
1Stalheim AM, et al. BMJ Open 2023;13:e063725. doi:10.1136/bmjopen-2022-063725

Open access 

Seasonal variation in gestational 
diabetes mellitus among women in 
Norway: a national population- 
based study

Astrid Melteig Stalheim,1,2 Marjolein Memelink Iversen    ,1 Anne Karen Jenum,3 
Line Sletner,4,5 Signe N Stafne,6,7 Elisabeth Qvigstad,5,8 Linda Sagedal,9 
Roy Miodini Nilsen    ,10 Vigdis Aasheim,1 Ragnhild B Strandberg    1

To cite: Stalheim AM, 
Iversen MM, Jenum AK, 
et al.  Seasonal variation in 
gestational diabetes mellitus 
among women in Norway: 
a national population- 
based study. BMJ Open 
2023;13:e063725. doi:10.1136/
bmjopen-2022-063725

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2022-063725).

Received 11 April 2022
Accepted 27 February 2023

For numbered affiliations see 
end of article.

Correspondence to
Dr Ragnhild B Strandberg;  
 Ragnhild. Bjarkoy. Strandberg@ 
hvl. no

Original research

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives Previous research on seasonal variation 
in the incidence of gestational diabetes mellitus (GDM) 
has shown inconclusive results. Furthermore, little is 
known about whether a seasonal variation in GDM might 
be associated with the maternal country of birth. We 
examined whether there was seasonal variation in GDM 
incidence by the maternal country background.
Design National population- based registry study.
Setting and participants We used national population- 
based data from the Medical Birth Registry of Norway 
(MBRN), n=1 443 857 (1990–2016) and data from four 
merged community- based studies (4GDM) with universal 
screening for GDM, n=2 978 (2002–2013).
Outcome measures The association between season of 
pregnancy onset with incidence of GDM was examined 
separately in both datasets using logistic regression 
analyses, stratified by the mother’s country background 
using two broad geographical categories (MBRN: Norwegian 
and immigrant; 4GDM: European and African/Asian 
ethnicity). Winter season was used as reference category.
Results The incidence of GDM in MBRN was highest when 
the pregnancy started during the winter (Norwegian- born: 
1.21%; immigrants: 3.32%) and lowest when pregnancy 
started during the summer for both Norwegian and 
immigrant women (Norwegian- born: 1.03% (OR 0.85, 95% 
CI 0.81 to 0.98); immigrants: 2.99% (OR 0.90, 95% CI 0.84 
to 0.96)). The 4GDM data showed that women with European 
ancestry had the highest incidence of GDM when pregnancy 
started during autumn (10.7%, OR 1.01, 95% CI 0.69 to 1.46) 
and winter (10.6%), while ethnic African and Asian women 
had the highest incidence when pregnancy onset was during 
the summer (15.3%, OR 1.17, 95% CI 0.54 to 2.53).
Conclusions Based on national population- based data, 
this study suggests that GDM incidence varies by season 
in both Norwegian- born and immigrant women. The 4GDM 
dataset did not show a clear seasonal variation in GDM 
incidence, possibly due to the relatively small sample. 
Causes for the seasonal variation in GDM should be 
explored further.

INTRODUCTION
Gestational diabetes mellitus (GDM) is 
defined as glucose intolerance first detected 

during pregnancy.1 The condition is due to a 
reduced ability to increase insulin production 
to meet the physiological increase in insulin 
resistance that occurs during pregnancy.2 
GDM poses a risk for several adverse maternal 
and fetal outcomes. Women with GDM have 
an increased risk of pre- eclampsia, caesarean 
section3 and type 2 diabetes mellitus later 
in life.4 The fetus has an increased risk of 
macrosomia and the baby faces a higher risk 
of shoulder dystocia and neonatal hypogly-
caemia.5 Internationally, studies show that the 
incidence of GDM has increased over time6 in 
parallel with the epidemic of obesity world-
wide.1 This increasing incidence of GDM has 
also been reported in Norway.7

Several studies have examined seasonality 
in the incidence of GDM, but the results are 
somewhat inconsistent. Studies from several 
continents report a positive association 
between the incidence of GDM and a warm 
season at the time of the diagnosis, hypoth-
esising that the temperature on or a few 
weeks before the day of testing may increase 
blood glucose.8–15 However, two studies from 
the UK did not find any significant associa-
tion between the incidence of GDM and the 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study used data from a large national 
population- based registry, supplemented with data 
from four merged community- based studies.

 ⇒ The two datasets complement each other regarding 
study size, ethnic groups and gestational diabetes 
mellitus (GDM) diagnosis.

 ⇒ The Medical Birth Registry of Norway data underes-
timated especially the incidence of milder cases of 
GDM treated only with lifestyle advice.

 ⇒ We could not classify the mother’s country back-
ground in the same way in both datasets.
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season at the time of performing the oral glucose toler-
ance test (OGTT).16 17 Furthermore, one study reported 
the highest fasting glucose values in winter and the highest 
2- hour glucose values in summer.18 Finally, an Austra-
lian study examined the association between the season 
of pregnancy onset and incidence of GDM. Their study 
showed the highest incidence of GDM when pregnancy 
started in winter.19 If the outdoor temperature at time of 
testing causes the seasonal variation in GDM, we would 
assume to find a similar trend for seasonal variation inde-
pendent of the individuals’ geographical origin. However, 
levels of physical activity, nutrient intake or vitamin D 
status, which can vary by season, may also be involved in 
the development of GDM.19 Two meta- analyses reported 
that physical activity before and during pregnancy may 
reduce the incidence of GDM.20 21 Moreover, other studies 
indicate that physical activity is seasonal in many coun-
tries.22 23 Therefore, seasonal variation in physical activity 
could potentially be associated with seasonal variation in 
GDM. The divergent results across studies suggest that 
more research is needed to examine seasonality in GDM 
incidence, and potential mechanisms involved.

The existing literature has found that the mother’s 
country background is related to the risk of GDM. Studies 
report that immigrant women have a higher GDM prev-
alence than non- immigrant women, in particular women 
with Asian or African ancestry.7 24–27 To our knowledge, no 
previous study has examined seasonal variation in GDM 
based on the mother’s country background. Insights 
about seasonal differences in GDM incidence by mother’s 
country background may point to possible mechanisms 
involved in the development of GDM, and ethnic differ-
ences in GDM. This knowledge can be used to inform new 
studies and as a small step towards developing targeted 
interventions to promote a healthy lifestyle in the diverse 
group of women in reproductive age, and specifically for 
pre- pregnancy or early pregnancy follow- up consulta-
tions. In this study, we used two datasets, first data from a 
large national population- based registry. Second, we used 
an additional dataset from studies performing universal 
screening for GDM, which gave us the possibility to inves-
tigate our aim more in- depth. The aim of this study was to 
examine whether there was seasonal variation in the inci-
dence of GDM when stratified by the mother’s country 
background using two broad geographical categories 
(Medical Birth Registry of Norway (MBRN): Norwegian 
and immigrant; 4GDM: European and African/Asian 
ethnicity).

METHODS
Study design, setting and samples
The main analyses for the present study were based on the 
MBRN, which is a large perinatal database in which the 
registration of all births in Norway has been compulsory 
since 1967.28 The current dataset consisted of deidenti-
fied pregnancy data linked with sociodemographic and 
immigrant data obtained from Statistics Norway for 

the period 1990–2016.29 From this dataset, we selected 
all pregnancies in which the maternal country of birth 
and month of pregnancy onset were available among 
first- generation immigrants only (foreign- born women 
with two foreign- born parents) and all Norwegian- born 
women (of Norwegian- born parents). Thus, to retain 
more homogenous groups, we excluded 85 066 pregnan-
cies of Norwegian- born women with two foreign- born 
parents; foreign- born women with one Norwegian- born 
parent; Norwegian- born women with one foreign- born 
parent; and foreign- born women with two Norwegian- 
born parents. Moreover, we excluded any women with 
pregestational diabetes registered in the MBRN, leaving 
a sample size of n=1 433 857 pregnancies (online supple-
mental figure S1). Midwives or general practitioners 
register if a woman has type 1 diabetes, type 2 diabetes or 
gestational diabetes in a standard antenatal form during 
the follow- up consultations in pregnancy, and this infor-
mation is sent to the Medical Birth Registry after birth 
along with the other pregnancy- related information.

Our additional dataset was obtained from the 4GDM 
consortium,26 with merged data from four Norwegian 
pregnancy studies (two cohort studies and results from 
two randomised controlled trials ( ClinicalTrials. gov 
Identifier: NCT01001689 and NCT00476567): ‘STORK 
Groruddalen’,30 ‘STORK Rikshospitalet’,31 ‘Norwegian 
Fit for Delivery’32 and ‘Training in Pregnancy’.33 The data 
were collected in the period 2002–2013 on 3315 women 
from several cities in central and southern Norway, 
including the capital. We included n=2978 pregnancies 
in total for analyses of seasonal variation of GDM, after 
having excluded pregnancies with missing data at the 
time of pregnancy onset (n=265) and GDM diagnosis 
(n=72) (online supplemental figure S2).

Variables
Gestational diabetes mellitus
In the MBRN dataset, the GDM diagnosis was based on 
traditional high- risk screening using maternal character-
istics to select women for a 75 g glucose OGTT (recom-
mended gestational week 28–30), including family history 
of diabetes, ethnicity from non- European countries with 
high risk for GDM, previous GDM, high maternal age 
and body mass index (BMI).34 In contrast, the infor-
mation about GDM diagnosis in the 4GDM dataset was 
based on the results from universal screening in which all 
women were offered OGTT. In both datasets, the GDM 
diagnosis was made using the diagnostic criteria specified 
by WHO at the time of these studies, with fasting plasma 
glucose ≥7.0 mmol/L and/or a 2- hour plasma glucose 
of ≥7.8 mmol/L.34 35 In addition, we further analysed 
4GDM data using GDM classified according to two addi-
tional diagnostic criteria. First, WHO 2013 criteria (WHO 
2013) (slightly modified as 1- hour values are missing) 
with fasting plasma glucose ≥5.1 mmol/L and/or 2- hour 
plasma glucose of ≥8.5 mmol/L.36 Second, the criteria 
presently used in Norway (Nor2017) with fasting plasma 
glucose ≥5.3 mmol/L and/or a 2- hour plasma glucose of 
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≥9.0 mmol/L.2 GDM was a dichotomous variable (yes/
no).

Season and month of pregnancy onset
In the MBRN data set, we estimated the calendar time of 
pregnancy onset based on the year and month of delivery 
minus the gestational age based on ultrasound derived 
term. In the 4GDM data set, the time of pregnancy onset 
was based on the year and month of OGTT minus the 
gestational age at OGTT. Gestational age was based on 
second trimester ultrasound measurements or, if missing, 
on the last reported menstrual period. In keeping with 
previous studies,11 16 the season variable was categorised 
as follows: winter (December–February), spring (March–
May), summer (June–August) and autumn (September–
November). In addition, due to a large MBRN sample size, 
we also performed analyses for each individual month.

Mother’s country background
The mother’s country background in the MBRN dataset 
was categorised as Norwegian- born or immigrant women 
(first- generation; foreign- born women with two foreign- 
born parents). In the 4GDM dataset, the mother’s country 
background was categorised as European or African/
Asian ancestry, based on the birthplace of the mother of 
the participating woman. The merging of larger catego-
ries of ethnic origin in 4GDM was made due to the small 
sample size and confidentiality concerns. In the Euro-
pean category, 97.6% were Norwegian- born or born in 
other Western European countries.

Other variables
Other variables involved in the analyses were maternal 
age (continuous), parity (primipara or parous), marital 
status (married/cohabitant or single/other) and educa-
tion level (primary or less, high school or higher).

Statistical analyses
The GDM diagnosis was the dependent (outcome) vari-
able, while season/month of pregnancy onset was the 
independent (exposure) variable. We first produced 
descriptive statistics for the dependent and independent 
variables, as well as for ‘other variables’. We used logistic 
regression for examining the association between GDM 
and season, and GDM and ethnicity. In addition, we used 
logistic regression analysis to investigate, when stratified 
by the mother’s country background, the association 
between season as categorical exposure and GDM as a 
binary outcome. The results were reported as ORs with 
95% CIs. For each dataset, we stratified analyses by the 
mother’s country background (MBRN: Norwegian- born 
and immigrants; 4GDM: European and African/Asian). 
We used winter and the month of January as references 
because this was the time of pregnancy onset with the 
highest incidence of GDM in the MBRN dataset. We 
used Stata IC V.16.0 for the statistical analysis (StataCorp, 
Texas, USA).

Patient and public involvement
This study used existing national population- based 
register data (1990–2016) and data from four merged 
community- based studies performed in the period 2002–
2013. Patient and public involvement in the current study 
were therefore not applicable.

RESULTS
Sample characteristics and incidence of GDM
Table 1 shows data from the MBRN (n=1 443 857) for the 
period 1990–2016 and data from the 4GDM (n=2978) for 
the period 2002–2013. Compared with the MBRN dataset, 
the 4GDM dataset had a higher proportion of primipara 
(61.1% and 41.3%, respectively), a higher proportion of 
women with a ‘higher education’ (73.5% and 42.3%) and 
a lower proportion of women with an educational level 
of ‘primary or less’ (4.9% and 22.0%). The two samples 
had a similar mean maternal age (30.1 and 29.2 years, 
respectively).

The overall incidence of GDM in the MBRN dataset 
was 1.4%, with an increasing trend over time, particu-
larly after 2009 (figure 1). The overall incidence of GDM 
in the 4GDM dataset was 10.8%. Table 1 shows that, for 
both datasets, women with GDM had a higher mean 
maternal age compared with women without GDM and 
a lower educational level. We also found a slightly higher 
incidence of GDM among parous women compared with 
primipara (mainly in MBRN) and a higher incidence of 
GDM in the immigrant group in the MBRN dataset, as 
well as African/Asian women in the 4GDM dataset.

Seasonal variation of GDM
In the MBRN dataset, both Norwegian- born and immi-
grant women had the lowest incidence of GDM when 
pregnancy started during the summer season (1.03%, 
crude OR 0.85, 95% CI 0.81 to 0.89 and 2.99%, crude 
OR 0.90, 95% CI 0.84 to 0.96) (table 2, figure 2). When 
investigating calendar time in more detail, the monthly 
variation showed a lower incidence of GDM when the 
month of pregnancy onset was between May and October 
(0.99%–1.07%) for Norwegian women and between May 
and July (2.80%–2.97%) for immigrant women (online 
supplemental table S1).

In the 4GDM dataset, the GDM incidence for Euro-
pean women ranged from 9.61% (crude OR 0.89, 95% 
CI 0.64 to 1.25) when the pregnancy onset was during 
spring to 10.68% (crude OR 1.01, 95% CI 0.69 to 1.46) 
in the autumn (table 2, figure 2). For women of African/
Asian origin, the incidence increased from 13.39% (OR 
1.0, reference) when pregnancy onset was during winter 
to 15.31% (crude OR 1.17, 95% CI 0.54 to 2.53) in the 
summer (table 2, figure 2). When examining seasonal 
variation in GDM incidence using the WHO2013 and 
Nor2017 diagnostic criteria, with greater emphasis on 
elevated fasting glucose values, we found that the lowest 
incidence of GDM in the European women was in the 
group with pregnancy onset in summer (WHO2013 
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11.05% and NOR2017 5.53%). (online supplemental 
table S2). The results in these analyses from the 4GDM 
did not reach statistical significance.

The bivariate results from the association between GDM 
and immigration (without season) and GDM and seasons 
(without mother’s country background) are presented 
in online supplemental table S3 (both datasets). In the 
MBRN dataset, the ORs were lower for all seasons then the 
reference season (winter). Further, there was a significant 
higher risk for GDM among immigrants in the MBRN 
dataset (OR 2.92, 95% CI 2.84 to 3.00) and among Asian/
African immigrants in the 4GDM dataset (OR 1.49, 95% 
CI 1.10 to 2.03), compared with Norwegians and Euro-
peans, respectively.

DISCUSSION
We found a seasonal variation in GDM incidence (using 
WHO 1999 diagnostic criteria) in the national population- 
based data (MBRN). Both Norwegian- born and immi-
grant women had the highest incidence of GDM when 
pregnancy started during the winter season, while the 
incidence was lowest when pregnancy started during the 
summer. In the 4GDM consortium, the highest GDM 
incidence (using WHO 1999 criteria) was in pregnan-
cies with an onset during autumn and winter for women 
from Europe, while women from Africa and Asia had the 
highest incidence when pregnancy started during the 
summer (although results in the 4GDM were not statisti-
cally significant).

Strengths and limitations
As far as we are aware, this is the first study to identify a 
seasonality of GDM by the mother’s country background. 
We had the opportunity to examine seasonality in the two 
datasets, one nation- wide registry and another dataset with 
universal screening procedures. The use of the two data-
sets therefore complements each other, however, both 
datasets have strengths and limitations. Using MBRN data 
may improve internal validity37 because it is a national 
registry28 and therefore has a low risk of selection bias 
due to participation. On the other hand, there are limita-
tions when using national registry data. Although Norway 
used the same guidelines for risk factor screening during 

Table 1 Sociodemographic and clinical characteristics in the datasets from MBRN and 4GDM

MBRN 1990–2016* 4GDM 2002–2013*

All study subjects No GDM GDM
All study 
subjects No GDM GDM†

Total: n (%) 1 443 857 1 422 969 (98.6) 20 888 (1.4) 2978 2658 (89.3) 320 (10.8)

Maternal age: mean (SD) 29.2 (5.2) 29.1 (5.2) 31.8 (5.4) 30.1 (4.5) 30.0 (4.4) 31.6 (4.6)

Parity

  Primipara, n (%) 596 958 (41.3) 589 397 (41.4) 7561 (36.2) 1815 (61.1) 1621 (61.2) 194 (60.8)

  Parous, n (%) 846 899 (58.7) 833 572 (58.6) 13 327 (63.8) 1155 (38.9) 1030 (38.9) 125 (39.2)

Marital status

  Married/cohabitant, n (%) 1 215 969 (92.1) 1 201 621 (92.1) 14 348 (92.7) 2883 (96.9) 2571 (96.8) 312 (97.5)

  Single/other, n (%) 103 811 (7.9) 102 681 (7.9) 1130 (7.3) 93 (3.1) 85 (3.2) 8 (2.5)

Education

  Primary/less, n (%) 303 516 (22.0) 298 692 (22.0) 4824 (25.2) 147 (4.9) 123 (4.6) 24 (7.5)

  High school, n (%) 492 908 (35.7) 486 642 (35.8) 6266 (32.7) 640 (21.5) 566 (21.4) 74 (23.2)

  Higher, n (%) 583 828 (42.3) 575 755 (42.3) 8073 (42.1) 2183 (73.5) 1962 (74.0) 221 (69.3)

Mother’s country 
background

European n (%) – – – 2581 (86.7) 2318 (87.2) 263 (82.2)

  African/Asian, n (%) – – – 397 (13.3) 340 (12.8) 57 (17.8)

  Norwegian, n (%) 1 205 578 (83.5) 1 192 209 (83.8) 13 369 (64.0) – – –

  Immigrant, n (%) 238 279 (16.5) 230 760 (16.2) 7519 (36.0) – – –

*Due to missing data, the number of individuals across variable categories do not add up to the total number of individuals in the sample.
†WHO 1999 diagnostic criteria for GDM.
GDM, gestational diabetes mellitus; MBRN, Medical Birth Registry of Norway.

Figure 1 Gestational diabetes mellitus (GDM) incidence in 
the Medical Birth Registry of Norway dataset (WHO 1999 
diagnostic criteria).
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most of the sample period (1999–2016),34 the classifica-
tion criteria might have been implemented differently 
across time. As the Hyperglycemia and Adverse Preg-
nancy Outcome (HAPO) study,5 which was published in 
2008, may have increased the awareness on the diagnosis 
in the subsequent years. Moreover, the GDM diagnosis 
was dichotomous and based on documentation made by 
midwives in the maternity wards. The GDM diagnosis in 
the MBRN has shown a very good sensitivity,38 but it is 
likely that the MBRN data underestimated the incidence 
of GDM, especially milder cases treated only with lifestyle 
advice. We do not consider these limitations to introduce 
systematic bias for the MBRN registry data regarding the 
research questions in our study. Another possible limita-
tion in our study was that we could not classify the moth-
er’s country background in the same way in both datasets. 
As an Asian/African origin is known to be associated with 
an increased risk of GDM, and due to a small sample size, 
we chose to contrast our results by whether the woman 
had a European or African/Asian background in the 
4GDM dataset. On the other hand, in the MBRN dataset, 
the immigrant group will also include immigrants from 
other European countries. Finally, in the MBRN dataset, 
we only included first- generation immigrant women, 
while in the 4GDM, in addition to first- generation immi-
grant women, <10% were second- generation immigrants. 
Importantly, however, there is no reason to believe that 
these differences have varied throughout the year and it 
is therefore unlikely to affect our analyses of seasonality. 

Despite these limitations, we consider the two datasets to 
be complementary and that they offer a broader perspec-
tive on GDM seasonality.

GDM incidence
The increase in the incidence of GDM over time in the 
MBRN dataset is consistent with other studies.6 39 40 The 
incidence of GDM was lower in all seasons and in both 
geographical categories in the MBRN dataset compared 
with the 4GDM dataset. These differences may be 
partially explained by a possible underestimation of GDM 
in MBRN,41 in particular in Norwegian women, as they 
were less likely to be tested. This probably also explains 
why the OR was almost threefold greater (2.92) in immi-
grants in the MBRN dataset, while only 1.49 in women 
with African/Asian ancestry in the 4GDM, compared with 
Norwegian born/ethnic European women, when using 
the 1999 WHO diagnostic criteria (online supplemental 
table S3). Furthermore, due to study protocols, 4GDM 
offered universal testing, which means that all respon-
dents underwent an OGTT, even when the risk of GDM 
was considered low. Therefore, it is likely that the true 
incidence of GDM in Norway is closer to the incidence 
found in the 4GDM than in the MBRN. According to the 
American Diabetes Association, there is still no world-
wide consensus regarding recommendations on which 
screening approach and diagnostics criteria to use for 
GDM.42

Table 2 GDM incidence by season of pregnancy onset in two geographical categories (WHO 1999 diagnostic criteria)

Season of 
pregnancy 
onset

MBRN 1990–2016 4GDM 2002–2013

GDM among Norwegians GDM among immigrants GDM among Europeans
GDM among Africans and 
Asians

N % OR (95% CI)* n % OR (95% CI)* N % OR (95% CI)* n % OR (95% CI)*

Winter 3376 1.21 1.0 (Reference) 1965 3.32 1.0 (Reference) 79 10.62 1.0 (Reference) 15 13.39 1.0 (Reference)

Spring 3264 1.12 0.92 (0.88 to 0.97) 1832 3.15 0.95 (0.89 to 1.01) 74 9.61 0.89 (0.64 to 1.25) 15 14.42 1.09 (0.50 to 2.36)

Summer 3303 1.03 0.85 (0.81 to 0.89) 1781 2.99 0.90 (0.84 to 0.96) 58 10.00 0.94 (0.65 to 1.34) 15 15.31 1.17 (0.54 to 2.53)

Autumn 3426 1.09 0.90 (0.86 to 0.94) 1941 3.16 0.95 (0.89 to 1.01) 52 10.68 1.01 (0.69 to 1.46) 12 14.46 1.09 (0.48 to 2.48)

Total 13 369 1.11 7519 3.16 263 10.19 57 14.36

*Unadjusted OR.
GDM, gestational diabetes mellitus; MBRN, Medical Birth Registry of Norway.

Figure 2 GDM incidence by season of pregnancy onset in two geographical categories in the MBRN and 4GDM datasets 
(WHO 1999 diagnostic criteria). GDM, gestational diabetes mellitus; MBRN, Medical Birth Registry of Norway.

copyright.
 on A

ugust 3, 2023 at H
ogskulen pa V

estlandet. P
rotected by

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2022-063725 on 14 M
arch 2023. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2022-063725
https://dx.doi.org/10.1136/bmjopen-2022-063725
http://bmjopen.bmj.com/


6 Stalheim AM, et al. BMJ Open 2023;13:e063725. doi:10.1136/bmjopen-2022-063725

Open access 

GDM seasonality
A large Australian cohort study used the estimated time 
of conception to study the seasonal variation of GDM and 
found the highest incidence of GDM when pregnancy 
started in the coldest months.19 This result was consistent 
with our finding in the MBRN dataset of a higher inci-
dence of GDM for pregnancies starting in winter. More-
over, previous studies suggest a higher incidence of GDM 
when women are tested in warmer seasons8 11–15 and with 
rising temperatures in the days prior to the OGTT.9 10 
These findings were also in line with our results from the 
MBRN dataset, as women starting their pregnancy in the 
winter season were most likely tested for GDM during the 
subsequent summer months, as the Norwegian Society 
for Gynecology and Obstetrics recommended screening 
at 28–30 weeks gestation.34 Two Canadian studies found 
that higher air temperature on or a few weeks before the 
time of testing was associated with an increased risk of 
GDM.10 12 A change in temperature 3–4 weeks before the 
test was also associated with beta cell dysfunction.10 This 
evidence suggests that there may be an underlying mech-
anism affecting glucose metabolism. More studies are 
needed to explore these possible mechanisms.

Authors of prior studies recommend to examine other 
factors that may be involved in a possible seasonal varia-
tion, for instance level of physical activity, nutrient intake 
or vitamin D14 19 or even climate changes.12 Furthermore, 
a systematic review including 36 studies from Europe, 
America and Australia (37 studies in total), concluded 
that physical activity was seasonal, and that the winter 
season seemed to be the season with the highest preva-
lence of physical inactivity.23 Further, since some studies 
have shown that low physical activity and GDM are 
linked,20 21 43 seasonal variation in the levels of physical 
activity may be involved in the seasonality of GDM. The 
cold winter season in Norway may lead to less physical 
activity, as people may prefer to stay indoors. We could 
speculate that low preconceptional or early pregnancy 
physical activity in winter may influence the seasonality of 
GDM. Moreover, maternal BMI is strongly related to the 
risk of GDM.26 However, we did not adjust for BMI and 
physical activity as these variables may act as mediators on 
the causal pathway between season and GDM. The poten-
tial mediating effects of BMI and physical activity would 
be interesting to investigate in future studies.

Despite a high incidence throughout the year, the weak 
seasonal variation found in the 4GDM may be caused by 
a relatively small and heterogeneous sample. Similarly, a 
British study with a smaller sample of 108 women with 
GDM found no statistically significant seasonal variation 
of GDM,16 possibly reflecting the reduced power to reach 
statistical significance in small samples. Furthermore, 
4GDM had universal screening and showed no seasonal 
variation, whereas high- risk screening gave seasonal 
variation in the MBRN. If this result truly represents a 
difference between the two samples, a potential explana-
tion could be that there might be a seasonal variation in 
OGTT testing, where for example fewer women are tested 

during the summer holidays, resulting in fewer identified 
GDM cases. This needs to be explored further.

A systematic review of 24 studies concluded that being 
an immigrant constitutes a higher risk of GDM.27 This 
finding was in line with our results from both of our 
datasets. It is an interesting result that in the MBRN 
both Norwegian and immigrant women had the lowest 
incidence with pregnancy start in summer, while in the 
4GDM dataset the Asian/African women had the oppo-
site trend, with the highest incidence when pregnancy 
started in the summer. We can only speculate about the 
reason for this difference. It might be partially explained 
by the different categorisations of the immigrant groups 
or by the universal screening for GDM in 4GDM. Another 
possible reason for such a difference may be that the 
immigrant category in the MBRN includes all immi-
grants, including Western European, which we know to 
have a lower prevalence of GDM compared with African 
and Asian immigrants.44 Moreover, the sample of women 
from Africa/Asia with GDM was small in the 4GDM, with 
only 12–15 women in each season.

The Australian HAPO study reported a significant 
increase in winter for fasting values and an increase 
during summer for the 2- hour glucose values.18 The 
data from 4GDM was detailed in terms of the GDM diag-
nosis and gave us the opportunity to examine the asso-
ciation between season and GDM using three different 
diagnostics criteria (WHO 1999, WHO 2013 and 
Nor2017).2 35 36 The results when using the WHO 2013 
and Nor2017 criteria showed greater variation between 
each season compared with the WHO 1999 criteria. This 
may be due to the considerable differences in how an 
elevated fasting glucose contributes to the GDM diag-
nosis compared with 2- hour glucose. More knowledge 
about the physiology of glucose metabolism in pregnancy 
is needed, as the authors of the Australian HAPO study 
emphasise, seasonality is a factor that should be taken 
into account when interpreting OGTT results.18

CONCLUSION AND SUGGESTIONS FOR FUTURE RESEARCH
This study suggests seasonal variation in the incidence of 
GDM when using national population- based data from 
Norway. The GDM incidence was lowest for Norwegian- 
born and immigrant women when pregnancy started 
during the summer season. Moreover, future research 
is warranted to examine the potential mechanisms of 
seasonal variation of GDM, such as temperature during 
the year and physical activity levels of those studied. 
Such knowledge can further be used to develop targeted 
interventions to promote a healthy lifestyle in the diverse 
group of women, and specifically for pre- pregnancy or 
early pregnancy follow- up consultations.
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