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Abstract

Background: In 2009, the Institute of Medicine (IOM) published guidance on gestational weight gain (GWG) modified
by maternal pre-pregnancy body mass index (BMI). Estimates indicate that less than half of US pregnant women have
GWG within recommendations. This study examined GWG from before (2006-2009) and after (2010-2015) the release
of the IOM guidance in a rural, non-Hispanic white population to assess the proportion of women with GWG outside
of IOM guidance, whether GWG became more likely to be within IOM guidance after 2010, and identify potential
maternal factors associated with GWG outside of recommendations.

Methods: We examined GWG in 18,217 term singleton births between 2006 and 2015 in which maternal pre-
pregnancy BMI could be calculated from electronic medical records at Geisinger, PA, and a subset of 12912 births in
which weekly GWG in the third trimester could be calculated. The primary outcome was whether GWG was below,
within, or above recommendations based on maternal BMI. The relationships between GWG, maternal BMI, parity, age
at conception, gestation length, and maternal blood pressure were examined.

Results: GWG declined with increasing maternal BMI, however, more than 50% of overweight and obese women
gained above IOM recommendations. About one of five women gained below recommendations (21.3%) with
underweight women the most likely to gain below recommendations (33.0%). The proportion of births with usable
data increased after 2010, driven by a higher probability of recording maternal weight. However, the proportion of
women who gained below, within or above recommendations did not change over the ten years. GWG above
recommendations was associated with higher maternal BMI, lower parity, and longer gestation. GWG below
recommendations was associated with lower maternal BMI, higher parity, shorter gestation, and younger age at
conception. Maternal blood pressure was higher for GWG outside recommendations.

Conclusions: Despite the publication of IOM recommendations in 2009 and an apparent increase in tracking maternal
weight after 2010, GWG in this population did not change between 2006 and 2015. A majority of overweight and
obese women gained above recommendations. GWG below recommendations continues to occur, and is prevalent
among underweight women.
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Background

Gaining an appropriate amount of weight during preg-
nancy has been shown to positively influence fetal and
maternal health during pregnancy, immediately postpar-
tum, and well into the future [1]. Gestational weight gain
(GWG@) in a woman’s first pregnancy is a significant pre-
dictor of her weight gain in a subsequent pregnancy [2].
Excessive GWG is associated with an increased risk for
maternal hypertensive disorders and macrosomia for all
maternal body mass index (BMI) categories [3].

Two of the Maternal, Infant and Child Health (MICH)
objectives listed in Healthy People 2020 are to increase
the proportion of women who gain the recommended
amount of weight during pregnancy (MICH 13) and to
increase the proportion of women delivering a live birth
who had a healthy weight prior to pregnancy (MICH
16.5) [4]. In 2009, the Institute of Medicine published re-
vised guidance on GWG that took account of the
mother’s pre-pregnancy BMI for the suggested total
GWG and weekly weight gain during the second and
third trimester [5]. In 2013 the American College of Ob-
stetricians and Gynecologists endorsed the 2009 IOM
GWG by maternal BMI recommendations [6].

This retrospective study examines data on GWG in a
population of women who received their prenatal health
care at Geisinger between 2006 and 2015. The goals of
the study are to characterize GWG for singleton term
births in this largely non-Hispanic white, rural popula-
tion, to assess whether there has been any change in the
patterns of GWG in this population over the ten-year
period in response to the 2009 IOM recommendations,
and to identify maternal factors associated with GWG
outside of the IOM recommendations.

Methods

Geisinger is an open integrated health care delivery sys-
tem that employs roughly 700 physicians across more
than 50 clinical practice sites dispersed over 41 largely
rural counties in central and northeastern Pennsylvania.
Geisinger serves a patient population of approximately
2.5 million people, both through its own health plan and
by accepting payment from other payers both public
(e.g. Medicaid) and private (e.g. Blue Cross). Geisinger
adopted an electronic health record system in 1995, with
access provided to patients as well as to health care pro-
viders and managers. Geisinger becomes an integrated
“medical home” for its patients [7]. The protocols for
this project were determined to meet the criteria for ex-
emption by the Geisinger Institutional Review Board.
Electronic medical records (EMR) from 35,758 term
(gestation length 259-294 days) singleton births at Gei-
singer between calendar years 2006 and 2015 (01/
01.2006-12/31/2015) were examined. Of those 35,758
births, there were 23,555 that had a valid recorded
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maternal height and weight either from before the preg-
nancy or within 30 days of conception which could be
used to calculate maternal pre-pregnancy BMI. Maternal
BMI was categorized as: underweight (BMI<18.5 kg/
m?), normal weight (18.5 kg/m?* < BMI < 25 kg/m?), over-
weight (25 kg/m* < BMI < 30 kg/m?), and obese (BMI >
30 kg/m?). Obesity was further categorized as: class I
(30 kg/m* < BMI < 35 kg/m?), class II (35 kg/m* < BMI <
40 kg/m?), and class III (BMI=40 kg/m?). Of those
births, 18,217 had a weight recorded both within the
first 30 days of pregnancy and within 7 days of partur-
ition (Table 1). These 18,217 singleton term births that
occurred between 2006 and 2015 at Geisinger were exam-
ined for total GWG. Total GWG was calculated by the
difference between the last weight recorded within seven
days before birth and the earliest pregnancy weight re-
corded (within the first thirty days of pregnancy).

The beginning of the third trimester was defined to be
within 10 days of day 184 of gestation. There were
12,912 births with at least one recorded weight between
days 174 and 194 of gestation and within 7 days of par-
turition. The difference between the last weight recorded
within seven days before birth and the weight recorded
closest to day 184 of gestation was divided by the num-
ber of days between those weights and then multiplied
by 7 to calculate the mean weekly weight gain in the
third trimester. For each birth the total GWG and the
weekly GWG in the third trimester was classified as
below IOM recommendations, within IOM recommen-
dations or above IOM recommendations [21] based on
the calculated maternal pre-pregnancy BML

Statistical analysis

The data were analyzed using a personal computer-based
software package (IBM SPSS 20.0; IBM Corp, Armonk
NY). The main dependent variable for analysis was
GWG, and the main independent parameters/covari-
ates were maternal pre-pregnancy BMI, maternal
pre-pregnancy blood pressure, the year the infant was
born, parity, age at conception, presence/absence of
certain pregnancy complications (e.g. depression,
hypertension, gestational diabetes), and estimated ges-
tation length.

Values for continuous parameters are given as mean +
SEM. Pearson correlation was used to examine relation-
ships between continuous parameters. Linear regression
was used to assess changes over the ten-year period in
birth complications and cesarean deliveries. Analysis of
covariance (ANCOVA) was used to examine factors af-
fecting GWG. Multinomial logistic regression was used
to examine factors that would influence GWG to be ei-
ther under or above recommendations relative to within
recommendations (reference category).
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Table 1 Basic maternal demographic information for the birth data extracted from electronic medical records by year. There were

no significant changes in these parameters between 2006 and 2015

Birth year (N) Non-Hispanic Age at conception (years) Pre-pregnancy BMI? Postpartum BMI Systolic blood Gestation
white (%) (N=12,581)° pressure” (mmHg) length (days)

2006 (418) 96.9 262 £03 273+ 03 292 £ 04 113.2/69.6 2750 £ 04
2007 (1224) 96.1 266+ 02 277 +£02 289+0.2 112.9/69.3 2757 £02
2008 (1063) 96.6 26.7 £0.2 279 £0.2 296 £03 112.0/68.8 2751 £ 02
2009 (1242) 94.1 268 £ 0.2 274+ 02 291 £02 112.1/69.0 2762 £ 02
2010 (1103) 95.1 271+£02 275+02 292+02 112.6/69.1 2762 £02
2011 (2328) 95.1 269 £ 0.1 278 £ 0.1 295 £ 0.2 112.5/68.6 2771 £02
2012 (2486) 936 268 £ 0.1 277 £ 0.1 292 £02 113.3/694 2765 £ 0.1
2013 (2640) 94.7 268 £ 0.1 282 £ 0.1 294 +02 113.5/69.5 276.7 £ 0.1
2014 (2915) 934 270+ 0.1 278+ 0.1 295+02 113.5/68.9 276.7 £ 0.1
2015 (2798) 939 27.1 £0.1 282 £ 0.1 29.7 £0.2 113.5/69.6 2769 £ 0.1
Total (18,217) 94.5 269 + 0.1 278+ 0.1 294 +0.1 113.1/69.2 276.5 £ 0.1

Calculated from either a pre-pregnancy weight or the earliest prenatal visit weight within 30 days of estimated conception

PFrom the postpartum visit

“Calculated from either a pre-pregnancy measurement or a measurement taken at the earliest prenatal visit within 30 days of estimated conception

Results

The 18,217 births were divided among 15,326 women,
with 12,717 contributing a single birth, 2355 two births,
226 three births, and 28 women contributing four births.
Most births were to multiparous women (2010 births to
primiparous women, and 1201 births in which maternal
parity was not known). The limited demographic infor-
mation available for the mothers is presented in Table 1.
Mean maternal age at conception, pre-pregnancy BMI,
postpartum BMI, pre-pregnancy blood pressure, and ges-
tation length did not differ across these years (Table 1).
Almost all (94.5%) of the women were non-Hispanic
white. The mean age at conception was 26.9 + 0.1 years
(1849 years old). The mean gestational length was 276.5
+0.1 days (259-294 days). Based on BMI, more than half
of the women were overweight (25.4%) or obese (31.6%).
Few (3.0%) were underweight. The mean number of
weights recorded during the prenatal period for these
births was 16, with a median of 15 and a mode of 14.

Patterns over the ten years

Between 2006 and 2010, the percentage of term singleton
births that met our criteria for inclusion (i.e. data to calcu-
late the pre-pregnancy maternal BMI and within 7 days of
birth) averaged 33.4%. In 2011, the percentage increased
to 52.4% and steadily continued to increase, reaching
77.2% in 2015 (Table 2). The increase was driven by a
higher proportion of both recorded pre-pregnancy
weights or weights within 30 days of estimated conception
and weights within seven days of delivery.

Among the 18,217 births analyzed, 8730 had at least
one complication reported (excluding cesarean delivery
as a potential complication), leaving 9487 births with no
reported complications. There was a small (just under

0.5 percentage points per year) but consistent increase
in the proportion of births with at least one recorded
complications over the ten years, from about 46% of
births before 2009 to 49.7% in years 2014 and 2015
(Fig. 1). Recorded complications included pre-existing
hypertension, gestational hypertension, preeclampsia,
pre-existing diabetes, gestational diabetes, depression,
and polycystic ovarian syndrome. Cesarean delivery
accounted for 29% of deliveries. The cesarean rate de-
clined by about 1.1 percentage points per year from
above 30% from 2006 through 2009 to 26 and 25% in
2014 and 2015, respectively (Fig. 1).

Gestational weight gain
Mean total GWG for all 10 years averaged 30.2 + 0.1 Ib.
(range = 29.4-31.4 1b). Significant factors affecting GWG
were gestation length, pre-pregnancy BMI, pre-pregnancy
systolic blood pressure, and parity. The year of birth, ma-
ternal age at conception, pre-pregnancy diastolic blood
pressure, and complications during pregnancy were not
significant factors with respect to GWG. Although signifi-
cant, the associations between GWG and gestation length
(r=0.095, P <0.001) and maternal systolic blood pressure
(r=-10.097, P < 0.001) were low. The association with ma-
ternal pre-pregnancy BMI was greater (r=0.320, P<
0.001). Parity also appeared to have a larger effect. The es-
timated marginal means for GWG evaluated at 276 days
of gestation, maternal BMI of 28 kg/m?, and systolic blood
pressure of 113 mmHg were 33.6+ 0.4 1b, 31.4+0.2 Ib,
and 27.2+0.2 Ib. for the first birth, second birth, and for
more than one previous birth, respectively.

Consistent with the positive correlation between gesta-
tion length and GWG, the proportion of women who
gained above recommendations increased with weeks’
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Table 2 Singleton term births between 2006 and 2015 from electronic medical records at Geisinger. Note: the lower number of
births in 2006 derives from the fact that these births were conceived and delivered in 2006, while for later years the number

represents all deliveries in that year regardless of year of conception

Year of birth Births Births with Percent of births Births also with Percent of births also
pre-pregnancy with pre-pregnancy weight within with weight within
weight weight 7 days of parturition 7 days of parturition

2006 1470 706 48.0% 418 284%

2007 3626 1940 53.5% 1224 33.8%

2008 3249 1639 50.4% 1063 32.7%

2009 3351 1814 54.1% 1242 37.1%

2010 3133 1667 53.2% 1103 35.2%

2011 4440 3023 68.1% 2328 52.4%

2012 4440 3146 70.9% 2486 56.0%

2013 4256 3217 75.6% 2640 62.0%

2014 4170 3355 80.5% 2915 69.9%

2015 3623 3048 84.1% 2798 772%

Total 35,758 23,555 65.9% 18,217 50.9%

gestation for all BMI categories (Table 3). A majority of
overweight women gained above recommendations re-
gardless of gestation length, increasing from 60.6% in
the 38th week to 75.2% in the 42nd week (Table 3).
Although GWG declined with increasing maternal
BMI for all births and for births without complications,
the proportion of women that gained above the IOM
recommendations based on maternal BMI was highest
in overweight and obese women (Table 4). These pat-
terns of GWG did not vary over the ten years between
2006 and 2015, with no consistent change in the pro-
portions of women gaining under, within or above IOM
recommendations with respect to maternal BMI. Only
25.8% of women in this population gained within

recommendations (range = 24.3-27.7%) with an average
of 21.3% gaining below recommendations (range = 17.3—
24.0%) and 52.9% gaining above (range = 51.4—55.0%). A
third of underweight women had a total GWG under
IOM recommendations, with no change over these years
(Fig. 2).

The results were similar for weekly weight gain in the
third trimester. Despite a numerical decrease in mean
weekly weight gain in obese women, the proportion that
gained above recommendations exceeded 60% (Table 5).
Underweight women (BMI < 18.5 kg/m?) was the only BMI
category in which a majority of women did not gain above
IOM recommendations. Almost half of underweight
women (49.1%) gained below IOM recommendations in

~

55
O year of birth vs cesarean

® births with at least one complication

50

45 4 °

40

35

Proportion of births (%)

30 4

25 A

20

y =-887.404 + 0.465 * x; R® = 0.733; P = 0.002

y =2277.296 - 1.118 * x; R = 0.835; P < 0.001

T
2004 2006 2008

2010

Year of the birth
Fig. 1 The proportion of term, singleton births with at least one pregnancy complication or with a cesarean delivery from 2006 through 2015

1
2012 2014 2016




Power et al. BMC Pregnancy and Childbirth (2018) 18:239

Page 5 of 9

Table 3 The proportion of women with GWG above recommendations by maternal BMI class and weeks of completed gestation.
Both week of gestation and BMI class were significant factors for GWG above recommendations

Gestational age All women Underweight Normal weight Overweight Obese
370-37° 667 12 213 212 230
weeks (47.1%) (26.7%) (37.0%) (60.6%) (47.1%)
380-38° 1247 20 421 394 412
weeks (47.5%) (22.5%) (38.6%) (61.6%) (51.2%)
390-39° 3577 61 116 1101 1299
weeks (51.0%) (28.6%) (42.2%) (63.6%) (53.5%)
40°-40° 2876 49 1037 972 818
weeks (56.0%) (32.7%) (48.4%) (70.1%) (56.2%)
41°9-41° 1263 20 480 389 374
weeks (62.4%) (37.0%) (56.4%) (75.2%) (62.1%)

the third trimester. Similar to total GWG, there was no
change in the pattern of weekly weight gain in the third tri-
mester for under, within or above recommendations across
the 10 years, with only 12.9% gaining within recommenda-
tions over the ten-year period.

The multinomial logistic regression results indicated
that gestation length, pre-pregnancy BMI, and parity
were significant factors for both GWG below and above
recommendations, although the effects were not large,
except for parity (Table 6). Age at conception was a sig-
nificant factor for those who were under recommenda-
tions, with younger women being more likely to gain
under recommendations. Pre-pregnancy systolic blood
pressure was significant for those who gained above rec-
ommendations, with higher blood pressure associated
with a greater likelihood of exceeding GWG recommen-
dations. Both of these effects were small (Table 6).

Women who gained within recommendations had both
lower pre-pregnancy BMI (26.6 + 0.1 kg/m? P < 0.001)
and systolic blood pressure (112.0+0.1 mmHg; P<
0.001) than either those who gained under (28.8 +
0.1 kg/m? and 113.5 + 0.2 mmHg) or above recommen-
dations (28.0 + 0.1 kg/m? and 113.4 + 0.2 mmHg). Mean
gestation length increased by 1.8 days from GWG under
recommendations (275.3 £ 0.1 days) to GWG above rec-
ommendations (277.1 + 0.1 days; P < 0.001), a statistically
significant, but perhaps not clinically relevant finding.
Parity had the largest effect on both gaining above and
below recommendations (Table 6). Consistent with the
declining estimated marginal means for GWG with in-
creasing parity given above (controlling for gestation
length, maternal BMI, and systolic blood pressure), the
proportion of women who gained above recommenda-
tions consistently declined with parity (62.6, 56.4, and

Table 4 Gestational weight gain by BMI class for all term singleton births and for births without complications. Prepregnancy BMI
had a significant effect on weight gain, with mean weight gain declining with BMI (r=-0.329, P < 0.001 for all births)

IOM Recommendations (Ib) N Mean GWG + SEM (Ib) Proportion above IOM
recommendations
All births 18217 302 £ 0.1 52.9%
Underweight 28-40 551 350£05 29.4%
Normal weight 25-35 7305 345+ 02 44.7%
Overweight 15-25 4623 320+£02 66.4%
Obese class | 11-20 2815 260+ 03 63.0%
Obese class Il 11-20 1631 211 £04 50.6%
Obese class Il 11-20 1292 17.7 £ 0.5 41.3%
Births with no complications 9487 316+ 02 52.8%
Underweight 28-40 340 341 £ 06 26.5%
Normal weight 25-35 4541 347 +02 44.8%
Overweight 15-25 2461 32603 68.0%
Obese class | 11-20 1215 268 £ 05 65.3%
Obese class I 11-20 596 200+ 0.7 48.2%
Obese class Il 11-20 334 171+ 1.1 38.9%
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46.3% for first birth, second birth, and more than one
previous birth, respectively; P <0.001). Conversely, the
proportion of GWG below recommendations was lowest
for a first birth (14%), almost doubling to 26% for
women with two or more previous births.

Discussion

The pattern of GWG with respect to pre-pregnancy ma-
ternal BMI in this population is concerning. Only 25.8%
of women in this population had total GWG within

recommendations over the ten years of data, with only
12.9% gaining within recommendations in the third tri-
mester. The majority of women in this population
gained above IOM recommendations, especially in the
third trimester, in which even a majority of women with
a normal pre-pregnancy BMI gained above recommen-
dations. Although overweight and obese women in this
population had numerically lower GWG than did women
with normal BMI, this reduced GWG still generally
exceeded the GWG recommended by IOM, resulting in a

Table 5 Weekly weight gain in the third trimester by BMI class for all term singleton births and for births without complications

IOM Recommendations (Ib) N Mean weekly GWG + SEM Proportion above
in the third trimester (Ib/week) IOM recommendations
All births 12912 1.06 £ 0.01 64.5%
Underweight 1-13 371 1.05 = 0.03 28.6%
Normal weight 0.8-1.0 5085 112 £ 001 56.8%
Overweight 0.5-0.7 3230 1.12 £ 0.01 75.9%
Obese class | 04-0.6 2028 0.98 £ 0.02 71.8%
Obese class Il 04-0.6 1230 0.89 + 0.02 65.0%
Obese class Il 04-06 968 0.90 £ 0.03 64.4%
Births with no complications 6473 1.11 £ 001 65.3%
Underweight 1-13 220 1.03 £ 0.03 25.9%
Normal weight 0.8-1.0 3098 1.14 £ 0.01 58.0%
Overweight 0.5-0.7 1666 1.17 £0.02 79.6%
Obese class | 04-0.6 837 1.04 + 0.03 74.3%
Obese class I 04-06 420 0.87 £ 0.03 65.5%
Obese class Il 04-0.6 232 0.96 + 0.09 63.8%
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Table 6 Significant factors in the multinomial logistic regression for GWG under, within (reference category) and above IOM

recommendations

Parameter Odds ratio Standard error 95% confidence interval
Under recommendations versus within recommendations
Maternal BMI 1.041 0.004 1.034-1.048
Age at conception 0.987 0.005 0.978-0.996
First birth 0617 0.053 0.521-0.731
Second birth 0.794 0.042 0.716-0.879
Gestation length 0.989 0.003 0.982-0.995
Systolic blood pressure 1.001 0.002 0.998-1.005
Over recommendations versus within recommendations
Maternal BMI 1.030 0.003 1.024-1.036
Age at conception 0.998 0.004 0.991-1.006
First birth 1.558 0.100 1.374-1.766
Second birth 1372 0.059 1.261-1.493
Gestation length 1.016 0.003 1.010-1.021
Systolic blood pressure 1.005 0.002 1.001-1.008

large proportion of these women gaining above the IOM
recommendations, especially in the third trimester (66.4
and 54.6%, respectively). The only group without a major-
ity gaining above recommendations was underweight
women, who disturbingly had a high percentage of GWG
below recommendations.

Perhaps most disappointing is that there was no change
in these outcomes over the 10 vyears. Surveys of
obstetrician-gynecologists in 2012 and 2014 found wide-
spread knowledge of the IOM recommendations (81.8%)
and use of pre-pregnancy BMI to modify GWG recom-
mendations (78.5%) [8]. There were several indications that
providers in this study had appropriately counseled their
patients regarding recommendations on GWG based on
pre-pregnancy BMI. Overweight and obese women did
have lower GWG, both total and in the third trimester
compared to women with a normal BMI The fact that
women diagnosed with GDM were less likely to have
GWG above recommendations potentially represents ap-
propriate practice for these women, with more extensive
counseling on diet and GWG. The increase in recorded
maternal weights after 2010 indicates a focus on tracking
weight in pregnant women and an increased ability to cal-
culate pre-pregnancy and early pregnancy BMIL The fact
that the median number of prenatal weights recorded was
15 implies that these women had significant contact with
health care providers, and that their pattern of weight gain
should have been known to both the women and their care
providers. However, despite what appears to be widespread
knowledge of the dangers of inappropriate GWG [8] and
good tracking of weight during pregnancy, the pattern of
inappropriate GWG by most of the women in this popula-
tion was essentially unchanged over the ten-year period.

Data on mothers with inadequate GWG have un-
equivocally supported the benefits of increasing total
weight gain recommendations for underweight women
in reducing the risk of low birth weight babies [9, 10]. It
is disconcerting that one third of underweight women
gained below IOM recommendations during pregnancy,
with almost half gaining below recommendations in the
third trimester. Surveys of obstetrician-gynecologists in
2012 and 2014 found they likely underestimated the pro-
portion of their pregnant patients with GWG below rec-
ommendations by more than half (7.8%) [8] compared
with national data (20%) [11] or the data from this study
(21.3%). A concern is that the large proportion of
women with GWG above recommendations is resulting
in providers failing to recognize women with GWG
below recommendations.

Although several maternal factors were significantly
associated with GWG outside of recommendations,
most (age at conception, gestation length, and systolic
blood pressure) had small effects. Even the effect of ma-
ternal pre-pregnancy BMI was moderate (Table 6). Parity
had a strong effect on the likelihood of gaining an ap-
propriate amount of weight during pregnancy, with the
proportion of women gaining above recommendations
declining with the number of previous births. This result
is consistent with a recent prospective study in Brazil
that found that GWG was highest in primiparous
women [12]. Unfortunately, the decline of GWG above
recommendations with parity did not result in a large in-
crease of women gaining within recommendations. Ra-
ther, the proportion of GWG below recommendations
increased with parity such that more than one-of-four
women with two or more previous births gained below
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recommendations. Relatively little research appears to
have focused on the effect of parity on GWG and how
the two factors together might affect differences in
health outcomes for mother and child. Higher parity is
associated with higher infant birth weight and a greater
risk of macrosomia [13]. Children of primiparous
mothers have higher body fat at age thirty, and the effect
of parity was independent of the effects of maternal BMI
and GWG [14]. We suggest that an examination of
whether GWG recommendations should be adjusted for
maternal parity may be warranted.

The limitations of this study include its retrospective
nature, which means the findings are associations and
causality cannot be assumed, and the racial homogeneity
of the population (94.4% non-Hispanic white), which
may limit the extent to which the findings can be gener-
alized to the entire US population. Also, the majority of
women were overweight or obese, although, unfortu-
nately, that may be representative of US women of child-
bearing age. The amount of usable data from the EMR
system varied systematically across the years, primarily
due to progressively higher incidence of recorded
pre-pregnancy and early pregnancy weights after 2010,
such that the characterization of GWG is based on less
than 40% of term births between 2006 and 2010, and
more than 50% of term births after 2010, reaching a
maximum of more than 77% of term births in 2015.
Thus, GWG is likely more reliably characterized for this
population after 2010. However, based on the number of
weights taken during pregnancy, the women included in
this study were women that had consistent contact with
health care providers. They represent women who would
be expected to be appropriately counseled and moni-
tored during their pregnancy, regardless of the year the
birth occurred, and thus we argue they are comparable
across years.

Our expectation was that any effects of the IOM GWG
recommendations on patient behavior would be most evi-
dent in an integrated system with an extensive medical re-
cords system such as Geisinger. The lack of change in
GWG across the ten years, despite the general acceptance
of the IOM recommendations by obstetrician-gynecologists
[8], and the apparent increase in weight tracking after 2010
at Geisinger, reinforces other studies that suggest that
obstetrician-gynecologists require additional tools and strat-
egies to encourage behavior change and modify their
patients’ GWG effectively [8, 15, 16]. Our data suggest that
GWG@ is resistant to simple interventions, such as increased
tracking and recording of weight during pregnancy. A pro-
spective cohort study found little association between
receiving provider advice on GWG and gaining within
IOM recommendations, suggesting that current provider
practice on GWG counseling is not effective [16]. A
simple-in-concept health care practice that would improve
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maternal and neonatal outcomes, helping patients regulate
their weight gain during pregnancy within healthy limits,
appears to be difficult to accomplish with the current tool
set available to obstetrician-gynecologists.

Physicians’ confidence in their ability to affect GWG in
their patients was found to be associated with practice
effort [8]. If provider counseling on GWG remains inef-
fective, this could lead to reduced efforts as confidence
is lessened by observed lack of change in outcomes. A
focus group study found that providers were aware of
and concerned about the risks associated with excess
GWG, but were concerned that their training was inad-
equate. A common motivation for participating in the
focus groups was “...to find out what other people are
doing”, indicating an interest in learning new counseling
methods [15]. This suggests the need for new tools to
assist providers in communicating the importance of ap-
propriate GWG to their patients and monitoring weight
gain throughout pregnancy. Recent randomized trials of
life-style modifications have produced encouraging re-
sults, resulting in lower GWG in overweight and obese
women [17, 18]. Among women who were not low in-
come, consistent GWG tracking was associated with
lower GWG [19]. Developing provider tools to guide the
management of GWG in patients may improve the qual-
ity of care, enhance provider efforts to monitor and
manage GWG, and have a positive influence on both
maternal and child health outcomes.

Conclusions

Despite the publication of IOM recommendations in 2009
and an apparent increase in tracking maternal weight after
2010, GWG in this population did not change between
2006 and 2015. The majority of women in this population
gained above IOM recommendations, especially in the
third trimester, in which even a majority of women with a
normal pre-pregnancy BMI gained above recommenda-
tions. Overweight and obese women were especially likely
to gain above recommendations. Although GWG above
recommendations is the most common occurrence, GWG
below recommendations continues to occur and is preva-
lent among underweight women.

Abbreviations

ANCOVA: Analysis of covariance; BMI: Body mass index; EMR: Electronic
medical records; GDM: Gestational diabetes mellitus; GWG: Gestational
weight gain; IOM: Institute of Medicine

Acknowledgements

This project is supported by the Health Resources and Services Administration
(HRSA) of the US. Department of Health and Human Services (HHS) under
UA6MC19010 and UA6MC31609. This information or content and conclusions
are those of the author and should not be construed as the official position or
policy of, nor should any endorsements be inferred by HRSA, HHS or the US.
Government. The authors report no conflicts of interest.



Power et al. BMC Pregnancy and Childbirth (2018) 18:239

Financial support

This project is supported by the Health Resources and Services
Administration (HRSA) of the U.S. Department of Health and Human Services
(HHS) under UA6MC19010 and UA6MC31609.

Funding

This research was supported by the Health Resources and Services
Administration (HRSA) of the U.S. Department of Health and Human Services
(HHS) under UA6MC19010 and UA6MC31609. HRSA did not play a role in
the design, data collection, or analysis of the study. HRSA provided some
technical assistance in the writing of the paper, however, the conclusions
and opinions expressed in this paper represent the authors and not those of
HRSA.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to patient privacy concerns but are available from the
corresponding author on reasonable request.

Authors’ contributions

MLP performed the data analysis. MLP, MLL, and ADM designed the study. JD
and JS provided interpretation and context for the results. All authors contributed
to writing the manuscript and all read and approved the final version.

Competing interests
The authors declare that they have no competing interests.

Ethics approval and consent to participate

The research was reviewed on 12/29/2015 and determined to meet the
criteria for EXEMPTION by the Geisinger Institutional Review Board (IRB#
2015-0454) as defined in the U. S. Department of Health and Human
Services Regulations for the Protection of Human Subjects [(45 CFR
46.101(b)]. The specific exemption category under 45 CFR 46.101(b) is:
Category 4: Existing data/specimens, publicly available, unlinkable to
individuals.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'Research Department, American College of Obstetricians and Gynecologists,
PO Box 96920, Washington, DC 20090-6920, USA. *Smithsonian National Zoo
and Conservation Biology Institute, Washington, DC, USA. 3Geisinger,
Department of Obstetrics and Gynecology, Division of Maternal-Fetal
Medicine, Danville, PA, USA. “Health Resources and Services Administration,
Maternal and Child Health Bureau, Office of Epidemiology and Research,
Division of Research, Rockville, MD, USA. 5Departmer\t of Obstetrics and
Gynecology, University of Washington School of Medicine, Seattle, WA, USA.

Received: 27 November 2017 Accepted: 4 June 2018
Published online: 18 June 2018

References

1. Phelan S. Pregnancy: a “teachable moment” for weight control and obesity
prevention. Am J Obstet Gynecol. 2010;202(135):e1-8.

2. Chin JR, Krause KM, @stbye T, Chodhury N, Lovelady CA, Swamy GK.
Gestational weight gain in consecutive pregnancies. Am J Obset Gynecol.
2010;203(279):e1-6.

3. Johnson J, Clifton RG, Roberts JM, et al. Pregnancy outcomes with weight
gain above or below the 2009 Institute of Medicine guidelines. Obstet
Gynecol. 2013;121:969-75.

4. Healthy People 2020. https://www.healthypeople.gov/2020/topics-
objectives/topic/maternal-infant-and-child-health/objectives.

5. Institute of Medicine. Weight gain during pregnancy: reexamining the
guidelines. Washington DC: National Academies Press; 2009.

6. American College of Obstetricians and Gynecologists. Committee opinion
548 weight gain during pregnancy. Obstet Gynecol. 2013;121:210-2.

7. Paulos RA, Davis K, Steele GD. Continuous innovation in health care:
Implicatoins of the geisinger experience. Health Aff. 2008;27:1235-45.

Page 9 of 9

Power ML, Schulkin J. Obstetrician/gynecologists” knowledge, attitudes and
practices regarding weight gain during pregnancy. J Women's Health. 2017;
26:1169-75.

Abrams BF, Laros RK. Prepregnancy weight, weight gain. and birth weight
Am J Obstet Gynecol. 1996;154(3):503-8.

Han Z, Lutsiv O, Mulla S, Rosen A, Beyene J, McDonald SD. Low gestational
weight gain and the risk of preterm birth and low birthweight: a systematic
review and meta-analyses. Acta Obstet Gynecol Scand. 2011;90(9):935-54.
https://doi.org/10.1111/j.1600-0412.2011.01185x.

Deputy NP, Sharma AJ, Kim SY. Gestational weight gain-United States, 2012
and 2013. Morb Mortal Wkly Rep. 2015;64:1215-20.

Paulino DSM, Surita FG, Peres GB, Nascimento SL, Morais SS. Association
between parity, pre-pregnancy body mass index and gestational weight
gain. J Matern Fetal Neonatal Med. 2016,29:880-4.

@rskou J, Henriksen TB, Kesmodel U, Secher NJ. Maternal characteristics and
lifestyle factors and the risk of delivering high birth weight infants. Obstet
Gynecol. 2003;102:115-20.

Reynolds RM, Osmond C, Phillips DIW, Godfrey KM. Maternal BMI, parity,
and pregnancy weight gain: influences on offspring adiposity in young
adulthood. J Clin Endocrinol Metab. 2010;95:5365-9.

Stotland NE, Gilbert P, Bogetz A, Harper CC, Abrams B, Gerbert B. Preventing
excessive weight gain in pregnancy: how do prenatal care providers
approach counseling? J Women's Health. 2010;19:807-14.

Ferrari RM, Siega-Riz AM. Provider advice about pregnancy weight gain and
adequacy of weight gain. Matern Child Health J. 2013;17:256-64.

Cahill AG, Haire-Joshu D, Cade WT, Stein RI, Woolfolk CL, Moley K, Mathur A,
Schechtman K, Klein S. Weight control program and gestational weight
gain in disadvantaged women with overweight and obesity: a randomized
clinical trial. Obesity. 2018,26:485-91.

Gallaghar D, Rosenn B, Toro-Ramos T, Paley C, Gidwani S, Horowitz M, Crane
J,Lin S, Thornton JC, Pi-Sunyer X. Greater neonatal fat-free mass and similar
fat mass following a randomized trial to control excess gestational weight
gain. Obesity. 2018,26:578-87.

Olson CM, Strawderman MSGraham ML. Association between consisten
weight gain tracking and gestational weight Gan: secondary analysis of a
randomized trial. Obesity. 2017;25:1217-27.

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://doi.org/10.1111/j.1600-0412.2011.01185.x

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Statistical analysis

	Results
	Patterns over the ten years
	Gestational weight gain

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Financial support
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

