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The conjoint association of gestational diabetes mellitus (GDM) and gestational hypertension (GH) with cardiometa-
bolic disease has not been well studied. We evaluated a combined GDM/GH risk indicator in bothmothers and fathers
because of shared spousal behaviors and environments. In the present population-based retrospective cohort study,
GH was identified in matched pairs of mothers with GDM or without GDM (matched on age group, health region, and
year of delivery) who had singleton live births in Quebec, Canada (1990–2007). A total of 64,232 couples were catego-
rized based on GDM/GH status (neither, either, or both). Associations with diabetes, hypertension, and a composite of
cardiovascular disease (CVD) and mortality were evaluated using Cox proportional hazard models (from 12 weeks post-
partum to March 2012). Compared with having neither GDM nor GH, having either was associated with incident diabetes
(hazard ratio (HR) = 14.7, 95% confidence interval (CI): 12.9, 16.6), hypertension (HR = 1.9, 95%CI: 1.8, 2.0), and CVD/
mortality (HR = 1.4, 95%CI: 1.2, 1.7). We found associations of greater magnitude among participants who had both (for
diabetes, HR = 36.9, 95% CI: 26.0, 52.3; for hypertension, HR = 5.7, 95% CI: 4.9, 6.7; and for CVD/mortality, HR = 2.4,
95%CI: 1.6, 3.5). Associationswith diabeteswere also observed in fathers (for either, HR = 1.2, 95%CI: 1.1, 1.3; for both,
HR = 1.8, 95%CI: 1.4, 2.3). In conclusion, we found associations of a combined GDM/GH indicator with cardiometabolic
disease inmothers andwith diabetes in fathers, with stronger associationswhen bothGDMandGHwere present.

cardiometabolic disease; cardiovascular disease; diabetes; gestational diabetes; gestational hypertension;
hypertension; spousal concordance

Abbreviations: CI, confidence interval; CVD, cardiovascular disease; GDM, gestational diabetes mellitus; GH, gestational
hypertension; HR, hazard ratio; IQR, interquartile range; LGA, large for gestational age; RAMQ, Régie de l’Assurance Maladie du
Québec.

Editor’s note: An invited commentary on this article ap-
pears on page 1125, and the authors’ response appears on
page 1129.

Globally, gestational diabetes mellitus (GDM) and gesta-
tional hypertension (GH) complicate up to 16% and 8% of
pregnancies, respectively, impacting a large number of families
(1, 2). Although both conditions confer important peripartum
risks, they have implications beyond pregnancy. The American
Heart Association recommends long-term surveillance and
management of cardiovascular disease (CVD) risk factors in

women with these pregnancy-related complications (3, 4).
Women with GDM and GH have a high risk of type 2 diabetes
mellitus, hypertension and, ultimately, CVD (5). However, the
combined associations of GDM and GH with diabetes, hyper-
tension, and CVD has been little-studied. In previous studies
of GDM, investigators have adjusted for GH and vice versa;
this has the potential to dilute observed associations with out-
comes, given that both conditions frequently co-occur and often
emerge from a common substrate of excess weight, physical
inactivity, and insulin resistance (6).

In a single previous study, GDM alone was associated with
a 12-fold higher risk of diabetes; when combined with GH, the
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risk was 19-fold higher (7). The combined associations of
GDM and GHwith hypertension and CVD have not previously
been evaluated in mothers. This issue also merits attention in
fathers. Data from the FraminghamHeart Study and the English
Longitudinal Study of Aging demonstrate that changes in physi-
cal activity level and eating habits in one spouse parallel changes
in the other (8, 9). We recently determined that GDM predicts
incident diabetes in partners (10). The conjoint association of
GDM and GH with diabetes in fathers has not been studied.
Given the emphasis that many women place on partner collabo-
ration, shared couple risk is highly relevant because it has the
potential to highlight the importance of postpartum monitoring
and efforts to change health behaviors after these pregnancy-
related complications for bothmothers and fathers (11–13).

In the present analyses, we considered a combined indicator
of GDM and GH (neither, either, or both). We examined the as-
sociations of this indicator with incident diabetes, hypertension,
and a composite of CVD andmortality inmothers and in fathers.

METHODS

Study design and construction of cohorts

We performed a retrospective cohort study in Quebec, Cana-
da, which has universal health care. Procedures were approved
by the QuebecAccess to Information Commission and the Insti-
tutional Review Board of the McGill University Health Centre.
The health insurance body (Régie de l’Assurance Maladie du
Québec; RAMQ) delineated a random sample of 40,000women
20–44 years of age who, between April 1, 1990, and December
31, 2007, had a singleton live birth with 2 or more outpatient
physician billing diagnoses of GDMwithin 6 months of deliv-
ery and/or a GDM diagnosis at hospitalization discharge. Each
mother with GDM was matched to a mother without GDM by
age group, delivery year, and health administrative territory.
Corresponding fathers and offspring were identified. The Que-
bec Statistical Institute used a probabilistic exact matching strat-
egy to identify the same mother–father–offspring triads in the
birth registry and, when applicable, the death registry (14). We
received anonymized data from the RAMQ (15) and Quebec
Statistical Institute (16) that included demographic information,
pregnancy characteristics, and diagnostic codes from outpatient
and inpatient visits for the 3 years before the index delivery until
March 31, 2012. Cohorts were constructed using SAS/STAT,
version 9.4 (SAS Institute, Inc., Cary, North Carolina 2013).

When a participant fulfilled an exclusion criterion, both the
partner and the matched couple were excluded. Exclusion cri-
teria were absence of recorded gestational age of infant, 1 or
more diagnoses of diabetes in either the father (3 years before
delivery) or mother (3 years before estimated conception based
on gestational age at delivery) and/or 1 or more diagnoses of
hypertension in either the father (2 years before 12 weeks post-
delivery) or mother (2 years before 22 weeks’ gestation). Death
before postdelivery dischargewas also an exclusion criterion.

Exposures

We classified GDM and GH status as neither, either, or
both. For confidentiality, we were provided with the month
and year of delivery but not the day; therefore, we considered

the midmonth date as the delivery date. GH is diagnosed after
20 weeks’ gestation and resolves by 12 weeks postpartum.
Hypertension before this is considered to be pre-existing (17).
Given the birth date approximation, we defined GH as any
hypertension diagnostic code recorded between 22weeks’ ges-
tation and 12 weeks postpartum.

Participant characteristics at baseline

We characterized mothers and fathers in terms of age group,
comorbid conditions, cohabitation at offspring birth, ethnocultural
background, socioeconomic status, and number of prior pregnan-
cies with the partner. We defined the reference ethnocultural
group (“Caucasian”) as those born in North America, Europe, or
Australia whose first language was of European origin. We used
the Institut National de Santé Publique du Québec material depri-
vation index, a quintile ranking derived from census dissemina-
tion area–level scores based on proportion without high school
diploma, employment/population ratio, and average income (18).

We considered delivery before 37 weeks’ gestation to be pre-
term. Neonateswere categorized as small (weight<10th percen-
tile), appropriate (weight 10th–90th percentile), or large (weight
>90th percentile) for gestational age (19). Preterm or small-for-
gestational-age infant status has been associated with higher
postpartum blood pressures and rates of CVD inmothers, likely
because of vascular risk factors that lead to placental insuf-
ficiency, such as smoking (20–22). Higher waist circumfer-
ence and glucose levels have been shown to occur in mothers
with infants who were large for gestational age (LGA) (20).

Outcomemeasures

Using validated definitions, incident diabetes and hyperten-
sion were each defined as 2 or more outpatient diagnoses
at least 2 months apart or 1 hospitalization discharge diagnosis
within a 2-year period (23, 24). The composite CVD and mor-
tality outcome was defined as 1 hospital discharge diagnosis or
procedure code for coronary artery disease, coronary artery
bypass graft, angioplasty, stroke, carotid endarterectomy, or
all-cause mortality (25, 26). Codes from the International
Classification of Diseases (Ninth and Tenth Revisions) that were
used are reported in Appendix Table 1.

Statistical analysis

Analyses were conducted using R, version 3.2.5 (R Founda-
tion for Statistical Computing, Vienna, Austria). We examined
baseline characteristics stratified by GDM and GH status. Dis-
ease incidence was examined from 12 weeks postpartum to
departure from Quebec, death, or March 31, 2012, whichever
came first. For all groups, we computed incidence rates for dia-
betes, hypertension, and CVD combined with all-cause mortal-
ity and plotted KaplanMeier curves.

We computed hazard ratios for diabetes, hypertension, and
CVD/mortality in mothers and fathers using stratified Cox pro-
portional hazards models (for GDM and GH: either vs. neither
and both vs. neither). Variables included in the models were age
group (in father models only; this variable was a matching crite-
rion for mothers), preterm delivery, infant’s size at delivery, pre-
vious pregnancy with same partner, cohabitation at time of
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delivery, hospitalization in the 3 years before delivery, his-
tory of psychiatric disease, history of airway disease, depri-
vation index score, and ethnicity. History of psychiatric
disease and airway disease were included in the models
because these diagnoses were identified in more than 5% of
our cohort before delivery.

In sensitivity analyses, we explored the effects of varying
definitions of GH (beginning at 18 or 20 weeks’ gestation
instead of 22 and ending 6 weeks postpartum instead of 12).
We modeled the risks of GDM and GH separately, with and
without an interaction term. We also analyzed GH with and
without preeclampsia separately. We considered incident dia-
betes and hypertension to lie along the pathway to CVD and
thus did not adjust for diabetes and hypertension when examin-
ing CVD and mortality outcomes. In addition to the matched
analyses, we performed unmatched analyses in which we re-
tained couples even if the matched pair had been excluded.

RESULTS

Participant characteristics

Among the 80,000 couples selected at the RAMQ, 76,470
couples were identified in the birth registry. After exclusions
(Figure 1), 63,438 couples were retained. Overall, 44.4%
(28,198) of mothers had GDM alone (i.e., a high proportion by
design), 3.5% (2,252) had GH alone, and 5.6% (3,521) had
both GDM and GH (Table 1). Approximately half of the
mothers were younger than 30 years of age, and the remainder
were 30–39 years old. Roughly one-third of fathers were youn-
ger than 30 years of age and over half were 30–39 years old.
There was a stepwise increase in prematurity and LGA across
the neither, either, and both categories. More than 90% of cou-
ples were living together and were from the same ethnocultural
background. Higher deprivation levels were slightly more

Excluded: Couple or Matched 
Couple Not Found in Birth Registry 

(n = 3,530)

Mothers Selected by the Régie de l'Assurance Maladie du Québec (n = 80,000)

Excluded: Couples with History of 
Diabetes in the Couple or Matched 

Couple (n = 5,474)

Couples Identified in Birth Registry (n = 76,470)

Excluded: Couples with Missing 
Gestational Age of Infant for Couple 

or Matched Couple (n = 844)

Couples With Recorded Gestational Age of Infant at Delivery (n = 70,136)

Couples Without a History of Diabetes (n = 70,980)

Excluded: Couples With History of 
Hypertension in the Couple or 
Matched Couple (n = 6,698)

Couples Without a History of Hypertension (n = 63,438)

Couples Without GDM (n = 31,719)Couples With GDM (n = 31,719)

Couples With 
Both GDM 

and GH
(n = 3,521)

Couples With 
Only GDM

(n = 28,198)

Couples With 
Only GH

(n = 2,252)

Couples With 
Neither GDM 

nor GH 
(n = 29,467)

Figure 1. Flow chart showing participant inclusion, Quebec, Canada, 1990–2007.We includedmatched pairs with and without gestational diabe-
tes mellitus (GDM) who had singleton live births. GH, gestational hypertension with or without preeclampsia.
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common in those with GDM and/or GH. Approximately
one-fifth of the cohort was non-Caucasian. The either
category had the highest proportion of non-Caucasians,
mothers hospitalized in the 3 years before delivery, and
previous pregnancies with the same partner.

Associations with diabetes, hypertension, and CVD/
mortality inmothers and fathers

Over a mean of 13.0 (standard deviation, 5.4) years, mothers
with GDM, GH, or both conditions had higher incidences of

Table 1. Couples’Characteristics at Baseline, by Gestational Diabetes andGestational Hypertension Status of the
Mother, Quebec, Canada, 1990–2007

Characteristic

Neither GDM
or GH

(n = 29,467)

Either GDM
or GH

(n = 30,450)

Both GDM
andGH

(n = 3,521)

No. % No. % No. %

Ages of fathers, years

<30 9,887 33.6 9,401 30.9 1,243 35.3

30–39 16,213 55.0 17,324 56.9 1,884 53.5

≥40 3,367 11.4 3,725 12.2 394 11.2

Ages of mothers, years

<30 13,534 45.9 13,865 45.5 1,743 49.5

30–39 15,024 51.0 15,616 51.3 1,660 47.1

≥40 909 3.1 969 3.2 118 3.4

Preterm delivery 1,624 5.5 2,394 7.9 531 15.1

Infants’ sizes at deliverya

Small for gestational age (<10th percentile) 3,183 10.8 2,647 8.7 458 13.0

Appropriate for gestational age (10th–90th percentile) 24,144 81.9 24,084 79.1 2,559 72.7

Large for gestational age (>90th percentile) 2,140 7.3 3,719 12.2 504 14.3

GDM during index pregnancy 0 0 28,198 92.6 3,521 100

GH during index pregnancy 0 0 2,252 7.4 3,521 100

Previous pregnancy with partner 8,458 28.7 15,057 49.4 1,271 36.1

Living with partner at delivery 26,965 91.5 28,310 93.0 3,294 93.6

Fathers’ comorbidity indicators

Hospitalization in prior 3 years 2,800 9.5 2,909 9.6 350 9.9

Diagnoses in 5% or more

Psychiatric disorders 2,804 9.5 2,886 9.5 332 9.4

Airway disease 2,308 7.8 2,677 8.8 292 8.3

Mothers’ co-morbidity indicators

Hospitalization in prior 3 years 5,892 20.0 10,239 33.6 963 27.4

Diagnoses in 5% or more

Psychiatric disorders 5,008 17.0 5,373 17.6 676 19.2

Airway disease 3,219 10.9 4,006 13.2 569 16.2

Deprivation indexb

Fathers in the 2most-deprived quintiles 11,037 37.5 13,155 43.2 1,582 44.9

Mothers in the 2most-deprived quintiles 11,191 38.0 13,320 43.7 1,613 45.8

Ethnocultural backgroundc

Non-Caucasian fathers 5,380 18.3 7,026 23.1 675 19.2

Non-Caucasianmothers 5,206 17.7 6,876 22.6 642 18.2

Ethnocultural group same as partner 26,799 90.9 27,868 91.5 3,222 91.5

Abbreviations: GDM, gestational diabetesmellitus; GH, gestational hypertension with or without preeclampsia.
a Based on Canadian birth data (17).
b Based on neighborhood-level indicator of material deprivation.
c Based on primary language and country of birth. The ethnocultural groups considered non-Caucasian included

South Asian, Southeast Asian, East Asian,West Asian, Afro-Caribbean, Central/South American, and Aboriginal.
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diabetes, hypertension, and CVD/mortality compared with those
with neither (Figure 2; Table 2). Incidence rates were higher
in those with both GDM and GH compared with those with
either. There was a stepwise increase in incidence rates of dia-
betes and hypertension in fathers across groups, but CVD/
mortality rates were comparable across exposure categories.

Diabetes. The presence of either GDM or GHwas associ-
ated with diabetes in both mothers and fathers. Specifically, in

adjusted models, the hazard ratio was 14.7 in mothers (95%
confidence intervals (CI): 12.9, 16.6) and 1.2 in fathers (95%
CI: 1.1, 1.3) (Table 3). Hazard ratios rose further with both
GDM and GH, to 36.9 in mothers (95%CI: 26.0, 52.3) and 1.8
in fathers (95% CI: 1.4, 2.3). Median time to diagnosis of dia-
betes was 4.6 years (interquartile range (IQR), 4.1–5.2 years)
in mothers with both GDM and GH, 5.3 years (IQR, 2.3–11.0
years) in mothers with either GDM or GH, and 11.2 years
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Figure 2. Kaplan Meier curves for time to disease diagnosis of diabetes and hypertension in mothers and fathers, stratified by gestational diabe-
tes mellitus and gestational hypertension status (both, either, or neither) of themother, Quebec, Canada, 1990–2012. The Figure shows cumulative
incidence of diabetes in A) mothers and B) fathers and cumulative incidence of hypertension in C) mothers and D) fathers.
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(IQR, 5.5–15.0 years) in mothers with neither condition. In
fathers, the median time to diagnosis of diabetes was 9.0 years
(IQR, 4.9–14.5 years) among those whose partners had both
GDM and GH, 10.4 years (IQR, 6.0–14.3 years) among those
whose partners had either GDM or GH, and 10.5 years (IQR,
6.4–14.4 years) among those whose partners had neither.

Hypertension. The hazard ratio for incident hypertension
among mothers with either GDM or GHwas nearly double that
of mothers without GDMor GH (hazard ratio (HR) = 1.9, 95%
CI: 1.8, 2.0) and was close to 6-fold higher in mothers with a
history of both GDM and GH (HR = 5.7, 95% CI: 4.9, 6.7).
The associations of GDM and/or GH with hypertension in
fathers were not conclusive (for either, HR = 1.1, 95% CI: 1.0,
1.2; for both, HR = 1.2, 95%CI: 1.0, 1.4).Median time to diag-
nosis of hypertension was 6.0 years (IQR, 2.3–10.2 years) in
mothers with both GDM and GH, 9.3 years (IQR, 5.4–13.6
years) in mothers with either GDM or GH, and 10.8 years
(IQR, 6.9–14.6 years) in mothers with neither GDMnor GH. In
fathers, the median time to diagnosis of hypertension was 9.8
years (IQR, 5.7–13.5 years) among those whose partners had
both GDM and GH, 9.4 years (IQR, 5.4–13.4 years) among
those whose partners had either GDM or GH, and 9.9 years
(IQR, 5.6–14.0 years) among those whose partners had neither
GDMor GH.

CVD/mortality. In mothers, a history of either GDM or GH
resulted in a hazard ratio for the composite CVD and mortality
outcome of 1.4 (95% CI: 1.2, 1.7), and a history of both
increased the hazard ratio to 2.4 (95% CI: 1.6, 3.5). In fathers,
the presence of either GDMorGH inmothers resulted in a haz-
ard ratio of 1.2 (95% CI: 1.1, 1.3). The presence of both GDM
and GH in mothers was not conclusively associated with a
higher hazard ratio in fathers (HR = 1.1, 95% CI: 0.8, 1.4).
Median time to death or diagnosis of CVD was 10.8 years
(IQR, 7.6–14.7 years) in mothers with both GDM and GH,
11.4 years (IQR, 6.7–15.2 years) in mothers with either GDM or
GH, and 11.5 years (IQR, 6.6–15.1 years) in mothers with nei-
ther GDMnor GH. In fathers, the median time to death or diag-
nosis of CVDwas 11.0 years (IQR, 6.2–13.6 years) among those
whose partners had both GDM and GH, 10.4 years (IQR,
5.9–14.7 years) among those whose partners had either GDM or
GH, and 10.4 years (IQR, 6.3–14.8 years) among those whose
partners had neither GDMnorGH.

Sensitivity analyses

In sensitivity analyses, varying GH definitions or conduct-
ing an unmatched analysis produced estimates similar to those
of the main analyses. The interaction term in models with
GDM and GH as independent risk factors was nonsignificant.
When preeclampsia and other forms of GH were evaluated
separately, the risk estimates were similar to those of the com-
bined GH exposure used in the main analyses.

DISCUSSION

GDM andGH as risk indicators of incident diabetes,
hypertension, and CVD/mortality inmothers

Our results demonstrate that having either GDMorGHduring
pregnancy is associated with postpartum diabetes, hypertension,T

ab
le

2.
In
ci
de

nc
e
R
at
es

of
D
ia
be

te
s,
H
yp

er
te
ns

io
n,

an
d
a
C
om

po
si
te

C
ar
di
ov

as
cu

la
rD

is
ea

se
an

d
M
or
ta
lit
y
O
ut
co

m
e
pe

r1
,0
00

P
er
so

n-
Y
ea

rs
A
m
on

g
M
ot
he

rs
(n

=
63

,4
38

)a
nd

F
at
he

rs
(n

=
63

,4
38

)W
ith

N
ei
th
er
,E

ith
er
,o

rB
ot
h
G
es

ta
tio

na
lD

ia
be

te
s
an

d
G
es

ta
tio

na
lH

yp
er
te
ns

io
n
D
ur
in
g
In
de

x
D
el
iv
er
y,
Q
ue

be
c,
C
an

ad
a,

19
90

–
20

12

P
ar
en

ta
n
d
D
is
ea

se

N
ei
th
er

G
D
M

o
rG

H
n
=
29

,4
67

E
it
h
er

G
D
M

o
rG

H
n
=

30
,4
50

B
o
th

G
D
M

an
d
G
H

n
=
3,
25

1

N
o
.W

h
o

D
ev

el
o
p
ed

D
is
ea

se

%
W
h
o

D
ev

el
o
p
ed

D
is
ea

se

N
o
.o

fC
as

es
p
er

1,
00

0
P
er
so

n
-Y
ea

rs
95

%
C
I

N
o
.W

h
o

D
ev

el
o
p
ed

D
is
ea

se

%
W
h
o

D
ev

el
o
p
ed

D
is
ea

se

N
o
.o

fC
as

es
p
er

1,
00

0
P
er
so

n
-Y
ea

rs
95

%
C
I

N
o
.W

h
o

D
ev

el
o
p
ed

D
is
ea

se

%
W
h
o

D
ev

el
o
p
ed

D
is
ea

se

N
o
.o

fC
as

es
p
er

1,
00

0
P
er
so

n
-Y
ea

rs
95

%
C
I

M
ot
he

rs

D
ia
be

te
s
m
el
lit
us

34
9

1.
2

0.
9

0.
8,

1.
0

4,
62

2
15

.2
12

.5
12

.2
,1

2.
9

87
7

24
.9

22
.1

20
.7
,2

3.
6

H
yp

er
te
ns

io
n

1,
52

7
5.
2

3.
9

3.
7,

4.
1

3,
13

1
10

.3
8.
00

7.
7,

8.
3

1,
04

1
29

.6
26

.8
25

.2
,2

8.
5

C
ar
di
ov

as
cu

la
r

di
se

as
e/

m
or
ta
lit
y

33
0

1.
1

0.
8

0.
8,

0.
9

50
6

1.
7

1.
3

1.
1,

1.
4

96
3.
0

2.
1

1.
7,

2.
5

F
at
he

rs

D
ia
be

te
s
m
el
lit
us

1,
10

6
3.
8

2.
9

2.
7,

3.
0

1,
43

1
4.
7

3.
6

3.
4,

3.
8

20
7

5.
9

4.
6

4.
0,

5.
2

H
yp

er
te
ns

io
n

2,
99

9
10

.2
7.
9

7.
6,

8.
2

3,
35

4
11

.0
8.
6

8.
4,

8.
9

44
1

12
.5

9.
9

9.
0,

10
.9

C
ar
di
ov

as
cu

la
r

di
se

as
e/

m
or
ta
lit
y

1,
01

1
3.
4

2.
6

2.
4,

2.
8

1,
21

0
4.
0

3.
0

2.
9,

3.
2

12
6

3.
9

2.
7

2.
3,

3.
2

A
bb

re
vi
at
io
ns

:C
I,
co

nfi
de

nc
e
in
te
rv
al
;G

D
M
,g

es
ta
tio

na
ld
ia
be

te
s
m
el
lit
us

;G
H
,g

es
ta
tio

na
lh
yp

er
te
ns

io
n
w
ith

or
w
ith

ou
tp

re
ec

la
m
ps

ia
.

Am J Epidemiol. 2017;186(10):1115–1124

1120 Pace et al.



and CVD/mortality in mothers. A history of both GDM and
GH increases the magnitudes of the associations further across
these important outcomes. Specifically, a history of either
GDM or GH was associated with 15-fold higher risk of post-
partum diabetes, and a history of both was associated with a
more than 37-fold higher risk. Having either GDM or GH was
associated with a doubling of postpartum hypertension risk,
and having both was associated with a 6-fold greater risk of
postpartum hypertension. With either GDM or GH, there was
a 40% risk increase for CVD/mortality in the years after preg-
nancy and a doubling of risk with both GDM andGH.

It has been demonstrated in meta-analyses that GDM is
associated with a 7-fold higher risk of type 2 diabetes in
affected mothers, and GH is associated with doubling of post-
partum diabetes risk in mothers (5, 27). In a previous study,
Feig et al. (7) reported that GDM alone was associated with a
13-fold higher risk of postpartum diabetes, similar to the 15-
fold higher risk that we demonstrated with GDM or GH; they
also reported a 16-fold increase in diabetes risk among women
with GDM and preeclampsia and a 19-fold increase when a
pregnancywas complicated byGDMand hypertension (exclud-
ing preeclampsia).We report a hazard ratio of 37 for postpartum
diabetes in womenwith a history of GDM and GH versus nei-
ther, regardless of the presence or absence of preeclamp-
sia. Although the confidence interval is wide, its lower limit
indicates at least a 26-fold higher risk of postpartum diabetes.
Unlike in previous studies, our access to data on gestational
age permitted us to more precisely apply GH definitions to
accurately distinguish among preexisting hypertension, GH,
and incident hypertension. Additionally, we used a validated
algorithm to identify GDM that differed from the definition in
the previous study (28). Nonetheless, both studies indicated a
stronger association between pregnancy-related cardiometa-
bolic disease and diabetes when both GDM and GH occurred.

We also determined that in mothers, GDM or GH alone
nearly doubled hypertension risk, whereas the presence of both
increased the risk by almost 6-fold. In a meta-analysis, investi-
gators reported that preeclampsia was associated with higher
risk of postpartum hypertension (HR = 3.7, 95% CI: 2.7, 5.1)
(5). GDM has also been identified as a risk factor for hyperten-
sion in mothers in observational studies; in a Canadian popula-
tion, nonoverweight women with GDM had a 2-fold higher
risk of chronic hypertension than did women who had normo-
glycemic pregnancies, and in a Finnish study, there was a com-
parable signal for increased hypertension in women with GDM
(29, 30). To our knowledge, our study is the first in which the
joint association of GDM and GHwith hypertension in women
has been examined and in which it has been demonstrated that
the presence of both is associated with a marked increase in risk
for the future development of hypertension.

Results from other large population-based studies have dem-
onstrated that a history of GDM or GH increases a woman’s
risk of premature vascular disease (5, 31–33). Ours is the first to
identify the combined association of these risk factors with CVD/
mortality in mothers; we estimated a 1.4-fold increase in CVD/
mortality risk among women with either GDM or GH and a
2.4-fold increase in risk among women with both conditions.

We did not have data on maternal weight; however, we were
able to determine whether the offspring was LGA, a condition
that is driven by prepartum obesity and excess gestational
weight gain (20). The proportion of mothers with LGA offspring
was lowest among those with neither GDM nor GH (7.3%),
higher among thosewith either GDMorGH (12.2%), and high-
est among mothers with both conditions (14.3%) (Table 1).
Accounting for LGA offspring in our analyses provided some
indirect adjustment for maternal weight. Results from previous
studies support the association of GDMwith diabetes outcomes
in both normal-weight and overweight mothers. In a large

Table 3. Hazard Ratios for Diabetes, Hypertension, and a Composite Cardiovascular Disease andMortality
Outcome AmongMothers and Fathers, by Gestational Diabetes and Gestational Hypertension Status,a Quebec,
Canada, 1990–2007

GDM/GH Status
in Mothera

Mothers Fathers

Unadjusted Adjustedc Unadjusted Adjustedc

HR 95%CI HR 95%CI HR 95%CI HR 95%CI

Diabetes

Either 15.5 13.7, 17.3 14.7 12.9, 16.6 1.3 1.2, 1.4 1.2 1.1, 1.3

Both 41.8 29.5, 59.1 36.9 26.0, 52.3 1.7 1.4, 2.2 1.8 1.4, 2.3

Hypertension

Either 2.0 1.8, 2.1 1.9 1.8, 2.0 1.1 1.1, 1.7 1.1 1.0, 1.2

Both 6.0 5.1, 7.0 5.7 4.9, 6.7 1.2 1.0, 1.4 1.2 1.0, 1.4

Cardiovascular disease/mortality

Either 1.5 1.3, 2.7 1.4 1.2, 1.7 1.2 1.1 1.3 1.2 1.1, 1.3

Both 2.3 1.6, 3.2 2.4 1.6, 3.5 1.1 0.8, 1.4 1.1 0.8, 1.4

Abbreviations: GDM, gestational diabetesmellitus; GH, gestational hypertension with or without preeclampsia.
a Computed using stratified Cox proportional hazardmodels.
b The reference group was “neither” (no GDMor GH).
c Adjusted for age, gestational age and size of infants at birth, deprivation level, ethnocultural background,

co-morbid conditions, prior pregnancy in partner, and living with partner at time of delivery.
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Finnish cohort study, GDM in normal-weight women was
associated with a 10-fold risk increase for diabetes in normal
weight women (95% CI: 4.2, 27) and a 47-fold increase in
overweight women (95% CI: 25, 87) (30). For the hyperten-
sion outcome, there was a trend towards an association in
normal-weight mothers with GDM (HR = 1.5, 95% CI: 0.7,
3.2) and a conclusive association in overweight mothers with
GDM (HR = 9.2, 95% CI: 6.1, 13.9) (30). In women who
did not have GDM, being overweight was associated with
a 13-fold risk increase for diabetes (95% CI: 7.4, 21.6) and a
3-fold risk increase for hypertension (95% CI: 2.1, 3.9). Simi-
larly, in a Canadian study, over a median follow-up of 5
years, diabetes incidence was 36% among overweight women
with GDM, 18.8% among women with GDM only, 4.8%
among overweight women, and 1.1% in the reference group
(29). For hypertension and CVD/mortality outcomes, the
incidence was similar in subgroups of participants with
GDM or who were overweight (14.5%) and higher than in
the control group (1.5%). Incidence was highest in those who
both had GDM and were overweight (29). Thus, pregnancy-
related metabolic complications (i.e., GDM, GH) and over-
weight conditions have both independent associations with
postpartum conditions, as well as important combined effects.

GDM andGH as risk indicators of incident diabetes,
hypertension, and CVD/moratlity in fathers

In our large retrospective cohort study, we demonstrated the
individual and combined associations of GDM and GH with
diabetes incidence in not only mothers but also fathers. Having
a partner who had either GDM or GH was associated with a
20% higher risk of diabetes in fathers. If the partner had both
conditions, the risk was 80% than that among men whose part-
ners had neither condition. For hypertension, the corresponding
risk increases in fathers were inconclusive and lower in magni-
tude. For CVD/mortality, there was a conclusive 20% higher
risk among fathers whose partners had either GDM or GH, but
findings were not conclusive for fathers whose partners had
both conditions, perhaps because of the smaller sample size.

The totality of our analyses in fathers indicates a need to eval-
uate, follow, and advise the partners of women with GDM and/
or GH. The higher rates of diabetes in fathers may be explained
in part by shared eating patterns and physical activity levels
between partners forged during the course of the relationship or
similarities that existed at the time of union (9). Women with a
prior GDM history have a strong desire for partner collabo-
ration to achieve health behavior changes (11–13). Trials of
changes in health behaviors have reported indirect “ripple ef-
fects” on spouses; in the Look AHEAD (Action for Health in
Diabetes) trial, approximately 25% of the spouses of partici-
pants in the intensive intervention arm lost 5% or more of base-
line weight compared with less than 10% of spouses of
participants in the control arm (34). Explicitly aiming for part-
ner collaboration after a GDM and/or GH pregnancy has strong
potential for achieving behavior change in both partners.

Strengths and limitations

Our study has limitations. The health administrative definition
used could not distinguish between type 1 and type 2 diabetes;

however, more than 95% of all cases of diabetes in adults are
type 2 diabetes. Women diagnosed with GDM and/or GHmay
have more interactions with the health-care system than those
without such a history. This could lead to more testing and
diagnoses of diabetes, hypertension, and CVD. Such a surveil-
lance bias may in part have contributed to both more frequent
and earlier diagnoses of the outcomes of interest. However, the
risk increase observed in our study was substantial and thus
unlikely to be explained by surveillance bias alone. Individuals
with non-European ancestry born in North America, Europe,
or Australia who reported a European first language were clas-
sified in the reference ethnocultural category and thus possibly
misclassified, particularly for second-generation immigrants
and beyond. However, individuals who reported a European
language as their first language likely shared some behaviors
with other members of the reference group through accultura-
tion. We did not have data on health behaviors to confirm the
mechanisms of higher risks in partners of women with GDM
and/or GH. However, prior studies have indicated concordance
of health behaviors within couples (8, 9). We did not have
access to data on parent weight status but did adjust for the off-
spring being LGA, which is driven by prepartum obesity and
excess gestational weight gain (18). Our analyses extend these
findings, demonstrating concordance of diabetes that often re-
sults from less than optimal health behaviors. Strengths of our
study included a cohort design, a large number of subjects,
and indicators of ethnocultural background, deprivation level,
cohabitation status, and size and gestational age of infant, which
are not typically available in health administrative database
studies.

Clinical implications and conclusions

We have demonstrated the utility of jointly considering
GDM and GH history when evaluating future risks of cardio-
metabolic disease. Although these pregnancy-related compli-
cations are associated with cardiometabolic disease when
evaluated alone, they have important combined associations in
mothers.With respect to diabetes andCVD/mortality outcomes,
GDM and GH are of relevance in fathers as well. Pregnancy of-
fers an early window of opportunity to engage young mothers
and fathers in collaborative efforts to change their future health
and prevent chronic disease by focusing on diabetes, hyper-
tension, and CVD risk surveillance and prevention. Our find-
ings clearly signal to patients and clinicians that although GDM
and GH alone merit longer-term follow-up and prevention ef-
forts, the urgency is compounded when both occur and the
risks and benefits are not limited to the mother.
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APPENDIX

Appendix Table 1. Diagnostic Codes From the International Classification of Diseases, Ninth and Tenth Revisions,
Used to Identify Outcomes

Outcome ICD-9 Codes ICD-10 Codes

Diabetes 250.x E10–E14

Hypertension 401.x–405.x I10–I15

Cardiovascular disease

Coronary artery diseasea 410.x, 411.x, 412.x, 413.x, 414.x, 429.2, V4581, V4582 I20–I25

Strokeb 431.x,433.x–438.x G46, I61–I69

Abbreviations: ICD-9, International Classification of Diseases, Ninth Revision; ICD-10, International Classification
of Diseases, Tenth Revision.

a ICD-9 procedure codes: 480.2, 480.3, 481.x; ICD-10 procedure codes: 1.IJ.50, 1.IJ.54.GQ-AZ, 1.IJ.56,1.IJ.57.GQ.
b ICD-9 procedure codes: 38.12; ICD-10 procedure codes: 03.BK.x, 03.BL.x.
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