required to end the vicious cycle of GDM, and its
subsequent effects on both mothers with GDM and their off-
spring™.

However, like any other study, the present study had some
limitations. Our study was a retrospective cohort observational
study. Body mass index (BMI) is a well-known factor for dia-
betes and GDM. Although the BCA and NHRID cover almost
99% of pregnant Taiwanese women, the database still has some
restrictions about BMI, parity, socioeconomic status of the fam-
ily and maternal education level. Multiple pregnancies are also
excluded from the present study. The prevalence of obesity is
rising globally due to physical inactivity and consumption of an
unhealthy diet*. In Taiwan, the Health Promotion Administra-
tion warns that the number of Taiwanese considered being
overweight, or with a BMI >24, has grown from 32.7% between
1993 and 1996 to a shockingly high 45.4% between 2013 and
2016, making the Taiwanese population the most overweight in
Asia®. The rising trend of obesity and overweight globally and
in Taiwan might be the cause of the increase in GDM preva-
lence. Some large population-based studies®>** including BMI
data showed BMI is an important risk factor for GDM. How-
ever, the average BMI of GDM patients in the Asian popula-
tion” or Asian subgroup® was relatively low. The increasing
trend of GDM in the Asian population could not be related to
the relatively stable trend of their BMI*®, which requires further
careful interpretation regarding BMI cut-off for GDM for
Asian women.
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