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Summary

Objective: The aim of this study was to evaluate as-
sociations between pregnancy outcomes and pre-
pregnancy body mass index and gestational weight
gain among pregnant women who regularly attended
health centers of Kazerun, Fars, Iran.

Methods: In this descriptive study records from 5172
pregnant women were considered in this study, based
on the methodology criteria. Women were distribu-
ted across 4 prepregnancy categories according to the
Institute of Medicine (IOM) (1990) classification of body
mass index, and to 4 end-of-pregnancy categories ac-
cording to median weekly gestational weight gain.
Results: The risks for gestational diabetes, gestatio-
nal hypertension, pre-eclampsia, and preterm pre-
mature rupture of membranes were higher for those
who were overweight or obese before becoming pre-
gnant (P < 0.05). Moreover, a gestational weight gain
of 0.50 kg per week or greater was associated with a
higher risk for gestational hypertension, preterm
premature rupture of membranes, and fetal macro-
somia (P < 0.05). Women in the highest quartile for
weight gain (= 0.59 kg per week) were at higher risk
for pre-eclampsia (P < 0.05).

Discussion: The results seems to indicate that ex-
cessive gestational weight gain and high prepregnancy
body mass index were associated with increased risks
for adverse pregnancy outcomes.

Key Words: pregnancy; gestational weight gain; obesity; body
mass index.

Introduction

Maternal weight gain is positively and significantly asso-
ciated with birth weight and exerts a direct influence on pre-

gnancy outcome. The previous studies suggest that ma-
ternal age, pre-pregnancy body mass, parity, race, ethnicity,
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hypertension and diabetes also influence the pattern of
weight gain (1) and (2).

The prevalence of obesity is increasing steadily among wo-
men of reproductive age. In the United States, 25% of wo-
men aged 20 to 39 years are overweight and 29% are obe-
se (3). In a study conducted from 1989 through 1997 in
the United Kingdom, the respective prevalence rates of
overweight and obesity in the adult female population were
27.5% and 10.9% (4). In 2002, the rates of overweight and
obesity were 38% and 11%, respectively, among women
in Sweden (5). Overweight or obesity are associated with
increased risks of maternal and neonatal complications,
such as gestational hypertension, pre-eclampsia, gesta-
tional diabetes, premature rupture of membranes, pre-
maturity, macrosomia, and shoulder dystocia. However,
there is a paucity of information about the maternal and
fetal effects of excessive prepregnancy body mass index
(BMI) or of excessive gestational weight gain in low-re-
source countries. The first objective of the present study
was to determine the rates of prepregnancy overweight
and obesity and assess gestational weight gain among pre-
gnant women who regularly attended health care centers
of Kazerun,Fars, Iran. The second objective was to look
for associations between pregnancy outcomes and diffe-
rent categories of both prepregnancy BMI (calculated as
weight in kilograms divided by height in meters squared)
and gestational weight gain among the same population.

Materials and methods

A total of 5928 women were considered for this retro-
spective cohort study conducted from January 2007
through January 2010 who had received prenatal care in
the whole urban prenatal care centers of Kazerun, south
of Iran, (six health institutions). They were all delivered in
Valiasr hospital in Kazerun that is alone hospital in this city.
Exclusion criteria were incomplete prenatal care information
(n = 294); no routine glycemic screening for gestational
diabetes mellitus (GDM) (n = 247); multiple gestation
(n =54); a history of hypertension, diabetes, heart disease,
hepatitis, chronic renal disease, or other systemic disea-
se (n = 149); pregnancy termination for fetal malformations
(n =12). The final sample consisted of 5172 women.

Prepregnancy weight was self-reported and recorded at
our institutions during the first prenatal care visit, usually
between the 8th and 12th gestational weeks, and height
and weight were measured on hospital admission for de-
livery. Prepregnancy BMI was categorized according to the
BMI classification proposed by the Institute of Medicine
(IOM) (1990), American Academy of Pediatrics and Ame-
rican College of Obstetricians and Gynecologists (2002).
The 4 BMI categories were underweight (< 19.8), normal
weight (19.8-26), overweight (26-29), and obesity (> 29).
We used the median weekly weight gain during pregnancy
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as an indicator of gestational weight gain (6). It was cal-
culated as the total weight gain during pregnancy divided
by the number of gestational weeks, and categorized ac-
cording to quartile distribution (< 0.41 kg; 0.41-0.49 kg; 0.50-
0.58 kg; and = 0.59 kg per week).

Trained female investigators administered questionnaires
inquiring about the following: age, parity, education level
(<12 years, 12 years, > 12 years), and employment (re-
latively stable jobs were categorized as “yes” and no sta-
ble job or housework at home was classified as “no”); fa-
mily history of diabetes or hypertension; and height, pre-
pregnancy weight, weight before delivery, and mode of de-
livery. Obstetric outcomes included the following: preterm
delivery (< 37 weeks of gestation); preterm premature rup-
ture of membranes (PPROM, i.e., rupture of membranes
before 37 weeks); hypertensive disorders of pregnancy (i.e.,
gestational hypertension and pre-eclampsia); and GDM
or gestational impaired glucose tolerance (GIGT), which
was defined according to the clinical diagnosis and treat-
ment guidelines of pregnancy with diabetes recommen-
ded by health of ministry in Iran. Neonatal outcomes in-
cluded gestational age at delivery, birth weight, Apgar sco-
res at 1 minute, and admission to the neonatal intensive
care unit. Macrosomia was defined as a birth weight grea-
ter than 4000 g. The questionnaires were completed by
accessing prenatal care and medical records during the
period of hospitalization for delivery, and by more interviews
with the study participants.

All participants gave written informed consent. The survey
results were kept confidential.

Statistical analysis was performed using SPSS software,
version 13.0 (SPSS, Chicago, IL, USA). A descriptive analy-
sis assessed the distribution of all studied variables. Sta-
tistical significance was calculated using the 2 test for dif-
ferences between qualitative variables and analysis of va-
riance for differences between continuous variables.
Multiple logistic regression was performed to compare the
effects of prepregnancy BMI and gestational weight gain
on pregnancy outcomes. The risks of maternal and neo-
natal complications are presented as odds ratios (ORs)
with their 95% confidence intervals (Cls) after adjusting
for possible confounding variables. P < 0.05 was consi-
dered significant.

Results

Maternal characteristics by prepregnancy BMI and ge-
stational weight gain are shown in Table 1. The median
age of the 5172 participants at delivery was 29 years (ran-
ge, 16-46 years); 4766 (92.2%) of the participants were
primiparas and 406(7.8%) were multiparas. According to
prepregnancy BMI classification, 816 participants (15.8%)
were underweight, 3488 (67.4%) were of normal weight,
682 (13.2%) were overweight, and 186 (3.6%) were obe-
se. The median weekly weight gain was 0.50 kg per week
(range, 0.04-1.35 kg per week). Prepregnancy BMI and
age at delivery were positively correlated, (F = 9.65,
P < 0.001). The proportion of overweight or obesity was
lower among women with the highest level of education
(> 12 years) than those with the lowest (< 12 years)
(x2=73.42, P<0.001). The prevalence of overweight and
obesity was higher for unemployed women (2 = 23.59,
P <0.001) and for those who were multiparas (2 =28.12,
P < 0.001). The mean age at delivery was lower for the
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group with the greatest gestational weight gain than for the
other 3 groups (F =6.33, P<0.001). Gestational weight
gain was less among women with less than 12 years of
education (2 = 26.03), among those who were unemployed
(® = 14.89), and among multiparas (2 = 21.44) (P<0.001).
As prepregnancy BMI increased, the amount of weekly
weight gain decreased (F = 15.27, P < 0.001).

Table 2 shows the rates of adverse pregnancy outcomes
in the different prepregnancy BMI groups as well as the
adjusted ORs associated with each outcome in each BMI
group. The reference group was the group of women of
normal weight (19.8-26). Regarding maternal and neonatal
complications for different categories of weekly weight gain,
the adjusted ORs were calculated taking the group with
the lowest weekly weight gain as the reference group
(< 0.41 kg) (Table 3). All ORs were mutually adjusted by
prepregnancy BMI and gestational weight gain, and ad-
ditionally adjusted for maternal age, education level, oc-
cupation, family history of hypertension, family history of
diabetes, and parity. The ORs for hypertensive disorder
of pregnancy were also adjusted for gestational diabetes,
and those for preterm delivery were also adjusted for ge-
stational hypertension, pre-eclampsia, and GDM. The ORs
for macrosomia were also adjusted for height and GDM.
The incidence rates of maternal and neonatal complica-
tions increased with increasing prepregnancy BMI. Com-
pared with the women with normal prepregnancy weight,
those who were overweight before pregnancy had a si-
gnificantly increased risk of gestational hypertension, pre-
eclampsia, GDM, GIGT, and PPROM. Compared with the
women who had a normal prepregnancy BMI, those who
were obese before becoming pregnant were significantly
more likely to have gestational hypertension, pre-eclamp-
sia, GDM, and PPROM. Being underweight before pre-
gnancy was protective against gestational hypertension,
GDM, and fetal macrosomia. For women who were over-
weight or obese before pregnancy, the crude ORs for pre-
term delivery were 2.22 (95% Cl, 1.55-3.19) and 3.33 (95%
Cl, 1.93-5.77), respectively. But after adjusting for potential
confounding factors, especially after adjusting for hyper-
tensive disorder of pregnancy, the ORs for preterm deli-
very were significantly less in the groups with a prepre-
gnancy BMI greater than normal (Table 2).

Compared with the group with the lowest gestational weight
gain (< 0.41 kg per week), the women whose gestational
weight gain was in the third quartile (0.50-0.58 kg per week)
were at increased risks for gestational hypertension,
PPROM, and fetal macrosomia, and those with the grea-
test weight gain (= 0.59 kg per week) were at increased
risks for gestational hypertension, pre-eclampsia, PPROM,
and fetal macrosomia. Gestational diabetes was less li-
kely to develop in women whose gestational weight gain
was in the second quartile (0.41-0.49 kg per week) (Ta-
ble 3).

Discussion

Maternal obesity, and its adverse maternal and neonatal
effects, is common in the United States (7, 8). In our study,
13.2% of the women were overweight, 3.6% were obese,
and 15.8% were underweight before they became pre-
gnant. The first 2 rates are much lower and the third is hi-
gher than the corresponding rates reported for high-income
countries (3-5).
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Table | - Maternal characteristics by prepregnancy BMI and gestational weight gain.?

Characteristic Prepregnancy BMI

Gestational weight gain, kg/wk

<19.8 19.8-26 26-29 >29 <0.41 0.41-0.49  0.50-0.58 0.59
(n=816) (n=3488)  (n=682) (n=186) (n=1218) (n=1322) (n=1312) (n=1318)
Age,y 28.4+£3.1 29.3+3.6 29.5+3.7 29.6+4.2 2956+40 294:+34 292:32 28735
Education, y
<12 71 9.1 17.9 29.0 14.8 8.5 8.7 1.1
12 19.9 18.6 211 26.9 20.4 19.5 16.3 21.5
>12 73.0 723 61.0 441 64.8 72.0 75.0 67.4
Employment
No 38.2 35.4 40.8 59.1 42.9 33.1 35.2 38.8
Yes 61.8 64.6 59.2 40.9 57.1 66.9 64.8 61.2
Parity
Primipara 56.3 52.3 49.1 41.7 48.5 51.1 54.1 54.7
Multipara 43.7 47.7 50.9 58.3 51.5 48.9 45.9 453
Family History of hypertension
No 91.4 88.7 85.0 87.1 90.5 88.8 87.8 87.4
Yes 8.6 1.3 15.0 12.9 9.5 1.2 12.2 12.6
Family History of diabetes
No 93.9 925 92.7 86.0 92.6 93.0 92.5 91.8
Yes 6.1 75 7.3 14.0 74 7.0 7.5 8.2
Weekly weight gain, kg/wk 051+013 051+014 047:015 045018

Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared.

2 Values are given as mean + SD or percentage.

The new guidelines the Institute of Medicine (IOM) recently
published for gestational weight gain differ from those is-
sued in 1990 in 2 ways. First, the guidelines are now ba-
sed on World Health Organization (WHO) BMI categories.
Second, they recommend a specific, relatively narrow ran-
ge of weight gain for obese women (9). However, neither
the WHO BMI categories nor the IOM recommendations
about gestational weight gain are optimal for Iranian wo-
men. Considering the lack of clear guidelines about
weight gain during pregnancy in Iran, we used the median
weekly weight gain during pregnancy as an indicator of ge-
stational weight gain, thus circumventing the effect of a
shorter pregnancy in cases of preterm births.

As other authors (10-15), we found the risks of gestatio-
nal hypertension and pre-eclampsia to be higher for wo-
men who are overweight or obese before pregnancy. Fort-
ner et al. (12) reported that, compared with women who
gained weight within the 1990 IOM guidelines, women from
Latin America who gained excessive gestational weight had
an almost 3-fold risk of hypertensive disorders of pregnancy
and a 4-fold risk of pre-eclampsia. Our findings also indicate
that hypertensive disorders of pregnancy are more likely
to develop in women who gain excessive weight during
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pregnancy. Those with the highest weight gain had a 3-
fold risk of pre-eclampsia in our study.

We found that the risk of GDM was increased for overweight
and obese women, which is consistent with similar studies
(10,14-17). Herring et al. (18) reported that a greater ge-
stational weight gain prior to glycemic screening predic-
ted GIGT, but not GDM. Since adiposity-generated insu-
lin resistance promotes GDM, we speculated that an ex-
cessive weight gain during pregnancy would increase the
risk of GDM. However, excessive gestational weight
gain did not increase the risks of GDM or GIGT in our study.
It is now recommended that women be screened for GDM
between the 24th and 28th weeks of pregnancy, and pre-
gnant women are advised to restrict their energy intake
and perform moderate exercise if they are diagnosed as
having GDM or GIGT. But a lesser weight gain over the
course of the pregnancy, and a slower weight gain during
the third trimester, resulted in the false conclusion that a
lesser gestational weight gain was associated with a hi-
gher risk of GDM. Having considered the effect of diffe-
rent factors such as race, heredity, diet, height, age, smo-
king, alcohol consumption, psychosocial status, nutritio-
nal counseling, and the prenatal care more research on
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Table 2 - Adjusted odds ratios for associations between prepregnancy BMI and pregnancy outcome.?
Variable

Prepregnancy BMI

<19.8 19.8-26 26-29 >29

(n=816) (n=3488)° (n=682) (n=186)

No.(%) AOR(95%CI)  No. (%) No.(%)  AOR (95% Cl) No.(%)  AOR (95% Cl)
Gestational hypertension® 8 (1.0)  0.32(0.11-0.88) 114 (3.3) 52(7.6) 200(1.77-4.75)  24(12.9)  6.76 (3.28-13.91)
Preeclampsia® 24(2.9)  0.68(0.36-1.27) 156 (4.5) 72(10.6)  2.38(1.53-3.69)  38(20.4)  4.70 (2.50-8.83)
GDM 4(0.5) 0.22(0.05-0.92) 96 (2.8) 46(6.7) 232(1.35-397)  32(17.2)  6.21(3.21-12.00)
GIGT 12(1.5)  1.02(0.41-2.51)  54(1.5) 30(4.4) 3.31(1.71-6.43)  6(3.2) 2.49 (0.71-8.75)
Preterm delivery* 40(4.9) 0.85(0.51-1.40) 234 (6.7) 94(13.8)  157(1.06-2.34)  36(19.4)  1.45(0.78-2.70)
PPROM 10(1.2)  0.43(0.17-1.09) 98(2.8) 42(6.2)  2.44(1.43-416)  14(75)  2.98(1.27-6.98)
Macrosomia® 40(49)  0.48(0.30-0.77)  352(10.1) 82(120) 1.27(0.87-1.86)  22(11.8)  1.21(0.61-2.41)

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; GDM, gestational diabetes mellitus; GIGT, gesta-
tional impaired glucose tolerance; PPROM, preterm premature rupture of membranes.

2 Adjusted for gestational weight gain, maternal age, education level, occupation, family history of hypertension, family history of diabetes,
and parity.

® Reference group.

¢ Also adjusted for gestational diabetes.

?Also adjusted for gestational hypertension, preeclampsia. and gestational diabetes.

¢ Also adjusted for height and GDM.

Table 3 - Adjusted odds ratios for associations between gestational weight gain and pregnancy outcome.®

Variable Gestational weight gain, kg/wk

<0.41 0.41-0.49 0.50-0.58 0.59

(n=1218)>  (n=1322) (n=1314) (n=1318)

No. (%) No. (%) AOR (95%Cl) No. (%) AOR (95%Cl) No. (%) AOR (95%Cl)
S;}pse‘?ti?\r;?;ng 34(2.8) 38(21)  1.02(049-212) 56 (4.3) 221(1.16-4.20)  80(6.1) 3.52 (1.90-6.52)
Preeclampsia® 54 (4.4) 58(4.4) 1.50 (0.85-2.63)  60(4.6) 1.61(0.91-2.83) 118(9.0) 3.19 (1.92-5.31)
GDM 72(5.9) 28(2.1) 0.43 (0.22-0.83) 42 (3.2) 0.78 (0.43-1.40) 36 (2.7) 0.59 (0.32-1.09)
GIGT 28 (2.3) 20 (1.5) 0.69(0.30-1.59) 32 (2.4) 1.26 (0.59-2.67) 22(1.7) 0.81(0.36-1.86)
Preterm delivery? 102 (8.4) 86(6.5) 0.92 (0.59-1.45)  92(7.0) 1.01 (0.65-1.58) 124 (9.4) 1.06 (0.69-1.63)
PPROM 44(1.8) 76 (2.9) 2.03 (0.95-4.35) 50 (3.8) 2.67 (1.28-5.56) 54 (4.1) 2.74 (1.33-5.65)
Macrosomia® 72(5.9) 80 (6.1) 1.06 (0.66-1.70) 122(10.0) 1.81(1.17-2.78) 212(16.1) 2.96 (1.97-4.47)

2 Adjusted for prepregnancy BMI, maternal age, education level, occupation, family history of hypertension, family history of diabetes, and par-
ity. For abbreviations and notes b, ¢, d, e, see Table 2.

the causes of these results seems necessary.

Before adjustments were made for confounding factors in
our study, preterm deliveries were associated with over-
weight or obesity and the ORs were 2.22 and 3.33, re-
spectively. After adjusting for gestational hypertension and
pre-eclampsia, the effect of prepregnancy BMI on preterm
delivery was significantly weaker, however. This finding sug-
gests that, for an obese woman, hypertensive disorders
of pregnancy and an ensuing iatrogenic delivery are the
major contributing factors to a preterm delivery. Dietz et
al. (19) found that women with a very high gestational

38

weight gain (> 0.79 kg per week) had approximately twi-
ce the odds of experiencing a very preterm delivery (bet-
ween 20 and 31 weeks), regardless of their prepregnancy
BMI. No relationship between gestational weight gain and
preterm delivery was found in our study. The interesting
thing is the difference between developed and developing
Country, such as Iran, in the risk of pregnancy adverse out-
comes correlated to pre-pregnancy BMI and weight gain.
The researcher feels the need for more studies on cases
in which no relationship was seen, whereas a research con-
cerning more samples may indicate different results.
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Few data exist regarding a possible relationship between
obesity and PPROM. In our study, as in a study by Nohr
et al. (20), being overweight or obese before pregnancy,
or gaining excessive weight during pregnancy, increased
the risk of PPROM. Obese women are also prone to in-
fections of the genitourinary tract (4), and during pregnancy
the proteases, collagenases, and elastases produced by
bacteria can degrade the matrix and collagen of fetal mem-
brane cells, and lead to membrane rupture. Additionally,
obesity is associated with low-grade inflammation and
slightly elevated levels of cytokines such as IL-6, IL-8, and
TNF-a in body fluids and tissues. These proinflammatory
cytokines could harm fetal membranes in pregnant women
(21), and lead to PPROM by activation of lysosomal enzy-
mes.

Most studies on the effect of prepregnancy obesity have
suggested an association between obesity and an increased
risk of macrosomia (14) and (22). In a report by Kabali et
al. (23), the risk of fetal macrosomia was significantly ele-
vated for women who were overweight before pregnancy
and for those who gained excessive gestational weight. The
risk was not increased, however, for women of normal
weight before pregnancy who gained excessive gestatio-
nal weight, or for those who were overweight before pre-
gnancy but gained a normal or low gestational weight. Our
findings indicate that, in this Iranian population, gestatio-
nal weight gain may exert a more significant influence on
the risk of macrosomia than prepregnancy BMI. The
risks of macrosomia were increased almost 2- and 3-fold,
respectively, for women who gained 0.50 kg per week or
more during pregnancy, and for those whose weekly weight
gain was greater than 0.59 kg per week.

Generally speaking, continue to ask critical questions about
weight gain and pregnancy to ensure that we are providing
the best guidance and care for pregnant women. We need
to address the criticisms that have been leveled at the cli-
nical use of weight-gain recommendations, and weight mo-
nitoring during pregnancy.

Given the sensitivity of iranian women to weight and body-
image issues, we need to discover and validate experi-
mentally effective and thoughtful interventions to support
women’s nutritional and other needs during pregnancy.
Consequently, health care providers should have access
to easy-to-use instruments for setting desirable weight gain
goals for each individual mother and for monitoring
weight gain during the course of pregnancy and must have
an educational program in order to explain the risk of an
excessive pregnancy weight gain for the pregnancy and
the neonatal outcomes.Therefore, the investigation of their
practice is very important and is a way to improve the mo-
ther and child’s health.

This study has some limitations, It did not have enough sta-
tistical power to detect relatively rare adverse outcomes,
such as intrauterine fetal death and neonatal death. Mo-
reover, because it is impossible to have every woman’s
weight objectively measured just before she becomes pre-
gnant, we relied on self-reported prepregnancy weight to
calculate prepregnancy BMI and gestational weight gain.
Thus, it is likely that prepregnancy BMI was underestimated
and gestational weight gain overestimated, which may be
one of the reasons why our population had a high proportion
of women who were underweight before they became pre-
gnant. However, several recent studies have reported an
overall correlation coefficient of 0.99 between self-repor-
ted and measured prepregnancy weight, and concluded
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that self-reported weight reflected actual weight (24). A lar-
ge number of studies have shown that obesity increased
the risk of undergoing a cesarean or instrumental delivery
(4, 10, 14). The reason why we did not look for relations
between delivery mode and prepregnancy obesity or ex-
cessive weight gain was that the rate of selective cesa-
rean delivery was high in our population for quite other rea-
sons.
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