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Abstract
Aims  To evaluate the effect of the pre-pregnancy body surface area (BSA) on the risk of gestational diabetes mellitus (GDM).
Methods  The study population consisted of all primiparous women with singleton pregnancies (n = 328,892) without pre-
viously diagnosed diabetes or chronic hypertension in Finland between 2006 and 2019. The information on GDM, oral 
glucose tolerance test (OGTT) results, and maternal backgrounds was derived from the Finnish Medical Birth Register. The 
pre-pregnancy BSA was calculated by using the Mosteller formula. Logistic regression models were used to estimate the 
association between BSA and GDM/ OGTT separately by the body mass index groups.
Results  A lower BSA predicted an increased risk for GDM and pathological OGTT among the underweight (b = − 2.69, 
SE = 0.25, p < 0.001; b = − 2.66, SE = 0.23, p < 0.001, respectively) pregnant women, and normal weight (b = − 0.30, 
SE = 0.10, p = 0.002; b = − 0.67, SE = 0.09, p < 0.001, respectively) pregnant women; and pathological OGTT among the 
overweight (b = − 0.31, SE = 0.10, p = 0.001) pregnant women. Within the obese class II or greater, a higher BSA predicted 
a higher risk for GDM (b = 0.74, SE = 0.12, p < 0.001) and pathological OGTT (b = 0.79, SE = 0.13, p < 0.001). Maternal 
smoking predicted a significantly higher risk of GDM and pathological OGTTs in almost all body mass index groups.
Conclusion  This study showed that in comparison with women with a higher BSA, underweight, and normal weight pregnant 
women with a smaller BSA may be more susceptible to GDM and have a pathological OGTT.
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Abbreviations
BSA	� Body surface area
BMI	� Body mass index
GDM	� Gestational diabetes mellitus

OGTT​	� Oral glucose tolerance test
ICD	� International classification of diseases

Introduction

Gestational diabetes mellitus (GDM) is a pregnancy com-
plication, in which glucose metabolism is impaired due to 
the pregnancy-induced pancreatic B-cell dysfunction and 
insulin resistance. Altered glucose metabolism occurs for 
the first time during pregnancy, and in most cases, it disap-
pears after childbirth. The risk of fetal macrosomia increases 
with GDM, predisposing the pregnant woman to complica-
tions during labor. People with GDM have a greater risk 
of gestational hypertension and pre-eclampsia than healthy 
parturients [1]. GDM also substantially increases the risk 
for future maternal health problems, e.g., cardiovascular 
events and type 2 diabetes [2]. The main risks for GDM are 
maternal obesity, previously diagnosed non-alcoholic liver 
disease, older age, and family history of any type of dia-
betes [3, 4]. The percentage of pre-pregnancy overweight 
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(BMI ≥ 25) women was 41.9% and obese (BMI ≥ 30) women 
were 17.0% in Finland in 2020 [5]. GDM is an increasingly 
common condition during pregnancy. In the year 2019, 
GDM was diagnosed in 19.1% of Finnish mothers during 
their pregnancy. The prevalence and the diagnostic criteria 
for GDM varies globally [6]. In Finland, gestational diabetes 
is diagnosed if one of the following events occurs: fasting 
plasma glucose level > 5.3 mmol/l, one hour after a 75 g 
glucose dose > 10.0 mmol/l, or two hours after a glucose 
dose > 8.6 mmol/l [1].

The national Finnish Current Care Guidelines for GDM 
recommends screening almost all pregnant women, except 
for those with a low risk for GDM, during their first preg-
nancy for GDM [1]. Gestational diabetes is diagnosed with 
an oral glucose tolerance test (OGTT). The OGTT consists 
of a uniform glucose dose of 75 g to all pregnant women 
regardless of their body size [7]. A reverse association 
between the post load 2-h plasma glucose and body height 
has been demonstrated in several studies in the general popu-
lation, as well as among pregnant women [8–10]. It has also 
been found that shorter pregnant women are more suscepti-
ble to a GDM diagnosis [10].

Body surface area (BSA) is a total surface area of the 
human body, and it is commonly used to evaluate drug 
doses and medical indicators or estimates [11]. It has been 
found that in the non-pregnant population, the body size has 
a significant effect on the OGTT results. Impaired glucose 
tolerance was more frequently observed in smaller individu-
als compared to relatively larger individuals in the general 
population [8]. The question remains if maternal BSA affects 
the risk for having a GDM diagnosis.

The aim of this study was to investigate the effect of pre-
pregnancy BSA on the risk of GDM among Finnish primi-
parous women during the years of 2006–2019 by using the 
population-based register data. We hypothesized that women 
with a smaller BSA are more susceptible to be diagnosed 
with GDM compared to women with a higher BSA.

Methods

Data sources

The study data sets were drawn from the Finnish Medical 
Register and the Finnish Hospital Discharge Register. The 
Finnish Institute for Health and Welfare (THL) performed 
the ethical review and granted permission to use its confi-
dential register data. To combine all the register data, preg-
nant women’s personal identity codes were used. Statistical 
authorities performed the data linkages, and only the uni-
dentifiable data were provided for the researchers outside 
the Finnish Institute for Health and Welfare.

The Medical Birth Register is considered to be a complete 
record of all births and newborns in Finland. The register 
data contain all live births and stillbirths of fetuses with a 
gestational age of 22 weeks or more or with a birth weight of 
at least 500 g or more. The register data are collected from 
all delivery hospitals, and in the case of home births, from 
the assisting health care personnel. The register contains 
information on the mother’s and the child’s identity codes; 
maternal personal data, health care, previous pregnancies 
and deliveries, and interventions during the pregnancy and 
delivery; and the newborn’s outcome until it reaches 7 days 
of age. According to data quality studies, most of the content 
of the register data corresponds well or satisfactorily with 
the hospital record data [12].

Information on all episodes of inpatient care, including 
all hospitalizations requiring an overnight stay in public and 
private hospitals since 1969 and outpatient visits in public 
hospitals since 1998, are included in the Hospital Discharge 
Register. The register includes information on the patient’s 
background, procedures, hospitalization periods, and the 
main diagnosis, as well as up to two other diagnoses by the 
International Classification of Diseases (ICD) code (Eight 
Revision [ICD-8] in 1969–1986, Ninth Revision [ICD-9] in 
1987–1995, and Tenth Revision [ICD-10] since 1996). A 
systematic review revealed that the completeness and accu-
racy of the register range from satisfactory to very good 
[13].

The study data were drawn from the Finnish Medical 
Register and the Finnish Hospital Discharge Register. The 
Finnish Institute for Health and Welfare (THL) performed 
the ethical review and granted the permission to use its con-
fidential register data. As this study a study based on data 
from a register, informed consent statements for patient 
enrollment is not applicable. To combine all register data, 
pregnant women’s personal identity code was used. Statisti-
cal authorities performed the data linkages and only uniden-
tifiable data were provided for the researchers outside the 
Finnish Institute for Health and Welfare.

Study sample

The study population consisted of all pregnant women with 
singleton pregnancies (n = 835,551) in Finland during the 
years of 2006–2019. Multiparous women were excluded 
(n = 487,399). The ICD-10 classification was used during 
the entire study period, and pregnant women with a diagno-
sis of pre-pregnancy diabetes (ICD-10 codes: O24.0, O24.1, 
O24.2 and O24.3) were excluded (n = 2691). Women with a 
pre-pregnancy diagnosis of chronic hypertension (n = 529) 
and women without weight and height data (n = 16,040) 
were also excluded. The final study population consisted of 
328,892 pregnant women (94.5% of all primiparous women 
with singleton pregnancies during the study period).
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The information on maternal background factors was 
derived from the Finnish Medical Birth Register. The 
pre-pregnancy BSA was calculated by using the Mostel-
ler formula; BSA (m2) = square root of [(weight (kg) x 
height (cm))/3600] [14], which utilizes the maternal pre-
pregnancy weight and height. Smoking was categorized in 
three classes: no, quitted in the first trimester, and continued 
throughout the pregnancy. The BMI was categorized into 
five groups: < 20 (underweight), 20.0–24.9 (normal weight), 
25.0–29.9 (overweight), 30.0–34.9 (obese, class I), and 
35 kg/m2 or more (obese class II or greater).

GDM diagnoses

The GDM screening consists of a globally standardized 2-h 
75 g OGTT. The national Finnish Current Care Guidelines for 
GDM recommends screening between 24 and 28 gestational 
weeks, except for low-risk women with no abnormal glucose 
tolerance, under 25 years of age, and a pre-pregnancy BMI 
between 18.5 and 25 kg/m2, and women with no family history 
of diabetes. In women with a higher risk for diabetes, the test 
is performed earlier between 12 and 16 weeks; and if the test 
result is normal, the test is repeated between 24 and 28 weeks. 
If the plasma 12 h fasting glucose level is > 5.3 mmol/l, or 
after one hour > 10.0 mmol/l, or two hours is > 8.6 mmol/l, the 
mother is diagnosed with GDM [1].

In this study, GDM diagnoses and information regarding 
the OGTT were obtained from the Finnish Medical Birth 
Register. GDM was defined by the ICD-10 codes O24.4 
and O24.9. The information regarding OGTT results (nor-
mal/abnormal) was found for 177,119 women; for 151,773 
women, an OGTT was not performed due to a low risk for 
GDM or the lack of information.

Statistics

Logistic regression models were used to estimate the asso-
ciation between BSA and the outcomes. GDM and OGTT 
were added separately as the independent variable, and BSA 
as the dependent variable into the model. Maternal age was 
added as a continuous covariate, and maternal smoking 
and marital status as a binomial covariate into the model. 
The analyses were performed separately for the BMI group 
because the previous studies [4, 8, 10] have shown that 
shorter or smaller-sized persons may have an increased risk 
for GDM.

The number of GDM diagnoses was 32,564 (9.9%), and 
there were more pathological OGTTs, 38,261 (11.6%). We 
assumed that there was an absence of information on GDM 
diagnoses in the register data. Thus, we performed sensitiv-
ity analyses with the combined information on GDM and 
pathological OGTTs (n = 43,779, 13.3%).

The data analysis was performed with commercially 
available software (SAS, version 9.4; SAS Institute Inc, 
Cary, North Carolina). Differences in the results were evalu-
ated by using 95% confidence intervals and p values. Non-
overlapping confidence intervals and P values < 0.05 were 
considered to be significant.

Results

The study included 328,892 Finnish primiparous women 
with a mean age of 28 years. The mean pre-pregnancy BSA 
of the study population was 1.73 m2 (SD = 0.19). Table 1 
presents the characteristics of the participants accord-
ing to GDM diagnoses and pathological OGTT results. 
The overall prevalence of GDM in this study cohort was 
9.9% (n = 32,564). The OGTT was performed for 53.9% 
(n = 177,119) participants, and the pathological OGTT result 
was observed in 21.6% of those tested. The majority (80.6%) 
of pregnant women did not smoke during their pregnancy, 
7.9% quit during the first trimester, and 9.8% continued 
smoking thereafter.

Pre‑pregnancy BSA and GDM

The association between the pre-pregnancy BSA and GDM 
was analyzed according to maternal BMI (Table 2, Fig. 1). 
A lower pre-pregnancy BSA predicted an increased risk 
for GDM among the underweight (b = − 2.69, SE = 0.25, 
OR = 0.07, 95% CI 0.04–0.11, p =  < 0.001) pregnant women 
and normal weight (b = − 0.30, SE = 0.10, OR = 0.74, 95% 
CI 0.61–0.89, p = 0.002), pregnant women. A similar asso-
ciation was not observed among the overweight (b = 0.11, 
SE = 0.10, OR = 1.12, 95% CI 0.92–1.36, p = 0.25) and obese 
class I women (b = − 0.06, SE = 0.13, OR = 0.94, 95% CI 
0.73–1.21, p = 0.64). In contrast, among the obese class II or 
greater, a higher pre-pregnancy BSA predicted a higher risk 
for GDM (b = 0.74, SE = 0.12, OR = 2.10, 95% CI 1.66–2.65, 
p < 0.001). Smoking during the first trimester and through-
out the pregnancy was a significant predictor for GDM in 
almost all BMI classes.

Pre‑pregnancy BSA and OGTT​

The association between the pre-pregnancy BSA and 
OGTT was also analyzed according to maternal BMI 
(Table 3, Fig. 2). A lower pre-pregnancy BSA predicted an 
increased risk for pathological OGTTs among the under-
weight (b = − 2.66, SE = 0.23, OR = 0.07, 95% CI 0.04–0.11, 
p < 0.001), normal weight (b = − 0.67, SE = 0.09, OR = 0.51, 
95% CI 0.43–0.61, p < 0.001), and overweight (b = − 0.31, 
SE = 0.10, OR = 0.74, 95% CI 0.61–0.88, p = 0.001) pregnant 
women. Among the obese class I women, such an association 
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was not observed (b = 0.03, SE = 0.13, OR = 1.03, 95% CI 
0.80–1.33, p = 0.79). In contrary, among the obese class II 
or greater, a higher pre-pregnancy BSA predicted a higher 
risk for pathological OGTTs (b = 0.79, SE = 0.13, OR = 2.19, 
95% CI 1.71–2.81, p < 0.001). Maternal smoking was a sig-
nificant predictor for pathological OGTTs in all BMI classes.

Sensitivity analyses

Supplementary table 1 presents the characteristics of the 
participants according to the combined information on GDM 
diagnoses and pathological OGTTs. The pattern of results in 
the sensitivity analyses remained significant (Supplementary 
Table 2).

Discussion

To our knowledge, this is the first study to investigate the 
association between the maternal pre-pregnancy BSA and 
GDM, as well as findings of OGTTs by the BMI class. Our 
result showed that a lower pre-pregnancy BSA predicted an 
increased risk for GDM among the underweight and normal 
weight pregnant women, as well as an increased risk for 
pathological OGTTs among underweight, normal weight, 
and overweight pregnant women. Contrarily, a higher BSA 
predicted a higher risk for GDM among the women in the 
obese class II or greater, and a higher risk for pathological 
OGTTs among the women in the obese class I and obese 
class II or greater.

The previous studies in the general population have 
questioned the accurate interpretation of OGTT [8, 9]. 

Table 2   Results from the logistic regression models estimating the association between the body surface area (BSA) and the risk for gestational 
diabetes mellitus (GDM) according to maternal body mass index (BMI)

*p < 0.05. b, Beta; SE Standard error

BMI < 20 BMI 20–24.9 BMI 25–29.9 BMI 30–34.9 BMI 35 + 

b SE b SE b SE b SE b SE

Intercept  − 1.15* 0.41  − 4.39* 0.19  − 3.80* 0.22  − 2.80* 0.31  − 3.72* 0.34
BSA  − 2.69* 0.25  − 0.30* 0.10 0.11 0.10  − 0.06 0.13 0.74* 0.12
Maternal age 0.09*  < 0.01 0.08*  < 0.01 0.06*  < 0.01 0.06*  < 0.01 0.06*  < 0.01
Marital status
Single Ref Ref Ref Ref Ref
Cohabiting  − 0.41* 0.17  − 0.17 0.09 0.18 0.11 0.17 0.15 0.05 0.19
Married  − 0.42* 0.17  − 0.17* 0.09 0.20 0.11 0.16 0.15 0.01 0.19
Maternal smoking
No smoking Ref Ref Ref Ref Ref
Early pregnancy 0.22* 0.09 0.34* 0.04 0.30* 0.04 0.28* 0.05 0.10 0.06
Throughout pregnancy  − 0.05 0.09 0.10* 0.04 0.16* 0.04 0.14* 0.05 0.15* 0.06

Fig. 1   Adjusted odds ratios and 
95% confidence intervals of pre-
pregnancy BSA and the risk for 
GDM according to BMI groups
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Rehunen et al. [9] found among the 2659 participants aged 
45–70 years with at least one cardiovascular risk factor but 
no previously diagnosed diabetes or manifested cardiovas-
cular disease, that the height of the person was inversely 
associated with 2-h plasma glucose in the three lowest 
BMI groups, but not in the highest BMI group. Palmu 
et al. [8] found in the same population that the body size 
(assessed with BSA) had an inverse linear impact on the 
findings from a standardized OGTT in all categories of 
glucose tolerance, such as that smaller persons were more 
likely to be glucose intolerant than relatively larger-sized 
individuals. Regarding pregnant women, a meta-analysis, 
including ten studies by Arafa et al. [15], found that short 
stature was associated with a higher risk for GDM. They 
found that each 5-cm increase in height was associated 
with an approximately 20% reduction in the risk of GDM. 
These previous studies support the results of our study that 
smaller-sized women may be more susceptible to GDM.

The important question is whether these pregnant 
women, who may be more susceptible to a diagnosis of 
GDM due to their smaller body size, show more GDM-
related complications than their peers who were not diag-
nosed with GDM or not. Chu et. al. [10] also found the 
inverse association between maternal height and the risk 
for GDM. They further analyzed the risk for GDM-related 
complications, including preterm births and higher birth 
weights. They found that the complication risk was at the 
same level as non-GDM women of similar height, i.e., 
only taller women had an increased risk of GDM-related 
pregnancy complications [10]. In the future, the risk for 
GDM-complications should be investigated in accordance 
with the BSA. Chu et al. [10] speculate that an artifactual 
GDM diagnosis due to glucose-overload among shorter 
women is plausible. Based on our results, we suggest that 
the reason behind the previously observed inverse associa-
tion between the maternal height and GDM is actually the 
body size, i.e., body surface area, of the pregnant women, 
which is used to evaluate drug doses and medical indica-
tors or estimates [11].

The question remains: What should be done to increase 
the accuracy of diagnosing GDM, and to prevent possi-
ble artifactual GDM diagnoses? Thus, there is a need for 
future studies to investigate the amount of glucose doses 
in the OGTT based on the size of the pregnant woman, 
which could provide a more specific and reliable GDM 
diagnosis. Furthermore, this would be important because 
the GDM diagnosis has a negative echo. The diagnosis 
is easily associated with unfavorable lifestyle factors and 
being overweight [16]. Pregnant women are vulnerable to 
weight stigma, which causes a lot of stress and negative 
emotions. Guilt and shame adversely affect maternal hor-
mone levels, and impair the health of the mother and off-
spring in many ways. [17, 18]. Even the pregnancy-related Ta
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weight stigma can potentially increase the risk of GDM 
and other complications during pregnancy [16, 19].

Among the general population, smoking has been found 
to be associated with blood glucose intolerance, impaired 
fasting glucose, and type two diabetes [20]. Smoking was 
found to be a predictor for GDM in our study. Studies on 
the association between smoking and GDM are conflicting 
[20–22]. According to a meta-analysis [22], smoking is 
not associated with an increased risk of GDM. However, 
it has been noted in the recent population-based register 
study [21] and prospective study [23] that smoking during 
pregnancy is associated with an increased risk for GDM.

Strengths and limitations

The strength of this study includes the use of large and 
comprehensive national register data that included 94.5% 
of all primiparous women with singleton pregnancies during 
the study years between 2006 and 2019. Our data included 
information on maternal background, as well as the diagno-
ses of pre-pregnancy diabetes and pre-pregnancy chronic 
hypertension.

The main limitation of this study was that the results of 
OGTT were dichotomous; thus, we did not have access to 
specific OGTT results. Another limitation is the possibility 
of missing data regarding the GDM diagnoses. The preva-
lence of GDM/OGTT (13%) in our study population of pri-
miparous women is lower compared to the GDM prevalence 
of 19% from the year 2019 in Finland [5]. The reason for 
this is that the prevalence of GDM has been rapidly increas-
ing during the last few decades, and our study population 
includes primiparous women during the years of 2006–2019. 
We performed sensitivity analyses with the combined infor-
mation on GDM and pathological OGTT, where the results 

remained the same compared to our main analyses. In addi-
tion, the Finnish health registers are shown to be reliable for 
research purposes [12, 13], and we used only the variables 
with known good quality.

Conclusion

In conclusion, our study showed that underweight and normal 
weight pregnant women with a relatively smaller BSA, who 
otherwise had no risk factors for GDM other than, e.g., age or 
a close relative with type 2 diabetes, were more likely to have 
a pathological OGTT and receive a diagnosis of GDM. Since 
most pregnant women undergo the OGTT, it is particularly 
important that the test methods and diagnostic criteria are spe-
cific and appropriate in order to avoid false positive test results 
and unnecessary stigmas. Our results imply that the size of 
pregnant women needs to be better taken into account when 
diagnosing GDM.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00592-​022-​02029-0.

Acknowledgements  Authors report no acknowledgements.

Author contributions  All authors contributed to the study conception 
and design. Material preparation, data collection, and analysis were 
performed by MOE and MG. The first draft of the manuscript was 
written by HHT and LSH and they contributed equally to this work 
and share first authorship. Holopainen and all authors commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding  Open Access funding provided by University of Turku (UTU) 
including Turku University Central Hospital. The authors report no 
funding.

Fig. 2   Adjusted odds ratios and 
95% confidence intervals of pre-
pregnancy BSA and the risk for 
a pathological OGTT according 
to BMI groups

https://doi.org/10.1007/s00592-022-02029-0


	 Acta Diabetologica

1 3

Data availability  The data cannot be shared due to data protection regu-
lations, but similar data can be applied from the Finnish Social and 
Health Data Permit Authority Findata (https://​finda​ta.​fi/​en/).

Declarations 

Conflict of Interest  The authors declare that they have no conflict of 
interest.

Ethical approval  The Finnish Institute for Health and Welfare (THL) 
performed the ethical review and granted the permission to use its 
confidential register data.

Informed consent  As this study a study based on data from a register, 
informed consent statements for patient enrollment is not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Gestational diabetes. Current Care Guidelines (2022). Working 
group set up by the Finnisg Medical Society Duodecim and the 
Finnish Diabetes Medical Association and the Finnish Gyneco-
logical Association. Helsinki: Finish Medical Society Duodecim. 
Available at online: www.​kaypa​hoito.​fi/​en/. Accessed September 
8, 2022.

	 2.	 Lowe LP, Metzger BE, Dyer AR et al (2012) Hyperglycemia 
and Adverse Pregnancy Outcome (HAPO) Study. Diabetes Care 
35(3):574–580. https://​doi.​org/​10.​2337/​dc11-​1687

	 3.	 American Diabetes Association (2004). Gestational Diabetes 
Mellitus: Position Statement. Diabetes Care 27(supplement_1): 
S88-S90. doi:https://​doi.​org/​10.​2337/​diaca​re.​27.​2007.​S88

	 4.	 Laine MK, Kautiainen H, Gissler M et al (2018) Gestational dia-
betes in primiparous women-impact of age and adiposity: a reg-
ister-based cohort study. Acta Obstet Gynecol Scand 97(2):187–
194. https://​doi.​org/​10.​1111/​aogs.​13271

	 5.	 Zhu Y, Zhang C (2016) Prevalence of gestational diabetes and risk 
of progression to type 2 diabetes: a global perspective. Curr Diab 
Rep 16(1):7. https://​doi.​org/​10.​1007/​s11892-​015-​0699-x

	 6.	 The Finnish Institute for Health and Welfare (2020). Perinatal 
statistics: women giving birth, births and newborns 2019: Smok-
ing during pregnancy decreased. Available at online: https://​urn.​
fi/​URN:​NBN:​fi-​fe202​01120​92125. Accessed Sept 21 2022

	 7.	 American Diabetes Association (2017). 2. Classification and 
Diagnosis of Diabetes. Diabetes Care 40(Supplement_1): S11-
S24. doi: https://​doi.​org/​10.​2337/​dc17-​S005

	 8.	 Palmu S, Rehunen S, Kautiainen H, Eriksson JG, Korhonen PE 
et al (2019) Body surface area and glucose tolerance – The smaller 
the person, the greater the 2-hour plasma glucose. Diabetes Res 
Clin Pract. 157:107877. https://​doi.​org/​10.​1016/j.​diabr​es.​2019.​
107877

	 9.	 Rehunen SKJ, Kautiainen H, Eriksson JG, Korhonen PE et al 
(2017) Adult height and glucose tolerance: a re-appraisal of the 
importance of body mass index. Diabet Med 34(8):1129–1135. 
https://​doi.​org/​10.​1111/​dme.​13382

	10.	 Chu AHY, Yuan WL, Loy SL, Soh SE, Bernard JY et al (2021) 
Maternal height, gestational diabetes mellitus and pregnancy com-
plications. Diabetes Res Clin Pract 178:108978. https://​doi.​org/​
10.​1016/j.​diabr​es.​2021.​108978

	11.	 Verbraecken J, Van de Heyning P, De Backer W, Van Gaal L 
et al (2006) Body surface area in normal-weight, overweight, and 
obese adults. A comparison study Metabolism 55(4):515–524. 
https://​doi.​org/​10.​1016/j.​metab​ol.​2005.​11.​004

	12.	 Gissler M, Teperi J, Hemminki E, Meriläinen J et al (1995) Short 
communication: data quality after restructuring a national medical 
registry. Scand J Soc Med 23(1):75–80. https://​doi.​org/​10.​1177/​
14034​94895​02300​113

	13.	 Sund R (2012) Quality of the finnish hospital discharge register: a 
systematic review. Scand J Public Health 40(6):505–515. https://​
doi.​org/​10.​1177/​14034​94812​456637

	14.	 Mosteller RD (1987) Simplified calculation of body surface area. 
N Engl J Med 317:1098. https://​doi.​org/​10.​1056/​nejm1​98710​
22317​1717

	15.	 Arafa A, Arafa A, Dong JY et al (2019) Maternal height and 
risk of gestational diabetes: a systematic review and meta-
analysis. Acta Diabetol 56(7):723–728. https://​doi.​org/​10.​1007/​
s00592-​019-​01368-9

	16.	 Himmelstein MS, Puhl RM (2021) At multiple fronts: Diabetes 
stigma and weight stigma in adults with type 2 diabetes. Diabet 
Med 38:e14387. https://​doi.​org/​10.​1111/​dme.​14387

	17.	 Traylor C, Traylor CS, Johnson JD, Kimmel MC, Manuck TA et al 
(2020) Effects of psychological stress on adverse pregnancy out-
comes and nonpharmacologic approaches for reduction: an expert 
review. Am J Obstet Gynecol MFM 2(4):100229. https://​doi.​org/​
10.​1016/j.​ajogmf.​2020.​100229. (Epub 2020 Sep 24. PMID: 
32995736K PMCID: PMC7513755)

	18.	 Parsons J, Ismail K, Amiel S, Forbes A et al (2014) Percep-
tions among women with gestational diabetes. Qual Health Res 
24(4):575–585. https://​doi.​org/​10.​1177/​10497​32314​524636

	19.	 Nagpal TS, Tomiyama AJ, Incollingo Rodriguez AC et al (2021) 
Beyond BMI: Pregnancy-related weight stigma increases risk 
of gestational diabetes. Prim Care Diabetes 15(6):1107–1109. 
https://​doi.​org/​10.​1016/j.​pcd.​2021.​07.​002

	20.	 Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J et al (2007) 
Active smoking and the risk of type 2 diabetes: a systematic 
review and meta-analysis. JAMA 298(22):2654–2664

	21.	 Masalin S, Kautiainen H, Gissler M, Pennanen P, Eriksson JG, 
Laine MK et al (2020) Impact of smoking on gestational diabetes 
mellitus and offspring birthweight in primiparous women. Acta 
Obstet Gynecol Scand 12(99):1632–1639. https://​doi.​org/​10.​1111/​
aogs.​13924

	22.	 Wang JW, Cao SS, Hu RY, Wang M et al (2020) Association 
between cigarette smoking during pregnancy and gestational 
diabetes mellitus: a meta-analysis. J Matern Fetal Neonatal Med 
5(33):758–767. https://​doi.​org/​10.​1080/​14767​058.​2018.​15005​47

	23.	 Zarén B, Lindmark G, Wibell L, et al (2000) The effect of smok-
ing on glucose homeostasis and fetal growth in pregnant women. 
Ups J Med Sci 105(1):41–56. https://​doi.​org/​10.​1517/​03009​73400​
00000​46

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://findata.fi/en/
http://creativecommons.org/licenses/by/4.0/
http://www.kaypahoito.fi/en/
https://doi.org/10.2337/dc11-1687
https://doi.org/10.2337/diacare.27.2007.S88
https://doi.org/10.1111/aogs.13271
https://doi.org/10.1007/s11892-015-0699-x
https://urn.fi/URN:NBN:fi-fe2020112092125
https://urn.fi/URN:NBN:fi-fe2020112092125
https://doi.org/10.2337/dc17-S005
https://doi.org/10.1016/j.diabres.2019.107877
https://doi.org/10.1016/j.diabres.2019.107877
https://doi.org/10.1111/dme.13382
https://doi.org/10.1016/j.diabres.2021.108978
https://doi.org/10.1016/j.diabres.2021.108978
https://doi.org/10.1016/j.metabol.2005.11.004
https://doi.org/10.1177/140349489502300113
https://doi.org/10.1177/140349489502300113
https://doi.org/10.1177/1403494812456637
https://doi.org/10.1177/1403494812456637
https://doi.org/10.1056/nejm198710223171717
https://doi.org/10.1056/nejm198710223171717
https://doi.org/10.1007/s00592-019-01368-9
https://doi.org/10.1007/s00592-019-01368-9
https://doi.org/10.1111/dme.14387
https://doi.org/10.1016/j.ajogmf.2020.100229
https://doi.org/10.1016/j.ajogmf.2020.100229
https://doi.org/10.1177/1049732314524636
https://doi.org/10.1016/j.pcd.2021.07.002
https://doi.org/10.1111/aogs.13924
https://doi.org/10.1111/aogs.13924
https://doi.org/10.1080/14767058.2018.1500547
https://doi.org/10.1517/03009734000000046
https://doi.org/10.1517/03009734000000046

	Pre-pregnancy body surface area and risk for gestational diabetes mellitus
	Abstract
	Aims 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data sources
	Study sample
	GDM diagnoses
	Statistics

	Results
	Pre-pregnancy BSA and GDM
	Pre-pregnancy BSA and OGTT​
	Sensitivity analyses

	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements 
	References


