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Abstract

Objective—To determine the risk of gestational diabetes (GDM) and insulin resistance (IR) in
obesity defined by body mass index (BMI), waist-to-hip ratio (WHR) or both combined.

Methods—Secondary analysis of a randomized multicenter trial of antioxidant supplementation
versus placebo in nulliparous low-risk women to prevent pregnancy associated hypertension.
Women between 9-16 weeks with data for WHR and BMI were analyzed for GDM (n=2300).
Those with fasting glucose and insulin between 22-26 weeks (n=717) were analyzed for IR by
homeostasis model assessment of insulin resistance (HOMA-IR; normal<75tpercentile). WHR
and BMI were categorized as normal (WHR<0.80; BMI<25kg/m?2); overweight (WHR:0.8-0.84;
BMI:25-29.9kg/m?); and obese (WHR=0.85; BMI=30kg/m?). ROC curves and logistic regression
models were used.

Results—Compared with normal, the risks of GDM or IR were higher in obese by BMI or
WHR. The subgroup with obesity by WHR but not by BMI had no increased risk of GDM. BMI
was a better predictor of IR (AUC-0.71(BMI), 0.65(WHR), p=0.03) but similar to WHR for GDM
(AUC-0.68(BMI), 0.63(WHR), p=0.18.
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Conclusion—Increased WHR and BMI in early pregnancy are associated with IR and GDM.
BMI is a better predictor of IR compared with WHR. Adding WHR to BMI does not improve its
ability to detect GDM or IR.

Trial Registration number—NCT00135707 http://clinicaltrials.gov/
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Introduction

Obesity is a major epidemic in the United States, affecting almost one-third of all
individuals, and its incidence during pregnancy has doubled over the past 2 decades?.
Various indices have been developed to characterize obesity and assess its association with
adverse health outcomes. The most commonly studied index, body mass index (BMI) [body
weight (kilograms)/height? (meter?)] is a measure of total body fat. An elevated BMI has
been associated with increased risk of coronary artery disease, hypertension and type |1
diabetes in the general population?. However, BMI values may have different connotations
in individuals with diverse ethnic background, short/tall stature, or varied muscle mass, and
does not reflect the regional distribution of fat in the body, i.e. subcutaneous versus visceral/
central2. Such differentiation is important, as subcutaneous fat has fundamentally different
metabolic properties than visceral fat.

Visceral fat secretes inflammatory and thrombogenic factors, and inhibits adiponectin
production, thus leading to impaired glucose metabolism, diabetes mellitus, hypertension,
metabolic syndrome and other cardiovascular diseases®. Therefore, measures of central/
abdominal obesity such as waist circumference (WC) and waist to hip ratio (WHR) have
been compared to BMI for their association with adverse cardiovascular and metabolic
consequences. Larger WC is predictive of type 2 diabetes, dyslipidemia, hypertension and
coronary artery disease?. In non-pregnant females, WHR of >0.85 had a stronger association
with type 2 diabetes compared with WC or BMI®,

During pregnancy, high BMI has been associated with adverse maternal and neonatal
outcomes, and is a known risk factor for gestational diabetes® 7 and insulin resistance®.
However, the association between WHR and gestational diabetes and insulin resistance has
not been systematically evaluated. The correlation amongst these obesity indices is varied
(0.88, 0.34, and 0.44 for BMI-WC, BMI-WHR, WC-WHR, respectively)?, which suggests
that they may provide different information and thus may not be interchangeable.
Accordingly, our objective was to determine the risk of GDM and IR in obesity defined by
BMI, WHR or both combined and to test the strength of association of WHR versus BMI
with subsequent development of GDM or IR.

Materials and Methods

This is a secondary analysis of a randomized multicenter trial of Vitamin C and E
supplementation for prevention of pregnancy associated hypertension. The eligibility criteria
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for enrollment in the trial were gestational age 9 — 16 weeks with singleton pregnancy in
nulliparous women with no history of pre-gestational hypertension, proteinuria, diabetes or
other medical problems, substance abuse, fetal abnormalities, uterine bleeding or in-vitro
fertilization. A total of 10,154 women were enrolled from 16 clinical centers affiliated with
Eunice Kennedy Shriver National Institute of Child Health and Human Development
Maternal Fetal Medicine Units (MFMU) Network between 2003 and 2008. Of all the
patients enrolled in the randomized control trial, 2394 women participated in the “prediction
study”, and were followed through the pregnancy. A prospective cohort study had been
designed to complement the randomized controlled trial and a sub-population of subjects
participated in this “prediction study”. These women were nulliparous, underwent original
randomization between 9-12 weeks and had additional procedures such as blood testing and
uterine artery doppler. This was designed to test for various biochemical and biophysical
markers for their ability to predict preeclampsia in these women. Of these, 2300 had data for
WHR, BMI at enroliment and were analyzed for development of GDM. A subgroup of
women who had fasting insulin and glucose levels drawn between 22 — 26 weeks (n=717)
were analyzed for development of insulin resistance. Outline of study participants analyzed
is shown in figure 1. There was no statistical difference between vitamin treatment groups
for development of GDM or IR, so the groups were combined. Full details of the study
design and technique of data collection have been described previously0. The Institutional
Review Boards of each clinical site and the data-coordinating center approved the study.

The waist and hip measurements were standardized and the study personnel were trained to
perform the measurements while patient was standing erect, at a horizontal plane, at the
level of umbilicus at the end of normal expiration for waist and at the site of maximum
extension of the buttocks for hip measurement.

Gestational diabetes was diagnosed at 26 weeks, per the guidelines of each clinical center.
Insulin resistance was estimated by using the previously validated surrogate marker of
Homeostatic model assessment of insulin resistance (HOMA-IR)!! as defined below.

HOMA —IR=fasting insulin (xU/mL) X fasting glucose (mmol/L)/22.5.

The measurements were categorized as normal range (WHR <0.80, BMI <25 kg/m?);
overweight (WHR 0.80 — 0.84, BMI 25 — 29.9 kg/m?); and obese (WHR =0.85, BMI=30
kg/m?2) based on the WHO criteria2. Since HOMA-IR values were not normally distributed,
we used percentiles to define elevated HOMA-IR, which was dichotomized into normal
(<75 percentile) versus abnormal (>75 percentile).

The primary outcome of the study was the risk of GDM and insulin resistance in patients
classified as normal, overweight and obese by either WHR criteria, BMI criteria or both
combined. The secondary outcome was the association of early pregnancy WHR versus BMI
with subsequent GDM and insulin resistance.

The Wilcoxon rank sum test was used to analyze continuous variables and chi-square test
was used for categorical variables. Receiver operating characteristics curves and logistic
regression models adjusting for maternal demographics including maternal age, education,
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race, weeks of gestation at enrollment, alcohol and smoking status, were used to evaluate the
association of WHR and BMI with GDM and HOMA-IR. Statistical analysis was conducted
with SAS software (SAS Institute, Cary, NC). A nominal two-sided P value less than 0.05
was considered to indicate statistical significance and no adjustments were made for
multiple comparisons.

Baseline maternal demographic characteristics for the 2300 women are described in Table 1.
The demographics of the subset of 717 patients were analyzed and were similar to the rest of
the participants in terms of pre-pregnancy weight and BMI at enrollment and smoking status
(data not shown).

3.5% (80/2300) of the participants developed GDM and 25% (179/717) developed insulin
resistance during pregnancy. Mean WHR and BMI of the patients who developed GDM in
the study were significantly higher than those who did not develop GDM (0.88 +/- 0.07
versus 0.84 +/- 0.08 for WHR, p<0.0001 and 30.85 +/- 8.3 versus 26.06 +/- 6.12 Kg/m2
for BMI, p<0.0001, respectively). Mean WHR and BMI were also significantly higher for
those who developed IR compared with normal (0.86 + 0.08 versus 0.83 + 0.07, p=0.0001
for WHR and 30.33 + 8.15 versus 24.94 + 5.19, p<0.0001 for BMI, respectively.

Women who were overweight or obese by BMI definition (BM1=>25) regardless of their
WHR had higher odds of GDM and IR compared to normals (Table 2). Those who were
obese by BMI =30 had adjusted odd ratios of 4.75 (95% CI 2.65-8.52) and 5.9 (95% ClI
3.79-9.19) for GDM and IR, respectively. Those who were obese by WHR regardless of
their BMI had increased odds of GDM and IR, (aOR 2.65, 95% CI 1.34-5.25) and (aOR
2.63, 95% CI 1.68-4.13), respectively. However, overweight by WHR was not significantly
different from those with normal by WHR for either GDM or IR (Table 2).

Additional regression analyses were done where BMI and WHR were combined, to
ascertain their significance when either one or both were abnormal (BMI=30 and or
WHR=0.85) compared to when both were in non-obese range (BMI<30 and WHR<0.85) in
the study population. In this analysis, the aOR in those who were obese by both criteria
compared to non-obese by both was 4.28 (95% CI 2.28-8.02) for GDM and 6.03 (95% CI
3.70-9.83) for IR respectively. Rates of GDM and IR were also highest in the group that was
obese by both criteria (Figure 2).

Those patients who had obesity by BMI only and had non-obese range WHR also had higher
aOR of GDM in comparison with non obese by both criteria, (aOR 3.38, 1.48-7.70).
Conversely, those who had obesity by WHR only but with non-obese range BMI were not
significantly different than those who were non-obese by both criteria, (2OR 1.79, 0.96—
3.31). For IR, obesity by WHR, or BMI, or both showed a significant increase in aOR
compared to non-obese by both (Figure 2).

ROC curves analysis showed that BMI and WHR were not significantly different in
prediction of GDM (AUC 0.68 and 0.63 for BMI and WHR respectively, p=0.18) (Figure 3-
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a). However, BMI was a stronger predictor of an abnormal HOMA-IR (AUC 0.71 and 0.65
for BMI and WHR respectively p=0.03) (Figure 3-b).

We also performed an ethnicity-stratified analysis. GDM developed in 7.8% of Hispanics,
5.1% of African Americans and 8.7% of whites with BMI=30 compared with 2.6%, 0.9%
and 1.2% of Hispanics, African Americans, and Whites with normal BMI, respectively.
There were significant odds of developing GDM with BMI=30 in Hispanics (aOR 3.1, 95%
Cl 1.1-8.6) and whites (aOR 7.7, 95% CI 3.2-18.4) compared with normal BMI. In African
Americans, the odds of developing GDM were statistically significant only with WHR=0.85
(aOR 5.0, 95% CI 1.03-24.3) compared with normal WHR and not BMI =30 compared with
normal BMI. The trend of developing IR with increasing BMI was statistically significant in
all races but with increasing WHR only in Whites (Table 3).

Discussion

In this secondary analysis, we found that BM1 =30 kg/m? and WHR =0.85 during early
pregnancy are significant risk factors for development of GDM and insulin resistance.

Our findings are consistent with previous studies confirming the association of BM|6 11-14
and high WHR1? in early pregnancy with development of gestational diabetes.

When we compared these indices with each other, BMI was a stronger predictor of IR but
similar to WHR for GDM. This finding implies that development of IR during pregnancy
may be a function of total body fat and less dependent on the central fat distribution, which
is in contrast to the various cardiovascular and metabolic consequences of the latter outside
of pregnancy6 17,

It is known that WHR has a weak correlation with BMI (r=0.4)18. 19, However we found that
WHR was still comparable to BMI for its association with diabetes. Therefore, it could be
hypothesized that combining the two as a collective risk assessment tool may improve their
ability to predict GDM and IR. We found that those who were obese by both criteria
(BMI1=30/WHR=0.85) represented the highest risk of GDM and IR compared to non obese
by both. However, overall, using both obesity measures together gave similar adjusted odds
ratios to using BMI as the only measure of obesity. Thus, BMI should remain as the standard
clinical guide to establish the risk of GDM and IR during pregnancy.

It is important to note that the ability of various obesity indicators to predict diabetes varies
by ethnicity, likely due to differences in percentage of total body fat and body fat
distribution29 =~ 23, In our ethnicity stratified analysis, we noted that in Hispanics and whites,
BMI was associated with increased odds of developing GDM, while in African Americans,
WHR was associated with GDM. This may suggest a higher role of central adiposity in
development of GDM in African Americans that the total body fat alone. BMI =30 was
associated with increased odds of developing insulin resistance in all races. In whites only,
WHR=0.85 was also associated with insulin resistance. The lack of significance in some
categories may be due to small numbers and the wide confidence intervals suggest that
validation in other cohorts would be desirable.
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Our findings imply that being a strong predictor of GDM and IR, elevated BMI should
continue to be a significant risk factor requiring early screening for effective management of
pregnancy. In African Americans however, WHR can also be used as an independent risk
factor for development of GDM.

Strengths of this study are that it includes data collected by trained staff prospectively on a
large number of women. However, our study was limited by the lack of a more precise
gestational age range when BMI and WHR were calculated. It ranged from 9 — 16 weeks,
and there may be concerns that as the pregnancy progresses, these indices may be influenced
by gestational weight gain in lean tissues, thus limiting their use in pregnancy. An alternative
would be to use pre-pregnancy BMI or WHR as an indicator of obesity in pregnancy, but
that calculation may be frequently self-reported and inaccurate. In addition, due to the waist
measurement taken at the level of the umbilicus, the measurements may be confounded in
those in whom the umbilicus descended below the waist along with the panniculus.

In conclusion, BMI and WHR are significant risk factors for development of gestational
diabetes and insulin resistance. This association varies among different ethnicities.
Combining these 2 indicators does not significantly improve the detection of GDM or IR in
the general population compared to using only BMI as a measure of obesity status. Thus,
WHR should not replace BMI as a predictor of GDM and IR during pregnancy
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MFMU network

10,154 women enrolled between 2003 - 2008
in 16 clinical centers affiliated with NICHD

2394 were enrolled in the prediction study and
were followed through the gestation

2300 had WHR measurements by the
study staff and were included for GDM
analysis

Figure 1.

717 had fasting insulin and glucose
measurements between 22 - 26
weeks and were included for IR

Study participants analyzed for Gestational Diabetes Mellitus and Insulin Resistance
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| P<0.0001
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both WHR<0.85 BMI<30

Figure 2.

by both

P<0.0001

both

IR

P<0.0001

WHR<0.85 BMI<30

Page 11

by both

Percentage with GDM and IR by obesity category when BMI and WHR were combined. P-
values presented pertain to adjusted odds ratios for GDM and IR from multivariable logistic
regression analysis. The obesity category is compared with the reference category of non-

obese (WHR<0.85 and BMI <30).

Am J Perinatol. Author manuscript; available in PMC 2017 January 31.

60
50

Percent



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Basraon et al.

Sensitivity

Page 12
ROC Curves for Comparisons ROC Curves for Comparisons
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Figure 3.
Receiver operating characteristics curves showing the association of WHR versus BMI with

GDM (a) and HOMA-IR (b).

Am J Perinatol. Author manuscript; available in PMC 2017 January 31.



Page 13

Basraon et al.

*(9%) U 10 UOITRINSD pJepuBlS F Ueal s pajuasald ale ereq

sieak
910 | (0'82)eee6 | (g5L)ve8 | TOOO> (e58) 6¥5 | (9°€L) 812T ZT=< Uoljeonp3
100 _ (9y1) LT _ (g'81) 02 _ 800 _ (evT) 26 (e'11)182 Burjows
(e2) 82 (s LT 6T 2T (02 ee 1Yo
(9°s2) 90€ | (0'2w) vov (8'6) €9 (6'7€) 625 oluedsiH
(z'81) 812 | (S°08) LEE (eeg) g12 (5°02) ove URdLIBWY UBdLYY
1000> | (6'€9) ¥¥9 | (6'52) 982 | T00°0> (0°59) vs€ (§'s¥) ¥S. | 8nym oluedsiH-uoN
Anoiuyr3/eoey
(s>199M) JUBWI|0IUS
€000 | OTFGTT | TTFETT 120 TTFVTT TTFVTT Je abe |euonelseD
800 _ 8V FGEC _ LYF2€C _ 66°0 _ 6V FVEC LYV FEEL _ (steak) abe Jeussre
_ 96TT=N _ POTT=N _ _ Pp9=N 959T=N _
08'0>o0nel | 08°0onel
anfeA-d | Sz>1AgG | S22 1IAG | enfead diy 1518 diy 1srem
So1Is1I819R.IRYD Buljaseq pue J1ydesbowsq
T 8lqel

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Perinatol. Author manuscript; available in PMC 2017 January 31.



Page 14

Basraon et al.

(zs'8
(616 '6L°€) (6'2p) | (2T¥'89'T) (1°28) | ‘392 (02) | (gzs'veT) (6'7)
6'S | £9T/8L €92 | esz/s0T | SLv | eos/se 692 | S901/2S | 8s8q0O
(86t
(S0¥ '€9'T) (1°62) | (16T '69°0) (g81) | ‘6v'T) (ev) | (rse'920) (62) | wbrem
1ST | 2LT/08 vTT | soz/se | 2T | 109192 v9T | T6S/LT NEY)
(7et) (2s1) (o1 (21)
0T | 28e/1s 0T | 62¢z/9e 0T | 96TT/6T 0T | ¥v9/TT | [ewioN
(12 %56) (%) | (10 %s6) (%) o\m% (%) | (10 %%6) (%)
yoe | [e0l/N doe | rewol/N moom [e101 /N doe | [e1l/N
INg dHM InNg dHM
30UeISISal uljnsu| SN1I|jaW S8lagelp [euolleIsas)

[N snsisn YHM Aq
pauILep USWOM 3$3q0 pue 1YBIamIano ‘[eWIOoU Ul 93UB)SISal UIjNSuUl pue sniijjaW salagelp [euoleisab Jo juawdojanap 10} olrel sppo palsnipe pue agusplou|

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Perinatol. Author manuscript; available in PMC 2017 January 31.



Page 15

Basraon et al.

(9801 | (Wz'TR) (287 | (€9°0¢) (Le8T (czee) | (egv'aL0) €T
‘92°€) ¥0'9 L6/0F | 0ST) Lz | 09T/6v | ‘€e)TLL | S6TILT 8T | Lt SOUUM
(stot | (8229) | (tos'zzo) | (orsy) | (28°€2'56°0) (503) (zeve (99°6) | uesnswy
‘€€'27) 819 SY/92 06T 15/52 1Ly | 86T/0T ‘€0T) 06 | ereerT ueaLyy
(Te'1T | (929) | (0g°2'89°0) | (8L%Y) | (29'8'TT'T) (L) | Gryeero) (22}
‘0T'T) 25 6T/0T e 19/0€ 60°€ £0T/8 zze | ezp/ee | owedsiH
(10 %56) (%) | (10 %S6) (%) (12 %56) (%) (12 %56) (%)
doe | rel/N doe | [ewl/N doe | rewl/N doe | reol/N
0£2ING G8'0THHM 0£2INgG G8'0T4HM
30UelISISal uljnsu| SN11||sW S81agelp [euolleIsa

‘Ajaanoaadsal (Gz >) 1Ng pue (08'0>) ¥HM [ewou yim patedwod NG 10 YHM Aq 8sago
se paziiobares syusited Joy pajuasald ase | %SG6 pue (HO®) solres sppo paisnipy "A11o1uyig Agq soueisisay uljnsu| pue NGO Jo uawdolanap pue A11saqO

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Perinatol. Author manuscript; available in PMC 2017 January 31.



	Abstract
	Introduction
	Materials and Methods
	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

