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Abstract

Objective: To determine whether hyperglycaemia in the gestational diabetes (GDM) range independently predicts adverse preg-
nancy outcomes in Uganda. Design: Prospective observational cohort study. Setting:Five major hospitals in urban/semi-urban
central Uganda. Sample:237 women with gestational diabetes, 2,641 normoglycaemic controls. Methods:Women were screened
with oral glucose tolerance test (OGTT) at 24-28 weeks of gestation. Cases of GDM were identified (WHO 2013 diagnostic
criteria) and received standard care. Data was collected on maternal demographics, anthropometrics, prenatal management,
umbilical cord c-peptide levels, and pregnancy outcomes. Participants with diabetes in pregnancy (DIP) were excluded from
the analysis. Outcomes:Primary outcomes: Birthweight large for gestational age (LGA; >90th centile) and perinatal death.
Secondary outcomes: Caesarean delivery, preterm birth <37 weeks, umbilical cord c-peptide concentration >90th centile (>1.35
mcg/L), and neonatal admission. Results:Women with GDM had a median of only two glucose measurements recorded in third
trimester, and only one fifth received therapeutic management (mostly metformin, one participant received insulin). GDM was
not independently associated with LGA (adjusted odds ratio, aOR 1.12; 95% CI 0.81-1.56) or perinatal death (aOR 0.66; 95%
CI 0.26-1.66), but increased the risk of Caesarean delivery. Mid-gestational BMI of >30kg/m2 was strongly associated with
LGA, and mean arterial pressure >90 mmHg was the strongest predictor of perinatal death. Conclusions:Even without active
management, GDM was not associated with large birthweight or perinatal death in this population. Interventions that target
blood pressure and obesity are likely to be more beneficial in improving LGA and perinatal mortality, than management of
GDM. Funding:Medical Research Council Keywords:Gestational diabetes, Africa
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Running title: Pregnancy outcomes associated with GDM in Uganda
ABSTRACT - as per BJOG template, 250 words (currently 248)

Objective: To determine whether hyperglycaemia in the gestational diabetes (GDM) range independently
predicts adverse pregnancy outcomes in Uganda.

Design: Prospective observational cohort study.
Setting: Five major hospitals in urban/semi-urban central Uganda.
Sample: 237 women with gestational diabetes, 2,641 normoglycaemic controls.

Methods: Women were screened with oral glucose tolerance test (OGTT) at 24-28 weeks of gestation. Cases
of GDM were identified (WHO 2013 diagnostic criteria) and received standard care. Data was collected
on maternal demographics, anthropometrics, prenatal management, umbilical cord c-peptide levels, and
pregnancy outcomes. Participants with diabetes in pregnancy (DIP) were excluded from the analysis.

Outcomes: Primary outcomes: Birthweight large for gestational age (LGA; >90'" centile) and perina-
tal death. Secondary outcomes: Caesarean delivery, preterm birth <37 weeks, umbilical cord c-peptide
concentration >90'" centile (>1.35 mcg/L), and neonatal admission.



Results: Women with GDM had a median of only two glucose measurements recorded in third trimester,
and only one fifth received therapeutic management (mostly metformin, one participant received insulin).

GDM was not independently associated with LGA (adjusted odds ratio, aOR, 1.12; 95% CI 0.81-1.56) or
perinatal death (aOR 0.66; 95% CI 0.26-1.66), but increased the risk of Caesarean delivery. Mid-gestational
BMI of >30kg/m? was strongly associated with LGA, and mean arterial pressure >90 mmHg was the
strongest predictor of perinatal death.

Conclusions: Even without active management, GDM was not associated with large birthweight or peri-
natal death in this population. Interventions that target blood pressure and obesity are likely to be more
beneficial in improving LGA and perinatal mortality, than management of GDM.

Funding: Medical Research Council
Keywords: Gestational diabetes, Africa

Tweetable abstract: ‘GDM does not predict large birthweight or perinatal death in Uganda, despite low
intensity management; interventions targeting blood pressure and obesity are likely more beneficial’

INTRODUCTION - 400 words for BJOG (currently 392)

Hyperglycaemia first detected in pregnancy (HIP) is currently classified, based on 75g oral glucose tolerance
test (OGTT), as diabetes in pregnancy (DIP) or gestational diabetes mellitus (GDM), a milder form.!
While the association between DIP and poor pregnancy outcomes is clear?, the contribution of milder levels
of hyperglycaemia in the GDM range (fasting glucose 5.1-7.0 mmol/L, 2-hour OGTT glucose level 8.5-11.0
mmol/L) has long been debated. Recently, the HAPO study showed hyperglycaemia within the GDM range
was linearly associated with adverse pregnancy outcomes, notably large birthweight (>90*"centile).® This has
led to recent tightening of international diagnostic criteria for GDM in order to capture women with milder
derangements in glucose control.* Subsequently, some studies have shown that treating such mild levels
hyperglycaemia is associated with modest improvement in outcomes, although in most cases this required
intensive interventions such as insulin use, multiple daily self-monitoring of blood glucose® or induction of
labour.%7

Both the HAPO and subsequent intervention studies were largely undertaken in high-income countries, and
the benefits of these screening and management approaches may not necessarily directly translate to other
populations, particularly those in resource poor settings, such as sub-Saharan Africa (SSA). The Interna-
tional Diabetes Federation (IDF) estimates that 1 in 6 women in the African region may be affected by
hyperglycaemia in pregnancy, raising the profile of GDM on the international development agenda around
NCD prevention and management.® However, in most countries in SSA, screening and treatment of HIP is
not common, and there is paucity of studies on screening, treatment and obstetric outcomes of HIP; loose rec-
ommendations are largely based on external evidence, or on small studies with heterogeneous methodologies
and criteria.® ! In these resource constrained settings, there is a clear need to develop optimal screening and
management strategies that will identify and target women with HIP who are at significant risk of clinically
relevant adverse obstetric outcomes.

The aim of this study was therefore to critically assess whether hyperglycaemia in the GDM range, obtained
by OGTT, independently predicted poor pregnancy outcomes, particularly large birthweight (defined as
>90" centile) and perinatal death, in women living in urban and peri-urban Uganda. Perinatal death was
chosen as an outcome in our study due to the higher perinatal mortality rate in the SSA setting, compared
to sites in the HAPO study. Other variables/exposures with potential to impact pregnancy outcomes were
also explored.

METHODS
Setting

This observational cohort study recruited women attending antenatal care at five major hospitals in urban



and peri-urban areas of central Uganda between 13" June 2018 and 315¢October 2019. Three are public
facilities managed by the Uganda Ministry of Health, and two are private-not-for-profit hospitals managed
by the Uganda Catholic Medical Services Bureau. Uganda is a low-income country in East Africa with an
annual GDP of $643 per capita ($1.76 per day).'? Whilst great progress has been made in recent decades,
the maternal mortality rate remains high (368 per 100,000 live births), as does the perinatal mortality rate
(42 per 1,000 births).13:14

Participants

Pregnant women were eligible to participate if they were 18 years or older and between 24 and 28 weeks
of gestation calculated using date of last menstrual period and/or earliest obstetric ultrasound scan where
available. Women were excluded if they had one or more of the following exclusion criteria: known diagnosis
of diabetes, significant medical comorbidity (such as heart failure, renal disease, severe anaemia), multiple
pregnancy, inability to provide informed consent, or plans to deliver at a non-study facility.

Women were approached in the antenatal clinic by the research team and screened for inclusion and exclusion
criteria.

At recruitment, 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, height, and mid-upper-arm circumference were measured using calibrated Seca scales,
stadiometers, and flexible tape measures. After 30 minutes of rest, three seated blood pressure measure-
ments, 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). We used the mean of the last two blood
pressure readings.

Oral glucose tolerance test.

Participants underwent a standard oral glucose tolerance test after an overnight fast of at least 8 hours.
A fasting venous blood glucose was collected, and participants were then given 82.5g glucose monohydrate
(equivalent to 75g anhydrous glucose) dissolved in 250ml of water. Repeat venous blood samples were taken
at 60 and 120 minutes. Samples were immediately centrifuged at study sites and plasma stored on ice. All
samples were analysed centrally at the MRC/UVRI and LSHTM Clinical and Diagnostics Laboratory in
Entebbe, within 4 hours of collection, or stored at -80°C for subsequent analysis.

Diagnosis and management of women with hyperglycaemia in pregnancy

HIP was diagnosed according to WHO 2013 criteria as GDM: fasting glucose [?]5.1 and <6.9 mmol/L
or l-hour glucose [?]10.0mmol/L or 2-hour glucose [?]8.5 and <11.0mmol/L; and, DIP: fasting glucose
[7]7.0mmol/L or 2-hour glucose [?]11.1mmol/L. Women with hyperglycaemia in pregnancy were notified
and invited to meet the local obstetric team for further management. A summary of local management
practices conducted prior to the study is provided in the Supplementary Appendix (Table S1). Clinicians
were provided with a basic treatment protocol based on the FIGO pragmatic guide for diabetes antenatal
care in the resource-limited setting.!® Antenatal management was recorded with a standardised proforma
by the obstetric team at each study site including the number of antenatal visits, fasting capillary glucose
values, treatment administered, and third trimester ultrasound scan results. This study was aimed at ex-
amining the association of GDM, specifically, and pregnancy outcomes; women with DIP were therefore
excluded from subsequent analyses. For this study, we considered GDM as ‘controlled’, ‘partially controlled’
or ‘uncontrolled’ if the mean of the two fasting capillary blood glucose values prior to delivery were <5.1
mmol/L, 5.1-7.0 mmol /L, or >7.0 mmol/L respectively. If cases were not seen in the antenatal clinic or only
had one fasting capillary glucose result, they were coded as ‘unknown’.

Collection of outcome data

Maternal and neonatal outcomes were extracted from mothers’ records at the time of delivery and recorded



by midwives. These included: maternal antenatal complications (hypertensive disorders of pregnancy,
poly/oligohydramnios), delivery complications (prolonged labour, ruptured uterus, shoulder dystocia), mode
of delivery, birthweight and gestational age of neonate. Hypertensive disorders of pregnancy included gesta-
tional hypertension, pre-eclampsia, and eclampsia. Macrosomia and low-birthweight were defined as birth-
weight >4kg and <2.5kg, respectively. Further data were recorded at the time of discharge from hospital
and included neonatal complications (neonatal admission, hypoglycaemia, jaundice) and neonatal death.
Neonatal admission was defined as formal admission of the neonate to the special baby unit for observation
and/or treatment beyond routine neonatal care. Umbilical cord blood, to estimate serum c-peptide concen-
tration, was obtained at the time of delivery by midwives; samples were immediately centrifuged at study
sites, stored on ice, and analysed at the MRC/UVRI & LSHTM Uganda Research Unit central laboratory.

Definition of primary and secondary outcomes.

The primary outcomes were birthweight >90%" centile using the INTERGROWTH-21 population standards'®
and perinatal death (stillbirth >24 weeks and neonatal death <28 days). Secondary outcomes were Caesarean
delivery, preterm birth <37 weeks, umbilical cord serum c-peptide concentration >90*" centile, and neonatal
admission. Umbilical cord c-peptide concentration is an indirect marker of fetal hyperinsulinaemia and
surrogate marker of clinical neonatal hypoglycaemia.®” The 90" centile was defined on the basis of the
participants included in the final analysis.

Statistical analysis.

Participants’ baseline characteristics were summarised using means, medians, standard deviations, and in-
terquartile ranges for continuous variables where applicable. Categorical data were summarized using num-
bers and proportions. We used Pearson’s chi-square and Fisher’s exact tests to assess the associations
between GDM and maternal and neonatal outcomes, and present crude odds ratios (ORs).

Participants with DIP were excluded from the multivariate analysis. Univariable and multivariable logistic
regression was used to investigate the effect of GDM, as a categorical variable, and OGTT blood glucose
concentrations as continuous variables, for each of the primary and secondary outcomes. These were adjusted
for potential confounders i.e. study site, mid-gestational BMI, maternal height, maternal age, parity, mean
arterial pressure, HIV status, and previous macrosomia. These final adjust models are presented as odds
ratios and their 95% confidence interval, as per the HAPO Study.?

For continuous variable analysis, odds ratios were calculated for every 1-SD increase in the fasting, 1-hour
and 2-hour plasma glucose concentrations, as per the HAPO study.? All analyses were conducted in STATA
15.1 (College Station, Texas).

Ethical approval

This research project was approved by the research and ethics committee of the Uganda Virus Research Insti-
tute (approval GC/127/19/04/625) and the Uganda National Council for Science and Technology (approval
HS2340). All participating women gave informed written consent. A minimal compensation for participants’
time and meal after undergoing the OGTT was provided.

RESULTS
Maternal characteristics

The study enrolled a total of 3852 participants. Of these, 2917 participants were included in the analysis.
The remainder of the participants (n=935) were excluded because they either had incomplete laboratory
and/or outcome data (Figure 1). Excluded participants had similar baseline characteristics as those included
in the final analysis. Of those who were included in the analysis, 2,641 were normoglycaemic, 237 had
hyperglycaemia in the GDM range, and 39 had hyperglycaemia in the DIP range. Data from participants
with DIP were excluded from subsequent analysis but are displayed in the Supplementary Appendix (Tables
S2 and S3).



Figure 1 insert here.

The characteristics of participants are displayed in Table 1. All women in the study were of black ethnicity.
The mean age of participants was 27.0 years, the mean maternal BMI at time of OGTT was 27.7 kg/m?.
Nearly a third of women were primigravid (915/2917; 31.4%), around one third were primiparous (943/2917;
32.2%), and approximately one third were multiparous (two or more children: 1059/2917 36.3%).

Compared to normoglycaemic women, those with GDM were older, more likely to attend a private facility,
and more likely to be obese, multiparous, and have a history of diabetes in the family or previous macrosomia.

Table 1 insert here.
Management

Women diagnosed with GDM were seen around twice in the diabetes antenatal clinic after their diagnosis
(median, 2; IQR, 1-4). Approximately half of women with GDM (49.8%) received lifestyle advice only,
19.4% received low dose metformin ([?]1g/day), 1.7% received higher dose metformin (>1g/day) and one
woman received insulin as a twice daily premixed preparation. Only one woman, who was treated with
insulin, performed home self-monitoring of blood glucose. Half of the women with GDM (49.8%) had
<2 fasting glucose measurements documented during antenatal follow-up. Of the remaining, around half
appeared controlled (mean of 2 fasting blood glucose values <5.1 mmol/L) and half appeared either partially
controlled (mean of 2 fasting blood glucose values 5.1-7.0 mmol/L) or uncontrolled (mean of 2 fasting blood
glucose values >7.0 mmol/L). Few women (15.6%) had documentation of a third trimester ultrasound scan.
A summary of the diabetic management of women with GDM is shown in the Supplementary Appendix

(Table S4).
Maternal outcomes

There was no significant difference in poly/oligohydramnios between women who had GDM and those who
were normoglycaemic. Participants within the GDM group had higher risk of hypertensive disorders in
pregnancy compared to the normoglycaemic participants (8.0% Vs 3.8%; p-value <0.01). Similarly, a higher
proportion of women with GDM underwent Caesarean delivery as compared to normoglycaemic participants
(39.7% Vs 28.7%; p-value <0.01). Approximately three quarters (73.2%) of Caesarean deliveries were coded
as ‘Emergency’ rather than ‘Elective’, with similar distribution among the GDM and normoglycaemic groups.
There were no significant differences in other maternal delivery complications between the groups (Table 2).
There was one maternal death, in the GDM group, due to intrapartum haemorrhage from a ruptured uterus
secondary to obstructed labour.

Neonatal outcomes

There was no difference in the median umbilical cord c-peptide concentration or proportion >90t" centile

between babies that were born to GDM mothers and normoglycaemic mothers. Similarly, the rate of clinical
neonatal jaundice was similar between the groups. However, more cases of neonatal hypoglycaemia were
recorded in the GDM group, compared to babies born to normoglycaemic mothers (1.8% Vs 0.4%; p-value
0.02). Babies born to mothers with GDM were on average 47.0g larger than those born to normoglycaemic
participants, but this was not statistically significant. Similarly, there were no differences in the proportion
of babies born large for gestational age (25.0% Vs 20.4%; p-value 0.15), or macrosomic, small for gestational
age, or low birthweight. Gestational age at delivery, proportion of babies born preterm, proportion of babies
admitted to the special baby unit and their median length of stay were similar between babies that were born
to GDM mothers and normoglycaemic mothers. There was no significant difference detected in perinatal
mortality rates between GDM and normoglycaemic pregnancies (2.11% Vs 2.8%; p-value 0.68). Neonatal
outcomes are displayed in Table 2.

Table 2 insert here.

Associations with primary and secondary outcomes



In both the crude and adjusted analysis, GDM was not associated with any of our primary or secondary
outcomes aside from Caesarean delivery (crude OR, 95% CI; 1.64, 1.23-2.18; adjusted OR, 95% CI; 1.36,
1.02-1.82).

In adjusted models, the strongest predictors of LGA were mid-gestational BMI >30 kg/m? (OR 2.21; 95%CI
1.70-2.90) and previous macrosomia (OR 2.41; 95% CI 1.83-3.19), and the strongest predictors of perinatal
death were mean arterial pressure >90 mmHg (OR 2.49; 95% CI 1.41-4.39) and positive HIV status (OR
2.49; 95% CI 0.96-6.47). The elements of the adjusted models are displayed in the Supplementary Appendix
(Table S5).

With the exception of Caesarean delivery, no association was found when outcomes were analysed against
OGTT glucose concentrations as continuous variables (Table 3).

Table 3 insert here.
DISCUSSION - 1200 words for BJOG (currently 1144)
Main findings

Our study in Ugandan women shows that GDM, even without intensive management, did not significantly
increase in the risk of major outcomes that are typically seen with overt diabetes. In contrast, obesity and
high mean arterial pressure were associated with excessive birthweight and perinatal death, respectively.

Strengths and limitations

To our knowledge this is the largest and most robust prospective investigation of pregnancy outcomes in
GDM in Africa. We made efforts to ensure that it is as representative as possible by recruiting from both
public and private facilities. We made use of a rigid study protocol to collect detailed data, utilised high
quality central laboratory for sample analyses, employed up-to-date diagnostic criteria.

In our study, women diagnosed with GDM were referred to be managed by their clinicians, rather than
through a study protocol; the intensity of treatment was therefore likely to be variable and not under study
control, which may have influenced outcomes. Similarly, for some of the outcomes (such as pre-eclampsia,
poly/oligohydramnios) we relied on healthcare records rather than active investigation by the study team.
We did not have data regarding previous operative delivery and so 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.

Interpretation (in light of other evidence)

Sub-Saharan Africa is undergoing a rapid demographic and nutritional transition associated with rapid ur-
banisation. With an emerging epidemic of type 2 diabetes across the continent, hyperglycaemia in pregnancy
is likely to pose a major health challenge in this region in the future. Screening and management of HIP
are resource intensive. To give some context, the per capita health expenditure in Uganda is $37.6 per year,
compared to $3,958 per year in the UK (2016 figures).!” Although there are no cost-effectiveness studies
for GDM screening from Africa, a study from India estimated a cost of $1626 per life year gained.'® Costs
of management, often requiring insulin therapy and ambulatory capillary glucose monitoring, are absorbed
by women and are currently prohibitively expensive to most.” In order to prioritise resources efficiently, it
is therefore imperative to generate local evidence to ensure only women most at risk of clinically relevant
adverse pregnancy outcomes are identified and treated.

In our study, the milder form of hyperglycaemia, GDM, was not associated with birthweight >90'" cen-
tile. Whilst having larger babies is not a disorder in itself, it may lead to obstructed labour and operative
delivery, and is therefore commonly used as a marker of perinatal adversity. This may have particularly
grave consequences in the low-income setting where antenatal and perinatal care is suboptimal.'®20 Addi-
tionally, women in sub-Saharan Africa are already more prone to obstructed labour due to cephalopelvic
disproportion.?!~24 While the HAPO study described a clear association between glycaemia and LGA, our



study did no show this relationship. The reasons for this discrepancy are unclear, but they may relate to
sample size. Nonetheless, if there is association within our population, this is unlikely to have significant
clinical relevance.??

However, in accord with HAPO (which revealed that BMI was a stronger predictor than glycaemia%), our
data show that mid-gestational BMI was a strong predictor of LGA. In the HAPO study, 78% of LGA babies
were born to mothers with normal glucose tolerance,?” whilst in our study nearly 90% of LGA infants were
from normoglycaemic mothers. These data underscore the contribution of other (non-glucose) physiological
determinants of fetal growth. While there are few studies that have explored associations between HIP and
birthweight in Africa,!! those that do exist also point towards BMI as a more reliable predictor of LGA than
glycaemia.?28:29

GDM was also not associated with an increased risk of perinatal mortality. However, we observed few
perinatal deaths, and the study may not have been sufficiently powered for this outcome. The background
rate of perinatal mortality in Uganda 41 per 1,000 births (eight times greater than the HAPO study!33°),
but we observed a lower than expected figure of 28 per 1,000 births — perhaps because our study was biased
towards the urban population.

Mean arterial pressure (MAP) >90 mmHg (equivalent to blood pressure of >130/85 mmHg) was the strongest
predictor of perinatal mortality. High mid-trimester MAP may be indicative of pre-existing hypertension,
or evolving gestational hypertension or preterm pre-eclampsia. The strong association between such hyper-
tensive disorders and perinatal mortality in this setting is well recognised.?! High blood pressure is linked to
other determinants such as maternal age, BMI and hyperglycaemia. Indeed GDM is associated with a higher
risk of hypertensive disorders, and treating GDM might have benefit of reducing the incidence.*However, in
our study, the significant contribution of MAP to perinatal mortality was independent of GDM diagnosis,
maternal age, and mid-trimester BMI. This supports identification of high blood pressure as a key strategy
to reduce stillbirth and neonatal death.

Of our secondary outcomes, there was a significant association between GDM, glucose concentrations and
Caesarean delivery. We did not have the depth of data to conclude whether clinicians were more likely to
intervene with Caesarean delivery merely from the diagnosis of GDM,2"32 or due to true clinical indication
from obstructed labour or neonatal issues. Three quarters of Caesarean deliveries were coded as ‘emergency’
rather than ‘elective’ in our study, which may suggest suboptimal delivery planning. This warrants further
study as any unindicated Caesarean section in the low-resource setting carries undue risk, particularly when
performed as emergencies.'® There was a tendency for a positive association between fasting glucose and
c-peptide concentration in umbilical cord blood. This is in accord with previous data, including from the
HAPO study, that have shown that maternal fasting glucose is a strong predictor of umbilical cord c-peptide
concentration and clinical neonatal hypoglycaemia.? The difference in reported neonatal hypoglycaemia
between the GDM and normoglycaemic groups in our study is limited by the predilection to test babies
born to mothers with a label of GDM. The rarity of the outcome reflects the challenges faced in this setting
to detect neonatal hypoglycaemia which offers a potential argument in favour of testing for and managing
GDM if the association with high cord c-peptide is true. However, no reduction in neonatal hypoglycaemia
was detected in either of the large trials assessing treatment of GDM, even in the context of management
strategies that would nonetheless be unfeasible in our setting.®”

Conclusion (to include practical and research recommendations)

Our data from Uganda indicate that GDM, even when not optimally managed, is not associated with
significant short term adverse outcomes, notably excessive birthweight or perinatal death. Instead, simple
screening and interventions to manage obesity and hypertension may be more important in reducing adverse
pregnancy outcomes. However, more studies will also be required to examine the effect of GDM beyond
immediate peripartum complications, as HIP has been implicated in fetal programming — with potential to
increase lifetime cardiovascular risk for both mother and baby.33:34
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