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Abstract

Background: Maternal obesity is highly prevalent in Fiji and the perinatal and long-term consequences are likely to be
significant. We investigated the relationship between maternal body mass index and maternal and neonatal outcomes
and birth weight centiles in Fijian women. Aims: We sought to use the Intergrowth 21 st (IG21) standard to record the
proportion of babies born over the 90 th centile and to examine the association of other maternal and neonatal
outcomes with normal weight, overweight and obesity amongst women presenting for antenatal care at the Colonial
War Memorial Hospital in Fiji. Methods: From January 2014 — December 2015 we undertook a prospective cohort
study that used a structured questionnaire to collect data on women presenting for antenatal care. Body weight was
recorded at the booking visit and adjusted to estimated pre-pregnancy bodyweight based on gestation at booking.
Midwives collected follow up data regarding the outcomes of these pregnancies and we used the IG21 standard to
estimate birthweight centiles. Results: Of the 1397 records, 79 women were underweight and were excluded for
detailed analysis. For the remaining 1318 cases detailed pregnancy and follow-up data were available. Compared to
normal weight women overweight women were older, parous and were more likely to have pregnancy-related
hypertension and were more likely to have an induction of labour. A sixth (n=224;16.7%) of the babies were above the
90 th centile of birthweight according to IG21 standard and as maternal BMI class increased, the odds of the baby’s
birthweight being > 90 th centile increased. Compared to normal weight women, women with class Il or Il obesity were
three times more likely to have a baby over the 90 th centile (AOR 3.053; Cl 1.907-4.889). Conclusions: A significant
proportion of babies born in Fiji are large for gestational age which predisposes them to long term adverse metabolic
health outcomes. Addressing maternal obesity before pregnancy is going to be key if Fiji is to curb the growing trend in
child and adult obesity and metabolic disease in later life.

Background

Rates of obesity among women of reproductive age has been rising across all regions of the globe’ , but Pacific Island

nations have some of the highest rates in the world.? Obesity, based on the body mass index (BMI) amongst Fijian
women rose between 1980 and 2011 from 30.1% to 52.9% in native Fijian i-Taukei women and from 13.2% to 26.6% in

Fijian Indian women.2 The global burden of disease study attributes this largely to dietary risk factors and lack of

exercise.? Fijians have moved away from traditional food and food collection methods towards convenience packed
foods such as juice, soft drink, crackers, noodles and fried foods.

During pregnancy, maternal obesity has been related to several obstetric and fetal complications, such as hypertensive
disorders, caesarean section, gestational diabetes mellitus, congenital anomalies, preterm delivery, fetal macrosomia
(with possible birth injury), and unexplained stillbirths. 5 Beyond pregnancy, obese women are at increased risk of
type 2 diabetes and cardiovascular disease and their children have an increased risk of obesity in childhood and
metabolic disease later in life.® A meta-analysis using 66 studies from 26 countries found that birth weight (>4,000 g)
was associated with increased risk of overweight (OR=1.66; 95% Cl 1.55-1.77) later in life."® This cycle of obesity is
already evident with 16.1% of boys under 20 and 31.8% of girls in Fiji classified in 2013 as overweight or obese."’

In this study we sought to examine the association between maternal body mass index (BMI) and key maternal and
neonatal outcomes with a particular focus on the relationship between maternal BMI and babies born large for

gestational age. For newborns weight we applied the Intergrowth 21 standard’? which was obtained from a cohort of
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healthy, well nourished, pregnant women from eight geographically diverse populations who were assessed as low risk
for adverse maternal and perinatal outcomes. Experts have argued that applying this standard in place of reference
charts will better identify infants at greatest risk and more clearly identify those that are largest for gestational age at
birth.13

Methods

A prospective cohort study was conducted at the Colonial War Memorial Hospital (CWMH) Antenatal Clinic in Suva
between 1st May 2014 and 31st December 2015. The sample size was based on the known population of reproductive
age women living in the Central Division of Fiji and on the sampling required to ensure a representative sample of the
three main ethnicity groups; I-Taukei, Fijians of Indian Origin and Fijians of other origins. The ideal calculated sample
size was 1116 women of childbearing age. We over sampled to ensure we had adequate numbers to allow for
estimation of the key delivery outcomes.

All women pregnant with a single fetus attending the Antenatal Clinic for their first booking visit and who self-
identified as Fijian were invited to participate in the study through a participant information statement.

After consenting to participate, women were asked to complete a questionnaire which asked about their demographic
information including ethnicity. As stated above the Fiji population includes three main ethnicities, indigenous
population known as the i-Taukei, Fijians of Indian decent, and Fijians of other decent. We asked about their medical
conditions, their reproductive history, details of the current pregnancy, their knowledge of family planning and their
fertility preferences. Women consented to follow-up of their medical records for the details of antenatal care and
complications, and maternal and neonatal delivery outcomes and complications. This information was collected on a
structured data collection form.

The body weight of the women was adjusted according to the gestation week of first presentation using standards
recommended for body weight gain women for normal or overweight women. Weight gain to 10 weeks gestation was
assumed as zero. Forthe remainder of the pregnancy weight gain for normal weight women was estimated at 450g
per week and for overweight and obese was estimated as 300g per week. After adjusting the bodyweight, a pre-
pregnancy BMI was calculated using the adjusted weight and measured height. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height in meters. We used the WHO categories of Body
Mass Index (BMI); less than 18.5 (underweight); 18.5 to 24.9 (normal weight); 25 to 29.9 (overweight) and 30 and over
(obese).’ The obese categories were further defined as obese class | (BMI 30.0—-34.9); obese class Il (BMI 35.0-39.9)
and obese class Ill (BMI above 40).

In this study we used the INTERGROWTH-21st (IG 21) standard to document birthweight percentiles of the babies
delivered. The birthweight centiles were calculated for 1291 cases where the estimated gestation at birth was between

168 and 300 days.'? Estimated due date was calculated using LMP in 74% of cases and on clinical dating in 26% of
cases.
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All the data were analysed using SPSS version 25. Simple frequencies, means and crosstabulations were used with t-
tests and Chi Square analysis applied. Binary Logistic regression was used to calculate Odds Ratios for the categories
of BMI which were adjusted for age, parity and hypertension and diabetes in pregnancy. Normal weight was used as
the comparator so the cases of maternal underweight (n=79) were not included in this study. This study was approved
by the Fiji National University, College of Medicine, Nursing and Health Sciences Health Research Ethics committee
and the Fiji Ministry of Health and Medical Services National Health Research and Ethics Committee.

Results

Of the 2203 participants, complete data on demographic factors, body mass index and pregnancy outcomes were
available on 1397. Seventy-nine of these had a recorded BMI as underweight and were excluded from the detailed
analysis leaving 1318 participants. Estimated due date (EDD) was calculated from the last menstrual period (LMP) in
74 % of the cases and from clinical estimates in the other 26%.

Most women (73%) reported their ethnicity as indigenous (iTaukei) and most (61%) were presenting for their first or
second pregnancies. Over a quarter of women (28.6%) were overweight and 36.6% were obese. Selected
demographics of the study population are included in Table 1.

The maternal factors associated with overweight and obesity compared to normal weight are documented in Table 2
with associations with age, parity and hypertension being significant. Screening for pre-existing diabetes occurred in
566 women (42.9%) and for gestational diabetes in 1014 (76.9%). Diabetes (both preexisting and gestational) as a
complication of pregnancy was not significantly associated with maternal BMI.

The relationship between delivery outcomes and BMI are documented in Table 3 with overweight and obese women
more likely to have a preterm delivery and be delivered following induction of labour. There were five cases of shoulder

dystocia (not tabled) with two in babies over the 90t centile and three in babies under. Specific neonatal
complications such as respiratory distress and neonatal hypogylcaemia were not captured.

A sixth of all babies were over the 90t centile birthweight for their gestation (n=224; 16.9%). The relationship between
neonatal outcomes and maternal BMI are documented in Table 4 with overweight and obese women more likely to

have babies above 4000 g or above the 90t centile. In comparison, normal weight mothers were more likely to have
babies whose birthweight was below the 10 centile.

Discussion

This study found that maternal overweight and obesity is prevalent in Fiji and is associated with increased risk of
induction of labor and large for gestational age and macrosomia. Using the IG 21 standard around one sixth of
babies born were LGA and the adjusted risk of birthweight over the 90t centile for gestation was 3 times higher in the
severe or morbidly obese group. These data confirm and outstrip other groups’ findings'®'® that have concluded that
obese women have an OR ranging between 1.5 and 2.2 of delivering large for date infants, even after controlling for
maternal diabetes.
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Using the IG-21 data has provided Fiji with growth centiles across all gestations from 26 weeks when previously only
the WHO infant centile charts were used to document newborn weights at term. IG21 thus provides the opportunity to
recognize abnormal growth across a range of gestations when local growth charts do not exist. However not all
perinatal clinicians and researchers are supportive of the notion of an international standard. Using routinely collected
maternity data from ten countries, a UK research group found that the average LGA rate was 20.6% (range 5.1-27.5)
and argued that IG 21 formula reflected physiological variation which blunts the standards ability to identify
pathology.!” In contrast, the IG21 group compared babies born in England using local charts and documented 11% of
babies born over 90™ centile compared to the IG21 rate of 19% which they believes accurately reflects the high

prevalence of maternal obesity.'®

In terms of maternal complications, this study noted that pregnancy-related hypertension increased as BMI category

|19

increased. These are similar to the findings of Bhattacharya et al.'” who found a three times higher risk of

preeclampsia in obese women. No association between diabetes in pregnancy and BMI was found contrary to other
studies, possibly because of underdiagnosis.2® We found only a few associations between perinatal complications
and LGA the long-term metabolic effects including the increased risk of obesity 2! and insulin resistance?’?2 have
possibly more important implications for the individuals and the health system in Fiji.° Unfortunately intervention
trials?324 in overweight and obese mothers initiated in pregnancy, such as dietary modification and increasing
physical activity, have to date indicated that there is minimal benefit to pregnancy outcomes. Therefore weight
changes need to be made before pregnancy. Indeed the World Health Organization (WHO) lists pregnancy planning
and preconception care as one of six key strategies to reduce childhood obesity.2°

Limitations

Diabetes as a complication of pregnancy did not distinguish between preexisting diabetes and although neonatal
nursery admission was no higher in those LGA compared to AGA we were unable to capture neonatal complications
such as hypoglycaemia.2® This study was representative of women attending the Colonial War memorial hospital for
antenatal care as a similar proportion of each of the ethnic groups has been documented in other studies from this

clinic 2728 but oversampled women of I-Taukei compared to the general population.2®

Conclusions

Addressing health before pregnancy is going to be key if Fiji is to curb the growing trend in child and adult obesity and
metabolic disease in later life.3® The World Health Organization (WHO) has recognised that one of the six key
strategies to stem the rise in childhood obesity is to address maternal obesity.3’
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Tables

Table 1: Demographic factors of the study population
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Variable Frequency (Valid %)
Age group <25 571 (43.6%)
25-29 379 (28.9%)
30-34 230 (17.6%)
35 and over 130 (9.9%)
Marital status Married/DeFacto 1156 (88.2%)
Divorced or widowed 10 (0.8%)
Single 145 (11.0%)
Education Primary or less 51 (3.9%)
Secondary 621 (47.4%)
Tertiary 639 (48.7%)
Ethnicity i-Taukei 958 (73.1%)
Fijian Indian 261  (19.9%)
Fijian Rotuman 16 (1.2%)
Other 75 (5.7%)
BMI Normal 459 (34.8%)
Overweight 377 (28.6%)
Obese Class 1 283 (21.5%)
Obese Class 11 122 (9.3%)
Obese Class 111 77 (5.8%)
Parity No Previous births 472 (35.8%)
1 previous birth 329 (25.0%)
2-4 births 450 (34.1%)
5 or more 67 (5.1%)
Table 2: Maternal age and pregnancy history by BMI categories
Maternal Characteristic Normal Weight Overweight Class I Obesity Class II or III p value
obesity
(n =459) (n=377) (n=283)
(n=199)
Maternal early pregnancy 21.84 +1.82 27.24 * 1.53 32.44 + 1.39 38.63 + 3.41 (n=19) 0.000
BMI* (n=47) (n=39) (n=28)
Maternal age (years)* 24.85 + 5.09 26.05 £ 5.02 27.92 £ 5.37 29.56 + 5.68 0.000
Parity (% nulliparous) 42.9% 36.3% 23.6% 17.3% 0.000
PC-Hypertension (%) 0.7% 1.3% 3.2% 3.1% 0.030
PC-Diabetes mellitus (%) 9.2% 7.0% 8.6% 6.7% 0.574

* Mean =+ SD

Maternal early pregnancy BMI is only calculated for women who presented before week 10 of gestation.

p-value for the comparison of BMI categories using t-test or X2.

Table 3: Delivery outcomes by BMI Categories
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Normal Overweight Class I Obesity Class II or III obesity
Weight (n=283) (n=199)
@ (n=377)
=459)
n (%) n (%) |Unadjusted |Adjusted n (%) |Unadjusted |Adjusted n Un- Adjusted
OR OR* OR OR* (%) adjusted OR*
(95% CI) (95% CI) (95% CI) (95% CI) OR (95%
(95% CD)
CI)
Preterm 31 14 0.525 0.486 | 8 0.407 0.361 9 0.665 0.573
birth 037 | (7.0%) (3.8%)* (3.0%)* (0.184- (0.159- | (4.8%)
weeks (0.275- (0.251- 0.899) 0.820) (0.310- | (0.253-
1.002) 0.938) 1.426) 1.297)
Postdate 19 30 (8.2%) 1.977 1.784 25 2.285 2.210 16 2.066 1.758
0290 days | (4.3%) (1.094- (0.972- | (9.3%)* (1.233- (1.168- | (8.5%) | (1.038- (0.846-
3.575) 3.274) 4.235) 4.183) 4.112) 3.653)
Induced 25 35 1.767 1.794 30 2.246 2.230 15 1.530 1.576
labor (6.2%) (10.4%)*| (1.035- (1.043- | (12.9%)% (1.286- (1.244- | (9.1%) | (0.785- | (0.778-
3.018) 3.086) 3.922) 3.997) 2.983) 3.194)
Assisted 8 6 (1.6%) 0.920 0.925 4 (1.5%) 0.826 0.862 0 - -
vaginal |(1.8%) (0.316- (0.314- (0.247- (0.248- | (0.0%)
delivery 2.677) 2.728) 2.771) 2.990)
Elective |6 (1.3%) | 4 (1.1%) 0.817 0.721 7 (2.6%) 1.959 1.373 8 3.242 2.117
CS (0.229- (0.200- (0.651- (0.442- | (4.2%) | (1.109- | (0.686-
2.918) 2.604) 5.891) 4.271) 9.475) 6.528)
Emergency] 52 36 (9.8%) 0.835 0.800 39 1.284 1.228 23 1.050 1.024
CS (11.5%) (0.533- (0.503- | (14.3%) (0.823- (0.765- | (12.0%)| (0.623- (0.580-
1.308) 1.272) 2.005) 1.972) 1.772) 1.808)

* OR adjusted for Maternal age, Parity, Hypertension and Diabetes

# P <0.05

Table 4: Neonatal outcomes by BMI categories
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Normal Overweight Class I Obesity Class II or III obesity
Weight (n=377) (n =283) (n=199)
(n =459)
n (%) n (%) Un- Adjusted n (%) Un- Adjusted n (%) Un- Adjusted
adjusted | OR* (95% adjusted| OR* (95% adjusted OR*
OR CI) OR CD OR (95% CI)
(95% CI) (95% CI)
(95%
CDh
Birth Weight [ 32 15 0.554 0.556 12 0.604 0.603 6 (3.1%)| 0.418 0.469
2500 g (7.1%) | (4.1%) | (0.295- (0.293- (4.4%)
1.039) 1.056) (0.305- (0.296- (0.172- | (0.185-
1.193) 1.230) 1.017) 1.185)
Birth Weight 68 35 0.568 0.607 21 0.485 0.560 10 0.312 0.421
Below 10" | (16.7%) | (10.2%)* (0.368- (0.389- | (8.9%)* (5.9%)*
centile 0.879) 0.947) (0.289- (0.327- (0.156- | (0.206-
0.814) 0.960) 0.621) | 0.863)
Birth Weight 0 23 46 2.646 2.30 53 4.50 3.71 45 5.632 443
4000 g (5.1%) |(12.5%)* (1.571-| (1.35-3.91)| (19.6%)% (23.3%)# ( (2.52-
4.455) (2.69- | (2.17-6.33) 3295 | 7.77)
7.543) 9.626)
Birth Weight 45 67 1.960 1.771 57 2.547 2.110 55 3.847 3.053
Above 90t [ (11.1%) | (19.6%)| (1.302- (1.167- | (24.1%) (32.4%)%
centile 2.950) 2.687) (1.657- (1.348- (2.462- | (1.907-
3.915) 3.302) 6.012) 4.889)
Low Apgar 2 4 (1.1%)| 2.417 2.510 4 (1.5%)| 3.258 3.482 3 (1.6%)| 3.566 4.257
score® (0.5%) (0.440- (0.440- (0.591- | (0.620-
13.27) 14.307) (0.593- | (0.591- 21.517) | 29.242)
17.912) 20.509)
Admission in 18 11 0.737 0.680 17 1.597 1.257 8 (4.1%)| 1.040 0.828
NICU (4.0%) (3.0%) (0.344- (0.312- (6.2%) (0.444- | (0.333-
1.581) | 1.485) (0.809- 1 (0.608- 2.435) | 2.057)
3.155) 2.595)

¢ Apgar <5 at 1 minute or <7 at 5 minutes

* OR adjusted for Maternal age, Parity, Hypertension and Diabetes

# P <0.05
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