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Abstract
Aims This study aimed to establish the prevalence of gestational diabetes mellitus (GDM) among urban
women in Blantyre where the prevalence was previously unknown. A comparison was made between the
prevalence determined using WHO criteria and that using the recent International Association of Diabetes
in Pregnancy Study Group (IADPSG) criteria. Methods 2274 consecutive women presenting to �ve
antenatal clinic sites in Blantyre had a screening random blood glucose (RBG). Of these, a subsample of
250 women were randomly selected for an oral glucose tolerance test (OGTT). Logistic regression was
used to quantify the association between various exposure variables and prevalence of diabetes. Results
Mean age was 25 years (range 14 – 43 years), 66% were in the third trimester. Mean RBG was 5.1mmol/L
(range 2.4 - 10.6). Overall prevalence of GDM was 1.6% and 24% using the WHO and IADPSG criteria
respectively. GDM was associated with older maternal age, high parity and attendance at government
antenatal clinics but not with MUAC, BMI, positive family history of diabetes or previous poor neonatal
outcome. There was no correlation between random blood glucose and gestational diabetes diagnosed
on the oral glucose tolerance test. Conclusions The prevalence of GDM in Blantyre using WHO criteria
was low in the predominantly young population that was screened. A much higher proportion had GDM
based on the IADPSG criteria and these may warrant long term follow up. GDM was not associated with
some previously described risk factors for GDM suggesting a different risk factor pro�le compared to
high income countries.

Background
Gestational diabetes mellitus (GDM) is de�ned as any degree of glucose intolerance with onset or �rst
recognition during pregnancy. [1] It is associated with an increased risk of pre-eclampsia, macrosomia
and risk of the mother developing Type 2 diabetes after pregnancy. Infants born to mothers with GDM are
at an increased risk for birth trauma and neonatal metabolic complications including hypoglycemia,
hypocalcemia and hyperbilirubinaemia. [2, 3]. Risk factors for GDM in developed countries include
advanced maternal age, obesity and a family history of diabetes. [4]

 

Few studies have been done in Africa on the prevalence of GDM. Comparisons between the studies are
limited by heterogeneity of the study populations, small sample sizes and variable diagnostic criteria
used. These studies reported a prevalence of 3.8% in South Africa (1989), [5] 0% in Tanzania (1990), [6]
11% in Nigeria (1997), [7] 3.7% in Ethiopia (1997) [8] and 3.8% in South Africa (2007). [9] All �ve studies
used World Health Organization (WHO) criteria for GDM diagnosis.

 

In Malawi, the nationwide WHO STEPWise Approach to Surveillance (STEPS) survey in 2009 found that
5.6% of adult Malawians had diabetes, the majority of which was undiagnosed [10]. There are no studies
on the prevalence of gestational diabetes in Malawi.
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There has been a universal lack of consensus on screening and diagnosis of GDM with regards to the
impact of screening on outcomes, appropriate individuals to screen, optimal screening time, the
appropriate screening tool and appropriate diagnostic criteria. This has resulted in several revisions of
diagnostic criteria by various groups. Two large studies that have in�uenced the interpretation of
diagnostic criteria in recent times are the  2005 Australian Carbohydrate Intolerance Study in Pregnancy
(ACHOIS) [11] which demonstrated that mild forms of hyperglycemia, below those diagnostic of GDM, are
associated with poor perinatal outcomes and the 2008 Hyperglycaemia and Pregnancy Outcomes
(HAPO) study [12] which showed a linear association between maternal hyperglycemia and adverse
events including macrosomia, pre-eclampsia, caesarean section rates and neonatal hypoglycemia with
no clear cut-off above which these adverse events occurred. Following the HAPO study, the IADPSG
recommended new criteria for the diagnosis of GDM with a fasting plasma glucose cut-off much lower
than the WHO criteria. [13] diagnosed as having GDM using IADPSG criteria as compared to the WHO
criteria. There is varied opinion as to whether IADPSG criteria universally translate into improved
outcomes particularly when applied to a population that is different from that in the HAPO study. [14 -16]

 

Some guidelines favour selective screening of women with known risk factors for GDM in order to avoid
unnecessary screening of low risk women.  Whether the traditional risk factors as described in studies in
high income countries are applicable to and predict GDM in sub Saharan Africa has not been explored. 
Establishing a risk factor pro�le for women with GDM to be prioritized for screening is essential,
particularly in a low resource setting like Malawi where routine screening of all pregnant women is not
feasible. Random blood glucose, fasting blood glucose and the 50g oral glucose tolerance test (OGTT)
have all been used in studies as screening tests. [17] Finger prick random blood glucose, though inferior
to formal laboratory glucose tests, is a feasible screening option in Malawi where the majority of the
population has limited access to formal blood glucose tests.

 

This study aimed to establish the prevalence and risk factors for GDM amongst urban women in Blantyre,
Malawi. Additionally, we compared the prevalence using the WHO and IADPSG criteria and assessed the
use of random blood glucose as a potential screening tool for GDM in this population.

Methods
Blantyre is the main commercial city in Southern Malawi, with an estimated population of 1.1 million. [18]
Queen Elizabeth Central Hospital (QECH) is the main government funded tertiary referral centre.
Chilomoni and Limbe health centres are government funded primary care facilities in Blantyre with an
average antenatal clinic attendance of 100 women per day.  Mwaiwathu and Blantyre Adventist hospitals
are the two main private hospitals in Blantyre.
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In this cross-sectional study, consecutive women presenting at any gestational age to QECH, Chilomoni
and Limbe antenatal clinics (ANCs) between 1st June and 30 September 2012 and at Mwaiwathu and
BAH private ANCs between February and April 2013 were asked to participate in the study. Recruitment
was restricted to women of Malawian origin residing in Blantyre during the study period.

 

Consenting women had a capillary random blood glucose (RBG) done at the clinic site with a �nger prick
test and an SDCheck® Glucometer  (SD Standard Diagnostics Inc. Hagal-dong, Korea). A sub-sample of
200 women from the government ANCs and 50 women from the private ANCs were randomly selected for
an OGTT by selecting every �fth woman that was recruited. Gestational age was calculated from the last
normal menstrual period.

 

For RBG, a sample size of 614 was initially calculated in order to detect hyperglycaemia at an estimated
prevalence of 2-3% (suggested by local Blantyre obstetricians from observation) but the sample size was
subsequently increased after detecting a high proportion of normal RBGs when recruitment began.
Furthermore, the test could easily be administered to large numbers of women attending the facilities
within a short period of time. The sample size of 250 for OGTTs was limited by available resources to
perform OGTTs.

 

All OGTTs were done at QECH laboratory and plasma glucose was analyzed using an automatic analyzer
(KeyLab BPC BioSed® Rome, Italy). OGTTs were done following the 1999 WHO guidelines with each
participant having a fasting plasma glucose done and then given 75g of anhydrous glucose dissolved in
200mls of water to drink. Plasma glucose was re-checked 2 hours after taking the glucose solution.

Using the WHO criteria, [19] GDM was de�ned as a fasting plasma glucose 7.0 mmol/L or a 2-hour
plasma glucose 11.1 mmol/L. Using the modi�ed IADPSG criteria, [13] GDM was de�ned as fasting
plasma glucose ≥ 5.1mmol/L or 2 hours plasma glucose 8.5mmol/L.

 

Blood pressure (BP), weight, height and mid-upper arm circumference (MUAC) were recorded on
recruitment. BP was measured with an Omron® digital BP machine (Omron Healthcare Worldwide, Kyoto,
Japan). Weight was measured using a digital scale. Where previously documented in the woman’s health
records, the pre-pregnancy weight was noted. The majority of the women did not have a documented pre-
pregnancy weight or height and pre-pregnancy BMI could not be calculated.

http://www.docsimon.com/search.php?searchcode=6&code=516&cphrase=SD%20Standard%20Diagnostics%20Inc.
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Mid upper arm circumference (MUAC) was used to assess nutritional status as a single BMI in pregnancy
is not an accurate measure because of the additional weight gain from pregnancy. MUAC has been
shown to correlate well with pre-pregnancy BMI where a pre-pregnancy BMI of 18.5, 25-30 and > 30
roughly correlates with a MUAC of 23 cm, 28-32cm and > 32cm respectively. [20, 21] BMI in pregnancy at
the time of recruitment was nevertheless calculated (weight (kg) /height (m)2).

 

Patients diagnosed with GDM or hypertension were referred to the QECH, Mwaiwathu and BAH specialist
diabetes clinics for follow up and management.

 

Statistical Analysis

Means and percentages were used to explore the distribution of risk factors between government and
private ANCs. The relationship between prevalence and risk factors was �rst explored through univariate
analyses. T-test comparing women with GDM to those without GDM were used to assess if any of the
continuous risk factors were associated with prevalence. To adjust for possible simultaneous
confounding of the risk factors, a multivariate logistic regression was �tted. The stepwise model
selection method was employed to come up with the �nal model which included the following risk
factors: type of hospital, age, parity, MUAC and history of macrosomia for the WHO criteria. Similarly, a
multivariate linear regression was used to assess the relationship between random blood glucose and the
risk factors. The �nal selected model included hospital type, BMI and history of macrosomia.

SAS software version 9.3 (SAS Institute, North Carolina State University) was used for analysis and all
inferences were made at 0.05 signi�cance level.

Results
General Demographics

All participants were recruited from urban Blantyre. In total, 2350 consecutive women presenting to the
above-named facilities were asked to participate in the study. Of these 2274 consented and proceeded to
have a random blood glucose screen while 76 declined consent. Of the 2274, 52 had missing data and
were excluded from the analysis on demographics and random blood glucose. 250 women were
randomly selected for an OGTT from the 2274 that had a random blood glucose screen. 57 did not turn
up for the test and 193 women were included in the �nal analysis on OGTTs.

Table 1 compares the demographic characteristics of women in government and private ANCs. 
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The study population was predominantly young with an average age of 25.8 years (25th, 50th, 75th

percentiles: 22, 25,30). 6% of the women were above 35 years of age. 66.4% of the women were in the
third trimester. 24% of the women were between 24- and 28-weeks gestation.

Women at government funded facilities were younger, of higher parity and gravidity, had a lower
pregnancy BMI and were more likely to be HIV positive. Based on MUAC, 9% of the women were
overweight (MUAC 28-31cm) and 1% were obese (MUAC≥ 32cm). There was no difference in the average
MUAC between government and private ANCs. When the BMI in pregnancy was calculated, half of the
women had a normal BMI (average BMI 26; 50th percentile 25). There was a non-signi�cant difference in
the BMI between women from government and private ANCs.

3.3% had hypertension but this was not explored further to determine whether this was pre-eclampsia or
pre-existing hypertension. 10.7% of the women had HIV and of these, 61% had documented records of
being on anti-retroviral therapy.

Blood Glucose and GDM Prevalence

Tables 2 and 3 show RBG and OGTT results. Only 3 women (0.1%) had an RBG above 11.1mmol/L. 12
women (0.5%) were hypoglycaemic. There was a signi�cant association between RBG and attending
government ANCs and BMI.

Based on the OGTTs, the overall prevalence of GDM was 1.6% (n=5) and 24.8% (n=65) by WHO and
IADPSG criteria respectively. The simple Kappa coe�cient was calculated to determine correlation
between GDM diagnosed by the WHO and GDM diagnosed by IADPSG criteria and was found to be 0.597
(a coe�cient of zero being no correlation and a coe�cient of one being a strong correlation).

Risk Factors for GDM

Tables 4 shows risk factors associated with GDM5.3% of the women reported to have previously had
macrosomic babies (birth weight >4kg). This could not be con�rmed as the majority did not have written
records of birth weights from previous pregnancies and their responses were based on recall. 7% reported
to have �rst degree family relations with diabetes and 19.2% reported to have had miscarriages or
stillbirths in previous pregnancies.

Attending government ANCs, age and parity were associated with having GDM (p value < 0.05). The risk
of having GDM was higher in government ANCs compared to private ANCs and this increased with age
and parity. A family history of diabetes mellitus, previous miscarriage/still birth, BMI, being HIV positive
and hypertension were not associated with GDM (p values > 0.05).

Outcomes

71% of the women diagnosed with GDM were lost to follow up post-delivery and complete outcome data
was only available for 18 women. There were 4 miscarriages, 4 women that had Caesarean Section and 2
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babies with macrosomia. Data on follow up for diabetes at 6 weeks postpartum in particular was missing
as this was collected telephonically and some of the women could not be reached.

 

Discussion
This study showed that the prevalence of gestational diabetes mellitus in Blantyre is low. It also showed
a wide discrepancy in the prevalence when IADPSG criteria are used compared to the WHO criteria with a
12-fold increase in the prevalence when the IADPSG criteria are used. To our knowledge this is the �rst
description of the prevalence of gestational diabetes in the Malawian population. 

The HAPO study, with an average BMI of 27 among its participants, showed a direct correlation between
obesity and poor outcomes. [14] Our study population however, being largely young with few obese
women (1% based on MUAC), was different from that described in other studies of risk factors for GDM.
Furthermore, half of the women had normal BMI during pregnancy.

In the nationwide WHO Steps survey [10] , the prevalence of overweight and obesity among Malawian
women was 16% and 2% respectively. The age of the women screened was 25-64 years, but the majority
of the women screened were young as 46% of the women were between ages 25-34. Our GDM study
similarly screened a young population of women and the prevalence of overweight and obesity were 9%
and 1% respectively. From both studies, obesity appears to be rare amongst Malawian women.

In another 2007 study of 620 patients attending the adult diabetic clinic at QECH, the average BMI in Type
2 DM patients was 28.7. [24] These observations suggest that obesity may not be the main driver for the
diabetes epidemic in Malawi and that other factors such as genetics, low birth weight and stunting may
play a larger role.

Risk Factors for Gestational Diabetes

Advanced maternal age, high parity and attending government ANCs were associated with GDM, the older
women being more likely to have high parity than the young consistent with traditional risk factors for
GDM. Other known risk factors for GDM such as a family history of diabetes, a history of macrosomia or
previous miscarriages or stillbirths or MUAC were not associated with GDM. As observed in the STEPS
survey, the majority of diabetes in the population is undiagnosed; as such a negative family history of
diabetes may in part be a re�ection of this. The overall picture however highlights the fact that risk
factors for developing GDM may be population speci�c and there may be genetic variability inherent to
the population to explain such differences. This raises a cause for exploring population speci�c risk
factors other than those stated in the WHO guidelines or those from high income countries.

Women attending private hospitals are generally perceived as having a higher socioeconomic status and
more likely to adopt a diet rich in re�ned foods and a sedentary lifestyle than their counterparts. By
including private ANCs, we anticipated to show that this group would tend to be more obese and have a
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higher risk of developing GDM. Our �ndings though were contrary to this expectation as there was no
difference in terms of nutritional status between women from government facilities and those from
private hospitals. Furthermore, women at private ANCs were less likely to have GDM than those in
government hospitals. Diet differences between the two groups were not explored in particular but it
appears that the risk that may be conferred by sedentary habits or a westernized diet may be balanced by
better health seeking behavior and ready access to screening and diagnostic services in the private
hospitals.

GDM Screening

Random blood glucose measurements were largely normal as only 3 women had RBG >11.1mmol/L and
75% of the study population had an RBG below 5.5 mmol/L. Other than the RBG being an insensitive
screening tool, it was also observed on random questioning that many of the women at the health centres
had not eaten for some time before the measurement particularly those that had to leave their homes
early in the morning to attend clinic on time. Their results may re�ect a fasting rather than random blood
glucose and may explain the large proportion of women with normal RBG. There was no correlation
between the random blood glucose and gestational diabetes diagnosed by OGTT or risk factors for
diabetes. Random blood glucose may therefore not be a sensitive screening tool or used as a proxy for
OGTTs in this population.

GDM Diagnosis

The prevalence of GDM using WHO criteria of 1.6% was lower than that described in other African studies
using the same diagnostic criteria (3.8% - South Africa and 3.8% in Ethiopia) [11,12] but comparable with
what was expected by local obstetricians who estimated prevalence between 2-3% amongst women
attending antenatal clinics (B. Makanani personal communication). GDM was rare even amongst those
with traditional risk factors for GDM suggesting there may be a unique environmental or genetic in�uence
on risk factors for GDM in this population.

Using IADPSG criteria, the prevalence of GDM was 12 times higher compared to the WHO criteria and
interestingly showed a higher prevalence in government ANCs compared to private ANCs.

We anticipated to �nd a higher prevalence of GDM using IADPSG criteria as compared to WHO criteria as
has been described in other studies. There are no other published studies from African populations for
comparison. Many studies have compared prevalence using the two criteria with some �nding the two to
be comparable. [16] The decision to change the criteria depends on performing careful cost analysis and
weighing the risk bene�t ratio particularly in a population that is different from the HAPO population –
performance in a non HAPO population thought to be lower. [22] In a low income setting, particularly
where maternal obesity which was shown to be an independent risk factor for poor perinatal outcomes
(Catalano) is rare, priority should probably be placed on treating those diagnosed with GDM based on
WHO criteria.
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There was a large loss to follow up amongst the women diagnosed with GDM which precludes de�nitive
conclusions on outcome. The causes of the four miscarriages among the women diagnosed with GDM
were not explored further.

Limitations
The study had several limitations.  The study population being urban may have been unrepresentative as
it excludes older women in rural settings likely to have risk factors for GDM. Older women and
multiparous women are less likely to attend formal antenatal care clinics. Family history of DM was likely
underreported as most diabetes in Malawi is still undiagnosed. Loss to follow up precluded making
meaningful conclusions on outcomes on the already small population of women diagnosed with GDM.
Digital instruments used for measuring anthropometric and biochemical data including glucometers,
blood pressure machines and the weight scale though readily accessible for use in the practical sense are
not always standardized and may be inappropriately calibrated which affects quality and reproducibility
of data collected.

 

Being descriptive, de�nite causal relationships cannot be established. A larger prospective study with
OGTTs performed on all women, exploring risk factors for GDM and comparing outcomes between the
WHO and IADPSG criteria would re�ect better on the usefulness of diagnosing GDM in this population.

Conclusions
In conclusion, using WHO criteria, GDM is relatively uncommon in women presenting to antenatal clinics
even amongst those with traditional risk factors for GDM in Blantyre. This low prevalence has been
demonstrated in other sub-Saharan countries and we anticipate that the prevalence would be similar in
the Malawian population in general. The implications of the higher prevalence found when IADPSG
criteria are used remain to be explored.

 

Increasing age, parity and being at public hospitals are associated with GDM in this population.
Alternative risk factors other than the traditional known risk factors need to be explored. Maintaining
optimal weight should be encouraged as this is the single modi�able risk factor for GDM that has been
identi�ed in this study. Should screening for GDM be performed, random blood glucose is not a sensitive
screening tool and risk factor-based screening may be more feasible and cost effective.
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Table 1:  Comparison of Characteristics Between Government and Private Antenatal Clinics (ANCs)

Characteristic               Government ANCs (n=2044)                  Private ANCs (n=178)    p value            

                                                      Mean ± SD                                                                    Mean ± SD

                                                                                    

Age (years)                               25.8 ± 0.25                                                                    29.4 ± 0.6
                                                   <0.0001                   

Gestational Age (weeks)     26.9 ± 0.36                                                                    27.6 ±
3.2                                                    0.68        

Parity                                          1.2 ± 0.05                                                                      0.76 ±
0.13                                                  <0.0001                   

Gravidity                                    2.5 ± 0.05                                                                      2 ±
0.12                                                        <0.0001                   

BMI in Pregnancy                 26.2 ±      0.3                                                                  27.7 ±
0.8                                                    0.0003   

MUAC (cm)                               23.7 ± 0.15                                                                    23.5 ± 0.6
                                                   0.3646                     
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                                                      n (%)                                                                                n (%)

Hypertension                           97 (4.7)                                                                           6
(3.3)                                                           0.6574                     

HIV                                               205 (10.0)                                                                      15
(8.4)                                                         0.01                          

DM Family History                 15 (0.7)                                                                           43
(24.1)                                                      0.1573   

Previous Miscarriage/Stillbirth 361 (17.6)                                                             41 (23.0)                                   

                  0.308

 

Table 2 : Risk Factors Associated with Increasing Random Blood Glucose

Variable          Parameter Estimate               Standard Error            t value             p value
 
 
Government   -15.50589                               4.763                           -3.26                0.0013
Hospital
 
 
BMI                 1.09278                                   0.37628                       2.90                 0.0041
 
 
Macrosomia    -22.14294                                12.98251                     -1.71                0.0898
 
 

Table 3: Comparison of Random Blood Glucose, Fasting Glucose and GDM Prevalence by OGTTs in Government

and Private ANCs

            Government                             Private                                     Overall

            Mean ± SD                                Mean ± SD                                Mean ± SD

            RBG (g/dL)                                94.4 ± 20                                  107 ± 24                                  
                                                94 ± 21

            Fasting Glucose (g/dL)               84 ± 16                                     70 ± 16                                    
                                                81 ± 19
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            2 hrs Glucose (g/dL)                  84 ± 18                                     86 ± 53                                    
                                                84 ± 17            

 

 

                                                            % [95% CI]                                %[95% CI]                                 % [95%
CI]                                OR* [95% CI]

GDM (WHO)                                          1.4     [0.04-5.5]                         0.04      [0 - 1]                           1.6    [0.3
-4]                             3.5 [0.08 -8.1]

GDM (IADPSG)                                     31.7 [24.6-39.8]                        7.8       [3-19.1]                        24.8 [19 -32] 
                           5.5 [1.9 -16]

*GDM Prevalence Odds Ratio Government ANCs/Private ANCs

 

Table 4: Risk Factors Associated With GDM by WHO Criteria

Parameter                          Estimate Standard Error Wald

Chi-Square

P value

Government Hospitals    2.0860 0.5959 12.2527 0.0005

Age                                    0.0973 0.0424 5.2690 0.0217

Parity                              -0.6160 0.2353 6.8541 0.0088

MUAC                            -0.0744 0.0533 1.9534 0.1622

Previous Macrosomia -1.8416 0.9789 3.5391 0.0599

Figures
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Figure 1
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