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Abstract

Background Pregnancy- and lactation-induced osteoporosis (PLO) presenting as spinal fractures is rare, and the
spectrum of clinical presentation, risk factors and pathophysiology are incompletely understood. The aim of this study
was to delineate clinical parameters, risk factors and osteoporosis-related quality of life (QOL) of women with PLO.

Methods Participants of a social-media (WhatsApp) PLO group and mothers of a parents’'WhatsApp group (control
group) were offered to fill a questionnaire, including an osteoporosis-related QOL section. The groups were com-
pared using the independent Students t test for numerical variables, and the Chi-square test or Fisher’s exact test for
categorical variables.

Results Twenty-seven women with PLO and 43 in the control group (aged 36.2 4+-4.7 and 38.8 + 4.3 years, respec-
tively, p =0.04) participated. Among women with PLO, more than 5 vertebrae were involved in 13 (48%), 4 vertebrae
in 6 (22%), and 3 or fewer vertebrae in 8 (30%). Among the 24 women with relevant data, 21 (88%) had nontraumatic
fractures; 3 (13%) women had fractures during pregnancy, and the remaining during the early postpartum period.
Diagnosis was delayed for over 16 weeks for 11 (41%) women; 16 (67%) received teriparatide. Significantly lower pro-
portions of women in the PLO group engaged in physical activity over 2 hours/week, before and during pregnancy
(37 vs.67%, p<0.015 and 11 vs. 44%, p < 0.003, respectively). A lower proportion of the PLO than the control group
reported calcium supplementation during pregnancy (7% vs. 30%, p =0.03) and a higher proportion reported treat-
ment with low-molecular-weight-heparin during pregnancy (p =0.03). Eighteen (67%) of the PLO group expressed
fear of fractures and 15 (56%) fear of falls, compared to none and 2%, respectively, of the control group (p <0.00001 for
both).

Conclusions Most of the women with PLO who responded to our survey reported spinal fractures involving multiple
vertebrae, delayed diagnosis, and treatment with teriparatide. Compared to a control group, they reported less physi-
cal activity and impaired QOL. For this uncommon yet severe condition, a multidisciplinary effort should be exerted
for early identification and treatment, to alleviate back pain, prevent subsequent fractures and improve QOL.
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to meet this extra demand, resulting in a positive cal-
cium balance during the third trimester [3]. During preg-
nancy, calcium absorption via the gastrointestinal tract
more than doubles, allowing preservation of a mother’s
bone density [4, 5]. This process is mediated largely by
a kidney and placenta-derived increase in 1,25(0OH)2D3
[6, 7]. Other changes, such as increases in prolactin and
placental lactogen, which are independent of vitamin D
and lead to increased calcium absorption, were demon-
strated in animal studies [8, 9]. During lactation, intes-
tinal calcium absorption decreases to its pre-pregnancy
level [10]; hence, a high fetal calcium demand is met by
maternal bone resorption. This process causes a certain
decrease in bone mineral density (BMD), which is usually
transient but can temporarily increase fracture risk [11,
12]. A large study published in 2014 showed that pro-
longed breast-feeding may have a deleterious long-term
effect on BMD and may contribute to increased risk of
osteoporosis later in life [13].

Both during pregnancy and lactation (mainly dur-
ing lactation), Parathyroid hormone-related protein
(PTHrP), which is secreted from placenta and breasts
and stimulate bone resorption via PTH receptor type 1
[12, 14, 15].

Although changes in BMD and bone metabolism dur-
ing pregnancy and lactation are physiological, a small
proportion of women may experience more significant
imbalances of calcium and bone metabolism, leading to
an adaptation failure [12, 16]. This condition is known as
pregnancy- and lactation-induced osteoporosis (PLO)
and presents as spinal fractures in late pregnancy or in
the early postpartum period. PLO is rare, and its exact
incidence is not known. Various sources cite occurrence
of about 0.4 in 100,000 [17, 18]. The relatively low inci-
dence may result in delayed diagnosis and treatment [12,
19]. Additional knowledge gaps exist regarding risk fac-
tors, the diversity of clinical presentation and the impact
of the condition on quality of life (QOL).

In the virtual era, on-line patient support groups via
social media, which is unconstrained by temporal and
geographical boundaries, has become increasingly pop-
ular [20], especially for those coping with rare diseases
[21]. This framework may serve as a platform for infor-
mation gathering and transferring, expert recommenda-
tions, experience sharing and emotional support [22].

In the current study we aimed to assess risk factors and
clinical parameters related to fractures among women
with PLO who paticipated in a social-media support
group, and to assess possible risk factors for osteoporo-
sis and osteoporosis-related QOL, compared to a control
of women, who participated in a WhatsApp group for
mothers of young children.
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Methods
This is a retrospective, self-administered, online question-
naire-based study. Participants of a social-media (What-
sApp) group for women with PLO, which was established
by a young woman who was diagnosed with vertebral
fractures during pregnancy, were offered to fill a ques-
tionnaire, including a specific osteoporosis-related QOL
section “Mini-Osteoporosis Quality of Life Question-
naire” (mini-OQLQ) [23]. We used the same WhatsApp
platform to create a control group. WhatsApp messaging
has become a standard for communication among people
with shared interests, e.g. parents of children in school or
preschool settings. Thus, the questionnaire was offered
to mothers ofyoung children in several WhatsApp-based
public preschool classroom chat groups. The question-
naire opens with the statement “provided as part of
research “ hence an exemption from signing a letter of
consent was granted by the Chaim Sheba Medical Center
Helsinki Committee IRB 1917, IORG 1742, FWA 1580,
protocol n0.7479-20-SMC. The questionnaire included
items regarding possible risk factors of PLO, the timing
of fractures, methods of diagnosis, and mode of treat-
ment (supplementary material 1). The QOL part of our
questionnaire was based on a mini-OQLQ. The latter is
a validated [23] self-reported instrument designed to
identify functional and emotional difficulties in women
with osteoporosis, and with back pain due to vertebral
fractures. For this study, the mini-OQLQ questionnaire
was translated to Hebrew, according to the guidelines for
translating and adapting tests issued by the International
Test Commission [24]. The questionnaire requested
responders to state their daily consumption of certain
foods (milk/ soy drink, hard cheese, yogurt, curd cream
cheese/ cottage cheese, raw tahini, ricotta cheese). Con-
sidering the minimum consumption of these foods, the
responders’ daily dietary calcium intake was calculated
according to the online calcium calculator of the Israeli
Foundation of Osteoporosis and Bone diseases (a mem-
ber of the International Osteoporosis Foundation Com-
mittee of National Societies) [25].

The study was approved by the institutional review
board of Sheba Medical Center and was conducted in
accordance with the declaration of Helsinki.

Statistical analysis

All the data were coded and unified into a common
database. Continuous data are expressed as means and
standard deviations (SD), or as medians and interquar-
tile ranges. Categorical data are expressed as numbers (n)
and percentages. The groups were compared using the
independent Students ¢ test for numerical variables, and
the Chi-square test or Fisher’s exact test for categorical
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variables. A p value of <0.05 was considered statistically
significant.

Results

Twenty-seven women with PLO and 43 women in the
control group were included in the study. Their mean
ages were 36.2+4.7 and 38.8+4.3years, respectively,
p=0.04. Their characteristics are presented in Table 1.
The groups did not differ significantly in smoking habits,
periods of amenorrhea, duration of lactation, corticoster-
oid use, vitamin D supplementation, or family history of
fractures or osteoporosis. The women in the PLO group
were diagnosed between a few months to 8years prior to
participation. Women in the control group were mothers
of children aged 6 months to 8 years.

Significantly lower proportions of women in the PLO
compared to the control group engaged in physical activ-
ity for more than 2hours per week before pregnancy
(37% vs. 67%, p=0.015) and during pregnancy (11% vs.
44%, p=0.003).

The mean values of daily dietary calcium intake calcu-
lated for the PLO and control groups were 486291 mg
and 393+220mg, respectively (p=0.17). Two (7%)
women in the PLO group recieved calcium supple-
mentation during pregnancy compared to 13 (30%)
in the control group (p=0.03). A significantly higher
proportion of women with PLO were treated with

Table 1 Anthropometric data and clinical features of the
respondents to the survey
PLO Control pvalue

n 27 43
Age (years)- mean (SD) 362 (4.7) 388 (4.3)
Smoking before pregnancy 5(19%)  3(7%) 0.245
Menstrual irregularities 9 (33%) 19 (44%) 0455
Physical activity

Before pregnancy 13 (48%) 31(72%) 0.074

Before pregnancy >2 hours/week 10(37%) 29(67%) 0.015
During pregnancy 8(30%) 22(51%) 0.088
During pregnancy >2hours/week 7 (11%) 19 (44%) 0.003

Calcium supplementation during 2 (7%) 13(30%) 0.034
pregnancy
Vitamin D3 supplementation during 509%) 17(40%) 0.111
pregnancy
Enoxaparin use 7 (26%) 2 (7%) 0.038
Steroid use 2 (7%) 5(12%)  0.698
Osteoporosis in family 9 (33%) 14 (33%) 1
Fracture in family 1 (4%) 4 (9%) 0.642
Lactation 29 (96%) 37 (86%) 0.236
Dietary calcium intake (mg), mean (SD) 486 (291) 393 (220) 0.17

The data are presented as number, unless stated otherwise
PLO pregnancy- and lactation-induced osteoporosis, SD standard deviation
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low-molecular-weight-heparin (LMWH) during preg-
nancy (26% vs. 7%, p=0.03), and the duration of treat-
ment was longer.

Among the participants with PLO, the mean number
of fractures was 3.9. Thirteen (48%) women had fractures
of more than 5 vertebrae, 6 (22%) had 4 fractured ver-
tebrae and 8 (30%) had fractures with 3 or fewer verte-
brae involved (Table 2). Diagnosis was delayed for more
than 16weeks for 11 (41%) of the women with PLO;
13 (48%) had back pains for over 12weeks until a diag-
nosis was made. Twenty-four of the women with PLO
responded to items regarding the mechanism and time of
fractures, the mode of diagnosis, BMD results and treat-
ment after diagnosis. Of these 24 women, 21 (88%) had
nontraumatic fractures; 3 (13%) fractures occurred dur-
ing pregnancy and the rest during the early postpartum
period. Fourteen (58%) of the 24 respondents, reported
undergoing an MRI test as part of their evaluation. All 24
underwent a BMD test; only one reported having normal

Table 2 Information accessed from the women with PLO

The number of vertebral fractures proportion (%)

>5 13/27 (48%)
4 6/27 (22%)
3 3/27 (11%)
2 2/27 (7%)
1 3/27 (11%)
Time until diagnosis
>16weeks 11/27 (41%)
>12weeks 13/27 (48%)
Nontraumatic fracture® 21/24 (88%)

Time of fracture
3/24 (13%)
10/21 (48%)

During pregnancy?®
<8weeks postpartum®

<12weeks postpartum® 16/21 (76%)
Method of diagnosis®

MRI 14/24 (58%)

X-ray 6/24 (25%)

cT 4/24 (17%)
BMD test postpartum?® 24/24 (100%)
BMD results®

Very low 20/24 (83%)

Low and very low 23/24 (96%)
Treatment after diagnosis®

Vitamin D3/Calcium supplementation/Both 23/24 (96%)

Specific treatment for osteoporosis 16/24 (67%)

PLO pregnancy- and lactation-induced osteoporosis, BMD bone mineral density,
MRI magnetic resonance imaging, CT computed tomography

2The numbers and percentiles were calculated out of the 24 women who
replied to this section

bThe numbers and percentiles were calculated out of the 21 women with
fractures postpartum
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BMD and the rest (96%) reported having low or very low
BMD. Twenty-three (96%) were treated with calcium or
a vitamin D3 supplement, or both and 16 (67%) reported
receiving specific treatment for osteoporosis; teriparatide
was the chosen medication for all these patients.

In response to the mini-OQLQ (Table 3), 18 (67%) of
the women with PLO expressed fear of fractures and 15
(56%) expressed fear of falls; these proportions compare
to none and 1 (2%), respectively, of the control group
(p<0.00001 for both). A significantly higher proportion
of women with PLO than women in the control group
reported some distress or discomfort due to pain (81%
vs. 19%, p<0.00001). Six (22%) of the women with PLO
experienced “very much” to “extreme” distress or discom-
fort due to pain.

Discussion
In this study of 27 women with PLO and 43 women in a
control group, the majority of women with PLO reported
spinal fractures involving multiple vertebrae; the mean
number of fractures was 3.9. This is in concordance with
other series of women with PLO, which reported mean
numbers of fractures per patient of 3.3, 3.8 and 4.2 [26—
28]. Worthy of mention, however, is that women with
single vertebra involvement might be under-reported.
Notably, most of the fractures reported in our survey
were nontraumatic, and the diagnosis was often delayed,
similar to data of other studies [29, 30]. Most of our
respondents with PLO reported vertebral fractures dur-
ing the early postpartum period, as was described in a
comprehansive systematic review [31].

We found that a smaller proportion of women with
PLO than women in the control group engaged in

Table 3 Responses to the quality-of-life questionnaire

PLO % Control % p value
n=27 n=43
Fear of fracture (in the last 2 weeks)
Some of the time < 67 <0.00001
A good bit of time< 37 0 0
None of the time 11 93 <0.00001
Fear of falls (in the last 2 weeks)
Some of the time < 56 <0.00001
A good bit of time < 48 <0.00001
None of the time 19 84 <0.00001
Distress or discomfort (in the least 2 weeks)
Some < 81 19 <0.00001
Moderate < 74 <0.00001
Quite a bit 48 0.0001
Very much 22 2 0.011

PLO pregnancy- and lactation-induced osteoporosis
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physical activity for more than 2hours per week before
or during pregnancy. Several studies have demon-
strated that physical activity can result in improved bone
strength and decreased fracture risk in children and older
adults [32-34]. Thus, it is possible that less physical activ-
ity before and during pregnancy might pose a risk for
fracture. While a possible bias is that a lower proportion
of women in the PLO group may have engaged in physi-
cal activity during pregnacy due to PLO-related pain,
this should not have influenced the pre-pregnancy levels
of activity reported. A significantly smaller proportion
of our respondents with PLO were treated with calcium
supplementation during pregnancy, compared to con-
trols. Several studies have shown an association of ade-
quate dietary calcium intake, or calcium supplementation
during pregnancy and the early postpartum period, with
reduced bone resorption [35, 36]. However, a meta-anal-
ysis from 2021 showed inconclusive results regarding
the effect of calcium supplementation on maternal BMD
during mid- to late-pregnancy [37].

A significantly higher proportion of our respondents
with than without PLO were treated with LMWH dur-
ing pregnancy. The effects of LMWH on BMD are con-
troversial with conflicting results [38—41], although it
is widely agreed that LMWH is less likely to cause bone
loss than unfractionated heparin [41-43]. Preclinical data
show an inhibitory effect of LMWH on bone formation
compared to the dual effect of unfractionated heparin on
both decrease in bone formation and increase in bone
resorption [42, 44]. Hence, we speculate that a unique
pathophysiology of PLO may lead to higher susceptability
to bone insults that are less likely to pose a risk for osteo-
porosis in the general population.

The respondents with PLO reported significant and
profound impairment of quality of life, compared to the
control group. This impact on QOL can lead to severe
mental distress, and declines in confidence and self-effi-
cacy [45].

We did not observe differences between women with
and without PLO in smoking habbits, periods of amenor-
rhea, lactation duration, steroid use or vitamin D suple-
mentation prior to PLO occurence. Nor did the groups
differ regarding family history of fractures or osteoporo-
sis; this contrasts with studies that reported such differ-
ences [30, 46, 47].

This study had several limitations that should be con-
sidered in the interpretation of the results. It is a retro-
spective self-administered questionnaire study; hence
all clinical details are based on a patient’s self-report,
and as such are subjected to a recall bias. Second, it
is a small study, based on 27 women with PLO. Con-
sistent with the low frequency of PLO, most studies
that addressed this condition included small patient
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numbers [31]. The largest study to date was an inves-
tigation of the subsequent fracture risk of 107 women
with PLO [28]. Notably, as our study consisted of a self-
reported questionnaire, the possibility of recall bias
is relevant. In addition, the study setting, based on a
social-media support group, raises the issue of selec-
tion bias, as women with a more severe condition may
be more likely to seek such communication platform.

In conclusion, our findings suggest that several fac-
tors in the peripartum period may pose a risk for PLO,
including less physical activity and the use of LMWH,
while calcium supplementation might convey a pro-
tective effect. The impact of PLO on a young moth-
er's QOL can be profound and devastating, regarding
physical, psychological and social aspects, which are
often further aggravated by delays in diagnosis and
treatment.

A multidisciplinary effort should be exerted for early
identification and treatment of PLO, to alleviate back
pain, prevent subsequent fractures and to improve
QOL. Additional studies are needed to further eluci-
date the etiology and pathophysiology of this uncom-
mon yet severe condition, as are studies to appreciate
the impact on QOL in this population.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-023-05639-w.

Additional file 1: Supplementary material 1. Pregnancy and lactation
induced osteoporosis questionnaire.

Acknowledgments
Not applicable.

Authors’ contributions

The authors confirm contribution to the paper as follows: study conception
and design: Naama Peltz-Sinvani and Liana Tripto-Shkolnik; data collection:
Naama Peltz-Sinvani, Liana Tripto-Shkolnik, Hadar Miloh Raz, Pinchas Klein, Iris
Vered; analysis and interpretation of results: Naama Peltz-Sinvani and Liana
Tripto-Shkolnik; draft manuscript preparation: Naama Peltz-Sinvani and Liana
Tripto-Shkolnik. All authors reviewed the results and approved the final ver-
sion of the manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the institutional review board of Chaim Sheba
Medical Center (IRB 1917, IORG 1742, FWA 1580) and was conducted in
accordance with the declaration of Helsinki. The questionnaire opens with the
statement “answering the questionnaire constitutes consent to participate in
the study’, hence an exemption from signing a letter of consent was granted.
Protocol no.7479-20-SMC.

Page 5 of 6

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 29 December 2022 Accepted: 24 April 2023
Published online: 02 May 2023

References

1. Givens MH, Macy IG. The chemical composition of the human fetus. J Biol
Chem. 1933;102:7-17. https://doi.org/10.1016/50021-9258(18)50207-6.

2. Balance PIC, Studies T. Part I. calcium Balance and turnover Studies. Ann N
Y Acad Sci. 1956;64:281-99.

3. Capozzi A, Scambia G, Lello S. Bone metabolism in pregnancy and
lactation. Minerva. Obstet Gynecol. 2021;73:697-703. https://doi.org/10.
23736/52724-606X.21.04905-8.

4. Heaney RP, Skillman TG. Calcium metabolism in normal human preg-
nancy. J Clin Endocrinol Metab. 1971;33:661-70. https://doi.org/10.1210/
jcem-33-4-661.

5. Kent GN, Price RI, Gutteridge DH, et al. The efficiency of intestinal calcium
absorption is increased in late pregnancy but not in established lactation.
Calcif Tissue Int. 1991;48:293-5. https://doi.org/10.1007/BF02556384.

6. Bkle DD, Gee E, Halloran B, Haddad JG. Free 1,25-dihydroxy vitamin D
levels in serum from Normal subjects, pregnant subjects, and subjects
with liver disease. J Clin Invest. 1985;75:1393. https://doi.org/10.1172/
jciltnie17cl.

7. Kovacs CS. The role of vitamin d in pregnancy and lactation: insights
from animal models and clinical studies. Annu Rev Nutr. 2012;32:97-123.
https://doi.org/10.1146/annurev-nutr-071811-150742.

8. Ajibade DV, Dhawan P, Fechner AJ, Meyer MB, Pike JW, Christakos S.
Evidence for a role of prolactin in calcium homeostasis: regulation of
intestinal transient receptor potential vanilloid type 6, intestinal calcium
absorption, and the 25-hydroxyvitamin D(3) Talpha hydroxylase gene by
prolactin. Endocrinology. 2010;151(7):2974-84. https://doi.org/10.1210/
en.2010-0033. Epub 2010 May 12.

9. Mainoya JR. Effects of bovine growth hormone, human placental
lactogen and ovine prolactin on intestinal fluid and ion transport in
the rat. Endocrinology. 1975;96:1165-70. https://doi.org/10.1210/
endo-96-5-1165.

10. Kent GN, Price RI, Gutteridge DH, et al. Calcified tissue international the
efficiency of intestinal calcium absorption is increased in late pregnancy
but not in established lactation. Calcif Tissue Int. 1991;48:293-5.

11. Miyamoto T, Miyakoshi K, Sato Y, et al. Changes in bone metabolic profile
associated with pregnancy or lactation. Sci Rep. 2019;9:1-13. https://doi.
0rg/10.1038/541598-019-43049-1.

12. Kovacs CS, Ralston SH. Presentation and management of osteoporosis
presenting in association with pregnancy or lactation. Osteoporos Int.
2015;26:2223-41. https://doi.org/10.1007/s00198-015-3149-3.

13. Tsvetov G, Levy S, Benbassat C, et al. Influence of number of deliveries
and total breast-feeding time on bone mineral density in premenopausal
and young postmenopausal women. Maturitas. 2014;77:249-54. https.//
doi.org/10.1016/j.maturitas.2013.11.003.

14. Kovacs CS. Calcium and bone metabolism disorders during pregnancy
and lactation. Endocrinol Metab Clin N Am. 2011,40:795-826. https://doi.
0rg/10.1016/j.ecl.2011.08.002.

15. Kovacs CS. The role of PTHrP in regulating mineral metabolism
during pregnancy, lactation, and fetal/neonatal development. Clin
Rev Bone Miner Metab. 2014;12:142-64. https://doi.org/10.1007/
$12018-014-9157-6.

16. Kovacs CS, Kronenberg HM. Pregnancy and lactation. Prim Metab Bone
Dis Disord Miner Metab. 2018;147-154 https://doi.org/10.1002/97811
19266594.ch20.

17. Smith R, Winearls CG, Stevenson JC, et al. Osteoporosis of pregnancy. Lan-
cet. 1985;325:1178-80. https://doi.org/10.1016/50140-6736(85)92861-2.

18. Hellmeyer L No Title. https://doi.org/10.1055/5-2003-44696

19. Stumpf UC, Kurth AA, Windolf J, Fassbender WJ. Pregnancy-associated
osteoporosis: an underestimated and underdiagnosed severe disease.


https://doi.org/10.1186/s12884-023-05639-w
https://doi.org/10.1186/s12884-023-05639-w
https://doi.org/10.1016/s0021-9258(18)50207-6
https://doi.org/10.23736/S2724-606X.21.04905-8
https://doi.org/10.23736/S2724-606X.21.04905-8
https://doi.org/10.1210/jcem-33-4-661
https://doi.org/10.1210/jcem-33-4-661
https://doi.org/10.1007/BF02556384
https://doi.org/10.1172/jci111617c1
https://doi.org/10.1172/jci111617c1
https://doi.org/10.1146/annurev-nutr-071811-150742
https://doi.org/10.1210/en.2010-0033
https://doi.org/10.1210/en.2010-0033
https://doi.org/10.1210/endo-96-5-1165
https://doi.org/10.1210/endo-96-5-1165
https://doi.org/10.1038/s41598-019-43049-1
https://doi.org/10.1038/s41598-019-43049-1
https://doi.org/10.1007/s00198-015-3149-3
https://doi.org/10.1016/j.maturitas.2013.11.003
https://doi.org/10.1016/j.maturitas.2013.11.003
https://doi.org/10.1016/j.ecl.2011.08.002
https://doi.org/10.1016/j.ecl.2011.08.002
https://doi.org/10.1007/s12018-014-9157-6
https://doi.org/10.1007/s12018-014-9157-6
https://doi.org/10.1002/9781119266594.ch20
https://doi.org/10.1002/9781119266594.ch20
https://doi.org/10.1016/S0140-6736(85)92861-2
https://doi.org/10.1055/s-2003-44696

Peltz-Sinvani et al. BMC Pregnancy and Childbirth

20.

21

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

39.

(2023) 23:311

A review of two cases in short- and long-term follow-up. Adv Med Sci.
2007,52:94-7.

Chung JE. Social networking in online support groups for health:

how online social networking benefits patients. J Health Commun.
2014;19:639-59. https://doi.org/10.1080/10810730.2012.757396.
Titgemeyer SC, Schaaf CP. Facebook support groups for rare pediatric
diseases: quantitative analysis. JMIR Pediatr Parent. 2020;3 https://doi.org/
10.2196/21694.

Black AP, Baker M. The impact of parent advocacy groups, the internet,
and social networking on rare diseases: the IDEA league and IDEA league
United Kingdom example. Epilepsia. 2011;52:102-4. https://doi.org/10.
1111/j.1528-1167.2011.03013 x.

Cook DJ, Guyatt GH, Adachi JD, et al. Development and validation of the
Mini-osteoporosis quality of life questionnaire (OQLQ) in osteoporotic
women with back pain due to vertebral fractures. Osteoporosis quality of
life study group. Osteoporos Int. 1999;10:207-13. https://doi.org/10.1007/
s001980050217.

ITC Guidelines for Translating and Adapting Tests (Second Edition). Int J
Test. 2017; 101-134. https://doi.org/10.1080/15305058.2017.1398166
I.F.O.B (Israeli Foundation for Osteoporosis and Bone disease). http://
www.bone.org.il/17°0/

Hadji P, Boekhoff J, Hahn M, et al. Pregnancy-associated osteoporosis: a
case-control study. Osteoporos Int. 2017;28:1393-9. https://doi.org/10.
1007/500198-016-3897-8.

Laroche M, Talibart M, Cormier C, et al. Pregnancy-related fractures: a
retrospective study of a French cohort of 52 patients and review of the
literature. Osteoporos Int. 2017;28:3135-42. https://doi.org/10.1007/
s00198-017-4165-2.

Kyvernitakis |, Reuter TC, Hellmeyer L, et al. Subsequent fracture risk of
women with pregnancy and lactation-associated osteoporosis after a
median of 6 years of follow-up. Osteoporos Int. 2018;29:135-42. https.//
doi.org/10.1007/500198-017-4239-1.

O'Sullivan SM, Grey AB, Singh R, Reid IR. Bisphosphonates in pregnancy
and lactation-associated osteoporosis. Osteoporos Int. 2006;17:1008-12.
https://doi.org/10.1007/500198-006-0112-3.

Dunne F, Walters B, Marshall T, Heath DA. Pregnancy associated osteo-
porosis. Clin Endocrinol. 1993;39:487-90. https://doi.org/10.1111/j.1365-
2265.1993.tb02398.x.

Qian Y, Wang L, Yu L, Huang W. Pregnancy- and lactation-associated
osteoporosis with vertebral fractures: a systematic review. BMC Musculo-
skelet Disord. 2021,22:1-11. https://doi.org/10.1186/512891-021-04776-7.
Nikander R, Sievénen H, Heinonen A, et al. Targeted exercise against
osteoporosis: a systematic review and meta-analysis for optimising bone
strength throughout life. BMC Med. 2010;8 https://doi.org/10.1186/
1741-7015-8-47.

Lewis RDMC. Nutrition, physical activity, and bone health in women. Int J
Sport Nutr. 1998; https://doi.org/10.1123/ijsn.8.3.250.

Pinheiro MB, Oliveira J, Bauman A, Fairhall N, Kwok W, Sherrington C.
Evidence on physical activity and osteoporosis prevention for people
aged 65+ years: a systematic review to inform the WHO guidelines on
physical activity and sedentary behaviour. Int J Behav Nutr Phys Act.
2020;17(1):150. https://doi.org/10.1186/512966-020-01040-4.

D A-B. High dietary calcium intake decreases bone mobilization during
pregnancy in humans. 2009. https://doi.org/10.1590/50036-3634200900
0700013

Ettinger AS. Effect of calcium supplementation on bone resorption in
pregnancy and the early postpartum: a randomized controlled trial in
Mexican women. Nutr J. 2014; https://doi.org/10.1186/1475-2891-13-116.
Tihtonen K, Korhonen P, Isojérvi J, et al. Calcium supplementation during
pregnancy and maternal and offspring bone health: a systematic review
and meta-analysis. Ann N'Y Acad Sci. 2022;1509:23-36. https://doi.org/10.
1111/nyas.14705.

Nelson-Piercy C, Letsky EA, de Swiet M. Low-molecular-weight heparin
for obstetric thromboprophylaxis: experience of sixty-nine pregnancies
in sixty-one women at high risk. Am J Obstet Gynecol. 1997;176:1062-8.
https://doi.org/10.1016/50002-9378(97)70403-4.

Galambosi P, Hiilesmaa V, Ulander VM, et al. Prolonged low-molecular-
weight heparin use during pregnancy and subsequent bone mineral
density. Thromb Res. 2016;143:122-6. https://doi.org/10.1016/j.thromres.
2016.05.016.

40.

41.

42.

43.

44,

45.

46.

47.

Page 6 of 6

Signorelli SS, Scuto S, Marino E, et al. Anticoagulants and osteoporosis. Int
J Mol Sci. 2019;20 https://doi.org/10.3390/ijms20215275.

Pettila V, Leinonen P, Markkola A, et al. Postpartum bone mineral density
in women treated for thromboprophylaxis with unfractionated heparin
or LMW heparin. Thromb Haemost. 2002;87:182-6. https://doi.org/10.
1055/5-0037-1612970.

Bhandari M, Hirsh J, Weitz J, et al. The effects of standard and low
molecular weight heparin on bone nodule formation in vitro. Thromb
Haemost. 1998;80:413-7.

Casele HL, Laifer SA. Prospective evaluation of bone density in pregnant
women receiving the low molecular weight heparin enoxaparin sodium.
J Matern Fetal Med. 2000;9(2):122-5. https://doi.org/10.1002/(SICI)1520-
6661(200003/04)9:23.0.CO;2-Q.

Muir JM, Andrew M, Hirsh J, et al. Histomorphometric analysis of

the effects of standard heparin on trabecular bone in vivo. Blood.
1996,88:1314-20. https://doi.org/10.1182/blood.v88.4.1314.bloodjourn
algg41314.

Gehlen M, Lazarescu AD, Hinz C, et al. Long-term outcome of patients
with pregnancy and lactation-associated osteoporosis (PLO) with a par-
ticular focus on quality of life. Clin Rheumatol. 2019;38:3575-83. https.//
doi.org/10.1007/510067-019-04758-0.

Peris P, Guanabens N, Monegal A, Pons F, Martinez de Osaba MJ, Ros |,
Mufoz-Gémez J. Pregnancy associated osteoporosis: the familial effect.
Clin Exp Rheumatol. 2002;20(5):697-700.

Butscheidt S, Tsourdi E, Rolvien T, et al. Relevant genetic variants are
common in women with pregnancy and lactation-associated osteopo-
rosis (PLO) and predispose to more severe clinical manifestations. Bone.
2021;147:115911. https://doi.org/10.1016/j.bone.2021.115911.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1080/10810730.2012.757396
https://doi.org/10.2196/21694
https://doi.org/10.2196/21694
https://doi.org/10.1111/j.1528-1167.2011.03013.x
https://doi.org/10.1111/j.1528-1167.2011.03013.x
https://doi.org/10.1007/s001980050217
https://doi.org/10.1007/s001980050217
https://doi.org/10.1080/15305058.2017.1398166
http://www.bone.org.il/%D7%A1%D7%99%D7%93%D7%9F/
http://www.bone.org.il/%D7%A1%D7%99%D7%93%D7%9F/
https://doi.org/10.1007/s00198-016-3897-8
https://doi.org/10.1007/s00198-016-3897-8
https://doi.org/10.1007/s00198-017-4165-2
https://doi.org/10.1007/s00198-017-4165-2
https://doi.org/10.1007/s00198-017-4239-1
https://doi.org/10.1007/s00198-017-4239-1
https://doi.org/10.1007/s00198-006-0112-3
https://doi.org/10.1111/j.1365-2265.1993.tb02398.x
https://doi.org/10.1111/j.1365-2265.1993.tb02398.x
https://doi.org/10.1186/s12891-021-04776-7
https://doi.org/10.1186/1741-7015-8-47
https://doi.org/10.1186/1741-7015-8-47
https://doi.org/10.1123/ijsn.8.3.250
https://doi.org/10.1186/s12966-020-01040-4
https://doi.org/10.1590/s0036-36342009000700013
https://doi.org/10.1590/s0036-36342009000700013
https://doi.org/10.1186/1475-2891-13-116
https://doi.org/10.1111/nyas.14705
https://doi.org/10.1111/nyas.14705
https://doi.org/10.1016/s0002-9378(97)70403-4
https://doi.org/10.1016/j.thromres.2016.05.016
https://doi.org/10.1016/j.thromres.2016.05.016
https://doi.org/10.3390/ijms20215275
https://doi.org/10.1055/s-0037-1612970
https://doi.org/10.1055/s-0037-1612970
https://doi.org/10.1002/(SICI)1520-6661(200003/04)9:23.0.CO;2-Q
https://doi.org/10.1002/(SICI)1520-6661(200003/04)9:23.0.CO;2-Q
https://doi.org/10.1182/blood.v88.4.1314.bloodjournal8841314
https://doi.org/10.1182/blood.v88.4.1314.bloodjournal8841314
https://doi.org/10.1007/s10067-019-04758-0
https://doi.org/10.1007/s10067-019-04758-0
https://doi.org/10.1016/j.bone.2021.115911

	Pregnancy- and lactation-induced osteoporosis: a social-media-based survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Anchor 12
	Acknowledgments
	References


