
1Zhang C, et al. BMJ Open 2019;9:e025517. doi:10.1136/bmjopen-2018-025517

Open access 

Diabetes & Women’s Health (DWH) 
Study: an observational study of long-
term health consequences of gestational 
diabetes, their determinants and 
underlying mechanisms in the USA 
and Denmark

Cuilin Zhang,1 Sjurdur F Olsen,2 Stefanie N Hinkle,  1 Robert E Gore-Langton,3 
Allan Vaag,4,5 Louise Groth Grunnet,5,6 Edwina H Yeung,1 Wei Bao,7 
Katherine Bowers,8 Aiyi Liu,9 James L Mills,1 Seth Sherman,3 Audrey J Gaskins,10,11 
Sylvia H Ley,10,11 Camilla M Madsen,5 Jorge E Chavarro,10,11 Frank B Hu,10,11 on 
behalf of the Diabetes & Women’s Health Study team

To cite: Zhang C, Olsen SF, 
Hinkle SN, et al.  Diabetes & 
Women’s Health (DWH) Study: 
an observational study of long-
term health consequences 
of gestational diabetes, their 
determinants and underlying 
mechanisms in the USA 
and Denmark. BMJ Open 
2019;9:e025517. doi:10.1136/
bmjopen-2018-025517

 ► Prepublication history and 
additional material for this 
paper are available online. To 
view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2018- 
025517).

Received 18 July 2018
Revised 12 February 2019
Accepted 13 February 2019

For numbered affiliations see 
end of article.

Correspondence to
Dr Cuilin Zhang;  
 zhangcu@ mail. nih. gov

Cohort profile

© Author(s) (or their 
employer(s)) 2019. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

AbstrACt
Purpose Women who experience gestational diabetes 
mellitus (GDM) are at exceptionally high-risk of developing 
type 2 diabetes (T2DM) later in life. However, limited 
information is available about genetic and environmental 
factors that are implicated in the progression from GDM to 
T2DM.
Participants The Diabetes & Women’s Health (DWH) 
Study applied a hybrid design, which combined new 
prospective data collection with existing data in two 
prospective cohorts, the Danish National Birth Cohort 
(DNBC) and the Nurses’ Health Study II (NHS II). In total, the 
DWH Study identified 7759 women with a GDM diagnosis 
from both cohorts; 4457 women participated in the DWH 
Study data collection, which included two cycles of follow-
up from 2012 to 2014 and 2014 to 2016.
Findings to date Progression from GDM to T2DM 
was high. In the NHS II group, by 2013, 23.1% 
(n=846/3667) developed T2DM. In the DNBC group, at 
cycle 1 (2012–2014), the progression rate was even 
higher: 27.2% (n=215/790) had developed T2DM. 
Furthermore, we have shown that women who had GDM 
experienced a significantly greater risk of hypertension 
and cardiovascular diseases, as well as early stages of 
glomerular hyperfiltration and renal damage. Moreover, the 
DWH Study findings have shown that healthful diet and 
lifestyle factors and weight control were related to a lower 
risk of T2DM, hypertension and cardiovascular diseases.
Future plans Primary data collection for the DWH Study 
is complete and investigators are currently investigating 
interactions of the abovementioned modifiable factors 
with T2DM genetic susceptibility in determining the risk 
of progression from GDM to T2DM. Findings from ongoing 
work will provide further insights for identifying more 
precise prevention strategies for T2DM and comorbidities 
in this high-risk population. Future work will examine novel 
biomarkers of health and disease in this cohort.

IntroduCtIon 
Type 2 diabetes mellitus (T2DM) has become 
a global epidemic, with over 29 million indi-
viduals in the USA and 415 million world-
wide affected.1 The health consequences of 
diabetes are far reaching. By the time T2DM is 
diagnosed, diabetes-related metabolic abnor-
malities frequently have begun to damage the 
heart, kidney and nerves.2 After diagnosis, 
further complications can result from poor 

strengths and limitations of this study

 ► The Diabetes & Women’s Health Study covered two 
independent populations in the USA and Denmark, 
which allows for replication of findings.

 ► Women in both cohorts were followed up for a long 
time after gestational diabetes index pregnancy, for 
over 9 years in Denmark and 23 years in the USA, 
which allowed time for development of type 2 diabe-
tes and comorbidities.

 ► Multiple types of biospecimens and comprehensive 
data on women’s pregnancy history, diet, lifestyle, 
anthropometrics, family medical history, partic-
ipants’ current general health and health in child-
hood, health of the participants’ male partner and 
health of the participants’ children were collected.

 ► The study population is relatively homogenous, 
which is critical for enhancing data collection qual-
ity, reducing confounding by socio-economic status 
and minimising bias due to population stratification 
in gene-environment interaction studies.

 ► The majority of participants were Caucasians and 
thus findings may not be generalisable to other ra-
cial and ethnic groups.
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glucose control including cardiovascular disease, blind-
ness and kidney failure.3 T2DM has become the sixth 
leading cause of disability4 and accounts for almost 4% of 
all deaths in the USA.5 Hence, prevention and early iden-
tification of individuals at high-risk for T2DM are critical.

Gestational diabetes mellitus (GDM) is a common 
metabolic complication affecting approximately 5%–9% 
of US pregnancies6 and 2%–25% of pregnancies world-
wide, depending on the diagnostic criteria and the race-
ethnic background of the population.7 Pregnancy may be 
considered as a ‘stress test’ that can reveal women at high-
risk for developing future cardiometabolic complications 
through the manifestation of GDM.8 It is estimated that 
30%–70% of women with a history of GDM will develop 
T2DM within 15 years of having GDM.9–11 Even among 
low-risk women of normal weight, a history of GDM was 
related to more than a 6-fold increased risk of developing 
T2DM later in life.12 Thus, women with GDM may offer a 
unique opportunity to investigate early prevention strat-
egies for T2DM. However, thus far, limited information 
is available about genetic and environmental factors that 
are implicated in the progression from GDM to T2DM, 
which may help to develop more targeted personalised 
interventions.

To address the above critical data gaps, the Diabetes & 
Women’s Health (DWH) Study was conducted to inves-
tigate the long-term health consequences of GDM and 
their determinants.13 The primary aim was to identify 
genomic and environmental determinants underlying 
the development of T2DM and comorbidities among 
women with a history of GDM. This study also offers a 

unique opportunity to investigate the early pathophysi-
ology involved in the progression from GDM to T2DM 
to understand why some women develop T2DM and 
comorbidities and others do not.13 The DWH Study 
includes two cycles of new prospective data collected 
from women with a history of GDM in both the USA and 
Denmark.

Cohort desCrIPtIon
study overview
The DWH Study applied a hybrid design which combined 
new prospective data collection with existing data in 
two ongoing cohorts, the Danish National Birth Cohort 
(DNBC) and the Nurses’ Health Study II (NHS II). The 
source population of the DWH Study included 7759 
women with a GDM diagnosis from both cohorts. New 
prospective data collection of the DWH Study included 
two cycles of follow-up; cycle 1 data were collected from 
2012 to 2014 and cycle 2 data were collected from 2014 
to 2016. A schematic of the DWH Study follow-up in the 
context of the original data collections that took place 
for the NHS II and DNBC is shown in figure 1. When-
ever possible, efforts were made to harmonise the data 
collected in the two cohorts. For example, comparable 
questionnaires were administered and the same biospec-
imen collection and processing materials were used and 
standardised protocols were used for the biospecimen 
processing.

Figure 1 Schematic of data collection in the Diabetes & Women’s Health (DWH) Study. The DWH Study applied a hybrid 
design by combining new prospective data collection across two follow-up DWH cycles (2012–2016) with existing data 
longitudinally collected in the Nurses Health Study II (NHS II) and the Danish National Birth Cohort (DNBC) among women with 
gestational diabetes (GDM).
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study population
Nurses’ Health Study II
The eligible source population of the DWH Study from 
NHS II was women who developed GDM at any time 
through 2009 and were alive in 2011 (n=6485). The NHS 
II is an ongoing prospective US cohort study, which in 
1989 enrolled 116 430 female-registered nurses free of 
cancer and 25–42 years of age.14 Every 2 years NHS II 
participants complete questionnaires updating their 
health status and lifestyle factors. Women with GDM in 
NHS II were identified through the main biennial NHS 
II questionnaires up to 2001 or the 2009 pregnancy ques-
tionnaire, which inquired about the physician's diagnoses 
of GDM and other conditions in all previous pregnancies. 
Self-reported GDM among NHS II participants was previ-
ously validated using medical records with confirmation 
among 94% of cases.15

Women from NHS II with an email address on file were 
invited to participate in the DWH Study; follow-up emails 
and phone calls were provided to non-responders. Women 
could choose to complete the questionnaire via a secure 
website or request a scannable paper form. Women who 
did not respond via email, or those for whom no email 
address was available, were sent a paper questionnaire. 
In total 3667 (56.6%) women participated in at least one 
data collection cycle; specifically, cycle 1 and 2 included 
3097 and 2555 women, respectively. Baseline character-
istics of the enrolled sample at the NHS II enrolment in 
1989 are shown in table 1. Characteristics of women who 
participated in the DWH Study were largely comparable 
with the eligible sample (online supplementary table 1).

In cycle 1, NHS II participants were asked to complete 
a questionnaire and provide biospecimens. In cycle 2, 
women who did not enrol in cycle 1 were re-contacted 
and asked to complete a shorter questionnaire and, if 
desired, provide biospecimens. Women who enrolled in 
cycle 1 and re-enrolled in cycle 2 were provided a new 
questionnaire and asked to also provide biospecimens.

Danish National Birth Cohort
The eligible source population for the DWH Study from 
the DNBC was women who developed GDM during any of 
their pregnancies recorded in the DNBC and for whom 
medical record review confirmed that they did not have 
prepregnancy diabetes (n=1274). The DNBC is a prospec-
tive cohort study which enrolled 91 827 pregnant Danish 
women between 1996 and 2002.16 DNBC participants 
completed questionnaires throughout pregnancy and 
post partum. Details on identification of GDM in DNBC 
have been previously described.17 Briefly, women with 
GDM were identified either through the Danish National 
Patient Register or through DNBC telephone interviews 
at 30 weeks of gestation or 6 months post partum. Vali-
dation using hospital records revealed a high sensitivity 
(96%) for GDM diagnosis, but a low positive predictive 
value (59%).17 For that reason, women were classified 
into two GDM categories: verified or suspected. The 
suspected GDM group included women who met the 

criteria for GDM based on the interview or self-report or 
from the register, but medical record confirmation was 
not available. Sensitivity analyses can leverage this distinc-
tion to examine for differences across these two groups, 
which may be a possible indicator of GDM severity.

Women who did not respond to the DWH Study invita-
tion letter within 2 weeks were contacted via telephone. 
Women who did not wish to complete a clinical exam 
were invited to complete the study questionnaire online. 
A total of 790 women agreed to participate in cycle 1 of the 
DWH Study; the majority completed a clinic visit (n=607; 
76.8%). Cycle 2 included 454 women, all of whom had 
participated in cycle 1; the majority completed a clinic 
visit (n=371; 81.7%).

Table 1 Baseline characteristics of women enrolled in 
the Diabetes & Women’s Health Study: The Nurses’ Health 
Study II site (baseline in 1989) (n=3667)

Characteristic in 1989 n Mean (SD) or (%)

Age, years 3667 34.0 (4.5)

  25–29 739 (20.2)

  30–34 1332 (36.3)

  35–39 1152 (31.4)

  ≥40 444 (12.1)

Race

  White 3350 (91.4)

  Non-white 317 (8.6)

Marital status

  Not married 539 (14.7)

  Married 3123 (85.2)

  Missing 5 (0.1)

Parity

  Nulliparous 510 (13.9)

  Multiparous 3157 (86.1)

Smoker

  Never 2539 (69.2)

  Previous 733 (20.0)

  Current 390 (10.6)

  Missing 5 (0.1)

Family history of diabetes (1st-degree relative)

  No 2667 (72.7)

  Yes 1000 (27.3)

Body mass index, kg/m2 3639 25.1 (5.6)

  <18.5 106 (2.9)

  18.5–24.9 2103 (57.4)

  25.0–29.9 841 (22.9)

  30.0–34.9 338 (9.2)

  35.0–39.9 160 (4.4)

  ≥40.0 91 (2.5)

  Missing 28 (0.8)
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Baseline characteristics of the enrolled sample at the 
DNBC index pregnancy are shown in table 2. Characteris-
tics of women who participated in DWH Study were largely 
comparable with the eligible sample (online supplemen-
tary table 2).

Patient and public involvement
Neither the study participants nor the public were 
involved in setting the research questions or the outcome 

measures, study design, recruitment or conduct of 
the study. There are no plans to involve patients in 
dissemination.

data collection and measures
Historical data
DWH data from the historical data collections of the NHS 
II (biennial questionnaires) and DNBC will be combined 
with the new data collected in the DWH Study. Historical 
data from NHS II and DNBC relevant to the DWH Study 
aims are listed in online supplementary appendix 1.

New prospective data
Questionnaire data
Collection of new data at the DWH Study follow-up 
through study questionnaires (online or paper) included 
the following domains: pregnancy history, first GDM preg-
nancy, diet, lifestyle, anthropometrics, family medical 
history, participants’ current general health and health 
in childhood, health of the participants’ male partner 
and health of the participants’ children. Details of the 
domains at each cycle are available in online supplemen-
tary appendix 2. Data quality assurance was performed 
on online questionnaires by using normal ranges on all 
numeric fields and implementing logic checks estab-
lishing parent-child relationships between questions and 
on scanned paper questionnaire by performing manual 
visual inspection of the original form and implementing 
data cleaning rules, which followed the logic checks 
based on parent-child relationships between questions 
and biologically plausible values.

Clinical examination and biospecimens
Biospecimen collection for study participants from NHS 
II was conducted via a mailed kit. Detailed and stan-
dardised instructions for drawing blood samples after 
fasting for 8–10 hours at home, at work or by a phleboto-
mist was included in the kit. In cycle 1, blood (total 25 mL 
including PAXgene tubes for RNA), first morning urine 
and toenails were collected. Two types of biospecimen 
collection kits were used in cycle 2. Women who returned 
biospecimens in cycle 1 were sent a full kit for the collec-
tion of blood (20 mL), first morning urine and fasting 
saliva. Women who only returned questionnaires in cycle 
1, but no biospecimens, were sent an abbreviated kit for 
the collection of dried blood spots, first morning urine 
and fasting saliva. Samples were shipped overnight to a 
central laboratory where blood was processed according 
to standardised procedures and temporarily stored at 
−80℃ until shipment to the Eunice Kennedy Shriver 
National Institute of Child Health and Human Devel-
opment (NICHD) repository for permanent storage at 
−80℃. When necessary, biospecimens available from 
historical collection of the NHS II may be used as well.

The DWH Study follow-up clinical exam for partici-
pants from the DNBC consisted of biospecimen collec-
tion, oral glucose tolerance test (OGTT), anthropometric 
measurements (height, weight, waist and hip), measures 

Table 2 Baseline characteristics of women enrolled in the 
Diabetes & Women’s Health Study: The Danish National 
Birth Cohort (DNBC) site (1996–2002) (n=790)

Characteristic at DNBC 
index pregnancy n Mean (SD) or (%)

Age, years 790 31.6 (4.5)

  <25 35 (4.4)

  25–29 219 (27.7)

  30–34 333 (42.2)

  35–39 175 (22.2)

  ≥40 28 (3.5)

Cohabitation status

  Not living with a partner 13 (1.7)

  Living with a partner 716 (90.6)

  Missing 61 (7.7)

Parity

  Nulliparous 293 (37.1)

  Multiparous 436 (55.2)

  Unknown 61 (7.7)

Current smoker

  No 553 (70.0)

  Yes 209 (26.5)

  Missing 28 (3.5)

Socio-economic status

  High-level professional 148 (18.7)

  Medium-level professional 219 (27.7)

  Skilled worker 214 (27.1)

  Student 22 (2.8)

  Unskilled worker 113 (14.3)

  Unemployed 10 (1.3)

  Missing 64 (8.1)

Prepregnancy body mass 
index, kg/m2

735 27.5 (5.8)

  <18.5 10 (1.3)

  18.5–24.9 289 (36.6)

  25.0–29.9 212 (26.8)

  30.0–34.9 141 (17.9)

  35.0–39.9 63 (8.0)

  ≥40.0 20 (2.5)

  Missing 55 (7.0)
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of blood pressure and resting heart rate and a dual-en-
ergy X-ray absorptiometry scan for body composition and 
bone mineral density. The first blood draw at the clinical 
exam (total 41 mL including PAXgene tubes for RNA) 
was an 8–10 hour fasting draw after which women drank 
a 75 g glucose solution for an OGTT. The second blood 
draw (12 mL) was completed after 120 min. The samples 
were processed according to standardised procedures in 
the clinic or analysed for the OGTT and complete blood 
count. Women provided the first morning urine sample. 
Additionally, toenails were collected in cycle 1 and fasting 
saliva in cycle 2. Biospecimens were temporarily stored 
at −80℃ until shipment to the NICHD repository for 
permanent storage at −80℃.

Findings to date
Progression from gestational diabetes to type 2 diabetes and 
comorbidities
In this high-risk population, the progression rate to 
T2DM was high. Among GDM women in NHS II who 
participated the DWH Study new data collection, by 
2013, 846 of 3667 women (23.1%) had developed T2DM 
(table 3). In the DNBC group, at cycle 1 (2012–2014), 215 
of 790 women (27.2%) had developed T2DM (table 4); 
in the subset of women with medically verified GDM, 170 
of 487 (34.9%) had developed T2DM. A small number of 
women from the DNBC developed type 1 diabetes after 
GDM (n=22, 2.8%), which is consistent with the high 
risk for late development of type 1 diabetes mellitus in 
the Danish population.11 18 We have also extended our 
research beyond T2DM where we have observed that 
the NHS II participants of the DWH Study also had an 
increased risk of hypertension and cardiovascular diseases 
as well as T2DM.19 20 Furthermore, among Danish partic-
ipants GDM was a risk factor for early stages of glomer-
ular hyperfiltration and renal damage.21 Future work will 
include other comorbidities such as autoimmune disor-
ders, obstructive sleep apnea and liver function and fat.

Risk factors for the progression from gestational diabetes to type 2 
diabetes and comorbidities
DWH Study findings published to date have shown that 
healthful diet and lifestyle factors and weight control are 
related to lower risk progression from GDM to T2DM, 
hypertension and cardiovascular diseases. Specifically, 
analyses among the NHS II participants of the DWH 
Study have examined major risk factors such as healthful 
dietary patterns, improvement in physical activity and 
weight control and their association with T2DM12 22–25 
and hypertension,26 among women with a history of 
GDM. For example, adherence to a Dietary Approaches 
to Stop Hypertension) or alternate Healthy Eating Index 
dietary pattern was associated with a 15%–35% lower 
risk of developing T2DM among women with a history 
of GDM.22 Similar findings were also observed for these 
dietary patterns and risk of hypertension.26 On the 
other hand, a low-carbohydrate dietary pattern, with 
high protein and fat intake mainly from animal-source 

foods, was associated with a 40% higher T2DM risk.24 
Increasing physical activity was associated with a lower risk 
for T2DM.23 These findings on diet and physical activity 
were independent of body mass index , suggesting these 

Table 3 Characteristics of women at cycle 1 (2012–2014) 
of the Diabetes & Women’s Health Study: The Nurses’ 
Health Study II (NHS II) site (n=3667)

Characteristic n
Mean (SD) or 
(%)

Age*, years 3667 57.0 (4.5)

  <50 180 (4.9)

  50–54 1008 (27.5)

  55–59 1423 (38.8)

  ≥60 1056 (28.8)

Marital status*

   Single, divorced, separated or widowed 639 (17.4)

   Married or domestic partnership 2821 (76.9)

  Missing 207 (5.6)

Smoker*

  Never 2484 (67.7)

  Pervious 998 (27.2)

  Current 178 (4.9)

  Missing 7 (0.2)

Anthropometrics

Body mass index*†, kg/m2 3661 29.0 (6.6)

  <18.5 27 (0.7)

  18.5–24.9 1096 (29.9)

  25.0–29.9 1137 (31.0)

  30.0–34.9 818 (22.3)

  35.0–39.9 338 (9.2)

  ≥40.0 245 (6.7)

  Missing 6 (0.2)

Hip circumference, cm 2834 108.2 (14.8)

Waist circumference, cm 2832 94.5 (15.8)

  ≤88 1046 (33.8)

  >88 1786 (57.7)

  Missing‡ 265 (8.6)

Waist to hip ratio, cm 2830 0.87 (0.08)

  ≥0.85 1100 (35.5)

  <0.85 1730 (55.9)

  Missing‡ 267 (8.6)

Diabetes outcomes

Diabetes mellitus*

  No 2813 (76.7)

  Type 1 8 (0.2)

  Type 2 846 (23.1)

*Data collected from the 2013 NHS II biennial questionnaire.
†Percentages calculated only among women who participated in 
cycle 1 (n=3097).
‡Body mass index at 2013 was missing for 9.9% of the sample. 
The last recorded value was carried forward.
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factors may contribute to T2DM beyond effects on body 
weight, which is a strong risk factor for the development of 
T2DM.12 However, weight control appears to be the most 
effective way to reduce T2DM risk among women with 
GDM as women with obesity at baseline who gained ≥5 kg 

Table 4 Characteristics of women at cycle 1 (2012–2014) 
of the Diabetes & Women’s Health Study: The Danish 
National Birth Cohort site (n=790)

Characteristics n
Mean (SD) 
or (%)

Age, years 790 44.6 (4.6)

  <40 139 (17.6)

  40–44 280 (35.4)

  45–49 265 (33.5)

  50–54 99 (12.5)

  ≥55 7 (0.9)

Marital status

  Married or domestic partnership 674 (85.3)

  Single, divorced, separated or widowed 112 (14.2)

  Missing 4 (0.5)

Smoker

  Never 405 (51.3)

  Previous 246 (31.1)

  Current 136 (17.2)

  Missing 3 (0.4)

Employment status

  Employed 663 (83.9)

  Retired 26 (3.3)

  Student 19 (2.4)

  Unemployed 79 (10.0)

  Missing 3 (0.4)

Highest education level

  High school or less 126 (16.0)

  Some college 275 (34.8)

  College degree or higher 379 (48.0)

  Missing 10 (1.3)

Family history of type 2 diabetes (1st-degree relative)

   No 509 (64.4)

   Yes 281 (35.6)

Clinical exam 607 (76.8)

  Anthropometrics

Self-reported weight at 18 years 773 62.7 (11.7)

Current measured height, cm 606 167.0 (7.4)

Current measured weight, kg 606 81.0 (16.8)

Current body mass index*, kg/m2 606 29.2 (6.9)

  <18.5 7 (1.2)

  18.5–24.9 161 (26.5)

  25.0–29.9 192 (31.6)

  30.0–34.9 155 (25.5)

  35.0–39.9 59 (9.7)

  ≥40.0 32 (5.3)

  Missing† 1 (0.2)

Measured hip circumference, cm 606 109.3 (12.0)

Measured iliac waist circumference, cm 606 100.1 (14.1)

  ≤88 129 (21.3)

Continued

Characteristics n
Mean (SD) 
or (%)

  >88 477 (78.6)

  Missing† 1 (0.2)

Waist to hip ratio, cm 606 0.91 (0.07)

  <0.85 100 (16.5)

  ≥0.85 506 (83.4)

  Missing† 1 (0.2)

Diabetes outcomes

Self-reported diabetes

   None 548 (69.4)

   Type 1 diabetes 22 (2.8)

   Type 2 diabetes 164 (20.8)

   Unknown type 45 (5.7)

  Missing 11 (1.4)

HbA1c, % 603 5.6 (0.9)

  <5.7 410 (67.6)

  5.7–6.4 136 (22.4)

  ≥6.5 57 (9.4)

  Missing† 4 (0.7)

Fasting plasma glucose‡, mmol/L 603 5.9 (1.6)

  <7.0 533 (87.8)

  ≥7.0 70 (11.5)

  Missing† 4 (0.7)

75 g OGTT, 2-hour plasma glucose‡, 
mmol/L

507 6.3 (2.7)

  <11.1 475 (78.3)

  ≥11.1 32 (5.3)

  Missing†§ 100 (16.5)

Diabetes mellitus¶

  No 546 (69.1)

  Type 1 22 (2.8)

  Type 2 215 (27.2)

  Missing 7 (0.9)

*Body mass index calculated from measured height and weight.
†Missing calculated among women who had a clinical exam 
performed (n=607).
‡7.0 mmol/L is equivalent to 126 mg/dL, 11.1 mmol/L is equivalent 
to 200 mg/dL, cut points based on American Diabetes Association 
2012 guidelines.
§Diabetes mellitus status based on self-report, elevated HbA1c, 
fasting plasma glucose, or 2-hour plasma glucose. All women with 
self-reported type 1 diabetes were classified as such irrespective 
of their clinical exam results.
¶OGTT not performed if women declined or there was a strong 
clinical concern as assessed by the chief physician.
OGTT, oral glucose tolerance test .

Table 4 Continued 
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after having GDM had a 43-times higher risk of devel-
oping T2DM compared with women with normal weight 
at baseline and who gained <5 kg after having GDM.12 
Taken together, these findings suggest an encouraging 
and hopeful message to women with a history of GDM. 
Although they are at exceptionally high risk for T2DM 
and hypertension, promoting a healthful diet and active 
lifestyle and maintaining a healthy weight may substan-
tially lower their risk. These findings encourage future 
intervention studies on promoting healthful diet, lifestyle 
and weight to prevent T2DM and comorbidities among 
these women at high risk. Nonetheless, it should be noted 
that effective prevention will require screening women at 
high risk to implement these lifestyle changes, but studies 
have shown that postpartum screening for T2DM is low 
even among women with a history of GDM.27

The DWH Study investigators are currently investigating 
interactions of the above mentioned modifiable factors 
with T2DM genetic susceptibility in determining the risk 
of progression from GDM to T2DM and are developing 
a risk prediction model for T2DM among these high-risk 
women. Findings from ongoing work will provide further 
insights in identifying more precise prevention strategies 
for T2DM and comorbidities in this high-risk population.

strengths and limitations
One of the unique features of the DWH Study is the 
availability of detailed longitudinal follow-up data over 
many years after index pregnancy complicated by GDM. 
This study combined data from before and/or during 
the GDM pregnancy with long-term follow-up, which 
included questionnaire data, biospecimen collections 
and clinical exams (Danish site). Moreover, for eligible 
women whose biospecimen is not available from the new 
collection in the DWH Study, their biospecimen from 
the historical collection may be available for addressing 
DWH Study questions. Furthermore, the study covered 
two independent populations which allows for replica-
tion of findings. It is also important to consider the differ-
ences in the underlying populations between the NHS II 
women in the USA and the DNBC women in Denmark. 
Although the GDM screening and diagnosis criteria 
differed between the two groups, identification of GDM 
events in both cohorts (based on medical records review) 
was demonstrated to be valid.15 17 Furthermore, women 
in both cohorts were followed up for a long time after the 
index pregnancy, with over 9 years in Denmark and 23 
years in the USA, which allowed time for development of 
T2DM and comorbidities.

A limitation of the DWH Study, because the majority 
of participants were Caucasians, is that the findings may 
not be generalisable to other racial and ethnic groups. 
However, the relative homogeneity of the study popu-
lation is critical for enhancing data collection quality, 
reducing confounding by socio-economic status and mini-
mising bias due to population stratification in gene-envi-
ronment interaction studies. Second, universal screening 
of GDM was not applied in Denmark during the years in 

which data for the DNBC were collected and the DNBC 
population had a relatively higher socio-economic status 
than Danish women as a whole; thus, the prevalence of 
GDM is lower than reported in other European coun-
tries. Last, the diagnosis criteria and screening strategy 
differed between the two cohorts. However, identification 
of GDM events in both cohorts was demonstrated to be 
valid (based on medical records review).15 17 Regardless 
of the exact criteria, diagnosis of GDM indicates these 
women had a degree of glucose intolerance during preg-
nancy, and as such, represent a high-risk population for 
T2DM and comorbidities later in their lives. It should 
also be noted that, currently, there is no consensus on 
optimal GDM diagnosis criteria worldwide. Inclusion of 
two independent populations in the study offers a unique 
opportunity of replicating/confirming findings from one 
population in the other. Whenever applicable, we will 
also pool findings from the two populations based on a 
meta-analysis approach.
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