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Abstract

Aim To analyse the impact of overweight and obesity on the risk of adverse maternal outcomes and fetal macrosomia in
pregnancies of women treated for severe gestational diabetes.

Methods This was a population-based cohort study including all singleton pregnancies in Sweden without pre-existing
diabetes in the period 1998-2012. Only mothers with an early- pregnancy BMI of > 18.5 kg/m? were included. Logistic
regression analysis was used to determine odds ratios with 95% Cls for maternal outcomes and fetal growth. Analyses
were stratified by maternal gestational diabetes/non-gestational diabetes to investigate the impact of overweight/obesity
in each group.

Results Of 1 249 908 singleton births, 13 057 were diagnosed with gestational diabetes (1.0%). Overweight/obesity
had the same impact on the risks of caesarean section and fetal macrosomia in pregnancies with and without gestational
diabetes, but the impact of maternal BMI on the risk of preeclampsia was less pronounced in women with gestational
diabetes. Normal-weight women with gestational diabetes had an increased risk of caesarean section [odds ratio 1.26
(95% CI 1.16-1.37)], preeclampsia [odds ratio 2.03 (95% CI 1.71-2.41)] and large-for-gestational-age infants [odds
ratio 2.25 (95% CI 2.06-2.46)]. Risks were similar in the overweight group without gestational diabetes, caesarean
section [odds ratio 1.34 (1.33-1.36)], preeclampsia odds ratio [1.76 (95% CI 1.72-1.81)], large-for-gestational-age
[odds ratio 1.76 (95% CI 1.74-1.79)].

Conclusions Maternal overweight and obesity is associated with similar increments in risks of adverse maternal
outcomes and delivery of large-for-gestational-age infants in women with and without gestational diabetes. Obese
women with gestational diabetes are defined as a high-risk group. Normal-weight women with gestational diabetes have
similar risks of adverse outcomes to overweight women without gestational diabetes.
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. and neonatal complications, and these risks overlap [4,5]. In
Introduction . . . . .
untreated women with a gestational diabetes diagnosis based

The prevalence of overweight and obesity is increasing
worldwide and there is evidence to suggest that the incidence
of gestational diabetes (GDM) has increased from the 1990s
and onwards [1,2]. According to the National Swedish
Pregnancy Register, 38.7% of women giving birth in 2014
were overweight or obese. In Sweden the prevalence of
gestational diabetes is low at ~1%, but rates differ between
ethnic groups [3]. Diabetes in pregnancy and maternal
overweight are well recognized risk factors for maternal
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on the International Association of Diabetes in Pregnancy
Study Group (IADPSG) criteria, an independent impact of
gestational diabetes and obesity on risks of adverse outcomes
has been identified [5]. Also, in women with treated
gestational diabetes, it has been shown that obesity and
gestational diabetes are independent risk factors for maternal
complications and macrosomia [6,7]; however, these studies
used lower glucose limits to define gestational diabetes than
those used in the European Diabetic Pregnancy Study Group
(DPSG) criteria [8,9]. Furthermore, only women with obesity
were included, and overweight women were not analysed as
a separate group [6,7]. The Hyperglycaemia and Adverse
Pregnancy Outcomes study [10] showed a linear relationship
between increasing maternal glycaemia and risks of adverse
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What’s new?

* Maternal overweight and obesity is associated with
similar increments in risks of adverse outcomes and
delivery of large-for-gestational-age infants in women
with and without gestational diabetes.

* Overweight without gestational diabetes has a similar
impact on the risk of maternal outcomes, such as
preeclampsia, caesarean section and fetal macrosomia,
as does gestational diabetes in women of normal
weight.

* Obese women without gestational diabetes have higher
rates of caesarean section, preeclampsia and macroso-
mia than normal-weight women with gestational dia-
betes.

» Despite treatment, women with gestational diabetes

still face excess risks of adverse pregnancy outcomes.

outcomes, such as caesarean section, preeclampsia and fetal
macrosomia. The DPSG criteria use a higher limit for
diagnosis of gestational diabetes than the IADPSG criteria;
thus, the DPSG criteria will define a group of women with
more severe hyperglycaemia and higher risk of gestational
diabetes-related complications. Because maternal over-
weight/obesity is a modifiable risk factor it is of clinical
interest to analyse to what extent the adverse pregnancy
outcomes are attributable to hyperglycaemia per se or
overweight/obesity in the mentioned gestational diabetes
group. In addition, it is interesting to explore if treatment for
gestational diabetes modifies the risks conveyed by concomi-
tant overweight/obesity. To optimize pregnancy surveillance
it is important to identify the women who are at highest risk
of complications.

The aim of the the present study was to analyse the impact
of overweight and obesity on the risk of adverse maternal
outcomes and fetal macrosomia in pregnancies of women
treated for severe gestational diabetes.

The study population included women with a BMI > 18.5
kg/m? and a singleton pregnancy recorded in the Swedish
Medical Birth Register between 1998 and 2012. The propor-
tion of women with missing information on BMI was 11.1%.
Women with a history of Type 1 or Type 2 diabetes were
excluded, as well as those with extreme values for maternal
height and weight [weight < 35 or > 200 kg (7 = 50) and
height < 140 and > 200 cm (7 = 273)]. The Medical Birth
Register contains data on > 98% of all births in Sweden.
Information on all hospital births is gathered prospectively and
includes maternal demographic data, reproductive history and
complications during pregnancy, delivery and the neonatal
period. The register does not contain data on laboratory
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analyses such as B-glucose. The Swedish Medical Birth
Register was validated in 2002, and the quality of the variables
included in the present investigation was regarded as high [11].

Definition of exposures

In Sweden there are differences among regions in screening
for gestational diabetes and diagnostic criteria [12]. During
the study period, the main screening strategy for identifying
gestational diabetes [International Classification of Diseases
(ICD) code 024.4A, 024.4B], was repeated, capillary
> 8 mmol/l

9.0 mmol/l) or if a traditional risk factor [first-degree family

random blood glucose (plasma  glucose
history of diabetes, previous large-for-gestational-age (LGA)
infants, gestational diabetes in a previous pregnancy or
obesity] was identified, the 75 g oral glucose tolerance test
(OGTT). If the woman had a random blood glucose
measurement above the limit, an OGTT was performed
within a week, otherwise OGTT was performed between
gestational weeks 28-32, if indicated [13]. One region in the
country has offered a simplified OGTT to all pregnant
women since 1995, with determination of 2-h blood glucose,
omitting fasting glucose. This region represented 14.4% of
the population during the study period [14]. During the years
2010-2011, ~20% of the pregnant population has under-
gone an OGTT as screening for gestational diabetes [12].

During the study period, the main diagnostic criteria for
gestational diabetes were fasting capillary whole-blood
glucose > 6.1 mmol/l (plasma glucose 7.0 mmol/l) and/or
2-h blood glucose > 9 mmol/l (plasma glucose 10.0 mmol/l).
The diagnostic criteria have changed in some regions of
Sweden during the study period. Fasting values for diagnosis
have not been changed, but the 2-h values have differed over
the years/counties. A national quality register during 2011-
2012 showed that 19 out of 21regions used a 2-h value of
plasma glucose > 10.0 mmol/l for the diagnosis of gesta-
tional diabetes, one region used plasma glucose > 9 mmol/l
and two regions used 12.2 mmol/l (overt diabetes) as the
diagnostic criterion. More than 95% used a 2-h value of
> 10.0 mmol/l for diagnosis [12].

Maternal pre-pregnancy BMI was calculated as weight in
kg divided by height in m?. Maternal weight was recorded in
light indoor clothing at the first antenatal visit, which occurs
before the 15™ week of gestation in > 93% of pregnancies.
Height was registered on recall.

Definition of outcomes

Women with a diagnosis of gestational diabetes and/or any
of the studied maternal outcomes were identified based on
codes according to the 10™ version of the ICD (ICD-10).
There is no information in the Swedish Medical Birth
Register on date of diagnoses. Chronic hypertensive disease
was defined as hypertension diagnosed before pregnancy or
blood pressure > 140/90 mmHg before the 20™ week of
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gestation (ICD-10 codes 010.0, 010.2, 010.4, 010.9). Mild
preeclampsia (ICD-10 code O14.0) was defined as at least
two blood pressure measurements > 140/90 mmHg, com-
bined with proteinuria (> 0.3 g/day or > 1+ on a urine
dipstick). Preeclampsia was regarded as severe if diastolic
blood pressure was > 110 mmHg and/or proteinuria was
> 5 g/day (ICD-10 codes O14.1, O14.9). Pregnancy-induced
hypertension was defined as hypertension without protein-
uria after the 20" week of gestation (ICD-10 code 013.9). In
addition to absolute birth weight > 4500 g, fetal macroso-
mia was defined as birth weight > 90" percentile according
to gestational age (by week) and gender. Reference per-
centiles for infant size at birth were based on data from all
live-born, singletons without malformations within the
dataset.

Statistical analyses

The chi-squared test or Student’s unpaired ¢-test were used to
analyse the differences between maternal characteristics,
maternal outcomes and fetal growth in pregnancies of
normal weight and overweight/obese women with and
without gestational diabetes. A P value of < 0.05 was taken
to indicate statistical significance. Logistic regression was
used to determine odds ratios (OR) with 95% ClIs for adverse
maternal outcomes and fetal macrosomia. In the multivariate
logistic regression models, ORs were adjusted for potential
confounders, including maternal age, ethnicity, parity,
chronic hypertensive disease and smoking in early pregnancy.
ORs for maternal outcomes and fetal macrosomia were
compared for obese (BMI > 30.00 kg/m?), overweight (BMI
> 25.0 and < 30.0 kg/m?) and normal-weight women (BMI
>18.5 and < 25.0 kg/m?) with or without gestational
diabetes. The reference group comprised women without
gestational diabetes and of normal weight (BMI > 18.5 and
< 25.0 kg/m?).

Analyses of risks for all outcomes were also stratified by
gestational diabetes/non-gestational diabetes. Cluster analy-
sis was carried out to adjust for repeated pregnancies and
interaction analysis to evaluate any statistically significant
interaction between gestational diabetes and overweight/
obesity for the risk of studied outcomes. Cluster analysis and
interaction analysis were carried out using STATA version 12,
all other statistical analysis was performed using spss statis-
tical software, version 22.

Ethics

The study was approved by the Regional Ethics Committee
in Uppsala, Sweden (2005/216).

After excluding women with a history of pregestational
diabetes (Type 1 or Type 2 diabetes), 1 249 908 singleton
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pregnancies with data on maternal BMI were identified in the
Medical Birth Register for the period 1998-2012. Of these, 13
057 (1.0%) had a diagnosis of gestational diabetes. The rate of
gestational diabetes in the first half of the study period was
0.93%, and in the second half it was 1.09%. The rate of
obesity in 1998 within the cohort was 12.6%, and in 2012 it
was 18.1%. The corresponding values for non-Nordic women
were 15.7 and 24.6%. The rate of overweight (BMI 25—
29.9 kg/m?) during the study period in pregnancies without
maternal gestational diabetes was 25.5%, and was 30.4% in
women with gestational diabetes. Obesity was observed
in 11.5% of the pregnancies without gestational diabetes
and in 38.1% of the gestational diabetes pregnancies.

The distribution of maternal characteristics differed sig-
nificantly between women with and without gestational
diabetes (data available on request) and between women in
the different BMI categories. Women with overweight and
obesity in combination with gestational diabetes differed
most in maternal characteristics as compared to the reference
group of normal-weight women without gestational diabetes
(Table 1).

Risks of all studied adverse outcomes were increased in the
gestational diabetes group and increased with maternal
overweight/obesity, in women with and without gestational
diabetes (Table 2 and Fig. 1). For all outcomes, the highest
risks were observed in women with both gestational diabetes
and obesity. The risks of adverse outcomes were similar in
normal-weight women with gestational diabetes and in
overweight women without gestational diabetes (Table 2
and Fig. 1). Obese women without gestational diabetes had
significantly more adverse outcomes than normal-weight
women with gestational diabetes (Table 2 and Fig. 1). In
spite of significantly shorter pregnancy duration in women
with gestational diabetes, mean birth weights were similar in
the offspring of women with gestational diabetes to those in
the offspring of overweight women without gestational
diabetes. The incidence of LGA infants differed between 7.7
and 33.5% in the different study groups and the highest risk
of LGA infants was observed in women with both obesity
and gestational diabetes. When analysing the impact of
overweight/obesity for women with or without gestational
diabetes, the risk increase for LGA infants and caesarean
section were similar. For caesarean section, there was a
significant interaction (P = 0.027) between obesity and
diabetes as well as for LGA
(P < 0.001); i.e. risks associated with gestational diabetes

gestational infants
were significantly modified by concomitant overweight/
obesity. Interaction analysis between gestational diabetes
and overweight/obesity was not significant for preeclampsia.
However, the increment in risk for preeclampsia associated
with maternal obesity was smaller in women with gesta-
tional diabetes compared with women without diabetes.
Cluster analysis did not change risk estimates for the
different outcomes, therefore, the population-based results
are reported.

1047



Impact of overweight and obesity on outcomes in treated gestational diabetes o K. Hilden et al.

DIABETICMedicine

-aeudordde se ‘(sGuer synsenbisiur) ueipaw 10 ,ds F ueaw (o) el se udAIS a1 el *dnoid 90USI9YRT SYI 03 UOLEB[I UI UIAIS I SIN[BA IDUBIYIUSIS PUE S[D) 9% 66 YIM YO
“one1 Sppo YO

(¥£T-197) (€87-897) (€87-697) (L8T-TL7) (£L8T€L7) (987-€L7)
¥LT 9.T 9T 08T 08T 087  sdep ‘wonemp
1000 >  #I F €4T 1000 >  +T F ¥/T 10000 > €T F §/T 1000 >  #I F 64T 10000 > €T F 64T €1 F 84T Aoueusdarg
100°0 >  S89 F LbLS 100°0 > 679 F 079¢ 100°0 > 98§ F 90S¢ 100°0 >  SLS F 799¢ 100°0 >SS F919¢  9¢S F €IS¢ 8 9ydrom yrig
%, ‘9SeISIP
(18°9T-+€"11) (19°6-2¢°9) (60¥£LST) (S1°9-LT9) (St'7-01°7) aatsua1rad Ay
I8°€T T ST°L T €$°T ¥'0 69°S 60 LTT ¥'0 (4] ororyD
(96°1-59°1) (6T°1-€0°1) (860-9L°0) (b8 1-£L°T) (6T1-ST1)
08'T e ST'T €8 98°0 €9 08T Tl LTT I'6 €L % ‘Bunjowg
(287157 (68°€—€t°€) (Te+L7) (€T°T-01°1) (1T1-61°1)
99T €9¢ 99°¢ 6'ct 06T $'8¢ [4N" 6l 0T'T $0T L'LT % ‘IpIou-uoN
(cTT86'1) (L8 1-+9°1) (€T1-60°T) (19°1-95°1) (L€ 1-5¢1)
01°C 0°0L SLT 199 91T €9$ 6S°T 8¢9 9¢°1 709 LTS % ‘erednny
100°0 > §°S F 9°T¢ 100°0 > €S F +'¢ 1000 > TS F L1€ 100°0 > €S F T0¢ 1000 > TS F €0¢ 0§ F66C s1eaf 93y
05—m> m~ JO 05—.®> m~ 10 u—\:m\, n~ J0 05—N> m~ JO u—\:.m\w n~ 10 uuﬁuuuwum
(1D %S6) 4O (1D %S6) 4O (1D %S6) IO (1D %S6) IO (ID %S6) MO
87C06L = N
IL6v = N TL6€ =N YITy = N IrrErT = N 61¥8TE = N Sy
/B 0 ING W/3Y 0°0€ > PUB 0°ST <IN W/3Y 0°ST > PUe 8T < [INA U3 0€ <IN W/3 0°0€ > PUe 0'ST<ING  (c7 = pue
$'81 < ING
$939qEIp [BUOTIBISID) S332qEIP [BUONIEISIT ON

9JUAI2JaT I Se Sa1aqeIp ﬁmﬁoqumumwm INOYIIM TaWIOM HLMMDEANEHOE qam ‘sdnoig Nw_uﬁuw ALY 91 I0J SONSLIIOELILYD [EIEUOU puk [eUIBIN

© 2016 The Authors.

Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.

1048



Research article

A An®o O~
® = =N od
& FHPLYY 29
oiL Al o\ O (=N
- =E | DREIXIRT IS
s 80 | Al SaiF O
2 o dzaedsd ¥
o B KON = OO
Y Z v S-aNTOo ©Bx
e <2 | AN O
NN
S IR @ B
o — O\ DN — N o —
P4 IS o N —
XhANON O
RN B Ay
~ — o0 N 3}
O « TTYIYY Y9
w2 — = O N
= = otk Khwn
9 80O “am—=a A
2 o —doezZd 2od
S B | v+t o=
2E |TR|®znat S®
2 P <2 | = <+
AR
L HOH S 0 o N O v N
2 = o | F¥BSA B
o [V Z XA ~
L
o
= o~ e~~~ —~ —_—
[5) D~ — O DI Nelsel
= ML= TN
©» =4 AN A o~
2 @ o N Nl
g * o — ¥ It < \O
9] ] = = oo o oY
5 -g 'g EU — o e ]
2 I 2 oS dZ
&) T | ©x B | wnmmom 1y
B —|wE To | do—nht o
= = 2}2 < — NN N —
g 2 =
S s | AN
= 2 E:(,’H s‘t"?'\.c’\ ol
BNSS &«
g OlAKmvZ B — —
)
-
= —_— e~~~ —~ —_
2 AT = O
= Qg e hoy
E %, | 13397 o9
= Oi\ NO OO — I~
9 ~ = = MmN e o
g = U | “fvalen ad
2 5 “—eococde 4dd .
2 Do | B coANwnmTt < &b
z 22| Tn | Smema wnoe =
= ox | <L | “H v Ad vy
= @ &y [°)
g AN &
- =N EMAEHRES K9y 5
< = ° i e s T SN N 3
=t [ Z S ~ — <
g 3
=] o
< o= % oo 2
B SRCONONILARCOREIDRON ‘3
g £ | 79777 77| &
~ L
a of\ N ANO XN < > ==
5 bR =] MR K& ¥ 95
2 'g }_{U — — &';
I 2 5 oS =
o0 S o | B2 | oo = oo <= &
B QE2| T | AneT R Ko 28
] St | €2 — — g %0
2 N o S
w Aol
= INE=R% 45%
=3 oy AN o »
3] EmH 3 5 3 S
b3 O N S o n o2
13} 17} 2 =)
§ g [av Z S — — CE
S 2 oS
) < =
& o] 5} < S g
= S e 2 525
g g S 2 g‘f,_‘
Q S|l EJ|IxSE 258
N S| o B | O & — — a s ©
=z Sl == X5
8 gl neR Og'i
£ o5& Swmnn Ne | B2
N — — O O [ D] oh © 5
—g Z|lKav 2z B — © o =
< A 90
< o0 =
9] g5 =
£ w | 2F 8
g @ S| £E2
= s T 93 A g 2%
o o ""5“ < ?DEB .
—_ = E @ 32+ A = =)
< Q T o OM::'C‘»
=t g g8 d9E0 « o9 e
= |27 7 B = L+~ o
1) g oo a>a g g £ O
< S EEE 2D o} SHo 85
3} == 7] S S Y
2 S5 08 8 8 & W 3 — 9 =5
SUTTE 8% & £ .3 g,
00 0 bt O <5 5=
& © 0 O O o= &) [=
L = = = ) 2 <Em
(G- wi-wi- vl v g o P =}

© 2016 The Authors.

Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.

DIABETICMedicine

The present nationwide study shows that overweight and
obesity are associated with similar increments in risks of
caesarean section, preeclampsia and delivery of an LGA
infant in women with and without gestational diabetes. The
combination of gestational diabetes and obesity conveys the
greatest risks, with an independent and additive effect on risk
of the adverse outcomes. In women without gestational
diabetes, overweight is associated with similar risks, and
obesity with higher risks, than those observed in normal-
weight women with gestational diabetes.

The strengths of the present study include its population-
based design, which included almost all pregnant women
during the study period, and the fact that data were
prospectively collected. BMI was registered (i.e. not self-
reported) early in pregnancy before weight gain had
occurred. Furthermore, we were able to account for possible
confounders. The Swedish Medical Birth Register does not
include information on plasma glucose at OGTT and dates
of diagnoses, which could have been of value in the present
study. A limitation of the study is that, because of the mainly
risk-factor-based screening strategies for gestational diabetes
used during the study period, not all cases of gestational
diabetes were detected [15]. The cases missed (~50%) were
mainly those with impaired glucose tolerance, which is
defined as 2-h plasma glucose values of 10-12.2 mmol/l [13].
This means that the background population included undi-
agnosed women with gestational diabetes (impaired glucose
tolerance) and differences in outcomes will probably be
underestimated. The rate of gestational diabetes in Sweden is
low because of the low rate of Type 2 diabetes and the
relatively high thresholds used as the criteria for diagnosis of
gestational diabetes. The rates of gestational diabetes and
LGA infants in pregnancies of women with missing data on
BMI were similar when compared with the reference group.
Thus, it is unlikely that missing data on maternal BMI
influenced the results. Because BMI > 30 kg/m? is used as an
indication for OGTT, there could be a slight overestimation
of the proportion of obese women in the gestational diabetes
group, as a result of selection.

In line with previous reports, maternal overweight/obesity
increased the risks of maternal complications and delivery of
an LGA infant in pregnancies without gestational diabetes
[16,17].

When using the IADPSG criteria for gestational diabetes,
maternal obesity and gestational diabetes were independently
associated with an increased risk of LGA infants and
maternal outcomes such as caesarean section and preeclamp-
sia [5].

Treatment of gestational diabetes includes dietary advice
and lifestyle changes aiming to normalize hyperglycaemia.
Such treatment could result in reduced weight gain which
may affect the impact of overweight and obesity on
outcomes; however, the present findings show that the
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3

Reference group ~ BMI 25.00-29.99 kg/m?2,

BMI 230 kg/m?,
no gestational diabets  no gestational diabets

BMI 18.50-24.99 kg/m?, BMI 25.00-29.99 kg/m?,
gestational diabets gestational diabets

BMI 230 kg/m?,
gestational diabets

Prevalence of preeclampsia, cesarean section and LGA infants in normal weight, overweight and obese women with and without
gestational diabetes. The reference group to the left. LGA, large-for-gestational-age.

increment in risk associated with overweight/obesity was
similar in the non-gestational diabetes and the treated
gestational diabetes group for maternal outcomes such as
cesarean section, preeclampsia and fetal growth (LGA
infant). This means that the treatment of gestational diabetes
had no or only a minor effect on the contribution of
overweight or obesity to the higher rate of adverse outcomes.
This is in line with the findings of Wahabi et al. [6], who
reported an independent impact of gestational diabetes and
obesity on adverse outcomes. In that study, overweight
women were included in the reference group, leading to an
underestimation of the risks associated with increased BMI
and no data on the impact of overweight on risks were
presented. Ricart et al. [7] showed that pre-pregnancy BMI
and abnormal glucose tolerance were independent predictors
of adverse outcome; however, they presented outcomes in
quartiles of BMI which were dissimilar to the WHO
classification of BMI used in the present study. The signif-
icant interaction between gestational diabetes and obesity
seen for LGA infants and caesarean section was not clinically
relevant in magnitude. Treatment of milder hyperglycaemia
than in the present study has mainly been found to result in a
reduction and normalization of the rate of LGA infants
[18,19]. This is in contrast to the present study, in which a
persistently elevated rate of all maternal outcomes and LGA
infants in normal-weight women with treated gestational
diabetes was observed. This difference in results could be
attributable to insufficient treatment or to the high level of
hyperglycaemia required for the diagnosis of gestational
diabetes in our cohort. To reduce rates of negative maternal
outcomes and excessive fetal growth as effects of hypergly-
caemia in the gestational diabetes group, different treatment
strategies need to be evaluated. A recent study regarding
treatment of severe hyperglycaemia with a more aggressive
treatment, aiming for normoglycaemia, showed a significant
reduction on fetal macrosomia [20]. In that study, 67% of
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women required insulin treatment compared with 36% in
the present study. The elevated rate of LGA infants was
similar to that which could be expected as a result of a high
rate of overweight/obesity.

Both Wahabi et al. and Ricart et al. concluded that,
compared with obesity or high BMI, gestational diabetes
has a modest effect on outcomes in pregnancies. Their
findings are in contrast to the results of the present study and
show that using a lower glucose limit in the diagnosis of
gestational diabetes will reduce the risk estimates.

In the present study, women who were overweight or obese
constituted 30% of the whole population and the correspond-
ing proportion of women with gestational diabetes and of
normal weight was 0.3%. This means that overweight and
obese women without gestational diabetes account for a much
higher proportion of maternal complications and LGA infants
than normal-weight women with gestational diabetes. This is
consistent with the findings of Black ez al. [21], who showed
that pre-pregnancy overweight accounts for a high proportion
of LGA infants even in the absence of gestational diabetes.
Unfortunately, evidence-based management is still not in place
to reduce the risks of maternal complications and LGA infants
in overweight/obese women [22].

Because gestational diabetes is to a high degree associated
with overweight/obesity, the present findings support the
theory that, in addition to treating hyperglycaemia, it is
important to find strategies to treat and prevent overweight
and obesity.

In conclusion, maternal overweight and obesity was
associated with similar increments in risks of adverse
outcomes and delivery of LGA infants in women with
gestational diabetes and in women without gestational
diabetes. Because the majority of women with gestational
diabetes were overweight/obese, this risk factor contributed
greatly to adverse outcomes in the gestational diabetes group
but there is a lack of effective treatment regimes. To improve

© 2016 The Authors.
Diabetic Medicine published by John Wiley & Sons Ltd on behalf of Diabetes UK.



Research article

maternal and neonatal outcomes in pregnancies with and
without gestational diabetes, the importance of preventing
overweight/obesity should be highlighted to all women of
childbearing age.
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