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Abstract

:

Background: Gestational diabetes mellitus (GDM) can cause maternal and neonatal health problems, and its prevalence is increasing worldwide. We assessed the screening of GDM during a 7-year period and compared the outcome of pregnancies at high risk for GDM. Methods: We analyzed non-selected pregnant women (n = 5021) receiving antenatal care in Tartu University Hospital, Estonia in 2012–2018. Pregnant women were classified based on the absence or presence of GDM risk factors as low risk (n = 2302) or high risk for GDM (n = 2719), respectively. The latter were divided into subgroups after the oral glycose tolerance test (OGTT): GDM (n = 423), normal result (n = 1357) and not tested (n = 939). Results: The proportion of women with GDM risk factors increased from 43.5% in 2012 to 57.8% in 2018, and the diagnosis of GDM more than doubled (5.2% vs. 13.7%). Pregnancies predisposed to GDM but with normal OGTT results were accompanied by an excessive gestational weight gain and increased odds to deliver a LGA baby (AOR 2.3 (CI 1.8–3.0)). Conclusions: An increasing number of pregnancies presenting GDM risk factors are diagnosed with GDM. Pregnant women with GDM risk factors are, despite normal OGTT, at risk of increased weight gain and LGA newborns.
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1. Introduction


Gestational diabetes mellitus (GDM), glycose tolerance disorder with onset or first recognition during pregnancy, is the most frequent complication of gestation. According to a report from the International Diabetes Federation, every 6th birth was complicated by GDM in 2019 [1].



GDM increases the risk of delivering a large for gestational age newborn (LGA) and related complications such as operative delivery, lacerations in the birth canal, birth trauma and the poor adaptation of the newborn [2]. Additionally, impaired glucose metabolism during the pregnancy is associated with preeclampsia and premature delivery [3,4]. In the long term, approximately half of women with GDM will develop type 2 diabetes later in life [5]. Therefore, screening, early initiation of counselling and treatment remains crucial [6].



Currently there is no generally accepted screening group or “gold standard” test to define the disease status. In most centers, the oral glucose tolerance test (OGTT) is applied but the testing strategy and diagnostic criteria vary [7,8]. In 2010, the International Association of Diabetes and Pregnancy Study Groups (IADPSG) recommended the use of 75 g OGTT at 24–28 gestational weeks with a cut-off point of fasting venous plasma glucose ≥5.1 mmol/L and/or after 1 h and 2 h level of ≥10.0 mmol/L and ≥8.5 mmol/L, respectively [9]. The recommendations are based on the results of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study, which demonstrated a continuous relationship between maternal hyperglycemia and adverse perinatal outcome [3].



As in many countries, in Estonia, the decision of OGTT referral is based on the presence of GDM risk factors [10]. The most commonly recognized risk factors for GDM are obesity (BMI >30 kg/m2), GDM and/or of birth baby >4500 g during any of the previous pregnancies, diabetes mellitus (DM) among first-degree relatives, ethnicity with a high prevalence of diabetes and previous polycystic ovary syndrome (PCOS) [10,11].



After the diagnosis of hyperglycemia, a pregnant woman is referred to diet counselling and if the blood glucose level exceeds the target, metformin and/or insulin, are administrated. Treatment of GDM, lifestyle changes and timing of delivery have shown to reduce serious perinatal complications such as the rate of macrosomia and the long-term consequences of GDM [12,13].



The pregnancy outcome of women presenting GDM risk factors who skip the OGTT or whose glycose levels remain below the GDM diagnostic cutoff and therefore continue usual follow-up without additional dietary restrictions is addressed less. High risk untested pregnant women include those with possible undiagnosed GDM and prone to poor gestational outcome [14].



The aim of this study is to assess the prevalence of GDM and its risk factors in 2012–2018 in Estonia and to compare the outcome of pregnancies predisposed to GDM in cases with and without subsequent GDM diagnosis.




2. Materials and Methods


2.1. Study Population


We performed a retrospective observational study including 5735 pregnant women receiving antenatal care in Women’s Clinic Tartu University Hospital (TUH), Estonia in 2012–2018.



The study participants were recruited during three time periods. The first study cohort was compiled to assess the compliance to the GDM screening algorithm, and it incorporated data of all women starting antenatal follow-up visits between January and December 2012 (n = 1373) [15]. The second set of women (n = 2334) originated from a monocentric prospective “Happy Pregnancy” (HP) study (full name “Development of novel non-invasive biomarkers for fertility and healthy pregnancy”: principial investigator Prof. Maris Laan). The recruited women included approximately two thirds of unselected pregnant women receiving antenatal care in TUH between March 2013 and August 2015 [16,17,18]. The third dataset comprised all women whose antenatal follow-up in TUH started between January and December 2018 (n = 2028).



The considered GDM risk factors included pre-pregnancy overweight/obesity (BMI 25–29.9/>30 kg/m2), GDM and/or of birth newborn >4500 g during any of the previous pregnancies, DM among first-degree relatives, PCOS, fasting glucose >5.1 mmol/L, glycosuria, excessive weight gain, suspicion of a LGA fetus or polyhydramnion during the index pregnancy. The information about the GDM risk factors, course and outcome of the pregnancy was collected by midwives and/or extracted from electronic hospital medical records (Supplementary Table S1).



The women with pregestational DM including type 2 DM diagnosed at the 1st trimester (fasting plasma glycose ≥7.0 mmol/l or any plasma glycose above 11.1 mmol/L) (19), multiple pregnancy or termination of pregnancy before 22 gestational weeks (g.w.), and those who had missing delivery data were excluded from the analysis.



The final dataset included a total of 5021 pregnancies: 1073 women represented the first (2012), 2176 women the second (2013–2015) and 1772 women the third (2018) recruitment cohort. All participants were of white European ancestry and Estonian residents.




2.2. Patient Grouping and Diagnostic Criteria


The GDM screening algorithm applied in Estonia since 2011 is shown in Figure 1 [19]. According to the current algorithm and clinical guidelines, OGTT is not mandatory to all pregnant women. Only women presenting any GDM risk factor are referred to OGTT.



GDM was diagnosed when any of the three consecutive measurements of oral glucose tolerance test (OGTT) were abnormal. Values were considered abnormal if the fasting venous plasma glucose level was ≥5.1 mmol/L and/or 1 h or 2 h after administration of 75 g oral glucose orally resulted in plasma glucose levels of ≥10.0 mmol/l and/or ≥8.5 mmol/L glucose, respectively (19).



Women were further categorized into four subgroups according to the presence of GDM risk factors and OGTT results: (1) low risk (group 1): women without risk factors and no indication to OGTT (n = 2302, 46%); (2) no OGTT (group 2): women with risk factors but no OGTT or only one normal test result before 20 weeks (n = 939, 19%); (3) normal OGTT (group 3): women with risk factors and a normal OGTT result obtained after 20 g.w. (n = 1357, 27%); (4) GDM (group 4): women with an abnormal OGTT result at any time during the gestation (n = 423, 8%).



For the assessment of a newborn’s weight, a growth calculator based on INTERGROWTH-21st Project [20] data was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles. Large-for-gestational-age (LGA) newborns were diagnosed as birthweight ≥95th centile and small-for-gestational-age (SGA) newborns as birthweight ≤10th centile.



Birth <37th g.w. was defined as preterm birth (PTB). Gestational hypertension (GH) was diagnosed if a patient exhibited after 20 g.w. new-onset isolated hypertension (≥140 mmHg and/or ≥90 mmHg). Preeclampsia (PE) was diagnosed if a patient exhibited hypertension after 20 g.w. accompanied by any of the following new-onset conditions: proteinuria, renal insufficiency, impaired liver function; hematological or neurological complications and eclampsia [21]. Only perineal ruptures after vaginal delivery involving anal sphincter (3rd grade) and/or anal epithelium (4th grade) were analyzed.



Total weight gain during the pregnancy was considered excessive when it exceeded the widely accepted recommendations: >9.0 kg for obese (pre-pregnancy BMI 30.0 kg/m2 or higher); >11.5 kg for overweight (25.0–29.9 kg/m2), >16.0 kg for normal weight (18.5–24.9 kg/m2) and >18.0 kg for underweight women (less than 18.5 kg/m2) [22].




2.3. Statistical Analysis


Summary estimates of the data (median, 5th–95th centile) were calculated and all statistical tests were implemented using the STATA software ver. 13.1 (StataCorp, College Station, TX, USA). To compare groups, the Wilcoxon rank-sum test was used for continuous variables and Chi2 test for categorical variables. A significance level of 0.05 was used. Bonferroni correction for multiple testing was applied according to the number of tests performed. One-way ANOVA was used for continuous variables to detect the differences in multiple group comparisons. In case of significant difference for post hoc pairwise comparisons, the Wilcoxon rank-sum test was applied. Binary logistic regression analysis was used to examine the association between pregnancy outcome and allocated GDM risk group. The adjusted odds ratios with 95% confidence intervals were calculated. The odds ratios (OR) were adjusted for previous births, LGA baby, pre-pregnancy BMI, age, cohort, or gestational age at delivery depending on pregnancy outcome variable.




2.4. Ethical Approval


The data collection and analysis was approved by the Research Ethics Committee of the University of Tartu, Estonia (permissions no. 225/T-6, 06.05.2013; 221/T-6, 17.12.2012, 286/M-18, 15.10.2018; 291/T-3, 18.03.2019 and 322/M-17, 17.08.2020) and the study was carried out in compliance with the guidelines of the Declaration of Helsinki.





3. Results


3.1. The Prevalence of Gestational Diabetes and Its Risk Factors Has Increased during Seven Years


The study population comprised 5021 unselected pregnant women from three recruitment periods across seven years (Table 1).



Between 2012 and 2018, the proportion of pregnant women presenting any of the GDM risk factors increased from 43.5% to 57.8%. The most prevalent GDM risk factor was overweight (BMI 25–29.9 kg/m2; >30% of high-risk women), followed by women with a high fasting glycose level (10.3–38.3% of pregnancies) and “other” risk factors (9.5–23.9%): glycosuria, excessive weight gain and suspicion of LGA fetus. In 2018, more high-risk women were subjected to the GDM screening algorithm compared to 2012 and 2013–2015 cohorts (Table 1). In addition, compared to the first two cohorts, the women in 2018 were older: 29 (5–95th percentile 21–38) years versus 28 (20–38) years in both 2012 and 2013–2015 cohort, and had a higher BMI compared to the 2013–2015 cohort (22.7 vs. 22.3) (Table 1).



Women with obesity and/or GDM in a previous pregnancy were more frequently subjected to the correct GDM screening algorithm (75.1–88.1% of risk factor carriers) (Table 2) and were more likely to receive a GDM diagnosis: obesity (OR 6.3 (5.0–8.9)), previous GDM (OR 12.5 (95% CI 7.5–20.6)). Although women with “other” risk factors were most often tested, only 14.7% received a GDM diagnosis (Table 2).



While the proportion of LGA babies has slightly decreased since 2012 from 18.8% to 16.1% in 2018 (p = 3.4 × 10−2), it remains not statistically significant after Bonferroni correction (p < 7.6 × 10−4). Additionally, the occurrence of pregnancy complications (preterm delivery and birth of SGA babies) and C-section rate has not changed notably during the examined period (Table 1).




3.2. The Largest Babies Are Born to Mothers Who Undergo Correct GDM Screening Algorithm


The pregnancy outcome was assessed comparatively in the four subgroups formed based on the presence of GDM risk factors and outcome of the OGTT test.



Compared to other subgroups, mothers with GDM (group 4) had the lowest gestational age at delivery, were more likely to deliver a LGA baby and more often via C-section (Table 3 and Table 4). Gestational hypertension has also been more frequently reported among the GDM cases (Table 3).



The median birthweight of newborns was highest among women with risk factors to GDM, but a normal OGTT result (group 3) compared to other non GDM groups. Birthweight centiles were similar in women presenting risk factors to GDM and receiving OGTT irrespective of the OGTT result (~82 percentile), but significantly higher compared to those with risk factors but no OGTT (group 2) (Table 3).



Additionally, the C-section rate of low-risk women (group 1) was lower compared to women with normal OGTT (group 3) and GDM (group 4) (Table 3).



Birthweight and the proportion of LGA babies was the lowest among low-risk women (group 1) compared to all high-risk women (groups 2, 3 and 4) (Table 3). An inverse trend, however, not significant, was noted in the prevalence of SGA newborns (3% vs. ≤1.7%).




3.3. Comparison of Maternal Characteristics and Pregnancy Course among High-Risk Pregnant Women with Normal or No OGTT Result


Women presenting GDM risk factors but a normal OGTT result had significantly more LGA babies compared to those with no OGTT result and, therefore, their GDM status was unknown (Table 3 and Table 5). Among women presenting risk factors to GDM, the odds to deliver a LGA baby after a normal OGTT result was nearly as high as in the GDM diagnosis group (Table 4).



Both birthweight and centile of newborns were significantly lower in high-risk non-OGTT women (group 2) in contrast to the high-risk but normal OGTT group (group 3) (Table 3 and Table 5). However, in both groups approximately every fifth woman delivered by C-section; 31% of operative deliveries among women with normal OGTT (group 3) resulted in the birth of a LGA baby compared to 18% in the no OGTT subgroup (group 2).



There was no difference in maternal age and pre-pregnancy BMI between these two groups.



Although the birth of a LGA baby in any of the previous pregnancies accounted for a small number of women as a risk factor, more of them had normal OGTT (group 3). The percentage of women with “other” risk factors was considerably higher in the normal OGTT group (26.4% vs. 3.6%). However, women with increased fasting glycose level detected in the first trimester were in the no OGTT group (group 2).



There was higher total weight gain among women with a normal OGTT (group 3) result compared to non-OGTT women (group 2). Weight gain difference was observed especially after 24 g.w. when OGTT is usually scheduled. Women with normal OGTT (group 3) gained, on average, 11.6 ± 5.7 kg, median 11 kg, compared to 10.2 ± 4.6 kg, median 10 kg in the no OGTT group (group 2) (Table 5). In comparison, the total weight gain in women with GDM 12.7 ± 8.7 kg, median 11.7 kg, and after 24 gestational week 8.3 ± 5.1 kg, median 8 kg.




3.4. Pregnancy Course and Outcome of Women with GDM According to Treatment


In our study, out of 423 women with a GDM diagnosis, 82 (19.4%) needed medical treatment (metformin and/or insulin) in addition to dietary measures. The women receiving medication delivered earlier compared to women whose GDM was controlled with diet (274.5 vs. 277 g.d, p = 1.3 × 10−3). Apart from gestational age at delivery, we did not detect any differences in pregnancy course and outcome between different treatment modalities (Supplementary Table S2).





4. Discussion


We evaluated the pregnancy course and outcome of low and high-risk women with and without GDM diagnosis after the OGTT test at Women’s Clinic of Tartu University Hospital, Estonia in 2012–2018. Our study shows sharp increase in GDM risk factor carriers, almost doubling the women diagnosed with GDM over the seven-year period. Additionally, we observed a high fraction of LGA newborns among women carrying GDM risk factors but defined as unaffected based on the current GDM screening algorithm. These women also underwent excessive weight gain during the second half of pregnancy.



In Estonia, the risk factor-based testing of GDM is applied and the reported prevalence of the disease is influenced by the testing activity. Referral to OGTT is dependent on the subjective assessment of risk factors by midwives or obstetricians, as well as the patient’s consent and understanding of the necessity of the test. By 2018, more than half of pregnant women had at least one risk factor but only three of four (76.8%) received the OGTT test, as suggested by the guidelines in [19]. Those who remain untested may have undiagnosed GDM and are therefore prone to GDM-related complications, including stillbirth [23]. A study in Finland found that even mild untreated hyperglycemia resulted in an increased Cesarean section rate and larger birth weight [24].



Benhalima et al. studied selective screening for GDM in European countries and found that by using the risk factor-based screening algorithm, more than a third of GDM cases would be missed [10]. They also suggested that to improve testing, the selection of risk factors should be simplified: by screening all women at age 30 or more and/or BMI ≥ 25 kg/m2, 70% of pregnant women would need OGTT with missed GDM cases of 18.6% [10]. Furthermore, OGTT testing is conducted between 20 and 30 g.w., adding additional OGTT after that period could help to determine late onset GDM with increased risk of operative delivery. Sasson et al. found that pathological OGTT at term due to the suspicion of LGA resulted in a higher rate of Cesarean section [25].



Another option to improve GDM diagnostics would be universal screening, ensuring that every woman is at least offered testing. Universal testing would result in the maximum number of GDM cases at the expense of increased healthcare costs and the workload of clinical personnel; however, overall, this tends to be cost-effective [26]. As GDM also bears responsibility for long-term complications, mothers and offspring would benefit from universal screening and lifestyle interventions when considering their health risks in later life. [27,28,29].



The aim of detecting most GDM cases would be lowering the risk of complications after successful intervention. The most frequent complication of poorly controlled GDM is a birth of a LGA neonate [3]. In addition to the GDM group, we could expect larger newborns in a high-risk group who have skipped OGTT, possibly due to undiagnosed GDM. However, our data showed a comparable number of LGA neonates between the GDM group and women with a normal OGTT result. This could be explained by the fact that GDM is not the only factor resulting in fetal macrosomia; other known risk factors are multiparity, older age, previous LGA and a male newborn. In addition, pregnancy weight gain and pre-pregnancy BMI have been shown in previous studies to be related to GDM but also to isolated LGA newborns [30,31,32]. In our cohort, the most noticeable difference among high-risk women with no OGTT and a normal OGTT result was extensive weight gain and a more frequent need for operative delivery due to LGA neonate among the normal OGTT group. We may assume that weight gain was the reason for the referral to OGTT. However, we can also speculate that by relating LGA newborns only to GDM, the normal OGTT result could offer false reassurance of a normal pregnancy course and less motivation for weight management after testing.



Women with a GDM diagnosis receive dietary advice or medication (metformin and/or insulin), monitor their blood sugar carefully, and are referred to labor induction more easily. Although, in our study, the number of GDM patients receiving medical treatment was not enough to assess the effect of different treatment modalities on pregnancy outcome, studies have shown the positive effect of GDM treatment on maternal gestational weight gain, perinatal outcome and the possible long term effects on lifestyle changes [33].



However, high-risk women with normal OGTT results should not receive less attention as they are at increased risk of gestational weight gain and a LGA newborn. As a large proportion of these women are overweight, focusing on a healthy diet and exercise have been shown to significantly reduce gestational weight gain [34]. Dodd et al. assessed the addition of metformin to lifestyle interventions; however, they found no complementary benefits from the medication [35]. More targeted prospective studies are needed to determine if quality of diet and additional testing later in pregnancy would add benefits such as timing the delivery and preventing the birth of a LGA among groups of women with GDM risk factors but a normal OGTT result [36,37,38].



A limitation of our study is the small sample size to assess the prevalence of less frequent pregnancy and delivery complications such as preeclampsia, shoulder dystocia and III and IV grade perineal tear in different groups.




5. Conclusions


As the number of GDM risk factor carriers is increasing, more women are referred to OGTT and will be diagnosed with GDM with respective pregnancy follow-up. However, we would like to highlight our findings that pregnant women with GDM risk factors are, despite normal OGTT, still at risk of increased weight gain and LGA newborns.
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Figure 1. Gestational diabetes mellitus screening algorithm in Estonia. 
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Table 1. Maternal characteristics of three datasets 1.
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Parameter 2

	
I

(n = 1073)

	
II

(n = 2176)

	
III

(n = 1772)

	
p Value 6






	
Basic characteristics

	

	

	

	
I vs. II

	
I vs. III

	
II vs. III




	
Maternal age (years)

	
28 (20–38)

	
28 (20–38)

	
29 (21–38)

	
n.s

	
1.9 × 10−7

	
1.2 × 10−6




	
Pre-pregnancy BMI (kg/m2)

	
22.5 (18.0–32.8)

	
22.3 (18.1–31.5)

	
22.7 (18.5–33.6)

	
n.s

	
n.s

	
1.9 × 10−5




	
Multiparous 3

	
NA

	
1190 (54.7%)

	
1114 (62.9%)

	
NA

	
NA

	
2.2 × 10−7




	
GDM risk factors

	

	

	

	

	

	




	
Risk factor carriers

	
467 (43.5%)

	
1227 (56.4%)

	
1025 (57.8%)

	
5.1 × 10−12

	
1.2 × 10−13

	
n.s




	
Correctly tested among risk factor carriers

	
291 (62.3%)

	
702 (57.2%)

	
787 (76.8%)

	
n.s

	
1.5 × 10−4

	
3.5 × 10−9




	
BMI 25–30 kg/m2

n (% of carriers)

	
198 (42.4%)

	
394 (32.1%)

	
320 (31.2%)

	
n.s

	
n.s

	
n.s




	
BMI >30 kg/m2

	
92 (19.7%)

	
185 (15.1%)

	
210 (20.5%)

	
n.s

	
n.s

	
2.0 × 10−4




	
GDM previously 3

	
13 (2.8%)

	
26 (2.1%)

	
28 (2.7%)

	
n.s

	
n.s

	
n.s




	
Previous baby 4500 g

	
30 (6.4%)

	
36 (2.9%)

	
39 (3.8%)

	
n.s

	
n.s

	
n.s




	
DM among first degree relatives

	
78 (16.7%)

	
224 (18.3%)

	
161 (15.7%)

	
n.s

	
n.s

	
n.s




	
PCOS

	
24 (5.1%)

	
24 (2.0%)

	
9 (0.9%)

	
n.s

	
3.0 × 10−5

	
n.s




	
Fasting glycose >5.1 mmol/L

	
48 (10.3%)

	
471 (38.4%)

	
235 (22.9%)

	
3.3 × 10−36

	
1.6 × 10−14

	
6.0 × 10−10




	
Polyhydramnion

	
19 (4.1%)

	
42 (3.4%)

	
40 (3.9%)

	
n.s

	
n.s

	
n.s




	
Other 4

	
68 (14.6%)

	
116 (9.5%)

	
245 (23.9%)

	
n.s

	
6.1 × 10−10

	
3.2 × 10−20




	
Pregnancy outcome

	

	

	

	

	

	




	
Gestational diabetes

	
56 (5.2%)

	
124 (5.7%)

	
243 (13.7%)

	
n.s

	
8.05 × 10−13

	
6.4 × 10−18




	
Preterm birth

	
50 (4.7%)

	
110 (5.1%)

	
87 (4.9%)

	
n.s

	
n.s

	
n.s




	
Gestational age at delivery (days)

	
280 (259–287)

	
281 (258–293)

	
279 (259–291)

	
1.38 × 10−17

	
3.69 × 10−10

	
n.s




	
Birthweight (grams)

	
3596 (2680–4360)

	
3569 (2680–4366)

	
3590 (2660–4302)

	
n.s

	
n.s

	
n.s




	
Cesarean section

	
181 (16.9%)

	
363 (16.7%)

	
342 (19.3%)

	
n.s

	
n.s

	
n.s




	
LGA 5

	
202 (18.8%)

	
341 (15.7%)

	
286 (16.1%)

	
n.s

	
n.s

	
n.s




	
LGA + GDM

	
23 (11.4%)

	
30 (8.8%)

	
57 (9.4%)

	

	

	




	
SGA 5

	
17 (1.6%)

	
52 (2.4%)

	
43 (2.4%)

	
n.s

	
n.s

	
n.s








1 I dataset represented women recruited for antenatal care in 2012; II dataset in 2013–2015 and III dataset in 2018. 2 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. Groups were compared using chi-squared test for categorical and Wilcoxon rank-sum test for continuous variables. 3 Missing detailed data for number of previous pregnancies in 2012 cohort. 4 Risk factors: glycosuria, excessive weight gain (more than 3 kg in 4 weeks) suspicion of LGA fetus in index pregnancy were classified as “other” risk factors. 5 For the assignment of a large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborns were categorized as LGA in cases where the sex-and gestational age adjusted birth centile was more than 95 and SGA in cases where the sex-and gestational age adjusted birth centile was less than 10. centiles 6 p value was adjusted according to Bonferroni correction for 22 tests and 3 subgroups 0.05/3 × 22 < 7.6 × 10−4. DM, diabetes mellitus; GDM, gestational diabetes mellitus; LGA, large for gestational age; NA, not available; n.s, non-significant; PCOS, polycystic ovary syndrome; SGA, small for gestational age.
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Table 2. Adherence to GDM screening algorithm 1 among high-risk women and odds to receive GDM diagnosis.
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	Risk Factor
	Carrier (n)
	Tested Correctly

(n/% of Carriers)
	GDM

(n/% of Correctly Tested)
	OR (95% CI)
	p-Value 3





	BMI 25.0–29.9 kg/m2
	1385
	857 (61.9%)
	252 (29.4%)
	1.7 (1.4–2.2)
	3.2 × 10−6



	BMI ≥ 30.0 kg/m2
	482
	362 (75.1%)
	139 (62.3%)
	6.3 (5.0–8.9)
	2.9 × 10−47



	GDM in previous pregnancy
	67
	59 (88.1%)
	36 (62.7%)
	12.5 (7.5–20.6)
	6.0 × 10−21



	LGA 2 in previous pregnancy
	105
	88 (83.8%)
	32 (38.2%)
	4.7 (3.1–7.2)
	3.0 × 10−10



	PCOS
	57
	41 (71.9%)
	14 (53.3%)
	3.6 (2.0–6.9)
	2.4 × 10−4



	DM in relatives
	463
	305 (65.9%)
	78 (25.6%)
	2.5 (1.9–3.2)
	6.1 × 10−10



	Fasting glycose >5.1 mmol/L
	755
	436 (57.7%)
	175 (40.1%)
	5.0 (4.0–6.1)
	2.0 × 10−44



	Polyhydramnion
	97
	63 (64.9%)
	16 (26.2%)
	2.1 (1.2–3.6)
	1.4 × 10−2



	Other
	431
	402 (93.3%)
	59 (14.7%)
	1.8 (1.3–2.4)
	2.1 × 10−4







1 Schematic representation of GDM screening algorithm is presented in Figure 1. 2 For the assignment of large-for-gestational-age (LGA) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was categorized as LGA in case the sex-and gestational age adjusted birth centile was more than 95. 3 p value was adjusted according to Bonferroni correction for 9 tests and 2 groups 0.05/18 is 2.7 × 10−3. BMI, body mass index; DM, diabetes mellitus; GA, gestational age; GDM, gestational diabetes mellitus; LGA, large for gestational age; OR, odds ratio; PCOS, polycystic ovary syndrome.
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Table 3. Pregnancy outcome in women allocated into four subgroups according to GDM risk factors and OGTT result.
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Outcome 1

	
Low Risk

Pregnancies 5

	
High Risk Pregnancies

	
Pairwise Comparisons






	

	
(Group 1)

	
No OGTT

(Group 2)

	
OGTT Normal

(Group 3)

	
GDM

(Group 4)

	
Between Groups 6

p < 7.6 × 10−4




	
Number of women

	
2302

	
939

	
1357

	
423

	




	
GA at delivery (days)

	
280 (259–292)

	
280 (255–292)

	
280 (260–293)

	
276 (252–289)

	
1 vs. 4, 2 vs. 4, 3 vs. 4




	
Birthweight (grams)

	
3502 (2644–4233)

	
3576 (2642–4320)

	
3705 (2808–4468)

	
3635 (2695–4430)

	
1 vs. 2, 1 vs. 3, 1 vs. 4, 2 vs. 3




	
Birth centile

	
70.7 (13.7–97.3)

	
75.7 (18.4–98.2)

	
82.2 (25.0–99.3)

	
82.6 (26.5–99.3)

	
1 vs. 2, 1 vs. 3, 1 vs. 4, 2 vs. 3, 2 vs. 4




	
LGA 2

	
243 (10.5%)

	
160 (17.1%)

	
315 (23.2%)

	
110 (26.0%)

	
1 vs. 2, 1 vs. 3, 1 vs. 4, 2 vs. 3, 2 vs. 4




	
SGA 2

	
70 (3.0%)

	
15 (1.6%)

	
23 (1.7%)

	
4 (0.95%)

	
n.s




	
Cesarean section

	
322 (14.0%)

	
175 (18.7%)

	
274 (20.2%)

	
114 (27.0%)

	
1 vs. 3, 1 vs. 4; 2 vs. 4




	
Preterm delivery

	
104 (4.5%)

	
55 (5.9%)

	
58 (4.3%)

	
27 (6.4%)

	
n.s




	
Shoulder dystocia 3,4

	
6/1468 (0.4%)

	
3/627 (0.5%)

	
6/883 (0.7%)

	
1/266 (0.4%)

	
n.s




	
Perineal rupture ≥3 grade 3,4

	
14/1468 (1.0%)

	
3/627 (0.5%)

	
9/883 (1.0%)

	
2/266 (0.8%)

	
n.s




	
Preeclampsia

	
23 (1.04%)

	
23 (2.5%)

	
25 (1.8%)

	
11 (2.6%)

	
1 vs. 2, 1 vs. 3, 1 vs. 4




	
Gestational hypertension 4

	
20/1699 (1.2%)

	
26 (3.4%)

	
50 (4.5%)

	
25 (6.8%)

	
1 vs. 4








1 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. 2 For the assignment of large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was categorized as LGA in cases where the sex and gestational age adjusted birth centile was more than 95 and SGA in cases where the sex-and gestational age adjusted birth centile was less than 10 centiles. 3 Percentage is calculated from vaginal deliveries only. 4 Data available for 2013–2015 and 2018 cohorts. 5 Low risk pregnancies for GDM were defined as absence of GDM risk factors, for those individuals OGTT is not indicated. High-risk pregnancies for GDM were defined as the presence of any of the following risk factors: BMI > 25 kg/m2, GDM or LGA in previous pregnancy, fasting glycose >5.1 mmol/L, PCOS, polyhydramnion, DM in family history, “other” risk factors (glycosuria, excessive weight gain (more than 3 kg in 4 weeks) suspicion of LGA fetus in index pregnancy). Presence of any risk factor is indication for OGTT. 6 Wilcoxon rank-sum test was used for continuous variables and Chi2 test for categorical variables, statistical significance level adjusted according to Bonferron correction for 11 parameters and 4 groups 0.05/66 < 7.6 × 10−4. DM, diabetes mellitus; GA, gestational age; GDM, gestational diabetes mellitus; LGA, large for gestational age; OGTT, oral glucose tolerance test; PCOS, polycystic ovary syndrome, SGA, small for gestational age.
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Table 4. Crude and adjusted odds ratios for selected pregnancy outcomes between groups devided according to GDM risk factors and OGTT result.
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	Outcome
	Group
	Number of Women
	OR (95% CI)
	AOR (95% CI)





	LGA newborn 1,2
	
	
	
	



	
	Low risk
	243
	1
	1



	
	No OGTT
	160
	1.8 (1.4–2.2) ***
	1.6 (1.2–2.2) ***



	
	Normal OGTT
	315
	2.6 (2.1–3.1) ***
	2.3 (1.8–3.0) ***



	
	GDM
	110
	3.0 (2.3–3.9) ***
	2.4 (1.7–3.4) ***



	SGA 2,3
	
	
	
	



	
	Low risk
	70
	1
	1



	
	No OGTT
	15
	0.5 (0.3–0.9) *
	0.6 (0.3–1.1)



	
	Normal OGTT
	23
	0.5 (0.3–0.9) *
	0.6 (0.4–1.0) *



	
	GDM
	4
	0.3 (0.1–0.8) *
	0.3 (0.1–0.9) *



	Preeclampsia 4
	
	
	
	



	
	Low risk
	23
	1
	1



	
	No OGTT
	23
	2.5 (1.4–4.5) **
	1.4 (0.7–2.7)



	
	Normal OGTT
	25
	1.9 (1.2–3.3) *
	1.1 (0.6–2.1)



	
	GDM
	11
	2.6 (1.3–5.5) *
	1.3 (0.5–3.1)



	Cesarean Section 5
	
	
	
	



	
	Low risk
	322
	1
	1



	
	No OGTT
	175
	1.4 (1.2–1.7) **
	1.2 (0.9–1.5)



	
	Normal OGTT
	274
	1.6 (1.3–1.9) ***
	1.3 (1.1–1.7) *



	
	GDM
	114
	2.3 (1.8–2.9) ***
	1.5 (1.1–2.1) *







1 Adjusted to previous births, previous LGA baby, BMI, age, cohort and gestational age at delivery. 2 For the assignment of large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was categorized as LGA in case the sex-and gestational age adjusted birth centile was more than 95 and SGA in case the sex-and gestational age adjusted birth centile was less than 10 centile. 3 Adjusted to cohort, previous births and gestational age at delivery. 4 Adjusted to previous births, BMI, and cohort, 5 Adjusted to previous births, previous LGA baby, BMI, age, cohort and gestational age at delivery. * p < 0.05, ** p < 0.005; *** p < 0.001. GDM, gestational diabetes mellitus; GH, gestational diabetes; OGTT, oral glycose tolerance test; OR, odds ratio; AOR, adjusted odds ratio.
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Table 5. Maternal characteristics and pregnancy course among high-risk pregnant women without GDM diagnosis.
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	OGTT Normal

N = 1357
	No OGTT

N = 939
	p-Value 5





	Basic characteristics1
	
	
	



	Age (years)
	28 (20–38)
	29 (21–39)
	n.s



	BMI (kg/m2)
	24.4 (18.7–34.6)
	25.3 (18.6–32.9)
	n.s



	Multiparous 2
	48.5%
	49.3%
	n.s



	Risk factorsn (% of carriers)
	
	
	



	Previous baby 4500 g
	60 (4.4%)
	13 (1.4%)
	1.2 × 10−4



	GDM previously
	25 (1.8%)
	4 (0.4%)
	n.s



	DM among first degree relatives
	243 (17.9%)
	142 (15.1%)
	n.s



	PCOS
	30 (2.2%)
	13 (1.4%)
	n.s



	Fasting glycose >5.1 mmol/L
	267 (19.7%)
	311 (33.1%)
	7.0 × 10−14



	Polyhydramnion
	47 (3.5%)
	38 (4.0%)
	n.s



	Other
	358 (26.4%)
	35 (3.7%)
	1.3 × 10−57



	Pregnancy course and outcome
	
	
	



	Weight gain (0–23 g.w) (kg)
	7 (0–16)
	6 (−1–14)
	2.2 × 10−6



	Weight gain (24–42 g.w) (kg)
	11 (3.6–22)
	10 (2.9–17)
	2.0 × 10−5



	Total weight gain (kg)
	17.7 (4–36.5)
	15.8 (3–29.6)
	3.6 × 10−5



	Excessive weight gain 3
	62.4%
	53.9%
	2.9 × 10−4



	GA at delivery (days)
	280 (260–293)
	280 (255–292)
	n.s



	Male newborn
	52.5%
	50.0%
	n.s



	Birthweight (grams)
	3705 (2808–4468)
	3578 (2642–4320)
	5.8 × 10−9



	LGA 4
	315 (23.2%)
	161 (17.1%)
	4.2 × 10−4



	Birthweight centile
	82.2 (25–99.1)
	75.7 (18.4–98.2)
	5.2 × 10−9



	Cesarean section
	274 (20.2%)
	175 (18.6%)
	n.s



	If LGA (% of Cesarean sections)
	87 (31%)
	32 (18%)
	2.0 × 10−3







1 Data are given as median (5th–95th percentiles) or number (percentage) when appropriate. Groups were compared using chi-squared test for categorical and Wilcoxon rank-sum test for continuous variables. 2 Data not available for 2012 cohort. 3 Total weight gain during the pregnancy was considered excessive when it exceeded recommendations by Rasmussen [22]. 4 For the assignment of large or small-for-gestational-age (LGA or SGA, respectively) diagnosis, the fetal growth calculator based on INTERGROWTH-21st Project was applied to convert the newborn birthweight into gestational age and sex-adjusted centiles [20]. Newborn was categorized as LGA in cases where the sex-and gestational age adjusted birth centile was more than 95 and SGA in cases where the sex-and gestational age adjusted birth centile was less than 10 centiles. 5 p value was adjusted for multiple testing according to Bonferroni correction for 2 groups 0.05/21 < 2.4 × 10−3. DM, diabetes mellitus; GA, gestational age; g.w, gestational weeks; GDM, gestational diabetes mellitus; LGA, large for gestational age; n.s, non-significant; OGTT, oral glycose tolerance test; PCOS, polycystic ovary syndrome; SGA, small for gestational age.
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