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STRUCTURED ABSTRACT  

Aim: to determine, in a multi-ethnic cohort, the association of first-trimester HbA1c levels 

with the development of pregnancy complications.  

Methods: a prospective study between April 2013-October 2016. Participants were stratified 

in five ethnic groups. Women had an HbA1c measurement added to their first antenatal 

bloods. Primary outcome was macrosomia and secondary outcomes included preeclampsia 

and large-for-gestational age (LGA). A multivariate logistic regression analysis was 

performed to adjust for potential confounders in determining the association between different 

HbA1c cut-off points and obstetric outcomes on each ethnic group.  

Results: 1,882 pregnancies were included. Analysis was limited to the three main ethnic 

groups: Caucasian (54.3%), South-Central Asian (19%) and Latin-American (12.2%). There 

was no association between HbA1c levels and obstetric outcomes among Caucasians. In 

Latin-Americans, an HbA1c≥5.8% (40mmol/mol) was associated with higher risk of 

macrosomia, whereas an HbA1c≥5.9% (41mmol/mol) was associated with LGA. In South-

Central Asian, an HbA1c≥5.7% (39mmol/mol) was associated with increased risk of 

macrosomia and a continuous graded relationship between HbA1c levels and preeclampsia 

and LGA was detected starting at HbA1c levels of 5.4% (36mmol/mol). 

Conclusion: first-trimester HbA1c levels perform as a suitable predictor of pregnancy 

complications in South-Central Asian and Latin-American women whereas in Caucasian no 

significant associations were found. 

 



  

 

4 

 

KEYWORDS: pregnancy outcome; glycosylated haemoglobin; macrosomia; preeclampsia; 

large-for-gestational age; ethnicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

5 

 

1. INTRODUCTION 

In recent years, the ongoing epidemic of obesity and the rising immigration figures in 

developed countries have led to an increase in the number of pregnant women with impaired 

glucose metabolism [1-3]. The role of hyperglycaemia during pregnancy as an independent 

predictor for poorer pregnancy outcomes has been clearly established [4-6] and several large 

studies of untreated women have shown a correlation between blood glucose levels, even 

below the non-diabetic range, and the incidence of obstetric complications [7-9]. Hence, early 

detection of women at high pregnancy risk is a desirable goal. A recent study conducted in 

New Zealand [10] found an early pregnancy HbA1c ≥ 5.9% (41 mmol/mol) to be a clinically 

relevant marker for adverse obstetrical outcomes. Shortly afterwards, another study stemming 

from our reference population, supported the proposed HbA1c threshold of 5.9% (41 

mmol/mol), although the association found with adverse outcomes differed in several ways 

[11]. These discrepancies were partly attributed to the differences in ethnic origin of the two 

study populations. Hughes et al. research was conducted in a predominantly Caucasian 

population, whereas our cohort was characterised by a majority of women belonging to ethnic 

minorities. However, our study was underpowered to assess the specific influence of ethnicity 

on HbA1c levels during pregnancy. Previous studies have reported an interracial variability in 

HbA1c levels in non-diabetic and in diabetic populations within organized systems of health 

care and after adjusting for processes of care [12-15]. Despite HbA1c levels have been 

broadly acknowledged to be significantly lower in Caucasian populations when compared to 

other ethnicities, studies exploring normal first-trimester HbA1c levels according to ethnicity 

are scarce. In this regard, Hartland et al. assessed trimester- and ethnic group-related reference 

ranges for HbAlc in Caucasian and Asian pregnant women without diabetes and reported 
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significantly higher levels among Asians [16]. On the other hand, ethnic differences have also 

been described in terms of obstetric results [17,18] and in the interrelationship between 

hyperglycaemia and pregnancy outcomes [19-21]. 

The present study aimed to determine, in a multi-ethnic cohort, the association of first-

trimester HbA1c levels with the development of adverse pregnancy outcomes in different 

ethnic groups. 

 

2. SUBJECTS, MATERIALS AND METHODS 

This prospective study was conducted at the Hospital del Mar, Barcelona, Spain between 

April 2013 and October 2016. Women over 18 years with a singleton pregnancy were 

included. Exclusion criteria were known pre-existing diabetes (type 1 or 2), meeting the 

American Diabetes Association criteria for diabetes mellitus [fasting plasma glucose (FPG) ≥ 

126 mg/dl and/or an HbA1c ≥ 6.5%, (48 mmol/mol)] in the first-trimester but without a 

previous diagnosis of diabetes mellitus (unknown type 2 diabetes) and multiple pregnancies 

[22]. Women with miscarriage or voluntary pregnancy termination and those lost to follow-up 

in whom delivery data could not be obtained were also excluded. Participants were stratified 

in five ethnic groups according to self-reported ethnicity (Caucasian, Latin American, South 

Central Asian, Moroccan and East Asian). Women belonging to other ethnicities and those in 

whom there was no information about ethnicity were not included for outcome analysis.  

 

Universal testing for FPG and HbA1c levels at the first antenatal bloods was offered per 

protocol. Women with fasting plasma glucose (FPG) ≥ 126 mg/dl and/or an HbA1c ≥ 6.5%, 
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(48 mmol/mol) were diagnosed of unknown type 2 diabetes and were referred to the Diabetes 

Unit at the first trimester. Otherwise, they did not receive any dietary or medical treatment 

and underwent routine gestational diabetes mellitus (GDM) screening at 24 to 28 weeks of 

gestation using a two-step approach. The diagnosis of GDM was based on the 

recommendations of the National Diabetes Data Group (NDDG) and women were referred to 

the Diabetes Unit for management [23].  

 

Demographic, anthropometric, clinical and analytical variables and pregnancy outcome data 

were obtained from maternity and electronic medical records. Maternal information regarding 

age, smoking habit, family history of type 2 diabetes, pre-gestational body mass index (BMI), 

previous GDM, previous macrosomia, ethnicity and nulliparity was included. Pregnancy 

weight gain was calculated as the difference between weight at the last prenatal visit and that 

reported by the participant as pre-pregnancy weight.  

 

The study was conducted according to the Declaration of Helsinki principles and approved by 

the Ethics Committee of Clinical Research. 

 

HbA1c was determined using high-performance liquid chromatography on a Biorad Variant II 

analyser (Bio-Rad Laboratories, Hercules, CA), an assay accredited by the National 

Glycoprotein Standardization Program with controls traceable to the Diabetes Control and 

Complications Trial. The interassay coefficient of variation was 1.9% at an HbA1c level of 

5.2% (33 mmol/mol) and 2.2% at an HbA1c level of 10.9% (96 mmol/mol). Blood cell count, 

haematocrit, haemoglobin (Hb) and mean corpuscular volume (MCV) were measured using 
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an automated haematology system. Anaemia was defined as an Hb concentration < 11 g/dl 

and microcytosis as MCV < 81 fl. 

 

Primary outcome was macrosomia and secondary outcomes included preeclampsia and large-

for-gestational age (LGA). Macrosomia was defined, according to the American College of 

Obstetricians and Gynecologists, as newborns with birth weight ≥ 4,000 g. Preeclampsia was 

defined by the International Society for the Study of Hypertension in Pregnancy criteria as 

new-onset or worsening hypertension after 20 weeks’ gestation with the coexistence of one or 

more of the following new-onset conditions: proteinuria (protein: creatinine ratio > 30 

mg/mmol), other maternal organ dysfunction or foetal growth restriction [24]. The percentiles 

for gestational age (30-44 weeks) were determined using customized birthweight curves for 

newborns according to maternal ancestry (Latin American, South Central Asian, Moroccan or 

East Asian) with adjustment for gestational age and gender [25]. For Caucasian women 

newborn birthweight curves based on a Spanish population were employed [26]. A newborn 

was considered to be LGA if birthweight was greater than the estimated customized 90th 

percentile for the baby’s sex, gestational age and ethnicity.  

 

We calculated the sample size necessary for each ethnic group to assess the association 

between an HbA1c ≥ 5.9% (41 mmol/mol) and the occurrence of macrosomia. Calculation 

was based on previous literature reporting the association between an HbA1c ≥ 5.9% (41 

mmol/mol) and macrosomia. We assumed a 5% rate of macrosomia in women with normal 

carbohydrate metabolism in pregnancy and a 30% rate in women with an HbA1c ≥ 5.9% (41 

mmol/mol). In accordance with Hugues et al. and Mañe et al. [10,11], we estimated that 6% 
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of pregnant women would meet a first trimester HbA1c ≥ 5.9% (41 mmol/mol). Accepting an 

α risk of 0.05 and a β risk of 0.2 in a two-sided test, 17 participants were necessary in the 

HbA1c ≥ 5.9% (41 mmol/mol) group and 291 in the HbA1c < 5.9% (41 mmol/mol) group to 

find a proportion difference as statistically significant, expected to be 30% in the first group 

and 5% in the second. A 5% dropout rate was anticipated. 

 

Statistical analysis was performed using the statistical software package IBM SPSS Statistic 

version 22.0. Data are expressed as mean ± standard deviation for continuous variables and as 

frequencies and percentages for qualitative variables. Chi square test or Fisher's exact test 

were applied to determine the association between qualitative variables and Student’s t-test 

and ANOVA to compare mean and standard deviations of quantitative variables between two 

groups or more than two, respectively. A crude odds ratio was calculated to determine the 

association between different HbA1c cut-off points and obstetric outcomes on each ethnic 

group and a multivariate logistic regression analysis was performed to adjust for potential 

confounders. All variables associated on univariate analysis (p< 0.1) with adverse pregnancy 

outcomes and those previously described in the literature were included in the regression 

model. Statistical significance was set at p< 0.05. 

 

3. RESULTS 

First-trimester HbA1c testing was drawn out from 2,534 women between April 2013 and 

October 2016 of which 652 were excluded based on exclusion criteria (Figure 1). Finally, 

1,882 pregnancies were included for pregnancy outcome analysis. Of those, nearly half of the 

cohort belonged to ethnic minorities such as Latin American (12.2%), South Central Asian 
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(19%), Moroccan (7.4%) and East Asian (7.1%). As shown in Table 1, there were several 

significant differences on maternal and pregnancy outcomes among ethnicities and when 

comparing with the Caucasian group. From highest to lowest, mean first-trimester HbA1c 

levels were, 5.2 ± 0.4 (33 mmol/mol) for South Central Asian women, 5.1 ± 0.4 (32 

mmol/mol) for East Asian, 5.1 ± 0.4 (32 mmol/mol) for Latin American, 5.1 ± 0.3 (32 

mmol/mol) for Moroccan and 5.0 ± 0.3 (31 mmol/mol) for Caucasian. Accordingly, South 

Central Asian women had the highest prevalence of GDM (25.8%) followed by East Asian 

(24.6%) and Caucasian showed the lowest prevalence (6.2%).  

 

Regarding pregnancy outcomes, Moroccan women exhibit the highest rates of macrosomia 

(10.9%) whereas Latin American women had the highest rates of LGA (16.2%) followed by 

Moroccan (13.9%). South Central Asian showed the lowest rates of macrosomia (3.4%) and 

LGA (7.9%). For preeclampsia East Asian had the highest rates (9.3%) followed by Latin 

American (5.7%) and Moroccan women had the lowest rates (0.7%).  

 

Odds ratios for associations between different first-trimester HbA1c cut-off values and 

obstetric outcomes for each ethnicity are shown in Tables 2-4. Moroccan and East Asian 

women were excluded from the analysis given the small sample size of the groups. After 

adjusting for potential confounding factors, Latin American women with an HbA1c ≥ 5.8% 

(40 mmol/mol) showed an increased risk of macrosomia and an HbA1c ≥ 5.9% (41 

mmol/mol) threshold was statistically associated with a higher risk of LGA. Among South-

Central Asian women an HbA1c ≥ 5.7% (39 mmol/mol) was associated with an increased risk 

of macrosomia and a continuous graded relationship between rising HbA1c levels and the 
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occurrence of preeclampsia and LGA was also detected starting at HbA1c values of 5.4% (36 

mmol/mol). There was no association between HbA1c levels and any obstetric outcome in the 

Caucasian group. 

 

4. DISCUSSION  

We determined that, in women without diabetes, the association between first-trimester 

HbA1c levels and pregnancy outcomes differs according to ethnicity. While it can perform as 

an independent predictor of adverse obstetric results in Latin American and South Central 

Asian women, no significant association has been detected in Caucasian women.  

 

The present study is the first to describe ethnic differences in the association between first-

trimester HbA1c levels and the development of obstetric complications. A previous study by 

Hughes et al. carried out in 16,122 women of mainly Caucasian origin found that an early 

HbA1c ≥ 5.9% (41 mmol/mol) was associated with adverse pregnancy results including 

congenital malformations, perinatal death, preeclampsia and shoulder dystocia [10]. In this 

study the authors did not analyse differences in ethnic associations with the primary outcome 

as the majority of the cohort was of Caucasian ancestry. If we compare their results with those 

found in the present study in the Caucasian group, some similarities and differences can be 

highlighted. In both studies, no significant association was found between HbA1c levels and 

the occurrence of macrosomia or LGA when adjusting for ethnicity using customized 

birthweight percentiles. The discordant findings regarding preeclampsia could partly be 

related to differences in the size of the cohort. It should be noted that, in the present study, 
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sample size was calculated to assess the association between an HbA1c ≥ 5.9% (41 

mmol/mol) and the risk of macrosomia regardless of the occurrence of secondary outcomes. 

Conversely, Hughes et al. research was conducted in a remarkably larger cohort that allowed 

analysis of low frequency events such as preeclampsia. On the other hand, discrepancies 

concerning preeclampsia could also be attributed to the different populations evaluated. Even 

though in the New Zealand study a high proportion of the cohort was of Caucasian ancestry, 

more than 20% belonged to other ethnic minorities, mainly Maoris and Pacific Islanders. 

Previous studies have shown that these ethnic groups have significant differences in terms of 

obstetric outcomes and a higher risk of diabetes when compared to Caucasians [27,28]. 

Moreover, it has also been argued that race/ethnicity may be too ambiguous a concept for 

clinical usage. Definition of ethnicity should consider aspects such as cultural, economic, 

social and biological factors as well as geographical origins. Caucasian women from Spain 

and those from New Zealand may not share the same metabolic profile and, probably, these 

cultural and socioeconomic factors may also play a relevant role in obstetric outcomes that is 

difficult to measure. Therefore, trying to interpret the meaning of differences related to 

ethnicity is always a challenge. Despite the major limitations of using ethnicity as a predictive 

and explanatory variable in health research, there is still a dire need to conduct research on 

ethnic differences in health outcomes. Finally, as mentioned above, Hughes et al. research 

was conducted in a remarkably large cohort that allowed analysis of low frequency events 

such as shoulder dystocia, perinatal death and congenital malformations whereas the present 

study was underpowered to detect differences in these outcomes. 

Studies in the general population in groups with similar glucose tolerance by glucose 

measures have demonstrated lower HbA1c levels among Caucasian subjects when compared 
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to other ethnicities such as African-American and Latin American [12-15]. The mechanism of 

this ethnic disparity in HbA1c levels has not been clearly identified. Differences in the 

prevalence of conditions affecting erythrocyte turnover, haemoglobinopathies and thalassemia 

syndromes, genetic determinants of haemoglobin glycation or differences in glycaemia that 

are not represented by the fasting and 2-h plasma glucose levels of the OGTT have been 

explored as contributors [29]. Research on this disparity in pregnant women is limited. 

Hartland et al. [16] assessed trimester and ethnic group-related reference ranges for HbAlc in 

pregnant women without diabetes and reported significantly higher levels in Asians compared 

to their Caucasian counterparts. These results concur with the findings of the present study 

where South Central Asian and East Asian women showed the highest mean first-trimester 

HbA1c levels and Caucasian the lowest. 

 

Racial disparities in perinatal outcomes among women with and without diabetes have also 

been described and some authors have even suggested a lower risk of adverse pregnancy 

outcomes in groups at high risk of GDM [20]. Several reports have found ethnic differences 

in the incidence of macrosomia and LGA and some of them indicate a higher risk in Latin 

American and Moroccan women [17,18,30] and a lower risk among South Central Asian 

women [31,32]. Our results are in general agreement with those of previous studies. Gong et 

al. assessed the risk of preeclampsia by ethnicity, in New York City, among 902,460 women. 

Mexican and African American women exhibit the highest risk of preeclampsia whereas East 

Asian women had the lowest [33]. These results differ partially from ours as, in our cohort, 

East Asians showed the highest rates of preeclampsia. However, it should be taken into 

account that, in the present study, East Asian women were all grouped together whereas Gong 
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et al distinguished between South East Asian and East Asian women. Other studies have 

highlighted a marked heterogeneity within the Asian population, with different phenotypes, 

geography, culture and religion, and have suggested that treating these subgroups as one racial 

group could mask the effects of ethnicity on perinatal outcomes. In this sense, Gong et al. 

reported a higher risk of preeclampsia among women from South East Asia compared to those 

from East Asia with a two-fold increased risk among women from Philippines [33]. This 

association is consistent with previous studies [28,34]. On the other hand, in the current study, 

Moroccan women had the lowest prevalence of preeclampsia which concurs with previous 

studies where pregnant North African women showed the lowest risk [35]. 

 

However, the critical question is not whether racial differences in first-trimester HbA1c levels 

or pregnancy outcomes exist; but whether the observed differences in HbA1c levels among 

ethnic groups are clinically meaningful. To our knowledge, this is the first prospective study 

to evaluate differences in the association of first-trimester HbA1c with adverse pregnancy 

outcomes according to ethnicity. In non-pregnant populations others have found conflicting 

results in terms of chronic complications. Harris et al. concluded that racial differences among 

individuals with type 2 diabetes in risk of developing retinopathy existed and that these 

differences could be caused by differential genetic susceptibility to the adverse effects of 

increased blood glucose levels [36]. On the same lines, Tsugawa et al. showed that the risk for 

diabetic retinopathy was higher for blacks compared to whites at any given HbA1c level 

between 5.0% (31 mmol/mol) and 7.0% (53 mmol/mol) and that the risk of retinopathy at an 

HbA1c level of 5.5% (37 mmol/mol) to 5.9% (41 mmol/mol) for blacks was similar to the 

risk at an HbA1c level of 6.0% (42 mmol/mol) to 6.4% (46 mmol/mol) among whites [37]. 
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Kehl et al explored the association between HbAlc and cardiovascular mortality in the adult 

population without diabetes of the NHANES III, focussing on the impact of race–ethnicity. A 

significant association of non-diabetic HbAlc levels with increased risk of cardiovascular 

mortality in non-Hispanic whites was found whereas no significant associations were 

observed in Mexican–American or non-Hispanic blacks [38]. Conversely, subsequent studies 

have suggested that the association of HbA1c with risk for chronic complications might be 

similar among ethnicities [39]. In this context, no strict consensus has been reached on 

whether different diagnostic cut-offs of HbA1c should be used for different racial populations 

in the association with chronic complications. Our study adds to this debate suggesting that 

the association of HbA1c with adverse obstetric outcomes may also differ by ethnicity. 

Longitudinal studies with larger samples are warranted to determine whether different 

thresholds of HbA1c should be considered to identify women at high risk of adverse 

pregnancy outcomes. Further, a greater impact of ethnicity on the association between 

hyperglycaemia and adverse results during pregnancy, and particularly during first-trimester, 

could also be argued. Finally, the lower HbA1c levels observed among Caucasian women 

could also be proposed as contributors of this controversy.  

 

The strengths of our study include a large number of subjects and the diverse racial origin of 

the population. Further, birthweight percentile was adjusted to maternal ethnicity through 

ethnicity-specific growth curves. A large number of maternal, gestational and newborn 

characteristics were evaluated which permitted precise analysis of factors potentially 

influencing the development of adverse perinatal outcomes. Finally, we used self-report of 
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ethnicity which is thought to be more reliable than administrative data given that responses 

are based on self-perception [35]. 

 

This study was not without limitations. One is the considerable number of women (n= 344, 

15.4 %) who chose to continue follow-up or end pregnancy at other centers, which could act 

as a potential selection bias as we were unable to gather data on pregnancy outcomes. 

Nonetheless, this percentage was significantly lower than that described in previous studies 

[10,11]. Secondly, GDM women were not excluded, and intervention in this group of patients 

could have introduced a bias by modifying pregnancy outcomes. Nevertheless, the diagnosis 

of GDM was included as a confounding factor and thus, it is not expected to have a relevant 

influence on the results. Thirdly, no data on socioeconomic parameters involving income 

inequality, education and discrimination, which have been reported to influence perinatal 

outcome regardless of ethnicity, and on paternal ethnicity was collected. Adjusted Odds Ratio 

included significantly wide confidence intervals, probably due to the drop of sample size, 

which prevents from assessing accurately the association between ethnicity and obstetric 

outcomes. Thus, the results should be interpreted with caution. Finally, another important 

limitation stems from the fact that the estimated sample size was only achieved in Caucasian 

and South Central Asian women whereas Moroccan and East Asian women were excluded 

given the small sample size of these groups. Nevertheless, the sample size in Latin-American 

women was close to the estimated one and we were able to find a significant association 

between HbA1c levels and the development of obstetric complications. 
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In conclusion, the present study highlights ethnic differences in the association of first-

trimester HbA1c levels and adverse obstetric outcomes: it performs as an independent 

predictor in Latin-American and South-Central Asian women whereas in those of Caucasian 

origin no significant associations were found. Further studies are necessary to ascertain 

whether early detection and treatment of these women can improve gestational outcomes. In 

communities with diverse ethnic backgrounds, the use of first-trimester HbA1c as a predictor 

of adverse pregnancy outcomes should be individualized according to ethnic origin. 
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7. FIGURE LEGENDS 

FIGURE 1. Flow chart of the study population. 

Caption: First-trimester HbA1c testing was drawn out from 2,534 women of whom 

652 were excluded based on exclusion criteria. Finally, 1,882 pregnancies were 

included for pregnancy outcome analysis. 
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Table 1: Maternal and gestational characteristics and pregnancy outcomes according to ethnicity. 

 
Caucasian 

n=1,021 

Latin American 

n=230 

South Central 

Asian 

n=358 

Moroccan 

n=139 

East Asian 

n=134 

P 

value* 

Maternal and gestational characteristics 

Age, years, mean ± SD 33.71 ± 5.32 32.29 ± 5.90‡ 30.39 ± 5.73‡ 32.80 ± 6.03 32.53 ± 5.32† <0.001 

Smoking, n (%) 150/697 (21.5) 10/154 (6.5)‡ 1/258 (0.4)‡ 7/103 (6.8)‡ 5/105 (4.8)‡ <0.001 

Family history of DM, n (%) 131/793 (16.5) 63/205 (30.7)‡ 126/297 (42.4)‡ 44/118 (37.3)‡ 39/116 (33.6)‡ <0.001 

Pre-pregnancy BMI, Kg/m
2
, mean ± SD 24.68 ± 5.18 26.43 + 4.72‡ 27.57 ± 5.00‡ 27.72 ± 5.05‡ 23.57 ± 3.80† <0.001 

Previous GDM, n (%) 23/987 (2.3) 4/214 (1.9) 38/331 (11.5)‡ 7/135 (5.2) 9/125 (7.2)† <0.001 

Previous macrosoma, n (%) 13/991 (1.3) 7/214 (3.3)† 12/331 (3.6)† 14/133 (10.5)‡ 6/127 (4.7)† <0.001 

Nulliparous, n (%) 561/1017 (55.2) 82/228 (36.0)‡ 105/357 (29.4)‡ 35/138 (25.4)‡ 48/134 (35.8)‡ <0.001 

GDM diagnosis, n (%) 60/963 (6.2) 24/217 (11.1)† 85/330 (25.8)‡ 17/133 (12.8)† 33/134 (24.6)‡ <0.001 

Pregnancy weight gain, Kg, mean ± SD 11.38 ± 4.77 10.75 ± 4.32 8.59 ± 4.78‡ 9.72 ± 5.11‡ 11.09 ± 4.27 <0.001 

1
st
 trimester fasting plasma glucose, 

mg/dl, mean ± SD 
85.11 ± 8.22 85.99 ± 8.52 90.49 ± 9.97‡ 87.82 ± 8.74‡ 86.45 ± 9.61 <0.001 

1
st
 trimester HbA1c, %, mean ± SD 5.04 ± 0.35 5.14 ± 0.37‡ 5.21 ± 0.41‡ 5.06 ± 0.33 5.15 ± 0.39‡ <0.001 

Anaemia, n (%) 45/1013 (4.4) 9/229 (3.9) 46/355 (13.0)‡ 11/139 (7.9) 10/134 (7.5) <0.001 

Microcytosis, n (%) 48/806 (6.0) 12/173 (6.9) 130/304 (42.8)‡ 24/118 (20.3)‡ 19/117 (16.2)‡ <0.001 

Pregnancy outcomes 



  

 

28 

 

Gestational age at delivery, week, mean 

± SD 
39.31 ± 1.76 39.03 ± 1.73† 39.05 ± 2.22† 39.35 ± 1.80 38.92 ± 1.61† 0.035 

Preterm delivery, n (%) 65/1000 (6.5) 20/229 (8.7) 26/355 (7.3) 6/138 (4.3) 10/134 (7.5) 0.694 

Caesarean section rate, n (%) 260/1010 (25.7) 63/230 (27.4) 94/354 (26.6) 30/138 (21.7) 34/134 (25.4) 0.644 

Preeclampsia, n (%) 31/976 (3.2) 14/220 (5.7)† 10/351 (2.8) 1/137 (0.7) 12/129 (9.3)† 0.001 

Birth weight, grams, mean ± SD 
3247.42 ± 

522.21 

3365.73 ± 

463.63† 

3155.14 ± 

537.36† 
3392.01 ± 508.50† 3236.54 + 522.86 <0.001 

LGA, n (%) 98/999 (9.9) 37/228 (16.2)† 28/352 (7.9) 19/137 (13.9) 14/133 (10.5) 0.016 

Macrosomia, n (%) 66/1008 (6.5) 15/230 (6.5) 12/354 (3.4)† 15/138 (10.9) 8/131 (6.1) 0.033 

DM: diabetes mellitus. BMI: body mass index. GDM: gestational diabetes mellitus. LGA: large-for-gestational age. SGA: small-for-gestational age. *P 

value for comparisons between all ethnicities. † P value for comparisons with the Caucasian group <0.05. ‡ P value for compar isons with the Caucasian 

group <0.001. 
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Table 2: Odds ratios for associations between different first-trimester HbA1c cut-off values and obstetric outcomes among Caucasian women. 

 

Macrosomia 

(n) (below 

vs. above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI)  

Preeclamps

ia (n) 

(below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

LGA (n) 

(below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

HbA1c 5.0% 

(31mmol/mol) 

35/388 vs. 

31/620 

0.53 (0.32-

0.88) 

0.60 (0.33-

1.09) 

13/381 vs. 

18/595 

0.88 (0.43-

1.82) 

0.49 (0.20-

1.20) 

89/385 vs. 

103/613 

0.67 (0.49-

0.92) 

0.68 (0.46-

1.01) 

HbA1c 5.1% 

(32msol/mol) 

38/525 vs. 

28/483 

0.79 (0.48-

1.31) 

0.87 (0.47-

1.58) 

18/512 vs. 

13/464 

0.79 (0.38-

1.63) 

0.45 (0.17-

1.17) 

112/519 vs. 

80/479 

0.73 (0.53-

1.00) 

0.75 (0.51-

1.11) 

HbA1c 5.2% 

(33mmol/mol) 

46/649 vs. 

20/359 

1.29 (0.75-

2.22) 

0.82 (0.43-

1.56) 

20/629 vs. 

11/347 

1.00 (0.47-

2.11) 

0.75 (0.29-

1.94) 

130/643 vs. 

62/355 

0.84 (0.60-

1.17) 

0.83 (0.55-

1.25) 

HbA1c 5.3% 

(34mmol/mol) 

53/737 vs. 

13/271 

0.65 (0.35-

1.21) 

0.71 (0.33-

1.48) 

22/714 vs. 

9/262 

1.12 (0.51-

2.46) 

0.89 (0.33-

2.41) 

144/731 vs. 

48/267 

0.89 (0.62-

1.28) 

1.04 (0.67-

1.61) 

HbA1c 5.4% 

(36mmol/mol) 

60/831 vs. 

6/177 

0.45 (0.19-

1.06) 

0.53 (0.20-

1.42) 

26/805 vs. 

5/171 

0.90 (0.34-

2.38) 

1.01 (0.32-

3.15) 

163/823 vs. 

29/175 

0.80 (0.52-

1.24) 

1.05 (0.63-

1.74) 

HbA1c 5.5% 

(37mmol/mol) 

61/890 vs. 

5/118 

0.60 (0.24-

1.53) 

0.65 (0.21-

1.92) 

27/866 vs. 

4/110 

1.17 (0.40-

3.42) 

1.15 (0.31-

4.2) 

174/881 vs. 

18/117 

0.74 (0.44-

1.25) 

0.86 (0.46-

1.61) 

HbA1c 5.6% 

(38mmol/mol) 

62/938 vs. 

4/70 

0.86 (0.30-

2.43) 

0.90 (0.25-

3.22) 

27/911 vs. 

4/65 

2.15 (0.73-

6.33) 

2.02 (0.52-

7.8) 

181/929 vs. 

11/69 

0.78 (0.40-

1.52) 

0.86 (0.39-

1.91) 
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HbA1c 5.7% 

(39mmol/mol) 

64/955 vs. 

2/53 

0.55 (0.13-

2.29) 

0.68 (0.15-

3.13) 

29/926 vs. 

2/50 

1.29 (0.30-

5.56) 

1.41 (0.28-

6.98) 

185/946 vs. 

7/52 

0.44 (0.20-

0.98) 

0.64 (0.25-

1.63) 

HbA1c 5.8% 

(40mmol/mol) 

64/975 vs. 

2/33 

0.92 (0.21-

3.92) 

1.09 (0.22-

5.25) 

30/944 vs. 

1/32 

0.98 (0.13-

7.44) 

0.90 (0.10-

8.16) 

186/966 vs. 

6/32 

0.97 (0.39-

2.39) 

0.83 (0.28-

2.42) 

HbA1c 5.9% 

(41mmol/mol) 

64/988 vs. 

2/20 

1.60 (0.36-

7.07) 

2.10 (0.39-

11.11) 

30/957 vs. 

1/19 

1.72 (0.22-

13.29) 

1.65 (0.17-

15.84) 

189/979 vs. 

3/19 

0.78 (0.23-

2.72) 

0.77 (0.19-

3.03) 

HbA1c 6.0% 

(42mmol/mol) 

64/997 vs. 

2/11 

3.24 (0.69-

15.31) 

4.21 (0.70-

25.4) 

29/965 vs. 

1/11 

3.23 (0.40-

26.06) 

3.61 (0.36-

35.4) 

189/987 vs. 

3/11 

1.58 (0.42-

6.02) 

1.98 (0.42-

9.28) 

* Adjusted p value <0.05. † Adjusted p value <0.001. LGA: large-for-gestational age.  

P value adjusted for nulliparity, pre-pregnancy body mass index, previous macrosomia, ethnicity, pregnancy weight gain, GDM diagnosis and 

anaemia.  
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Table 3: Odds ratios for associations between different first-trimester HbA1c cut-off values and obstetric outcomes among Latin American 

women. 

 

Macrosomia 

(n) (below 

vs. above 

threshold) 

Crude 

OR (95% 

CI) 

 

Adjusted 

OR (95% 

CI) 

Preeclampsia 

(n) (below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

LGA (n) 

(below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

HbA1c 5.0% 

(31mmol/mol) 

4/68 vs. 

11/162 

1.17 (0.36-

3.80) 

1.43 (0.29-

6.92) 
8/67 vs. 6/153 

0.30 (0.10-

0.91) 

0.26 (0.07-

0.91)* 

10/67 vs. 

37/161 

1.70 (0.79-

3.66) 

2.24 (0.87-

5.78) 

HbA1c 5.1% 

(32msol/mol) 

5/85 vs. 

10/145 

1.19 (0.39-

3.59) 

1.11 (0.26-

4.65) 
8/82 vs. 6/138 

0.42 (0.14-

1.26) 

0.37 (0.11-

1.26) 

13/84 vs. 

34/144 

1.69 (0.83-

3.42) 

1.84 (0.80-

4.24) 

HbA1c 5.2% 

(33mmol/mol) 

6/105 vs. 

9/125 

1.28 (0.44-

3.72) 

1.13 (0.29-

4.41) 

8/102 vs. 

6/118 

0.63 (0.21-

1.88) 

0.64 (0.19-

2.16) 

16/104 vs. 

31/124 

1.83 (0.94-

3.58) 

2.07 (0.93-

4.59) 

HbA1c 5.3% 

(34mmol/mol) 

9/140 vs. 

6/90 

1.04 (0.36-

3.03) 

0.99 (0.25-

3.83) 

11/137 vs. 

3/83 

0.43 (0.12-

1.59) 

0.41 (0.10-

1.64) 

25/138 vs. 

22/90 

1.46 (0.77-

2.79) 

1.47 (0.69-

3.13) 

HbA1c 5.4% 

(36mmol/mol) 

12/160 vs. 

3/70 

0.55 (0.15-

2.02) 

0.40 (0.07-

2.16) 

12/156 vs. 

2/64 

0.39 (0.08-

1.78) 

0.37 (0.07-

1.84) 

31/158 vs. 

16/70 

1.21 (0.61-

2.40) 

1.13 (0.51-

2.52) 

HbA1c 5.5% 

(37mmol/mol) 

12/182 vs. 

3/48 

0.94 (0.26-

3.49) 

0.74 (0.12-

4.30) 

12/176 vs. 

2/44 

0.65 (0.14-

3.02) 

0.63 (0.12-

3.27) 

26/180 vs. 

11/48 

1.76 (0.80-

3.88) 

0.84 (0.32-

2.19) 

HbA1c 5.6% 

(38mmol/mol) 

12/204 vs. 

3/26 

1.00 (0.26-

3.84) 

1.61 (0.25-

10.33) 

12/197 vs. 

2/23 

1.47 (0.31-

7.01) 

1.55 (0.29-

8.2) 

39/202 vs. 

8/26 

1.86 (0.75-

4.58) 

1.36 (0.43-

4.26) 
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HbA1c 5.7% 

(39mmol/mol) 

12/214 vs. 

3/16 

3.88 (0.97-

15.50) 

3.23 (0.41-

25.23) 

12/207 vs. 

2/13 

2.95 (0.59-

14.86) 

4.19 (0.69-

25.5) 

41/212 vs. 

6/16 

2.50 (0.86-

7.28) 

2.20 (0.55-

8.79) 

HbA1c 5.8% 

(40mmol/mol) 

13/218 vs. 

2/12 

3.15 (0.63-

15.91) 

7.13 (1.03-

49.17)* 

13/210 vs. 

1/10 

1.68 (0.20-

14.32) 

2.05 (0.21-

19.47) 

43/216 vs. 

4/12 

2.01 (0.58-

6.99) 

1.98 (0.44-

8.74) 

HbA1c 5.9% 

(41mmol/mol) 

13/225 vs. 

2/5 

10.87 (1.67-

70.88) 

32.72 (2.64-

405.6)† 
13/216 vs. 1/4 

5.21 (0.51-

53.59) 

6.71 (0.44-

101.9) 

44/223 vs. 

3/5 

6.10 (0.99-

37.64) 

7.90 (1.06-

58.45)* 

HbA1c 6.0% 

(42mmol/mol) 

13/227 vs. 

2/3 

32.92 (2.80-

387.26) 

453.5 (12.3-

16631.5)† 
14/218 vs. 0/2 NC 

- 45/225 vs. 

2/3 

8.00 (0.71-

90.20) 

15.0 (0.86-

260.83) 

* Adjusted p value <0.05. † Adjusted p value <0.001. LGA: large-for-gestational age. NC: non-calculable.  

P value adjusted for nulliparity, pre-pregnancy body mass index, previous macrosomia, ethnicity, pregnancy weight gain, GDM diagnosis and 

anaemia.  
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Table 4: Odds ratios for associations between different first-trimester HbA1c cut-off values and obstetric outcomes among South Central 

Asian women. 

 

Macrosomia 

(n) (below 

vs. above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

Preeclampsia 

(n) (below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

LGA (n) 

(below vs. 

above 

threshold) 

Crude 

OR (95% 

CI) 

Adjusted 

OR (95% 

CI) 

HbA1c 5.0% 

(31mmol/mol) 

2/89 vs. 

10/265 

1.71 (0.37-

7.94) 

1.37 (0.24-

7.68) 
1/87 vs. 9/264 

3.04 (0.38-

24.31) 

- 4/89 vs. 

32/263 

2.94 (1.01-

8.57) 

3.38 (0.90-

12.60) 

HbA1c 5.1% 

(32msol/mol) 

3/118 vs. 

9/236 

1.52 (0.40-

5.72) 

1.61 (0.35-

7.29) 

1/116 vs. 

9/235 

4.58 (0.57-

36.59) 

- 6/118 vs. 

30/234 

2.75 (1.11-

6.79) 

2.74 (0.92-

8.13) 

HbA1c 5.2% 

(33mmol/mol) 

5/151 vs. 

7/203 

1.04 (0.32-

3.35) 

1.26 (0.29-

5.36) 

3/150 vs. 

7/201 

1.77 (0.45-

6.95) 

- 9/151 vs. 

27/201 

2.45 (1.12-

5.37) 

2.24 (0.83-

6.0) 

HbA1c 5.3% 

(34mmol/mol) 

7/191 vs. 

5/163 

0.83 (0.26-

2.67) 

1.03 (0.23-

4.58) 

4/190 vs. 

6/161 

1.80 (0.50-

6.49) 

77.54 (2.10-

2858.8)* 

14/191 vs. 

22/161 

2.00 (0.99-

4.05) 

2.19 (0.84-

5.68) 

HbA1c 5.4% 

(36mmol/mol) 

7/221 vs. 

5/132 

1.20 (0.37-

3.87) 

1.46 (0.31-

6.73) 

5/219 vs. 

5/131 

1.70 (0.48-

5.98) 

11.74 (1.02-

134.03)* 

16/221 vs. 

20/130 

2.33 (1.16-

4.68) 

2.78 (1.07-

7.23)* 

HbA1c 5.5% 

(37mmol/mol) 

7/253 vs. 

5/101 

1.83 (0.57-

5.91) 

2.19 (0.44-

10.76) 
5/252 vs. 5/99 

2.63 (0.74-

9.28) 

17.34 (1.41-

212.6)* 

18/253 vs. 

18/99 

2.90 (1.44-

5.84) 

3.99 (1.49-

10.66)* 

HbA1c 5.6% 7/280 vs. 2.83 (0.87- 4.60 (0.92- 5/278 vs. 5/73 4.01 (1.13- 34.01 (2.06- 22/290 vs. 2.94 (1.42- 5.70 (2.06-
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(38mmol/mol) 5/74 9.18) 22.94) 14.26) 559.7)* 14/72 6.09) 15.79)† 

HbA1c 5.7% 

(39mmol/mol) 

8/306 vs. 

4/48 

3.39 (0.98-

11.72) 

7.22 (1.19-

43.58)* 
7/304 vs. 3/47 

2.89 (0.72-

11.60) 

11.9 (0.97-

147.9) 

27/306 vs. 

9/46 

2.51 (1.10-

5.76) 

4.73 (1.55-

14.41)* 

HbA1c 5.8% 

(40mmol/mol) 

8/318 vs. 

4/36 

4.84 (1.38-

16.98) 

10.15 (1.64-

62.8)* 
7/316 vs. 3/35 

4.14 (1.02-

16.79) 

20.49 (1.66-

252.5)* 

29/318 vs. 

7/34 

2.58 (1.04-

6.45) 

5.00 (1.58-

15.80)* 

HbA1c 5.9% 

(41mmol/mol) 

9/333 vs. 

3/21 

6.00 (1.49-

24.09) 

6.50 (0.94-

44.7) 
7/331 vs. 3/20 

8.17 (1.94-

34.40) 

32.77 (2.56-

419.6)† 

31/333 vs. 

5/19 

3.48 (1.17-

10.31) 

4.57 (1.20-

17.44)* 

HbA1c 6.0% 

(42mmol/mol) 

9/340 vs. 

3/14 

10.03 (2.38-

42.26) 

14.01 (1.51-

129.9)* 
9/338 vs. 1/13 

3.05 (0.36-

26.02) 

18.19 (0.9-

366.7) 

32/339 vs. 

4/13 

4.26 (1.24-

14.63) 

6.08 (1.20-

30.63)* 

* Adjusted p value <0.05. † Adjusted p value <0.001. LGA: large-for-gestational age.  

P value adjusted for nulliparity, pre-pregnancy body mass index, previous macrosomia, ethnicity, pregnancy weight gain, GDM diagnosis and 

anaemia.  
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