
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln

Public Health Resources Public Health Resources

2015

Trends in gestational weight gain: the Pregnancy
Risk Assessment Monitoring System, 2000-2009
Jonetta L. Johnson
National Center for Chronic Disease Prevention and Health Promotion, jljohnson1@cdc.gov

Sherry L. Farr
National Center for Chronic Disease Prevention and Health Promotion

Patricia M. Dietz
National Center for HIV/AIDS, Viral Hepatitis, Sexually Transmitted Diseases, and Tuberculosis Prevention

Andrea J. Sharma
National Center for Chronic Disease Prevention and Health Promotion

Wanda D. Barfield
National Center for Chronic Disease Prevention and Health Promotion

See next page for additional authors

Follow this and additional works at: http://digitalcommons.unl.edu/publichealthresources

This Article is brought to you for free and open access by the Public Health Resources at DigitalCommons@University of Nebraska - Lincoln. It has
been accepted for inclusion in Public Health Resources by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln.

Johnson, Jonetta L.; Farr, Sherry L.; Dietz, Patricia M.; Sharma, Andrea J.; Barfield, Wanda D.; and Robbins, Cheryl L., "Trends in
gestational weight gain: the Pregnancy Risk Assessment Monitoring System, 2000-2009" (2015). Public Health Resources. 440.
http://digitalcommons.unl.edu/publichealthresources/440

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by DigitalCommons@University of Nebraska

https://core.ac.uk/display/33148515?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://digitalcommons.unl.edu?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/publichealthresources?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/publichealth?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/publichealthresources?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/publichealthresources/440?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors
Jonetta L. Johnson, Sherry L. Farr, Patricia M. Dietz, Andrea J. Sharma, Wanda D. Barfield, and Cheryl L.
Robbins

This article is available at DigitalCommons@University of Nebraska - Lincoln: http://digitalcommons.unl.edu/
publichealthresources/440

http://digitalcommons.unl.edu/publichealthresources/440?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.unl.edu/publichealthresources/440?utm_source=digitalcommons.unl.edu%2Fpublichealthresources%2F440&utm_medium=PDF&utm_campaign=PDFCoverPages


OBSTETRICS

Trends in gestational weight gain: the
Pregnancy Risk Assessment Monitoring
System, 2000e2009
Jonetta L. Johnson, PhD; Sherry L. Farr, PhD; Patricia M. Dietz, DrPH;
Andrea J. Sharma, PhD; Wanda D. Barfield, MD, MPH; Cheryl L. Robbins, PhD

OBJECTIVE: Achieving adequate gestational weight gain (GWG) is
important for optimal health of the infant and mother. We estimate
current population-based trends of GWG.

STUDY DESIGN: We analyzed data from the Pregnancy Risk Assess-
ment Monitoring System for 124,348 women who delivered live
infants in 14 states during 2000 through 2009. We examined prev-
alence and trends in GWG in pounds as a continuous variable, and
within 1990 Institute of Medicine (IOM) recommendations (yes/no) as a
dichotomous variable. We examined adjusted trends in mean GWG
using multivariable linear regression and GWG within recommenda-
tions using multivariable multinomial logistic regression.

RESULTS: During 2000 through 2009, 35.8% of women gained within
IOM GWG recommendations, 44.4% gained above, and 19.8% gained
below. From 2000 through 2009, there was a biennial 1.0 percentage
point decrease in women gaining within IOM GWG recommendations
(P trend< .01) and a biennial 0.8 percentage point increase in women

gaining above IOM recommendations (P trend< .01). The percentage
of women gaining weight below IOM recommendations remained
relatively constant from 2000 through 2009 (P trend ¼ .14). The
adjusted odds of gaining within IOM recommendations were lower in
2006 through 2007 (adjusted odds ratio, 0.90; 95% confidence in-
terval, 0.85e0.96) and 2008 through 2009 (adjusted odds ratio,
0.90; 95% confidence interval, 0.85e0.96) relative to 2000
through 2001.

CONCLUSION: Overall, from 2000 through 2009 the percentage of
women gaining within IOM recommendations slightly decreased while
mean GWG slightly increased. Efforts are needed to develop and
implement strategies to ensure that women achieve GWG within
recommendations.

Key words: gestational weight gain, Institute of Medicine gestational
weight gain recommendations, Pregnancy Risk Assessment Moni-
toring System, prepregnancy body mass index, trend

Cite this article as: Johnson JL, Farr SL, Dietz PM, et al. Trends in gestational weight gain: the Pregnancy Risk Assessment Monitoring System, 2000e2009. Am J Obstet
Gynecol 2015;212:806.e1-8.

G estational weight gain (GWG),
defined as maternal weight gain

during pregnancy, may affect the health
and well-being of infants andmothers.1,2

Women who gain below Institute
of Medicine (IOM) recommendations
are more likely to experience preterm

birth3,4 and have infants with poor
fetal growth and/or low birthweight.3,5

Women who gain above recommenda-
tions may experience pregnancy com-
plications such as preeclampsia and
gestational diabetes, and complications
of labor and delivery such as

cesarean.3,4,6 Additionally, pregnancies
among women who gain above recom-
mendations are associated with fetal
complications such as macrosomia and
large for gestational age.3-5,7,8 Long-term
outcomes of excessive GWG include
increased risk of overweight or obesity
for the child4,6,9 and weight retention for
the mother leading to overweight and
obesity beyond pregnancy.4,10,11

To help clinicians monitor appro-
priate GWG, the IOM established rec-
ommendations in 199012 and updated
those recommendations in 2009.1 IOM
recommendations for GWG are based
on a woman’s prepregnancy body mass
index (BMI) (Metropolitan Life Insur-
ance BMI cut points in 1990; World
Health Organization [WHO] BMI cut
points in 2009).13 A 2009 IOM report
using population-based data from the
Pregnancy Risk Assessment Monitoring
System (PRAMS) examined trends in
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GWG from 1993 through 2003 among
women with singleton, term infants in 8
states.1 Findings from the 10-year period
showed increases in the proportion of
women gaining above 1990 IOM GWG
recommendations among normal-
weight, overweight, and obese women.
By 2002 through 2003, 63% of over-
weight and 46% of obese women had
GWG above 1990 IOM recommenda-
tions. However, more recent population-
based estimates of trends in GWG have
not been reported.

Trends in GWG are particularly of
interest since prepregnancy BMI has
increased over time in the United
States.14-16 It is unclear whether US
trends in GWG paralleled the increasing
trend in prepregnancy BMI. This anal-
ysis estimates current trends in GWG by
prepregnancy BMI among women who
delivered singleton infants during 2000
through 2009, when 1990 IOM recom-
mendations were in effect.

MATERIALS AND METHODS

We used data from the PRAMS, an
ongoing, state-representative, popula-
tion-based surveillance system of the
Centers for Disease Control and
Prevention (CDC) and state health de-
partments. PRAMS collects information
in participating states about maternal
behaviors and experiences before, dur-
ing, and after pregnancies resulting in
live infants. In each participating site,
PRAMS uses birth certificates to draw a
stratified sample of live births, and
oversamples certain high-risk pop-
ulations. Self-administered question-
naires are mailed to the mothers’ homes,
with telephone follow-up for non-
responders. Data from maternal ques-
tionnaires are linked to the data from the
child’s birth certificate. Data are
weighted to account for sample design,
nonresponse, and noncoverage. More
detail on PRAMS methodology is
available at http://www.cdc.gov/prams/
methodology.htm.

We used 2000 through 2009 data from
states that met the established PRAMS
response rate threshold of �70% from
2000 through 2006, or �65% from 2007
through 2009. Year of infant birth, 2000
through 2009, was categorized into 2-year

increments for this analysis (eg, 2000
through 2001, 2002 through 2003) to
maximize the number of states eligible for
inclusion in this analysis. Fourteen states
met the response rate threshold criteria
for at least 1 year in each 2-year incre-
ment from 2000 through 2009 (Alaska,
Arkansas, Colorado, Hawaii, Maine,
Maryland, Michigan, Nebraska, New
York, Ohio, Oklahoma, Utah, Washing-
ton, and West Virginia). We included
womenwho had a singleton live birth and
were �18 years of age. We limited the
analysis to women with full-term infants
(37-41 weeks and 6 days’ gestation) (n ¼
147,706) and conducted sensitivity ana-
lyses among women delivering infants at
39-40 weeks to limit confounding asso-
ciated with pregnancy duration. Re-
spondents were excluded if they had
missing data on weight gain (5.9%) or
prepregnancy BMI (4.8%), extreme
values for BMI (<12 or>75 kg/m2) (n¼
48) or missing data on �1 covariates
(9.4%). In total, 15.8% of respondents
(n¼ 23,358) were excluded, resulting in a
final sample size of 124,348 women.
Mean infant age at time of PRAMS survey
completion for women in this analysis
was 112.6 days (SE 0.21). Compared to
women included in the full analytic
sample, women excluded due to missing
data or extreme values were younger, less
educated, less likely to gain above IOM
GWG recommendations, less likely to
smoke during pregnancy, less likely to
report nausea during pregnancy, more
likely to be a racial and ethnic minority,
more likely to be Medicaid insured at
delivery, more likely to have �1 previous
births, andmore likely to have gestational
or preexisting diabetes (c2 P < .05 for
all).
We used birth certificate data to cate-

gorize maternal race-ethnicity as: non-
Hispanic white, non-Hispanic black,
Hispanic, Alaska Native, American In-
dian, Asian/Pacific Islander, and other
(women reporting mixed race or any
race-ethnicity other than those
described above). Using birth certificate
data, we categorized self-reported age
(18-19; 20-24; 25-29; 30-34; �35 years),
education (less than high school; high
school; greater than high school), parity
(no previous birth; �1 previous births),

gestational or preexisting hypertension
(yes/no), and gestational or preexisting
diabetes (yes/no). PRAMS question-
naires provided self-reported data on
Medicaid coverage at delivery (yes/no),
prenatal smoking (smoker throughout
pregnancy; quit smoking before third
trimester; nonsmoker), and nausea
during pregnancy (yes/no).

The outcome for this analysis, self-
reported GWG, was obtained from the
birth certificate and modeled 2 ways:
continuous GWG in pounds and as a
categorical variable according to 1990
IOM GWG recommendations based on
the woman’s prepregnancy BMI. Pre-
pregnancy BMI was calculated as (weight
in kilograms)/(height in meters)2, using
self-reported height and weight from
PRAMS questionnaires, and categorized
according to the current WHO guide-
lines.17 Awoman was classified as gaining
below, within, or above 1990 IOM rec-
ommendations based on her prepreg-
nancy BMI. Weight gain within
recommendationswas defined as: 28-40 lb
for underweight women (BMI <18.5
kg/m2); 25-35 lb forwomenwith a normal
BMI (18.5 � BMI <25 kg/m2); 15-25 lb
for overweight women (25 � BMI <30
kg/m2); and 15-25 lb for obese women
(BMI �30 kg/m2). For obese women, we
used the maximum GWG of 25 lb rec-
ommended for overweight women
because no maximum weight gain allow-
ance was established for obese women in
the 1990 IOM recommendations.

We calculated the mean and SE for
GWG and the weighted prevalence and
SE for 1990 IOM recommended GWG
groups (below, within, and above) and
for maternal and pregnancy characteris-
tics. All estimates were calculated overall
(2000 through 2009 combined) and by
2-year increments from 2000 through
2009. We used linear regression (for
mean) and logistic regression (for cate-
gorical variables) models to examine
trends inweight gain and inmaternal and
pregnancy characteristics. We conducted
similar analyses on mean GWG and the
prevalence of GWG below, within, and
above IOM recommendations stratified
by prepregnancy BMI. To estimate the
magnitude of change in the prevalence
estimates for statistically significant
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trends in GWG groups (below, within,
above recommendations), the biennial
percentage point change was estimated

from the beta coefficient of the infant’s
birth year. Lastly, we examined the
adjusted trend from 2000 through 2009

in mean GWG using linear regression,
with year of infant birth as the indepen-
dent variable and adjusted for all

TABLE 1
Sample characteristics by year among singleton full-term infants, PRAMS

Characteristic

Year categories

Overall 2000
through 2009
n [ 124,348

2000 through
2001
n [ 24,118

2002 through
2003
n [ 25,726

2004 through
2005
n [ 24,346

2006 through
2007
n [ 25,254

2008 through
2009
n [ 24,904

Trend 2000
through 2009
P valuea% (SE)b

Mean gestational weight
gain, lbc

31.3 (0.06) 31.2 (0.14) 31.4 (0.13) 31.2 (0.14) 31.3 (0.14) 31.4 (0.14) .46

IOMd

Below recommended
guidelines

19.8 (0.18) 20.0 (0.42) 19.3 (0.38) 19.3 (0.39) 20.3 (0.39) 20.3 (0.38) .14

Within recommended
guidelines

35.8 (0.21) 37.5 (0.52) 37.0 (0.47) 36.2 (0.48) 34.3 (0.46) 34.2 (0.45) < .01

Above recommended
guidelines

44.4 (0.22) 42.5 (0.53) 43.7 (0.48) 44.5 (0.50) 45.4 (0.49) 45.5 (0.48) < .01

Prepregnancy body mass
index

Underweight
(<18.5 kg/m2)

4.7 (0.09) 5.8 (0.25) 5.3 (0.22) 4.3 (0.20) 4.2 (0.19) 3.9 (0.18) < .01

Normal (18.5e24.9
kg/m2)

53.4 (0.22) 55.6 (0.53) 54.4 (0.48) 53.3 (0.50) 52.1 (0.49) 51.8 (0.48) < .01

Overweight
(25.0e29.9 kg/m2)

23.3 (0.19) 21.7 (0.44) 22.7 (0.40) 22.9 (0.42) 24.7 (0.43) 24.3 (0.42) < .01

Class I obesity
(30.0e34.9 kg/m2)

10.8 (0.14) 9.8 (0.32) 10.7 (0.31) 11.3 (0.32) 10.9 (0.30) 11.2 (0.30) < .01

Class II obesity
(35.0e39.9 kg/m2)

4.8 (0.10) 4.4 (0.23) 4.3 (0.20) 5.0 (0.23) 4.8 (0.21) 5.2 (0.22) < .01

Class III obesity
(�40 kg/m2)

3.1 (0.08) 2.8 (0.18) 2.6 (0.15) 3.2 (0.19) 3.3 (0.18) 3.5 (0.18) < .01

Age, y

18-19 6.7 (0.12) 7.2 (0.28) 6.5 (0.25) 6.2 (0.26) 7.1 (0.27) 6.6 (0.25) .51

20-24 24.7 (0.19) 24.9 (0.46) 25.3 (0.42) 24.9 (0.43) 24.7 (0.42) 24.0 (0.41) .07

25-29 29.9 (0.20) 29.2 (0.48) 28.4 (0.44) 29.5 (0.46) 30.6 (0.45) 31.6 (0.45) < .01

30-34 24.5 (0.19) 25.2 (0.47) 25.6 (0.42) 24.2 (0.43) 23.7 (0.41) 24.1 (0.41) < .01

�35 14.2 (0.15) 13.5 (0.36) 14.3 (0.33) 15.1 (0.35) 14.0 (0.32) 13.8 (0.31) .93

Race/ethnicity

White, non-Hispanic 74.3 (0.17) 77.5 (0.38) 76.0 (0.36) 74.3 (0.42) 73.3 (0.37) 71.2 (0.37) < .01

Black, non-Hispanic 9.6 (0.12) 8.4 (0.24) 10.1 (0.26) 9.2 (0.31) 9.7 (0.24) 10.6 (0.24) < .01

Hispanic 9.2 (0.12) 8.2 (0.27) 8.2 (0.23) 9.7 (0.28) 9.8 (0.27) 9.8 (0.25) < .01

American Indian/
Alaska Native

1.5 (0.04) 1.5 (0.10) 1.3 (0.07) 1.5 (0.09) 1.6 (0.09) 1.6 (0.08) .19

Asian/Pacific Islander 4.5 (0.07) 4.2 (0.16) 4.3 (0.16) 4.4 (0.15) 4.7 (0.16) 4.8 (0.15) < .01

Other 0.9 (0.05) 0.2 (0.05) 0.2 (0.04) 1.1 (0.12) 1.0 (0.10) 2.0 (0.14) < .01
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maternal and pregnancy characteristics.
Similarly, we used multivariable logistic
regression to generate adjusted odds ra-
tios (aOR) and 95% confidence intervals
(CI) for gaining within (yes/no) IOM
recommendations for GWG for each 2-
year increment (2002 through 2003,
2004 through 2005, 2006 through 2007,
and 2008 through 2009), compared with
the reference group, 2000 through 2001.
For all analyses we considered a P< .05 as
statistically significant. All analyses were
conducted with SAS 9.2 (SAS Institute,
Cary, NC) and SUDAAN 10.0.1 (RTI

International, Research Triangle Park,
NC) to account for the PRAMS complex
survey design and weighted to reflect
population estimates. The CDC Institu-
tional Review Board approved the
PRAMS protocol, and all participating
states approved the analysis plan for the
study.

RESULTS

Women in the sample had an overall
mean GWG of 31.3 lb. Approximately
35.8% of women had GWG within IOM
recommendations, 44.4% gained above

recommendations, and 19.8% gained
below recommendations (Table 1). Of
the 124,348 women in the final sample,
the majority had a normal prepregnancy
BMI (53.4%), were <30 years of age
(61.3%), were non-Hispanic white
(74.3%), had a post-high school educa-
tion (57.7%), were multiparous (60.8%),
were not enrolled in Medicaid at delivery
(64.5%), were nonsmokers before preg-
nancy (74.7%), did not report preexisting
or gestational diabetes (96.3%) or hy-
pertension (95.4%), and reported nausea
during pregnancy (73.1%).

TABLE 1
Sample characteristics by year among singleton full-term infants, PRAMS (continued)

Characteristic

Year categories

Overall 2000
through 2009
n [ 124,348

2000 through
2001
n [ 24,118

2002 through
2003
n [ 25,726

2004 through
2005
n [ 24,346

2006 through
2007
n [ 25,254

2008 through
2009
n [ 24,904

Trend 2000
through 2009
P valuea% (SE)b

Education, y

<12 12.0 (0.15) 11.7 (0.36) 12.5 (0.34) 11.9 (0.35) 12.3 (0.35) 11.6 (0.32) .56

12 30.3 (0.20) 33.2 (0.51) 31.9 (0.45) 30.6 (0.46) 28.9 (0.44) 27.3 (0.43) < .01

>12 57.7 (0.22) 55.1 (0.53) 55.6 (0.48) 57.5 (0.49) 58.8 (0.48) 61.2 (0.47) < .01

Parity

0 39.2 (0.22) 38.9 (0.52) 39.0 (0.47) 38.7 (0.49) 39.9 (0.48) 39.3 (0.47) .30

�1 60.8 (0.22) 61.1 (0.52) 61.0 (0.47) 61.3 (0.49) 60.1 (0.48) 60.7 (0.47) .30

Insurance coverage at
delivery

Medicaid 35.5 (0.21) 28.4 (0.47) 32.2 (0.45) 37.2 (0.49) 38.1 (0.47) 40.5 (0.47) < .01

Other insurance/
uninsured

64.5 (0.21) 71.6 (0.47) 67.8 (0.45) 62.8 (0.49) 61.9 (0.47) 59.5 (0.47) < .01

Prenatal smoking

Smoker throughout
pregnancy

14.2 (0.16) 14.7 (0.40) 14.1 (0.35) 14.6 (0.37) 13.7 (0.35) 13.9 (0.35) .08

Quit smoking before
third trimester of
pregnancy

11.2 (0.14) 10.6 (0.34) 11.1 (0.31) 10.8 (0.32) 11.5 (0.32) 11.8 (0.32) < .01

Nonsmoker 74.7 (0.20) 74.7 (0.48) 74.9 (0.43) 74.6 (0.45) 74.8 (0.43) 74.3 (0.43) .54

Gestational or preexisting
hypertension

4.6 (0.09) 4.3 (0.20) 4.7 (0.20) 4.8 (0.21) 4.5 (0.19) 4.6 (0.20) .61

Gestational or preexisting
diabetes

3.7 (0.08) 3.3 (0.19) 3.5 (0.18) 3.4 (0.18) 4.3 (0.20) 4.1 (0.19) < .01

Nausea during pregnancy 73.1 (0.20) 75.0 (0.47) 75.1 (0.42) 71.2 (0.46) 72.1 (0.44) 72.5 (0.43) < .01

BMI, body mass index; IOM, Institute of Medicine; PRAMS, Pregnancy Risk Assessment Monitoring System.

a P values for trend generated from unadjusted regression models; b Weighted data; c Mean gestational weight gain trend indicated by pounds (SE); d Gaining within IOM guidelines: 28e40 lb for
underweight women (BMI<18.5 kg/m2); 25e35 lb for normal-weight women (18.5� BMI<25 kg/m2); 15e25 lb for overweight women (25� BMI<30 kg/m2); and 15e25 lb for obese women
(BMI �30 kg/m2).
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Among women in this sample, unad-
justed mean GWG remained relatively
constant from 2000 through 2001 (31.2
lb) to 2008 through 2009 (31.4 lb)
(P trend ¼ .46) (Table 1). There was a
statistically significant 1.0 biennial per-
centage point decrease from 2000
through 2001 (37.5%) to 2008 through
2009 (34.2%) in the percentage of
women who gained weight within IOM
recommendations (P trend < .01)
(Table 1). In addition, there was a sig-
nificant 0.8 biennial percentage point
increase from 2000 through 2001
(42.5%) to 2008 through 2009 (45.5%)
in the percentage of women who gained
weight above IOM recommendations
(P trend< .01) (Table 1). The percentage
of women who gained weight below
IOM recommendations remained rela-
tively constant from 2000 through 2001
(20.0%) to 2008 through 2009 (20.3%)
(P trend ¼ .14). There was a statistically
significant decrease from 2000 through
2009 in the percentage of women who
were underweight (P trend< .01) or had
a normal prepregnancy BMI (P trend <
.01). Additionally, there were significant
increases from 2000 through 2009 in the
percentages of women who were over-
weight (P trend < .01) or class I, II, and
III obese (P trend < .01 for all) before
pregnancy (Table 1). From 2000 through
2009, there were also statistically signif-
icant changes in all other variables
examined, except parity and hyperten-
sion (P trend < .05).

Overall, mean GWG decreased as
prepregnancy BMI increased (Figure 1).
Normal-weight women had the great-
est mean GWG, 33.3 lb (SE 0.07) and
obese, class III women had the lowest
mean GWG, 20.9 lb (SE 0.41). Over-
weight (31.3 lb) and obese, class I (27 lb)
women both had a mean GWG >25 lb,
the upper limit recommended for GWG
for overweight and obese women. Ad-
ditionally, GWG below recommenda-
tions was highest for obese, class III
women (40%) followed by women
who were underweight (32.6%). Under-
weight women (45.3%) and normal-
weight women (41.2%) had the largest
proportion of women gaining within
IOMrecommended levels. Class III obese
women had the smallest proportion

gaining within IOM recommended levels
(25.7%). Overweight (64%) and class I
obese (49.5%) women were the 2 groups
with the largest proportions gaining
above IOM recommendations (Figure 1).
In Figure 2, we present unadjusted

trends from 2000 through 2009 in mean
GWG overall and stratified by prepreg-
nancy BMI. In the unadjusted model,
no statistically significant change was
seen in mean GWG from 2000 through
2009 for the entire sample combined.
Results were unchanged after adjusting
for confounders (data not shown). There
were statistically significant increases
in mean GWG from 2000 through 2009
among overweight and class II obese
women (P trend < .01 for both); results
remained after adjusting for con-
founders (P trend < .01 for both; data
not shown).
In Figure 3, we present trends in

GWG within 1990 IOM recommenda-
tions overall and stratified by prepreg-
nancy BMI. There was a statistically
significant decreasing trend from 2000
through 2009 in GWG within IOM
recommendations among all women

combined (37.5-34.2%), normal-
weight women (42.5-39.9%), over-
weight women (27.4-24.2%), and class
III obese women (25.1-22.5%) (P trend
< .05 for all); these results remained
after adjusting for confounders (P trend
< .05 for all, data not shown). When
adjusting for maternal and pregnancy
characteristics in a logistic regression
model among all women combined, the
odds of gaining within IOM recom-
mendations were lower in 2006 through
2007 (aOR, 0.90; 95% CI, 0.85e0.96)
and 2008 through 2009 (aOR, 0.90; 95%
CI, 0.85e0.96) relative to 2000 through
2001 (Table 2).

COMMENT

We examined trends in GWG from
2000 through 2009 in a US state-
representative, population-based sam-
ple and found that among women with
singleton, full-term live birth, there has
been a significant decrease in the pro-
portion gaining within IOM recom-
mendations, falling from 37.5% in 2000
through 2001 to 34.2% in 2008 through
2009, while the proportion gaining

FIGURE 1
Distribution of GWG by mean and 1990 IOM recommendations, PRAMS

Percentage of women gaining according to 1990 Institute of Medicine (IOM) recommendations by

prepregnancy body mass index (BMI) status on left y-axis and distribution of mean gestational weight

gain (GWG) by prepregnancy BMI status on right y-axis.

PRAMS, Pregnancy Risk Assessment Monitoring System.
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above IOM recommendations increased
from 42.5-45.5% during the same time
period. However, these trends differed
by prepregnancy BMI. Specifically,
normal-weight and overweight women
had significant decreases in GWG with-
in IOM 1990 recommendations from
2000 through 2009. In addition, over-
weight and class II obese women had
significant increases in mean GWG over
time.

The decreasing percentage of women
gaining within IOM recommendations
during our study period may be influ-
enced by increases in mean GWG, as
well as increases in prepregnancy BMI
during the same time period. Our results
show an increasing trend from 2000
through 2009 in the percent of women
who were overweight and obese before
pregnancy, similar to other studies using
PRAMS data.9,14,15 Class III obese and
overweight women had the smallest
prevalence of GWG within IOM rec-
ommendations (26%) and the preva-
lence of women who were class III

obese and overweight rose from 2.8%
and 21.7% in 2000 through 2001 to 3.5%
and 24.3% in 2008 through 2009,
respectively.
There have been 2 other reports of

GWG trends using population-based
data. The first assessed unadjusted 10-
year trends in GWG according to 1990
IOM recommendations from 1993
through 1994 to 2002 through 2003
using PRAMS data from 8 states.1 The
second included only low-income
women attending The Special Supple-
mental Nutrition Program for Women,
Infants, and Children (WIC) clinics in
26 states, 5 Tribal Nations, and 1 US
Territory from 1997 through 2007.1

Similar to ours, both prior studies
found an increase over time in the pro-
portion of women gaining above 1990
IOM recommendations with less than
one third of obese women and less
than half of women in any BMI cate-
gory gaining within IOM GWG recom-
mendations. Our study is the first to
report GWG trends by obesity class

and to examine trends adjusted for
demographic and health characteristics.

Our study has both strengths and
limitations. The sample was large,
population-based, and used 10 years of
data from 14 states in geographically
distinct regions of the country for
women with term births (37-41 weeks
and 6 days’ gestation). In the sensitivity
analyses examining trends in GWG
among women with term infants at 39-
40 weeks, trends in GWG within and
above IOM recommendations were
similar to those reported among all term
births at 37-41 weeks and 6 days’ gesta-
tion. Limitations of this study include
use of self-reported weight and height
data. Due to possible underestimating of
weight data,18 BMI and GWG may be
underestimated.18-20 Although the IOM
recommendations were revised in 2009,
almost all respondents in this sample
would have been advised according
to 1990 IOM recommendations. Finally,
the characteristics of women included
in our sample differed from those
excluded. However, trends in GWG
remained when women with missing
demographic information were included
in unadjusted analyses.

We did not examine how changes in
prepregnancy BMI and GWG impacted
pregnancy outcomes over the study
period. However, our findings that pre-
pregnancy BMI and GWG above IOM
recommendations have both increased
from 2000 through 2009 may affect the
health of mothers and infants.21 Gaining
above IOM GWG recommendations
may increase risk of having a large-for-
gestational-age infant and cesarean
delivery.1,3 Additionally, GWG within
recommendations decreases the proba-
bility of women retaining excess weight
long-term, reducing their risk of both
chronic disease and, possibly, entering a
subsequent pregnancy at a higher BMI.

Our results may inform clinical and
public health practice as well as policy
as we show little evidence that efforts
to encourage women to gain within
GWG recommendations have worked.
The American Congress of Obstetri-
cians and Gynecologists (ACOG) and
others currently recommend that wo-
men be informed of their BMI and

FIGURE 2
Trends in mean GWG by prepregnancy BMI, PRAMS

Unadjusted trends from 2000 through 2009 in mean gestational weight gain (GWG) overall and

stratified by prepregnancy body mass index (BMI).

PRAMS, Pregnancy Risk Assessment Monitoring System.
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GWG recommendation early in and
periodically throughout pregnancy, and
that they be counseled about diet and
physical activity before and during
pregnancy to promote healthy
GWG.13,22-25 ACOG also encourages
obstetricians to counsel obese women
considering pregnancy on maternal and
fetal risk of obesity in pregnancy and
emphasize the importance of weight loss

before pregnancy.23 ACOG surveys of
obstetrician/gynecologists’ practices su-
ggests that themajority report counseling
pregnant women on GWG and non-
pregnant women on weight control.25,26

These efforts may not be sufficient. Re-
cent systematic reviews of interventions
to prevent excess GWG indicate that
diet-focused behavioral interventions,
compared to interventions focused on

physical activity or mixed approaches,
may be effective at reducing GWG.27,28

Key components of diet-focused in-
terventions include educating on the
consequences of the behavior, self-
monitoring of behavior, contingency re-
wards for successful behavior, and
motivational interviewing.27 It remains
unclear, however, how the effectiveness
of diet-focused interventions to reduce
GWG vary by an individual’s socio-
demographic characteristics.28 There is
also evidence that interventions may
be more effective if community-based
strategies are incorporated, which en-
courage change in social and behavioral
attitudes and norms towards diet and
exercise in pregnancy.29 Common beliefs
about nurturing behaviors during preg-
nancy often dominate and contradict
obstetrician/gynecologist advice to pre-
vent excess weight gain during preg-
nancy. Cultural and social sensitivity
training for health care professionals
communicating messages on weight
gain during pregnancy and increased
public awareness of the consequences
of excess weight gain during pregnancy
are needed to improve effectiveness of
GWG counseling.29

In summary, our findings show that
from 2000 through 2009, 64.2% of
pregnant women did not gain weight
within 1990 IOM recommendations
and, overall, the percentage of women
gaining within IOM recommendations
decreased over time. Trends in GWG
varied by prepregnancy BMI; however
no groups saw improvements over
time. Given the more conservative 2009
GWG IOM recommendation for obese
women of 11-20 lb, if nothing changes,
future data may show a larger per-
centage of women gaining above rec-
ommendations. Therefore, additional
efforts are needed to encourage a
healthy weight before pregnancy22 and
ensure appropriate weight gain for all
pregnant women. Results from this
analysis highlight the need for
continued clinical and public health
efforts toward developing and scaling
up effective strategies to ensure women
enter pregnancy at a healthy weight and
achieve GWG within recommended
levels. -

FIGURE 3
GWG within 1990 IOM recommendations by prepregnancy BMI, PRAMS

Trends in gestational weight gain (GWG) within 1990 Institute of Medicine (IOM) recommendations

overall and stratified by prepregnancy body mass index (BMI).

PRAMS, Pregnancy Risk Assessment Monitoring System.

Johnson. Trends in gestational weight gain, PRAMS. Am J Obstet Gynecol 2015.

TABLE 2
Adjusted odds ratios for gaining within 1990 IOM recommendations,
PRAMS

Year of infant birth

Gaining within IOM recommendationsa

aORb 95% CI

2000 through 2001 1.00 e

2002 through 2003 0.99 0.93e1.05

2004 through 2005 0.97 0.92e1.03

2006 through 2007 0.90 0.85e0.96

2008 through 2009 0.90 0.85e0.96

aOR, adjusted odds ratio; CI, confidence interval; IOM, Institute of Medicine; PRAMS, Pregnancy Risk Assessment Monitoring
System.

a n¼ 124,348; b Reference category is gaining below or above IOM recommendations; model adjusted for body mass index,
age, maternal race-ethnicity, education, parity, Medicaid insurance coverage at delivery, prenatal smoking, gestational
or preexisting hypertension and diabetes, and nausea during pregnancy.
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