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Abstract
Objective  Both pregestational and gestational diabetes 
mellitus (PGDM, GDM) occur more frequently in First 
Nations (North American Indians) pregnant women than 
their non-Indigenous counterparts in Canada. We assessed 
whether the impacts of PGDM and GDM on perinatal and 
postneonatal mortality may differ in First Nations versus 
non-Indigenous populations.
Design  A population-based linked birth cohort study.
Setting and participants  17 090 First Nations and 
217 760 non-Indigenous singleton births in 1996–2010, 
Quebec, Canada.
Main outcome measures  Relative risks (RR) of perinatal 
and postneonatal death. Perinatal deaths included 
stillbirths and neonatal (0–27 days of postnatal life) 
deaths; postneonatal deaths included infant deaths during 
28–364 days of life.
Results  PGDM and GDM occurred much more frequently 
in First Nations (3.9% and 10.7%, respectively) versus 
non-Indigenous (1.1% and 4.8%, respectively) pregnant 
women. PGDM was associated with an increased risk of 
perinatal death to a much greater extent in First Nations 
(RR=5.08[95% CI 2.99 to 8.62], p<0.001; absolute 
risk (AR)=21.6 [8.6–34.6] per 1000) than in non-
Indigenous populations (RR=1.76[1.17, 2.66], p=0.003; 
AR=4.2[0.2, 8.1] per 1000). PGDM was associated 
with an increased risk of postneonatal death in non-
Indigenous (RR=3.46[1.71, 6.99], p<0.001; AR=2.4[0.1, 
4.8] per 1000) but not First Nations (RR=1.16[0.28, 4.77], 
p=0.35) infants. Adjusting for maternal and pregnancy 
characteristics, the associations were similar. GDM was 
not associated with perinatal or postneonatal death in both 
groups.
Conclusions  The study is the first to reveal that PGDM 
may increase the risk of perinatal death to a much 
greater extent in First Nations versus non-Indigenous 
populations, but may substantially increase the risk of 
postneonatal death in non-Indigenous infants only. The 
underlying causes are unclear and deserve further studies. 
We speculate that population differences in the quality of 
glycaemic control in diabetic pregnancies and/or genetic 

vulnerability to hyperglycaemia’s fetal toxicity may be 
contributing factors.

Background   
Diabetes in pregnancy includes pregestational 
diabetes mellitus (PGDM) and gestational 
diabetes mellitus (GDM),1 and both affect 
a much greater proportion of First Nations 
(North American Indians) than their non-In-
digenous counterparts in North America.2–8 
Both PGDM and GDM have been associated 
with increased risks of perinatal death, birth 
defects, preterm birth and macrosomia, and 
the risk elevations are more pronounced in 
PGDM.8–17  Compared with non-Indigenous 
populations, First Nations are at 2–4 times 
higher risks of PGDM and GDM,18 19 and 
1.5–4.2 times higher risks of perinatal and 
postneonatal death in Quebec, Canada.20 21 

Strengths and limitations of this study

►► A large population-based linked birth cohort study.
►► The first study to reveal that pregestational dia-
betes mellitus may increase the risk of perinatal 
death to a much greater extent in First Nations than 
non-Indigenous populations, but increase the risk of 
postnenatal death in non-Indigenous infants only in 
Quebec, Canada.

►► Lack of data on maternal smoking and obesity, but 
this would unlikely to have affected the comparisons 
within First Nations or non-Indigenous group.

►► Lack of data on glycaemic control in diabetic 
pregnancies.

►► More studies in other regions/populations are re-
quired to understand the generalisability of the study 
findings.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1794-1312
http://dx.doi.org/10.1136/bmjopen-2018-025084
http://dx.doi.org/10.1136/bmjopen-2018-025084
http://dx.doi.org/10.1136/bmjopen-2018-025084
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-025084&domain=pdf&date_stamp=2019-04-15


2 Chen L, et al. BMJ Open 2019;9:e025084. doi:10.1136/bmjopen-2018-025084

Open access�

The higher perinatal mortality and postnatal mortality 
rates in First Nations could be partly explained by poorer 
socioeconomic status.21 However, it is unknown whether 
the impacts of diabetes in pregnancy per se on offspring’s 
survival may differ in such an Indigenous population 
with high burdens of PGDM and GDM compared with 
their non-Indigenous counterparts. In a large popula-
tion-based linked birth cohort, we tested the hypothesis 
that there may be greater impacts of diabetes in pregnancy 
on the risks of perinatal and postneonatal death in First 
Nations versus non-Indigenous populations in Quebec. 
The hypothesis is plausible considering that the quality of 
glycaemic control in diabetic pregnancies may be poorer 
in socioeconomically disadvantaged First Nations versus 
non-Indigenous populations.19 Poor glycaemic control 
may lead to less healthy fetus and hence greater risk of 
death during the perinatal and/or postneonatal period.

Methods
Study design and population
This was a population-based retrospective birth cohort 
study, using the linked birth and infant death database 
of the Institut de la Statistique du Québec (ISQ) for 
singleton births in Quebec, Canada, 1996–2010.21 The 
validity of the Canadian vital records linkage has been 
well documented.22 We further linked birth records to 
pregnancy complications through the mother’s medical 
insurance number.23 The research protocol was approved 
by the ISQ, the Commission for Access to Information in 
Quebec, and major Indigenous community health organ-
isations in Quebec—the Cree Board of Health and Social 
Services of James Bay, the First Nations of Quebec and 
Labrador Health and Social Service Commission, and the 
Nunavik Regional Board of Health and Social Services. In 
adherence to ISQ data confidentiality rules, all numbers 
are rounded to the nearest 10.

Indigenous (First Nations, Inuit) births were identified 
based on three sources of information: mother tongue, 
community of residence (to identify Indigenous reserves 
according to residential postal code/municipality name) 
and Indian Registration System membership status of 
both parents (a positive in any Indigenous identifier was 
considered Indigenous).21 The original study cohort 
included 20  190 First Nations, 4260 Inuit and 229 960 
non-Indigenous singleton births at gestational age≥20 
weeks. The present study included 17 090 First Nations 
and 217 760 non-Indigenous births at ≥24 weeks of gesta-
tion with linked data available on both pregnancy compli-
cations and fetus/infant’s survival status from birth to 
364 days of life. We restricted the analyses to births at ≥24 
weeks of gestation because GDM is routinely screened 
and diagnosed at 24–28 weeks of gestation. Inclusion 
of births at  <24 weeks of gestation could introduce an 
immortal bias (all perinatal and postnatal deaths would 
not happen to the offspring of GDM women due to the 
absence of screening diagnosis). We focused on the 
comparisons of First Nations with non-Indigenous births, 

since First Nations (but not Inuit) women are known to 
be at substantially higher risk of PGDM and GDM than 
non-Indigenous women in Quebec.19 Exploratory anal-
yses confirmed that Inuit women were not at higher risk 
of diabetes in pregnancy than non-Indigenous women. 
Inuit births were excluded from the present study.

Linkage to pregnancy complications
In Quebec, each resident has a lifetime unique Régie de 
l'Assurance Maladie du Québec (RAMQ) (Quebec health 
insurance) number. The mother’s RAMQ number was 
used to link pregnancy complications (diabetes, etc) to 
each birth record, based on delivery discharge medical 
records in the provincial Maintenance et Exploitation 
des Données pour l'Étude de la Clientèle Hospitalière 
database.23 The data linkage used the hospitalisation/
diagnostic records throughout the course of the index 
pregnancy (based on the infant’s date of birth and gesta-
tional age at delivery). The linkage to hospitalisation 
records was successful for 97.9% First Nations, 92.3% 
Inuit and 98.0% non-Indigenous infants.23

Pregnancy complications were coded according to the 
International Classification of Diseases Clinical Modifica-
tion (ICD-9CM) codes in Quebec for records in the years 
1996–2005, and the ICD-10 codes in Quebec for records 
in the years 2006–2010. In the ICD-9CM, PGDM was coded 
as ‘648.0’ or ‘250.*’, while GDM was coded as ‘648.8’. In 
the ICD-10, PGDM was coded as ‘O24.5’, ‘O24.6’, ‘O24.7’, 
‘E10’ and ‘E11’, while GDM was coded as ‘O24.8’. We did 
not make a distinction between different types of PGDM 
(type 1, type 2, other), because available information is 
insufficient for records based on the ICD-9CM codes in 
the years 1996–2005, while the numbers of records based 
on the ICD-10 codes in the years 2006–2010 only were too 
small in First Nations for such subgroup analyses on the 
risks of perinatal and postneonatal death.

During the study period (1996–2010), universal 
screening for GDM was in place in Quebec, following a 
two-step screening procedure. First, all pregnant women 
underwent a 50 g 1 hour oral glucose challenge test at 24–28 
weeks of gestation. If blood glucose was ≥7.8 mmol/L, the 
75 g 2 hours oral glucose tolerance test was then adminis-
tered. GDM was diagnosed if two of three values equaled 
or exceeded the following cut-offs: fasting 5.3 mmol/L, 
1 hour 10.0 mmol/L, 2 hours 8.6 mmol/L.24

Outcomes
The primary outcomes were perinatal death (still-
birth [fetal deaths≥500 g] plus neonatal death [died in 
the first 28 days after birth])25 and postneonatal death 
(died between 28  and  364 days after birth). These are 
objective outcomes not subjecting to misclassifications. 
We used perinatal death as a primary outcome because 
it is not affected by variations in registration practices 
in cases of deaths of newborns at the borderline of 
viability (a dead newborn may be registered as a still-
birth or neonatal death).25 We used postneonatal death 
as a primary outcome to reflect the potential ‘long-term’ 
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impact of intrauterine exposure to diabetes on infant 
health. Other outcomes include birth defects, preterm 
(<37 completed weeks of gestation), small for gestational 
age (SGA, <10th percentile in birth weight for sex and 
gestational age, according to the Canadian fetal growth 
standards26) and large for gestational age (LGA, >90th 
percentile) births. Birth defects included any congenital 
anomalies according to the ICD-9 codes (for records in 
1996–2005) or ICD-10 codes (for records in 2006–2010) 
on birth registration and infant hospitalisation records 
in the first year of life. We presented the results on the 
total birth cohort only (rather than further stratification 
by year period) since the numbers of events (the primary 
outcomes: perinatal and postneonatal deaths) were rela-
tively small for First Nations with PGDM or GDM.

Statistical analysis
Crude relative risks (RR) and absolute risk (AR) with 95% 
CIs were calculated to illustrate the strength of the associ-
ations of PGDM and GDM with adverse birth outcomes, 
perinatal and postneonatal mortality. Log-binomial 
models were fitted to estimate the adjusted RRs with 95% 
CIs accounting for cluster effects (in cases of multiple 
births to the same mother) in generalised estimating 
equations. We examined the changes in the adjusted RRs 
to assess whether the associations of diabetes in preg-
nancy with perinatal and postneonatal mortality could be 
explained by maternal characteristics (age [<20, 20–34, 
35+years], education [<high school, high school, college, 
university], marital status [married, common-law union, 
single/separated/divorced], parity [primiparous: yes/
no], rural residence [yes/no]) and other pregnancy 
complications (chronic hypertension, heart disease, 
renal disease, genitourinary infections, anaemia, gesta-
tional hypertension and pre-eclampsia). All data analyses 
were carried out using SAS, V.9.2. Two-tailed p values 
<0.006 were considered statistically significant, consid-
ering eight primary comparisons of interest (PGDM or 
GDM versus non-diabetic pregnancies in First Nations 
and non-Indigenous populations, two primary outcomes, 
2*2*2=8 comparisons, Bonferroni corrected p  value 
cut-off=0.05/8=0.006).

Patient and public involvement
Patients were not involved in the study based on anony-
mised linked birth data.

Results
Of the 234 850 singleton births in the study cohort (17 090 
First Nations, 217 760 non-Indigenous), 3020 (1.3%) 
were complicated by PGDM, and 12 110 (5.1%) by GDM. 
Both PGDM and GDM were much more frequent in First 
Nations (3.9% and 10.7%, respectively) than non-Indig-
enous (1.1% and 4.8%, respectively) pregnant women 
(table  1). Similarly, other major pregnancy complica-
tions were all substantially more frequent in First Nations 
versus non-Indigenous pregnant women, including 

chronic hypertension, gestational hypertension and 
pre-eclampsia, heart disease, renal disease, genitourinary 
infections and anaemia. Maternal characteristics differed 
substantially between First Nations and non-Indigenous 
births. Compared with non-Indigenous mothers, First 
Nation mothers were much more likely to be under 20 
years of age (21.9% vs 3.3%), and to live without a partner 
(neither married nor in a common-law union) (26.5% vs 
8.1%), but less likely to be primiparous (40.8% vs 46.6%). 
First Nation mothers had much lower average educa-
tional attainment. About 41.6% of First Nations mothers 
had not completed high school—which was four times as 
frequent as non-Indigenous mothers (10.3%).

PGDM was associated with over twofold greater risks 
of preterm birth, LGA and birth defects in both First 
Nations and non-Indigenous infants (table  2). Both 
PGDM and GDM were associated with a decreased risk 
of SGA to a greater extent in First Nations births than 
in non-Indigenous births. The RR increases in LGA were 
greater for PGDM than for GDM in both groups. PGDM 
was associated with an increased risk of perinatal death to 
a much greater extent in First Nations (RR 5.08 [95% CI 
2.99 to 8.62], p<0.001; AR 21.6 [8.6–34.6] per 1000) than 
in non-Indigenous (RR 1.76 [1.17, 2.66], p=0.003; AR 4.2 
[0.2, 8.1] per 1000) births. However, PGDM was associ-
ated with a substantially increased risk of postneonatal 
death in non-Indigenous infants (RR 3.46 [1.71, 6.99]; AR 
2.4 [0.1, 4.8] per 1000), but was not associated with post-
neonatal death in First Nations infants (RR 1.16, p=0.35). 
GDM was associated with a marginally lower risk of peri-
natal death in non-Indigenous births only (RR 0.72 [0.53, 
0.98]), but the association would become non-significant 
if accounting for multiple tests (p=0.02). GDM was not 
associated with postneonatal death in both First Nations 
and non-Indigenous infants. PGDM was associated with 
over twofold increased risk of birth defects in both First 
Nations and non-Indigenous births, while GDM was not 
associated with a significantly higher risk of birth defects 
in both groups.

Table 3 presents the adjusted RRs comparing PGDM 
or GDM to non-diabetic pregnancies. Compared with 
the crude RRs, the RRs adjusting for mother-level cluster 
effects only changed little (<10%) for all outcomes. With 
further adjustment for maternal characteristics (age, 
education, marital status, parity and rural residence), 
the risk disparities comparing PGDM versus non-dia-
betic pregnancies changed little for perinatal death 
in both First Nations (RR: fluctuated around 5) and 
non-Indigenous (RR: fluctuated around 1.8) infants. 
PGDM was associated with about 3.5 times increased 
risk of postneonatal death in non-Indigenous infants 
regardless of various adjustments, while there was no 
risk increase in First Nations infants. Further adjusting 
for other maternal illnesses, the RRs comparing PGDM 
versus non-diabetic pregnancies decreased substantially 
for preterm birth in both First Nations (RR: from 2.25 
to 1.30) and non-Indigenous (RR: from 2.15 to 1.46) 
groups, and for birth defects in First Nations (RR: from 
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1.78 to 1.34) and non-Indigenous (RR: from 2.22 to 
1.52) groups. The RRs for LGA changed little comparing 
PGDM or GDM versus non-diabetic pregnancies in both 
First Nations and non-Indigenous infants with various 
adjustments.

Discussion
Main findings
Our study is the first to reveal differential associations of 
PGDM with perinatal and postneonatal mortality in Indig-
enous versus non-Indigenous populations. PGDM was 
associated with a much greater elevated risk of perinatal 
death in First Nations than in non-Indigenous popula-
tions, but was associated with a substantially elevated risk 
of postneonatal death in non-Indigenous infants only.

Data interpretation and comparisons with findings in previous 
studies
First Nations are a high-risk population for diabetes.27 As 
expectedly, our data revealed over three times increased 
risk of PGDM and over two times increased risk of GDM 
in First Nations versus non-Indigenous populations in 
Quebec.

Our study is the first to reveal that the risk elevation 
in perinatal death for PGDM was to a much greater 
extent in First Nations (5.1-fold) than non-Indigenous 
(1.8-fold) populations. Glycaemic control tends to be 
worse in First Nations than non-Indigenous patients with 
diabetes.28 Poor glycaemic control has been linked to 
perinatal death.29 30 This may partly explain the greater 
risk elevation in perinatal death for PGDM pregnancies 
in First Nations. Poorer glycaemic control may result in 
more frequent unhealthy fetuses, and consequently more 

Table 1  Maternal and pregnancy characteristics of First Nations and non-Indigenous singleton births in Quebec 1996–2010

Characteristic
First Nations
(n=17 090)

Non-Indigenous
(n=217 760) P value*

Maternal age (year) 25.1 (6.2) 28.8 (5.2) <0.0001

 � <20 21.9 3.3 <0.0001

 � 20–34 69.5 82.6

 � ≥35 8.6 14.1 <0.0001

Maternal education (year) 11.1 (3.1) 13.9 (3.1) <0.0001

 � <High school 41.6 10.3 <0.0001

 � High school (11 y) 22.2 15.2

 � College (12–13 y) 15.0 16.1

 � University (14+y) 21.2 58.3

Marital status (%) <0.0001

 � Married 21.7 40.6

 � Common-law union 51.8 51.4

 � Single, divorced, widowed 26.5 8.1

Primiparous (%) 40.8 46.6 <0.0001

Rural residence (%) 75.6 15.6 <0.0001

Diabetes in pregnancy (%)

 � Pregestational diabetes 3.9 1.1 <0.0001

 � Gestational diabetes 10.7 4.8 <0.0001

Other complications (%)

 � Chronic hypertension 1.3 0.7 <0.0001

 � Gestational hypertension 8.0 4.3 <0.0001

 � Pre-eclampsia 3.5 1.5 <0.0001

 � Heart disease 0.6 0.4 0.0375

 � Renal disease 4.0 2.7 <0.0001

 � Genitourinary infections 3.9 2.5 <0.0001

 � Anaemia 22.2 12.6 <0.0001

Infant sex, male 51.7 51.2 0.2095

Data presented are % or mean (SD).
*P values for comparisons between First Nations and non-Indigenous groups.



5Chen L, et al. BMJ Open 2019;9:e025084. doi:10.1136/bmjopen-2018-025084

Open access

Ta
b

le
 2

 
B

irt
h 

ou
tc

om
es

, p
er

in
at

al
 a

nd
 p

os
tn

eo
na

ta
l m

or
ta

lit
y 

co
m

p
ar

in
g 

p
re

gn
an

ci
es

 w
ith

 p
re

ge
st

at
io

na
l d

ia
b

et
es

 m
el

lit
us

 (P
G

D
M

), 
ge

st
at

io
na

l d
ia

b
et

es
 m

el
lit

us
 (G

D
M

) 
an

d
 n

on
-d

ia
b

et
es

 (N
D

) i
n 

Fi
rs

t 
N

at
io

ns
 a

nd
 n

on
-I

nd
ig

en
ou

s 
b

irt
hs

 in
 Q

ue
b

ec
, 1

99
6–

20
10

P
G

D
M

G
D

M
N

D

P
G

D
M

 v
er

su
s 

N
D

G
D

M
 v

er
su

s 
N

D

A
R

 (9
5%

 C
I)

R
R

 (9
5%

 C
I)

A
R

 (9
5%

 C
I)

R
R

 (9
5%

 C
I)

Fi
rs

t 
N

at
io

ns

D
ea

th
s,

 p
er

 1
00

0
P

er
 1

00
0

P
er

 1
00

0

 �
P

er
in

at
al

 d
ea

th
26

.9
8.

3
5.

3
21

.6
 (8

.6
 t

o 
34

.6
)

5.
08

 (2
.9

9 
to

 8
.6

2)
*

2.
9 

(−
1.

7 
to

 7
.6

)
1.

55
 (0

.8
6 

to
 2

.8
0)

 �
P

os
tn

eo
na

ta
l d

ea
th

3.
5

1.
9

3.
0

0.
5 

(−
4.

4 
to

 5
.3

)
1.

16
 (0

.2
8 

to
 4

.7
7)

−
1.

2 
(1

.2
 t

o 
3.

6)
0.

62
 (0

.1
9 

to
 2

.0
0)

B
irt

hs
, %

%
%

 � �


P
re

te
rm

15
.8

8.
4

6.
6

9.
2 

(6
.3

 t
o 

12
.2

)
2.

41
 (1

.9
8 

to
 2

.9
3)

*
1.

9 
(0

.5
 t

o 
3.

4)
1.

31
 (1

.1
0 

to
 1

.5
7)

†

 � �


S
G

A
‡

1.
7

1.
9

4.
0

−
2.

3 
(−

3.
4 

to
 1

.3
)

0.
42

 (0
.2

2 
to

 0
.7

8)
†

−
2.

1 
(−

1.
6 

to
 t

o 
2.

7)
0.

44
 (0

.3
1 

to
 0

.6
4)

*

 � �


LG
A

‡
49

.8
44

.0
21

.7
25

.8
 (2

1.
7 

to
 2

9.
8)

2.
29

 (2
.1

0 
to

 2
.5

0)
*

22
.3

 (1
9.

8 
to

 2
4.

9)
2.

03
 (1

.9
0 

to
 2

.1
7)

*

 �
B

irt
h 

d
ef

ec
ts

4.
1

2.
4

1.
9

2.
3 

(0
.8

 t
o 

3.
8)

2.
12

 (1
.4

0 
to

 3
.2

2)
*

0.
5 

(−
0.

3 
to

 1
.2

)
1.

33
 (0

.9
4 

to
 1

.8
7)

N
o

n-
In

d
ig

en
o

us

D
ea

th
s,

 p
er

 1
00

0
P

er
 1

00
0

P
er

 1
00

0

 �
P

er
in

at
al

 d
ea

th
9.

6
4.

0
5.

5
4.

2 
(0

.2
 t

o 
8.

1)
1.

76
 (1

.1
7 

to
 2

.6
6)

†
−

1.
5 

(−
0.

3 
to

 2
.8

)
0.

72
 (0

.5
3 

to
 0

.9
8)

 �
P

os
tn

eo
na

ta
l d

ea
th

3.
4

1.
3

1.
0

2.
4 

(0
.1

 t
o 

4.
8)

3.
46

 (1
.7

1 
to

 6
.9

9)
†

0.
4 

(−
0.

3 
to

 1
.1

)
1.

39
 (0

.8
1 

to
 2

.3
9)

B
irt

hs
, %

%
%

 � �


 P
re

te
rm

14
.2

8.
5

6.
2

8.
0 

(6
.6

 t
o 

9.
4)

2.
29

 (2
.0

8 
to

 2
.5

3)
*

2.
4 

(1
.9

 t
o 

3.
0)

1.
40

 (1
.3

1 
to

 1
.4

9)
*

 � �


S
G

A
‡

7.
4

7.
7

8.
7

−
1.

3 
(−

2.
3 

to
 1

.9
)

0.
86

 (0
.7

4 
to

 0
.9

9)
−

1.
0 

(−
0.

5 
to

 1
.6

)
0.

88
 (0

.8
2 

to
 0

.9
4)

†

 � �


LG
A

‡
21

.7
14

.7
9.

0
12

.8
 (1

1 
to

 1
4.

4)
2.

49
 (2

.3
1 

to
 2

.7
0)

*
5.

8 
(5

.2
 t

o 
6.

4)
1.

70
 (1

.6
2 

to
 1

.7
8)

*

 �
B

irt
h 

d
ef

ec
ts

2.
9

1.
3

1.
2

1.
7 

(1
.0

 t
o 

2.
4)

2.
53

 (1
.9

9 
to

 3
.2

2)
*

0.
1 

(−
0.

1 
to

 0
.3

)
1.

13
 (0

.9
5 

to
 1

.3
5)

*P
<

0.
00

1.
†P

<
0.

00
6 

(B
on

fe
rr

on
i a

d
ju

st
ed

 p
 v

al
ue

 c
ut

-o
ff 

fo
r 

m
ul

tip
le

 p
rim

ar
y 

co
m

p
ar

is
on

s 
of

 in
te

re
st

).
‡A

cc
or

d
in

g 
to

 t
he

 C
an

ad
ia

n 
se

x 
an

d
 g

es
ta

tio
na

l a
ge

-s
p

ec
ifi

c 
b

irt
hw

ei
gh

t 
st

an
d

ar
d

s.
A

R
, a

b
so

lu
te

 ri
sk

, G
D

M
, g

es
ta

tio
na

l d
ia

b
et

es
 m

el
lit

us
; L

G
A

, l
ar

ge
 fo

r 
ge

st
at

io
na

l a
ge

 (>
90

th
 p

er
ce

nt
ile

); 
N

D
, n

on
-d

ia
b

et
es

; P
G

D
M

, p
re

ge
st

at
io

na
l d

ia
b

et
es

 m
el

lit
us

; R
R

, r
el

at
iv

e 
ris

k;
 

S
G

A
, s

m
al

l f
or

 g
es

ta
tio

na
l a

ge
 (b

irt
h 

w
ei

gh
t 

<
10

th
 p

er
ce

nt
ile

).



6 Chen L, et al. BMJ Open 2019;9:e025084. doi:10.1136/bmjopen-2018-025084

Open access�

perinatal deaths. However, there was a large risk increase 
(3.5-fold) in postneonatal death in PGDM pregnancies 
in non-Indigenous infants, in contrast to the absence 
of risk increase in First Nations infants, contradicting 
the hypothesis of more frequent ‘unhealthy fetuses’ in 
First Nations diabetic pregnancies. We speculated that 
there may be genetic difference in the vulnerability to 
the long-term adverse impact of fetal hyperglycaemia in 
First Nations versus non-Indigenous populations. Alterna-
tively, we speculated that this may be due to a ‘delayed’ 
impact of diabetes from perinatal to postneonatal periods 
in non-Indigenous infants. Better glycaemic control in 
PGDM pregnancies might have delayed the impact into 
the postneonatal period in non-Indigenous population. 
It should be noted that the higher RR of postneonatal 
death associated with PGDM in non-Indigenous infants 
was almost entirely attributable to a much lower postneo-
natal mortality rate in the non-diabetic group; postneo-
natal mortality rates in the PGDM group were very similar 
in First Nations (3.5 per 1000) and non-Indigenous (3.4 
per 1000) infants. It appeared that infants of mothers 
with non-diabetic or healthy pregnancies were the ones to 
benefit from the more advantageous socioeconomic and 
infant care conditions in non-Indigenous populations.

There were large differences in maternal character-
istics and rates of pregnancy complications other than 
diabetes between First Nations and non-Indigenous 
groups. However, the adjusted RRs showed that these 
factors hardly affected the associations of PGDM and 

GDM with perinatal and postneonatal mortality in either 
population group.

We observed a marginally lower risk of perinatal 
death for GDM pregnancies in non-Indigenous infants, 
although this risk difference would be not statistically 
significant if accounting for multiple comparisons. The 
observation is, however, consistent with the reported 
reduced risk of perinatal death in diet-controlled GDM 
pregnancies.31 GDM is a transient hyperglycaemia that 
may occur in the second half of pregnancy. The rela-
tively increased insulin resistance state in GDM may 
confer a greater capacity for maternal–fetal nutrient 
transfer to meet the demands for fetal growth and 
development32—which may be somewhat ‘beneficial’ 
for fetal survival if hyperglycaemia is relatively well 
controlled.33

Consistent with previous reports,8–17 the risk increases 
in adverse birth outcomes (preterm, LGA, birth defects 
and perinatal death) were observed to be less pronounced 
in GDM than PGDM pregnancies. The risk increase in 
LGA associated with GDM was greater in First Nations 
(RR=2.0) than non-Indigenous (RR=1.7) infants, indi-
cating poorer glycaemia control (a common cause of 
LGA34 in First Nations mothers).

We confirmed the substantially elevated risk of birth 
defects in PGDM pregnancies9–13 in both First Nations and 
non-Indigenous infants. It remains uncertain whether 
GDM may increase the risk of birth defects. We did not 
observe any significantly increased risk of birth defects in 

Table 3  Adjusted relative risks (RRs) of birth outcomes, perinatal and postneonatal mortality comparing pregestational 
diabetes mellitus (PGDM), gestational diabetes mellitus (GDM) to non-diabetic (ND) pregnancies

PGDM versus ND GDM versus ND

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)

First Nations

 � Perinatal death 5.15 (2.97 to 8.92)* 4.83 (2.45 to 9.52)* 4.96 (2.46 to 9.99)* 1.55 (0.86 to 2.81) 1.45 (0.70 to 3.01) 1.48 (0.71 to 3.08)

 � Postneonatal death 1.11 (0.27 to 4.60) 1.30 (0.30 to 5.61) 1.19 (0.27 to 5.24) 0.62 (0.19 to 2.00) 0.73 (0.22 to 2.41) 0.69 (0.21 to 2.31)

 � Preterm 2.47 (1.91 to 3.19)* 2.25 (1.83 to 2.77)* 1.30 (0.93 to 1.81) 1.35 (1.12 to 1.64)† 1.28 (1.04 to 1.57)‡ 1.19 (0.96 to 1.46)

 � SGA 0.40 (0.22 to 0.73)* 0.34 (0.17 to 0.69)† 0.30 (0.13 to 0.67)† 0.43 (0.30 to 0.63)* 0.47 (0.32 to 0.68)* 0.44 (0.30 to 0.64)*

 � LGA 2.26 (2.05 to 2.49)* 2.07 (1.87 to 2.29)* 2.06 (1.85 to 2.29)* 2.02 (1.89 to 2.16)* 1.97 (1.84 to 2.12)* 1.94 (1.80 to 2.09)*

 � Birth defects 1.93 (1.48 to 2.51)* 1.78 (1.35 to 2.35)* 1.34 (0.92 to 1.94) 1.24 (1.02 to 1.51)‡ 1.21 (0.99 to 1.49) 1.18 (0.96 to 1.46)

Non-Indigenous

 � Perinatal death 1.75 (1.15 to 2.64)† 1.82 (1.15 to 2.88)‡ 1.75 (1.11 to 2.77)‡ 0.72 (0.53 to 0.98)‡ 0.75 (0.53 to 1.06) 0.74 (0.52 to 1.05)

 � Postneonatal death 3.53 (1.74 to 7.17)† 3.54 (1.73 to 7.21)† 3.42 (1.67 to 7.00)† 1.40 (0.81 to 2.41) 1.47 (0.85 to 2.54) 1.45 (0.84 to 2.50)

 � Preterm 2.24 (2.03 to 2.47)* 2.15 (1.94 to 2.38)* 1.46 (1.27 to 1.68)* 1.44 (1.34 to 1.55)* 1.43 (1.33 to 1.54)* 1.34 (1.24 to 1.44)*

 � SGA 0.84 (0.72 to 0.98)‡ 0.82 (0.70 to 0.96)‡ 0.78 (0.65 to 0.92)† 0.87 (0.81 to 0.94)* 0.88 (0.81 to 0.95)* 0.85 (0.79 to 0.92)*

 � LGA 2.43 (2.25 to 2.62)* 2.38 (2.16 to 2.62)* 2.46 (2.28 to 2.65)* 1.82 (1.72 to 1.93)* 1.74 (1.64 to 1.84)* 1.72 (1.62 to 1.83)*

 � Birth defects 2.41 (1.88 to 3.09)* 2.22 (1.65 to 2.99)* 1.52 (1.29 to 1.79)* 0.96 (0.88 to 1.04) 0.96 (0.88 to 1.05) 0.96 (0.88 to 1.05)

Model 1: RR adjusted for cluster effects (multiple infants of the same mother) only; model 2: model 1 plus further adjusted for maternal age, education, marital 
status, parity and rural residence; model 3: model 2 plus further adjusted for chronic hypertension, heart disease, renal disease, genitourinary infection, anaemia 
and gestational hypertension and pre-eclampsia. Infant sex and year of birth were not included in the adjustment models since they were balanced between 
comparison groups (all p>0.2) and did not affect the comparisons.
*P <0.001.
†P <0.006 (Bonferroni adjusted p value cut-off for multiple primary comparisons of interest).
‡0.006≤p<0. 05.
LGA, large for gestational age; SGA, small for gestational age. 
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GDM pregnancies in both First Nations and non-Indige-
nous groups.

Strengths and limitations
The main strength is the large population-based linked 
birth cohort. Our study has limitations. We did not have 
data on unmeasured risk factors including smoking, 
obesity, folic acid supplementation, preconception care 
and glycaemic control in diabetic pregnancies. Both 
smoking and obesity are known to be much more prev-
alent in First Nations versus non-Indigenous women.35 
Glycaemic control in diabetic pregnancies is known to 
be worse in First Nations versus non-Indigenous popula-
tions.28 Differences in these and other unmeasured risk 
factors could partly account for the substantially higher 
perinatal and postneonatal mortality rates in First Nations 
versus non-Indigenous populations overall.21 However, 
the adjustment analyses indicated that the RRs of peri-
natal and postneonatal death comparing PGDM or GDM 
versus non-diabetic pregnancies within the First Nations 
or non-Indigenous group would be unlikely to have been 
affected by the differences in risk factors between the two 
groups. Our study is observational in nature, and could 
not determine whether diabetes is causal to any elevated 
risk of perinatal or postneonatal death. The study was 
based on a birth cohort in Quebec. More studies in other 
regions are required to understand the generalisability of 
the findings to First Nations (North American Indians) 
and other Indigenous populations.

Conclusions
Our study is the first to demonstrate that PGDM may 
increase the risk of perinatal death to a much greater 
extent in First Nations than in non-Indigenous popula-
tions, but may increase the risk of postneonatal death in 
non-Indigenous infants only. The observations suggest 
possibly differential impacts of PGDM on offspring’s 
survival during the perinatal and postneonatal periods 
in First Nations versus non-Indigenous populations in 
Quebec. The underlying causes are unclear and deserve 
further studies. We speculate that population differences 
in the quality of glycaemic control in diabetic pregnan-
cies and/or genetic vulnerability to hyperglycaemia’s 
fetal toxicity may be contributing factors.
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