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Abstract

Background: Postmenopausal osteoporosis (PMOP) has long been a pervasive public health concern. With the
aging Chinese population, the prevention, assessment and management of postmenopausal osteoporosis were
particularly important. During the breastfeeding, a large amount of Calcium loss from maternal bone for infants’
growth. However, whether this loss is completely reversible remains controversial. As the relationship between
breastfeeding and postmenopausal osteoporosis is different from society to society and is not clear from the
literature, the purpose of this study was to determine whether breastfeeding was an independent factor for the
development of PMOP based on Chinese postmenopausal population.

Methods: A retrospective cross-sectional investigation was conducted at Tianjin Xiaobailou health Community
Healthcare Center between December 2017 and June 2018. Postmenopausal women over the age of 50 who
underwent the annual health examination or visited the center to perform bone densitometry as a part of routine
screening for disease were recruited. A trained community nurse administered a questionnaire to all participants by
face-to-face interview. Participants were questioned about age, BMI, Vitamin D and calcium intake, the history of
smoking, drinking and fracture, age of menarche, age of menopause, the number of pregnancy, parity, feeding
pattern (breastfeeding, artificial feeding and mixed feeding) and overall breastfeeding duration. BMD measurements
were carried out using quantitative ultrasound (QUS) at the bilateral radius.

Results: A total of 202 women who met the inclusive and exclusive criteria were enrolled. Univariate analysis
revealed that overall breastfeeding more than 24 months increased the risk of osteoporosis (OR 39.00, 95%CI 2.40–
634.65, p = 0.010). However, multivariate estimate of the risk of osteoporosis by overall breastfeeding duration
suggested that when controlling for age, BMI, the number of pregnancy and parity, the overall breastfeeding
duration was not an independent risk factor for postmenopausal osteoporosis (OR 5.22, 95%CI 0.18–147.76, p =
0.333). Additionally, age (OR 1.16, 95%CI 1.05–1.29, p = 0.003), BMI (OR 1.26, 95%CI 1.04–1.54, p = 0.021) and the
number of pregnancy (OR 1.80, 95%CI 1.08–2.98, p = 0.024) were significant associated with postmenopausal
osteoporosis.

Conclusion: Breastfeeding was not associated with postmenopausal osteoporosis, while age, BMI and the number
of pregnancy may contribute to increasing risk of postmenopausal osteoporosis in Chinese women.
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Background
Osteoporosis is one of the most common chronic
metabolic skeletal disease defined by low bone mass
and disruption of bone microarchitecture, with in-
creased risk of bone fragility and fracture. Postmeno-
pausal women were considered to be at high risk of
developing osteoporosis, as Estrogen deficiency accel-
erated bone turnover with net bone loss [1]. Postmen-
opausal osteoporosis (PMOP) has long been a
pervasive public health concern. In China, an ap-
proximately 40.1% prevalence of PMOP was reported
in a nationwide study [2]. The most important ad-
verse health outcome of osteoporosis contributes to
the occurrence of any bone fractures, which reduced
the health-related quality of life in all aspects [3]. It
was estimated that the residual lifetime risk (RLR) of
any fracture for 50-year-old Chinese woman was
37.6% [4]. Therefore, with the aging Chinese popula-
tion, the prevention, assessment and management of
postmenopausal osteoporosis were particularly import-
ant. Pregnancy and lactation period were considered
to affect bone metabolism and calcium homeostasis.
In this period, increased intestinal calcium absorption
and breast milk secretion cause the calcium loss in
maternal skeleton, but the bone loss could restore
within 6–12 months after weaning [5]. However, it is
unclear whether the bone loss is completely compen-
sated. It has been reported that prolonged total
breastfeeding time was significantly associated with
decreased bone mineral density (BMD) [6, 7]. But as
well known, PMOP was multifactorial, and its related
factors also include age, body mass index (BMI),
smoking, alcoholic, physical activity, extended calcium
and Vitamin D intake, pregnancy interval, the age of
pregnancy, multiple births, the age of menarche and
menopause status [8–11]. Studies on factors correlated to
breastfeeding, as independent risk factors for PMOP re-
main controversial [12]. Some studies suggested that the
history of breastfeeding can significantly increased the risk
of PMOP [13], while some studies showed that prolonged
breastfeeding duration was an independent risk factor for
the development of PMOP rather than breastfeeding itself
[14, 15]. Conversely, some studies suggested that the his-
tory of breastfeeding may increase the bone mass density,
which significantly decreased the incidence of PMOP [16],
whereas other studies demonstrated a non-significant re-
lationship between breast-feeding and PMOP [9, 17].
As the relationship between breastfeeding and PMOP

is different from society to society and is not clear from
the literature above, the purpose of this retrospective
cross-sectional study was to determine whether breast-
feeding and its total breastfeeding duration was an inde-
pendent factor for the development of PMOP based on
Chinese postmenopausal population.

Method
Study design and population
A retrospective cross-sectional investigation was con-
ducted at Tianjin Xiaobailou health Community Health-
care Center between December 2017 and June 2018.
Postmenopausal women over the age of 50 who under-
went the annual health examination or visited the center
to perform bone densitometry as a part of routine
screening for disease were included. Women were ex-
cluded if they had a history of osteoporosis treatment
(e.g. osteoporosis medication, hormone replacement
therapy), menopausal hormone use, oophorectomy and
oral contraceptive or any drugs that have definitely effect
on bone metabolism. To exclude the secondary causes
of osteoporosis, women with metabolism disorders or
autoimmune disease (e.g. thyroid disease, chronic or se-
vere liver disease, chronic malnutrition, chronic renal
failure, inflammatory rheumatic disease, malignancy)
were not included in this study. Some longitudinal stud-
ies showed that nulliparity was a highly risk factor of de-
creased BMD rather than non-breastfeeding [6],
therefore, women who had never given birth were re-
moved from the sample. Additionally, participants with
any memory or cognitive impairment were excluded to
avoid the recall bias, and incomplete questionnaires were
also removed.
A trained community nurse administered a question-

naire to all participants by face-to-face interview. An in-
formed consent was obtained prior to the investigation.
The questionnaire consisted of PMOP associated demo-
graphic information and reproductive factors (Add-
itional file 1). The questions regarding to demographic
information including age, height, weight, BMI, history
of smoking, drinking and fracture, Vitamin D and cal-
cium intake. Body weight and height were measured by
trained nurses, and BMI (kg/m2) was calculated. Repro-
ductive factors including age of menarche, age of meno-
pause, the number of pregnancy, parity, feeding pattern
(breastfeeding, artificial feeding and mixed feeding) and
overall breastfeeding duration. BMD measurements were
carried out using quantitative ultrasound (QUS) at the
bilateral radius (OSTEO KJ3000S+) to divide individuals
into non-osteoporosis group and osteoporosis group.
Osteoporosis was defined as a T score of − 2.5 or lower
emerging from the results of the QUS obtained from
one side of the bilateral radius.

Statistical analyses
All data were analyzed using the survey procedure of
IBM SPSS version 22.0 (SPSS, Chicago, IL, USA). Partic-
ipants’ characteristics were presented as means (±Stand-
ard Deviations) for continuous variables, and counts and
percentages for categorical variables. Kolmogorov-Smir-
nov test was performed to assess the normal
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distributions of continuous variables. All the data were
analyzed after grouping participants according to the
presence or absence of postmenopausal osteoporosis.
Baseline characteristics were compared via Independent
Samples t test, Chi-squared test or Fischer’s exact tests.
The Mann-Whitney U test was conducted for abnor-
mally distributed variables. Cumulative breastfeeding
duration as continuous variable and categorical variable
were analyzed respectively to examine the association
between breastfeeding and postmenopausal osteoporosis.
For categorical variable, breastfeeding duration data
were grouped into four quartiles: Never, 1-12 months,
12–24months, and > 24month. Subsequently, univariate
and multivariate logistic regression were carried out to
determine the effect of breastfeeding duration and other
covariates that identified significant in univariate ana-
lysis. Unadjusted and adjusted odd ratio (OR) values
with 95% confidence interval (95%CI) were calculated.
All statistic tests were two-tailed, with p-value < 0.05 be-
ing assumed statistically significant.

Result
Demographic characteristics
A total of 202 women who met the inclusive and exclu-
sive criteria with a mean age of 69.42 ± 6.48 were en-
rolled. Mean BMI was 24.11 ± 1.86. Of the 202 women

included in the study, 10 individual reported a history of
smoking, and 2 individual admitted to take alcohol dur-
ing their life time. Only 4 women reported a history of
fracture. One hundred and thirty-two (65.3%) women’s
daily calcium intake less than 500 mg, and 138 (68.3%)
women took less than 400 IU Vitamin D per day. Of the
participants, 150 participants (74.3%) were diagnosed
with postmenopausal osteoporosis according to the
BMD value and 52 participants (25.7%) were with nor-
mal BMD. When comparing the demographic character-
istic in the non-osteoporosis group and osteoporosis
group, the mean age of participants in osteoporosis
group was significant older than those of in non-osteo-
porosis group (p < 0.001). Additionally, the BMI of par-
ticipants in osteoporosis group was significantly higher
(p = 0.033). There was no other significant difference de-
tected between the two groups (Table 1).

Reproductive features
Comparisons of reproductive features between the
groups are shown in Table 2. The number of pregnancy
was 3.33 ± 0.81 in non-osteoporosis group and 4.20 ±
1.14 in osteoporosis group, which indicated a statistically
significant difference between the groups. A significant
difference was also identified in parity. The women in
osteoporosis group had more deliveries than those in

Table 1 Demographic characteristics of the study population

Characteristic All women (n = 202) Non-osteoporosis (n = 52) Osteoporosis (n = 150) p-value*

Age (year) 69.42 ± 6.48 65.29 ± 3.877 70.85 ± 6.60 < 0.001

BMI (kg/m2) 24.11 ± 1.86 23.65 ± 1.76 24.27 ± 1.87 0.033

Height (cm) 159.78 ± 4.41 161.48 ± 4.25 159.19 ± 4.35 0.001

Weight (kg) 61.64 ± 6.28 61.74 ± 6.03 61.60 ± 6.38 0.890

Smoking,n (%)

Yes 10 (5.0%) 0 (0.0%) 10 (6.7%) 0.056

No 192 (95.0%) 52 (100%) 140 (93.3%)

Alcohol, n (%)

Yes 2 (1.0%) 0 (0.0%) 2 (1.3%) 0.403

No 200 (99.0%) 52 (100%) 148 (98.7%)

Fracture, n (%)

Yes 4 (2.0%) 1 (1.9%) 3 (2.0%) 0.973

No 198 (98.0%) 51 (98.1%) 147 (98%)

Calcium intake per day n (%)

≤ 500mg 132 (65.3%) 34 (65.4%) 98 (65.3%) 0.995

> 500mg 70 (34.7%) 18 (34.6%) 52 (34.7%)

Vitamin D intake per day n (%)

≤ 400 IU 138 (68.3%) 36 (69.2%) 102 (68.0%) 0.869

> 400 IU 64 (31.7%) 16 (30.8%) 48 (32.0%)

BMI body mass index.
*p-value are calculate using Chi-square test for categorical variables, t-test for continuous variables
p<0.05 were considered significant. Entries in boldface are significant
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non-osteoporosis group (p < 0.001). We found that
osteoporosis group had prolonged breastfeeding dur-
ation in terms of both continuous variable and categor-
ical variable (p = 0.002). However, the menarche age,
menopause age and feeding pattern in non-osteoporosis
group were not significant as compared to osteoporosis
group (p = 0.083, p = 0.072, p = 0.362, respectively).

Breastfeeding and postmenopausal osteoporosis
The results of logistic analysis are presented in Table 3.
Univariate analysis revealed that overall breastfeeding
more than 24 months increased the risk of osteoporosis
(OR 39.00, 95%CI 2.40–634.65, p = 0.010). However,
multivariate estimate of the risk of osteoporosis by over-
all breastfeeding duration suggested that when control-
ling for age, BMI, the number of pregnancy and parity,
the overall breastfeeding duration was not an independ-
ent risk factor for postmenopausal osteoporosis (OR

5.22, 95%CI 0.18–147.76, p = 0.333). Additionally, age
(OR 1.16, 95%CI 1.05–1.29, p = 0.003), BMI (OR 1.26,
95%CI 1.04–1.54, p = 0.021) and the number of preg-
nancy (OR 1.80, 95%CI 1.08–2.98, p = 0.024) were sig-
nificant associated with postmenopausal osteoporosis.

Discussion
The present study examined the association of breast-
feeding and the development of PMOP in a population
of Chinese postmenopausal women undergoing routine
BMD test in a community healthcare center. The main
finding of study was that longer breastfeeding duration
was not significantly associated with an increased risk
for postmenopausal osteoporosis (OR 5.22, 95%CI 0.18–
147.76, p = 0.333) when adjusting for the age, BMI, the
number of pregnancy and parity. We also observed that
advanced age, higher BMI, and more pregnancy were in-
dependent risk factors related to PMOP.

Table 2 Reproductive features in study population

Characteristic All women (n = 202) Non-osteoporosis (n = 52) Osteoporosis (n = 150) p-value*

Menarche age 12.94 ± 0.95 12.73 ± 0.99 13.01 ± 0.93 0.083

Menopause age 50.76 ± 2.62 50.21 ± 2.50 50.95 ± 2.64 0.072

Number of pregnancy 3.98 ± 1.13 3.33 ± 0.81 4.20 ± 1.14 < 0.001

Parity 1.77 ± 0.97 1.31 ± 0.64 1.93 ± 1.02 < 0.001

Feeding pattern, n (%)

Breastfeeding 186 (92.1%) 49 (94.3%) 137 (91.3%) 0.362

Artificial feeding 4 (2.0%) 2 (3.8%) 2 (1.3%)

Mixed feeding 12 (5.9%) 1 (1.9%) 11 (7.4%)

Overall breastfeeding duration 21.68 ± 12.78 16.88 ± 9.86 23.35 ± 13.28 0.002

Overall breastfeeding duration, n (%)

Never 4 (2.0%) 2 (3.8%) 2 (1.3%) 0.002

1–12 months 84 (41.6%) 26 (50.0%) 58 (38.7%)

12–24months 74 (36.6%) 23 (44.3%) 51 (34.0%)

> 24 month 40 (19.8%) 1 (1.9%) 39 (26.0%)

*p-value are calculate using Chi-square test for categorical variables, t-test for continuous variables
p<0.05 were considered significant. Entries in boldface are significant

Table 3 Logistic regression analysis of risk factors for postmenopausal osteoporosis

Unadjusted OR (95% CI) p-value Adjusted OR (95% CI) p-value

Age 1.19 (1.11–1.28) < 0.001 1.16 (1.05–1.29) 0.003

BMI 1.21 (1.01–1.44) 0.039 1.26 (1.04–1.54) 0.021

The number of pregnancy 2.50 (1.67–3.75) < 0.001 1.80 (1.08–2.98) 0.024

parity 2.61 (1.58–4.32) < 0.001 0.78 (0.29–2.10) 0.625

Overall breastfeeding duration

Never 1 (reference) 1 (reference)

1–12 months 2.23 (0.30–16.71) 0.435 2.51 (0.26–23.90) 0.424

12–24months 2.22 (0.29–16.73) 0.440 1.26 (0.13–12.30) 0.840

> 24 months 39.00 (2.40–634.65) 0.010 5.22 (0.18–147.76) 0.333

Abbreviations: OR Odds Ratio, BMI body mass index
p<0.05 were considered significant. Entries in boldface are significant
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The association between PMOP and the total duration
of breastfeeding were seen to be complex and differ
from society to society. In Korea, a nationwide survey
showed that breastfeeding more than 37months was sig-
nificantly associated with low BDM and high risk of
PMOP [7, 14], similar result was also found in Israel [6]
and Mexico [8]. Moreover, an Italy study suggested that
long periods of breastfeeding significantly increased the
risk of osteoporotic fracture after menopause [18]. In
contrast, another study in US suggested that the history
of breastfeeding protected against the development of
PMOP, especially in women aged 49–54 [19], while a re-
search conducted with 93,676 postmenopausal women
in US held different point of view. It was reported that
breastfeeding more than 1month was largely unrelated
to decreased BMD and any osteoporotic fracture, add-
itionally, breastfeeding more than 1month could de-
creased the risk of osteoporotic fracture comparing with
never breastfeeding [20]. In the study of Sri Lanka, pro-
longed breastfeeding had no detrimental effect on BMD
in postmenopausal women [21]. Similarly, in a latest
study in Turkey, no statistically significantly difference
was examined among the groups (normal, osteopenia,
and osteoporosis) in respect of total breastfeeding time,
but whether breastfeeding was a risk factor for osteopor-
osis compared to other types of feeding was not involved
[17]. These discrepancies above may have been due to
the differences in study design and study population. In
current study, we supported that breastfeeding and its
duration did not associate with the development of
PMOP comparing with non-breastfeeding and mixed
feeding. The prolonged breastfeeding was not an inde-
pendent risk factor for PMOP in the population of Chin-
ese postmenopausal women.
There were several evidence support our findings.

First, during the pregnancy and lactation, the mechan-
ism of bone calcium protection may be activated. On
the one hand, increased intestinal absorption and renal
conservation of calcium compensated for the loss of cal-
cium into the breast milk to reduce the extent of bone
loss [22]. On the other hand, the secretion of parathy-
roid hormone related protein (PTHrP) counterbalances
bone loss. PTHrP suppresses parathyroid hormone
(PTH) to regulate placental calcium transport and pro-
tect maternal skeleton. Besides, prolonged breastfeeding
maintains the ovarian in an inactive level. During the
breastfeeding, the estrogen level increased, which may
keep the balance between bone resorption and formation
[5, 12]. Some researchers considered that the ovarian
with low activity may contribute to the contraceptive ef-
fect of breastfeeding [17]. Actually, the pregnancy inter-
val and the number of pregnancy are independent
factors for bone recovery instead of breastfeeding [9]. In
our study, we also found that more pregnancies were

associated with the risk of PMOP (OR 1.80, 95%CI
1.08–2.98, p = 0.024), which confirmed the above hy-
pothesis. Secondly, an animal experiment in rats sug-
gested that breastfeeding had no significant association
with PMOP, because pre-reproductive females had
higher trabecular bone mass, greater microarchitecture
and bone strength than males, which minimized the ef-
fect of bone loss on the development of osteoporosis. In
addition, when normalized for their body size, post-re-
productive females had no skeletal deficits compared to
males. This animal experiment showed that females may
initially had more trabecular bone than necessary to
compensate for possible bone loss due to pregnancy and
longer breastfeeding [23], therefore, it helps to explain
the result of our study that the prolonged breastfeeding
will not increase the risk of PMOP. However, this hy-
pothesis still need to be validated by empirical studies
based on larger population.
As breastfeeding and its duration were not risk factors

for PMOP, the present study recommends breastfeeding
for newborn. It has been reported that breastfeeding had
potential benefits to the women’s health [24]. For short-
term effect, breastfeeding may decrease the prevalence
of postpartum depression [25]. For long-term effect,
some studies showed that breastfeeding had protective
effect on the prevention of carcinoma, such as breast
cancer [26, 27], and ovarian carcinoma [28]. However,
the frequency and intensity of breastfeeding implemen-
tation in different periods of infants need to be explored
in detail, because the process of bone formation during
the lactation is still not very clear.
The study is the first to explore the effect of breast-

feeding and its duration on PMOP in representative
Chinese postmenopausal women based on the commu-
nity healthcare center. We also considered factors that
could affect BMD, such as the age, BMI, smoking, alco-
hol intake, the history of fracture, calcium and Vitamin
D intake, menarche age, menopause age, the number of
pregnancy and parity, feeding pattern were included for
univariate and multivariate analysis. To minimize the
confounding effect of nulliparity on cumulative breast-
feeding duration and PMOP, women without the history
of pregnancy were excluded from this study. Since the
bone mineral are primarily lost to infants during lacta-
tion, we hypothesized the amount of breastfeeding can
affect the development of PMOP. Although the fre-
quency and duration of daily breastfeeding were not cal-
culated in this study, the feeding pattern and the total
breastfeeding duration were considered to indirectly re-
flect the cumulative amount of breastfeeding, which is
the strength of the study.
Limited by facility condition, BMD was measured

using the technique of QUS instead of a dual X-ray ab-
sorptiometer (DXA). Although QUS has been
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considered as effective as DXA in determining BMD
without using ionizing radiation and non-invasive [29],
QUS in community healthcare center failed to measure
BMD in multi-site of the body. Indeed, the inconsistent
result of the relationship between breastfeeding and
PMOP may due to different testing region. In the 2010
Korea National Health and Nutrition Examination Survey,
a deleterious effect of prolonged breastfeeding duration
on lumbar spine BMD was found, but this conclusion was
discrepant in femur neck and total femur [13]. Moreover,
animal experiments also showed that the capability of re-
covery of bone mass may differ from site to site [30, 31].
Therefore, further studies were necessary to explore the
effect of breastfeeding on bone mass in which skeletal
sites may be irreversibly. Another limitation is because of
limited sample size and retrospective cross-sectional study
design. It was possible that participants were too old to re-
call accurate information, which may cause recall bias,
and we did not know whether participants had had osteo-
porosis before menopause. The next step is to conduct a
multi-center prospective cohort study with large sample
size to confirm the result of our study. Moreover, this
study only recorded the amount of additional calcium and
vitamins D taken by participants without considering diet-
ary intake. However, it was reported that dietary Calcium
may not related to postmenopausal bone loss [32], so this
bias had little impact on the results of our study.

Conclusion
In conclusion, this study indicates that breastfeeding and
its duration are not associated with the development of
PMOP. Moreover, the prevalence of PMOP was signifi-
cantly higher in Chinese postmenopausal women with ad-
vanced age, higher BMI and more pregnancies. Although
the mechanism of bone recovery during lactation is not
clear, our findings suggest that an appropriate physical ac-
tivity and family planning are necessary to control BMI
and the number of pregnancy for women bone health.

Additional file

Additional file 1: Breastfeeding & Postmenopausal Osteoporosis
Questionnaire. (DOCX 12 kb)
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