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ABSTRACT
Background: Calcium plus vitamin D supplementation of pregnant Brazilian adolescents with habitually low calcium

intake (∼600 mg/d) reduced bone loss during the first 20 wk postpartum.

Objective: We investigated maternal bone mass changes during the first year postpartum as a follow-up of the clinical

trial.

Methods: Pregnant adolescents (14–19 y) received calcium (600 mg/d) plus cholecalciferol (200 IU/d) supplementation

(n = 30) or placebo (n = 26) from 26 wk of gestation until parturition. Bone area and bone mineral content and bone

mineral density (BMD) at total body, lumbar spine, and hip (total and femoral neck) were assessed by DXA at 3 time

points postpartum (5 wk, 20 wk, and 56 wk). Intervention group, time postpartum, and group × time interaction effects

were tested by repeated-measures mixed-effects models adjusting for calcium intake, return of menses, breastfeeding

practices, and body weight.

Results: Time (P < 0.05) but not group affected several absolute bone measurements. There was a group × time

interaction for femoral neck BMD (P = 0.045). Mean ± SE values (g/cm2) at 5 wk, 20 wk, and 56 wk were, respectively,

1.025 ± 0.026, 0.980 ± 0.026, and 1.022 ± 0.027 for the placebo group and 1.057 ± 0.025, 1.030 ± 0.024, and

1.055 ± 0.025 for the supplemented group. An interaction also was observed for percentage change in femoral neck

BMD relative to 5 wk (P = 0.049), with a more pronounced decrease in the placebo group (−4.58 ± 0.42%) than

in the supplemented group (−3.15% ± 0.42%) at 20 wk (P = 0.019), and no difference between groups at 56 wk

(−0.44% ± 0.71% in the placebo and −0.76% ± 0.62% in the supplemented group; P = 0.65).

Conclusions: Calcium plus vitamin D supplementation of the adolescent mothers reduces the magnitude of bone loss

at the femoral neck from 5 to 20 wk postpartum without an effect on bone changes after 1 y postpartum, indicating that

there is no sustained effect of the supplement tested. J Nutr 2021;151:548–555.
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Introduction

Pregnancy and lactation are periods of increased maternal
bone calcium mobilization for fetal growth and breast-milk
production, resulting in temporary site-specific bone loss during
lactation. In women, this loss is gradually recovered after 6 mo
postpartum, irrespective of calcium intake and breastfeeding
status (1–4). The skeletal response to pregnancy, lactation, and
the postpartum period may be different in adolescent females
since bone is actively accruing calcium to reach peak bone

mineral density (BMD) in these very young mothers while
simultaneously mobilizing bone calcium for fetal and breast-
milk demands (1, 5). In theory, bone status of adolescent
mothers is at risk when dietary calcium intake is low and,
in this case, it may benefit from calcium supplementation. In
practice, only a few long-term postpartum studies addressed
these questions in different populations and with different
approaches (1, 5–7).

Longitudinal changes in BMD during the postpartum period
in adolescent females have been assessed with different study
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designs in Brazil (8, 9), Argentina (10, 11), and Mexico (12,
13). Bone loss (1–10%) was observed at 2–6 mo postpartum in
most studies, particularly at trabecular bone sites (8–11). These
losses were associated with hormonal status (8), frequency of
breastfeeding (13), changes in body weight (11, 13), and calcium
intake (9, 11). Only a few studies assessed maternal bone status
at 12 mo postpartum or later (8, 13, 14).

Bone losses during lactation were almost completely re-
covered at 12 mo postpartum in adolescent mothers with
dietary calcium intake at early lactation ranging from 890–
1100 mg/d (12–14), but these were partially recovered at 12–
30 mo postpartum in adolescent mothers habitually consuming
<500 mg calcium/d (8). Although differences among studies—
such as breastfeeding practices, resumption of menses, physical
activity, and changes in body weight—may have influenced
the postpartum bone responses, taken together, results from
these studies suggest that increasing calcium intake could favor
long-term bone mass recovery postpartum in adolescents. If
this is the case, it remains unclear if calcium intake should
be increased during lactation and/or during pregnancy for
long-lasting postpartum bone recovery in adolescent mothers.
Increased calcium intake after delivery benefitted maternal bone
mass indices from 0.5 to 6 mo postpartum of adolescent
mothers (11, 15). Similarly, higher dietary calcium intake during
the last trimester of pregnancy, when calcium absorption is
upregulated, was associated with increased lumbar spine bone
z score postpartum in adolescent females (16).

We have previously addressed the effect of calcium plus
vitamin D supplementation during pregnancy on bone loss
during lactation in a randomized controlled trial conducted in
Brazilian adolescent mothers with habitually low calcium intake
(9). Results of that study indicated that supplemented mothers
had higher lumbar spine bone mass at 20 wk postpartum and
reduced rate of bone mass loss at the femoral neck from 5 to
20 wk postpartum than those receiving placebo. We herein
report the results of the follow-up of this trial up to 56 wk
postpartum in order to investigate the long-lasting effect of
calcium plus vitamin D supplementation during pregnancy on
maternal bone mass changes during postpartum.

Methods
Subjects and study design
Detailed descriptions of the inclusion and exclusion criteria, study pro-
tocol, ethical approval, and results of the clinical trial (NCT01732328)
testing the effect of calcium plus vitamin D supplementation during
pregnancy on maternal bone mass changes postpartum and on fetal
growth and neonate bone mass were previously published (9, 17).
Sample size was calculated considering previously reported data of
lumbar spine BMD (mean ± SD: 1.083 ± 0.038 g/cm2) of lactating
adolescent mothers (18). It was estimated that a sample size of 25
participants per group is required to detect a difference of 0.03 g/cm2

between placebo and supplemented groups, with a significance level of
95% and a statistical power of 80%. The initially randomized sample
size was increased accounting for losses due to potential complications
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during pregnancy, changes in the intention to breastfeed (a study
condition at least in the first postpartum measurement), and the long
period of follow-up (∼15 mo). The trial was approved by the Ethical
Committee of the Maternity School at the Federal University of Rio de
Janeiro (Brazil).

Briefly, adolescents who were pregnant for the first time and
attending prenatal care (2009–2011) at the Maternity School at the
Federal University of Rio de Janeiro were invited to participate in the
trial. The pregnant adolescents were randomly assigned by a member
of the research team (1:1 ratio within permuted blocks of size 10,
participant blinded) to receive a commercially available supplement
(Rexall Sundown, Inc., NY) containing calcium (600 mg, as calcium
carbonate) plus vitamin D (200 IU, as cholecalciferol) or placebo for
daily use from 26 wk of gestation until parturition.

Details on enrollment, losses, and final number analyzed for
maternal bone mass measurements at 5 wk, 20 wk, and 56 wk
postpartum are shown in Figure 1. Women were excluded if they
had chronic health problems (eg, diabetes), were smokers, or users of
corticosteroids or nutritional supplements besides iron plus folate sup-
plements provided during standard prenatal care. After randomization,
participation was discontinued if there were pregnancy complications
or if mothers decided not to breastfeed (Figure 1). Of the 84 adolescent
mothers initially assigned to the study, 56 were measured at 5 wk, 47
completed measurements at 20 wk, and 30 completed measurements at
56 wk.

Information on age, prepregnancy BMI, and years elapsed since
menarche of the adolescent mothers was obtained at entry in the study
(26 wk of pregnancy, baseline). Dietary calcium and vitamin D intakes
were assessed by at least three 24-h dietary recall questionnaires during
prenatal care visits, and analyzed based on a Brazilian food database
(9, 19). At 5 wk, 20 wk, and 56 wk postpartum, maternal body weight,
height, and bone mass were assessed, and information on breastfeeding
practices and return of menses was obtained.

Anthropometric and bone measurements
Detailed descriptions of the methods used have been published
previously (9). Briefly, standing height and body weight were measured
by using a stadiometer (Seca) and a calibrated electronic scale (Filizola),
respectively. Bone mineral content (BMC), bone area, and BMD of
total body, lumbar spine (L1–L4, LS), and hip (total and femoral
neck) were assessed using DXA with a Lunar iDXA densitometer and
the enCore 2008 version 12.20 software (GE Healthcare). Detailed
descriptions of the DXA performance were published previously (9).
Bone measurements in total body, lumbar spine, total hip, and femoral
neck at 5 wk, 20 wk, and 56 wk postpartum were expressed as
absolute values and as percentage change from values at 5 wk
postpartum.

Statistical analyses
Comparisons of general characteristics at baseline (26 wk of pregnancy)
and at each postpartum time point (5 wk, 20 wk, and 56 wk)
between intervention groups (placebo or calcium plus vitamin D) were
performed by Student’s t test for continuous variables and by chi-
square test for categorical variables. The effects of intervention group
(placebo vs. calcium plus vitamin D), time point (5 wk, 20 wk, and
56 wk postpartum), and intervention group by time point interactions
on bone measurements were examined using repeated-measures linear
mixed models with Bonferroni post hoc tests. Covariates in the models
were defined a priori based on the literature (1, 5) and included calcium
intake, return of menses, breastfeeding practices, and body weight.
Bone measurement changes from 5 wk to 20 wk and 56 wk were
also examined using repeated-measures linear mixed models with the
same covariates. Statistical analyses were performed with SPSS 22.0
for Windows software (SPSS, IBM Corp.). Results are reported as
means ± SDs or as means ± SEs. Values at P < 0.05 were considered
significant.
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FIGURE 1 Flow diagramof recruitment, random assignment, losses, and follow-up of study participants.

Results

Information on general characteristics at baseline and anthro-
pometry, breastfeeding practices, and return of menses at each
postpartum time point are shown according to groups (calcium
plus vitamin D and placebo) (Table 1). There were no significant
differences in these characteristics between groups except for
dietary calcium intake at baseline (P = 0.02) and return of
menses at 20 wk postpartum (P = 0.04). These variables
(calcium intake and return of menses) were adjusted for in all
subsequent statistical comparisons between groups. Although
higher in the placebo group (9), calcium intake was lower
than recommended [1300 mg/d (20)] for almost all (93%) the
adolescents in this study, with an overall mean calcium intake
during late pregnancy of 613 mg/d.

The effects of intervention group, postpartum time point
(5 wk, 20 wk, and 56 wk), and group × time interaction
on absolute maternal bone measurements were examined for
total body and at specific bone sites adjusted for confounding
variables (Table 2). Significant covariates in the models were as
follows: body weight (all bone measurements), return of menses
(total body bone area), and breastfeeding practice (total body
BMC and BMD, lumbar spine BMC and BMD) (P < 0.05). Time
point was a significant factor on bone measurements (P < 0.05),
except for bone area at lumbar spine, total hip, and femoral neck
(P > 0.33). There was a group × time interaction for BMD at the

femoral neck (P = 0.045). Mean differences within each group
from 5 wk to 20 wk were −0.044 ± 0.007 g/cm2 (P < 0.001) in
the placebo group and −0.027 ± 0.008 g/cm2 (P < 0.01) in the
calcium plus vitamin D group. Differences from 20 wk to 56 wk
were 0.042 ± 0.009 g/cm2 (P < 0.001) and 0.025 ± 0.007 g/cm2

(P < 0.01) for placebo and supplemented groups, respectively.
The overall calcium plus vitamin D supplement group effect
on absolute bone measurements postpartum was not significant
(Table 2).

The effects of group, postpartum time point (20 wk and 56
wk), and group × time interaction on BMD percentage changes
from values at 5 wk postpartum were examined adjusted for
confounding variables (Figure 2). Significant covariates in the
models were as follows: body weight (total hip BMC), return
of menses (total body bone area and lumbar spine BMC), and
breastfeeding practices (total body BMC and BMD, lumbar
spine BMC, bone area and BMD, total hip BMC and BMD)
(P < 0.05). There was a group × time interaction for femoral
neck BMD percentage changes (P = 0.049) (Figure 2D). The
percentage decrease from 5 to 20 wk for femoral neck BMD
was more pronounced in the placebo group (−4.58% ± 0.42%)
compared with the calcium plus vitamin D group (−3.15% ±
0.42%) (P = 0.019). The percentage change from 5 wk to 56
wk did not differ between the placebo (−0.44% ± 0.71%) and
the calcium plus vitamin D group (−0.76% ± 0.62%) groups
(P = 0.65).

550 Diogenes et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/151/3/548/6131928 by Instituto N

acional do C
Ã¢ncer (IN

C
A) user on 26 January 2022



TABLE 1 General characteristics of the adolescent mothers during the study1

Group

Characteristics Placebo Calcium plus vitamin D P

At 26 wk of pregnancy (baseline)
n 26 30
Chronologic age, y 17.2 ± 1.0 16.8 ± 1.5 0.31
Time elapsed since menarche, y 5.0 ± 1.7 5.0 ± 2.1 0.91
BMI before pregnancy, kg/m2 20.9 ± 4.5 21.9 ± 3.4 0.39
Dietary calcium intake,2 mg/d 743 ± 457 500 ± 276 0.02
Dietary vitamin D intake,2 IU/d 32 ± 40 35 ± 38 0.80

At 5 wk postpartum
n 26 30
Body weight, kg 59.7 ± 13.3 61.8 ± 11.8 0.54
Height, m 1.61 ± 0.06 1.59 ± 0.06 0.35
Breastfeeding practice, n (%) 0.23

Exclusively 22 (84.6) 23 (76.7)
Predominantly 4 (15.4) 4 (13.3)
Complementary 0 3 (10.0)

At 20 wk postpartum
n 21 26
Body weight, kg 56.1 ± 10.3 57.9 ± 9.8 0.54
Height, m 1.60 ± 0.06 1.59 ± 0.07 0.44
Breastfeeding practice, n (%) 0.23

Exclusively 7 (33.3) 3 (11.6)
Predominantly 9 (42.9) 11 (42.3)
Complementary 2 (9.5) 6 (23.1)
No breastfeeding 3 (14.3) 6 (23.1)

Return of menses (yes), n (%) 8 (38.1) 19 (73.1) 0.04
At 56 wk postpartum

n 12 18
Body weight, kg 56.6 ± 12.0 58.7 ± 9.8 0.60
Height, m 1.59 ± 0.06 1.59 ± 0.07 0.85
Breastfeeding practice, n (%) 0.37

Complementary 4 (33.3) 9 (50.0)
No breastfeeding 8 (66.6) 9 (50.0)

Return of menses (yes), n (%) 12 (100) 18 (100)

1Values are means ± SDs for continuous variables or n (%) for categorical variables. Comparisons between groups were determined by using Student’s t test (continuous
variables) or chi-square test (categorical variables).
2Average of three 24-h dietary records obtained between 26 wk of pregnancy and parturition.

Discussion

Recovery of lactation bone loss after 12 mo postpartum has
been extensively documented in women (1–4, 21) but few
studies have been done in adolescent females (8, 12–14).
In contrast to women, the evidence for adolescent females
suggests that increasing calcium intake during pregnancy or
lactation may contribute to reduce the short-term postpartum
bone losses (9, 11, 15, 16). Less is known about the effect
of increased calcium intake on long-term postpartum bone
changes in adolescent mothers. This is addressed in the
present study as a follow-up 1 y postpartum of a randomized
controlled trial in Brazilian adolescent mothers with habitual
low calcium intake (less than half the calcium DRI) that
assessed the effect of calcium plus vitamin D supplementation
during pregnancy on bone changes during the postpartum
period (9). As described previously, the adolescent mothers who
received calcium plus vitamin D supplementation during the
last trimester of pregnancy had a reduced magnitude of bone
mass loss at the femoral neck from 5 to 20 wk postpartum
compared with those receiving placebo. However, there were
no significant differences in the overall bone changes after 1 y

postpartum between the placebo and the supplemented groups.
This is consistent with no sustained effect over time of the
supplementation tested.

Although there were no differences between the placebo
and calcium plus vitamin D groups in bone changes from
5 wk to 56 wk, the percentage decrease in BMD at the
femoral neck from 5 wk to 20 wk postpartum was more
pronounced in the placebo group (−4.58%) than in the calcium
plus vitamin D group (−3.15%) (P = 0.019). These results
indicate that, although calcium plus vitamin D supplementation
of the adolescent mothers did not affect the overall bone
mass changes from 5 to 56 wk postpartum, it did affect the
pattern of transitory bone mass changes during the postpartum
period, particularly during the first 20 wk. The physiological
maternal bone responses postpartum were attenuated in the
group of adolescent mothers who received calcium plus vitamin
D supplementation during the last trimester of pregnancy. It is
not clear if this reduced maternal bone response postpartum,
probably as a result of reduced bone turnover (22), affects
other physiological postpartum processes. A reduced bone loss
during lactation translates into a transitory better bone density
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FIGURE 2 (A–D) BMD percentage changes from 5 wk to 20 wk
and 56 wk postpartum in the adolescent mothers given placebo
or calcium plus vitamin D during the last half of pregnancy. The
numbers of subjects at 5, 20, and 56 wk, respectively, were as
follows: 26, 21, and 12 in the placebo group and 30, 26, 18 in the
supplemented group. All values are adjusted means ± SEs. P values
refer to each component of the interaction model (intervention group,
time postpartum, and group × time interaction term) in the repeated-
measures linear mixed model, with calcium intake, return of menses,
breastfeeding practices, and body weight as covariates. Comparison
between groups at each time point was performed for the variable
with significant group × time interaction (FN BMD). ∗Different from
the placebo group, P = 0.019. BMD, bone mineral density; FN, femoral
neck; LS, lumbar spine; TB, total body; TH, total hip.

status at trabecular sites (9) and might therefore translate into
reduced risk of bone fracture in this period. This is particularly
important given that bone fractures are highly frequent in
adolescents (23). It might also be less detrimental to bone
acquisition in the still-growing adolescent mother. On the
other hand, a reduced bone loss might result not only in less
mobilization of bone calcium but also of other bone mineral
components that are essential nutrients during lactation and
adolescence, such as zinc (24).

Our study is the first to test the effect of calcium
supplementation during pregnancy on maternal bone changes
up to 12 mo postpartum in adolescent females. Only 2 previous
studies tested this effect in women, in the Gambia (25) and the
United States (21), using DXA (25) or peripheral quantitative
computed tomography (21) for bone measurements, the latter
being not comparable to our bone outcomes. The adolescent
mothers in our study had low habitual calcium diet (∼600 mg/d)
and doubled the calcium intake (together with extra vitamin D)
during the supplemental period, approaching the recommended
1300 mg/d for adolescents (20). In the Gambian study, habitual
dietary calcium was very low (∼350 mg/d) and the supplemental
calcium provided (1500 mg/d) increased over 4-fold their total
calcium intake. Bone responses postpartum in our study were
notably different from those in the Gambian study. In our study,
overall bone changes from 5 wk to 56 wk postpartum did
not differ between the calcium plus vitamin D and placebo
groups, whereas in the Gambian study, unexpected greater
decreases in BMC and BMD at trabecular sites from 2 wk to
52 wk postpartum were observed in the women receiving the
calcium supplement compared with placebo. It was suggested
that calcium supplementation in pregnant women accustomed
to very low calcium intakes may disrupt metabolic adaptation
(25) and that the negative effect on the maternal skeleton may
persist long term (26). In addition to differences in the amount
of calcium in the supplement, complemented or not by vitamin
D, other differences including habitual diet, maternal age, and
ethnicity might have influenced the divergent responses among
studies.

The overall bone recovery during 1 y postpartum observed
in our study regardless of intervention was consistent with
results from previous studies that found a complete or almost
complete bone recovery after 1 y postpartum in adolescent
mothers with different habitual calcium intakes (8, 12–14).
Taken together, these results suggest that adolescent mothers
have physiologic adaptation mechanisms during pregnancy and
postpartum that enable them to recover the lactation-associated
bone loss irrespective of calcium intake. Other factors such as
breastfeeding may be more relevant than calcium intake to bone
mass changes postpartum in adolescent mothers. Breastfeeding
was a significant covariate for almost all bone outcomes in our
study and has been found to be protective of bone health in
adolescent mothers in a retrospective nationally representative
sample in the United States (27).

The strength of this study was the longitudinal design
in an understudied group, adolescent mothers, that allowed
us to examine changes in bone mass status during the
first year postpartum taking into account well-recognized
factors affecting lactation bone loss and postpartum bone
recovery, such as breastfeeding practice, return of menses, and
postpartum body weight (1, 5, 6).

The study had some limitations. There was a substantial loss
of participants over time since randomization (Figure 1). The
dropout rate of participants from randomization to the first
time point analyzed was 36.6% and 30.2% in the placebo and

Postpartum bone mass changes in adolescent mothers 553

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/151/3/548/6131928 by Instituto N

acional do C
Ã¢ncer (IN

C
A) user on 26 January 2022



supplemented group, respectively. Further losses postpartum
were 19.2% and 13.3% from 5 to 20 wk, and substantial losses
(42.9% and 30.8%) occurred from 20 to 56 wk in the placebo
and supplemented groups, respectively. The motives for these
losses are shown in Figure 1. Larger dropouts occurred at longer
intervals between measurements. The reason for the uneven loss
between groups is unclear since participants remained blinded
to treatment at all times. Our results should be interpreted
with caution given that the dropout of participants reduced the
sample size and limited statistical power to detect differences
by group. Evaluating multiple outcomes may have increased
the false-positive error rate. Unfortunately, no longitudinal
information on dietary intake was available. Nevertheless,
studies in Brazilian adolescent mothers indicated that dietary
calcium intake is habitually low during lactation (8, 28). We
did not ask for specific information on physical activity and
chronic alcohol consumption, known to affect bone mass, that
may have contributed to residual confounding. However, none
of the participants reported alcohol consumption in the three
or more 24-h dietary recall questionnaires obtained. Given that
there was no nulliparous control group, we cannot conclude
that bone mass recovered during the postpartum period in the
adolescent mothers studied was similar to those in adolescents
who were never pregnant.

In conclusion, this study indicated that supplementation
with 600 mg/d calcium and 200 IU/d cholecalciferol during
the last trimester of pregnancy in adolescent mothers reduced
the magnitude of bone loss from 5 to 20 wk postpartum
at the femoral neck, without an effect on overall bone
changes after 1 y postpartum. These findings indicate that
the benefits of supplementation seen in maternal bone mass
during the first 20 wk postpartum (9) are temporary and
are not sustained over time. Thus, increasing calcium intake
by supplementation during pregnancy to an amount close to
recommended (1300 mg/d) may not improve bone recovery
during the first year postpartum in Brazilian adolescent mothers
with usual low calcium intakes.
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