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Association of pre-pregnant
body mass index
and gestational weight gain
with timing of delivery

Abstract

Abbreviations:

BMI = body mass index

SGA = small for gestational age newborn
LGA = large for gestational age newborn
WG = weight gain

Introduction

In 1990, the Institute of Medicine publi-
shed recommended ranges of maternal wei-
%ht gain (WG) for singleton term deliveries,

y pre-pregnant body mass index (BMI)®.
Since rate of WG in singleton pregnancies is
considered linear from around 20 weeks to
term, the WG ranges may be used to assess
whether women delivering preterm achieve
the target weight gain for any specific ges-
tational age.

In the literature, maternal pre-pregnant
BMI and gestational WG have geen as-
sociated with preterm delivery®?. It has

Objective. To evaluate the effect of both pre-pregnant body mass index and gestational weight gain on
preterm delivery. Design. Retrospective study using the pregnancy risk Assessment Monitoring System
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Sample. Women having delivered a live birth were randomly sampled using stratified systematic sampling.
Methods. Women were asked to complete a self administered questionnaire, merged with the respective
birth certificate. Those with multiple pregnancies, preterm premature rupture of fetal membranes, and those
presenting with several indications for medically induced preterm birth were excluded. A multinomial logistic
regression model and the Wald's test were used to estimate and compare adjusted odds ratios associated
with risk factors for preterm delivery and potential confounders. Main outcome measure. Gestational age
at delivery. Results. The sample included 30,108 women representing a population of 1,495,474. The risk of
very preterm birth (<33 WG) was significantly increased when compared to the risk of moderate preterm birth
(33-37 WG) in women with either low or excessive weight gain, regardless of body mass index (BMI). Age <18
years, African American origin, Medicaid insurance, no prenatal care, smoking during pregnancy, or a large
for gestational age fetus were associated with a significantly increased risk of very preterm birth compared
to the risk of moderate preterm birth. Conclusions. Variations and interactions between the rates of pre-
pregnant body mass index and weight gain during pregnancy impact preterm delivery. Their effects appear
to be interactively related with the risk of preterm delivery and hence should not be studied separately.
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been shown that suboptimal maternal WG
is related to an increase in very preterm
delivery™®, while excessive WG is associated
with a higher rate of preterm delivery in
African American women®. A recent survey
concluded that excessive WG, regardless of
maternal BMI, could be related to a higher
preterm delivery risk, but that this relation-
ship “deserves further investigations”®.

The aim of the present study is to eva-
luate the effect ofboth pre-pregnant BMI
and WG during pregnancy on the risk of
preterm delivery, using data from a large
U.S.A. survey sample.

Methods

The Pregnancy Risk Assessment Moni-
toring System (PRAMS, Phase IV) data for
live births (2000-2001) was used for the
analysis. PRAMS is a surveillance project
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implemented by the Centers for Disease
Control and Prevention (CDCP) and 22 state
health departments®®. In each state, women
having recently delivered a live birth were
randomly sampled using stratified syste-
matic sampling and asked to complete a
self administered questionnaire. All states
provided an incentive for participation and
over sampled women who were at risk of
adverse pregnancy outcomes. The completed
surveys were merged with the respective
birth certificates. The data was weighted to
adjust for survey design, non-coverage, and
non-response, and is representative for all
state resident women delivering a live birth
in the state®. Each participant was assigned
a sample weight enabling survey sample
data to be extrapolated to the entire state
population. Stata 9.2 (Stata Corporation,
Lakeway Drive, College Station, Texas, USA)
was employed for all analyses. The study was
approved by the Medical University of South
Carolina Institutional Review Board.

Using pre-pregnant weight and height
measures, women were assigned to one of
four pre-pregnant BMI classifications: un-
derweight (<19.8 kg/m?), normal weight
(19.8-26 kg/m?), overweight (OW = 26.1-
29 kg/m?) and obese (OB >29 kg/m?)™. For
each pre-pregnant BMI category, the ex-
pected ideal WG range for term singletons
was determined based on the Institute of
Medicine 1990 recommendations (12.7-
18.1 kg for underweight women, 11.3-15.9
kg for normal weight women, and 6.8-11.3
kg for both overweight and obese women).

omen who gained less than the minimum
were classified as low WG, those who gained
more than the maximum were classified as
excessive WG and all others were classified
as adequate WG.

Women who delivered preterm were not
expected to gain as much weight as those
who delivered at term, weight gain categories
were therefore calculated for each gestati-
onal age to adjust for preterm birth. Since
the Institute of Medicine rate of ideal WG
differs from the first half to the second half
of pregnancy, the WG expected in the first 20
weeks was considered separately from that
expected in the second 20 weeks. Firstly, for
each BMI, the Institute of Medicine average
WG at 20 weeks (5.7 kg for underweight wo-
men, 4.8 kg for normal weight women, and
3.1 kg for overweight and obese women) was
subtracted from the minimum and maximum
WG at term. These remainders were then
equally apportioned across the following 20
weeks to obtain the minimum and maximum

Vol. 8 « No. 27 - 1/2012 H

WG range expected at each gestational age
from 20 weeks to term. Finally, each de%i—
very was categorized as low, adequate or
excessive WG and adjusted for gestational
age and pre-pregnant BMI. For WG analyses
only, deliveries over 41 weeks were omitted
(the assumption that WG continued linearly
beyond 41 weeks could not be confirmed).
For other analyses, all gestational ages were
included.

The following demographic characteristics
were obtained from both the PRAMS data-
base and birth certificates: maternal age,
maternal race, type of medical insurance,
prenatal care, maternal blood pressure di-
sorders and presence of diabetes mellitus,
participation in the Special Supplemental
Nutrition Program for Women, Infants, and
Children (WIC Program), pregnancy inten-
tion, and mode of delivery. Data concerning
birth weight and gestational age at delivery
were collected from birth certificates and
used to calculate fetal growth status. The
variable “prenatal care” is an indicator that
combines the pregnancy trimester when pre-
natal care began and the number of prenatal
visits during pregnancy®.

Women presenting with multiple pregnan-
cies were excluded from the analysis due to
the particular likelihood of preterm labor,
as were those presenting witfx preterm pre-
mature ruptures of membranes, placental
abruption and placenta previa, due to the
close relationship between these conditions
and the occurrence of preterm birth. In ad-
dition, women presenting with an indication
for a potential medically induced preterm
birth (i.e. blood pressure disorders, diabetes
or small for gestational age fetus) were also
excluded.

Statistical analysis

The primary outcome was gestational age at
delivery, defined by three levels: term birth
(>37 weeks gestation), very preterm birth
(<=32 weeks gestation?), and moderately
preterm birth (33-37 weeks gestation®?).
The univariate relationship between timing
of delivery and potential risk factors or con-
founders was studied using the Chi square
test. All factors for which the univariate
relationship with preterm delivery was cha-
racterizedll)ay a P<0.2 were included in a
multivariate analysis, using the multino-
mial logistic regression model to allow for
simultaneous comparison of very preterm
and moderate preterm birth risks to that
of delivery at term™?. The Wald’s test was
further used to perform an additional com-
parison between risks for very preterm and
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Characteristics of women included in the survey sample

Entire population UW women NW women OW women 0B women
(100%) (16.4%) (56.2%) (11.2%) (16.2%)

Weight gain
LWG 224 28.6 223 12.2 23.4
NWG 35.1 443 36.8 25 26.5
EWG 4.5 271 40.8 62.8 50.1
Age (years)
<18 3.8 6.2 3.9 2.8 1.6
18-35 83.9 86 82.7 82.4 86.8
>35 123 7.9 134 14.8 11.6
Race
White 78.1 80.7 79.2 76.2 73.1
Black 16.8 124 15.8 19.4 232
Asian 3.2 53 3.4 23 1.2
Indian 1 0.8 0.8 1.2 1.7
Other 0.9 0.8 0.9 1 0.8
Smoking
No 90.5 88.8 91.2 90.5 89.9
Yes 9.5 1.2 8.8 9.5 10.1
Insurance
Private 66.7 62.9 69.4 67.8 60.5
Medicaid 333 37.1 30.6 322 39.5
Pregnancy intention
Yes 90.3 91.2 91.4 89.7 85.8
No 9.7 8.8 8.6 103 14.2
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Entire population UW women NW women OW women 0B women
(100%) (16.4%) (56.2%) (11.2%) (16.2%)

WIC Program
No 60.7 58.1 63.9 61.9 51.5
Yes 393 41.9 36.1 38.1 48.5
Prenatal care
Adequate 75.2 73.5 75.6 76.7 744
Intermediate 19.4 20.5 19.2 18.7 19.3
Inadequate 5 55 438 42 5.8
None 0.4 0.5 0.4 0.4 0.5
Preterm birth
No 90.3 88.3 90.5 90.5 91.5
Moderate 9.2 1.1 9.1 9 8
Very preterm 0.4 0.6 0.4 0.6 0.6
Delivery
Vaginal 713 715 714 70 65.8
Forceps 23 3 24 2 1.2
Vacuum 48 53 5.1 43 33
VBAC 23 1.6 2.2 2.6 3.2
Primary (S 10.8 7.9 10.8 12.7 12.4
Repetitive (S 8.5 48 8 8.6 14
Fetal growth
Normal 91.2 94.2 91.6 89.7 88
LGA 8.8 5.8 8.4 103 12

Abbreviations: UW - underweight, NW - normal weight, OW - overweight, OB - obese women;, LWG - low weight gain, AWG - adequate weight gain, EWG- excessive
weight gain during pregnancy; WIC Program - participation in the Special Supplemental Nutrition Program for Women, Infants, and Children; VBAC - vaginal
delivery after cesarean section; Primary (S - primary cesarean section; Repetitive (S - repetitive cesarean section; LGA - large for gestational age newborn
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Relationship between pre-pregnant body mass index, gestational weight gain and the
likelihood of moderate and very preterm birth (multinomial logistic regression model;
adjustment made for maternal age, maternal race, pregnancy intention, medical insu-
rance, prenatal care, WIC-pregnancy, smoking during pregnancy and birth weight)

Moderate preterm birth Very preterm birth Wald’s test
ORa (95%() ORa (95%(l) P

NW and NWG 1 1
NW and LWG 1.1(0.90-1.4) 3.1(2.0-4.8) * <0.001*
NW and EWG 0.98(0.80-1.2) 1.7(1.1-2.7) * 0.04%
UW and NWG 0.93(0.71-1.2) 0.60(0.32-1.1) 0.23
UW and LWG 1.8(1.4-2.3) % 3.8(24-6.1)* <0.001*
UW and EWG 15(1.1-2) * 42(25-7.0)* <0.001*
OW and NWG 1(0.68-1.6) 1.8(0.82-3.9) 0.35
OW and LWG 1.4(0.89-2.3) 3.5(1.6-7.4)* 0.002 *
OW and EWG 0.87 (0.66-1.1) 23(13-43)* 0.01*
0B and NWG 0.81(0.57-1.2) 0.49(0.21-1.2) 0.15
0B and LWG 0.82(0.57-1.2) 24(1.2-47)* 0.02*
0B and EWG 0.87(0.67-1.1) 2.7(1.7-4.5)* <0.001*

Abbreviations: UW - underweight, NW - normal weight, OW - overweight, OB - obese women;, LWG - low weight gain, NWG - normal weight gain, EWG -

excessive weight gain during pregnancy; * - statistically significant

moderate preterm birth, and the results were
expressed as P-values. In the multivariate
model, potential confounders were entered
individually and excluded from the model
where their associations were characteri-
zed by P>0.2. Significance was defined as
P<0.05. Potential interactions in the model
were tested and pre-pregnant BMI was found
to modify the relationship between WG and
both very preterm and moderate preterm
birth (P<0.001). A 12-level variable was
subsequently introduced, combining the
four classes of pre-pregnant BMI wit% the
three classes of weight gain, the reference

class being that of normal weight women
with adequate WG intake.

Results

The PRAMS IV’s sample included 66,250 wo-
men with singleton pregnancies, correspon-
ding to a population of 2,677,484 women. The
following subject data were excluded from the
analysis: 3,373 women with missing pre-preg-
nant BMI (5.01%) and 4,168 women (6.290%)
with missing WG during pregnancy, resulting in
a final sample of 30,108 women, representing
a population of 1,495,474. The demographic
characteristics are presented in Table 1.
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Factors associated with the likelihood of moderate and very preterm birth (multinomial
logistic regression model; adjustment made for the 12 categories of pre-pregnant body
mass index and gestational weight gain)

Moderate preterm delivery Very preterm delivery Wald’s test
ORa (95%(l) ORa (95%(l) p
Age (years)
<18 1(0.75-1.3) 17(1.2-24)* 0.01*%
18-35 1 1
>35 0.98(0.81-1.2) 1.3(0.81-2) 0.56
Race
White 1 1
Black 15(1.2-1.7) % 3(2.2-4)% <0.001*
Asian 1(0.76-1.3) 1.6 (0.91-2.9) 0.26
Indian 1.4(0.84-2.2) 0.57(0.27-1.2) 0.13
Other 1.3(0.95-1.9) 1.5(0.89-2.6) 0.10
Pregnancy intention
Yes 1 1
No 0.93(0.76-1.1) 0.81(0.5-1.3) 0.08
Insurance
Private 1 1
Medicaid 1(0.84-1.2) 15(1-2.2) * 0.12
Prenatal care
Adequate 1 1
Intermediate 1.2(1-1.4)* 1(0.78-1.4) 0.13
Inadequate 14(1.1-1.9) % 1.4(0.91-2.2) 0.015*
None 24(1.1-5)* 10.6 (5.2-21.6) * <0.001*
WIC-pregnancy
No 1 1
Yes 1.1(0.90-1.3) 1.1(0.79-1.5) 0.66
Smoke
No 1 1
Yes 13(1.1-1.5) % 1.8(1.3-2.5) * <0.001*
Fetal growth
Normal 1 1
LGA 1.9(1.6-2.4) * 4(2.5-6.4)* <0.001*

Abbreviations: WIC-pregnancy - participation in the Special Supplemental Nutrition Program for Women, Infants, and Children; LGA - large for gestational age
newborn; * - statistically significant
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Weighted analysis showed that among the
popul%ition providing the sample, the pro-
portion (95% CI) of pre-pregnant normal
weight, underweight, overweight and obe-
se women were 56.2% (55.4-57.1), 16.4%
(15.7-17.0), 11.2% (10.7-11.8) and 16.2%
(15.6-16.8). The rates of women having
adequate, low and excessive WG were 35.1%
(34.2-35.9), 22.4% (21.7-23.1) and 42.5%
(41.7-43.4). The rates of moderate preterm
and very preterm birth were 9.2% (8.7-9.7)
al)’ld 0.46% (0.41-0.52) respectively (Figure
1).

The univariate analysis found that mode-
rate preterm and very preterm birth were
significantly associated with maternal BMI,
Eestational WG, maternal age and race, smo-

ing during pregnancy, medical insurance,
prenatal care, pregnancy intention, and lar-
ge for gestationa?age etus. The results of
the multinomial logistic regression model
are presented in Tables 2 and 3. The risk of
very preterm birth was significantly increa-
sed when compared to the risk of moderate
preterm birth in women with either low or
excessive WG, regardless of pre-pregnant
BMI. The risk of very preterm Eirth was also
significantly higher than that of moderate
preterm birth in women aged <35 years, of
African American race, receiving medical
insurance, with no prenatal care, smoking
during pregnancy, or having a large for ges-
tational age fetus.

Discussion

This study demonstrates that both pre-preg-
nant BMI and gestational WG are associated
with timing of delivery, that their effects are
interlinked and hence should not be studied
separately. While gestational WG appeared to
be closely associated with very preterm birth
regardless of BMI, its effect on moderate pre-
term birth was significant only in underweight
women. Furthermore, in women with either
low or excessive WG, regardless of BMI, the
risk of very preterm birth was significantly
greater than that for moderate preterm birth,
meaning that the effect of abnormal WG on
the likelihood of preterm birth is greater be-
fore 32 weeks gestation.

One of the strengths of this study is the use
of WG cate oriesgbased on gestational age,
as described above, enabling women having
delivered before 38 weeks gestation to be
included in the analysis, in addition to term
pregnancies. Instead of the classical binary lo-
gistic regression model, our statistical analysis
employed the multinomial logistic regression
model; firstly allowing the investigation of

the relationship between an outcome variable
with more than two categories and a set of
covariates"?, and secondly a comparison of
odds ratios corresponding to the same risk
factor, using the Wald’s test. This made pos-
sible an assessment of whether or not the risk
for very preterm birth was higher than that
for moderate preterm birth, where women
presented with a specific risk factor (Tables
2 and 3).

Acute interventions for preterm labor have
failed to reduce the prevalence of preterm
birth over the past twenty years®. In order
to identify solutions to this public health pro-
blem, further studies are required to provide
a better understanding of the causes and epi-
demiology of preterm%)irth(w). The results of
this study, based on a national survey, showed
that the risk of very preterm birth is increased
by both low and excessive WG regardless of
pre-pregnant BMI, but is most significant at
the extremes of maternal pre-pregnancy BMI.
Furthermore, it suggests that programs desig-
ned to prevent preterm birth should take into
account a woman’s WG during pregnancy.

Another recent study, which considered the
combined effect of BMI and WG on preterm
labor, found that the risk of preterm delivery
generally declined with increasing pre-preg-
nant BMI, with the exception of very low WG
(<0.12 kg/week)®. We were unable to confirm
this tendency in our population, either for
very preterm, or for moderate preterm birth.
This disagreement may result from differences
in definition of preterm delivery and exclu-
sion criteria, leading to potential differences
between populations. First, in our sample,
women presenting with preterm premature
rupture of membranes, placental abruption,
placenta previa, blood pressure disorders,
diabetes were excluded, due to the fact that
these morbidities are not confounders, but
strong risk factors for spontaneous and in-
duced preterm delivery. Secondly, in respect
to the definition of preterm delivery; in our
study, “very preterm birth” and “moderate
preterm birth” included the 32" and the 37
weeks respectively®®V. These two factors
may explain some of the differences observed
in preterm delivery rates between the two
studies®.

Maternal low WG may be associated with
several unfavorable co-morbidities that can
increase the risk of preterm birth. These asso-
ciations make difficult to estimate the real and
independent effect of low WG on obstetrical or
neonatal outcomes, even with multivariate ad-
justments. In our sample, two health-compro-
mising behaviors, smoking during pregnancy
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and no prenatal care, significantly increased
the risk of very preterm %irth when compared
to the risk of moderate preterm birth. This risk
was similarly increased for women receiving
medical insurance, who were likely to have a
lower socio-economic status.

It has been shown that fasting during late

estation may be associated with preterm

elivery™ which could be explained by ele-
vated concentrations of corticotropin-relea-
sing hormone® present in pregnant women
exposed to fasting®®. Low WG may also be a
marker for other preterm birth risk factors
such as low vitamin®” and micronutrient
intake®®, in addition to global immunosup-
Eression, which results in greater suscepti-

ility to inflammatory injuries“?. Further
studies are required to explain the mecha-
nisms involvea in very preterm delivery in
women with low WG.

Furthermore, the relationship between
EWG and preterm delivery has been in agre-

1. Institute of Medicine. Nutrition during pregnancy, Part |. Weight
gain. Washington, DC: National Academy Press; 1990.

2. Dietz PM, Callaghan WM, Cogswell ME, Morrow B, Ferre C,
Schieve LA. Combined effects of prepregnancy body mass index
and weight gain during pregnancy on the risk of preterm delivery.
Epidemiology 2006 Mar; 17(2):170-7.

3. Stotland NE, Caughey AB, Lahiff M, Abrams B. Weight gain
and spontaneous preterm birth: the role of race or ethnicity and
previous preterm birth. Obstet Gynecol 2006 Dec;108(6):1448-55.

4. Schieve LA, Cogswell ME, Scanlon KS, Perry G, Ferre C,
Blackmore-Prince C, et al. Prepregnancy body mass index and
pregnancy weight gain: associations with preterm delivery. The
NMIHS Collaborative Study Group. Obstet Gynecol 2000 Aug;
96(2):194-200.

5. Spinillo A, Capuzzo E, Piazzi G, Ferrari A, Morales V, Di Mario M.
Risk for spontaneous preterm delivery by combined body mass
index and gestational weight gain patterns. Acta Obstet Gynecol
Scand 1998 Jan; 77(1):32-6.

6. Adams MM, Shulman HB, Bruce C, Hogue C, Brogan D. The
Pregnancy Risk Assessment Monitoring System: design,
questionnaire, data collection and response rates. PRAMS
Working Group. Paediatr Perinat Epidemiol 1991 Jul; 5(3):333-46.

7. Shulman HB, Gilbert BC, Msphbrenda CG, Lansky A. The
Pregnancy Risk Assessment Monitoring System (PRAMS): current
methods and evaluation of 2001 response rates. Public Health Rep
2006 Jan-Feb; 121(1):74-83.

8. Williams L, Morrow B, Shulman H, Stephens R, D’Angelo D,
Fowler Cl. PRAMS 2002 Surveillance Report. Atlanta, GA: Division
of Reproductive Health, National Center for Chronic Disease
Prevention and Health Promotion, Centers for Disease Control and
Prevention; 2006.

9. Alexander GR, Cornely DA. Prenatal care utilization: its
measurement and relationship to pregnancy outcome. Am J Prev
Med 1987 Sep-Oct;3(5):243-53.

10. Larroque B, Breart G, Kaminski M, Dehan M, Andre M, Burguet
A, et al. Survival of very preterm infants: Epipage, a population
based cohort study. Arch Dis Child Fetal Neonatal Ed 2004 Mar;
89(2):F139-44.

. Hoyert DL, Mathews TJ, Menacker F, Strobino DM, Guyer B.
Annual summary of vital statistics: 2004. Pediatrics 2006 Jan;
17(1):168-83.

References

Vol. 8 « No. 27 - 1/2012 H

dLro

ement with our findings®??. The association
between preterm delivery <32 weeks and
WG >0.79 kg/week, regardless of pre-preg-
nant BMI, was recently confirmedpin a lar-
ge sample that included women with both
intact and greterm premature rupture of
membranes®?Y. Obese women were found to
present with higher levels of insulin, leptin
and interleukin-6 during the third trimester
of pregnancy®. This proinflammatory en-
vironment may be associated with pathways
leading to preterm birth.

Conclusions

This large sample study adds value to our
understanding of the relationship between
pre-pregnant BMI and WG during pregnancy
and preterm delivery. The results obtained
therefore lend further weight to the hypo-
thesis that the combined etfect of pre-preg-
nant BMI and WG on preterm birth is real and
independent of obstetrical morbidities. M

12. Ancel PY. [Value of multinomial model in epidemiology:
application to the comparison of risk factors for severely and
moderately preterm births]. Rev Epidemiol Sante Publique 1999
Dec; 47(6):563-9.

13. Preterm birth: crisis and opportunity. Lancet 2006 Jul 29;
368(9533):339.

14. Siega-Riz AM, Herrmann TS, Savitz DA, Thorp JM. Frequency of
eating during pregnancy and its effect on preterm delivery. Am J
Epidemiol 2001 Apr 1,153(7):647-52.

15. Wadhwa PD, Porto M, Garite TJ, Chicz-DeMet A, Sandman CA.
Maternal corticotropin-releasing hormone levels in the early third
trimester predict length of gestation in human pregnancy. Am J
Obstet Gynecol 1998 Oct;179 (4):1079-85.

16. Herrmann TS, Siega-Riz AM, Hobel CJ, Aurora C, Dunkel-Schetter
C. Prolonged periods without food intake during pregnancy
increase risk for elevated maternal corticotropin-releasing
hormone concentrations. Am J Obstet Gynecol 2001 Aug;
185(2):403-12.

17. Siega-Riz AM, Promislow JH, Savitz DA, Thorp JM, Jr., McDonald
T. Vitamin C intake and the risk of preterm delivery. Am J Obstet
Gynecol 2003 Aug; 189(2):519-25.

18. Romero R, Chaiworapongsa T, Espinoza J. Micronutrients and
intrauterine infection, preterm birth and the fetal inflammatory
response syndrome. J Nutr 2003 May;133 (5 Suppl 2):1668S-73S.

19. Goldenberg RL, Hauth JC, Andrews WW. Intrauterine infection
and preterm delivery. N Engl J Med 2000 May 18; 342(20):1500-7.

20. Wen SW, Goldenberg RL, Cutter GR, Hoffman HJ, Cliver SP.
Intrauterine growth retardation and preterm delivery: prenatal risk
factors in an indigent population. Am J Obstet Gynecol 1990 Jan;
162(1):213-8.

21. Poirier P, Giles TD, Bray GA, Hong Y, Stern JS, Pi-Sunyer FX, et al.
Obesity and cardiovascular disease: pathophysiology, evaluation,
and effect of weight loss: an update of the 1997 American Heart
Association Scientific Statement on Obesity and Heart Disease
from the Obesity Committee of the Council on Nutrition, Physical
Activity, and Metabolism. Circulation 2006 Feb 14; 113(6):898-918.

22. Ramsay JE, Ferrell WR, Crawford L, Wallace AM, Greer |A, Sattar
N. Maternal obesity is associated with dysregulation of metabolic,
vascular, and inflammatory pathways. J Clin Endocrinol Metab
2002 Sep; 87(9):4231-7.

17

gineco



