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Abstract We examined the association between exercise
during pregnancy and meeting gestational weight gain
recommendations. Data came from the 2009 South Caro-
lina Pregnancy Risk Assessment Monitoring System
(n = 856). Women reported their participation in exercise/
sports activities before and during pregnancy, including the
number of months and types of exercise. We developed an
exercise index (EI), the product of the number of months
spent in exercise and average metabolic equivalents for
specific exercise. The 2009 Institute of Medicine’s guide-
line was used to categorize gestational weight gain into
three classes: inadequate, adequate, and excessive. Multi-
nomial logistic regression models were used to adjust for
confounders. Over 46 % of women exceeded the recom-
mended weight gain during pregnancy. Nearly one third
(31.9 %) of women reported exercising >3 times a week at
any time during pregnancy. Compared to women who did
not report this level of exercise during pregnancy, exer-
cising women were more likely to meet gestational weight
gain recommendations (32.7 vs. 18.7 %) and had a lower
odds of excessive gestational weight gain [adjusted odds
ratio (AOR) 0.43, 95 % confidence interval 0.24-0.78].
Women with an EI above the median value of those women
who exercised or women who exercised >3 times a week
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for 6-9 months during pregnancy had lower odds of
excessive gestational weight gain (AOR for EI 0.20,
0.08-0.49; AOR for months 0.26, 0.12-0.56, respectively).
Our findings support the need to promote or increase
exercise during pregnancy to reduce the high proportion of
women who are gaining excessive weight.

Keywords Physical activity - Obesity - Maternal weight
gain - Surveillance

Introduction

Adequate weight gain and proper nutrition during preg-
nancy are essential for growth and development of mater-
nal and fetal tissues. Yet excessive weight gain during
pregnancy is known to have a myriad of adverse health
consequences for the mother and her offspring. Women
who gain excessive weight during pregnancy are more
likely to have a cesarean delivery [1, 2], develop pre-
eclampsia [3], and retain excessive weight after delivery
[4], increasing their risk for overweight or obesity later in
life [S]. An infant born to a mother with excessive gesta-
tional weight gain is more likely to be preterm [6, 7],
macrosomic [8], and overweight or obese over the course
of his/her life [9, 10]. Consequently, the Institute of Med-
icine (IOM) released guidelines for weight gain during
pregnancy in 1990, and further updated them in 2009 [3,
11]. Given that an estimated 46 % of women gain exces-
sive weight during pregnancy [12], identifying modifiable
risk factors is important. In fact, one of the Healthy People
2020 objectives is to increase the proportion of women
who achieve a recommended weight gain during pregnancy
and the proportion of women with a healthy weight prior to
pregnancy [13].
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The American College of Obstetricians and Gynecolo-
gists (ACOG) recommends that all pregnant women
engage in moderate exercise for 30 min or more per day on
most, if not all, days of week in the absence of medical or
obstetric complications [14]. Previous studies have shown
that mothers who engage in exercise during pregnancy can
reduce their risks of having complications during preg-
nancy [15-17]. Exercise is a known behavioral factor used
to control weight among the non-pregnant population [18—
20]. Yet, empirical evidence about the effectiveness of
exercise during pregnancy on weight gain management
during pregnancy is limited and conflicting. Several
observational studies found physical activity during preg-
nancy to have a significant protective effect on excessive
gestation weight gain [21-24]. The effect of exercise on
excessive gestational weight gain was limited to late
pregnancy [23], vigorous exercise for 30 min per day [22],
those who met physical activity guidelines (at least
150 min of physical activity per week) [21], and those who
reported being less physically active in pregnancy com-
pared to prepregnancy [24]. However, two observational
studies that used validated physical activity questionnaires
and included various domains of physical activity did not
observe significant associations between type or intensity
of physical activity during pre, early, mid, and late preg-
nancy with measures of gestational weight gain among
Hispanic women living in western Massachusetts [25, 26].
The majority of these observational studies were conducted
in predominantly non-Hispanic white [21-24] or Hispanic
women [25, 26]. None of these studies has included a large
proportion of African American women, despite the fact
that more African American women enter pregnancy
overweight or obese [27, 28], and a higher proportion of
African American women appear to gain excessive weight
during pregnancy than non-Hispanic white women [29].
Additionally previous studies were restricted to full term
births to avoid concern about bias between total gestational
weight gain and duration of pregnancy. This restriction can
still result in misclassification because women continue to
gain weight in the last several weeks of pregnancy when
they are considered full term. Furthermore, the findings
from studies restricted to full term births are not general-
izable to women with preterm deliveries. Given that the
risk of preterm delivery is higher among obese women
[30], these studies may have unintentionally included fewer
overweight or obese women. Finally, all of these studies
recruited women from prenatal care clinics in a specific
geographic area [21-26] rather than using a population-
based sample, thus limiting generalizability.

We examined the association between exercise during
pregnancy and gaining weight within the IOM recom-
mendation among women who recently gave birth in the
state of South Carolina. This manuscript contributes to the
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literature and addresses limitations of previous studies by
using a multi-ethnic, population-based sample and by using
a measure of gestational weight gain appropriate for par-
ticipants with differing gestational ages at delivery.

Methods and Procedures
Data Source

Data came from the 2009 South Carolina Pregnancy Risk
Assessment Monitoring System (PRAMS), an ongoing
population-based surveillance of the Centers for Disease
Control and Prevention (CDC) and the South Carolina
Department of Health and Environmental Control (DHEC).
PRAMS was created to collect, monitor, analyze, and
disseminate information on a wide variety of maternal
behaviors and health experiences before, during, and
shortly after pregnancy that may be associated with preg-
nancy outcomes. Every month, a stratified, systematic
random sample of 150-250 mothers who delivered live
infants within the past 2—-6 months is randomly selected
from the birth registry. Mothers of low birth weight infants
and those from racial/ethnic minority groups are over-
sampled to ensure adequate data is available in the sub-
groups with higher risk for adverse birth outcomes. The
mail survey is sent to sampled mothers up to three times,
with non-respondents followed up by telephone. Data from
the birth certificates were linked to the PRAMS data to
provide additional information about maternal and infant
characteristics and outcomes. Additional information
regarding the PRAMS methodology has been published
elsewhere [31]. The PRAMS protocol and informed con-
sent process have been approved by the Institutional
Review Boards at CDC and DHEC.

Gestational Weight Gain (GWG) Measures

South Carolina birth certificates collect information on
maternal pre-pregnancy weight, height, maternal weight at
delivery, and gestational age at delivery, which was
abstracted from medical records or prenatal records by
trained staff at birthing hospitals [32]. Using this infor-
mation, we calculated prepregnancy body mass index
(BMI) and total GWG. We examined the adequacy of
GWG according to the 2009 IOM’s guideline for GWG
[11]. Considering that total GWG varies by gestational
weeks at delivery, we used a measure of adequacy of GWG
which takes into account gestational age at delivery. Spe-
cifically, we calculated the ratio of actual weight gain to
expected weight gain for each gestational week. The
expected GWG is based on the recommended mean and
range of the rate of weight gain for the last two trimesters.
It assumes that, on average, women with BMI < 25 gain
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2 kg during the first 12 weeks of pregnancy compared to
1 kg if they are overweight (BMI 25.0-29.9) and 0.5 kg if
they are obese (BMI > 30). If the ratio of actual to the
expected weight gain fell within the recommended range
(0.79-1.14  underweight, 0.86-1.2 normal weight,
0.81-1.34 for overweight, 0.78-1.41 for obese women),
then women were defined as gaining adequate weight
during pregnancy. If the ratio fell above or below these
ranges, the total weight gain was coded as above (exces-
sive) or below (inadequate) the recommendation, respec-
tively. A similar method has been used in previous studies
[33, 34]. A sensitivity analysis was conducted to see if our
findings were consistent when the sample included only
full term births (>37 weeks) (unweighted sample
size = 376).

Exercise Participation Measures

The 2009 South Carolina PRAMS included, for the first
time, four new questions on exercise participation before
and during pregnancy. These questions were adapted from
the 1988 National Maternal and Infant Health Survey and
have been used in previous studies [35, 36]. Specifically,
each respondent was asked, “thinking back to 3 months
before you found out you were pregnant, did you exercise
or play sports at least 3 times a week? (Include walking
briskly for 2 hour or more, jogging, aerobics, swimming,
etc. (yes, or no).” The next question, with analogous
wording, was used to collect information about exercise
after the respondent found out she was pregnant. Based on
this information, patterns of participation in exercise before
and during pregnancy were created to determine changes in
the women’s exercising behavior: both before and during,
before but not during, during but not before, and none in
either period.

For those women who reported “yes” on the question,
the number of months she engaged in exercises/sports at
least three times a week and the specific type of exercise
that she did during pregnancy was asked. Using this
information, we examined participation in exercise during
pregnancy in two ways: number of months of exercise (0,
1-5, 6-9) and an exercise index (EI). The EI was used to
measure the dose of exercise participation, which was
calculated as the product of the number of months of
exercise and the average metabolic equivalent (MET)
scores for the specified exercise using published values
[36, 37]. The EI was grouped into the following catego-
ries based on the sample distribution: 0, <19, >19, where
the number 19 represented the median of EI for women
who reported exercising during pregnancy in our
unweighted data. An EI of 19 represents a woman who
walks briskly (3.8 METS) for at least five months during
pregnancy.

Statistical Analyses

A Chi square test of independence was used to examine the
bivariate associations between exercise participation,
GWG, and maternal characteristics. Because the outcome
has three categories (inadequate, adequate, and excessive
GWG), multinomial logistic regression was used to eval-
uate the association between exercise participation and
GWG while controlling for confounders. The adequate
GWG category was chosen as the reference. In our models,
we considered the following factors as potential con-
founders: maternal age (<20, 20-29, 30-34, >35 years),
race (non-Hispanic white, non-Hispanic black, other),
education (<12, 12, 13-15, >16 years), marital status
(married, not married), smoking status during last trimester
of pregnancy, parity (0, 1, >2), gestational age (<37,
>37 weeks), and complications during pregnancy (gesta-
tional diabetes and hypertension). All control variables
came from birth certificates except smoking status which
was taken from PRAMS. Both the crude and adjusted odds
ratios and 95 % confidence intervals (CI) were presented.
In our sensitivity analysis, we restricted our sample to
women who had full-term births (=37 weeks). For all
analyses, an alpha level of 0.05 was used to make
inferences.

A total of 1,054 women participated in the 2009 South
Carolina PRAMS survey (weighted response rate 58.7 %).
Plural births (n = 108) were removed from the analysis.
Additional exclusions were made for mothers with missing
information on race (n = 3), education (n = 5), marital
status (n = 3), smoking status (n = 30), hypertension
(n = 6), prepregnancy BMI (n = 39), and exercise during
pregnancy (n = 4). A final sample of 856 women was
available for analysis. The characteristics of these 856
women were not significantly different from all 1,054
respondents.

Database management was done using SAS software
version 9.2 (SAS Institute, Cary, NC). The analyses were
all conducted using SAS-callable SUDAAN version 10.0
(Research Triangle Institute, Research Triangle Park, NC)
to take into account the complex survey design and
weighted South Carolina PRAMS data. Responses were
weighted for oversampling, nonresponse, and noncoverage,
making our results representative of all live births in 2009
in South Carolina.

Results

The majority of women included in our analyses were
between 20 and 29 years of age, non-Hispanic white,
married, first time mothers with a high school education or
higher. Most women (85.8 %) reported no history of
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Table 1 Characteristics of women by exercise during pregnancy, South Carolina PRAMS, 2009

Characteristics All women (%) Did not exercise Exercised p value®
3 times or 3 times or
more per week (%) more per week (%)

Total [% (n)*] 100.0 (856) 68.1 (611) 31.9 (245)

Age (years) 0.1208
<20 14.4 16.7 9.5
20-29 54.0 55.3 51.3
30-34 16.8 14.6 214
>35 14.8 13.5 17.8

Race 0.0698
Non-Hispanic white 60.7 58.4 65.8
Non-Hispanic black 314 352 234
Other 7.9 6.5 10.8

Education (years) 0.0483
<12 214 22.1 20.1
=12 26.5 29.5 20.0
13-15 27.3 27.9 26.1
>16 24.8 20.5 33.8

Marital status 0.0048
Yes 52.6 47.3 63.8
No 474 52.7 36.2

Parity 0.3658
None 45.9 45.6 46.6
One 31.9 34.1 27.3
>Two 222 20.4 26.2

Gestational age 0.5767
<37 weeks 10.3 10.8 9.2
>37 weeks 89.7 89.2 90.8

Smoked in the last 3 months of pregnancy 0.6087
Yes 14.2 14.9 12.7
No 85.8 85.1 87.3

Gestational hypertension 0.2062
Yes 11.7 13.1 8.7
No 88.3 86.9 91.3

Gestational diabetes 0.4804
Yes 9.6 10.3 8.0
No 90.4 89.7 92.0

Pre-pregnancy BMI (kg/m?) 0.0066
Underweight (<18.5) 3.6 33 43
Normal weight (18.5-24.9) 424 37.2 53.4
Overweight (25.0-29.9) 28.3 28.9 27.1
Obese (>30) 25.7 30.6 15.2

Adequacy of gestational weight gain 0.0092
Inadequate 30.3 29.8 31.5
Adequate 232 18.7 32.7
Excessive 46.5 51.5 35.8

Months of exercise during pregnancy <0.0001
0 69.2 NA 0.0
1-5 12.2 39.7
6-9 18.6 60.3

@ Springer



Matern Child Health J

Table 1 continued

Characteristics All women (%) Did not exercise Exercised p value®
3 times or 3 times or
more per week (%) more per week (%)
Patterns of exercise <0.0001
None in either period 51.2 75.3 0
Before but not during 16.8 24.7 0
During but not before 3.8 0 10.3
Both before and during 28.7 0 89.7
Exercise index® <0.0001
0 75.1 100.0 0
<19 9.5 0 384
>19 15.3 0 61.6

PRAMS Pregnancy Risk Assessment Monitoring System. NA not applicable

? Weighted percentages and unweighted sample sizes were presented

® p value was derived from the y-test of independence between exercise during pregnancy and maternal characteristics

¢ Exercise index = (months of exercise) x (published MET score for the specified activity)

smoking during the last 3 months of their pregnancy.
Almost 90 % of births occurred at a gestational age of
37 weeks or greater (range 16—42 weeks). Based on their
prepregnancy BMI, 42.4 % of women were normal weight
(BMI 18.5-24.9) prior to pregnancy, 28.3 % were over-
weight, 25.7 % were obese, and 3.6 % were underweight
(BMI < 18.5). Less than a quarter (23.2 %) of women
gained weight within the 2009 IOM recommendations,
46.5 % gained excessive weight, and 30.3 % gained inad-
equate weight during pregnancy (Table 1).

In South Carolina, 31.9 % of the women reported
engaging in exercise or sports at least three times a week
during pregnancy. Among the women who reported any
exercise during pregnancy, a higher percentage of women
reported exercising for 6-9 months (18.6 vs. 12.2 % for
1-5 months), nearly 90 % of them exercised both before
and during pregnancy, and 61.6 % had EI score >19. The
most frequently reported type of exercise was brisk walk-
ing (71.4 %), followed by general exercise (6.9 %), and
aerobics and/or dancing (5.5 %) (not shown). Women who
exercised at least 3 times a week during pregnancy were
more educated, more likely to be married, more likely to be
normal weight before pregnancy, and less likely to gain
excessive weight during pregnancy compared to women
who did not exercise 3 times per week during pregnancy
(all p < 0.05) (Table 1).

As shown in Table 2, meeting the 2009 IOM recom-
mendations on GWG was not significantly related to
maternal age, race/ethnicity, education, marital status,
parity, smoking status during pregnancy, preterm delivery,
or gestational diabetes (p > 0.05). However, meeting the
recommendations on GWG was marginally associated with
gestational hypertension, with a higher proportion of

hypertensive women gaining excessive weight during
pregnancy (p = 0.05). Exercise during pregnancy was
significantly associated with meeting IOM guidelines on
GWG. Compared to women who did not exercise at least 3
times a week, a higher proportion of women who exercised
gained adequate weight (32.7 vs. 18.7 %) and a lower
proportion gained excessive weight during pregnancy (35.8
vs. 51.5 %) (p <0.05). A much higher proportion of
women who exercised for 6-9 months during pregnancy
gained adequate weight during pregnancy than those who
did not exercise 3 times a week (41.2 vs. 18.7 %). Finally,
a higher proportion of women whose EI score was >19
gained adequate weight (40.6 vs. 18.7 %) and lower pro-
portion gained excessive weight during pregnancy (26.0 vs.
51.5 %) than those whose score was O (Table 2).

Table 3 presents the results from multinomial logistic
regression models. First, exercise before pregnancy was not
significantly associated with meeting the IOM guidelines
for GWG. Women who exercised at least 3 times a week
during pregnancy had a lower odds of gaining excessive
weight during pregnancy [adjusted odds ratios (AOR) 0.43,
95 % CI 0.24-0.78) compared to women who did not.
Compared to women who did not exercise at least 3 times a
week during pregnancy, women who exercised both before
and during pregnancy had lower odds of gaining excessive
weight during pregnancy (AOR 0.43, 95 % CI 0.22-0.84).
Women whose EI score was >19 had a 80 % lower odds of
gaining excessive gestational weight (AOR 0.20, 95 % CI
0.08-0.49) than women who did not exercise during
pregnancy. Finally, women who exercised at least 3 times a
week for 6-9 months during pregnancy also had a
decreased odds of excessive GWG (AOR 0.26, 95 % CI
0.12-0.56).
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Table 2 Meeting the 2009 IOM gestational weight gain recommen-
dations, South Carolina PRAMS, 2009

Adequacy of gestational weight gain  p value®
(%)

Characteristics

Inadequate Adequate  Excessive

Total [ % (n)’] 30.3 (290) 23.2 (404) 46.5 (162)
Age (years) 0.1809
<20 34.0 20.5 45.5
20-29 28.3 25.1 46.5
30-34 24.8 16.1 59.1
>35 40.3 26.8 32.9
Race 0.0909
Non-Hispanic 24.9 26.2 48.9
white
Non-Hispanic 39.2 16.8 44.0
black
Other 37.2 253 37.5
Education (years) 0.0881
<12 34.0 28.1 37.9
=12 37.7 18.1 442
13-15 29.2 51.9 18.9
>16 20.6 29.1 50.2
Marital status 0.9411
Yes 31.1 232 45.6
No 29.5 23.2 474
Parity 0.5123
None 26.3 223 514
1 35 22.7 423
>2 31.9 259 422
Smoked in the last 0.7874
3 months of
pregnancy
Yes 27.1 27.3 45.6
No 30.9 22.5 46.6
Gestational age 0.0916
(weeks)
<37 42.0 13.8 442
>37 29.0 243 46.7
Hypertension 0.0524
Yes 254 12.7 61.9
No 31.0 24.6 444
Gestational 0.4635
Diabetes
Yes 35.6 28.4 36.0
No 29.8 22.7 47.6
Pre-pregnancy 0.0000
BMI (kg/m?)
Underweight 28.2 22.5 493
(<18.5)
Normal 30.7 342 35.2
(18.5-24.9)
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Table 2 continued

Characteristics Adequacy of gestational weight gain  p value®

(%)
Inadequate Adequate  Excessive
Overweight 222 19.7 58.1
(25.0-29.9)
Obese (>30) 39.1 9.1 51.8
Exercised during 0.0092
pregnancy
No 29.8 18.7 51.5
Yes 31.5 32.7 35.8
Months of exercise 0.0097
during pregnancy
0 29.8 18.7 51.5
1-5 347 22.4 43.0
6-9 30.0 41.2 28.9
Patterns of 0.1004
exercise
None in either 31.0 19.0 50.0
period
Before but not 26.3 17.8 559
during
During but not 43.8 23.0 33.1
before
Both before and  30.0 33.8 36.1
during
Exercise index 0.017
0 29.8 18.7 51.5
<19 31.8 19.0 49.2
>19 334 40.6 26.0

PRAMS Pregnancy Risk Assessment Monitoring System
* Weighted percentages and unweighted N were presented

® p value was derived from the y>-test of independence between
gestational weight gain and maternal characteristics

When the analysis was restricted to full term births, our
findings persisted. Exercise during pregnancy, exercise
months, and EI remained significantly associated with
GWG (Table 4).

Discussion and Conclusions

Although there is a significant amount of literature avail-
able on the prevalence of and risk associated with high
gestational weight gain, the empirical evidence concerning
the impact of exercise on gestational weight gain is limited.
In this assessment of population-based data from a survey
of women who had a live birth in South Carolina, we found
that women who exercised at least 3 times a week during
pregnancy had a lower odds of gaining excessive weight
during pregnancy. Similarly, women who exercised both
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Table 3 Associations between
Exercise before or during
Pregnancy and Adequacy of
Gestational Weight Gain
(GWG), South Carolina
PRAMS, 2009

GWG gestational weight gain,
OR odds ratios, CI confidence
interval

# Multinomial logistic
regression model and the
reference outcome is adequate
weight gain

b Adjusted for maternal age,

Inadequate GWG?*

Excessive GWG?

Crude OR Adjusted OR" Crude OR Adjusted OR®
95 % CI) 95 % CI) 95 % CI) 95 % CI)
Exercised before pregnancy
No 1.00 1.00 1.00 1.00
Yes 0.63 (0.34-1.15)  0.71 (0.37-1.36)  0.62 (0.35-1.07)  0.62 (0.35-1.12)
Exercised during pregnancy
No 1.00 1.00 1.00 1.00
Yes 0.60 (0.33-1.12)  0.80 (0.42-1.52)  0.40 (0.22-0.71)  0.43 (0.24-0.78)

Patterns of exercise
None in either period
Before but not during
During but not before
Both before and during

1.00

0.91 (0.38-2.20)
1.17 (0.25-5.46)
0.55 (0.28-1.08)

Exercise index during pregnancy

0
<19
>19

1.00
1.05 (0.34-3.28)
0.52 (0.24-1.13)

1.00

0.92 (0.37-2.30)
1.78 (0.28-11.2)
0.70 (0.34-1.44)

1.00
1.36 (0.40-4.59)
0.62 (0.26-1.46)

1.00

1.20 (0.55-2.63)
0.55 (0.12-2.61)
0.41 (0.21-0.77)

1.00
0.94 (0.33-2.70)
0.23 (0.10-0.53)

1.00

1.10 (0.48-2.50)
0.58 (0.11-3.10)
0.43 (0.22-0.84)

1.00
1.00 (0.36-2.84)
0.20 (0.08-0.49)

race, marital status, education,
parity, smoking during
pregnancy, continuous body
mass index, hypertension, 1-5
gestational diabetes, and 6-9

Months of exercise during pregnancy

0 1.00
0.97 (0.38-2.52)
0.46 (0.22-0.94)

1.00 1.00 1.00
1.32 (0.49-3.59)  0.70 (0.29-1.71) ~ 0.78 (0.33-1.84)
0.60 (0.28-1.31)  0.26 (0.12-0.52)  0.26 (0.12-0.56)

gestational age

before and during pregnancy, women who exercised at
higher intensity, and women who exercised 6-9 months
during pregnancy were less likely to gain weight above the
recommendation. However, a reduction in the risk for
excessive gestational weight gain was not observed among
women who only exercised before pregnancy. This result
suggests that to prevent excessive gestational weight gain,
exercise during pregnancy is more important than exercise
before pregnancy and the dose of exercise matters.

These results are consistent with existing studies
showing that exercise during pregnancy is beneficial in
preventing excessive gestational weight gain [22, 23, 38].
This study is unique in several ways. We used the data
from the latest PRAMS survey, which interviewed a pop-
ulation-based sample and is weighted to represent births in
South Carolina. By including a racial diverse population
(over 30 % are African American women), our study adds
to the existing literature which focuses primarily on edu-
cated Caucasian women [22, 23]. Second, we were able to
assess the joint effect of exercise before pregnancy and
during pregnancy in relationship to the risk of inadequate
or excessive gestational weight gain during pregnancy.
Only one previous study estimated physical activity level
before pregnancy and found that it was marginally asso-
ciated with the rate of weight gain in the third trimester
[39]. Lastly, our results examined both the dose and
intensity of exercise during pregnancy on gestational
weight gain and found the protective effects of physical

activity during pregnancy on gestational weight gain to be
consistent across measures.

This study has several limitations. First, the South
Carolina PRAMS data only included pregnant women who
were residents of South Carolina and had a live birth in the
state. Previous studies show that compared to residents in
other parts of the country, residents from the South are
disproportionately more rural and financially-dis-
advantaged [40]. Southerners also often consume more
processed high-fat, high-sodium, or fried foods, more
sugary and carbonated beverages, and fewer fruits and non-
starchy vegetables [41]. Consequently, they may be more
likely to be obese, which limits the generalizability of these
results to other areas of the US. A second and related point
is that we lacked data on dietary intake, an important risk
factor for gestational weight gain. Previous studies con-
sidering this factor [22, 24, 26] have found total energy
intake [22, 26], consumption of dairy and fried foods [22],
and self-perception of eating much more food during
pregnancy than before [24] to be significantly associated
with increased odds of excessive gestational weight gain.
Thus, our findings may be an overestimate of the true
association due to uncontrolled confounding. It is possible
that women who are more physically active also eat a
healthier diet. Another limitation of the PRAMS data is
that the questions were answered, on average, 3.7 months
(range 2.5-7.9) after delivery, so there may be differential
measurement errors in exercise history recall. However, we
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Table 4 Associations between
exercise before or during
pregnancy and IOM gestational
weight gain recommendations
among South Carolina women
who delivered a full term baby,
2009

GWG gestational weight gain,
OR odds ratios, CI confidence
interval

? Multinomial logistic
regression model and the
reference outcome is adequate
weight gain

Inadequate GWG*

Excessive GWG?

Crude OR Adjusted OR" Crude OR Adjusted OR"
95 % CI) 95 % CI) 95 % CI) 95 % CI)
Exercised before pregnancy
No 1.00 1.00 1.00 1.00
Yes 0.55 (0.29-1.06)  0.61 (0.30-1.25) 0.55 (0.30-1.00)  0.57 (0.31-1.08)
Exercised during pregnancy
No 1.00 1.00 1.00 1.00
Yes 0.55 (0.28-1.07)  0.69 (0.33-1.42) 0.36 (0.19-0.66)  0.39 (0.21-0.75)

Patterns of exercise
None in either period
Before but not during
During but not before
Both before and during

1.00

0.84 (0.32-2.21)
1.20 (0.25-5.67)
0.48 (0.23-0.99)

Exercise index during pregnancy

0
<19
>19

1.00
0.94 (0.28-3.14)
0.48 (0.21-1.10)

1.00

0.86 (0.31-2.38)
1.66 (0.24-11.47)
0.58 (0.26-1.29)

1.00
1.13 (0.28-4.58)
0.52 (0.20-1.38)

1.00

1.10 (0.47-2.58)
0.46 (0.09-2.47)
0.36 (0.18-0.71)

1.00
0.85 (0.28-2.55)
0.21 (0.08-0.50)

1.00

1.02 (0.42-2.47)
0.45 (0.08-2.70)
0.39 (0.19-0.80)

1.00
0.95 (0.31-2.88)
0.18 (0.07-0.47)

® Adjusted for maternal age,
race, marital status, education,
parity, smoking during
pregnancy, continuous body 1-5
mass index, hypertension, and 6-9

Months of exercise during pregnancy

0 1.00
0.77 (0.27-2.15)
0.47 (0.22-0.99)

1.00
0.96 (0.30-3.09)
0.58 (0.25-1.35)

1.00
0.62 (0.24-1.57)
0.23 (0.11-0.49)

1.00
0.72 (0.29-1.75)
0.24 (0.10-0.54)

gestational diabetes

did not find that exercise participation during pregnancy
and gestational weight gain varied by the timing of
response to the survey, and adjusting for this variable did
not change our results (not shown). Furthermore, the val-
idated 32-item Pregnancy Physical Activity Questionnaire
[42] or another objective measurement of physical activity
was not available in PRAMS because of cost and interview
length concerns in large, population-based studies. Future
studies are needed to develop a short questionnaire to
assess physical activity during pregnancy with reasonable
validity and reliability. Future studies should also consider
assessing household/caregiving and occupation related
activities in addition to exercises/sports because these
activities make up the majority of total activity for preg-
nant women [43], and are not included in most published
studies [21-24]. Although two studies of Hispanic women
examined the relationship between these types of physical
activity with gestational weight gain, they found no asso-
ciation [25, 26]. In spite of this potential misclassification,
the significant findings from our study indicate the
robustness of the inverse association between exercise
participation and excessive gestational weight gain.
Finally, the PRAMS survey asked about the number of
months of exercise. We were not able to group the women
into trimesters because the question did not ask the women
about their exercise patterns in regards to exactly when
they started and ended their exercise during pregnancy.
This lack of information did not allow us to clearly define
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exercise patterns by trimester as in previous research
studies [25, 44-46].

Exercise among healthy pregnant women should be
encouraged because of its known health benefits for both
mothers and children and its additional benefit of helping
women gain weight within the recommendation. In spite of
the exercise recommendation for healthy pregnant women,
only 1 out of 3 pregnant women in South Carolina reported
that they exercised or played sports at least three times a
week during pregnancy, which is lower than the 42 %
estimated in a 1988 national survey of US women that used
the same instrument as our study [35]. Health care pro-
fessionals may use known risk factors to identify women
who do not exercise during pregnancy. Our study and
others have found that women with low education [16, 47—
49], who are single [16, 46-50], and overweight or obese
before pregnancy [47, 50, 51] were most likely to discon-
tinue exercise during pregnancy.

Health care professionals should counsel pregnant
women about the recommended weight gain during preg-
nancy so as to avoid excessive or inadequate weight gain.
If pregnant women are gaining above the recommended
weekly rate, health care professionals should further pro-
vide them with information about staying active and
healthy eating during pregnancy. Because brisk walking is
the most commonly reported exercise for pregnant women
and is relatively safe, brisk walking should be encouraged
among all pregnant women [16, 22, 44]. Although weight
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may be a sensitive topic for most individuals, health care
providers should be trained on how to sensitively discuss it
with pregnant women.

In brief, this study found that exercise during pregnancy
is associated with lower odds of gaining excessive weight
during pregnancy. Women who exercised both before and
during pregnancy were less likely to gain excessive weight
than women who did not. These findings provide encour-
aging news that promoting exercise during pregnancy can
help women achieve their recommended gestational weight
gain and experience better maternal and fetal outcomes.
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