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Objective To estimate recurrence risk of gestational diabetes

mellitus (GDM) by interpregnancy weight change.

Design Population-based cohort study.

Setting and population Data from the Swedish (1992–2010) and
the Norwegian (2006–2014) Medical Birth Registries on 2763

women with GDM in first pregnancy, registered with their first

two singleton births and available information on height and

weight.

Methods Interpregnancy weight change (BMI in second pregnancy

minus BMI in first pregnancy) was categorised in six groups by

BMI units. Relative risks (RRs) of GDM recurrence were obtained

by general linear models for the binary family and adjusted for

confounders. Analyses were stratified by BMI in first pregnancy

(<25 and ≥25 kg/m2).

Main outcome measure GDM in second pregnancy.

Results Among overweight/obese women (BMI ≥25), recurrence
risk of GDM decreased in women who reduced their BMI by 1–2

units (relative risk [RR] 0.80, 95% CI 0.65–0.99) and >2 units

(RR 0.72, 95% CI 0.59–0.89) and increased if BMI increased by

≥4 units (RR 1.26, 95% CI 1.05–1.51) compared wth women with

stable BMI (�1 to 1 units). In normal weight women (BMI <25),
risk of GDM recurrence increased if BMI increased by 2–4 units

(RR 1.32, 95% CI 1.08–1.60) and ≥4 units (RR 1.61, 95% CI

1.28–2.02) compared with women with stable BMI.

Conclusion Interpregnancy weight loss reduced risk of GDM

recurrence in overweight/obese women. Weight gain between

pregnancies increased recurrence risk for GDM in both normal

and overweight/obese women. Our findings highlight the

importance of weight management in the interconception window

in women with a history of GDM.

Keywords Body mass index, gestational diabetes, interpregnancy,

recurrence, weight change.
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Introduction

Gestational diabetes mellitus (GDM) is defined as glucose

intolerance of various degrees that is detected during

pregnancy.1 Women with GDM have increased risks of

metabolic syndrome,2 type 2 diabetes mellitus3 and car-

diovascular disease later in life.4 Children born to women

with GDM have an increased risk of high birthweight and

long-term metabolic disease, indicating transmission of

risk through generations due to genetic, epigenetic and

environmental influence.5 The incidence of GDM in Eur-

ope varies by country and population but has increased

over the last decades,6 contributing to a considerable

increase in national medical costs.7 The recurrence risk of

GDM is high,8 and an American population-based study

found that close to 50% of women with GDM in their

first pregnancy also developed GDM in their second

pregnancy.9
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Numerous risk factors for GDM have been identified,

including maternal age, prepregnancy body mass index

(BMI), nonwhite ethnicity, family history of diabetes melli-

tus, weight gain in early adulthood and cigarette smoking;

however, findings are inconsistent and vary across stud-

ies.8,10 Weight change between pregnancies may be an

independent risk factor for GDM in women without GDM

in first pregnancy,11,12 and weight loss in women who were

overweight at start of first pregnancy has been associated

with reduced risk of GDM in second pregnancy,12,13

although not consistently in all studies.11,14 The high preva-

lence of overweight15 and the increasing trend of GDM in

reproductive women across the world emphasise the neces-

sity to focus on weight change as a modifiable risk factor

for GDM.

Understanding of underlying mechanisms of GDM is

scarce and limits the ability for targeted interventions. As

maternal weight is amenable to intervention, evidence of a

preventive effect of weight loss on GDM recurrence will be

crucial in public health strategies promoting healthy weight

in the entire reproductive window. We pursued this by

using population-based family data from two Scandinavian

countries.

The specific aims were to estimate the association

between weight change from first to second pregnancy and

recurrence risk for GDM, and to explore the modifying

role of BMI in first pregnancy.

Methods

Study design
This population-based cohort study has analysed har-

monised and pooled data from the Swedish (1992–2010)
and Norwegian (2006–2014) Medical Birth Registries. The

study periods were based on available information on

maternal height and weight in the two registries and an

established research collaboration between Sweden and

Norway. The unique national identification numbers

assigned to each citizen residing in these countries, enabled

linkage of all births to each woman. Mothers with their

first two successive singleton births during the study peri-

ods constituted the study unit in the analyses. Both

national birth registries have collected data prospec-

tively16,17 and are based on compulsory notification of all

live- and stillbirths. Antenatal, obstetric and early neonatal

care data are by law collected by standardised notification

forms, and include demographic characteristics, reproduc-

tive history, maternal health before and during pregnancy,

pregnancy and delivery complications, and outcomes.18,19

In the Swedish data, maternal height and weight mea-

sured in light clothing at the first antenatal visit were regis-

tered from 1992. Roughly 90% of Swedish women had

their first antenatal visit before 12 completed weeks.16 In

Norway, self-reported height and prepregnancy weight

from the antenatal charts were included when electronic

notification of births was implemented in the birth registry.

The implementation was gradual and initiated at different

years for the more than 50 delivery units in the country

(from 2006 to 2014) and was not linked to a specific type

of delivery unit or specific group of delivering women.17

Smoking habits at the beginning of pregnancy have been

registered in Sweden since 1983 and in Norway since 1999.

Educational level represents the highest achieved level of

education obtained from the Education Registry in Sweden

and from the National Education Database at Statistics

Norway. Information on mother’s country of birth was

obtained from the Swedish Immigration Registry and

Statistics Norway.

Population
We included women with singleton births in first and sec-

ond pregnancy, without diabetes mellitus prior to first

pregnancy. Women who had developed diabetes mellitus

type 1 or 2 by the time of their second pregnancy were

excluded. To evaluate the association between weight

change and recurrence of GDM, we focused on women

with GDM in first pregnancy whose BMI was reported in

both pregnancies. There was no patient or public involve-

ment in the development of this research.

Exposure and outcome
Maternal weight was registered in kilograms (kg) and

maternal height in meters (m) with three digits in both

birth registries. In cases with missing height in one preg-

nancy, height in the other pregnancy was used. If height

differed by less than �2 or +2 cm we used the registered

height in first pregnancy. If height differed by more than

�2 or +2 cm, z-scores for height (observed height � popu-

lation mean height/population standard deviation) was cal-

culated based on the population of women with GDM in

first pregnancy who had no difference in registered height

in first and second pregnancy. Women with z-scores for

height >4 or <�4 in first or second pregnancy were

excluded, as data were considered implausible. BMI in first

and second pregnancy was calculated from weight in kg

divided by height in m2 and categorised as underweight

(<18.5), normal weight (18.5–24.9), overweight (25.0–29.9),
obese class I (30–34.9) and obese class II/III (≥35).20 In

stratified analyses, BMI in first pregnancy was dichotomised

into <25 and ≥25.20 Interpregnancy interval was calculated

as date of second birth minus date of first birth minus ges-

tational age of second pregnancy and was categorised into

<12, 12–23, 24–35 and ≥36 months. To have an equal dis-

tribution of women within strata, year of second birth was

categorised according to 30 percentiles (1992–2001, 2002–
2006, 2007–2014).
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The main exposure was interpregnancy weight change,

defined as BMI in second pregnancy minus BMI in first

pregnancy, expressed as units BMI (kg/m2) (one BMI unit

is equivalent to approximately a 2.7-kg reduction or

increase in weight in a woman who is 1.68 m tall and

weighs 65 kg). Interpregnancy weight change was cate-

gorised as: <�2, �2 to <�1, �1 to <1 (stable BMI, used as

reference), 1 to <2, 2 to <4 and ≥4 kg/m2.12,21

The main outcome was GDM (yes/no), notified via a

check box on the birth notification form or as diagnostic

codes according to the International Classification of Dis-

eases (ICD) Swedish version 9 (648W) and ICD-10 (O244).

The diagnostic criteria of GDM during the entire study

period in Norway were: fasting plasma glucose levels <7.0
mmol/l and serum blood glucose following an oral glucose

tolerance test (2 hours after intake of 75 g oral glucose) of

≥7.8 mmol/l but <11.1 mmol/l, defined according to the

National Guidelines by the Norwegian Society of Gynaecol-

ogy and Obstetrics.22 For Sweden, the main diagnostic cri-

terion for the disease was based on a 75-g oral glucose

tolerance test with a fasting capillary blood glucose level

≥6.1 mmol/l and/or a 2-hour capillary blood glucose

≥9.0 mmol/l.23,24 In Norway and most parts of Sweden,

selective glucose tolerance tests are performed based on

known risk factors.22–24 However, practices concerning

screening and diagnostic criteria of GDM in Sweden vary

in the different healthcare settings.23,24

Statistical analysis
Chi-square tests were used to indicate associations and lin-

ear trends. Generalised linear models with log link, bino-

mial distribution and exponentiated regression coefficients

were used to calculate relative risks (RR) with 95% confi-

dence intervals (CI) for the association between recurrent

GDM and interpregnancy weight change categories. The

reference category was stable weight (�1 to <1 BMI units).

We used the theoretical framework directed acyclic graphs

(DAG) with ‘dagitty’ version 2.3 (www.dagitty.net) to visu-

alise possible causal pathways25 (Figure S1). Maternal age

at second delivery (<25, 25–29, ≥30 years), year of second

birth (1992–2001, 2002–2006, 2007–2014), education in

years (<10, ≥10), maternal country of birth (Nordic [Nor-

way, Sweden, Denmark, Finland and Iceland], non-Nordic,

missing), smoking at the start of second pregnancy (yes,

no, missing) and interpregnancy interval (<24, ≥24
months), were considered possible confounders and

adjusted for in the multivariable model.8,10,26 We handled

missing data on covariates (3.9%, 108/2763) by including

simple imputation methods and assigning a separate value

for missing data in the adjusted model. We also performed

missing imputation using chained equations (MICE)27 with

logistic regression for smoking, maternal country of birth

and maternal education; however, adjusted models were

almost unchanged. A potential effect modification by BMI

in first pregnancy (BMI <25 and BMI ≥25) was evaluated

by including an interaction term (BMI in first preg-

nancy 9 BMI change between pregnancies) in the multi-

plicative model (assessed by likelihood-ratio test). Analyses

were stratified by BMI in first pregnancy, interpregnancy

interval, maternal education, smoking at the start of second

pregnancy, year of second birth and maternal country of

birth.

Finally, as a sensitivity analysis, we evaluated whether

interpregnancy weight change trajectories influenced GDM

recurrence risk additionally to that of the absolute BMI in

second pregnancy (Table S1). By combining BMI categories

(BMI <25, 25.0–29.9 and ≥30 kg/m2)20 in first and second

pregnancy, we were able to calculate absolute risks of GDM

recurrence with 95% CI for each of the nine interpregnancy

weight change trajectories.

Associations were considered statistically significant at

the 5% level. The statistical analyses were performed using

STATA IC Statistical software version 15 and IBM SPSS

statistical software version 25 (www.spss.com).

Results

Inclusions and exclusions are shown in Figure 1. In the

two registries, 614 432 women had singleton first and sec-

ond births without established diabetes mellitus. Among

these, 4078 women were registered with GDM in their first

pregnancy (2957 in Sweden and 1121 in Norway). After

excluding 1315 (32.2%) women with missing information

on BMI, a total of 2763 women (2414 Swedish and 349

Norwegian women) were left for analyses of GDM recur-

rence risk. The population with available information on

BMI in both pregnancies (n = 2763) was compared with

the population with missing information on BMI

(n = 1315) with respect to maternal characteristics and risk

of GDM recurrence (Table S2). There was a higher propor-

tion of missing data and a higher absolute risk of GDM

recurrence (571/1315, 43.4%) in the population with miss-

ing information on BMI.

The overall recurrence risk for GDM in second preg-

nancy was 39% (Table 2). BMI in first pregnancy and

maternal age in second pregnancy were associated with

GDM recurrence (Table 1). For women with BMI <25 and

≥25 in first pregnancy, the recurrence rates were 33.6%

(425/1264) and 43.6% (653/1499), respectively (Tables S3

and S4).

In women with GDM in first pregnancy, 19.7% had a

weight loss >1 BMI unit, 39.8% were stable in weight and

40.5% increased their weight by ≥1 BMI unit (Table 2).

Among women with weight loss of >2 BMI units between

first and second pregnancy, 85% (n = 225) were overweight

(BMI ≥ 25) and 15% (n = 39) were normal weight at the
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start of first pregnancy. Compared with women who were

stable in weight between pregnancies, women with weight

loss >2 BMI units had a 20% lower risk of GDM recur-

rence (adjusted RR [aRR] 0.80, 95% CI 0.66–0.97)
(Table 2, Figure S2). GDM recurrence increased linearly

across categories of BMI change between first and second

pregnancy (P-value for trend; <0.0001) (Figure S2).

Women gaining ≥4 BMI units had a 42% increased risk of

GDM recurrence (aRR 1.42, 95% CI 1.22–1.65) compared

with women with a stable weight. Stratified analyses

revealed similar trends between BMI change and risk of

GDM recurrence in women with BMI <25 and ≥25 in first

pregnancy (Figure 2, Tables S3 and S4). There was no

interaction between BMI in first pregnancy (<25 and

≥25 kg/m2) and interpregnancy weight change categories

(v2 = 3.78, P = 0.582, likelihood-ratio test). Crude and

adjusted regression models were almost identical.

Overweight women (BMI ≥25) who reduced their weight

between pregnancies by >2 or 1–2 BMI units, had a 28%

(aRR 0.72, 95% CI 0.59–0.89) and 20% (aRR 0.80, 95% CI

0.65–0.99) lower risk of GDM recurrence respectively, com-

pared with overweight women with stable weight (Figure 2,

Table S4). In women with BMI <25 in first pregnancy,

reduced weight was not associated with a significantly

reduced risk of GDM recurrence (Figure 2, Table S3).

Women who gained ≥4 BMI units from first to second

pregnancy had an increased risk of GDM recurrence,

independent of BMI in first pregnancy (<25 and ≥25). The
crude and adjusted models differed only slightly. The asso-

ciation between interpregnancy weight change and GDM

recurrence in second pregnancy remained in stratified anal-

yses of maternal age, country of birth, year of second birth,

interpregnancy interval, smoking at the start of second

pregnancy and education (data not shown).

In sensitivity analyses, investigating absolute GDM recur-

rence risk by categories of BMI in first and second preg-

nancy (Table S1) we found that for women whose BMI at

second pregnancy was 25.0–29.9 (overweight), the lowest

risk of GDM recurrence in second pregnancy (26.8%, 95%

CI 16.7–39.1) was found for women who reached this BMI

category by losing weight (from BMI ≥30 in first preg-

nancy), whereas the highest risk (44.7%, 95% CI 38.4–51.1)
was found for women who gained weight (from BMI <25
in first pregnancy). Similar trends were found both for

women who had BMI ≥ 30 and BMI <25 in second

pregnancy.

Discussion

Main findings
Overweight/obese women (BMI ≥25) with weight loss >2
or 1–2 BMI units between pregnancies, had a 28% (aRR

0.72, 95% CI 0.59–0.89) and 20% (aRR 0.80, 95% CI 0.65–
0.99) lower risk of GDM recurrence, respectively, compared

Figure 1. Flow chart showing inclusion and exclusion in our study.
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with overweight women with stable weight. Gaining weight

between pregnancies was associated with increased risk of

GDM recurrence in women with a BMI <25 as well as ≥25
in first pregnancy.

Strengths and limitations
The family design enabled us to study how weight change

from first to second pregnancy revealed a heterogeneity in

risk of GDM recurrence, which underlines that GDM

recurrence is not only determined by genetic factors but

seems amenable to intervention. A large sample size

enabled us to show a dose–response association between

weight change from first to second pregnancy and risk of

recurrent GDM. The relation remained consistent across

strata, suggesting weight to be part of a metabolic mecha-

nism behind GDM. Despite strengths, there are some lim-

itations of our study. Self-reported height and weight may

have introduced misclassification bias; however, in women

Table 1. Maternal characteristics of women with gestational diabetes mellitus (GDM) in first pregnancy* according to recurrence of GDM

(n = 2763); Pooled data from the Swedish (1992–2010) and the Norwegian (2006–2014) Medical Birth Registries

GDM recurrence Total Absolute risk (%) Chi-square

No % Yes % P-value

BMI 1st pregnancy (kg/m2)

<18.5 39 2.3 19 1.8 58 32.8 <0.0005**

18.5–24.9 800 47.5 406 37.7 1206 33.7

25–29.9 458 27.2 323 30.0 781 41.4

≥30 388 23.0 330 30.6 718 46.0

Maternal age 2nd pregnancy (years)

<25 173 10.3 60 5.6 233 25.8 <0.0005**

25–29 487 28.9 294 27.3 781 37.6

≥30 1025 60.8 724 67.2 1749 41.4

Smoking at the start of 2nd pregnancy

No 1497 88.8 969 89.9 2466 39.3 0.18

Yes (daily/sometimes) 155 9.2 81 7.5 236 34.3

Missing 33 2.0 28 2.6 61 45.9

Maternal country of birth

Nordic 1227 72.8 743 68.9 1970 37.7 0.08

Non-Nordic 451 26.8 331 30.7 782 42.3

Missing 7 0.4 4 0.4 11 36.4

Maternal education (years)

<10 193 11.5 121 11.2 314 38.5 0.95

10–14 964 57.2 623 57.8 1587 39.3

>14 505 29.9 319 29.6 824 38.7

Missing 23 1.4 15 1.4 38 39.5

Marital status

Married/cohabiting 1614 96.9 1045 97.5 2659 39.3 0.36

Other 52 3.1 27 2.5 79 34.2

Missing 19 6 25

Interpregnancy interval (months)

<12 373 22.1 215 19.9 588 36.6 0.54

12–23 641 38.0 416 38.6 1057 39.4

24–35 321 19.1 220 20.4 541 40.7

≥36 350 20.8 227 21.1 577 39.3

Mother’s height (cm)

<160 354 21.0 237 22.0 591 40.1 0.47

160–164 506 30.0 297 27.6 803 37.0

165–169 458 27.2 291 27.0 749 38.9

≥170 367 21.8 253 23.5 620 40.8

Total 1685 100 1078 100 2763 39.0

*Women with singleton pregnancies without diabetes mellitus prior to first pregnancy.

**P-value for chi-square trend.
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of reproductive age, self-reported height and weight differs

only slightly from direct measures and has been found to

give valid estimates in research and for clinical use.28 Data

on height and weight were collected before the outcome

GDM, and possible misclassification of BMI would there-

fore be independent of the outcome and non-differen-

tial.29 Selection bias due to missing data on BMI is a

possibility, however, as the absolute risk of GDM recur-

rence in our study population was lower than in the pop-

ulation with missing BMI information (39.0 versus

43.6%); this will likely bias risk estimates towards the null

and underestimate the true association between weight

change and GDM recurrence. The high proportion of

missing data in the Norwegian data is suggested to be

randomly missing across the population,17 and if lack of

information is randomly assigned, impact on risk esti-

mates would be minor.16,29 In both Norway and Sweden,

a risk-based screening strategy for GDM is used. This

may result in under-reporting of GDM. Thus, our results

may not be generalisable to potentially more heteroge-

neous populations where universal screening for GDM is

established.

Figure 2. Adjusted relative risk (aRR) for recurrence of gestational diabetes mellitus (GDM) in women with body mass index (BMI) <25 (n = 1264)

and ≥25 (n = 1499) in first pregnancy; Pooled data from the Swedish (1992–2010) and the Norwegian Medical Birth Registry (2006–2014). Analyses
are adjusted for maternal age (<25 [reference], 25–29, ≥30), year of second birth (1992–2001 [reference], 2002–2006, 2007–2014), maternal

education (<10 years, ≥10 years [reference]), interpregnancy interval (<24 months, ≥24 months [reference]), maternal country of birth (Nordic

[reference], non-Nordic, missing), maternal smoking at the start of second pregnancy (no [reference], yes, missing).

Table 2. Overall relative risk (RR) for recurrence of gestational diabetes mellitus (GDM) in second pregnancy; Pooled data from the Swedish

Medical Birth Registry (1992–2010) and the Norwegian Medical Birth Registry (2006–2014) (n = 2763)

BMI change from 1st to

2nd pregnancy

1st pregnancy 2nd pregnancy Risk for GDM recurrence in 2nd pregnancy

Units, kg/m2 N (%) Mean BMI Mean BMI n/N GDM (%) Crude RR 95% CI Adj RR* 95% CI

<�2 264 (9.6) 31.6 27.6 82/264 31.1 0.81 0.67–0.99 0.80 0.66–0.97

�2 to <�1 279 (10.1) 27.4 26.0 93/279 33.3 0.87 0.73–1.04 0.86 0.71–1.03

�1 to <1 1100 (39.8) 25.9 25.9 421/1100 38.3 1.00 Reference 1.00 Reference

1 to <2 463 (16.8) 25.9 27.3 180/463 38.9 1.02 0.89–1.16 1.02 0.89–1.17

2 til <4 471 (17.0) 26.5 29.3 202/471 42.9 1.12 0.99–1.27 1.15 1.02–1.31

≥4 186 (6.7) 28.5 34.4 100/186 53.8 1.40 1.21–1.64 1.42 1.22–1.65

Total 2763 (100) 26.9 27.5 1078/2763 39.0

*Analyses adjusted for maternal age (<25 [reference], 25–29, ≥30), year of second birth (1992–2001 [reference], 2002–2006, 2007–2014),
maternal education (<10 years, ≥10 years [reference]), interpregnancy interval (<24 months, ≥24 months [reference]), maternal country of birth

(Nordic [reference], non-Nordic, missing) and maternal smoking at the start of second pregnancy (no [reference], yes, missing).
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We could not distinguish between weight change in the

interpregnancy interval and gestational weight gain during

first pregnancy, and reported weight change could be a

product of both. Unmeasured confounding by diet, exercise

and lifestyle changes cannot be excluded.

No core outcome set was used in this study.

Interpretation
Our results demonstrate that interpregnancy weight change

may alter GDM recurrence trajectory in a population of

women characterised by high GDM recurrence. The dose–
response association between interpregnancy weight change

and GDM recurrence indicates that maternal weight is a

likely causal factor behind GDM. These findings comple-

ment studies which have found that interpregnancy weight

change modified risk of GDM in a second pregnancy in a

population of women who did not have GDM in their first

pregnancy.11,12 Studies have investigated interpregnancy

weight change and risk of GDM in a second pregnancy;

however, authors have typically included women both with

and without GDM in first pregnancy13,30 or excluded

women with GDM in first pregnancy.11,12 Difference in

design and methodology make interpretation of these

results difficult.

The gestational diabetes mellitus recurrence rate in our

study is consistent with American cohort studies of similar

design, revealing a 41%31 and 38%13 GDM recurrence rate.

The high GDM recurrence rate may be due to underlying

impairment following GDM from first pregnancy, suggest-

ing that the impaired b-cell function continues even after

the stresses of pregnancy have ended.32 Defects in maternal

insulin sensitivity and secretion, may be unmasked in

response to metabolic stressors of a subsequent preg-

nancy.33 However, results from our study suggest the possi-

bility of altering the natural GDM recurrence trajectory by

changing women’s weight from first to second pregnancy.

Weight loss in overweight/obese individuals improves adi-

posity-induced systemic inflammation,34 and interpreg-

nancy weight loss in overweight women may improve

insulin sensitivity and b-cell function, resulting in a better

ability to cope with the physiological demands1,35,36 of

decreased insulin sensitivity in the subsequent pregnancy.

In contrast, weight gain is likely to increase the pressure on

the glucose metabolism, causing a sub-clinically decreased

insulin sensitivity, which may limit the metabolic capacity

in both normal weight and overweight women. This may

explain the increased risk of GDM recurrence associated

with interpregnancy weight gain found in women with

BMI <25 and women with BMI ≥25 in our study. Gener-

ally, GDM is likely to represent detection of a chronic con-

dition of low and falling b-cell compensation for chronic

insulin resistance, rather than development of an acute

condition of pregnancy.37 This hypothesis is further

strengthened by the strong association between GDM and

later type 2 diabetes mellitus.3

Results from our sensitivity analysis indicate that the

interpregnancy weight change trajectories (weight loss or

weight gain) add to the risk associated with the absolute

BMI at second pregnancy, which is most evident for

women overweight at second pregnancy. Although confi-

dence intervals were wide and overlapping, our results are

likely to have clinical importance.

Despite the well-known high risk of GDM recurrence,

care for women in the interconception period is lacking.38

The majority of women in our study (40.5%) had an inter-

pregnancy weight gain, underlining the tendency for

women to gain rather than reduce weight between preg-

nancies.39 Only 19.7% of women had an interpregnancy

weight loss >1 BMI unit. These results are comparable to

the 41.1% weight gain and 13.1% weight loss in a Swedish

study of similar design.21 Among women with an inter-

pregnancy weight loss of >2 BMI units, 85% (n = 225) had

a BMI ≥25 at the start of first pregnancy. This is evidence

that overweight/obese women who experience GDM in

their first pregnancy, may make an effort to reduce their

weight by the second pregnancy. A potential benefit of

interpregnancy weight loss on GDM recurrence should not,

however, come at the expense of increased risk of adverse

outcomes in a subsequent pregnancy. A similar study from

the UK found that women with a weight loss >1 BMI unit

had an increased risk of small for gestational age (SGA) in

second pregnancy, independent of BMI in first pregnancy.40

However, in a cohort study from Australia, they revealed

an increased risk of SGA only among normal weight

women with an interpregnancy weight loss.30 Among

women with a BMI ≥25 in first pregnancy, an interpreg-

nancy weight loss ≥2 BMI units was even associated with a

reduced risk of SGA.30

Conclusion

Overweight/obese women with a weight loss >1 BMI unit

from first to second pregnancy had a 20–28% lower risk

of GDM recurrence, compared with overweight/obese

women who were stable in weight. Gaining weight

between pregnancies was associated with increased risk of

GDM recurrence in women who had BMI < 25 and

women with BMI ≥ 25 in first pregnancy. Our results

may have implications for both healthcare and public

health strategies, aiming at promoting healthy weight in

the interconception window in women with a history of

GDM. If interpregnancy weight change is able to alter

GDM recurrence trajectory, future research should explore

whether interpregnancy weight change may modify the

strong association between GDM and later type 2 diabetes

mellitus.

1614 ª 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Sorbye et al.



Disclosure of interests
None declared. Completed disclosure of interests forms are

available to view online as supporting information.

Contribution to authorship
LMS, RS and N-HM contributed to the conceptualisation

of this study. LMS analysed the data, wrote the original

draft of the manuscript and is responsible for the reviewing

and editing of the manuscript. N-HM, RS and KK reviewed

the analyses and contributed with skills in methodology.

N-HM, RS, KK SC, A-KW and LGK contributed with criti-

cal comments to the analyses and in the reviewing and

writing of this manuscript. RS is guarantor for data quality.

LMS is the corresponding author and the guarantor of this

study.

Details of ethics approval
The project was approved in Sweden by the regional ethics

committee at Karolinska Institutet, Stockholm (No. 2012/

1813-31/4, 31 April 2012) and in Norway by the Regional

Ethics Committee REK VEST (2015/1728, 5 November

2015). All data handled by the researchers were anony-

mous, and as we did not have additional patient contact,

individual consent was not required for the use of these

compulsorily collected national data.

Funding
This study was financially supported by the Norwegian

National Advisory Unit on Women’s Health at Oslo

University Hospital, the Norwegian Research Council

(2015/1728), the Intramural Research Program of the

National Institute of Health, National Institute of Environ-

mental Health Sciences, the European Research Council

under the European Union’s Horizon 2020 Research and

Innovation Programme (ERC advanced grant 2018, agree-

ment No 833076), by the Swedish Research Council for

Health, Working Life and Welfare (grants No 2014-0073

and 2017-00134 to SC) and by an unrestricted grant from

Karolinska Institutet (No. 2368/10-221, Distinguished Pro-

fessor Award to SC). The funding sources did not have a

role in study design, data analysis, interpretation of data,

writing the manuscript or in the decision to submit the

paper for publication. We confirm that the corresponding

author had full access to all data in the study, and had the

final responsibility for the decision to submit the article for

publication.

Acknowledgements
The Medical Birth Registry of Norway and the Medical

Birth Registry of Sweden kindly provided data for the anal-

yses. We are grateful to Rolv Skjaerven for introducing us

to the idea for this paper, and to Jannicke Igland from the

Core Facility in Biostatistics and Data Analysis at the

University of Bergen for her support in statistical knowl-

edge in STATA and for handling missing imputation in

STATA.

Supporting Information

Additional supporting information may be found online in

the Supporting Information section at the end of the

article.

Figure S1. Proposed directed acyclic graph for the path-

ways between interpregnancy weight change (Diff BMI 1st –
2nd) and gestational diabetes mellitus recurrence (GDM

2nd) in our study.

Figure S2. Overall adjusted relative risk (aRR) for recur-

rence of gestational diabetes mellitus (GDM) in second

pregnancy in pooled data from the Swedish (1992–2010)
and the Norwegian Medical Birth Registry (2006–2014)
(n = 2763).

Table S1. Absolute risks (%) and proportions (n/N) of

gestational diabetes mellitus (GDM) recurrence in second

pregnancy by categories of body mass index (BMI) in first

and second pregnancy; Pooled data from the Swedish Med-

ical Birth Registry (1992–2010) and the Norwegian Medical

Birth Registry (2006–2014) (n = 2763).

Table S2. Maternal characteristics of women with gesta-

tional diabetes mellitus (GDM) in first pregnancy accord-

ing to available information on body mass index (BMI).

Pooled data from the Swedish (1992–2010) and the Norwe-

gian (2006–2014) Medical Birth Registry (n = 4078).

Table S3. Relative risk (RR) for recurrence of gestational

diabetes mellitus (GDM) in second pregnancy in women

with body mass index (BMI) <25 at first pregnancy. Pooled

data from the Swedish Medical Birth Registry (1992–2010)
and the Norwegian Medical Birth Registry (2006–2014)
(n = 1264).

Table S4. Relative risk (RR) for recurrence of gestational

diabetes mellitus (GDM) in second pregnancy in women

with body mass index (BMI) ≥25 in first pregnancy; Pooled

data from the Swedish Medical Birth Registry (1992–2010)
and the Norwegian Medical Birth Registry (2006–2014)
(n = 1499).&

References

1 Buchanan TA, Xiang AH. Gestational diabetes mellitus. J Clin Invest

2005;115:485–91.
2 Xu Y, Shen S, Sun L, Yang H, Jin B, Cao X. Metabolic syndrome risk

after gestational diabetes: a systematic review and meta-analysis.

PLoS One 2014;9:e87863.

3 Bellamy L, Casas JP, Hingorani AD, Williams D. Type 2 diabetes

mellitus after gestational diabetes: a systematic review and meta-

analysis. Lancet 2009;373:1773–9.

1615ª 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

GDM recurrence by interpregnancy weight change



4 Tobias DK, Stuart JJ, Li S, Chavarro J, Rimm EB, Rich-Edwards J,

et al. Association of history of gestational diabetes with long-term

cardiovascular disease risk in a large prospective cohort of US

women. JAMA Intern Med 2017;177:1735–42.
5 Hjort L, Novakovic B, Grunnet LG, Maple-Brown L, Damm P, Desoye

G, et al. Diabetes in pregnancy and epigenetic mechanisms-how the

first 9 months from conception might affect the child’s epigenome

and later risk of disease. Lancet Diabetes Endocrinol 2019;7:796–
806.

6 Buckley BS, Harreiter J, Damm P, Corcoy R, Chico A, Simmons D,

et al. Gestational diabetes mellitus in Europe: prevalence, current

screening practice and barriers to screening. A review. Diabet Med

2012;29:844–54.
7 Chen Y, Quick WW, Yang W, Zhang Y, Baldwin A, Moran J, et al.

Cost of gestational diabetes mellitus in the United States in 2007.

Popul Health Manag 2009;12:165–74.
8 Schwartz N, Nachum Z, Green MS. Risk factors of gestational diabetes

mellitus recurrence: a meta-analysis. Endocrine 2016;53:662–71.
9 England L, Kotelchuck M, Wilson HG, Diop H, Oppedisano P, Kim

SY, et al. Estimating the recurrence rate of gestational diabetes

mellitus (GDM) in Massachusetts 1998–2007: methods and findings.

Matern Child Health J 2015;19:2303–13.
10 Farrar D, Simmonds M, Bryant M, Lawlor DA, Dunne F, Tuffnell D,

et al. Risk factor screening to identify women requiring oral glucose

tolerance testing to diagnose gestational diabetes: a systematic

review and meta-analysis and analysis of two pregnancy cohorts.

PLoS One 2017;12:e0175288.

11 Villamor E, Cnattingius S. Interpregnancy weight change and risk of

adverse pregnancy outcomes: a population-based study. Lancet

2006;368:1164–70.
12 Sorbye LM, Skjaerven R, Klungsoyr K, Morken NH. Gestational

diabetes mellitus and interpregnancy weight change: a population-

based cohort study. PLoS Medicine 2017;14:e1002367.

13 Ehrlich SF, Hedderson MM, Feng J, Davenport ER, Gunderson EP,

Ferrara A. Change in body mass index between pregnancies and the

risk of gestational diabetes in a second pregnancy. Obstet Gynecol

2011;117:1323–30.
14 Bogaerts A, Van den Bergh BR, Ameye L, Witters I, Martens E,

Timmerman D, et al. Interpregnancy weight change and risk for

adverse perinatal outcome. Obstet Gynecol 2013;122:999–1009.
15 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C,

et al. Global, regional, and national prevalence of overweight and

obesity in children and adults during 1980–2013: a systematic

analysis for the Global Burden of Disease Study 2013. Lancet

2014;384:766–81.
16 K€all�en B, K€all�en K. The Swedish Medical Birth Register – a summary

of content and quality. Research report from the Swedish National

Board of Health and Welfare 2003 [http://lup.lub.lu.se/record/

1127699]. Accessed 1 July 2020.

17 Medical Birth Registry of Norway: The Norwegian Institute of Public

Health. 2018 [www.fhi.no/en/hn/health-registries/medical-birth-re

gistry-of-norway/]. Accessed 14 May 2020.

18 Cnattingius S, Ericson A, Gunnarskog J, Kallen B. A quality study of

a medical birth registry. Scand J Soc Med 1990;18:143–8.
19 Irgens LM. The Medical Birth Registry of Norway. Epidemiological

research and surveillance throughout 30 years. Acta Obstet Gynecol

Scand 2000;79:435–9.
20 World Health Organization. Obesity: preventing and managing the

global epidemic: report of a WHO consultation. WHO Technical

Report Series 894. 2000. [www.who.int/nutrition/publications/

obesity/WHO_TRS_894/en/]. Accessed 14 May 2020.

21 Cnattingius S, Villamor E. Weight change between successive

pregnancies and risks of stillbirth and infant mortality: a nationwide

cohort study. Lancet 2016;387:558–65.
22 Henriksen T, Thordarson H, & Clausen, T Diabetes i svangerskapet.

Veileder i fødselshjelp 2008. The Norwegian Society of Gynecology and

Obstetrics; 2008. https://www.legeforeningen.no/contentassets/04d0b

3c134ac4b12aa1a03c3a2666585/veileder-i-fodselshjelp-2008.pdf.

23 Fadl HE, Simmons D. Trends in diabetes in pregnancy in Sweden

1998–2012. BMJ Open Diabetes Res Care 2016;4:e000221.

24 Fadl HE, Ostlund IK, Magnuson AF, Hanson US. Maternal and

neonatal outcomes and time trends of gestational diabetes mellitus

in Sweden from 1991 to 2003. Diabet Med 2010;27:436–41.
25 Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT.

Robust causal inference using directed acyclic graphs: the R package

‘dagitty’. Int J Epidemiol 2016;45:1887–94.
26 Solomon CG, Willett WC, Carey VJ, Rich-Edwards J, Hunter DJ,

Colditz GA, et al. A prospective study of pregravid determinants of

gestational diabetes mellitus. JAMA 1997;278:1078–83.
27 White IR, Royston P, Wood AM. Multiple imputation using chained

equations: issues and guidance for practice. Stat Med 2011;30:377–99.
28 Seijo M, Minckas N, Cormick G, Comande D, Ciapponi A, BelizAn

JM. Comparison of self-reported and directly measured weight and

height among women of reproductive age: a systematic review and

meta-analysis. Acta Obstet Gynecol Scand 2018;97:429–39.
29 Rothman KJ, Greenland S, Lash TL. Modern Epidemiology, 3rd edn.

Philadelphia, PA: Lippincott Williams & Wilkins; 2008.

30 McBain RD, Dekker GA, Clifton VL, Mol BW, Grzeskowiak LE.

Impact of inter-pregnancy BMI change on perinatal outcomes: a

retrospective cohort study. Eur J Obstet Gynecol Reprod Biol

2016;205:98–104.
31 Getahun D, Fassett MJ, Jacobsen SJ. Gestational diabetes: risk of

recurrence in subsequent pregnancies. Am J Obstet Gynecol

2010;203:467 e1–6.
32 Kim C. Maternal outcomes and follow-up after gestational diabetes

mellitus. Diabet Med 2014;31:292–301.
33 Zhang C, Tobias DK, Chavarro JE, Bao W, Wang D, Ley SH, et al.

Adherence to healthy lifestyle and risk of gestational diabetes

mellitus: prospective cohort study. BMJ 2014;349:g5450.

34 Forsythe LK, Wallace JM, Livingstone MB. Obesity and inflammation:

the effects of weight loss. Nutr Res Rev 2008;21:117–33.
35 Catalano PM, Ehrenberg HM. The short- and long-term implications

of maternal obesity on the mother and her offspring. BJOG

2006;113:1126–33.
36 Catalano PM. Obesity, insulin resistance, and pregnancy outcome.

Reproduction 2010;140:365–71.
37 Xiang AH, Kjos SL, Takayanagi M, Trigo E, Buchanan TA. Detailed

physiological characterization of the development of type 2 diabetes

in Hispanic women with prior gestational diabetes mellitus. Diabetes

2010;59:2625–30.
38 Tieu J, Shepherd E, Middleton P, Crowther CA. Interconception care

for women with a history of gestational diabetes for improving

maternal and infant outcomes. Cochrane Database Syst Rev (Online)

2017;(8):CD010211.

39 Poston L, Caleyachetty R, Cnattingius S, Corvalan C, Uauy R,

Herring S, et al. Preconceptional and maternal obesity: epidemiology

and health consequences. Lancet Diabetes Endocrinol 2016;4:1025–
36.

40 Wallace JM, Bhattacharya S, Campbell DM, Horgan GW. Inter-

pregnancy weight change impacts placental weight and is

associated with the risk of adverse pregnancy outcomes in the

second pregnancy. BMC Pregnancy Childbirth 2014;14:40.

1616 ª 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Sorbye et al.

http://lup.lub.lu.se/record/1127699
http://lup.lub.lu.se/record/1127699
http://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
http://www.fhi.no/en/hn/health-registries/medical-birth-registry-of-norway/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
http://www.who.int/nutrition/publications/obesity/WHO_TRS_894/en/
https://www.legeforeningen.no/contentassets/04d0b3c134ac4b12aa1a03c3a2666585/veileder-i-fodselshjelp-2008.pdf
https://www.legeforeningen.no/contentassets/04d0b3c134ac4b12aa1a03c3a2666585/veileder-i-fodselshjelp-2008.pdf



