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Abstract

Background: Gestational Diabetes Mellitus (GDM) is associated with several
maternal and perinatal complications. Early detection and treatment can im-
prove pregnancy outcomes. Objectives: To determine the prevalence, risk
factors and predictors of GDM in early pregnancy at the University of Port
Harcourt Teaching Hospital, (UPTH), Port Harcourt Nigeria. Methods: A
cohort of 235 mothers who registered for antenatal care between 15 - 18 weeks
of gestation at UPTH was prospectively studied. Their socio-demographic da-
ta, examination findings, anthropometric measurements, fasting blood sugar
at booking and OGTT results at 28 weeks gestation were collated and entered
into PC with SPSS for windows version 21.0 which was also used for the anal-
ysis. Variables were expressed as absolute numbers, percentages or means
with standard deviations and significant differences determined using chi
square test or the student “t” test as appropriate. The level of significance was
set at P < 0.05. Results: Of the 235 participants, 35 (14.9%) developed GDM.
Women who had GDM were significantly older (2 = 0.001), had higher weight
(t=2.95, P=0.01), BMI (¢= 2.29, P=0.02), abdominal skin fold thickness
(t=4.15, P=0.001), blood pressure (= 3.38, P= 0.001) compared to women
who did not. Previous history of GDM was significantly different between two
groups as ¥’ = 93.56 and P = 0.001. Abdominal skin fold thickness and prior
GDM history were found to be independent predictors of GDM on applica-
tion of multiple logistic regression analysis. Conclusion: The prevalence of
GDM in Port Harcourt is 14.9% and major risk factors are obesity, previous
GDM history, advanced age and hypertension. Abdominal skin fold thickness
> 20 mm is an independent predictor. The risk of developing GDM can be
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predicted in early second trimester using algorithm incorporating risk factor
screening and anterior abdominal wall skin fold thickness estimation.
Keywords

Gestational Diabetes Mellitus, Risk Factors, Detection, Early Pregnancy,
Port Harcourt

1. Introduction

Gestational Diabetes Mellitus (GDM) has been defined as glucose intolerance of
variable severity with onset or first recognition during pregnancy [1]. Pregnancy
complicated by untreated or poorly treated diabetes is associated with high ma-
ternal and peri-natal mortality and several other complications including glu-
cose intolerance and diabetes later in life for both mother and offspring [2] [3].
Early detection and treatment remarkably improves pregnancy outcomes.

The prevalence of GDM ranges from 1% to 14% [4], depending on the popu-
lation studied and the screening strategies and diagnostic criteria used [5]. The
prevalence in the united kingdom, united states, and among European countries
was estimated to be 5%, 3% - 7% and 2% - 6% respectively [6] [7] [8]. Approx-
imately, 135,000 cases of GDM are diagnosed annually in the USA and the pre-
valence in low risk population ranges from 1.4% to 2.8% while in high risk pop-
ulation, the prevalence is 3.3% [9].

In Nigeria, the prevalence of diabetes mellitus in pregnancy varies but is gen-
erally <3/1000 deliveries [10]. Various workers have reported 0.74 per 1000 de-
liveries, 1.7 and 98 per 1000 pregnancies [11] [12]. Previous studies in Port
Harcourt reported GDM prevalence of 0.3% and 2% [13] [14].

Higher prevalence of GDM has been reported in African, Asian, Indian and
Hispanic women [15] [16] [17]. Other documented risk factors are advanced
maternal age, high parity, obesity, polycystic ovarian syndrome (PCOS), mul-
tiple pregnancy, family history of diabetes, history of congenital malformation,
still birth, macrosomia and previous GDM [18].

Obesity, one of the major risk factors for GDM can be assessed by measuring
the absolute weight, body mass index (BMI), waist circumference and or skin
fold thickness.

Weight > 90 kg in pregnancy is classified as obesity [19]. Overweight and ob-
esity are also defined respectively as BMI 25.0 - 29.9 and =30 kg/m*.

Waist circumference is the most practical tool used by clinicians to evaluate
patient’s abdominal fat, though Computed tomography [20] and magnetic re-
sonance imaging are more accurate but are impracticable for routine clinical use.

Fat located in the abdominal region is associated with a greater health risk
than peripheral fat. Abdominal fat appears to be an independent risk predictor
when BMI is not markedly increased [21] [22]. The National Heart, Lung and

Blood Institute (NHLBI) defined abdominal obesity as waist circumference,
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greater than 40 inches (102 cm) in men, and waist circumference greater than 35
inches (88 cm) in women, preferably measured at the superior border of the iliac
crest [23] [24] [25] [26] [27].

Obesity can also be assessed by estimating skin fold thickness at the biceps,
triceps, sub-scapular region, anterior abdominal wall and supra iliac region, val-
ues of 220 mm are considered obese.

GDM poses a risk to mother and child. A large case control study found that
GDM was linked to a limited group of birth defects (when compared with
pre-existing diabetes) and that this association was generally limited to women
with a high body mass index (BMI) > 25 kg/m* [28].

The hyperglycemia and adverse pregnancy outcome (HAPO) study showed that
maternal hyperglycemia increased the risk of several outcomes; birth weights
greater than the 90™ percentile, primary cesarean delivery, premature delivery,
shoulder dystocia or birth injury, clinical neonatal hypoglycemia, intensive neo-
natal care, hyper-bilirubinemia and pre eclampsia [11]. The HAPO study further
highlighted the importance of maternal glycemia on offsprings’ birth weights,
demonstrating a linear relationship between maternal fasting plasma glucose
and oral glucose tolerance test (OGTT) at 1 hour and 2 hours with birth weight
> 90" percentile. The result indicated that it would be beneficial to both mother
and baby to identify the presence of maternal glucose intolerance early enough
so that management can be commenced as soon as possible [29].

In early part of pregnancy, (ie. first trimester and first half of second trimes-
ter) fasting and post-prandial glucose concentrations are normally lower than in
normal non pregnant women [30]. This fact makes screening with blood glucose
estimation in early pregnancy unreliable, necessitating the need for determining
other methods of screening and predicting GDM in early pregnancy.

The International Association of Diabetes and Pregnancy Study Group
(IADPSG) carefully analyzed the HAPO and other studies and recommended a
one step, 75 g OGTT for all women not already known to be diabetic at 24 - 28
weeks gestation with the diagnosis of GDM made when FBS estimates is >5.1
mmol/L, Blood sugar estimates 1hr post oral glucose ingestion > 10 mmol/L or
Blood sugar estimation 2 hrs post oral glucose ingestion of >8.5 mmol/L. Similar
values have been accepted by the WHO though slightly modified as a range [31].

It has since been advocated that the future direction should focus on the early
prediction and effective preventive measures before the development of GDM.
This is so as to decrease the associated short and long term maternal and peri-
natal complications.

There is paucity of studies on determination of predictors of GDM in early
pregnancy in our environment. There has also not been any prospective study in
UPTH in recent times on gestational diabetes mellitus using the new WHO di-
agnostic criteria. This preliminary study was done to provide update on the pre-
valence, risk factors and predictors of GDM in early pregnancy in Port Harcourt,

southern Nigeria.
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2. Materials and Methods

The University of Port Harcourt Teaching Hospital (UPTH) is an 800 bed hos-
pital located in Port Harcourt, the oil rich capital city of Rivers state, Southern
Nigeria. It is a tertiary health institution that provides all levels of health care
services for Rivers state and catchment states of the Niger delta Area.

The Obstetrics and Gynecology department of UPTH has 5 firms designated
A-E each made up of consultants and rotating residents. It has an annual deli-
very rate of over 2500 babies. On the average between 50 - 100 patients book for
antenatal care every week in the hospital and the antenatal clinics run every
working day, with each day assigned to a particular firm.

At presentation, the patients are registered for antenatal care and are guided
to choose a convenient day of the week (Monday-Friday), for subsequent visits.

The patients’ sociodemographic data and medical history are carefully ob-
tained and the blood pressure, weight and height measured and urinalysis per-
formed. Routine antenatal investigations are also done. The results are recorded
on a specially designed antenatal card which also has a section for documenting
the summary of clinical examination. The patient is then evaluated by the doctor
and thereafter given appointment for subsequent visit.

The hospital has a chemical pathology laboratory with modern equipment, in-
cluding auto-analysers and various biochemistry investigations are carried out in
the laboratory including glucose estimations.

Ethical clearance was given by Hospital’s Ethics committee and informed
consent obtained from individual patient.

This preliminary study was conducted between 1* April and 31% May 2015.
The study sample consisted of 250 consecutive consenting women who were
between 15 and 18 weeks of gestation at booking during the study period.

Those who did not give consent, have HIV infection, pre-gestational diabetes
mellitus, multiple gestation and those who are acutely or chronically ill at book-
ing as well as those with uncertain dates were excluded from the study.

A pro forma was designed to record participants’ sociodemographic data,
medical history, anthropometric measurements, clinical and laboratory charac-
teristics including age, tribe, educational status, parity, LMP, EDD, gestational
age, past obstetric history, family history, height, weight, BMI, abdominal cir-
cumference, skin fold thickness, urinalysis, fasting blood sugar at booking and
OGTT results at 28 weeks of gestation amongst others.

Five research assistants who are resident doctors in the department and a
dedicated laboratory scientist in the department of chemical pathology were re-
cruited and trained for the study.

The research assistants recruited patients who met the inclusion criteria daily
from the antenatal clinic and transferred the data in their antenatal cards to the
proforma.

The participants were clinically examined. Their heights were measured in

metres and weights in kilograms and body mass indices measured using the
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formula: maternal weight (Kg)/height (M?).

The maternal abdominal circumference at the level of the iliac crest was
measured using a measuring tape graduated in centimetres. The anterior abdo-
minal skin fold thickness was measured at the level of the umbilicus using the
Harpenden skin fold calipers (validated to values < 80 mm: holten Ltd, felin y
gigfram, Cross well UK).The findings from the preliminary clinical assessment
were entered into the pro forma as well.

The patients were asked to return at 7:00 am the following day after enrol-
ment in a fasted state. The research assistants took 3 - 5 ml of venous blood from
them and put in a fluoride oxalate containing anti-coagulant bottle and sent to
the chemical pathology laboratory for fasting blood glucose estimation.

The participants were followed through the antenatal period and at 28 weeks
of gestation they had oral glucose tolerance test.

They presented at 7:00 am on an appointed day in a fasted state. Blood speci-
mens for fasting blood sugar were taken at 8:00 am. Following ingestion of 75 g
of glucose in 250 ml of water, blood was collected from a peripheral vein at 1
hour and 2 hours and put in fluoride oxalate bottle for glucose estimation using
glucose oxidase method and read spectrophotometrically by the dedicated la-
boratory scientist.

Diagnosis of gestational diabetes following the 75 g 2-hour oral glucose toler-
ance test was defined according to World Health Organization (WHO) criteria
2013; fasting blood glucose = 5.1 mmol/l or 1 hour glucose = 10.0 mmol/l or 2
hour glucose = 8.5 mmol/l.

All results of investigations were further entered into the pro-forma.

Absolute weight > 90 kg, BMI > 30 kg/m?, abdominal circumference > 88 cm
and skin fold thickness = 20 mm are regarded as obesity.

The data were collated and entered into PC with SPSS for windows version
21.0 software which was also used for the analysis. Categorical variables were
expressed as absolute numbers and percentages and significant differences were
determined using the chi square test while continuous variables were presented
as means with standard deviations and significant differences were determined
with the student “#’ test. The level of significance was set at P < 0.05. Associa-
tions were expressed as relative risk (RR) and 95% confidence interval. A scatter
plot was used to determine the most appropriate correlation test for the regres-
sion model which aided in determining the relationship between the risk factors
and GDM. This chosen regression model further aided in determining the per-
centage contribution of each risk factor to the development of GDM. The Re-
ceiver Operating Curve was used to determine the influence of each risk factor

on predicting GDM.

3. Results

Of the 250 pregnant women recruited, 235 eventually completed the study while

15 of them were lost to follow up, giving an attrition rate of 6%.
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Of the 235 mothers who participated, 35 (14.9%) were diagnosed with GDM,
all of whom were obese, while the remaining 200 participants did not have
GDM.

The socio-demographic characteristics of women who had GDM compared
with those who did not are shown in Table 1. In general, women with GDM
were older (¢ = 34.18, P = 0.001) and more often multiparous (¢ = 30.39, P =
0.01), compared to women who did not have. However, majority (57%) of the
women who had GDM had tertiary education. This was statistically significant
as t=5.59, P=0.02.

Table 2 shows the comparison of some clinical predictors with OGTT results.

Table 1. Sociodemographic characteristics of participants with and without GDM.

Number and Number and
harscrnsics  of putentonith  of penswuhow £ OTF Faue
GDM (N = 35) GDM (N = 200)
Age (years)
18 - 25 2 (5.7%) 37 (18.5%) 3.52 0.07
26 - 30 5(14.3%) 60 (30%) 3.68 0.06
31-40 12 (34.3%) 86 (43%) 0.93 0.78
35+ 16 (45.7%) 17 (8.5%) 34.18* 0.001
Occupation
Civil servant 16 (45.7%) 64 (32.0%) 2.50 0.11
Trader 11 (31.4%) 56 (28.0%) 0.17 0.75
House wife 4 (11.4%) 52 (26.0%) 3.48 0.08
Students 1(2.9%) 18 (9.0%) 1.51 0.20
Artisan 3(8.6) 10 (5.0%) 0.73 0.65
Educational status
No formal education 7 (20.0%) 62 (31.0%) 1.74 0.73
Primary 2 (5.6%) 20 (10.0%) 0.65 0.55
Secondary 6 (17.4%) 46 (23.0%) 0.59 0.53
Tertiary 20 (57.0%) 72 (36.0%) 5.59* 0.02
Ethnic group
Tkwerre 10 (28.6%) 65 (33.0%) 0.21 0.21
Ogoni 7 (20.0%) 33 (17.0%) 0.27 0.22
Tjaw 2 (5.7%) 18 (9.0%) 0.41 0.29
Others 16 (45.7%) 84 (42.0%) 0.65 0.61
Parity
0 9 (26.0%) 81 (40.5%) 1.00 0.65
1 13 (37.0%) 107 (53.5%) 3.19 0.08
2 or more 13 (37.0%) 12 (6%) 30.39* 0.001

$Data shown as mean and standard error of the mean, or n (%). */*Comparisons are differences in the mean

or n.
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Table 2. Comparison of some clinical predictors by OGTT test result (WHO 2013).

Number and Number and
charsceitcs of patents with  of patients wighout © 4" PVl
GDM (N = 35) GDM (N = 200)
Height (m) 1.65 £ 0.05 1.65 + 0.04
Weight (kg) 95.56 £ 0.12 97.24+£0.20 2.95% 0.01
BMI (kg/m?) 35.34 £ 0.11 36.14 £ 0.01 2.29* 0.02
Waist circumference (cm) 108.00 + 1.30 107.80 + 1.40 0.12 0.32
Abdominal skinfold (mm) 38.20 £ 1.10 32.30 £ 0.91 4.15* 0.001
SBP (mmHg) 124.10 + 2.10 119.00 + 0.19 3.38% 0.001
DBP (mmHg) 76.20 £ 0.99 71.50 £ 0.90 3.43% 0.001
Previous GDM 20/35 (57.1%) 5/200 (2.5%) 93.56*  <0.001
f:;;:;?fig;; 1(2.9%) 8 (4%) 011 025
Maternal weight > 90 kg 17 (48.6%) 15 (7.5%) 42.72*%  <0.001
Heavy glycosuria 1(2.9%) 3 (1.5%) 0.33 0.35
Previous macrosomic baby 5 (14.3%) 22 (11%) 0.33 0.36

*data shown as mean and standard error of the mean, or n (%); */*comparisons are differences in the mean
or n.

Women who developed GDM had significantly higher weight (# = 2.95, P =
0.01), BMI value (#= 2.29, P= 0.02), abdominal skin fold thickness (= 4.15, P=
0.001), systolic blood pressure (#= 3.38, P=0.001), diastolic blood pressure (¢=
3.43, P=0.001) compared to women who did not have GDM.

Of the 35 participants who developed GDM, 20 (57%) had previous history of
GDM, while 5 (2.5%) who did not develop GDM, had a previous history of
GDM. History of previous GDM was significantly different between two groups
as ¥’ = 93.56 and P = 0.001. There was significant difference in maternal weight
greater than or equal to 90 kg between both groups (x* = 42.72, P = 0.001). No
significant difference was found for height, waist circumference (t = 0.12, P =
0.32), previous history of congenital anomaly (y* = 0.11, P = 0.25), heavy glyco-
suria (* = 0.33, P=0.35) and previous macrosomic baby (y* = 0.33, P=0.36).

Statistical evaluation of association of the risk factors with GDM showed sig-
nificant value for previous history of GDM (RR = 11.20, 95% CI: (0.05 - 0.15), P=
0.000) and abdominal skin fold thickness greater than 20 mm (RR = 7.50, 95%
CI: (4.97 - 16.17), P = 0.00), as illustrated in Table 3. However, association be-
tween GDM and history of DM in first degree relative (RR = 1.03, 95% CI: (0.37
- 2.51)), unexplained still birth (RR = 0.67, 95% CI: (0.49 - 4.59)), recurrent
pregnancy losses (RR = 0.48, 95% CI: (0.52 - 8.06)), previous history of conge-
nital anomaly (RR = 0.47, 95% CI: (0.21 - 8.82)), glycosuria (RR = 1.70, 95% CI:
(0.11 - 3.31)), previous macrosomic baby (RR = 1.3, 95% CI: (0.33 - 1.84)) were

not significant.
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Table 3. Relationship between each risk factor and GDM.

N (%)
Risk RR 95% Cl Pvalue

GDM No GDM (Lower-upper)

History of DM in first degree relative
YES 4(11.4) 22(11.0) 1.03 0.37 - 2.51 0.57
NO 31(88.6) 178(89.0)
Unexplained still birth
YES 3(8.6) 26 (13.0) 0.67  0.49 - 4.59 0.34
NO 32(91.4) 174 (87.0)
Recurrent pregnancy losses
YES 2(5.7) 24 (12.0) 0.48 0.52 - 8.06 0.22
NO 33(94.3) 176 (88.0)

Previous history of congenital anomaly

YES 1(2.9) 8(4.0) 047  0.21-8.82 0.60
NO 34(97.1) 192 (96.0)

Heavy glycosuria
YES 1(2.9) 3(1.5) 1.70 0.11 - 3.31 0.48
NO 34(97.1) 197 (98.5)

Previous macrosomic baby

YES 5(14.3)  22(11.0) 130 0.33-1.84 0.37
NO 30 (85.7) 178 (89.0)

Previous history of GDM
YES 20 (57.1) 5(2.5) 11.20  0.05-0.15 0.000
NO 15 (42.9) 195 (97.5)

Abdominal skin fold > 20 mm
YES 14 (40.0)  10(5.0) 750 4.97-16.17  0.000

NO 16 (45.7) 190 (95.0)

N = Number of participants; RR = Relative risk; CI = Confidence interval.

On application of multiple logistic regression analysis to the significant risk
factors associated with GDM, a previous history of GDM and abdominal skin
fold thickness were found to be independent predictors of GDM. Maternal
weight > 90 kg was marginally significant as shown in Table 4.

The receiver-operating curve (ROC) analysis showed increase in the area un-
der the curve (AUC) when abdominal skin fold was included to the prediction
model of GDM (Figure 1(a)). Thus addition of the criterion “abdominal skin
fold” to the prediction model increase AUC above the values achieved with clin-
ical measures or other risk factors alone. This model showed an increase of the
AUC from 0.713 (for BMI, SBP, DBP, previous history of DM, abdominal skin
fold, maternal weight greater than or equal to 90 kg) (Figure 1(a)) to 0.883 when
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Figure 1. Receiver-operating curve and summaries using the model with the variables
(previous history of DM, maternal weight greater than or equal to 90 kg). AUC = area

under the receiver-operating curve.

Table 4. Multivariate logistic regression of independent predictors of GDM.

Risk OR 95% CI (Lower-upper) Pvalue
Previous history of GDM
YES 0.02 0.01 - 0.06 0.000
NO
Abdominal skin fold > 20 mm
YES 21.71 8.33 - 56.63 0.000
NO
BMI > 30 kg/m?
YES 0.59 0.24 - 1.50 0.19
NO
Maternal weight > 90 kg
YES 0.40 0.16 - 0.98 0.045
NO
SBP (mmHg) 1.05 0.86 - 1.26 1.06
DBP (mmHg) 1.10 0.99 - 1.45 1.23

OR = Odds ratio; BMI = Body mass index.
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combined with abdominal skin fold (Figure 1(b)). Importantly, the exclusion of
BMI, systolic blood pressure and diastolic blood pressure did not significantly
change the AUC.

4. Discussion

The prevalence of gestational diabetes in this study is 14.9% using the WHO
2013/Modified IADPSG criteria [31]. This prevalence is slightly higher than the
quoted range of 1% - 14% [4] and is over 7 times higher than the previously re-
ported prevalence rate in Port-Harcourt [13]. Israel and co-workers had found
that, of the 2% who developed GDM in their study, all were obese while none
from the non-obese group became diabetic [13]. This significant association of
GDM and obesity was also demonstrated in this study as all the participants who
developed GDM were obese. This finding is well established and has been dem-
onstrated by several authors [32]. This higher prevalence may be attributed to
the new diagnostic values for GDM following the outcome of the HAPO study
from which the IADPSG criteria was derived and further modified by WHO in
2013 [31]. In times past various countries and institutions had used varied crite-
ria in making a diagnosis of GDM and this gave varied results. Previously WHO
had diagnosed GDM at plasma fasting Glucose of 7 mmols/l and above or 2hr
value of >7.8 mmol/l after a 75 g OGTT, but currently following the outcome of
the HAPO study attempts have been made at harmonizing the different diagnos-
tic criteria. WHO has adopted the IADPSG criteria though with slight modifica-
tions; Fasting blood glucose of 25.1 mmol/l, 1 hr post 75 g OGTT of 210 mmol/l
or 2 hrs value of 28.5 mmols/l. values greater than this are considered as frank
diabetes mellitus in pregnancy. The current diagnostic values are quite low
compared to previous values and may be responsible for the increased preva-
lence of GDM. This increase in prevalence rate may also be attributable to the
rising trends in obesity worldwide [24]; including in Port Harcourt, the capital
city of oil rich Rivers sate of Nigeria.

The finding from this study on early 2™ trimester screening for GDM show
that well recognized maternal risk factors can be combined into a model in
which each risk factor is attributed its appropriate weight and the performance
of screening is improved by combining maternal risk factors with abdominal
wall obesity estimation. The study confirmed that risk factors for the develop-
ment of GDM include increased maternal age, Parity, weight and BMI as re-
ported by other researchers [33].

Following multiple regression analysis, only a previous history of GDM and
increased abdominal skin fold thickness of 220 mm were found to be indepen-
dent predictors of GDM. Cheung et al in their study had also reported a previous
history of GDM as the strongest predictor of GDM [34].

On further application of regression analysis to develop a prediction model,
the area under the receiver-operating curve was 0.713 for maternal risk factors

alone which showed a significant change when anterior abdominal skin fold
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thickness of 220 mm was added to it. This resulted in an improved prediction at
0.825. The exclusion of BMI, Systolic blood pressure and diastolic blood pressure
did not significantly change the area under the curve (AUC).

The UK Pregnancies Better Eating and Activities Trials (UPBEAT) study,
suggested a limited potential role for taking detailed maternal anthropometry as
an aid to gestational diabetes prediction [35]. The UPBEAT trial had assessed;
Skin-fold thickness at the biceps, triceps, sub-scapular and supra-iliac region
[35] but failed to also examine the abdominal skin fold thickness.

In this study, the combination of maternal risk factors alone resulted in a sen-
sitivity of 80% and specificity of 37% for predicting GDM using the AUC. This
has shown an improvement of the predictive value of risk factor screening alone
when compared with previous studies such as the Health assessment report
which showed low sensitivity of 50% - 69% and specificity 58% - 68% when ma-
ternal risk factors alone for prediction of GDM was used [36]. This improve-
ment in the predictive ability of risk factors screening as seen in this study may
be explained by the small sample size used in the study. Also the sensitivity of
the risk factor screening for GDM when combined with abdominal wall skin fold
thickness increased to 90% with a specificity of 25%.

This study was limited by the small sample size as well as the fact that it is a
hospital based research and cannot be transposed to the general population.
Multicentre based studies and or community based studies are generally prefer-
able but are both cumbersome and expensive in design and implementations.

This study was done in the University of Port Harcourt Teaching Hospital,
Port Harcourt which is the largest referral health facility in Rivers state and a
leading tertiary hospital in Southern Nigeria. Therefore given a permissible error
margin, the results of this study should give the true reflection of the association
of maternal risk factors for GDM, abdominal wall obesity and prediction for
GDM.

5. Conclusions

The prevalence of GDM in Port Harcourt is 14.9% and major risk factors are
obesity, previous history of GDM, advanced age multiparity and hypertension.
Abdominal skin fold thickness = 20 mm and prior history of GDM are indepen-
dent risk predictors.

The study also demonstrated that the risk of developing GDM can be pre-
dicted in early second trimester using algorithm incorporating risk factor
screening and anterior abdominal wall skin fold thickness estimation. A combi-
nation of risk factor screening for GDM and abdominal skin fold thickness esti-
mation measured in the early 2™ trimester may provide a useful approach to the
prediction of GDM. Validation in a large prospective study is required to deter-
mine the usefulness of the algorithm in clinical practice. Identifying a high risk
group could potentially allow preventive measures before the development of

GDM. Women with previous history of GDM and/or anterior abdominal wall
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skin fold thickness of 220 mm should be screened for GDM at 16 - 18 wks, using
the OGTT, then repeated at 24 - 32 weeks if the initial screen is negative.

References

(1]
(2]

(3]

(8]

(9]

(10]

[15]

(16]

World Health Organization (2012) Diabetes, Fact Sheet Number 312.

Coustan, D.R., Carpenter, M.W., O’Sullivan, P.S. and Carr, S.R. (1993) Gestational
Diabetes: Predictors of Subsequent Disordered Glucose Metabolism. American
Journal of Obstetrics & Gynecology, 168, 1139-1144.
https://doi.org/10.1016/0002-9378(93)90358-P

Silverman, B.L., Rizzo, T.A., Cho, N.H. and Metzger, B.E. (1998) Long Term Effects
of the Intra Uterine Environment: The Northwestern University Diabetes in Preg-
nancy Center. Diabetes Care, 21, 142-149.

American Diabetes Association (2004) Gestational Diabetes Mellitus. Diabetes Care,
27, S88-S90. https://doi.org/10.2337/diacare.27.2007.588

Aganwal, M.M., Dhaff, G.S., Punnose, J. and Koster, G. (2005) Gestational Diabetes;
dilemma Caused by Multiple International Diagnostic Criteria. Diabetic Medicine,
22,1731-1736. https://doi.org/10.1111/j.1464-5491.2005.01706.x

Diabetes in the UK (2010) Key Statistics on Diabetes UK Diabetes.

Buckley, B.S., Harreiter, J., Damm, P., Corcoy, R., Chico, A., et al (2011) Gestation-
al Diabetes Mellitus in Europe; Prevalence, Current Screening Practice and Barriers
to Screening.

Kim, S.Y., England, L., Sappenfield, W., Wilson, H.G., Bish, C.L., ef al. (2012) Ra-
cial/Ethnic Differences in the Percentage of Gestational Diabetes Mellitus Cases At-
tributable to Overweight and Obesity, Florida, 2004-2007. Preventing Chronic Dis-
ease, 9, E88. https://doi.org/10.5888/pcd9.110249

Brody, S.C., Harris, R. and Loar, K. (2003) Screening for Gestational Diabetes; A
Summary of the Evidence for the U.S Preventive Services Task Force. Obstetrics &
Gynecology, 101, 380-392.

Oladokum, A., Aimakhu, C.O., Awolude, A.O., Olayemi, O. and Adeleye, J. (2003)
Pregnancy Outcome in Diabetic Patients at the University College Hospital, UCH,
Ibadan. Tropical Journal of Obstetrics and Gynaecology, 20, 52-55.

Metzger, B.E., Lowe, L.P., Dyer, A.R,, Trimble, E.R., Chaovarindr, U., et al (2008)
HAPO Study Cooperative Research Group. Hyperglycermia and Adverse Pregnancy
Outcomes. The New England Journal of Medicine, 358, 1991-2002.
https://doi.org/10.1056/NEJM0a0707943

Ozumba, B.C., Obj, S.N. and Oli, J.M. (2004) Diabetes Mellitus in Pregnancy in an
African Population. International Journal of Gynecology & Obstetrics, 84, 114-119.

Jeremiah, I., Nyeche, S., Akani, C. and Akani, N. (2011) Pregnancy Outcome among
Obese Patients at the University of Port Harcourt Teaching Hospital Nigeria. Jour-
nal of Medicine and Medical Sciences, 2, 1157-1156.

Wokona, F.A., John, C.T. and Enyinda, G.T. (2001) Gestational Diabetes Mellitus in
a Nigerian Antenatal Population. Tropical Journal of Obstetrics and Gynaecology,
18, 56-60.

CaroLan, M., Darey, M.A., Biro, M. A. and Kearly, M. (2011) Maternal Age, Ethnic-
ity and Gestational Diabetes Mellitus Midwifery.

Landon, M.B. and Gabbe, S.G. (2011) Gestational Diabetes Mellitus. Obstetrics &
Gynecology, 118, 1379-1393. https://doi.org/10.1097/A0G.0b013e31823974e2

DOI: 10.4236/jbm.2017.511003

24 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2017.511003
https://doi.org/10.1016/0002-9378(93)90358-P
https://doi.org/10.2337/diacare.27.2007.S88
https://doi.org/10.1111/j.1464-5491.2005.01706.x
https://doi.org/10.5888/pcd9.110249
https://doi.org/10.1056/NEJMoa0707943
https://doi.org/10.1097/AOG.0b013e31823974e2

V. K. Oriji et al.

(17]

(18]

[20]

(23]

[24]

[25]

[29]

Makgoba, M., Sawidou, M.D. and Steer, P.J. (2012) An Analysis of the Interrela-
tionship between Maternal Age, Body Mass Index and Racial Origin in the Devel-
opment of Gestational Diabetes Mellitus, B/OG, 119, 276-282.
https://doi.org/10.1111/j.1471-0528.2011.03156.x

Petry, C.J. (2010) Gestational Diabetes, Risk Factors and Recent Advances in Its
Genetics and Recent Advances in Its Genetics and Treatment. British Journal of
Nutrition, 104, 775-787. https://doi.org/10.1017/5S0007114510001741

Flegal, K.M., Carroll, M.D., Kit, B.K. and Ogben, C.L. (2012) Prevalence of Obesity
and Trends in the Distribution of Body Mass Index amongst U.S Adults 1999-2010.
JAMA, 307, 491-497. https://doi.org/10.1001/jama.2012.39

Jensen, M.D., Kanaley, J.A., Reed, J.E. and Sheedy, P.F. (1995) Measurement of
Abdominal and Visceral Fat with Computed Tomography and Dual-Energy X-Ray
Absorptiometry. The American Journal of Clinical Nutrition, 61, 274-278.

Dowling, H.J. and P-Sunyer, F.X. (1993) Race-Dependent Health Risk of Upper
Body Obesity; Diabetes, 42, 537-543. https://doi.org/10.2337/diab.42.4.537

Kissebah, A.H., Vydelingum, N., Murray, R., et al. (1982) Relation of Body Fat Dis-
tribution to Metabolic Complications of Obesity. The Journal of Clinical Endocri-
nology & Metabolism, 54, 254-260. https://doi.org/10.1210/jcem-54-2-254

National Heart Lung and Blood Institute (2016) Classification of Overweight and
Obesity by BMI, Waist Circumference and Associated Disease Risk.
http://www.nhibi.nih.gov/health/public/heart/obesity/losewt/bmidis.htm

World Health Organization (WHO) Global Infobase 2010 Updated 20/01/2011,
Obesity in UK Women. http://www.infobase.who.int

Bray, G.A. (2013) Screening for and Clinical Evaluation of Obesity in Adults.
http://www.uptodate.com

Centre for Disease Control and Prevention (2013) Healthy Weight Accessing Your
Weight. http://www.cdc.gov/healthyweight/assessing/index.htm/

Bosy, W.P.A., Booke, C.A.,, Blocker, T., et al. (2010) Measurement Site for Waist
Circumference Affects Its Accuracy as an Index of Visceral and Abdominal Subcu-

taneous Fat in a Caucasian Population. Journal of Nutrition, 140, 954-996.

Correa, A., Gilboa, S.M., Besser, L.M., Botto, L.D., Moore, G.A., Hobbs, C.A., et al.
(2008) Diabetes Mellitus and Birth Defects. American Journal of Obstetrics & Gy-
necology, 199, 237.e1-9.

HAPO Study Cooperative Research Group, Metzger, B.E., Lowe, L.P., Dyer, AR,
Timble, E.R., et al (2008) Hyperglycemia and Adverse Pregnancy Outcomes. 7he
New England Journal of Medicine, 358, 1991-2002.
https://doi.org/10.1056/NEJMo0a0707943

World Health Organization (1999) Definition, Diagnosis and Classification of Di-
abetes mellitus. WHO/NCD/NCS/992, World Health Organization, Geneva.

International Association of Diabetes and Pregnancy Study Group (IADPSG)
(2013) Criteria for Diagnosing Gestational Diabetes Mellitus and Predicting Ad-
verse Pregnancy Outcomes. Journal of Perinatology, 34, 100-104.

Society of Obstetrician and Gynaecologist of Canada (2010) Clinical Practice
Guideline No. 239. Obesity in Pregnancy International Journal of Gynaecology and
Obstetrics, 110, 167-173.

Waugh, N, Scotland, G., Mcnamee, P., et al. (2007) Screening for Type 2 Diabetes;
Literature Review and Economic Modeling. Health Technology Assessment, 11,
1-125. https://doi.org/10.3310/htal1170

DOI: 10.4236/jbm.2017.511003

25 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2017.511003
https://doi.org/10.1111/j.1471-0528.2011.03156.x
https://doi.org/10.1017/S0007114510001741
https://doi.org/10.1001/jama.2012.39
https://doi.org/10.2337/diab.42.4.537
https://doi.org/10.1210/jcem-54-2-254
http://www.nhibi.nih.gov/health/public/heart/obesity/losewt/bmidis.htm
http://www.infobase.who.int/
http://www.uptodate.com/
http://www.cdc.gov/healthyweight/assessing/index.htm/
https://doi.org/10.1056/NEJMoa0707943
https://doi.org/10.3310/hta11170

V. K. Oriji et al.

(34]

(35]

(36]

Cheung, N.W., Wasmer, G. and Al-Alj, J. (2001) Risk Factors for Gestational Di-
abetes among Asian Women. Diabetes Care, 24, 955-956.
https://doi.org/10.2337/diacare.24.5.955

Maitland, R.A., Seed, P.T., Hornsy, M., et al. (2014) Prediction of Gestational Di-
abetes in Obese Pregnant Women from the UK Pregnancies Better Eating and Ac-
tivity (UPBEAT) Pilot Trial. Diabetic Medicine.

Scott, D.A., Loverman, E., Mc’ntyre, L. and Nauch, N. (2002) Screening for Gesta-
tional Diabetes; A Systematic Review and Economic Evaluation. Health Technology
Assessment, 6, 1-161. https://doi.org/10.3310/hta6110

DOI: 10.4236/jbm.2017.511003

26 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2017.511003
https://doi.org/10.2337/diacare.24.5.955
https://doi.org/10.3310/hta6110

	Prediction of Gestational Diabetes Mellitus in Early Pregnancy: Is Abdominal Skin Fold Thickness 20 mm or More an Independent Risk Predictor?
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	3. Results 
	4. Discussion 
	5. Conclusions
	References

