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Abstract

Pregnancy and lactation-associated osteoporosis (PLO) is a rare disease. It represents a challenge for physicians for diag-
nosis, treatment and follow up. Our aim is to review fracture data in women with PLO presenting with fragility fractures
occurring during late pregnancy or the postpartum/lactation period. We conducted a comprehensive literature search of the
following databases: PubMed, MEDLINE and EMBASE from inception until October 2024. We included observational
studies and placebo arms of interventional studies assessing fragility fractures at any site among reproductive-age women
(18-50 years) during pregnancy, lactation, or up to one year postpartum. We abstracted data and assessed the quality of the
included studies in duplicate and independently. We identified 11,375 citations in total, screened 329 full text articles, and
included 17 papers from 12 original articles. The mean+standard deviation (SD) age of women with PLO and fractures
in the included studies ranged from 30.6+3.3 to 39.5+6 years. The mean+SD BMI at the time of diagnosis ranged from
20.9+1.9 to 23.9+3.7 kg/m?. In women with PLO, there was no clear association with the age at menarche, while being
primiparous seemed a common yet inconsistent finding. While most reported fractures occur during lactation, evidence
on whether lactation characteristics such as intensity, duration, and exclusivity modify fracture risk remains inconclusive.
Around one third of women with PLO have family history of osteoporosis. Vertebral fractures are the most common
fractures, specifically in the thoracolumbar spine. The mean+SD number of vertebral fractures ranged from 3.34+3.4 to
5.5+3.3 per patient. The risk of fracture recurrence in subsequent pregnancies ranged between 7 and 28% in the included
cohorts. We identified limited data on the beneficial impact and adverse events of anti-resorptive and anabolic therapy in
women with PLO. PLO is a debilitating disorder in young women with scarce data on predictors and for evidence-based
treatment strategies. Further prospective studies with control groups are needed.
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Introduction

Pregnancy and lactation o steoporosis (PLO) is a rare entity
affecting young women [1]. Data on its prevalence is very
limited. Pregnancy and lactation are associated with physi-
ologic mineral and hormonal changes starting from the first
trimester that may affect maternal bone metabolism [1].
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PTHrP increases in the last trimester and contributes
to the regulation of transplacental calcium transport [4].
Furthermore, a small increase in maternal bone resorption
markers is noted in the third trimester [2], reflecting a pos-
sible compensatory mechanism particularly in pregnant
women with low calcium intake [5].

During lactation, breast suckling stimulates the release
of PTHrP, which in combination with a low estradiol level,
upregulates bone resorption to provide appropriate calcium
and phosphorus in the breast milk [4, 6]. These changes
result in a significant bone loss mostly at the lumbar spine
[5]. A recent study reported the discovery of a brain-derived
cellular communication network factor 3 (CCN3), secreted
from KISS1 neurons in the arcuate nucleus, that supports
bone formation in rodents [7]. It acts as an osteoanabolic
factor to build bone in lactating female rodents, enhancing
skeletal stem cell activity, increasing bone remodeling, and
accelerating fracture repair [7]. While both pregnancy and
lactation affect bone metabolism, the impact of lactation
seems to be more substantial due to many factors includ-
ing estrogen deficiency, PTHrp effect and the high neonatal
calcium demand from the mother [5].

PLO is a relatively rare disorder characterized by fragil-
ity fractures and decreased bone mineral density (BMD)
during pregnancy or the post-partum period [8]. Informa-
tion on the prevalence and incidence of PLO are limited.
In a large nationwide Japanese data, evaluating fractures
occurring over 2 years post obstetric hospitalization, 379
patients had a hospitalization for fracture among 837,734
admitted for obstetrical cause (4.5/10,000 pregnancies). In
one third of cases (123 patients), the reason for hospitaliza-
tion was fracture related to osteoporosis (1.46/10,000) [9].
These cases were identified through ICD10 codes relevant
for osteoporosis, or fracture sites (vertebral, forearm and
hip) known to be associated with osteoporosis [9]. Further-
more, out of a large cohort of 4,224,246 individuals from
administrative claims in Japan, the incidence of fractures,
occurring up to 5 months before and 12 months after the
delivery date, was estimated to be 4.6/10,000 [10]. Another
cross-sectional study in Turkey investigated the prevalence
of vertebral fractures among 1484 MRI examinations of
1260 women. Only six women had PLO related fractures,
with a prevalence of 0.47% among women in the reproduc-
tive age [11].

Given its rarity, the diagnosis, treatment and follow up
of women with PLO remains challenging for physicians.
A comprehensive systematic review on the topic allows
to recognize the characteristics of women with PLO who
sustain fractures, and to shed light on important aspects of
this disorder. In this review, we use a definition of PLO that
focuses on fragility fractures occurring during pregnancy
or the postpartum/lactation period after excluding major
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secondary causes of osteoporosis and prior bone-active
medication exposure.

Methods

We registered the protocol of this systematic review on
Prospero CRD42021259177 [12]. We conducted a com-
prehensive literature search in the following databases:
PubMed, MEDLINE and EMBASE, using the MeSh terms
and keywords relevant to pregnancy, lactation, breastfeed-
ing, bones, osteoporosis, bone mineral density (BMD) and
fractures, from database inception until December 2021.
We performed an update until October 2024. We identified
11375 citations in total, screened 329 full text articles, and
included 17 papers from 12 original articles. (Appendix 1).
We planned to include observational studies (Cohort,
Cross-sectional, Case control) and the placebo arms of inter-
ventional studies. The study population of interest consisted
of women in the reproductive age (age 18 to 50) enrolled
during pregnancy, lactation, or the postpartum period (up to
1 year after delivery). The outcomes of interest were fragil-
ity fractures (at hip, spine, or any site). The time points of
interest were during and/or after pregnancy (at delivery, or
postpartum period, up to 12 months post-delivery), or lacta-
tion (during and/or after up to 12 months post-breastfeed-
ing cessation). We excluded narrative reviews, systematic
reviews and meta-analyses, letters to the Editor, case series
(defined as studies reporting on<7 PLO patients), case
reports, conference abstracts with no full text, randomized
control trials without a placebo arm. We excluded studies
where more than 25% of the participants had BMD below
normal for age and/or prior low-trauma (fragility) fractures
before pregnancy, or diseases that cause secondary osteo-
porosis (hyperthyroidism, hyperparathyroidism, Cushing’s
disease, celiac disease, Crohn’s disease, cystic fibrosis,
chronic liver disease, chronic kidney disease, anorexia
nervosa, gestational diabetes mellitus, preeclampsia, gesta-
tional hypertension, rheumatologic diseases, heavy exercise
defined as high-volume/high-intensity training sufficient to
cause energy deficit/low energy availability, amenorrhea, or
clinical suspicion of the female athlete triad/ Relative Energy
Deficiency in Sport when reported by authors). We excluded
studies in which participants had a diagnosed inherited/
monogenic bone fragility disorder (e.g., osteogenesis imper-
fecta), while studies reporting genetic susceptibility variants
associated with bone fragility (without a defined inherited
bone disease diagnosis) were eligible. We excluded studies
where more than 25% of the participants are on medica-
tions that affect bone metabolism, started before or during
pregnancy such as bone active drugs, steroids, anti-epileptic
drugs, chemotherapy, GnRH analogs, medroxyprogesterone
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acetate. We excluded studies where>25% of participants
were on proton pump inhibitors, since the use of these medi-
cations is associated with decreased absorption of calcium
carbonate and might be associated with an increased frac-
ture risk. Our aim was to exclude skeletal fragility disorders
present before pregnancy, and avoid the risk of misclassify-
ing chronic bone disorders as PLO. Finally, we excluded
patients with transient osteoporosis of the hip.

Data Extraction

Pairs of two independent reviewers (ZI, RS, VA, SA, LY)
performed the title and abstract and full text screening of
articles, using pilot-tested screening sheets. The discrep-
ancy rate between reviewers was 3.3%. We abstracted data
in duplicate and independently on the following param-
eters: author, year, journal, country, site (single/multi cen-
ter), study design, recruitment method, duration of follow
up, sample size, age, BMI, ethnicity, age at menarche, num-
ber of previous pregnancies, duration of lactation (months),
feeding style (breastfeeding, mixed feeding, bottle feed-
ing), calcium supplement dose, vitamin D supplement dose,
physical activity, length of gestation, fracture site, fracture
type (fragility fractures or low trauma fractures, timing of
fracture occurrence in relation to pregnancy and post-par-
tum phase, location and number of fractures.

Quality Assessment

We conducted the studies quality assessment in duplicate
and independently. For cohorts, case control and cross-sec-
tional studies, we used the Newcastle Ottawa quality assess-
ment tool (www.ohri.ca). For studies that did not include a
control group, we used a customized checklist derived from
the Newcastle Ottawa quality assessment tool, as shown in
Appendix 3 and 4.

Statistical Methods

For continuous variables we describe the data as mean + stan-
dard deviation (SD) and for categorical variables we express
data as proportions (%).

Results

Our search strategy yielded 11375 citations in total, screened
329 full text articles, and included 17 papers from 12 origi-
nal articles (Fig. 1). All studies reported on fractures occur-
ring during late pregnancy or postpartum. The percentage of
women with fractures varied among the studied populations.
Four cohort studies presented a very low percentage (<20%)

of women with fractures, and did not provide descriptive
data on those who had fractures [13—16]. These studies did
not contribute to the descriptive synthesis on characteristics,
risk factors and treatment options described below.

Characteristics of the Included Studies

Seventeen studies are included in our descriptive summary.
Five studies were based in Germany [15, 17-20], three of
which were from one center the German Reference Centre
for Pregnancy Associated Osteoporosis [15, 17, 18]. Same
patients may have been reported in these papers, and in the
event of reporting similar risk factors, we report findings
from the study with the largest sample size. This is a referral
center across Germany, founded in 2004. This center has
the largest cohort of patients affected by PLO worldwide
[17]. Four studies were from the US [13, 14, 21, 22], and
one study from each of France [23], Australia [24], South
Korea, Turkey [16, 25], Greece [26], Japan [10], UK [27]
and Argentina [28].

Nine studies were from a single center, with a sample
size ranging between 13 and 1561 patients [15-19, 24, 25,
27, 28]. Seven studies were multi-center with a sample size
ranging between 42 [20] and 3292 [13] patients.

There were 4 case control studies [15, 17, 21, 28], with
varying length of follow-up of 2.5-16 years, 6 cross-sec-
tional studies [13, 14, 16, 22, 24, 25], 1 cohort with a con-
trol arm [10] and 6 single arm prospective or retrospective
descriptive cohorts including only pregnant women with
fracture [18-20, 23, 26, 27] with a median follow-up dura-
tion ranging between 2 and 8 years. The control group was
matched to the cases for age, number of pregnancies and
region with the exception of Scioscia et al. and Kashara et
al. where there was no matching [10, 28]. One cohort fol-
lowed 55% of the population until menopause after the
onset of PLO symptoms, for the occurrence of pain or loss
of height, with a median follow up duration of 16 years,
range 4-27 years [19].

For full details on the included studies see Table 1.

Risk Factors for PLO

We identified several potential risk factors for PLO, as
described in the included studies (Table 2).

Age and BMI

The mean+SD age of women with PLO and fractures
enrolled in the included studies ranged from 30.6+3.3 years
to 39.5+6 years. Age was a matching parameter in all case
control studies except in Scioscia et al. [28] and Kashara
et al. [10]. The BMI of women at time of diagnosis ranged
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Fig. 1 Flow diagram of the sys-
tematic review from inception till

October 2024 N=11,375

Number of records identified from database
research: Pubmed, Medline, Embase

Number of duplicate records excluded
N= 4047

N=7328

Number of title and abstract screened

Number of title and abstract excluded
N= 6999

N=329

Number of full texts assessed for eligibility

- Study Design (narrative review/ systematic review/letter to the Editor, conference
abstract with no full text, randomized control trial without a placebo arm or in non-
pregnant women, case series/ case report): n= 36

- Language (Chinese, Russian or Japanese): n= 8

| | - Population (children or postmenopausal women): n= 10

- Population (women not during pregnancy, lactation or postpartum): n= 17

- Population (> 25% of population have osteoporosis or an osteoporosis predisposing
condition or medication affecting bone health): n= 22

- Single arm study and assessment done only at one point: n= 26

- Non-DXA devices used to measure BMD: n= 41

- Outcome(s) of interest not described: n= 35

Number of records excluded after full text screen
N=195

N=134

Number of full texts included

Articles reporting on BMD, beyond the scope of this paper
N=117

N=17

Articles reporting on fracture

from 20.9+1.9 to 23.9+3.7 kg/m?. In one study, 25% of
participants were slightly underweight (BMI 15-20 kg/m?)
[19]. BMI was similar between women with PLO and con-
trols in all case controls studies. None of the studies inves-
tigated the correlation between fractures and age or BMI.

Age of Menarche

Three case control and 1 cross sectional studies [17, 21, 28]
[22] compared the age of menarche between women with
PLO and/or fractures and controls. Three studies reported
no significant difference: one study from Germany enrolled
102 PLO patients, matched according to age, region, and
gravidity to 102 healthy controls. There was no difference
in the age of menarche between the study groups [17]. In
another small study (N=7) from Argentina, the mean age
at menarche in the cases was 14.1 years and in controls
12.5 years and these were not significantly different (stan-
dard deviation not reported in the study) [28]. Finally, in
one study from USA (N=15), the mean age of menarche
was 12.6+1.5 years for the cases and 12.9+1.2 years for
patients with idiopathic osteoporosis, with no significant
difference between groups [21].
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Only One study found a significant difference; the age of
menarche was 13.2+1.5 years in the PLO group compared
to 12.5+1.2 years in the control group (p=0.03) [22].

Parity and Gravidity Status

Among the thirteen studies reviewed, seven reported that
the majority of affected women were primiparous, four did
not provide data on parity status, one found no significant
difference between primiparous and multiparous women
between PLO and controls, and one reported that only 14%
of cases were primiparous.

Four studies compared gravidity between women with
PLO and control groups.

In one study from Germany, the healthy parous control
group reported more live births compared to the patients
with PLO/fractures; parity in the control group was 1.8+0.8
versus 1.5+0.7 in the PLO group (p=0.007) [17].

In Argawal et al., parity was higher in the PLO group
(2.0£1.9) compared to the parous control group (1.2+1.2),
with a difference approaching statistical significance
(»=0.05) [22].
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Table 1 Characteristics of the studies included in the systematic review"
References,  Site and recruitment setting ~ Study design Arms and N/arm  Definition Time of
Country Study period diagnosis
Follow-up
duration
Hadji, P. The German Reference Case—control 102 PLO/102 PLO: reduction of the Z-score on BMD Pregnancy
[17], Centre NA matched healthy = measurement or a fracture during preg- or lactation
Germany Cases at the time of diagno- NA controls nancy or lactation (median
Kyvernitakis, sis of PLO Prospective 107 PLO Controls: healthy, matched by age, number 3 months
L. [18], single arm of pregnancies, growing up in the same postpartum)
Germany December region, no history of bone metabolism
2004—-May disorder
2014 PLO: low trauma fracture (fall from a
Median 6+4 standing height or less and involved no
years motion greater than walking) during
pregnancy or lactation up to 6 months post-
partum, confirmed by X-rays or MRI
Prevalent vertebral fractures defined as
a height of the vertebral body by 20% or
more
Gehlen, M.  Osteology and Orthopedics, Retrospective 20 PLO PLO: typical clinical features of osteoporo- Postpartum
[19], DER FURSTENHOF Single arm sis such as spontaneous vertebral fractures
Germany Patients selected during Diagnosis and reduced bone mineral density occur-
an inpatient rehabilitation and follow up ring during pregnancy or lactation, after
or during follow-up in the 2016-2019 exclusion of secondary osteoporosis
outpatient department of the ~ >2 years®
clinic
Butscheidt, (1) University Medical Cen- Prospective ~ 42 PLO (10 with ~ PLO: atraumatic or low-traumatic fractures Antepartum
S. [20], ter Hamburg-Eppendorf Single arm transient OP of occurring typically in the third trimester or or postpar-
Germany (2) Dresden Medical Center 2013-2019 the hip, and 32 within the first 6 months post delivery tum during
(3) University of Wiirzburg ~ Mean with fractures) lactation
(4) Charit’e Universit” ats-  4.2+2.6 years
medizin Berlin
Women with PLO in the
context of pregnancy and
lactation
Cohen, A. (1) Columbia University Case—Control 78 IOP with low  IOP low trauma fractures: fracture due to  Late pregnancy
[21], Medical Center, New York 2005 (cross- trauma fractures  trauma equivalent to a fall from a standing or lactation
USA (2) Creighton University, sectional PLO=15 height or less; skull and digit fractures
Neberaska Premenopausal study) or Non-PLO=63 excluded
PLO women recruited by 2011 (RCT) 40 healthy PLO: IOP in the setting of late pregnancy
advertisement, and self-refer- NA controls or lactation
ral or physician referral Controls: normal BMD by DXA and no
history of adult low-trauma fractures
Argawal et Multicenter Cross 59 PLO PLO: All had a history of documented low- During preg-
al. [22], USA Treatment-naive PLO sectional 28 controls trauma fracture during pregnancy, within 6 nancy: 18.6%
fracture participants, healthy 50 IOP months of delivery (without lactation/after ~During lacta-
participants, IOP participants weaning), or during lactation tion: 72.9%
recruited During
from other published trials pregnancy and
lactation: 1.7%
<6 M post-
partum and
no lactation/
postweaning:
6.8%
Herath, M. Monash Health Birthing out- Retrospective 28 women with  Clinical or radiological fracture in preg- Pregnancy
[24], come database at the Monash Cross-sec- minimal-trauma  nancy with an ICD-10 coding (>10 weeks
Australia Health identified through tional fracture gestation)
ICD-10 coding for ‘fracture 20002016 5 with MVA
in pregnancy’ and orthopedic NA fractures

admissions
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Table 1 (continued)

References,  Site and recruitment setting ~ Study design Arms and N/arm  Definition Time of
Country Study period diagnosis
Follow-up
duration
Laroche, M. Multicenter: French univer-  Retrospective 52 with preg- Non-traumatic fracture diagnosed by Last trimester:

[23], sity hospitals cohort nancy associated  standard X-rays 22%

France Records of patients hospital- 2005-2015 fracture At the time of
ized between 2005 and 2015, Mean 2.5 delivery or
captured from clinics of 5 years during the first
Rheumatologists specializing 2 months post-
in bone disease partum: 78%

Tuna, F. [25], Trakya University Faculty of Retrospective 14 PLO Any osteoporotic fracture (vertebrae or Pregnancy

Turkey Medicine Patients referred to  Cross-sec- sacral), confirmed with X-rays or MRIs or within
the outpatient clinic tional and BMD Z-score of the lumbar and femur 6 months

January region. Vertebral compression defined as postpartum
2017- a>20% height loss, confirmed with a semi-
December quantitative technique on spinal radio-
2017 graphs with a lateral projection
NA
Scioscia [28], Universidad del Salvador Retrospective 7 PLO PLO: fragility fractures, most commonly  14% in eight
Argentina Women with PLO referred Case—control 8 healthy lactating vertebral, occurring during late pregnancy  month of preg-
November women or early postpartum nancy and
2007— Controls: Non- matched; Healthy lactat- 86% 30-120
July 2012 ing women among acquaintances of the days
NA research team postpartum

Lampropou- Multicenter Prospective 19 PLO treated PLO:clinical VFs during pregnancy or at During post-

lou-Adami-  PLO presented from 2010 single arm with teriparatide  the post-partum period. All VFs were con-  partum: 77%

dou [26], to 2020 treated with TPTD  cohort 8 PLO treated firmed with magnetic resonance imaging or During third

Greece or solely with calcium and/or NA with calcium and  vertebral fracture assessment trimester: 33%
vitamin D3 24 months vitamin D

Kashara et al. Multicenter Retrospective 59 PLO PLO: low trauma fractures identified Before the

[10],Japan  From an administrative cohort 500 controls through ICD 10 month of child-
claims database in Japan Controls: randomly selected 500 women birth: 10.7%

without an ICD-10 code for fragility Same month

fracture of childbirth:
8.9%
After the
month of child-
birth: 82.1%
Peak occur-
rence: 2
months
postpartum

Philips etal. Department of radiology Prospective 13 PLO VF on radiograph Last trimester

[27] Oxford UK cohort 8 back pain Abnormal hip MRI or the early

UK 5 hip pain postpartum

BMD: bone mineral density, PLO: pregnancy and lactation associated osteoporosis, TPTD: teriparatide, MVA: motor vehicle accident, IOP:

idiopathic osteoporosis, RCT: randomized controlled trial

#Four cohort studies presented a very low percentage (<20%) of women with fractures, and did not provide descriptive data on those who had
fractures [13, 18, 19, 22]. These did not contribute to the descriptive data on risk factors in this table

555% followed up until menopause: 16.3 years after onset of symptoms (median 16 years, range 4-27), aged 49.5 years (median 50, range 46

to 51)

Kasahara et al. showed that the number of deliveries per
woman in the PLO group (1.161) was comparable to that in
the parous control group (1.162) [10].

Similarly, the study from USA showed no difference in
the number of previous pregnancies between the group with
PLO/fractures 1.3+ 1.2 and healthy controls 1.4+1.2 [21].

@ Springer

Feeding Mode & Duration of Lactation (Months)

While ten studies reported on the duration of lactation in
study participants [17, 18, 20-27], only four investigated
the association between lactation and PLO [17, 18, 21, 22].

One study from Germany (102 PLO versus 102 healthy
matched controls) showed a negative correlation between
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Table 2 Summary of potential risk factors for PLO evaluated in the studies included in the systematic review®

References, Study design Results on potential predictors of PLO
Country Arms/ N Age at Parity/gravidity Feeding mode  Family
Menarche history of
0steoporosis
Hadji, P. [17], Hadji et al No differ- Significant difference Breastfeed- NA
Germany Case control ence inage  in the number of live ing duration
Kyvernitakis, I. 102 PLO at menarche  birth mean=SD
[18], 102 controls matched according to age, region, and between PLO Controls: 1.8+£0.8 (months): PLO
Germany gravidity and healthy  Cases: 1.5+0.7 7.7+£9.3. Con-
Kyvernitakis et al.b controls [17] p=0.007 [17] trols 11.5+10
Prospective single arm (»<0.007)
107 PLO No difference in
number fracture
across differ-
ent periods of
breastfeeding®
Gehlen, M. [19],  Retrospective single arm NA All but one NA 35%
Germany 20 PLO primiparous
Butscheidt, S. Prospective single arm NA 81% primiparous NA 38.5%
[20], 42 PLO
Germany
Cohen, A. [21], Case control No differ- No difference in par- Rate of breast-  NA
USA 15 PLO ence inage ity between PLO and feeding PLO:
63 controls matched for age, height and body at menarche idiopathic OP 100% IOP: 71%
composition between PLO p=0.02
and idio-
pathic OP
Herath, M. [24],  Cross-sectional NA 4/28 (14%) women  NA NA
Australia 28 PLO primigravid
5 pregnant women with traumatic fractures
Laroche, M. [23], Retrospective cohort NA 35/52 (67.3%) NA 38%
France 52 PLO primiparous
Tuna, F. [25], Cross-sectional NA 11/14 (78.5%) NA 28.6%
Turkey 14 PLO primiparous
Scioscia [28], Case control No differ- All 7PLO NA 42.9% in
Argentina 7 PLO ence inage  primiparous cases and
8 controls matched for BMI and age of menarche  at menarche  4/8 controls controls
between PLO primiparous com-
and healthy  (no comparison bined (no
lactating between groups) comparison
women between
groups)
Lampropoulou- Prospective single arm cohort NA 92.6% primiparous ~ NA 33.3%
Adamidou, [26] 19 PLO treated with teriparatide
Greece 8 PLO treated with calcium and vitamin D
Argawal et al. Cross sectional PLO PLO 2+1.9 Controls Breastfeeding PLO 54%
[22], USA 59 PLO 13.2+1.5 1.3£1.2 PLO 95% Controls
28 controls Controls p=0.05 Controls 54% 54% p=1.0
50 IOP 12.5+1.2 p<0.001
»=0.03
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Table 2 (continued)
References, Study design Results on potential predictors of PLO
Country Arms/ N Age at Parity/gravidity Feeding mode Family
Menarche history of
0Steoporosis
Kashara et al. Retrospective cohort NA Primiparous PLO NA NA
[10], Japan 83.9% controls
84.8%
p=0.84
No difference in the
number of live births
Philips et al. [27], Prospective cohort NA NA/87.5% 10 PLO NA
UK 13 PLO primiparous 2 breastfed for 3
months
2 breastfed for 6
months
6 stopped
within 2 weeks
postpartum

NA: not available; OP: osteoporosis; PLO: pregnancy and lactation osteoporosis

#Four cohort studies presented a very low percentage (<20%) of women with fractures, and did not provide descriptive data on those who had
fractures [13, 18, 19, 22]. These did not contribute to the descriptive data on risk factors in this table

bPatients enrolled in the 2 studies were recruited from the same center and therefore might be overlapping

“Patients who lactated for 4-8 months sustained on average four fractures compared to patients who lactated only 1-3 months and sustained 2.4
fractures (p=0.248), while patients who decided to wean immediately after delivery sustained 2.2 fractures (p=0.242)

the duration of breastfeeding and the risk of having PLO/
fractures [17]. Women with PLO breastfed for a mean+SD
duration of 7.7+9.3 months, while the controls for 11.5+10
months (p<0.007). Argawal et al. showed that a higher pro-
portion of women in the PLO group breastfed compared to
controls (95% vs. 54%; p<0.001). The average duration of
lactation following the most recent pregnancy in the PLO
group was 6.0+4.6 months [22].

In another case control study, there was a significant dif-
ference in the rate of breastfeeding between women with
idiopathic osteoporosis (N=78) and women with PLO/frac-
tures (N=15) with (PLO 100% versus 71% in those with
idiopathic osteoporosis p=0.02) [21]. Kyvernitakis showed
a trend for a lower number of fractures with a shorter dura-
tion of lactation. However, the difference did not reach sta-
tistical significance; patients who lactated for 4-8 months
sustained on average four fractures compared to patients
who lactated only 1-3 months and sustained 2.4 fractures
(p=0.248), while patients who decided to wean immedi-
ately after delivery sustained 2.2 fractures (p=0.242) [18].
In a French study of 52 patients with PLO, 28/52 patients
had breastfed their infants, and 20 of these patients sus-
tained a fracture during lactation (mean+ SD number of ver-
tebral fractures was 3.8+2.0), 2 patients did not breastfeed,
and the breastfeeding status of the remaining 22 patients
with PLO was not available [23]. Tuna et al. investigated
14 Turkish patients with PLO; 78.6% sustained a fracture
and the median duration of lactation was 9 months (range
3-20) [25].
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Other Risk Factors

Additional risk factors were found to be significantly asso-
ciated with PLO. In one study, compared to healthy con-
trols, women with PLO had a higher risk of severe dental
problems in childhood OR 3.3 (1.8-5.8), lower number of
small pets possessed in general 1.5 (0.9-2.7) and in child-
hood 2.0 (1.1-3.6), lower number of sports practiced before
puberty 2.5 (1.4—4.4) and after puberty 2.2 (1.2-3.9) [17].

Another study investigated the association between PLO
and history of menstrual abnormalities and fertility prob-
lems [10]. Compared to the control group, the PLO group
had a significantly higher frequency of conditions such as
“absent, scanty, and rare menstruation,” OR 3.80 (1.38-
10.5) “female infertility associated with anovulation,” OR
2.10 (1.12-3.920 and “female infertility unspecified” OR
2.02 (1.11-3.68) [10].

The prevalence of a positive family history of osteoporo-
sis ranged from 28.6 to 54% [19, 20, 22, 23, 25] Argawal et
al. showed that the percentage of individuals with a family
history of osteoporosis was identical in both PLO and con-
trols (54 versus 54%; p=1.0) [22]. None of the case control
studies provided data on the family history of osteoporosis.

In Scioscia et al., at least one from the following osteo-
porosis risk factors were present in 85.7% of patients (most
commonly low calcium intake and family history) treat-
ment with high doses of glucocorticoids 14.3%, hyperpro-
lactinemia, kidney stones with hypercalciuria 14.3% [28].
Butcheidt et al. detected relevant genetic variants in 21 out
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of 42 women (50%), with LRP5, WNT1 and COL1A1/A2
being the most commonly involved genes [20].

Fracture Data

The data from various studies suggest that fractures in PLO
most commonly occur in the postpartum period, with a
peak incidence around 2—3 months postpartum. Despite this
trend, there is considerable variability across studies, with
reported fracture timing ranging from late pregnancy to up
to six months postpartum [10, 17-19, 22-26, 28] (Table 1).

The majority of PLO cases were diagnosed during the
lactation period most often within 2—3 months postpartum,
with fewer cases reported during pregnancy or the puerpe-
rium in non-breastfeeding women. Most women with PLO
breastfed, and the highest reported average duration of lac-
tation was 7.7 months [17].

Vertebral fractures were more common compared to
nonvertebral fractures in women with PLO/fractures. Buts-
cheidt et al. studied 42 women with PLO, 32 of them had
fractures, the most common fracture site was the thoraco-
lumbar spine 28 (66.7%), other skeletal sites 8 (19%), tran-
sient osteoporosis of hip 5 (12%); 14 out of 28 patients with
vertebral fractures had multiple ones [20]. The mean num-
ber of vertebral fractures was 3.3+3.4 per patient. In a case
control study including 15 women with PLO and 63 with
idiopathic osteoporosis, 80% had vertebral fractures in the
former group and 17% in the latter with a mean number of
vertebral compression fractures of 5.5+3.3; all patients had
multiple vertebral fractures [21]. Another single center ret-
rospective study included 20 women with PLO, all patients
had vertebral fractures with a mean number of fractures of
5.4+2.8 (median 6, range 0—10), 66% had multiple frac-
tures [19]. In one of the largest studies, authors identified
102 women with PLO, fractures occurred in 79% in the
spine and 21% at other sites, with a mean of 3.3 vertebral
fractures per patient; the most common site was the thora-
columbar spine (T11 to L2) [17]. The French study enrolled
52 patients with PLO, 88.4% had vertebral fractures (13
thoracic, 28 thoraco-lumbar, 5 lumbar fractures). The mean
number of vertebral fractures was 3.8+2.0 (range 1-10)
[23]. The Argentinian study included 7 women with PLO,
85% of the fractures were vertebral whereas 15% were at
the hip. The mean number of vertebral fractures per patient
was 4.3+1.5 with a median of 3 (range 1-11), 85.7% had
multiple vertebral fractures that were localized between T7
and L5 [28]. Another study included 14 women with PLO,
75% of the fractures were localized in the spine, the median
number of fractures was one, and the most common site was
the thoracolumbar spine. The location was the thoracic area
in 60.6%, the lumbar area 30.3% and the sacral area 9.1%
[25]. Argawal et al. showed that among the 59 women with

PLO, 40 initially presented with vertebral fractures, with an
average of 5.5+3.0 fractures. Of these 40 women, four also
experienced additional fractures, including sacral, tibial,
humeral/rib, and metatarsal fractures [22]. In Kashara et al.,
the PLO group included 56 patients with 57 fractures. Ver-
tebral fractures were the most prevalent (78.9% [45/57]),
followed by pelvic fractures (17.5% [10/57]) and proximal
femoral fractures (3.5% [2/57]) [10].

Conversely, Herath et al. was the only study that showed
that the most common site of fractures with minimal trauma
in 28 pregnant women was at the lower limb, occurring in
60.7% of cases; Of these, 11 (64.7%) affected the ankle, fol-
lowed by the upper limb in 7 cases (25.0%), ribs in 3 cases
(10.7%) (All three rib fractures occurred in the setting of
cough), and clavicle in 1 case (3.6%) [24].

Risk of Recurrence

The risk of recurrence after the same pregnancy or in further
pregnancies was described in 4 studies and ranged between
7 and 28%.

In a prospective study, the proportion of patients with
recurrent fractures after a follow-up period of 4.2+2.6 years
was 7% (3 out of 42). These patients underwent genetic test-
ing and were found to have genetic variants (LRP5, WNT1
and COL1A1/A2), possibly associated with increased frac-
ture risk [20]. Another prospective study showed that the
subsequent fracture rate in women with PLO (N=107) was
24.3% (26 of 107) after a median follow-up of 6+4 years
[18]. No correlation was found between subsequent fracture
risk and anthropometric variables such as age, height, or
BMI (p=0.56 for all anthropometric variables). However, a
significant correlation was observed between the number of
fractures at the time of diagnosis and the risk of subsequent
fractures (p=0.003). In patients with one fracture at the time
of diagnosis had a 10% subsequent fracture rate (N=3),
while patients with>1 fracture at the time of diagnosis had
a 27% subsequent fracture rate (N=25, p=0.047). Time
to re-fracture N (%): 1-2 months 6 (5.6%), 3—5 months 3
(2.8%), 6 months 1 (0.9%),>6 months 16 (15.0%); no re-
fracture 81 (75.7%) [18]." The majority of recurrent fractures
occurred > 6 months after the diagnosis of PLO. 25 out of 26
patients sustained spine fractures, 15 out of the 25 had a
history of one spine fracture; one patient had a hip fracture.
In subsequent pregnancies, 20% of patients reported subse-
quent fractures. In addition, they also noted that subsequent
fractures occurred twice as often in women who received
pharmacotherapy versus women who received calcium and
vitamin D supplementation alone [18]. The risk of recur-
rence rate was of 15% in Gehlen et al., all subsequent frac-
tures occurred within the first 2 years after the first fracture
[19]. The French study reported a recurrence rate of 28%,
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Fig. 2 Percentage change in bone mineral density (BMD) or Z-score at the lumbar Spine and the femoral neck by treatment arm across studies.
TH: total hip, Ca: calcium, mo;months, LS: lumbar spine, FN: femoral neck, BP: bisphosphonates, y:years

2/7 patients who conceived again had a fracture recurrence
during the second pregnancy [23]. Philips et al. showed that
1/13 had a second symptomatic pregnancy, 2/13 had subse-
quent asymptomatic pregnancies [27].

Treatment of Osteoporosis

Ten studies reported on the use of bone active agents in
PLO (Appendix 2). In a prospective cohort, 75.7% (81/107)
of PLO with fractures received a bone protective supple-
ment or treatment, including calcium, vitamin D supple-
mentation, teriparatide, and bisphosphonates for a mean
(£SD) duration of 5.2 (£4.5), 5.7 (£5.3), 1.7 (£1.5), and
2.8 (£2.3) years respectively [18]. Subsequent fractures
occurred in 20, 29, and 37% of cases treated with bisphos-
phonates, teriparatide, or combination of both with no
significant differences between treatment arms (p=0.599)
[18]. Patients treated with a bone protective treatment had,
on average, a higher prevalence of fractures compared to
those not receiving such treatment, average of 4 fractures
versus 2 (p<0.001) [18]. Others studies reported on the use
of bisphosphonates, teriparatide and denosumab in their
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population in different percentages (6—75%) and for a vari-
able treatment duration (2.8—5 years), but did not report on
the rate of fracture recurrence [19, 20, 23, 25]. The study
from Greece investigated the efficacy of teriparatide versus
calcium and vitamin D supplementation in treating PLO; no
new clinical fractures occurred in either group during the
treatment period of 24 months [26]. Consolidation therapy
with 5 years of bisphosphonates after teriparatide was only
described in one study [ 19]. Finally, in the study from Japan,
20 of 45 patients with vertebral fracture were given various
types of anti-osteoporosis pharmacotherapy. Active vitamin
D analogues were the most frequent drugs (60%) followed
by bisphosphonates (35%) and calcium(30%). Teriparatide
was prescribed to only one patient [10]. None of the studies
reported on adverse events for drug therapy used in PLO.

BMD

Seven studies assessed BMD using dual x-ray absorptiom-
etry at the time of the diagnosis or at the time of the frac-
ture in women with PLO and fractures, and at 1-4 years
follow up [19, 20, 22, 23, 25, 27, 28]. Figure 2 illustrates the
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percent change in BMD at the lumbar spine, femoral neck
or total hip, with or without treatment across the included
studies, at various follow up time points. In all studies there
was an improvement in BMD at various sites, even without
treatment (Fig. 2).

At the time of diagnosis of PLO, lumbar spine Z score
was overall low, below normal for age, and it ranged from
—2.7 to —3.4, whereas Z score of the femoral neck ranged
from —2.0 to —2.5. In one study, the PLO group exhibited
significantly lower Z-scores and areal BMD values at all
measured sites compared to the control group [22]. Follow
up BMD was investigated in 4 studies; the German study by
Butscheidt et al. showed a lumbar spine increase by 49.1%
after 3 years without treatment and+33.5% with treatment
that included various agents depending on patient presenta-
tion and clinical course (pregnancy or lactation status not
mentioned) [20]. Interestingly, the percent changes at the
femoral site were of varying extent (—22.8 to+24.1%) [20].
A retrospective study by Gehlen et al. showed that lumbar
spine and total femur BMD improved significantly after 18
months post-partum in 20 women (9 women treated with
teriparatide, 8 with bisphosphonates, 1 with denosumab,
and 2 no medications), while it reached a plateau thereaf-
ter in 11 women, who had their menopause 16.3 years after
onset of symptoms (median 16, range 4-27); mean age of
menopause 49.5 years (median 50, range 46 to 51) [19]. The
Turkish study by Tuna et al. showed that there was a signifi-
cant difference between the initial (—2.19+0.71) and post-
treatment (21.4% received bisphosphonate, 35.7% received
denosumab, and 7.1% received teriparatide) (—1.85+0.54)
femur Z-scores of 11 patients [25].

Natural Course without Treatment

Philips et al. followed-up BMD for up to 8§ years in 8 women
with PLO associated vertebral fractures and 5 with PLO
related hip pain. Only one received treatment with subcu-
taneous calcitonin. The initial mean spine Z-score for the 8
women with vertebral fractures (L1+L4) was —3.34 (range
—2.25 to —4.66) and mean total hip Z-score was —2.41
(range —1.44 to —3.82). The mean (standard error) percent-
age increase at the spine for both groups was significant at
8+ 18 months (6.21%( 1.15), p<0.01), and at 2+4 years
(9.48%(2.03), p<0.01) [27], the mean hip BMD increased
significantly by 2+4 years (mean percentage increase 4.42(
1.23), p<0.02) [27].

Bisphosphonates

The French study by Laroche et al. showed that in patients
treated with bisphosphonates for 2-3 years (n=7), the

annual mean gain was 10.2% at the lumbar spine and 2.6%
at the femoral neck [23]

Teriparatide

In the same French study by Laroche et al., for those treated
with teriparatide (n=4) for 18 months, the annual mean
gain was 14.9% at the lumbar spine and 5.6% at the femo-
ral neck. In those who did not receive any treatment (n=35)
the annual mean gain was of 6.6% at the lumbar spine and
2.3% at the femoral neck [23]. Lampropoulou-Adamidou et
al. showed that treatment with Teriparatide led to a 32.9%
increase in lumbar spine BMD and an 18.0% increase in
total hip BMD after 24 months. In comparison, calcium and
vitamin D supplementation resulted in a 12.2% increase in
lumbar spine BMD and an 8.6% increase in total hip BMD
over the same period (P=0.001 and P=0.18 respectively)
[26]. Lee et al. conducted a retrospective cohort study that
evaluated changes in BMD in 43 premenopausal women
with PLO who received teriparatide treatment for a median
of 12 months, either with (n=13) or without (n=20) sequen-
tial antiresorptive therapy. At 1, 2, and 3 years, lumbar
spine BMD increased by 14.1%, 21.8%, and 24.0% in the
teriparatide-antiresorptive group and by 17.3%, 24.1%, and
23.4% in the teriparatide group who did not receive consoli-
dation with anti-resorptive therapy [29]. In a more recent
study by Hadji et al. in 2022, 47 women with PLO and frac-
tures received 24 months of 20 mcg of teriparatide, BMD
at the lumbar spine, femoral neck and total hip increased
by+30.1%,+11.7% and+12.2% respectively (p<0.001
for all), the gain in BMD remained stable after cessation of
treatment without consolidation at 12 months follow up [30]

Quality Assessment (Appendix 3 and 4)

The overall rating for the case control studies was low to
moderate quality [17, 21, 28]. The rating for single arm pro-
spective studies was also low to moderate quality [18-20,
23-25]. The rarity of the disease and hence the small num-
ber of participants in the included studies and the lack of
a control group were the major challenges in the included
studies. In most of the single arm studies, the case definition
and the outcome assessment were through record linkage.
The representativeness of the cases was subject to potential
selection bias in 3 studies (single center, small number of
patients) [18, 20, 23, 25]. The sample size was never justi-
fied given the rarity of the disease. The ascertainment of
exposure was mainly done by structured interview. There
was no demonstration that the outcome of interest was not
present at the start of the study. In addition, it is important to
note that the graphs describing BMD recovery in Kyvernita-
kis et al. study [18] were unintentionally plagiarized from a
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study by Philipps et al. in UK [27]. The authors rectified this
issue by correcting the graphs and publishing a new version
of the manuscript [31].

Discussion

We present an overview of the literature on women with
PLO and fractures. We showed that women with PLO were
in their third decade, with normal BMI. The data on poten-
tial risk factors is very heterogenous and does not allow
robust conclusions.

In the included studies the majority were primiparous,
this may suggest that reversible causes (largely nutrition)
were corrected after the first pregnancy or the fear of hav-
ing a second pregnancy. There were no sufficient data to
determine a clear association between lactation duration
and fracture risk, as most studies did not report detailed
breastfeeding duration in women with PLO. However, the
majority of fractures occurred during the lactation period
within 2—-3 months postpartum. Furthermore, research also
indicates that after six months of breastfeeding, milk pro-
duction decreases and the mother’s bones begin to recover
[32]. Breastfeeding for a year or longer has been shown
in multiple studies not to elevate the risk of PLO or BMD
decline. Instead, the main risk for BMD loss appears to stem
from a shorter, more intense period of breastfeeding, where
the amount of milk produced directly relates to the degree
of bone loss [33]. Interpretation of lactation duration is fur-
ther complicated by the fact that many women discontinue
breastfeeding after sustaining a fracture, as shown in the data
by Orhadje, while others continue. Consequently, “duration
of lactation” can yield potentially misleading or inconsis-
tent findings, as it may be influenced by the occurrence of
fracture and medical advice received. What appears most
relevant is the timing of fracture, which typically occurs 2—3
months after the onset of breastfeeding [34].

A single study reported that women with PLO had signif-
icantly increased odds of having severe dental problems in
childhood and practiced less sports before and after puberty,
in addition to possessing less pets than controls. These risk
factors could be related to PLO by the fact that inadequate
dental health indicates poor or unhealthy nutrition that can
negatively impact the bone formation in this crucial period
of growth [35]. Practicing sports can aid in building strong
healthy bone during adolescence, when peak bone mass is
achieved, hence reduced physical activity can be a possible
contributing factor for future osteoporosis, including PLO
[36]. The association with pets remains unexplained.

When reported, one third of women with PLO had a fam-
ily history of osteoporosis.
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The thoracolumbar spine was the most common site of
fracture in PLO, and the average number of vertebral frac-
tures on diagnosis ranged from was 3.3+3.4 to 5.5+3.3 per
case. It is important to highlight that this might indicate a
reporting bias, implying that severe cases with multiple ver-
tebral fractures are being overrepresented in publications.
Most fractures occurred postpartum (first 3 months) and
during lactation,

Fractures may recur a few months after the first one, and
also during future pregnancies. The risk of recurrent frac-
tures varied between 7 and 28% and having more than one
fracture at the time of diagnosis increased the risk of recur-
rence with subsequent pregnancies.

Our findings are similar to those from a recent systematic
review by Ying Qian et al. that included 65 articles with
338 cases of PLO with vertebral fractures [37]. While our
findings are similar to those of Qian et al. for vertebral frac-
tures, we investigated women with PLO having all types of
fractures not only vertebral. We also described the rate of
fracture recurrence in subsequent pregnancies, the potential
associated risk factors, and the impact of lactation duration
on the risk of fractures [37].

Another narrative review also showed that women with
PLO are in their third decade (31-34.18 years) and vertebral
fractures (mean 2-5.8 fractures/patient) were the most com-
mon [38].

The reason behind the high frequency of vertebral frac-
tures among PLO fractures remains unknown, possible
explanations are the weight gain during pregnancy that can
increase the stress load on the spine and the change in pos-
ture, including increased lordosis and pelvic tilt that can
put additional stress on the spine [39]. The extent to which
genetic factors affect PLO and particularly those with ver-
tebral fractures is yet to be explored [20]. Examining BMD
and bone microarchitecture before the onset of pregnancy
helps in identifying the possible underlying mechanism;
recently in a cross sectional by Agarwal et al., women with
PLO exhibited significant deficits in areal BMD, volumet-
ric BMD, and trabecular microstructure compared to both
controls and individuals with non-PLO idiopathic osteo-
porosis [22]. Individuals assessed shortly after delivery
or following fractures before recovery from pregnancy or
lactation-related bone loss showed the greatest reductions
in areal BMD [22]. Interestingly, high-resolution peripheral
quantitative computed tomography (HR-pQCT) findings
did not vary based on the postpartum stage, suggesting that
peripheral structural deficits may predate these events and/
or persist long after the postpartum period [22].

The actual prevalence of PLO may be underestimated
due to the high frequency of back pain during pregnancy
and the lack of adequate investigations, often assuming that
the back pain is due to pregnancy [40]. In a recent study by
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Kondapalli et al., on average, women experienced a delay
of 12.4+12.3 weeks from the onset of pain to the diagnosis
of a PLO fracture [41]. It is worth noting that 6-21% of
vertebral fractures are asymptomatic [42]. Therefore, con-
ducting a radiological survey postpartum among recently
pregnant women with back pain would be valuable to assess
the incidence.

We did not identify sufficient data on calcium or vitamin
D intake during pregnancy prior to the occurrence of frac-
tures in women with PLO, which prevents assessment of
whether inadequate intake contributed to bone loss in this
population. However, inadequate intake can indeed lead to
maternal bone loss, as illustrated by published case reports
[3]. Women with known secondary causes of osteoporosis,
including vitamin D deficiency, were excluded except in the
Turkish study where 64% of women had vitamin D defi-
ciency. When supplementation was mentioned, all women
received calcium and vitamin D after the diagnosis of PLO,
in addition to the bone active agents in some instances. The
management of PLO with fractures is still experimental.
The fracture data associated with bone active agent was
scarce, but we observed a significant improvement in BMD,
with pharmacotherapy, but also spontaneously. A recent
systematic review and metanalyses compared the effective-
ness of osteoporosis medications in women with PLO on
BMD [43]. This review of 451 women with pregnancy- and
lactation-associated osteoporosis (PLO) showed that BMD
improved at the lumbar spine and femoral neck with cal-
cium/vitamin D, bisphosphonates, and teriparatide over
1-2 years. A meta-analysis found teriparatide significantly
increased BMD compared to calcium/vitamin D alone.
However, due to limited data, no firm treatment recom-
mendations could be made [43]. Another new systematic
review and meta-analysis examined various treatments for
PLO among 943 reported cases. The most commonly used
therapies were calcium and vitamin D (31.8%), teriparatide
(30.8%), and bisphosphonates (16.3%). Although treatment
generally resulted in improvements in BMD, particularly at
the lumbar spine, definitive conclusions regarding efficacy
were limited by the heterogeneity and scarcity of available
data. Teriparatide demonstrated a more pronounced increase
in lumbar spine BMD compared to calcium/vitamin D and
bisphosphonates; however, this finding derived from a small
number of studies, precluding firm clinical recommenda-
tions [44]. The safety of anti-osteoporosis medications dur-
ing pregnancy has not been established, although recent
reports indicated that bisphosphonates are safe in repro-
ductive women [45]. Teriparatide seems to be an effective
and safer choice than bisphosphonates which have a lon-
ger bone retention and unknown side effects on the embryo
[43]. Few case reports described the successful treatment
of PLO women with denosumab [46]. On the other hand,

denosumab has been shown to cause an osteopetrotic-like
phenotype in the fetuses of monkeys and rodents in which
the mother received it during pregnancy [47]. One report
also described the use of Romosozumab in a patient with
multiple fractures for 1 year that had recurrent fracture on
teriparatide; the BMD increased by 23.6% at L1-L4, 6.2%
at the femoral neck, and 11.2% at the total hip [48]. The use
of combination of osteoporosis medications did not affect
the rate of subsequent fractures [18] and the use of consoli-
dation therapy with bisphosphonates was used after teripa-
ratide for 5 years with no data on fracture recurrence [19].
Nevertheless, none of these drugs can be recommended due
to the heterogeneity and the paucity of large-scale studies.

Our findings have several limitations stemming from the
limitations of published studies. We did not identify any
interventional study, and many of the observational stud-
ies were single arm, without comparator. Data on potential
predictors of PLO were mostly unadjusted, with only few
studies describing matched analysis. Studies reporting on
the effect of the pharmacologic therapy were not powered
or long enough to detect a difference in fracture recurrence,
and for the change in BMD, the available data could not
adjust for the spontaneous recovery that occurs post-partum
or after weaning from breastfeeding. We have excluded
studies on conditions and medications that affect bone
metabolism, which might be considered a limitation of our
review. However, our aim was to reduce the heterogeneity
of the evidence and restrict our synthesis to fractures that
are the result of potential exaggerated mineral changes that
occur during pregnancy and lactation. Some of the observa-
tions made may be subject to reverse causality and are stem-
ming from indirect comparisons between studies.

Our systematic review has important strengths. They
include a rigorous study design, a search of multiple data-
bases current until October 2024, a published protocol
prior to the review implementation, and an assessment of
the quality of published studies using a validated tool, that
allows a comprehensive mapping of the evidence on PLO
available to-date and highlights important gaps that need to
be addressed in future research studies.

Conclusions

In summary, fractures in PLO are rare, but when they occur,
they are mostly multiple, and they tend to recur in subse-
quent pregnancies. Due to the considerable diversity and
lack of well-established comparative studies, no solid con-
clusions can be drawn concerning the optimal therapeutic
intervention in women with PLO although there is evidence
indicating spontaneous gain of BMD in women with PLO.
The available data about women with PLO and fractures is
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limited and this review provides an important summary of
the characteristics and risk factors of the disease. Due to
the rarity of this disease, which makes clinical trials excep-
tionally difficult, a standardized approach to data collection
is crucial. This will enable the identification of meaningful
associations, inform treatment recommendations, and facili-
tate the early identification of risk factors for PLO, thereby
allowing for timely prevention and intervention.
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supplementary material available at https://doi.org/10.1007/s00223-0
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