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Abstract 

Background During the breastfeeding period, important transient changes in calcium homeostasis are verified 
in the maternal skeleton, to meet the demand for calcium for breastmilk production. The literature is inconclusive 
regarding the causes and percentages of involvement of bone densitometry resulting from exclusive breastfeeding (4 
to 6 months).

Methods This article aims to systematically review the literature, to determine the occurrence, intensity, and factors 
involved in alterations in maternal bone mineral density (BMD), during a period of 4 to 6 months of exclusive breast-
feeding. The search descriptors “woman”, “breastfeeding”, “human milk”, and “bone mineral density” were used in the elec-
tronic databases of the Virtual Health Library, Scielo (Scientific Electronic Library Online), CAPES Periodicals Portal, 
LILACS, Embase, PubMed/Medline, Cochrane, Scopus, and Web of Science in June 2023. Inclusion criteria for breast-
feedingmothers were; aged to 40 years, primigravida, exclusively breastfeeding, with BMD assessments using dual-
energy X-ray absorptiometry (DXA), with values expressed at baseline and from 4 to 6 months postpartum. The Jadad 
scale, Newcastle–Ottawa Scale, and Oxford Centre for Evidence-based Medicine – levels of evidence were adopted 
to assess the quality of the studies. For the meta-analytical study, statistical calculations were performed.

Results Initially, 381 articles were found using the search strategy and 26 were read in full. After risk of bias analy-
sis, 16 articles remained in the systematic review and four were included in the meta-analysis. The studies showed 
a reduction in bone mass in the lumbar spine in the first months postpartum (4 – 6 months), when compared 
with a longer period of breastfeeding (12–18 months). The breastfeeding group presented a greater impact 
in the meta-analysis than the control group (non-breastfeeding, pregnant, or immediate postpartum), with a reduc-
tion in BMD in the lumbar spine of -0.18 g/cm2 (-0.36, -0.01 g/cm2); 95% Confidence Interval, on a scale from 0 to 10.

Conclusions Our results demonstrated a transitory reduction in bone densitometry of the lumbar spine dur-
ing exclusive breastfeeding for 4 to 6 months, which was gradually restored later in the postpartum period. More 
prospective studies are needed to better understand the topic.
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Trial registration PROSPERO platform (nº CRD42021279199), November 12th, 2021.

Keywords Breastfeeding, Bone mineral density, Lactation

Background
During the breastfeeding period, important alterations 
occur in the homeostasis of calcium present in the mater-
nal skeleton. These alterations are necessary to meet the 
high demand for this mineral directed to the production 
of breastmilk. Thus, through bone resorption, which is 
intensified in the maternal skeleton [1], around 200 to 
around 400  mg of calcium per day are removed from 
some breastfeeding mothers [1–5].

This mobilization is necessary to supply milk produc-
tion according to the demands presented by the newborn 
and, subsequently, by the infant in the first months of life. 
If breastfeeding continues after six months, now added to 
solid foods, 120 mg of calcium/day will be needed from 
breast milk to meet the skeletal needs of the infant, and 
an additional 140 mg/day from food [6–8].

For the mother who exclusively breastfeeds, which is 
when the child receives only breastmilk, this process 
leads to a daily transfer of calcium through the milk, 
mobilized from the mother’s skeleton, resulting from an 
increase in bone resorption, as well as, possibly, from an 
increase in intestinal absorption and a reduction in uri-
nary excretion of the mineral during the breastfeeding 
period [1, 7, 9–12].

The transfer of calcium to breastmilk causes changes 
in bone mass. According to several studies, this trans-
fer is evidenced by the decrease in bone mineral density 
(BMD) during the breastfeeding period, which can result 
in a reduction of up to 10% in BMD [13–15]. Although 
alterations in BMD are evident from the first postpartum 
months, the manifestation in different sites occurs with 
variable intensities and depends on the location analyzed 
[15]. It appears that the effects of breastfeeding on mater-
nal bone mass are not homogeneous [12].

Several factors are involved in the way in which bone 
alterations appear in the postpartum period. These 
include changes in hormone levels, estrogen, parathy-
roid hormone (PTH) and prolactin, calcium and vita-
min D consumption, number of births, maternal age, 
duration of breastfeeding, and ethnicity of mothers, 
among others [13].

Given these uncertainties and the multiple factors that 
can influence the outcome, when performing this type 
of analysis some variables severely impact the results 
presented. Studies that do not differentiate between the 
type of breastfeeding used (whether mixed, predominant, 
exclusive), the inclusion of multiparous and nulliparous 
women in the same group, postpartum follow-up for 

different times, and lack of differentiation when assess-
ing BMD at the time when breastfeeding was suspended, 
interfere profoundly with the outcome.

Thus, the current systematic review with meta-analysis 
intends to report and standardize the results available 
in the literature, emphasizing that this is the first article 
to address the period from 4 to 6  months of exclusive 
breastfeeding, with the performance of a meta-analysis, 
proposing to determine the occurrence, intensity, and 
factors involved in alterations in BMD evidenced in pri-
miparous women aged between 18 and 40 years.

Methods
The objective is to indicate from this study “How much 
bone mass does the lactating woman lose during exclu-
sive breastfeeding from 4 to 6 months postpartum?” This 
review was previously registered on the PROSPERO 
platform (nº CRD42021279199, November 12th, 2021). 
To this end, a search strategy was constructed to search 
for articles, through the prior definition of the Health 
Sciences Descriptors (DeCS) and database definitions. 
The descriptors used in the search, with the help of 
DeCS and of the Medical Subject Headings (MeSH), and 
of the standardized terms for Embase (Emtree) respec-
tively, were: “woman”, “breast feeding”, “milk human”, 
“bone mineral density”. These were combined with the 
Boolean operators AND between keywords and OR 
between synonyms. Keywords were also used in the plu-
ral. The search strategy used is presented in the attach-
ments (see Additional file 1).

The search strategy based on the descriptors and their 
synonyms was carried out in the electronic databases 
of the Virtual Health Library (VHL), Scielo (Scientific 
Electronic Library Online), CAPES Periodicals Portal, 
LILACS, Embase, PubMed/Medline, Cochrane, Scopus, 
and Web of Science. Database searches were performed 
using the VPN (Virtual Private Network) connected to 
UNESP in June 2023. This step was performed indepen-
dently by the authors (LBF and KGT).

Subsequently, the results were arbitrated by a special-
ist, so that they could be compared and no articles would 
be missed. This capture step was also reviewed manually, 
with each title/abstract read by the authors. We chose to 
filter only articles in English, Portuguese, and Spanish; 
however, no filter was established for the period of time.

To be included in this step, articles were required to 
contain at least one of the keywords or synonyms in the 
title and/or abstract. Filters present in the bases (text 
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availability) were used, and in the sequence, the articles 
were selected and captured by two of the authors (LBF 
and KGT). Each researcher analyzed and read the whole 
group of articles (titles/abstracts). If there was disagree-
ment, a third researcher (TBLG), who had also read the 
whole group of selected articles, evaluated and decided 
whether or not to include them. All the guidelines for 
Systematic Reviews were followed, such as the PRISMA 
Flow Diagram (Fig.  1) and the Cochrane Handbook for 
Systematic Reviews [16, 17].

Eligibility and exclusion criteria
Regarding the selection of articles for this review, inclu-
sion criteria were also determined for lactating moth-
ers; aged between 18 and 40  years, thus including ages 
at which the Peak Bone Mass (PBM) had already been 
reached and the bone mass still remained at the plateau 
for women [18], primigravidas, exclusively breastfeeding, 
with a BMD assessment obtained by dual-energy X-ray 
absorptiometry (DXA), with values expressed at baseline 
and after 4 to 6  months postpartum. The breastfeeding 
mothers were required not to have been supplemented 

with calcium and/or to have engaged in strenuous physi-
cal activities, and not to be athletes, so that no other fac-
tors, other than the act of exclusively breastfeeding, could 
interfere with the assessment of their BMD.

Articles were selected based on titles, abstracts, and 
content, and were identified as eligible for inclusion if 
they met the following criteria: randomized controlled 
trials or observational studies (cohort, longitudinal, and 
cross-sectional), peer-reviewed studies, and studies 
reporting the occurrence, intensity, and factors involved 
in the changes in BMD evidenced in women during 
breastfeeding. Exclusion criteria were: articles without 
adjusted analysis; inadequate or undescribed sample 
selection; review articles; and duplicate articles, which 
had already been included in the search through another 
database.

This stage of the work was carried out by three inde-
pendent researchers, blindly (LBF, KGT, TBLG). The 
complete articles were distributed to two researchers 
(LBF and KGT), and in case of disagreement, the inclu-
sion or exclusion of the article was decided by the third 
researcher (TBLG). Subsequently, the selected articles 

Fig. 1 PRISMA diagram
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were distributed again to the two researchers (KGT and 
LBF) for verification. The article references were analyzed 
in order to identify other publications of interest.

Data collection
The information from the selected studies was extracted 
using a standardized Excel spreadsheet, to record all data 
and relevant variables. The data extracted were as fol-
lows: first author and year of publication, location, type 
of study, population, sample size, study and intervention 
groups, research duration, and main study results.

The level of scientific evidence and degree of recom-
mendation of the included studies were determined 
according to the classification of the Oxford Center for 
Evidence-Based Medicine – Levels of evidence [19].

Risk of bias analysis
The Jadad scale was adopted to assess the quality of 
the studies. This is a five-item tool used to report the 
risk of bias in clinical trials, through the assessment 
of; randomization, method of randomization, double 
blind, method of blinding, and reporting of losses and 
exclusions, respectively. The Jadad score ranges from 
0 to 5, with values lower than 3 being considered low 
quality [20].

To assess the methodological quality of observational 
studies, the Newcastle–Ottawa Scale (NOS) was applied 
for cohort studies and the modified Newcastle–Ottawa 
Scale for cross-sectional and longitudinal studies [21–23]. 
The NOS is composed of 8 items. was used, in which each 
item can be given one star, except for the item "Compa-
rability", where the score ranges from zero to two stars. 
The scale evaluates the studies based on criteria related 
to the selection and comparability between cohorts and 
criteria related to the study outcomes, with the objective 
of assessing the risk of bias based on the representative-
ness of the sample, exposure definition, presentation con-
dition definition, response rate, and result determination. 
A low risk of bias is represented by a maximum score of 
nine stars for cohort studies and seven for cross-sectional 
and longitudinal studies. Cohort studies with six to eight 
stars were rated as moderate, and those with five stars 
or less were rated as low quality. Studies with good and 
moderate quality were included in the review. Cross-sec-
tional and longitudinal studies with between four and six 
stars were rated as moderate, and those with three stars 
or less were considered as low quality [24].

The risk of bias assessments was carried out by the 
authors (LBF and KGT) and subsequently monitored. If 
there was any divergence in the scores, the evaluations 
were performed again, until full agreement was reached 
between the authors and there was no doubt about the 
evaluation.

Meta‑analysis
Numerical descriptive results are presented together with 
grouped data comparing BMD values between groups. 
The forest plot results are presented as the standardized 
mean difference (SMD) with the calculated 95% confi-
dence interval, and the random effect was used to iden-
tify differences between groups. A meta-analysis on the 
primary data was only performed if two or more studies 
evaluated the same outcome of interest. For sensitiv-
ity analysis, studies with a higher risk of bias and, con-
sequently, lower quality were removed one by one. The 
analysis allowed verification of the impact of combina-
tions between the studies included in the meta-analysis 
and their explanatory power. The values for the effect of 
lactation were considered statistically significant when 
P < 0.05. Heterogeneity was also quantified with statis-
tical  I2, whereby 0–40% may not be important, 30–60% 
may represent moderate heterogeneity, 50–90% may 
represent high heterogeneity, and 75–100% is defined as 
considerable heterogeneity [17]. For the sensitivity analy-
sis, studies with low or moderate methodological quality 
were excluded in accordance with the specific scales used 
related to the study design. Statistical calculations are 
illustrated by Forest plots constructed using the software 
RevMan [Computer program]. Version 5.4.1 The Cochrane 
Collaboration [17].

Results
In total, 381 articles were found after applying the search 
strategy in the databases. Based on analysis of the titles 
and abstracts, 333 articles that were literature review 
articles, case studies, and studies carried out with experi-
mental animals were excluded, in addition to 11 duplicate 
articles. Of the 37 remaining articles, 11 were excluded, 
for reasons described in Methods. Thus, 26 articles 
were analyzed by full reading. Of these, 16 articles were 
included in the systematic review, after risk of bias analy-
sis, and were considered eligible for this review, as shown 
in the PRISMA diagram (Fig. 1) and four were included 
in the meta-analysis.

The studies included in this systematic review are 
presented in Table  1, with information on the authors, 
year, study location, population, and sample size. A sup-
plementary document (see Additional file  2), contains 
complete data on the included studies, with the groups 
studied and results. Three studies were carried out in the 
USA [9, 25], three in the United Kingdom [1, 26, 27], one 
in Argentina [28], two in Mexico [29, 30], one in Den-
mark [12], one in Gambia [10], one in Israel [11], one in 
Sweden [31], one in China [5], one in Canada [32], and 
one in Thailand [33].

The majority of studies included in this systematic 
review used dual-energy X-ray absorptiometry (DXA) 
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to obtain lumbar spine BMD, with two investigations 
[25, 27], in addition to DXA, the evaluation of BMD 
was performed by Peripheral Quantitative Computed 
Tomography (pQCT).

When analyzing the studies, we identified results 
obtained in several sites through the densitometric evalu-
ation. Fourteen studies from the 16 articles included in 
this review, presented results for lumbar spine BMD, 
except the studies by Cullers et  al. [25] and Ó Breasail 
et al. [27], which analyzed tibia and radius. Some studies 
included upper limb BMD (UL) described as radius, fore-
arm, or wrist [2, 9, 12, 25–27]. Except for the study car-
ried out by Kalkwarf et al. [2], all others identified BMD 
of lower limbs (LL), however, with a variety of areas ana-
lyzed, such as femur, hip, leg, tibia, trochanter, and even 
Ward’s triangle. Some investigations evaluated total body 
BMD [1, 5, 9, 10, 12, 26].

Two studies compared the BMD of pregnant women 
with that of non-pregnant women [12, 27]; while Lebel 
et al. [11] evaluated nulliparous and multiparous women. 
Great variability was observed between the studies 
regarding the period of breastfeeding in which the den-
sitometric analyses were performed. Analysis of breast-
feeding and non-breastfeeding women was observed 
[1, 2]. Three studies evaluated pregnancy and differ-
ent breastfeeding times: Ritchie et  al. [9] (gestation, 
6–10 weeks of breastfeeding, and after duration of post-
partum amenorrhea 8 ± 3  months, at the resumption 

of menses (5 ± 2  months postmenses); Naylor et  al. [26] 
(gestation, 15 days, and 3 months of breastfeeding); and 
Brembeck et al. [31], (gestation, 4, 12, and 18 months of 
breastfeeding). The remainder of the studies focused on 
the postpartum period of breastfeeding; Glerean et  al. 
[28] chose to evaluate the immediate postpartum period, 
and 6 and 12  months of breastfeeding, Sámano et  al. 
[29] and Sámano et al. [30] evaluated 15 days, and 3 and 
6 months of breastfeeding; Cooke-Hubley et al. [32] eval-
uated 6 months and 12 months; and Teerapornpuntakit 
et al. [34] 6 months of breastfeeding.

In view of the diversity of study designs, the systematic 
review was complemented by a meta-analysis includ-
ing a smaller number of studies. To improve effective-
ness, studies were used that matched the basal periods 
(pregnancy and postpartum) with the period of exclusive 
breastfeeding (4 to 6 months), to answer the initial ques-
tion: “Does exclusive breastfeeding during a period of 4 
to 6 months change BMD?”.

However, despite having the objective of evaluating the 
differences in BMD in the various sites that can be ana-
lyzed, the literature only provides this information for 
the qualitative analysis, with greater focus on the DXA 
obtained in the lumbar spine. For the quantitative study 
(meta-analysis) only the lumbar spine was included, for 
the reasons already presented.

The results referring to the risk of bias analysis were 
divided according to the design of each of the studies: 

Table 1 Studies included in the systematic review

Author/year Location Population Sample Size

Kalkwarf et al., 1997 [2] Cincinnati, USA Women (20 to 36 years old) with low or moderate cal-
cium intake (≤ 800 mg/day), breastfeeding and offering 
artificial formula

326

Laskey et al., 1998 [1] Cambridge, United Kingdom Healthy white women (20 to 40 years old) 80

Ritchie et al., 1998 [9] Berkeley, California, USA Healthy women who consumed ≈1200 mg calcium/day 
(< 22 years or > 42 years)

14

Naylor et al., 2003 [26] Sheffield, United Kingdom Women who were planning to become pregnant (20 
to 36 years old)

17

Glerean et al., 2010 [28] Buenos Aires, Argentina Primiparous and nulliparous women (21 to 40 years old) 61

Sámano et al., 2011 [29] Mexico City, Mexico Healthy women 72

Moller et al., 2012 [12] Aarhus, Denmark Healthy white women (25 to 35 years old) 228

Sawo et al., 2013 [10] Keneba and Manduar villages in West 
Kiang countryside, The Gambia

Women (28.6 ± 8.4 years) 33

Lebel et al., 2014 [11] Jerusalem, Israel Women (20 to 46 years old) 132

Sámano et al., 2014 [30] Mexico City, Mexico women in the postpartum period 73

Brembeck et al., 2016 [31] Gothenburg, Sweden Pregnant women (25 to 40 years old) 81

Zhang et al., 2016 [5] Guangzhou, China Puerperal women (20 to 35 years old) 150

Cooke-Hubley et al., 2017 [32] Newfoundland, Canada Women who exclusively breastfed for 6 months 31

Teerapornpuntakit et al., 2017 [33] Bangkok, Thailand Healthy women (18 to 35 years old) 80

Cullers et al., 2019 [25] Oakland and East Bay Area, California, USA Women in the 16th week of pregnancy 64

Ó Breasail et al., 2020 [27] Cambridge, United Kingdom Healthy women (30 to 45 years old) 90
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Table  2 describes the risk of bias assessment of rand-
omized studies, Table 3 refers to the risk of bias assess-
ment of cross-sectional and longitudinal studies, and 
Table  4 presents the risk of bias assessment of cohort 
studies (see Additional file 3 for supplementary Tables 2, 
3, and 4). In Table 2, three randomized studies are identi-
fied Kalkwarf et al. [2]; Zhang et al. [5], and Cullers et al. 
[25]. The studies by Zhang et  al. [5] and Cullers et  al. 
[25] despite being included in the construction of the 
Systematic Review were not included in the meta-anal-
ysis, since Zhang et al. [5] analyze the BMD outside the 
period determined for this systematic review and meta-
analysis and Cullers et al. [25] used pQCT to determine 
BMD. Regarding the risk of bias of cross-sectional and 
longitudinal studies (Table 3), only one study presented 
a low risk of bias, with a score equal to 7 [27], 5 studies 
showed a moderate risk, with a score of between 4 and 6 
[10, 26, 28, 31, 33], and 2 studies [1, 9] showed low qual-
ity, however, some of the studies did not meet the other 
inclusion criteria that were described in the methods, 
which prevented their inclusion in the meta-analysis.

For the cohort studies (Table  4) it is noted that the 
studies by Moller et al. [12] and Cooke-Hubley et al. [32] 
presented a low risk of bias, and could be selected for the 
meta-analysis if they met the other proposed criteria. 
Only one of the cohort studies selected for this review 
scored 5, with low quality [11], so was not included in 
the meta-analysis. Considering the studies that presented 
moderate risk, with a score of 6 to 8 [29, 30], one was not 
included in the meta-analysis, since its results regarding 
densitometry were similar to those published at an earlier 
date [30].

Considering the information presented above, it was 
judged that a quantitative result could be obtained by 
carrying out a meta-analysis, with studies that contained 
BMD of the lumbar spine, since the studies by Kalk-
warf et al. [2], Moller et al. [12], Sámano et al. [29], and 
Glerean et al. [28], presented the results at baseline and 
after 4 to 6  months of exclusive breastfeeding, as pro-
posed in the inclusion criteria. Of the 16 studies that 
were selected for this review, 12 of them, despite being 
extremely informative, and contributing to the topic 

of breastfeeding versus bone mineral density, were not 
included in the meta-analysis, as they did not meet the 
criteria to demonstrate them as robust in terms of risk of 
bias or meeting the inclusion criteria.

Thus, only the studies by Glerean et al. [28]; Kalkwarf 
et  al. [2]; Moller et  al. [12], and Sámano et  al. [29] met 
the quantitative criteria for the meta-analytic study in 
the primary analyses. The study by Cooke-Hubley et al., 
despite presenting a low risk of bias, was excluded from 
the meta-analysis because it did not provide baseline val-
ues [32]. The authors were contacted, but they did not 
supply these data.

Figure 2 indicates the forest plot of the meta-analytical 
study based on the results of the mean of the standard-
ized differences and 95% confidence interval. BMD values 
in the lumbar spine (g/cm2) were plotted at the postpar-
tum moment characterizing the control group and from 
4 to 6  months of lactation, characterizing the lactation 
group.

The results of the meta-analysis showed that the 
breastfeeding group presented a greater reduction in 
BMD than the control group (non-breastfeeding, preg-
nant, or immediate postpartum), with a reduction in 
BMD in the lumbar spine of [-0.18 g/cm2 (-0,36, -0,01 g/
cm2); P = 0.04]. The greatest contribution to the results 
presented in this meta-analysis was the study by Moller 
et  al. [12], with 40.6% weight followed by the study by 
Kalkwarf et  al. with 33% [2]. Subsequently, a sensitivity 
analysis of the meta-analytic study was carried out, which 
consists of verifying whether, after removing studies with 
a higher risk of bias, the results are similar in direction, 
magnitude of effect, and statistical significance, which 
indicates a result robust meta-analysis. Thus, Fig. 3 shows 
the studies after sensitivity analysis, where the investiga-
tions by Glerean et al. [28] and Sámano et al. [29] were 
removed because they presented scores of 5 and 7 in the 
risk of bias analysis by the Newcastle–Ottawa Scale for 
cross-sectional and longitudinal studies, Tables  3 and 4 
respectively (see Additional file 3).

The results of the sensitivity analysis, reinforced the 
reduction in BMD in the lumbar spine [-0.22  g/cm 
(-0,43; -0,02  g/cm2); P = 0.03], that is, the results of the 

Fig. 2 Forest plot of the meta-analyses of the effect of breastfeeding on lumbar spine. Note. Software RevMan [Computer program]. Version 5.4.1 
The Cochrane Collaboration, 2020
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meta-analysis (Fig.  2) are robust after passing through 
the sensitivity screening (Fig.  3). The larger effect size 
reflected the low risk of bias and, consequently, the qual-
ity of the studies involved, Kalkwarf et al. [2] and Moller 
et al. [12], which already indicated the highest weights in 
the primary analysis of the meta-analysis (Fig. 3).

Although the meta-analytical study included few stud-
ies that were eligible (n = 4) both in the primary analysis 
(n = 4) and in the sensitivity analysis (n = 2), no hetero-
geneity was observed  (I2 = 0%). This value represents the 
percentage of variance attributed to heterogeneity, which 
is low or might not be important (0% to 40%) according 
to the Cochrane Collaboration Handbook [17]. In addi-
tion, it was observed that the studies in the meta-anal-
ysis did not demonstrate wide variation in confidence 
intervals.

Discussion
This systematic review aimed to identify the changes that 
could occur in the BMD of lactating women who exclu-
sively breastfed their children for a period of four to six 
months. However, it was observed that the majority of 
the analyzed studies presented results related to BMD 
of the lumbar spine, with a more restricted number of 
those that evaluated other skeletal sites, such as the total 
proximal femur, femoral neck, trochanteric region, hip, 
and whole body. The meta-analysis indicated that the 
breastfeeding group presented a greater impact in the 
outcomes than the control group (non-breastfeeding, 
pregnant, or immediate postpartum) with a lower stand-
ardized mean difference of BMD in the lumbar spine of 
-0.18 g/cm2 (-0.36, -0.01 g/cm2), P = 0.04. After sensitiv-
ity analysis, two high quality investigations remained in 
the meta-analytical study and reinforced the impact of 
the reduction in BMD in the lumbar spine [-0.22 g/cm2 
(-0,43; -0,02 g/cm2), P = 0.03]. In addition to these points 
highlighted, not all the selected studies analyzed their 
results prospectively, with densitometry obtained at a 
minimum of two moments, and some studies included 
nursing mothers with different ages and nutritional which 
would compromise the analysis regarding the status, as 
well as, submitted to several factors that could influence 
the presented results, during the breastfeeding follow-up 

period, detection of any alteration in BMD in the inves-
tigated period, however, alterations could be detected in 
the lumbar region both by the systematic review and by 
the meta-analysis.

In general, the results indicated that involvement to 
the BMD occurred predominantly in the first postpar-
tum months, during the period of exclusive breastfeed-
ing, up to an average of four to six months. Pearson et al. 
observed a significant reduction in BMD in the spine, hip, 
and trochanter, with a more expressive reduction in the 
lumbar region. One year after delivery, most participants 
incorporated 5% of the preconception value, however, the 
recovery in the hip region was not similar [34]. Kovacs 
[7] pointed out that women who breastfed their children 
exclusively for 6 months presented a reduction in lumbar 
bone density of between 5 and 10% and a smaller per-
centage, perhaps half of that described, when sites richer 
in cortical bones were evaluated, demonstrating that the 
reduction did not occur homogeneously [7]. Considering 
the studies included in the current review [1, 2, 33] the 
results of lumbar spine BMD were lower than those eval-
uated in control women, who never breastfed. However, 
this reduction was observed at different times during the 
six months of breastfeeding, being more detectable in the 
lumbar region after between 4 and 6  months. Sámano 
et  al. [29] identified that the BMD of the lumbar spine 
of women who breastfed up to 90 days postpartum pre-
sented lower results when compared to those obtained at 
15 days postpartum. Teerapornpuntakit et al. [33] found 
a significant reduction in lumbar spine BMD among 
those who breastfed for three to four months, as well as 
persistence of the reduction in those who breastfed for 
up to six months. Thus, it is evident that the continua-
tion of breastfeeding resulted in a negative impact on 
bone mass, which was related to the duration of exclusive 
breastfeeding and the analyzed site [31].

A study that evaluated BMD in the immediate postpar-
tum period highlighted that lumbar spine BMD during 
this period was lower (5.2%) than in nulliparous controls, 
but without significant differences. Twelve months after 
delivery, the authors detected a statistically significant 
increase in relation to the evaluations obtained in the 
immediate postpartum period and after six months of 

Fig. 3 Sensitivity analyses of impact of the effects of breastfeeding excluding trials with more bias. Note. Software RevMan [Computer program]. 
Version 5.4.1 The Cochrane Collaboration, 2020
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breastfeeding. It is noteworthy that the BMD results at 
six months were practically stable in the lumbar, femur, 
and trochanter regions, when compared to the immedi-
ate postpartum period and close to those of the control 
participants [28]. If breastfeeding continues beyond the 
first semester, estradiol levels, which were previously low, 
tend to return to normal concentrations. In addition, the 
menstrual cycle resumes. The beginning of bone recov-
ery in the nursing mother is associated with these factors, 
but also with the decrease in the volume of milk ingested 
by the infant due to the introduction of solid foods, and 
thus, less reabsorption of maternal bone mass occurs as 
a result of less calcium transfer for the child’s skeleton 
[7]. There is loss of bone mass in the lumbar spine during 
pregnancy, in the postpartum period, and in the breast-
feeding period, after which, approximately six months 
after delivery, there is stability and, from nine to 12 and 
up to 18 months, recovery of bone loss is reported, con-
noting the efficiency of the woman’s hormonal negative 
feedback system [31]. Furthermore, it should be noted 
that parathyroid hormone-related protein (PTHrP) is 
found in very high concentrations in the blood of breast-
feeding women and is produced in breast tissue, which 
results in increased maternal bone resorption and 
calcium absorption in the renal tubules and reduced 
excreted turnover. Calcium transported by breast milk 
is directed towards calcification of the skeleton of new-
borns and infants, which is the homeostatic mechanism 
suggested for compromising maternal bone mass in the 
first months of breastfeeding [7, 8].

Some of the selected studies identified the recovery of 
bone density loss in the lumbar spine over time, even if 
the lactating mother continued to breastfeed her child 
for a longer period of time. Among them, the study by 
Cooke-Hubley et  al. stands out, which showed that the 
lumbar spine BMD increased by about 5%, when evalu-
ated at 12  months postpartum, in relation to the BMD 
obtained among nursing mothers at six months post-
partum. However, if the nursing mothers continued to 
breastfeed their children for a longer period than the 
six months proposed for weaning, even when supple-
mented with solid foods and infant formulas, the authors 
detected an increase in BMD, but to a lesser extent, in 
lumbar and thoracic spine. Unfortunately, in consultation 
with the authors, they did not obtain data in the imme-
diate postpartum period, which prevented the inclusion 
of the study in our meta-analysis [32]. Another study 
compared women who were 18 months postpartum and 
identified loss of BMD in the lumbar spine in the fourth 
month of breastfeeding, with an increase in these values 
in the period of 12 and 18 months postpartum [31].

The study carried out by Moller and researchers [12] 
showed that the BMD was reduced during pregnancy 

compared to that of non-pregnant women. At 15  days 
postpartum, the authors observed a reduction of 2 to 3% 
in BMD in each of the analyzed sites, and in the lumbar 
spine this reduction increased to 5% in the continuity of 
exclusive breastfeeding for four months. When nursing 
mothers, still breastfeeding their children, non-exclu-
sively, for a period longer than 9  months postpartum, 
performed a new DXA, they showed a 2% increase in 
lumbar spine BMD, and those who breastfed for a period 
of 4 to 9 months showed an increase of 4%, but the results 
were still lower than those obtained in the pre-gestational 
period. It took around 19 months postpartum for 2/3 of 
the densitometry of the monitored women, none of them 
breastfeeding their children, to return to pre-gestational 
values. These results reinforce that there is an association 
between the reduction in BMD according to the time 
and classification of breastfeeding, whether exclusive or 
complementary, and also, that if breastfeeding occurs for 
a long period (> 9 months), the recovery of BMD in the 
lumbar spine area seems to “progress” at a faster pace, 
while that detected in the whole body takes longer.

Regarding the possible preservation of the nursing 
mother’s bone mass, there are also studies that investi-
gated the effects of calcium and/or vitamin D supply in 
the diet, while some demonstrated positive effects on 
bone health, others do not corroborate these findings. 
Zhang and researchers [5] in a randomized double-blind 
controlled study with Chinese breastfeeding women, 
performed interventions, adding increasing doses of Ca 
for a period of 12 months, and analyzed the BMD of the 
total body, total left hip, and subregions, and lumbar 
spine (L1-L4). The authors concluded that there was no 
statistically significant difference in BMD and no benefi-
cial effects of supplementation with increasing doses. In 
contrast, Cullers et  al. [25] demonstrated that calcium 
supplementation during pregnancy influenced the bone 
recovery of women in the United States who ate a typi-
cal diet and that adequate calcium intake could prevent 
bone loss during lactation [35]. The recommendations for 
nursing mothers with reduced bone mineral density are 
within the parameters already described in the present 
review and adhere to the usually recommended doses of 
calcium by the Dietary Reference Intakes/ Recommended 
Dietary Allowance (DRIs/RDA), of 1000  mg/day for 
19–50  years for pregnant/lactating women) [36] during 
the breastfeeding period, emphasizing that many women 
will gradually recover their bone density with the return 
of menstrual cycles and in a period of around 18 months 
postpartum [37].

The observed limitations resulted from the design of 
the studies and the inclusion criteria proposed for the 
articles consulted, since each study analyzed considered 
a different moment to be considered as baseline, with 
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different follow-up times, which limited the inclusion of 
a greater number of studies in the meta-analysis. Another 
point to be highlighted is the lack of detailed informa-
tion about obtaining BMD values, which interfered with 
the inclusion of a greater number of lactating mothers 
and controls in the meta-analysis. In addition, diver-
sity of sample sizes was observed among the studies and 
many of them lacked a description of ethnicity/race and 
nutritional assessments of the nursing mothers included. 
Prospective studies are needed including a greater num-
ber of nursing mothers, and with control of factors that 
may interfere with the incorporation and resorption of 
bone mass. The various benefits of breastfeeding for the 
mother and child and also for the planet are unquestion-
able and well elucidated by the scientific community. 
However, it is known that breastfeeding rates around the 
world still need to be improved. There is a worldwide 
effort to extend the duration of this practice, according 
to global goals that involve the mobilization of public and 
private sectors.

Therefore, it is necessary to intensify public health 
actions that can promote bone mass improvement in 
women of reproductive age, especially during preg-
nancy and breastfeeding, such as adequate guidance 
on foods rich in calcium and vitamin D, timely expo-
sure to sunlight, and the use of prophylactic nutrient 
supplementation.

Conclusions
This systematic review followed by meta-analysis indi-
cates that there is a transient reduction in bone mineral 
density in the lumbar region of women who breastfeed 
their children exclusively for 4 to 6  months. However, 
some prospective longitudinal studies suggest that bone 
density is gradually restored later in the postpartum 
period, without the need for weaning for this to occur. 
These results indicate the necessity to carry out more 
studies that improve understanding of the topic, due to 
the heterogeneity of the studies located, which made any 
quantitative compilation difficult.
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