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Highlights. 

• The relative strengths of fasting and post load hyperglycaemia in predicting adverse maternal 

and neonatal outcomes is unclear. 

 

• Fasting hyperglycaemia was more strongly associated with adverse pregnancy outcomes than 

post-load hyperglycaemia 

 

• The risk of adverse outcome was even higher in women with elevation of both fasting and 

post-load glucose levels 

 

Abstract 

 

Aims: The study aims to evaluate the strength of fasting versus post-load glucose levels in predicting 

adverse outcomes in women with hyperglycaemia in pregnancy (HIP). 

Methods: Women attending antenatal clinics in urban and peri-urban Uganda had oral glucose 

tolerance test between 24 and 28 weeks of gestation to screen for HIP, and were followed up to collect 

data on maternal and neonatal outcomes. Univariable and multivariable Poisson regression models 

were used to estimate the relative risk adverse outcome associated with fasting hyperglycaemia alone 

post-load hyperglycaemia alone, or elevation of both fasting and post-load glucose levels. 

Results: We included 3206 participants in the final analysis. HIP is associated with increased risk of 

Caesarean section, large for gestaional age babies, and neonatal intensive care admission. The risk is 

highest (2.54-fold compared to normal glycaemic women) when both FBG and post-load glucose 

levels were elevated. After adjustment for potential confounders, having elevated post-load glucose 

alone was not associated with increased risk of any of the outcomes, but elevated FBG alone 

increased the risk of Caesarian section by 1.36-fold. 

Conclusion: Fasting hyperglycemia appears to be more strongly associated with adverse pregnancy 

outcomes than post-load hyperglycaemia, but risk is even higher in women with elevation of both 

fasting and post-load glucose levels. 

 

Keywords: Hyperglycaemia in pregnancy; gestational diabetes; Oral glucose tolerence; Maternal and 

neonatal Outcomes; sub-Saharan Africa 

 

 

 



 
 

1 Introduction 

 

Hyperglycaemic disorders are common in pregnancy, and are associated with a high risk of adverse 

outcomes in the mother and child.[1, 2] Women with hyperglycaemia in pregnancy (HIP)  are more 

likely to experience preeclampsia, operative delivery, stillbirth and are at increased risk of developing 

type 2 diabetes mellitus in the long term. Their infants are at higher risk of preterm delivery, 

congenital abnormalities, macrosomia, neonatal hypoglycaemia and intensive care unit admission. 

Furthermore, long term intrauterine exposure to maternal hyperglycaemia predisposes the offspring to 

developing obesity and diabetes later in life.[3] 

 

The majority of cases of hyperglycaemia first detected in pregnancy are due to gestational diabetes 

mellitus (GDM), while the remainder are classified as diabetes in pregnancy (DIP), either pre-existing 

type 1 or type 2 diabetes which pre-dates pregnancy or is first identified during testing in the index 

pregnancy. Recent data from the Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study 

confirmed that the risk of adverse pregnancy outcomes increases linearly with glucose levels, even 

among women with glucose values previously considered normal.[2, 4] Moreover, the prevalence of 

HIP is on the rise consistent with the epidemic increase in diabetes worldwide due to urbanization and 

changes in lifestyle.  Hyperglycaemic disorders in pregnancy will pose a particular public health 

challenge in low- and middle-income countries, where healthcare systems lack resources for adequate 

detection and management.[6] 

 

HIP is detected by oral glucose tolerance test (OGTT) performed between 24 and 28 weeks of 

gestation, but in most low resource settings (LMIC), wider use of OGTT is not feasible or applicable; 

instead, use of fasting blood glucose (FBG) alone is a common practical screening approach.[7] 

However, the effectiveness of such a strategy in preventing adverse pregnancy outcomes is unclear, in 

part, because the strenghth of association between FBG or post-load (1- and/or 2hr) OGTT glucose 

levels and burden of adverse outcomes of HIP is unknown; while some reports suggest that fasting 

hyperglycaemia plays a predominant role, [8-10] other studies have suggested that post-load levels are 

more predictive than FBG for neonatal outcomes such as macrosomia and hypoglycaemia.[11-13]. 

Importantly, most of this research has been in high-income countries where screening is an 

established part of care with clearly defined national guidelines. We urgently need data from LMIC, 

because presentation of hyperglycaemia and the healthcare systems in these regions are different from 

those in high-income countries.[14, 15] 

 



We therefore undertook a large study of pregnant women attending antenatal care in urban and peri-

urban health facilities in Uganda to examine the effects of HIP on three major pregnancy outcomes, 

namely Caesarean delivery, large for gestational age (LGA) and neonatal admission to intensive care 

unit (NICU), and to assess the relative impact of fasting and post-load OGTT glucose levels. 

2 Subjects. 

Pregnant women aged 18 years or older and between 24 and 28 weeks of gestation were enrolled from 

the hospital antenatal clinics. Those known to have existing diabetes, with multiple pregnancy, 

significant medical condition (heart failure, renal disease, severe anaemia and pre-eclampsia) or 

unable to give informed consent were excluded from the study. Women provided written informed 

consent to take part in the study. 

3 Material and Methods. 

3.1 Setting 

This was an observational prospective cohort study conducted in five hospitals in peri-urban and 

urban areas in Uganda from 13th June 2018 to 31st October 2019. The five hospitals included both 

public (government-funded where healthcare is free at point of care) and private (where individuals 

pay for services received) facilities. 

3.2 Data collection 

Standardised questionnaires were used to collect data on socio-demographic and lifestyle factors 

(including age, level of education, smoking status and alcohol use). Questionnaires also covered 

family, medical (including HIV status) and reproductive history (parity, gravidity and complications 

in prior pregnancies). Weight and height were measured using calibrated Seca scales and 

stadiometers. After 30 minutes of rest, three seated blood pressure measurements, with 5 minutes’ rest 

in between, were collected on the right arm using portable sphygmomanometers (OMRON-

Healthcare-Co HEM-7211-E-Model-M6; Kyoto, Japan).   

 

OGTT was performed following 8 hours of overnight fast; a fasting venous blood glucose was 

collected in sodium fluoride vacutainer, and participants were then given 82.5g glucose monohydrate 

(equivalent to 75g anhydrous glucose) dissolved in 300ml of water. Repeat venous blood samples 

were taken at 60 and 120 minutes. Samples were immediately centrifuged and separated, and plasma 

kept on ice. All samples were analysed centrally at the MRC/UVRI and LSHTM Clinical and 

Diagnostics Laboratory in Entebbe (using Roche cobas 6000 analyser), within 4 hours of collection, 

or stored at -80ºC for subsequent analysis. 

 

Women with hyperglycaemia in pregnancy were notified and invited to meet the local obstetric team 

for further management. Data on adverse maternal and neonatal outcomes, including caesarean birth, 



large for gestation age and neonatal intensive care admission, were extracted from mothers’ hospital 

case notes at the time of delivery and/or at delivery were retrieved from the hospital case notes and 

discharge forms by trained health personnel using data extraction forms. 

 

3.3 Definitions 

 

Maternal overweight or obesity was defined as BMI of greater than 25kg/m2 or 30kg/m2, respectively. 

Hypertension was defined as systolic BP≥140mmHg or diastolic BP≥90mmHg. HIP was diagnosed 

according to WHO 2013 criteria as either GDM: FBG ≥5·1 and ≤6·9 mmol/L or 1HR glucose 

≥10·0mmol/L or 2HR glucose ≥8·5and <11·0mmol/L; or DIP: FBG ≥7·0mmol/L or 2HR 

≥11·1mmol/L. Macrosomia was defined as birthweight >4kg.  

 

Adverse pregnancy outcomes of interest were caesarean birth, large for gestational age (LGA) defined 

as birth weight greater than 90th percentile  and neonatal intensive care unit admission (NICU) defined 

as whether or not a baby was admitted into the intensive care unit. We also derived a composite 

adverse outcome binary variable defined as experiencing at least one of the three adverse outcomes 

versus experiencing none of the three adverse outcomes.  

 

3.4 Statistical analysis 

 

Pregnancies were categorised into 4 categories; 1) Pregnancies without HIP, 2) HIP pregnancies with 

elevated FBG only, 3) HIP pregnancies with elevated post-load glucose only i.e. at 1 hour and or 2 

hours, and 4) HIP pregnancies with elevated values using both FBG and post-load glucose. 

Participants’ baseline characteristics and adverse maternal and neonatal outcomes were summarized 

using frequencies and proportions for categorical variables, both overall and stratified by pregnancy 

category as defined above. Based on the distribution of each variable, continuous variables were 

summarized using means (standard deviation) or medians (interquartile ranges).  To compare baseline 

characteristics between the three hyperglycaemic groups we used the chi-squared test for categorical 

variables. For continuous variables, the ANOVA and Kruskal-Wallis H test were used to compare 

means and medians, respectively.  

 

Using pregnancies without HIP as the reference group, we used generalised linear models to fit 

univariable and multivariable Poisson regression models with robust error variances in order to 

estimate the relative risk (RR) of experiencing adverse pregnancy outcomes associated with elevated 

FBG alone, elevated post-load glucose alone, or elevation of both values (FBG, and post-load 

glucose) compared to normoglycaemic pregnancies as the reference group. Crude and adjusted risk 

ratios together with the respective 95% confidence intervals are reported. The multivariable regression 



models were adjusted for gestational age at enrolment, BMI, mother’s age, gravidity, family history of 

diabetes and child’s sex at birth as a priori confounding factors. To further investigate the independent 

effects of elevated FBG and elevated post-load glucose on pregnancy outcomes, the multivariable 

regression models were repeated, but now including elevated FBG and elevated post-load glucose as 

separate explanatory variables, and adjusting for each other. All analyses were conducted in STATA 

15.1 (College Station, Texas). 

 

3.5 Ethical approval 

 

This research project was approved by the research and ethics committee of the Uganda Virus 

Research Institute (approval GC/127/19/04/625) and the Uganda National Council for Science and 

Technology (approval HS2340). Informed written consent was obtained before enrolling participants 

into the study. 

 

3.6 Patient and public involvement 

 

Patients, community representatives and policy makers are engaged at  different stages of our research 

including formulating research questions. We have community advisory groups to facilitate our 

engagement with the community. 

4 Results 

 

The study enrolled 3852 participants at baseline. Amongst these,  0.4% (n=14) had missing baseline 

laboratory data. Of the 3838 participants with complete data, 91.5% (n=3511) were normoglycaemic 

and 8.5% (327) were hyperglycaemic. Of the normoglycaemic and hyperglycaemic participants, 

17.2% (n=605) and 8.3% (n=27) delivered outside study hospitals. Overall, among participants with 

complete baseline data (demographic and laboratory data) (n=3838),  632 (16.5%)  did not deliver at 

study hospitals (Figure 1). Participants who either had missing baseline laboratory data or deliveries 

outside study designated hospitals were excluded from final analyses. Participants excluded from the 

final analysis had similar baseline characteristics to those included (Supplemental Table 1).  

 

Of the 3206 participants included in the final analysis, 2906 were normoglycaemic and 300 were 

diagnosed with HIP, of which 258 (86.0%) and 42 (14%)  were GDM and DIP cases, respectively. In 

addition, amongthose diagnosed wih HIP, 170 (56.7%) had elevated FBG only, 73 (24.3%) had 

elevated post-load glucose only, and 57 (19.0%) had both elevated FBG and post-load glucose values. 

Participants with elevated FBG only were younger than participants who had elevated post-load 

glucose or both elevated FBG and elevated post-load glucose. The prevalence of obesity was highest 



among participants with both elevated FBG and post-load glucose, and lowest in participants with 

elevated FBG only. Median upper-arm circumference, and systolic and diastolic blood pressure were 

also highest in those who had elevation of both FBG and post-load glucose. Primigravida was less 

common among those with both elevated FBG and post-load glucose compared to the other groups. 

(Table 1).  

 

4.1 Adverse outcomes. 

 

Of the participants included in the final analysis (n=3206), 45.5% (n=1458) experienced at least one 

of the adverse pregnancy outcomes. The prevalence of any adverse outcome was higher among 

women with HIP, compared to those with normoglycaemia (54.3% and 44.6%, respectively); all three 

adverse outcomes were more common in women who had HIP than in women with normoglycaemia, 

with caesarean delivery the most prevalent (Table 2). Amongst those with HIP, 36.3% (n=109) had a 

caesarean delivery, 24.0% (n=72) had LGA babies, and 16.0% (n=48) had babies admitted in ICU, 

compared to 27.6%, 18.6% and 10.8%, respectively, among women with normoglycaemia. Among 

women with HIP, the risk of experiencing at least one of the three adverse pregnancy outcomes was 

highest among participants with elevation of both FBG and post-load glucose (68.4%), lower among 

those with elevated FBG only (52.9%) and lowest among those with elevated post-load glucose only 

(46.6%). Risks of each individual adverse outcome were also highest in participants with both 

elevated FBG and post-load glucose, compared to women with elevated FBG only or women with 

elevated post-load glucose levels only (Table 2).  

 

4.2 Association between HIP and adverse outcomes.  

 

Compared to normoglycaemic participants, and after adjusting for gestational age at enrolment, BMI, 

mother’s age, gravidity, family history of diabetes and child’s sex at birth, participants with elevated 

FBG only had higher risk of having a caesarean birth (RR: 1.36, 95% CI: 1.05 – 1.76), but the risks of 

having a LGA baby or neonatal ICU admission were similar to normoglycaemic participants. In 

contrast, both in crude and adjusted analyses, having elevated post-load glucose alone was not 

associated with increased risk of any of the adverse outcomes. However, participants who had 

elevation of both FBG and post-load glucose were at significantly higher risk of both LGA and 

neonatal ICU admission; compared to normoglycaemic mothers, participants with elevated FBG and 

post-load glucose had 1.74 times the risk of giving birth to large babies (RR: 1.74, 95% CI: 1.12 – 

2.68), and 2.07 times the risk of having their babies being admitted in ICU (RR: 2.07, 95% CI: 1.23 – 

3.47) (Figure 2). Considering elevated FBG and elevated post-load glucose as independent predictors 

of adverse pregnancy outcome in regression models, the inclusion of elevated post-load glucose in 

models in addition to elevated FBG improved the fit of the models (p-values 0.001, 0.003, 0.03 and 



0.001 for any adverse outcome, Caesarean section, LGA and NICU admission, respectively), thus 

confirming that having elevated values for both fasting and post-load glucose was more predictive of 

adverse outcomes than elevated values for fasting glucose alone.   

 

 

5 Discussion 

 

In this study, we show that HIP is associated with increased risk of Caesarean section, LGA and 

neonatal ICU admission, and that the risk is highest when the mother has elevations in both FBG and 

post-load glucose on OGTT. After adjustment for a number of potential confounders, having elevated 

post-load glucose alone was not associated with increased risk of any of the outcomes, but elevated 

FBG without elevated post-load glucose increased the risk of Caesarian section, while elevations in 

both FBG and post-load glucose was associated with increased risk of LGA and neonatal admission to 

ICU. 

 

Our data are in accord with reports from other populations where fasting hypoglycaemia has been 

shown to be more important in determining pregnancy outcomes, responsible for a twofold higher risk 

of adverse events, compared to elevated post-load glucose.[2, 8, 9, 16] 

 

The mechanisms that make fasting hyperglycaemia particularly important in determining the risk of 

adverse pregnancy outcomes are unclear; they may be related to the total burden of hyperglycaemia to 

which the mother and developing fetus are exposed. In addition, elevated FBG may represent more 

generalized metabolic arrangement that leads to increased risk of pregnancy complications.[17-19] 

Interestingly in our study, obesity (which is known to induce metabolic changes and is associated with 

increased maternal outcomes) was not more prevalent in mothers with isolated elevation of FBG. 

 

Although post-load hyperglycaemia in the absence of elevated fasting blood glucose was not 

associated with adverse pregnancy outcomes, its presence significantly increased the risk of adverse 

pregnancy outcomes in mothers who also had elevated FBG. This underscores the importance of 

identifying and managing both fasting hypoglycaemia and post-prandial hypoglycaemia in women 

during pregnancy.[2] Intriguingly, participants who had elevation of both fasting post-load glucose 

had a significantly higher blood pressure levels, suggesting a more generalised disorder. 

 

Our study has a number of strengths: it is one of the largest and most rigorous of its kind on HIP in 

Africa and, to our knowledge, the first to investigate the relative associations between FBG or post-

load glucose elevetions and adverse pregnancy outcomes. Participants were recruited from both public 



and private health facilities, thus are likely to be generalisable to similar urban and peri-urban settings. 

However, there are also some limitations. A sixth of women enrolled in the study did not deliver in 

the study facilities and were therefore lost to follow-up, which may introduce bias to the outcomes 

reported; however, the baseline characteristics of these participants were similar to those who were 

retained in the study. Women diagnosed with HIP were referred for management by their clinicians, 

rather than through a study protocol; the intensity of treatment was therefore likely to be variable and 

not under study control. LGA was calculated using gestational age at delivery, based on either early 

obstetric ultrasound scan or last menstrual cycle at booking. Estimation of gestational age is difficult 

in this setting; this would have affected women with and without HIP. For the other outcomes 

(Caesarean delivery and admission to neonatal ICU), we relied on healthcare records rather than 

active investigation by the study team. We did not have data on previous operative delivery, so we 

could only report Caesarean delivery, rather than primary Caesarean delivery. The study was 

performed in urban and peri-urban central Uganda which may reduce generalisability to rural 

populations. 

 

In our study, 21.8% of participants with HIP had elevated post-load glucose only. This is in keeping 

with data from non-pregnant populations in sub-Saharan Africa that have shown that when OGTT is 

used to screen for diabetes, a high proportion (at least 30%) of cases display post-load 

hyperglycaemia only; these individuals would be missed if only fasting glucose is measured [20] [21, 

22]. Similarly, screening approaches that employ FBG only (which is common in resource poor 

settings) to screen for HIP in pregnancy would miss a significant proportion of cases.  The 

pathogenesis of this isolated postprandial hyperglycaemia and how it progresses or leads to 

complications is unknown; our finding that elevations in post-load glucose alone are not associated 

with adverse pregnancy outcomes is reassuring. In summary, risk of adverse outcome was highest 

among women with elevation of both fasting and post-load glucose levels, and screening approaches 

including both tests may be required. 
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8 Figures and tables with legends. 

 

Figure 1. Participant flow in the study 

 

 

 

 

 

 

 



 

 

Table 1. Maternal characteristics, obstetrical and neonatal outcomes 

 

 

 

 

 

 

 

Variables 

 Elevated Blood glucose  

Non-Elevated 

glucose at both 

fasting, and 1-hr & 

or 2-hrs 

Elevated FBG only Elevated post-load 

glucose 

i.e. 1-hr and or 2-

hrs only 

Elevated FBG and 

elevated post-load 

glucose (1-hr & or 

2-hrs  

 

 

 

P-value 

Gestational age at enrolment, 

Mean  ± SD 

26.0±1.25 26.0±1.02 26.0±1.21 26.1±1.21 0.797 

Maternal age, Median(IQR) 26 (23-30) 27.0 (24-33) 29 (24-34) 31 (28 - 36) <0.001 

MUAC, median (IQR) 28.4 (26.1 – 31.3) 30.0 (27 – 34) 31.1 (28 – 33) 34 (31 – 37.2) <0.001 

Maternal income, median(IQR) 210,000 (95,000 – 

450,000)   

300,000 (100,000 –

600,000)  

275,000 (100,000 – 

500,000) 

300,000 (100,000-

500,000) 

0.481 

Systolic Blood pressure, mean 

(SD) 

104.0 (10.4) 104.7 (11.1) 105.8 (10.6) 111.1 (9.3) <0.001 

Diastolic Blood Pressure, mean 

(SD) 

67.3 (8.4) 68.4 (9.0) 69.3 (9.4) 73.9 (7.3) <0.001 

HIV, n(%)      

Negative 2744 (94.4) 156 (91.8) 71 (97.3) 53 (93.0)  

Positive 162 (5.6) 14 (8.2) 2 (2.7) 4 (7.0) 0.288 

Maternal BMI, n (%)      

Below 25 kg/m2 1024 (35.2) 43 (25.3) 15 (20.6) 3 (5.3)  

Overweight 1123 (38.6) 57 (33.5) 25 (34.3) 11 (19.3)  

Obese 759 (26.1) 70 (41.2) 33 (45.2) 43 (75.4) <0.001 

Family history of DM, n (%)      

No 1979 (73.8) 108 (68.8) 47 (66.2) 32 (59.3)  

Yes 704 (26.2) 49 (31.2) 24 (33.8) 22 (40.7) 0.442 

Gravidity, n (%)      

1 938 (32.3) 42 (24.7) 19 (26.0) 7 (12.3)  

2-4 1641 (56.5) 96 (56.5) 45 (61.6) 33 (57.9)  

Above 4 327 (11.3) 32 (18.8) 9 (12.3) 17 (29.8) 0.068 

Gender of the Neonates, n (%)      

Male 1305 (49.0) 100 (62.1) 30 (47.6) 29 (53.7)  

Female 1357 (51.0) 61 (37.9) 33 (52.4) 25 (46.3) 0.121 



MUAC-Mid upper arm circumfrance, BMI-Body Mass Index, IQR-interquartile Range and DM- Diabetes Mellitus 

 

 

 

 

Table 2. Adverse pregnancy and neonatal outcomes by number of elevated glucose values. 

Variable Normoglycaemia 

(n=2906) 

Elevated FBG 

only 

(n=170) 

Elevated Post-

load glucose 

only 

(n=73) 

Elevated FBG 

and Post-load 

glucose 

(n=57) 

All women with 

HIP 

(n=300) 

All  

participants 

(n=3206) 

Composite adverse outcome1, 

n(%) 

1295 (44.6) 90 (52.9) 34 (46.6) 39 (68.4) 163 (54.3) 1458 (45.5) 

Caesarean delivery, n (%) 802 (27.6) 64 (37.7) 20 (27.4) 25 (43.9) 109 (36.3) 911 (28.4) 

LGA n(%) 541 (18.6) 38 (22.4) 12 (16.4) 22 (38.6) 72 (24.0) 613 (19.1) 

Neonatal ICU admission, 

n(%) 

315 (10.8) 24 (14.1) 8 (11.0) 16 (28.1) 48 (16.0) 363 (11.3) 

1Any versus none of Caesarean delivery, LGA or neonatal ICU admission 

 

Figure 2. Un-adjusted and Adjusted Risk Ratios and 95% confidence intervals for experiencing 

adverse maternal outcomes (C-Section, Neonatal ICU Admission, and LGA) according to 

elevated fasting and 1 hour & or 2 hour values. 

 

 

 

 

 

 
 
Adjusted for gestational age at enrolment, BMI, mother age, gravidity, family history of diabetes and child’s sex at birth. 



 

 

 

 

 

 

Supplemental Table 1. Baseline Characteristics of paricipants. 

 

 

 

Variables 

Participants with complete data 

included in main model (n=2641) 

Missing outcome data 

(n=1197) 

Gestational age at enrolment, Mean  ± SD 26.0±1.24 25.9 ±1.33 

Maternal age, Median(IQR) 26 (23 - 30) 24 (21 - 28) 

MUAC, median (IQR) 28.7 (26.2 – 31.7) 27.6 (25.6 – 30.5) 

Maternal income, median(IQR) 240,000 (100,000-464,000) 150,000 (50,000 –300,000) 

Systolic Blood pressure, mean (SD) 104.2 (10.5) 104.8 (9.2) 

Diastolic Blood Pressure, mean (SD) 67.5 (8.5) 66.5 (8.0) 

HIV, n(%)   

Negative 3024 (94.3) 578 (91.5) 

Positive 142 (5.7) 54 (8.5) 

Maternal BMI, n (%)   

Below 25 kg/m2 1085 (33.8) 267 (42.3) 

Overweight 1216 (38.0) 237 (37.5) 

Obese 905 (28.2) 128 (20.3) 

Family history of DM, n (%)   

No 2166 (73.1) 457 (77.1) 

Yes 779 (26.9) 136 (22.9) 

Gravidity, n (%)   

1 1006 (31.4) 230 (36.4) 

2-4 1815 (56.6) 336 (53.2) 

Above 4 385 (12.0) 66 (10.4) 

 


