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Abstract
Objective: The association between gestational weight gain (GWG) and exclusive
breast-feeding (EBF) practices remains unclear. The present study evaluated the
association between GWG and EBF in the first 6 months postpartum among
primiparas in rural China.
Design: The study population was drawn from a previous randomized controlled
trial, and the relevant data were obtained from an electronic, population-based
perinatal system and a monitoring system for child health care. GWG was
categorized according to the guidelines of the Institute of Medicine.
Setting: Five rural counties in Hebei Province, China.
Participants: A total of 8449 primiparas.
Results: Of the women, 58·7% breast-fed exclusively for the first 6 months
postpartum. Overweight women who gained either more or less weight than the
recommended GWG tended to experience failure of EBF (OR= 0·49; 95% CI 0·34,
0·70; P< 0·001 and OR= 0·79; 95% CI 0·63, 0·99; P= 0·048, respectively). The
same results were also observed among obese women; the OR for lower and
greater weight gain were 0·28 (95% CI 0·08, 0·94; P= 0·04) and 0·55 (95% CI 0·32,
0·95; P= 0·03), respectively.
Conclusions: GWG that is below or above the Institute of Medicine recommenda-
tions is associated with EBF behaviour for the first 6 months postpartum in
overweight and obese primiparas in rural China.
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The WHO recommends exclusive breast-feeding (EBF) for
the first 6 months of life, followed by continued breast-
feeding with appropriate complementary foods for 2 years
or more(1). The benefits of breast-feeding for both mother
and child have been widely recognized, serving as a
nutritional and energy supplement, helping to prevent
infections and diseases, and promoting maternal well-
being(2). Breast-feeding helps reduce the risk for breast
and ovarian carcinoma and type 2 diabetes in mothers(3),
and EBF during the first 6 months of life reduces the risk of
becoming overweight in the offspring(4) and can prevent
such infections as rotavirus diarrhoea and hand, foot and
mouth disease(5,6). Globally, 37% of infants younger than
6 months in low-income and middle-income countries
receive EBF(7). However, in China, the weighted rate of
EBF under 6 months was found to be only 18·6% in 2013
according to a representative national survey(8). Moreover,

there are large differences in the rates of EBF among
geographic areas and ethnicities, from 2·6 to 72·1 %(9–14).

Several factors may influence successful breast-feeding
practices, including factors related to the mother such as
maternal age, level of education, ethnicity, smoking status,
mode of delivery and work status postpartum, as well as
childbirth factors such as prematurity and birth
weight(15–19). Another factor that may be associated with
suboptimal breast-feeding practices is gestational weight
gain (GWG). For example, among women who are over-
weight or obese before pregnancy, those with GWG
greater or less than the recommended amount are at
higher risk of an inability to sustain EBF or full breast-
feeding (and might provide the infant with water, water-
based drinks or fruit juice)(20–22). In one study, women
with GWG that was greater or less than recommendations
breast-fed (providing any breast milk) nearly 1 week less
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than those with optimal weight gain(23). However, studies
have also indicated that GWG is not significantly asso-
ciated with the duration of full or any breast-feeding after
adjusting for confounding variables(24–26) or when pre-
pregnancy BMI is included in models(27). Few studies have
focused on the Chinese population: in one such study of a
single birth cohort in urban cities, no differences were
found in the duration of EBF according to GWG(28). Thus,
the association between GWG and EBF practices in China
remains unclear.

The prevalence of overweight and obesity has increased
dramatically among reproductive-age Chinese women and
mean GWG has also increased, from 10·1kg in 1993 to
14·0kg in 2010(29). As a pregnancy factor that is more easily
managed, GWG plays an essential role in maternal and child
health care. To evaluate the association between GWG and
EBF practices among Chinese women, data from the study
population of a previous randomized controlled trial were
used; the data were taken from two electronic information
systems containing information on the population.

Methods

The randomized controlled trial enrolled 18 775 pregnant
women with no or mild anaemia from five rural counties
of Hebei Province, northern China, from May 2006
through April 2009 and investigated the effects of micro-
nutrient supplements on maternal and infant health. The
inclusion criteria required that the women were nullipar-
ous, ≥20 years old, had recorded dates of menstruation for

≥2 months before pregnancy, had not reached 20 weeks’
gestation at the time of enrolment, had not consumed
micronutrient supplements other than folic acid in the
previous 6 months, had an Hb level greater than 10·0 g/dl,
resided in and received prenatal care in one of the five
target counties (Yuanshi, Mancheng, Xianghe, Fengrun
and Laoting), were legally competent and consented to
participate(30). The study population for the current study
was drawn from this trial. Data from two electronic sur-
veillance systems for the study population were extracted
for analysis. One was a routine electronic perinatal system
that was established to monitor pregnant women from
their first prenatal care visit to 42 d after delivery. The
demographic characteristics, prenatal examination records
and delivery summaries were obtained, including infor-
mation on maternal age, height, education, ethnicity,
occupation, age at menarche, gravidity, mode of delivery,
gestational week at delivery, infant sex and infant birth
weight. The gestational week and current weight were
registered in the system using standard devices and pro-
cedures at every prenatal care visit. The other was a
monitoring system for child health care with data from
birth to the child’s first birthday. Doctors collected data on
feeding patterns when the mothers took their children to
clinics for examinations and vaccinations, and the infor-
mation obtained was concentrated mainly around months
3, 6, 9 and 12 postpartum.

A flow diagram of population selection is given in Fig. 1.
Birth outcomes were known for 17 897 of the pregnant
women (twenty-eight moved away permanently, 815 had
spontaneous or induced abortions, thirty-three dropped

18 775
enrolled from RCT

17 897
known birth outcomes

17 830
singletons

17 624
infants alive at 6 months

9602
have rational GWG data

8449
remaining for analyses

  28 permanently moved
815 spontaneous or induced abortions
  33 dropped out
    2 maternal deaths

66 twin pregnancies
  1 triplet pregnancy

  82 stillbirths
123 infants died within 6 months
    1 permanently moved

5421 first weight measured after 13 th gestational week
2559 last weight measured over 3 weeks before delivery
    42 GWG < 3 kg

1097 missing breast-feeding data
    56 logical errors with breast-feeding data

Fig. 1 Flow diagram showing the selection of the study population (RCT, randomized controlled trial; GWG, gestational weight gain)
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out of the study and two mothers died). We excluded
records with multiple births (n 67), stillbirths (n 82),
infants who died within 6 months or with mothers who
had permanently moved (n 124). Some crucial information
was missing, including data for women whose first weight
was measured after the first trimester (>13 weeks’ gesta-
tion, n 5421) and whose last weight was measured over
3 weeks before delivery (n 2559), as well as data on the
breast-feeding situation during the first 6 months (n 1097).
In addition, we excluded forty-two records with biologi-
cally implausible values for GWG (<3 kg) and fifty-six
inaccurate records, such as women who reported EBF at
the 6th month but had already reported having dis-
continued breast-feeding. Finally, 8449 pregnant women
were included for analysis. We compared the main
demographic characteristics between the women who
were included in the study and those who were excluded.
The results are shown in the online supplementary material
(Supplemental Table 1). Although the differences between
characteristics, with the exceptions of maternal age and
infant sex, were statistically significant, they were never-
theless small and presumably biologically unimportant.

The outcome variable for the present study was EBF for
the first 6 months postpartum, defined as no liquids
besides human milk and no solid food given to the infant.
Due to variable times of doctor visits postpartum, the
breast-feeding patterns that were reported from months 5
to 7 were used. That is, if the breast-feeding patterns at the
6th month were not available, reports at month 7 were
used, if available. Otherwise, the breast-feeding patterns
for month 5 were used.

The variable of primary interest was GWG, which was
calculated as the difference between weight at the last
prenatal visit measured 3 weeks before delivery or later
and weight at the first prenatal visit during the first tri-
mester. The 2009 Institute of Medicine recommendations
guided the categorization of GWG: low GWG (<12·5,
<11·5, <7·0 and <5·0 kg for underweight, normal-weight,
overweight and obese women, respectively), high GWG
(>18·0, >16·0, >11·5 and >9·0 kg for underweight, normal-
weight, overweight and obese women, respectively) and
optimal GWG (all weight gains between the cut-offs for
low and high GWG). Pre-pregnancy BMI was calculated
from the weight and height at the first prenatal visit measured
at enrolment in the trial; BMI was categorized as underweight
(<18·5kg/m2), normal weight (18·5–23·9kg/m2), overweight
(24·0–27·9kg/m2) or obese (≥28·0kg/m2), following the
Chinese criteria.

Other demographic characteristics were transformed into
categorical variables, such as maternal age (20–22, 23–25
and ≥26 years old), educational level (high school or above,
middle school, and primary school or less), occupation
(farmer/others), ethnicity (Han/others), age at menarche
(≤13, 14 and ≥15 years), gravidity (1 and ≥2), caesarean
(yes/no), preterm (yes/no), infant sex (male/female) and
infant birth weight (<2500, 2500–4000 and ≥4000 g).

Statistical analysis
Descriptive statistics were generated for the demo-
graphic factors. To compare data for the women who
breast-fed exclusively for the first 6 months and those
who did not, χ2 tests were used. Two multivariable
logistic regressions were performed to assess whether
GWG was associated with EBF. The first calculated the
OR for successful EBF for the first 6 months when only
the GWG category was considered, and selected optimal
weight gain as a reference. Given that the recommen-
dations for appropriate weight gain during pregnancy
are created according to pre-pregnancy BMI in clinical
practice, a second logistic regression was also used to
examine the OR for each category of pre-pregnancy BMI
with the optimal range serving the reference group.
Variables with significant statistical differences in χ2 tests
were adjusted for education level, gravidity, caesarean
and preterm in both regression analyses. OR with 95% CI
are given in the results. All P values reported were two-
tailed, and a significance level of 5 % was adopted
(P< 0·05). All statistical analyses were conducted with
the statistical software package IBM SPSS Statistics
version 20.0.

Results

Half of the study population was between 20 and 22 years
old, the majority were farmers, of Han ethnicity and had a
middle-school education. Almost two-thirds of the women
(73·6 %) had normal pre-pregnancy BMI, 20·1% were
beyond the appropriate range (16·5% overweight and
3·6% obese) and 6·3% were below it. Less than half
(40·4 %) gained weight within the recommended amount
during pregnancy, with 36·0% gaining less and 23·6%
gaining more than the Institute of Medicine recommen-
dation. At month 6, 83·4% of women reported breast-
feeding, and the EBF rate for 6 months postpartum was
58·7 %. Mothers with higher levels of education, who had
first-time pregnancies, and who had a vaginal delivery and
preterm labour had successful EBF for the first 6 months
(Table 1).

In the first logistic regression model (Table 2), women
who gained excessive weight during pregnancy had no
association with successful EBF relative to women with
optimal weight gain, but those who gained less weight
than recommended had significantly lower odds of suc-
cessful EBF for 6 months (OR= 0·85; 95% CI 0·77, 0·94;
P= 0·002). The more detailed classification shown by the
second logistic regression model (Table 2) indicated that
overweight women who gained either more or less weight
than the recommended amount failed to perform EBF on
the level of those with optimal GWG (OR= 0·49; 95% CI
0·34, 0·70; P< 0·001 and OR= 0·79; 95% CI 0·63, 0·99;
P= 0·048, respectively). The same results were also
observed among obese women, with OR of less and
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excessive weight gain being 0·28 (95% CI 0·08, 0·94;
P= 0·04) and 0·55 (95% CI 0·32, 0·95; P= 0·03), respec-
tively. Moreover, women with normal BMI and with
excessive weight gain during pregnancy (OR= 1·18; 95%
CI 1·01, 1·37; P= 0·034) were more likely to continue EBF
until 6 months postpartum.

Discussion

We examined the relationship between GWG and EBF for
the first 6 months postpartum in 8449 primiparas in rural
China. The overall rate of EBF at 6 months was 58·7 %, and
we found that weight gain below or above guidelines was

Table 1 Characteristics of the pregnant women included in the study cate-
gorized by successful exclusive breast-feeding for the first 6 months (n 8449);
primiparas from five rural counties in Hebei Province, China, May 2006–
April 2009

Successful EBF

Total* Yes (n 4962) No (n 3487)

Characteristic n % n % n % P value

Maternal age (years)
20–22 4266 50·5 2522 50·8 1744 50·0 0·34
23–25 2849 33·7 1643 33·1 1206 34·6
≥ 26 1334 15·8 797 16·1 537 15·4

Education
Primary school or less 116 1·4 55 1·1 61 1·8 0·006
Middle school 6872 81·3 4013 80·9 2859 82·0
High school or above 1461 17·3 894 18·0 567 16·3

Occupation
Farmer 7817 92·5 4611 92·9 3206 91·9 0·09
Other 632 7·5 351 7·1 281 8·1

Ethnicity
Han 8369 99·0 4907 98·9 3462 99·3 0·067
Other 80 1·0 55 1·1 25 0·7

Age at menarche (years)
≤13 2303 27·3 1332 26·9 971 27·8 0·142
14 3232 38·3 1876 37·8 1356 38·9
≥15 2913 34·5 1753 35·3 1160 33·3

Gravidity
1 8089 95·7 4804 96·8 3285 94·2 <0·001
≥2 360 4·3 158 3·2 202 5·8

Caesarean
No 4116 48·8 2712 54·8 1404 40·3 <0·001
Yes 4311 51·2 2232 45·2 2079 59·7

Preterm
No 8041 95·2 4703 94·8 3338 95·7 0·046
Yes 408 4·8 259 5·2 149 4·3

Infant sex
Male 4411 52·2 2592 52·2 1819 52·2 0·948
Female 4038 47·8 2370 47·8 1668 47·8

Birth weight (g)
<2500 142 1·7 74 1·5 68 2·0 0·263
2500–4000 7959 94·2 4681 94·3 3278 94·0
≥4000 348 4·1 207 4·2 141 4·0

Pre-pregnancy BMI†
Underweight 531 6·3 316 6·4 215 6·2 0·683
Normal 6220 73·6 3670 74·0 2550 73·1
Overweight 1395 16·5 804 16·2 591 17·0
Obese 303 3·6 172 3·5 131 3·8

GWG‡

Less 3044 36·0 1727 34·8 1317 37·8 0·014
Optimal 3410 40·4 2056 41·4 1354 38·8
Excessive 1995 23·6 1179 23·8 816 23·4

GWG, gestational weight gain.
*Total may vary according to the presence of missing values in some characteristics.
†BMI was categorized as underweight (<18·5 kg/m2), normal weight (18·5–23·9 kg/m2),
overweight (24·0–27·9 kg/m2) or obese (≥28·0 kg/m2).
‡Low GWG, <12·5, <11·5, <7·0 and <5·0 kg for underweight, normal-weight, overweight
and obese women, respectively; high GWG, >18·0, >16·0, >11·5 and >9·0 kg for
underweight, normal-weight, overweight and obese women, respectively; optimal GWG,
weight gain between the cut-offs for low and high GWG.
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associated with EBF behaviour among overweight and
obese women.

The interest in EBF for the first 6 months stems from the
important benefits it can bring to public health. The rate
we obtained for EBF is substantially higher than the
weighted rate (18·5 %) in rural areas found by a national
survey in 2013(8). Research suggests that multiparous
women are more likely to breast-feed through the first
6 months(31), so the inclusion of primiparas could lead to
an underestimation of the actual rate of EBF. The health
education and EBF promotion programmes that were in
progress in the study area during the randomized con-
trolled trial, which have been shown to promote the
continuation of breast-feeding(32), could account for the
high rate of EBF found by the present study. Moreover,
our participants tended to be well nourished and health-
conscious, which might have also had an effect on the rate
of EBF. Women without anaemia or with mild anaemia
were well nourished and were in healthier physical con-
dition than the average woman in China. The inclusion
criterion that dates of menstruation were recorded for at
least 2 months before the beginning of the study selected
participants who exhibited greater concern about their
health.

Previous studies have focused on excessive weight gain,
a more interesting and epidemiological topic, but our
results on low weight gain are consistent with many of

those studies. Winkvist et al.(22) indicated that, among
overweight and obese pregnant Norwegian women, the
possibility of being unable to sustain full breast-feeding for
6 months was higher when GWG was below or above the
recommended levels. In that study, full breast-feeding was
used instead of EBF because not all versions of their
questionnaire included questions on use of water, water-
based drinks or fruit juice. It can be inferred that the actual
EBF rate would be lower than the full breast-feeding rate
(13·7 %). This difference in outcome variable had little
influence on the association between GWG and breast-
feeding.

Using hazard analysis, Hilson et al.(20) found that pre-
pregnant obesity and excessive GWG were both sig-
nificant factors for discontinuing EBF among white
women, and they found no interaction between these
variables. Obese women with low weight gain were also
more likely to discontinue EBF. This supported the nega-
tive effect, but the duration for EBF in that study was less
than 8 weeks (2 months) for most participants, quite a bit
shorter than our time horizon of 6 months postpartum. As
in another study conducted in Brazil(21), obese pregnant
women were more likely to introduce supplementary,
non-breast foods. The same was true for overweight and
obese women who gained excessive weight. That study
observed EBF over the first month of life and found a rate
of EBF of 77·4 %. It is to be regretted that no longer-term

Table 2 OR and 95%CI from two logistic regression models of successful exclusive
breast-feeding for the first 6 months among primiparas (n 8449) from five rural counties
in Hebei Province, China, May 2006–April 2009

Characteristic n Unadjusted OR 95%CI Adjusted* OR 95%CI P value

GWG†

Optimal 3410 1·00 Reference 1·00 Reference –

Less 3044 0·86 0·78, 0·95 0·85 0·77, 0·94 0·002
Excessive 1995 0·95 0·85, 1·07 1·03 0·92, 1·16 0·622

Pre-pregnancy BMI‡×GWG
Normal weight
Optimal 2493 1·00 Reference 1·00 Reference –

Less 2668 0·91 0·81, 1·01 0·91 0·81, 1·01 0·086
Excessive 1059 1·10 0·95, 1·28 1·18 1·01, 1·37 0·033

Underweight
Optimal 216 1·00 Reference 1·00 Reference –

Less 204 1·13 0·76, 1·66 1·12 0·76, 1·67 0·563
Excessive 111 1·22 0·76, 1·95 1·20 0·75, 1·94 0·451

Overweight
Optimal 612 1·00 Reference 1·00 Reference –

Less 158 0·49 0·34, 0·69 0·49 0·34, 0·70 <0·01
Excessive 625 0·75 0·60, 0·94 0·79 0·63, 0·99 0·048

Obese
Optimal 89 1·00 Reference 1·00 Reference –

Less 14 0·34 0·11, 1·09 0·28 0·08, 0·94 0·040
Excessive 200 0·51 0·30, 0·86 0·55 0·32, 0·95 0·030

GWG, gestational weight gain.
*Adjusted for confounders, including education, gravidity, caesarean and preterm.
†Low GWG, <12·5, <11·5, <7·0 and <5·0 kg for underweight, normal-weight, overweight and obese
women, respectively; high GWG, >18·0, >16·0, >11·5 and >9·0 kg for underweight, normal-weight,
overweight and obese women, respectively; optimal GWG, weight gain between the cut-offs for low
and high GWG.
‡BMI was categorized as underweight (<18·5 kg/m2), normal weight (18·5–23·9 kg/m2), overweight
(24·0–27·9 kg/m2) or obese (≥28·0 kg/m2).
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study of EBF has been performed. The three studies cited
above examined normal pre-pregnancy BMI with optimal
GWG as the reference in regression models. However, in
our study, we examined the association for four pre-
pregnancy BMI categories and used optimal GWG for
each category as the reference. BMI before pregnancy was
taken as a characteristic of each woman and GWG was
used as the controllable factor that occurred during preg-
nancy. Moreover, in clinical practice, doctors use pre-
pregnancy BMI as a guideline for instructing pregnant
women on the desirable amount of weight gain they
should experience during pregnancy, so we compared
women who either failed to reach the recommended
weight or exceeded it during pregnancy with those who
sustained optimal GWG, within four BMI groups.

A prospective birth cohort study in China examined the
influence of maternal pre-pregnancy BMI and GWG on
the duration of infant breast-feeding, and no differences in
duration of EBF according to pre-pregnancy BMI or GWG
were found. The classification criteria for GWG may have
accounted for the difference. That cohort study used
Chinese-recommended weight gain standards derived
from 76 854 individuals: underweight women are instruc-
ted to gain 15·0–22·0 kg during pregnancy; normal-weight
women should gain 13·0–21·0 kg; overweight women are
told to gain 10·0–18·0 kg; and obese women are given 9·5–
17·0 kg as their target(33). The recommended weight gain
for this standard was significantly higher than the Institute
of Medicine criteria and evidence that the former one
seemed more suitable for Chinese was deficient.

The association between weight gain during gestation
and EBF could be explained as follows. First, gaining more
weight during pregnancy is associated with increased risk
for gestational diabetes mellitus(34), which is considered a
risk factor for non-elective caesarean section(35), a practice
that adversely affects EBF(36). Moreover, women with
indicators of insulin resistance have a significantly lower
rate of milk production, leading to insufficient milk sup-
ply(37). Second, poor body image due to excessive weight
gain is related to a lack of confidence and comfort with
breast-feeding among primiparas(38,39). Finally, few studies
have focused on low GWG and EBF, but there is moderate
evidence that inadequate weight gain is associated with
decreased initiation of breast-feeding(40).

Our study used trained staff who used standardized
equipment and methods to measure weight and height
during prenatal examinations rather than documenting
self-reported weight, thus preventing category mis-
classification. However, there were also several limitations
to the present study. First, as described above, our study
population was drawn from a randomized controlled trial
whose participants tended to be health-conscious. How-
ever, we do not believe that aspect of our study was suf-
ficient to be a confounding factor affecting the associations
we found. Second, our study did not take account of
potential psychological factors, such as breast-feeding

intention or self-efficacy, although prenatal health educa-
tion was regularly performed. Third, we used weight
values that were measured at the first prenatal care visit to
calculate pre-pregnancy BMI and GWG. This figure may
overestimate pre-pregnancy BMI and underestimate
GWG. We reviewed pre-pregnancy weight records where
available and found that the mean weight differences
between pre-pregnancy and the prenatal visit weights
were less than 1 kg. A previous study also used a figure for
weight collected at the first prenatal care visit to calculate
pre-pregnancy BMI and GWG(41).

In summary, having a GWG below or above Institute of
Medicine recommendations is associated with EBF prac-
tices for the first 6 months postpartum among overweight
and obese rural primiparas in China. Due to the large
sample size, when reading the results, attention should be
paid not only to statistical significance, but also to the
effect size, that is how far OR differ from 1. Optimal GWG
should be maintained during pregnancy, particularly for
overweight and obese women. Relevant health educa-
tional and nutritional interventions should be conducted to
promote and support EBF.
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