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ABSTRACT

Background: Postpartum weight retention (PPWR) can contribute
to obesity development in women of reproductive age. Few studies
have examined the association between postnatal diet and PPWR.
Objective: We examined both PPWR and substantial PPWR
(=4.55 kg) in association with the following dietary patterns: the
alternate Mediterranean Diet Score (aMED) and the Alternative
Healthy Eating Index-2010 (AHEI-2010).

Design: Women (n = 1136) in the Infant Feeding Practices Study II
(2005-2007) self-reported their prepregnancy and postpartum
weights at ~4, 7, 10, and 14 mo. Dietary patterns were calculated
from a food-frequency questionnaire administered ~4 mo postpar-
tum. Linear mixed models and generalized estimating equations for
repeated measurements were used to examine PPWR and substan-
tial PPWR, respectively, in association with the dietary patterns
with adjustment for energy intake, breastfeeding, age, education,
smoking, and marital status.

Results: At 14 mo postpartum, the mean (=SD) PPWR was 1.1 *
6.7 kg, and 22.4% of women had substantial PPWR. Although the
change in PPWR over time seemed to differ by diet quality 4—7 mo
postpartum, no differences were ultimately observed in the total
mean PPWR or probability of substantial PPWR across aMED
and AHEI-2010 categories during the rest of the follow-up (P >
0.12). Instead, PPWR and substantial PPWR were associated with
total energy intake (at ~7-14 mo postpartum: 0.97 kg/1000 kcal
(95% CI: 0.40, 1.55 kg/1000 kcal); OR: 1.25/1000 kcal (95% CI:
1.03, 1.52/1000 kcal), respectively].

Conclusions: Postpartum diet quality assessed by 2 patterns was
not associated with weight retention. Total energy intake, regardless
of the diet composition, plays a more important role in weight re-
tention. Am J Clin Nutr 2013;97:1338-45.

INTRODUCTION

Obesity has become a major concern in all populations
worldwide, including in women of reproductive age (1). In the
United States, ~32% of women of reproductive age (20-39 y)
are obese [BMI (kg/mz) =30] (2). In women of reproductive
age, pregnancy has been identified as a trigger for the de-
velopment of obesity because of excessive weight gain and long-
term weight retention (3, 4). Although average estimates of
weight retention have been modest, ranging from 1 to 2 kg at 6—
18 mo postpartum (5-7), the proportion of women with sub-
stantial weight retention (=4.55 kg) ranges from 14% to 25%
(5-7). This retained weight is potentially harmful as a result of
its centralized distribution because evidence has suggested
a preferential accumulation of adipose tissue in the visceral
compartment, which is an independent risk factor for a wide
range of chronic diseases (8—10).
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Factors associated with postpartum weight retention (PPWR)*
include excessive gestational weight gain (GWGQG), breastfeed-
ing, cigarette smoking, maternal income, marital status, age,
energy intake, and exercise (3, 7, 11-15). Very few studies have
examined the association between individual dietary compo-
nents and patterns of overall dietary intake and PPWR (14). An
examination of dietary patterns, rather than individual nutrients
or foods, can capture overall patterns and interactions between
separate dietary components (16). Numerous studies, including
clinical trial evidence, have demonstrated the importance of diet
quality on weight status in men and nonpregnant women (17—
19). Thus, we report on the association of 2 such validated
patterns of dietary quality as follows: the alternate Mediterra-
nean Diet Score (aMED) and the Alternative Healthy Eating
Index-2010 (AHEI-2010) with PPWR in the Infant Feeding
Practices Study II (IFPS II).

SUBJECTS AND METHODS

Overall study design and participants

The IFPS II (2005-2007) was a longitudinal survey of
mothers from pregnancy through their infant’s first birthday
(20). All women identified from a consumer-opinion panel
during their third trimester (weeks 32—40) of pregnancy were
invited to participate in a US national study of infant feeding
practices. After delivery, a birth screener identified eligible
participants as adult mothers (=18 y) of healthy, term, or near-
term (=35 wk) singletons who weighed =2.27 kg (5 1b) and
were not in an intensive care unit for >3 d. In addition, mothers
with medical problems (eg, hypothyroidism and pituitary dys-
function) that affected infant feeding were excluded.
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Data collected longitudinally included one prenatal mailed
questionnaire sent around the third trimester of pregnancy, a short
telephone interview close to the time of the infant’s birth, and 10
mailed questionnaires about infant feeding, health, and related
topics over the 12-mo postpartum period. The Food and Drug
Administration’s Research Involving Human Subjects Com-
mittee approved the IFPS II study protocol.

Dietary assessment
Diet History Questionnaire

Two maternal dietary assessments, one during late pregnancy
and one ~4 mo postpartum, were conducted in a subsample of
IFPS 1II respondents by using a modified version of the National
Cancer Institute’s (NCI’s) Diet History Questionnaire (DHQ)
(20). The DHQ has been previously validated against four 24-h
dietary recalls in a nationally representative sample (21) and
captures the consumption of over 100 food items including
portion-size information. Modifications of the DHQ included
changing the time span of the foods consumed from the past
year to the past month and inclusion of food items relevant to
pregnant and lactating women such as specific types of fish and
certain dietary supplements (20). Thus, the prenatal DHQ
mailed in the third trimester (weeks 32—40) represented intake
between 28 and 36 wk, whereas the postpartum DHQ reflected
intake between 3—4 mo after delivery. The NCI's Diet*Calc
software (version 1.4.3), which produces estimates of nutrients,
total energy intake, food categories, and glycemic load esti-
mates, was used to process DHQ assessments. From the origi-
nally mailed sample, a total of 1483 (83%) respondents
completed the postpartum DHQ. The NCI excluded data for
women who were in the top 2% or bottom 1% of energy intake
(which corresponded to women with a caloric intake >4539 and
<606 kcal, respectively). With the use of DHQ data from 1420
women, the aMED was the primary dietary pattern evaluated.
Secondarily, the AHEI-2010 was an additional dietary pattern
evaluated.

aMED

To examine postpartum adherence to the Mediterranean diet,
the aMED (22), which is a scale adapted from the traditional
Mediterranean diet score developed by Trichopoulou et al (23),
was used. This score (range: 0-9) is based on the dietary intake
of 9 components with greater adherence implied by higher
scores. Each of the beneficial dietary components, including
vegetables (excluding potatoes), legumes, fruit, nuts, whole
grains, fish, and the ratio of monounsaturated fat to saturated fat,
receives a score of 1 if consumption exceeds the median intake.
One point is scored if alcohol intake is between 5 and 15 g/d.
For presumed nonbeneficial dietary components, including red
and processed meats, one point is scored if intake is less than the
median. Median intakes are derived from the distribution of
dietary components of the cohort under study. Because this in-
dex has been previously developed for the nonpregnant and
nonlactating population, we excluded alcohol consumption from
the index, and thus, the total aMED score ranged between
0 (least adherence) and 8 (highest adherence). The aMED score
was categorized to examine 3 groups with low (=3 points),
moderate (4-5), and high (6-8) adherence.
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AHEI-2010

The AHEI-2010 is a recent update to the Alternative Healthy
Eating Index, which is a diet quality index that is based on foods
and nutrients recommended by the US National Dietary
Guidelines for Americans (24). The AHEI-2010 score is based on
the dietary intake of 11 components that range between O (worst)
and 10 (best) with better adherence implied by a higher total
AHEI-2010 score (0: nonadherence; 110: perfect adherence). The
intake of dietary components with positive health effects included
vegetables (0 points for O servings/d and 10 points for =5
servings/d) (excluding potatoes), whole fruit (0 points for
0 servings/d and 10 points for =4 servings/d), whole grains
(0 points for 0 g/d and 10 points for 75 g/d), nuts and legumes (0
points for O servings/d and 10 points for =1 servings/d), the per-
centage of energy intake from PUFAs (0 points for =2% and
10 points for =10%), and long-chain (n—3) fats (EPA + DHA)
(0 points for 0 mg/d and 10 points for 250 mg/d) (24). The intake of
nonbeneficial dietary components, including sugar-sweetened bev-
erages and fruit juice (0 points for =1 servings/d and 10 points for
0 servings/d), red and processed meat (0 points for =1.5 servings/d
and 10 points for 0 servings/d), the percentage of energy intake from
trans fat (0 points for =4% and 10 points for =0.5%), and sodium
(0 points for highest—sodium-intake group and 10 points for lowest
group; participants divided into 11 groups) resulted in lower ad-
herence scores (24). Similar to the alcohol component in the aMED,
we excluded alcohol consumption from the total score, and thus, the
total AHEI-2010 score ranged between 0 and 100. The AHEI-2010
was examined in tertiles.

PPWR

PPWR in kilograms was defined as the difference between
self-reported prepregnancy body weight, as reported in the
prenatal questionnaire, and self-reported weight as obtained from
3-, 6-, 9-, and 12-mo postpartum questionnaires. The 3-, 6-, 9-,
and 12-mo questionnaires were intended to target mothers with
infants of a specific age. However, the date of completion of
questionnaires did not always match the targeted infant’s age. As
a consequence, the time frame for reported weights in the
postpartum period ranged between 11 and 73 wk (11-62 wk:
99.8%). After the exclusion of 20 women with implausible
postpartum weights, a total of 1136 mothers had available data
on prepregnancy weight, dietary data, and at least one self-
reported postpartum weight assessment. We also excluded
8 observations beyond 62 wk postpartum to restrict the analysis
duration between 11 and 62 wk after delivery. Postpartum time
was categorized to represent relatively equally spaced time in-
tervals and to reduce multiple measures of weight assessment
per woman per time interval. Time categories included
11-20 wk (1037 observations), 21-34 wk (948 observations),
35-48 wk (888 observations), and 49-62 wk (811 observations).
PPWR was first examined as a continuous outcome. We also
defined substantial PPWR as retaining =4.55 kg above the
prepregnancy weight. This definition (=4.55 kg) was chosen for
comparison purposes with previous research (6, 7).

Covariate assessment

Demographic data were either available directly from the
Panel Demographic Questionnaire or collected through a short
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TABLE 1
Maternal characteristics according to adherence to the alternate Mediterranean Diet in the IFPS II (2005-2007)"
Total cohort Low (scores: Moderate (scores: High (scores:
(n = 1136) 0-3; n = 465) 4-5; n = 431) 6-8; n = 240) P
Demographics
Age (y) 292 * 5.3 284 £ 52 29.6 £ 5.1 302 £ 54 <0.001
Education [n (%)] <0.001
High school or less 192 (17.7) 103 (23.0) 60 (14.7) 29 (12.7)
Some college 411 (37.9) 191 (42.6) 151 (37.0) 69 (30.1)
College degree 358 (33.0) 116 (25.9) 144 (35.3) 98 (42.8)
Graduate degree 124 (11.4) 38 (8.5) 53 (13.0) 33 (14.4)
Race-ethnicity [n (%)] 0.87
Non-Hispanic white 963 (86.0) 403 (87.4) 361 (85.1) 199 (84.7)
Non-Hispanic black 39 (3.5) 15 (3.3) 14 (3.3) 10 (4.3)
Hispanic 58 (5.2) 22 (4.8) 25 (5.9) 11 (4.7)
Asian/Pacific Islander/other 60 (5.4) 21 (4.6) 24 (5.7) 15 (6.4)
Married [n (%)] 896 (82.7) 345 (77.0) 349 (85.8) 202 (88.6) <0.001
Poverty level (<185% of the federal poverty level) [n (%)] 402 (35.4) 188 (40.4) 139 (32.3) 75 (31.3) 0.012
Nulliparous [1 (%)] 331 (29.8) 137 (30.4) 128 (30.3) 66 (27.9) 0.76
Behavioral characteristics
Smoker during pregnancy [n (%)] 89 (7.9) 59 (12.7) 21 (4.9) 9 (3.8) <0.001
Smoker postpartum [n (%)]’ 175 (16.6) 109 (25.2) 50 (12.6) 16 (7.1) <0.001
Alcohol intake [n (%)] 524 (46.2) 215 (46.3) 207 (48.1) 102 (42.5) 0.37
Beer 266 (23.4) 100 (21.5) 113 (26.3) 53 (22.1) 0.21
Wine 356 (31.5) 135 (29.2) 139 (32.5) 82 (34.2) 0.34
Liquor 243 (21.4) 103 (22.2) 94 (21.9) 46 (19.2) 0.63
Breastfeeding score
11-20 wk 69 + 4.7 58 4.7 75 44 83 47 <0.001
21-34 wk 12.0 = 8.7 94 £ 85 13.0 £ 8.2 149 = 84 <0.001
35-48 wk 150 £ 11.2 11.6 = 10.8 16.6 = 10.8 18.0 = 11.1 <0.001
49-62 wk 172 = 134 134 = 13.0 18.9 = 12.7 21.1 = 13.7 <0.001
Anthropometric measures [n (%)]
Prepregnancy BMI 0.62
<25 kg/m? 598 (52.7) 233 (50.2) 231 (53.6) 134 (56.1)
25 to <30 kg/m? 284 (25.0) 124 (26.7) 103 (23.9) 57 (23.9)
=30 kg/m* 252 (22.2) 107 (23.1) 97 (22.5) 48 (20.1)
Gestational weight gain 0.53
Less than IOM guidelines 205 (18.1) 92 (19.8) 74 (17.2) 39 (16.3)
Within IOM guidelines 418 (36.9) 161 (34.7) 160 (37.1) 97 (40.6)
Greater than IOM guidelines 511 (45.1) 211 (45.5) 197 (45.7) 103 (43.1)
Weight retention =4.55 kg
11-20 wk 324 (31.2) 120 (28.1) 132 (33.7) 72 (33.0) 0.19
21-34 wk 240 (25.3) 100 (26.2) 93 (26.1) 47 (22.5) 0.57
35-48 wk 203 (22.9) 92 (26.4) 69 (20.4) 42 (20.9) 0.12
49-62 wk 182 (22.4) 75 (23.4) 68 (22.1) 39 (21.3) 0.84
Dietary characteristics
Total energy (kcal) 1889.0 = 717.3 1646.7 = 662.9 1965.0 = 681.2 2221.7 = 720.8 <0.001
Proteins (percentage of kcal) 16.0 £ 3.3 154 £33 16.5 £ 3.3 164 = 3.1 <0.001
Carbohydrates (percentage of kcal) 51.8 £7.9 51.7 £ 82 514 79 52.6 £ 7.2 0.17
Fat (percentage of kcal) 335 6.2 33.7 = 6.1 334 63 33.0 = 6.0 0.30
SFA (percentage of kcal) 11.6 £ 2.8 125 £ 2.8 113 £ 2.6 10.5 * 24 <0.001
MUFA (percentage of kcal) 12.6 £ 2.6 12.6 = 2.6 12.6 = 2.7 12.6 = 2.6 0.92
PUFA (percentage of kcal) 6.7+ 19 62 *+ 1.7 6.9 * 1.9 73+ 1.8 <0.001

! Information was missing for age (n = 2), education (n = 51), race-ethnicity (n = 16), marital status (n = 53), parity (n = 25), prenatal smoking (n = 5),
postpartum smoking (n = 80), alcohol (n = 2), beer (n = 1), wine (n = 5), liquor (n = 2), prepregnancy BMI (n = 2), and gestational weight gain (n = 2).
Statistical tests by Pearson chi-square for categorical variables or by ANOVA for continuous variables. IFPS II, Infant Feeding Practices Study II; IOM,
Institute of Medicine.

?Mean =+ SD (all such values).

¥ Smoked postpartum anytime during the 11-62-wk interval.
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demographic questionnaire. Maternal education was categorized
as high school or less, some college, college graduate, and
postgraduate. The ratio of annual household income to appro-
priate poverty-threshold values used by the US Census Bureau
was categorized as <185% and =185% with low-income fam-
ilies indicated by <185% of the federal poverty. Maternal race
and ethnicity were categorized as non-Hispanic white, non-
Hispanic black, Hispanic, and Asian/Pacific Islander/other.
Parity was examined as primiparous or multiparous. GWG,
which was obtained from the self-reported neonatal question-
naires, was categorized as below, within or above the 2009
Institute of Medicine guidelines for GWG (25). Postpartum
smoking, which was repeatedly reported at the time of post-
partum weight assessment, was categorized as smoker or non-
smoker at any time during the postpartum period.

The exclusive breastfeeding duration was extracted from each
monthly postpartum questionnaire to =10 mo during which the
mother indicated whether she provided only breast milk without
any feedings of liquids or foods. The duration of exclusive
breastfeeding was set to be equal to the midpoint of infant age
at the last questionnaire in which the mother reported exclusive
breastfeeding and infant age on the first questionnaire in which
she indicated that she stopped breastfeeding exclusively. If
a mother was still breastfeeding at the last questionnaire, the
variable was set to be equal to the postpartum time of her last
weight measurement. In concordance with previous research, we
created a scale that depicted both the intensity and duration of
breastfeeding to reflect the energy cost of full and partial lac-
tation (11). Women were assigned a score of 1 point/wk for full
breastfeeding and 0.5 points/wk for partial breastfeeding up
until the infant was 1 y old. Beyond 1 y, women scored 0.25
points/wk for any continued breastfeeding, which indicated the
decrease in energy costs of lactation because of the introduction
of other foods to the infant’s diet (11).

Statistical analyses

Linear mixed models for repeated measurements with an
unstructured error term were used to examine the association
between dietary patterns and longitudinally measured PPWR.
The odds of substantial weight retention (=4.55 kg) were also
examined by using generalized estimating equations. From these
models, the probability of retaining =4.55 kg was estimated.
Initially, we examined the association between PPWR and
aMED categories (0-3, 4-5, and 6-8), with adjustment for en-
ergy intake and interactions with time (11-20, 21-34, 3548,
and 49-62 wk) for both aMED categories and energy intake.
The interaction between time and aMED reflected whether
mothers with different aMED adherence scores retained weight
at the same rate over time. Subsequent models were adjusted for
covariates significantly associated with aMED categories and
weight retention and identified by using Pearson’s chi-square
analysis or ANOVA. The choice of covariates was based a priori
on what was previously reported in the literature. In separate
models we also examined aMED categories in a continuous
fashion to test for a linear trend. Separate models were also
adjusted for BMI, GWG, and both BMI and GWG. Similar
analyses were conducted to examine the association with AHEI-
2010 categories. Spearman’s correlation coefficients were used
to examine correlations between dietary patterns. All levels of
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association are presented with their 95% Cls and P values based
on a 2-sided test with significance at P < 0.05. Repeated-
measurement analyses were performed with Proc Mixed and
Proc Genmod procedures in SAS software (version 9.2; SAS
Institute Inc).

RESULTS

Of the total 1136 women with available data on prepregnancy
weight, dietary data and at least one self-reported postpartum
weight assessment, the mean (=SD) age was 29.2 = 5.3 y, the
mean prepregnancy BMI was 26.1 * 6.2, and the majority of the
women had some college education or higher (82%), were non-
Hispanic white (86%), and married (83%) (Table 1). At the end
of the follow-up period (49-62 postpartum weeks), mean weight
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FIGURE 1. A: PPWR with 95% ClIs (vertical lines) by aMED (square
marker: low aMED; dash marker: moderate aMED; circle marker: high
aMED) by using linear mixed models. B: Probability of substantial
postpartum weight retention by aMED (square marker: low aMED; dash
marker: moderate aMED; circle marker: high aMED) by using generalized
estimating equations. The model examined was as follows: PPWR (or
substantial PPWR =4.55 kg) = B0 + B1 X time + 82 X aMED categories
+ B3 X time X aMED categories + 34 X energy intake + 85 X time X
energy intake. Significant interaction was noted for the first time interval (4—
7 mo) between aMED categories and time: PPWR P = 0.02 and substantial
PPWR P = 0.007. Midpoints of postpartum intervals are plotted. aMED,
alternate Mediterranean Diet Score; PPWR, postpartum weight retention.
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retention was 1.1 £ 6.7 kg with 22.4% of women who reported
substantial weight retention (=4.55 kg).

The mean (=SD) of the aMED was 4.0 = 1.8, with 41% of
women who reported a low score (0-3) and 21% of women who
reported a high score (6-8). Older, more-educated, and married
women reported a higher aMED than did their counterparts (P <
0.001). Behavioral characteristics, including postpartum smoking
and lower breastfeeding scores, were associated with a low score
(P < 0.001). Energy intake increased with increasing aMED. Of
the macronutrients, a higher aMED was associated with a greater
protein intake but no difference in carbohydrate intake.

A significant interaction (continuous PPWR: P = 0.02; sub-
stantial PPWR: P = 0.007) between aMED categories and time
after adjustment for energy intake was identified whereby
women with better adherence to the aMED showed an apparent
different trajectory of weight change than did women with lower
adherence (continuous PPWR and 95% Cls are shown in Figure
1A; the probability of substantial PPWR by aMED categories is
shown in Figure 1B). Empirically, the interaction between aM-
ED and time was due to the first time interval, and curves ap-
peared to be parallel when the first time interval was excluded.

BOGHOSSIAN ET AL

In support of this observation, we tested for this interaction after
the exclusion of the first postpartum interval and showed that the
interaction term was NS. Thus, subsequent models with the
aMED excluded the first postpartum interval, and we report on
the rest of the follow-up phase (21-62 wk).

The results of the multivariable longitudinal model for the
association between PPWR and aMED are shown in Table 2.
Being married, breastfeeding for a longer duration, and a lower
energy intake were significantly associated with lower PPWR
[—1.92 kg for being married (95% CI: —3.03, —0.81 kg);
—0.054 kg for each unit increase in breastfeeding score (95%
CI: —0.082, —0.026 kg), and —0.97 kg for each 1000-kcal
decrease (95% CI: —0.40, —1.55 kg)]. No significant differ-
ences were detected in PPWR across different aMED categories.

For substantial PPWR (=4.55 kg), we similarly identified the
energy intake, breastfeeding score, and marital status as signif-
icant contributors (Table 3). For every 1000-kcal increase in
consumption, odds of substantial weight retention increased by
25% (OR: 1.25; 95% CI: 1.03, 1.52). Being married was asso-
ciated with reduced odds of substantial PPWR (OR: 0.62; 95%
CI: 0.43, 0.90). Breastfeeding was also associated with reduced

TABLE 2
Linear mixed models that examined factors associated with risk of postpartum weight retention in the IFPS II (2005-
2007)
Weight retention P
kg

Model with aMED?
Postpartum time
49-62 compared with 21-34 wk
3548 compared with 21-34 wk
Education
Some college compared with high school or less
College degree compared with high school or less
Graduate degree compared with high school or less
Married compared with not
Maternal age (per 1-y increase)
Postpartum nonsmoker compared with smoker
Breastfeeding score (per 1-unit increase)
Energy intake (per 1000-kcal increase)
aMED score
Moderate (4-5) compared with low (0-3)
High (6-8) compared with low (0-3)
Model with AHEI-2010%
AHEI-2010 score

Moderate (31.94—40.51) compared with low (16.21-31.92)

High (40.53-70.39) compared with low (16.21-31.92)

—0.67 (—0.97, —0.37) <0.001
—0.34 (—0.61, —0.075) 0.012
—0.85 (—1.98, 0.28) 0.14
—0.58 (—1.80, 0.63) 0.35
—0.67 (—2.20, 0.85) 0.39
—1.92 (=3.03, —0.81) <0.001

—0.014 (—0.093, 0.065) 0.72

0.60 (—0.56, 1.76) 031

—0.054 (—0.082, —0.026) <0.001

0.97 (0.40, 1.55) <0.001
0.41 (—0.49, 1.30) 0.37
—0.26 (—1.36, 0.84) 0.65
0.24 (—0.70, 1.18) 0.62
0.64 (—0.34, 1.61) 0.20

! All values are mean differences; 95% Cls in parentheses. Means (=SDs) of diet scores were 4.0 = 1.8 for the aMED
and 36.9 = 9.6 for the AHEI-2010. Median values for calculating aMED-component scores were as follows: vegetables
excluding potatoes, 2.410 servings/d; legumes, 0.060 servings/d; fruit, 1.680 servings/d; nuts, 0.150 servings/d; whole
grains, 1.020 servings/d; red meat and products, 1.830 servings/d; fish and seafood, 0.270 servings/d; and MUFA:SFA ratio,
1.088. Mean (*SD) scores of AHEI-2010 components were as follows: vegetables excluding potatoes, 5.32 * 2.80
servings/d; fruit, 2.91 * 2.59 servings/d; whole grains, 2.28 = 1.53 g/d; nuts and legumes, 3.58 = 2.94 servings/d; PUFA
percentage of energy intake, 5.85 = 2.13%; long-chain fats, 2.75 * 2.51 mg/d; sugar-sweetened beverages and fruit juice,
2.83 * 3.73 servings/d; red meat and products, 1.41 * 2.38 servings/d; trans fat percentage of energy intake, 5.08 *
1.82%; and sodium decile, 5.0 £ 3.16. The examined linear mixed model was as follows: PPWR = 80 + 81 X time + 82 X
education + 83 X marital status + 84 X maternal age + 85 X smoking status + 86 X breastfeeding score + 37 X energy
intake + B8 X diet-quality categories. AHEI-2010, Alternative Healthy Eating Index-2010; aMED, alternate Mediterranean
Diet score; IFPS II, Infant Feeding Practices Study II; PPWR, postpartum weight retention.

2 Postpartum time includes 21-62 wk.

 Adjusted for postpartum time, education, marital status, maternal age, smoking status, breastfeeding score, and

energy intake.
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TABLE 3
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Generalized estimating equations that examined factors associated with odds of substantial postpartum weight retention

(=4.55 kg) in the IFPS II (2005-2007)’

Weight retention

(=4.55 kg) P
Model with aMED?
Postpartum time
49-62 wk compared with 21-34 wk 1.00 (0.83, 1.20) 1.0
35-48 wk compared with 21-34 wk 0.97 (0.84, 1.12) 0.68
Education
Some college compared with high school or less 0.91 (0.63, 1.32) 0.62
College degree compared with high school or less 0.78 (0.52, 1.19) 0.25
Graduate degree compared with high school or less 0.80 (0.46, 1.38) 0.42
Married compared with not 0.62 (0.43, 0.90) 0.011
Maternal age (per 1-y increase) 0.99 (0.96, 1.01) 0.30
Postpartum nonsmoker compared with smoker 0.84 (0.57, 1.23) 0.37

Breastfeeding score (per 1-wk increase) 0.97 (0.96, 0.98) <0.001
Energy intake (per 1000-kcal increase) 1.25 (1.03, 1.52) 0.021
aMED score
Moderate (4-5) compared with low (0-3) 1.14 (0.84, 1.57) 0.40
High (6-8) compared with low (0-3) 1.09 (0.74, 1.60) 0.68
Model with AHEI-2010°~
AHEI-2010 score
Moderate (31.94-40.51) compared with low (16.21-31.92) 0.99 (0.73, 1.33) 0.94
High (40.53-70.39) compared with low (16.21-31.92) 1.28 (0.94, 1.74) 0.12

T All values are ORs; 95% Cls in parentheses. Means (+SDs) of diet scores were 4.0 + 1.8 for the aMED and 36.9 *

9.6 for the AHEI-2010. Median values for calculating aMED-component scores were as follows: vegetables excluding
potatoes, 2.410 servings/d; legumes, 0.060 servings/d; fruit, 1.680 servings/d; nuts, 0.150 servings/d; whole grains, 1.020
servings/d; red meat and products, 1.830 servings/d; fish and seafood, 0.270 servings/d; and MUFA:SFA ratio, 1.088. Mean
(£SD) scores of AHEI-2010 components were as follows: vegetables excluding potatoes, 5.32 * 2.80 servings/d; fruit,
2.91 £ 2.59 servings/d; whole grains, 2.28 = 1.53 g/d; nuts and legumes, 3.58 = 2.94 servings/d; PUFA percentage of
energy intake, 5.85 * 2.13%; long-chain fats, 2.75 = 2.51 mg/d; sugar-sweetened beverages and fruit juice, 2.83 = 3.73
servings/d; red meat and products, 1.41 * 2.38 servings/d; trans fat percentage of energy intake, 5.08 = 1.82%; and sodium
decile, 5.0 = 3.16. The examined generalized estimating equations model was as follows: substantial PPWR =4.55 kg =
B0+ B1 X time + B2 X education + 83 X marital status + 34 X maternal age + 85 X smoking status + 86 X breastfeeding
score + 37 X energy intake + 38 X diet-quality categories. AHEI-2010, Alternative Healthy Eating Index-2010; aMED,

alternate Mediterranean Diet score; IFPS II, Infant Feeding Practices Study II; PPWR, postpartum weight retention.

2 Postpartum time includes 21-62 wk.

3Adjusted for postpartum time, education, marital status, maternal age, smoking status, breastfeeding score, and

energy intake.

odds (OR: 0.97; 95% CI: 0.96, 0.98). The aMED and postpartum
time did not have significant effects on substantial PPWR. No
qualitative changes were observed in aMED estimates after
adjustment for prepregnancy BMI or GWG or both prepreg-
nancy BMI and GWG (data not shown).

Results that examined the association between AHEI-2010 and
PPWR retention were very similar to aMED results. The mean
(£SD) of the AHEI-2010 was 36.9 *= 9.6. For substantial
weight retention, the interaction between AHEI-2010 and time
was borderline significant (P = 0.09). The consistency of the
associations between PPWR and the 2 dietary scores aMED and
AHEI-2010 may have been due to the correlation between the 2
dietary scores (correlation coefficient: 0.61; P < 0.0001). Results
of the linear mixed and generalized estimating equation models
that examined PPWR and AHEI-2010, with the exclusion of the
first postpartum period, are reported in Tables 2 and 3.

DISCUSSION

Despite the apparent difference in the trajectory of weight
change by diet quality as assessed by aMED or AHEI-2010 in the

early part of the postpartum period, neither total mean weight
retention nor the probability of substantial weight retention dif-
fered through the end of follow-up. Instead, the total energy intake
was a significant contributor of substantial weight retention as
were breastfeeding and marital status. These findings suggested
that the quantity, regardless of the quality, of food consumption
after pregnancy may play a more important role in PPWR.

The average amount of weight retained in our study was
similar to that reported in other studies with a similar follow-up
period (5-7). In the final phase of the follow-up period in our
study, women retained on average of 1.1 * 6.7 kg, whereas
22.4% of women retained =4.55 kg. In a prospective, obser-
vational cohort study of women in upstate New York, Olson et al
(7), reported an average weight retention of 1.5 = 6.0 kg at 1y
postpartum with nearly 25% of subjects who had major weight
retention. The significant associations we observed between
PPWR, breastfeeding, marital status, and energy intake have
also been previously reported (7, 11, 12). Although the effect of
marital status on PPWR is not fully understood, being married
might serve as a proxy measure for social support that explains
part of this association (12).
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Postpartum weight retained may be particularly harmful
compared with weight gained because of age alone in nulliparous
women. Evidence has shown that childbearing is associated with
a preferential centralized distribution of adipose tissue, with data
that suggested an increased accumulation of visceral fat com-
pared with abdominal subcutaneous fat (8—10). This weight gain
can ultimately influence maternal health by increasing mother’s
risk of developing major chronic diseases including type 2 di-
abetes and cardiovascular disease (26, 27). For mothers who are
entering into a new pregnancy, the postpartum weight retained
carries additional risk with major public health implications. In
the final follow-up phase of our study, the overall median weight
retained in major weight retainers (22.4%) was 9 kg. This
substantial weight retained from one pregnancy to the next is
associated with increased risk of maternal and neonatal com-
plications (28). This problem underlines the significance of
identifying potential modifiable risk factors for PPWR.

As such, the focus of this study was to identify dietary in-
fluences on PPWR. Although the examination of individual
nutrients and foods has been quite useful, an examination of
dietary patterns provides a more holistic view of the total diet.
Accordingly, dietary patterns are currently on the frontier of
nutritional epidemiology in the examination of the association
between diet and the risk of chronic diseases (16). Previous
studies have reported extensively on the beneficial effects of the
Mediterranean diet and weight change, albeit not in a lactating
population (17). The Healthy Eating Index has also been asso-
ciated with obesity (29, 30). The lack of association between
PPWR and the examined dietary patterns might have been due to
the relatively short follow-up period after delivery or because of
the importance of diet quantity rather than quality as depicted in
our current findings. Few previous studies have examined PPWR
in relation to diet, and the majority of these studies have focused
on diet quantity or energy intake rather than diet quality. For
example, Olson et al (7) identified that women who reported
a lower amount of food intake at 6—12 mo postpartum than in the
first 6 mo postpartum were less likely to retain a major amount
of weight (=4.55 kg), whereas Boardley et al (31) did not find
a relation between absolute energy intake in the postpartum
period and postpartum weight change. Oken et al (14) examined
dietary components, including intakes of fiber, total fat, satu-
rated fat, and trans fat and the glycemic index, in 902 women
enrolled in Project Viva and reported an association with weight
retention =5 kg at 1 y postpartum for frans fat only [OR: 1.33
(95% CI: 1.09, 1.62) per 0.5% increment in daily energy intake
from trans fat]. We did not see such an association with trans fat
in the IFPS II (data not shown).

The findings of our current study should be assessed in light of
the strengths and limitations of the data. Available data were
based on self-reported weights, which might have introduced
some bias because women of higher BMI have a tendency to
underreport their weights (32). However, any bias reported in the
prepregnancy weight should be similar to the bias in the reporting
of the postpartum weight, such that the difference between
prepregnancy and postpartum weights should be relatively un-
biased (14, 15, 33). Nevertheless, we could not completely rule
out that any bias in recall of prepregnancy weight in the prenatal
period may have differed from any reporting bias of postpartum
body weight in real time. The IFPS II also did not collect data on
physical activity. In addition, our study population was pre-
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dominantly white (86%) compared with the national estimate of
72% in 2010 (34), which restricted the generalizability of our
findings to other racial-ethnic groups. Moreover, diet was
assessed only once over the period of follow-up with a DHQ, and
women might have made dietary changes to lose their pregnancy
weight. Such changes might have confounded the association
between the dietary patterns and PPWR and biased our estimates
toward the null. Strengths of the present study included a rela-
tively large sample size and the examination of a wide range of
potential behavioral and socioeconomic covariates that might
have confounded the association between dietary patterns and
PPWR. In addition, the longitudinal analytic methodology used
offered a greater precision and power to identify potential dif-
ferences in PPWR between different dietary adherence levels than
is the case with cross-sectional study designs. We also had a good
retention rate in the final phase of the follow-up period (71%).

In conclusion, we showed no differences in the mean weight
retained and probability of substantial weight retention by di-
etary patterns as captured by the aMED and the AHEI-2010. A
future understanding of dietary predictors of PPWR is war-
ranted to improve future maternal health and subsequent preg-
nancy outcomes.
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