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Abstract: During pregnancy and lactation, female physiology adapts to fulfill the fetal and neonatal calcium and phosphorus 
requirements. The physiological changes that take place during these periods do not affect maternal skeleton resistance to fracture 
in most of the cases. However, there is a small percentage of women that do experience fragility fractures during these times of life. 
Pregnancy and lactation-associated osteoporosis (PLO) is an infrequent condition defined by the occurrence of non-traumatic 
fractures – most frequently vertebral – during the third trimester of gestation and/or the first months of postpartum. Its physiopathology 
has not yet been completely elucidated. Several authors have reported that risk factors for secondary osteoporosis might be present in 
up to 80% of the cases of PLO patients. According to recent studies, genetic factors might also play a relevant role in PLO. Given its 
rarity, the available literature on this condition is limited. Most of the published data consist on case reports and case series articles. 
There are not any randomized controlled trials regarding this disorder. Although there is consensus about discontinuation of lactation 
and calcium and vitamin D supplementation as the first steps in the treatment of these patients, there is still controversy regarding the 
long-term and/or pharmacological management of this condition. Recent data on the use of teriparatide in this population looks 
promising. In this review, we aimed to revise and summarize current knowledge about the physiopathology and management of PLO. 
Keywords: premenopausal, osteoporosis, pregnancy, lactation

Introduction
Bone Metabolism in Pregnancy and Lactation
The female body and its physiology are amazingly prepared to guarantee the perpetuation of humanity. Different 
hormonal axes interact to regulate the initiation of puberty, menstrual cycles, ovulation, pregnancy, and lactation, 
allowing the continuation of the species. Maternal physiology adapts perfectly to meet the nutritional demands of fetuses 
and neonates during pregnancy and lactation.1

Physiology During Pregnancy
By the end of pregnancy, the fetal skeleton contains 30 g calcium, 20 g phosphorus, and 0.8 g magnesium.2 As of week 12 of 
gestation, intestinal absorption of calcium doubles.2 This is the result of an upregulation of α-1-hydroxylase in the kidney and 
the subsequent increase in dihydroxycholecalciferol level – the active form of vitamin D – which in turn leads to better calcium 
absorption in the intestine.2 Through this mechanism, maternal calcium intake can meet the fetal calcium demand.2

Although the available data regarding bone mineral density during pregnancy are limited, it suggests that there is 
a positive balance of calcium by mid-term pregnancy. However, bone resorption increases during the third trimester of 
gestation.2 Results from several studies about bone mineral density (BMD) measured by Dual-energy X-ray absorptio-
metry (DXA) at the end of pregnancy are conflictive, with some showing a minimal decrease and others no changes at 
all.3–6 Holmberg-Marttila et al reported that bone loss at the lumbar spine during pregnancy was around 3%.7 Møller et al 
measured BMD by DXA in women before delivery and at 15 days postpartum and reported a decrease of 1.8 ± 0.5% at 
the lumbar spine, 3.2 ± 0.5% at the total hip and 2.4 ± 0.3% at the whole body.8 When viewed together, these studies 
suggest that most women have no change or a very modest decrease in BMD by full-term pregnancy.4–8
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Physiology During Lactation
The neonate needs 200 mg calcium per day from milk during the first semester of lactation, and 120 mg during the 
following months.6 The central regulator of maternal bone metabolism during lactation is the “brain-breast-bone” 
circuit.2 Breast-suckling stimulates prolactin release. This inhibits hypothalamic GnRH (gonadotropin-releasing hor-
mone), leading to the suppression of the gonadotropins and lowering levels of the ovarian sex steroids, estradiol and 
progesterone.2

Additionally, the breast produces and releases PTHrP (parathyroid hormone–related peptide). The decrease in 
estrogen levels and the high circulating levels of PTHrp lead to an upregulation of RANKL (receptor activator of 
nuclear factor κB ligand), stimulating the development of osteoclasts and bone resorption. In this way, calcium is 
released from bone into the bloodstream so it can reach the breast ducts.6,7 Thus, the main mechanism by which female 
physiology meets the high calcium demands of the neonate appears to be a temporary demineralization of the skeleton.2,9 

Figure 1 summarizes bone metabolism physiology during pregnancy and lactation.
Regarding BMD, there is a decrease of 3 to 10% during the first 2 to 6 months of lactation, predominantly in 

the trabecular compartment – mainly lumbar spine, and a lower loss in the cortical compartment – at the hip.6,8 

The average rate of bone loss in lactation ranges from 1 to 3% per month. After the cessation of lactation, 
a substantial increase in bone mass and mineralization takes place to reverse the loss that occurred during 
breastfeeding.6,8 Data from many available studies suggest that loss of bone density is completely reversed 
between 6 and 12 months after discontinuing lactation in most women (see Figure 2).10–12 The underlying 
mechanisms of this recovery are not well known. Recently, data obtained from mice have suggested that 
osteoblasts are potently stimulated to produce osteoid and that calcitriol and/or a calcium-enriched diet are needed 
for this immature bone to become mineralized.13–15

Pregnancy and lactation are major challenging periods for maternal bone metabolism. However, the female skeleton 
is well prepared to face these periods successfully, and resistance does not seem to be affected in the long term.2,11,16,17 

According to most epidemiologic trials in premenopausal and postmenopausal women, pregnancy and breastfeeding do 
not adversely affect peak bone mass (PBM), bone mineral density, or future risk of hip fractures.2,10,16,17

Period of life Adaptation mechanisms Effect Bone loss?

Pregnancy 1-25 OH Vitamin D 
increase

PTHrp increase

Doubled-up intestinal 
absorption of calcium

Mild bone resorption 
increase

No

Lactation Suckling>> 
HyperPRL>>(-) GnRH>> 
HypoE2

PTHrp increase

Increased bone 
resorption

Yes.

However, pregnancy and lactation do not increase the risk of fracture in the long term

HyperPRL: Hyperprolactinemia. 

HypoE2: Hypoestrogenism

Figure 1 HyperPRL: Hyperprolactinemia. HypoE2: Hypoestrogenism. During pregnancy, the fetal demand of calcium is met by an increase of the levels of calcitriol and 
PTHrp. As a consequence, intestinal absorption of calcium doubles and bone resorption increases. This leads to little or no change in BMD by the end of pregnancy. During 
lactation, the suckling of the breast generates an increase of PRL, thus inhibiting hypothalamic-pituitary-ovarian axis. The breast also releases PTHrp. Hypoestrogenism and 
the high circulating levels of PTHrp enable boost bone resorption leading to an important loss of BMD during lactation.
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Osteoporosis During Pregnancy and Lactation
Pregnancy- and lactation-associated osteoporosis (PLO) is a rare condition in which women suffer fragility fractures, 
most commonly vertebral, during the third trimester of pregnancy or early postpartum. It was first described by Nordin 
and Roper in 1955.1 The incidence is calculated to be around 0.4 per 100000 women.2 This condition usually affects 
primiparous women in their fourth decade of life.2 Severe back pain is the most frequent form of presentation and it is 
often interpreted as a typical pregnancy or postpartum symptom. Thus, this condition is usually misdiagnosed.18 Less 
frequently, patients might suffer hip fractures. Although PLO is infrequent, it has a significant impact on the life of 
women of childbearing age who might experience lifelong consequences such as chronic pain and irreversible static 
disorders of the spine.19–21

The pathophysiology of this disorder is still not well known. According to most studies performed in women with 
PLO, risk factors are present in up to 80–85%.22 These factors include: inadequate calcium intake and/or absorption; low 
peak bone mass; genetic factors – such as inactivating mutations in low-density lipoprotein receptor-related protein 5 
(LRP5)-; vitamin D insufficiency; inadequate high release of PTHrP; diverse conditions that present with low estrogen 
levels such as anorexia nervosa, oligomenorrhea and premature ovarian failure; low BMI; prolonged bedrest; smoking; 
hypercalciuria; and pharmacotherapy that may induce bone loss such as heparin, systemic glucocorticoids, GnRH 
analogues, and anticonvulsants23,24 (Table 1). We studied a group of seven women with PLO and only two of them 
had major risk factors for osteoporosis (high doses of glucocorticoids and kidney stones with hypercalciuria).25 In the 
rest, it was our impression that the severity of risk factors (low calcium intake, family history of osteoporosis, smoking) 
was not enough to account for the occurrence of vertebral fractures in these premenopausal women. We also observed 
a trend towards a lower BMI in our patients with PLO, who had a mean BMI of 20.9 ± 1.9 kg/m2 vs 22.3 ± 2.6 kg/m2 in 
controls, as other authors have already described.25–27 In a recent study, Cohen et al assessed women with PLO using 
transiliac bone biopsy and found both lower mineral apposition and bone formation rates in comparison with premeno-
pausal osteoporotic women.28 They also reported that serum bone turnover markers and micro computed tomography 
findings showed that women with PLO had low bone formation without decrease in the number of osteoblasts, which 
might suggest an underlying defect in the function of these cells.28 In the last few years, Butscheidt et al have observed 
the presence of genetic variants of LRP5, Wnt, Col1A1 and Col1A2 in patients with PLO, which suggests that they may 
play an important role in this condition, even predisposing to more severe presentations.29,30 As there is no indication of 
BMD assessment in healthy premenopausal women, most patients are not aware of having low bone mass before getting 
pregnant. We hypothesize that PLO is caused by a prior condition that prevents the skeleton from successfully under-
going the challenge of pregnancy and lactation.2

Figure 2 During pregnancy, a little decrease of BMD might occur during pregnancy. During lactation, bone resorption exacerbation leads to a significant decrease of BMD, 
especially during the first 2 to 6 months. After discontinuing lactation, female skeleton experiences an important increase of BMD. In most women, the loss of bone density is 
completely reversed between 6 to 12 months after weaning.
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Table 1 Risk Factors and/or Conditions for Pregnancy and  
Lactation Associated Osteoporosis

Non-Modifiable

Low peak bone mass?

Genetic factors (eg LRP5 mutations)

Impaired calcium absorption
Inadequate high release of parathyroid hormone-related peptide

Modifiable

Nutritional
Inadequate calcium intake

Vitamin D insufficiency

Lactose Intolerance

Endocrine
Primary hyperparathyroidism
Hyperthyroidism

Hypercortisolism

Conditions associated with low estrogen levels:
Pituitary disorders involving sex steroid deficiency

Anorexia nervosa

Longstanding oligomenorrhea
Premature ovarian failure

Low Body mass index

Gastrointestinal
Celiac disease

Inflammatory bowel disease
Cystic fibrosis

Other malabsorptive disorders

Renal
Hypercalciuria

Chronic renal insufficiency
Renal tubular acidosis

Medications
Heparin

Oral glucocorticoids

Hypothalamic releasing hormone analogues
Proton pump inhibitors

Medroxyprogesterone acetate

Anticonvulsants
Certain anti-seizure medications (phenytoin, carbamazepine)

Cancer chemotherapy

Others
Smoking

Alcohol
Bed rest

Osteogenesis imperfecta

Connective tissue disorders
Ehlers-Danlos syndrome
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The available international literature on this condition is limited. Most of the published data consist on case reports and 
case series articles. No randomized controlled trials have been performed on this matter. There is expert consensus about 
discontinuation of lactation and calcium and vitamin D supplementation as the first steps in the treatment of these of this 
disorder, but there is still controversy regarding the long-term management and the indication of pharmacological treatment in 
these patients.31–36 According to recent data, on the use of teriparatide in this population looks promising.2,31,35,36

In this review, we revise and summarize the highlights of current knowledge on pregnancy and lactation-associated 
osteoporosis.

How Can We Assess Bone Metabolism and Density in Patients with PLO?
Bone Metabolism
Laboratory tests in these patients should include a complete blood count and metabolic panel, as well as bone metabolism 
parameters and other assessments to rule out any cause of secondary osteoporosis.1 Table 2 shows the main tests to be 
performed in these patients.

Imaging
X-Rays and Magnetic Resonance Imaging to Confirm Fractures
Women with PLO suffer fractures that occur, most frequently, between the last trimester of pregnancy and the first 3–4 
months postpartum.37,38 When vertebral fractures occur during advanced pregnancy; the dorsal or lumbar pain might be 
wrongfully attributed to the increase of weight and the lumbar lordosis typical of this period. Therefore, the diagnosis is 
most likely made retrospectively, once the baby is born.39

In breastfeeding women, front and profile X-rays of the dorsal and lumbar spine or hip might be the first and fastest 
approach to the diagnosis of PLO.31 Magnetic Resonance Imaging (MRI) of dorsal and lumbar spine or hip without 
contrast is useful to observe the presence or absence of edema. The presence of edema is identified as hypointense areas 
in T1 and hyperintense areas in T2.31 After a vertebral fracture occurs, edema might persist for up to six months, 
approximately. Thus, the presence of edema in MRI indicates the acute and/or subacute condition of the fractures.31 On 
another note, the characteristics of the fracture are helpful to suspect a non-osteoporotic etiology in case the vertebral 
posterior wall or the pedicle is compromised; these signs are seen in secondary malignant lesions, very infrequent in this 
population of patients.40,41

Table 2 Laboratory Assessments in Women with PLO

General Laboratory Bone Metabolism Laboratory Secondary Osteoporosis Causes

Hematology panel 

Complete metabolic panel 
Urine panel

Serum calcium and phosphorus 

24 h urine calcium, phosphorus and creatinine 
PTH 

25-OH Vitamin D 

Bone formation markers*(serum): 
P1NP 

BAP 

Osteocalcin 
Bone resorption markers**: 

CTX (serum) 

NTX (24 h urine)1

Serum protein electrophoresis 

CRP 
Total IgA 

Antitransglutaminase IgA 

TSH 
Other specific tests: 

Dexamethasone suppression test (hypercortisolism) 

FT4, TPO Ab. 
FSH, Estradiol (if premature ovarian failure is suspected) 

PRL

Notes: *P1NP is the preferred formation bone marker, although it is expensive and not always available; **The level of CTX is considered the best resorption marker, due 
to its lower variability with diet changes, circadian rhythm and kidney function. 
Abbreviations: PTH, Parathormone; P1NP, Amino-terminal propeptide of type 1 procollagen; BAP, Bone alkaline phosphatase; CTX, Beta-Crosslaps; NTX, Amino-terminal 
telopeptides; DPD, Deoxy-pyridinoline; CRP, C-reactive protein; Ig, Immunoglobulin; TSH, Thyroid stimulating hormone; FT4, Free thyroxine; Ab, Antibody; FSH, Follicle 
stimulating hormone; PRL, Prolactin.
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DXA Scan to Assess Bone Mineral Density
Areal bone mineral density of lumbar spine and hip is generally assessed by DXA.22,26,27 Many authors have evaluated 
patients with PLO using DXA scans and noticed the greater compromise of lumbar spine versus the hip.22,26,27,42 In 
2005, Sarli et al studied eight patients with PLO and the reported media T score was −2.85 ± 0.09 and −2.33 ± 0.81 at 
lumbar spine and femoral neck, respectively.27 O’Sullivan et al evaluated 11 patients with PLO and they also observed 
a decrease in BMD measured by DXA -media T score −2.8 at the lumbar spine and −2.0 at femoral neck-.26 More 
recently, Laroche et al studied a cohort of 52 patients with PLO and reported that the average T-score was - 3.4 at the 
lumbar spine and −2.0 at the hip.22 Similarly, in our cohort of seven women with PLO, we observed that the media for 
Z score was −3.2 ± 0.7 at LS and −2.0 ± 0.9 at FN.25 In comparison with healthy lactating women, BMD of our patients 
was decreased by 32% and 26% in LS and CF, respectively.25 In conclusion, although BMD prior to pregnancy is usually 
unknown due to lack of indication, when it is assessed after these patients suffer a fracture, it is usually low, even in 
comparison with healthy women who are undergoing the same physiological process.25

Bone Microarchitecture to Understand Pathophysiology
High Resolution peripheral Quantitative Computed Tomography (HR-pQCT) is a noninvasive tool that evaluates bone 
microarchitecture by scanning the non-dominant distal tibia and distal radius.43 The scan obtains 110 slices with 
a resolution of 82 μm, building a 3-dimensional representation of the bone.43 High resolution enables the assessment 
of trabecular and cortical bone separately, and the measurement of volumetric bone density and microarchitecture 
parameters, such as trabecular number and thickness.43 Globally, it is being used to help understand different pathologies 
and therapeutic actions of bone targeted agents.43 Also, it can help to identify which patients with osteopenia have 
a higher risk of fracture.43

Bjørnerem et al evaluated healthy lactating women using HR-pQCT. They observed that the trabecular compartment 
was significantly affected, with lower trabecular density and number as well as greater trabecular separation.44 These 
findings confirm that the trabecular bone is the main responsible for the skeleton response to the extra calcium demand 
during lactation.25

We recently evaluated bone microarchitecture using HR-pQCT in our group of seven patients with PLO and compared 
them with a control group of eight healthy lactating women.25 We observed deterioration of bone microarchitecture in women 
with PLO in comparison with the control group, who were also going through a physiologically intense bone resorption 
process.25 The trabecular compartment was the most affected.25 It showed significantly lower trabecular density, number, and 
thickness, with subsequent greater trabecular separation and network heterogeneity.25 With regard to the cortical compart-
ment, its density and thickness were also deteriorated, but to a lesser extent25 (see Figure 3). The reason why the two 
compartments are affected in a different way in women with PLO seems to be that the trabecular bone is the most 
metabolically active one, because it is closest to the bone marrow and therefore intimately related to blood vessels. It is 
specially designed to rapidly liberate calcium to maintain normal calcium serum levels.45 As for the cortical compartment, it 
is harder and more compact than the trabecular bone.43 Also, it is not so close to the vessels and it is less metabolically 
active.43 So, it is not as quickly affected with the increase of bone turnover.43 The fact that PLO patients presented with severe 
bone microarchitecture impairment compared to control women who were also undergoing a profound process of trabecular 
bone resorption due to lactation is in line with the hypothesis that bone quality might have been deteriorated before gestation 
in most of our patients and consequently, they were not able to fulfill the increased calcium requirements successfully.25 Other 
authors also found results in the same line.46 It is worth noting that although not always available, HR-pQCT is a useful 
noninvasive tool to assess bone microarchitecture, giving us a new vision into the pathophysiology of PLO.25

Management of Patients with PLO
Possible management includes non-pharmacological and pharmacological options. Due to lack of randomized controlled 
trials, there is still controversy regarding pharmacological treatment in this special population.2,26,31,35,36 In this context, 
the treatment decision must be made according to clinical judgement after considering the potential risks and benefits of 
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each treatment.2,47 It is important to remember that these young women's skeletons are capable of experiencing 
spontaneous recovery of bone mineral density and strength through the following years.2,47

Non-Pharmacological Treatment
As a first approach, calcium and vitamin D should be optimized.2,47 Of course, if any cause of secondary osteoporosis is 
identified, it should be treated first (see Table 1).47 These patients must have a calcium intake between 1000 and 
1500 mg/day, whereas 25 OH-dihydroxycholecalciferol levels should be ≥30 ng/dl (75 nmol/l).1,48

Calcium requirements can be achieved through a daily dairy products intake.49 For example, a cup of milk contains 
250–300 mg of calcium, fortified yogurt contains 500 mg and one serving of cheese (50 g) contains 200–350 mg of 
calcium. If the patient cannot achieve the required intake of calcium through a daily diet, supplementation with calcium 
tablets is also available. It is important to explain to the patients that calcium should be taken in different servings of 
a maximum of 500 mg each throughout the day to maximize its absorption.50

In general, vitamin D can be obtained mostly by sun exposure. However, if the recently fractured PLO patient 
presents with lower than 30 ng/mL levels, she should be supplemented immediately with at least 1000 to 2000 UI per day 
(depending on baseline levels) to rapidly reach the desired target.50,51

These patients can experience a significant spontaneous increase in BMD of about 6 to 12% at LS at 6–12 months 
after weaning. Similar significant improvement has been reported at the hip.22,26,52 Consequently, in order to decrease the 
high bone resorption that takes place during lactation, women with PLO should be advised to discontinue breastfeeding 
as early as possible.

Figure 3 Bone microarchitecture assessment in a patient with PLO vs healthy lactating woman. 
Notes: (A) Bone microarchitecture high-resolution peripheral quantitative computed tomography (HR-pQCT) image of the distal radius in a patient with pregnancy- and 
lactation-associated osteoporosis (PLO). (B) Bone microarchitecture HR-pQCT image of the distal radius in a healthy lactating woman. (C) Bone microarchitecture 
HRpQCT image of the distal tibia in a patient with PLO. (D) Bone microarchitecture HR-pQCT image of distal tibia in a healthy lactating woman.
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Other considerations include adequate analgesia for painful vertebral fractures and physical therapy. Besides, when 
fractures consolidate, after 3 to 6 months, these patients should be encouraged to perform reasonable, but not excessive, 
weight-bearing and physical resistance activity to help maintain bone and muscle mass and mobility.1

Pharmacological Treatment
Most experts still suggest that pharmacological treatment should be reserved for the most severe cases with multiple 
vertebral fractures, persistent disabling pain, or those patients who do not experience a satisfactory recovery in BMD 
after weaning and adequate calcium and vitamin D supplementation.2,53

Patients with PLO are different from postmenopausal women, who are likely to continue losing bone mass over time. 
These premenopausal women are going to have spontaneous recovery after weaning, and will most likely maintain their 
skeleton BMD since they will have adequate circulating estrogen levels. This argument and the possibility of future 
pregnancies are the main issues evaluated by those experts who recommend conservative treatment as the first option.2

The available evidence on pharmacological treatment in this population is limited. The great majority of data comes 
from case report series and retrospective studies where patients were treated with bisphosphonates, denosumab or 
teriparatide.22,26,52,54–56 These osteoactive treatments should be prescribed and monitored by physicians specialized in 
bone metabolism.2,47

Bisphosphonates
O’ Sullivan et al retrospectively evaluated a cohort of eleven women with PLO who were followed up during a period of 
20 years.26 Ten of them had had vertebral fractures, while one presented with hip and bilateral wrist fractures. At the time 
of fracture, mean age was 30 ± 4.4 years.26 All of them were advised to stop breastfeeding and received calcium and 
vitamin D supplementation. Nine out of eleven patients received treatment with bisphosphonates –alendronate, pami-
dronate and/or zoledronate.26 After a median duration of treatment of 24 months, they observed a substantial increase of 
23% in BMD in the patients who had received bisphosphonates.26 The patients who did not receive early bispho-
sphonates therapy also had a smaller but still significant increase of about 11% in LS BMD.26 However, this study has 
limitations: it was a retrospective analysis, and only 2 out of the 11 patients had not received pharmacological 
treatment.26

In Laroche’s large case series of 52 women with PLO, bisphosphonates improved BMD recovery, with a mean annual 
gain of 10% versus 6.6% in those who did not receive any specific pharmacological treatment.22 Other authors have also 
reported that bisphosphonates can reduce bone turnover markers and improve pain and physical functioning by reducing 
inflammation in the affected area.37,55 However, we should remember that bisphosphonates are retained in the skeleton 
for several years, and they can also cross the placenta.57 Although the literature has not found unexplained congenital 
malformations in the offspring of women who had previously received bisphosphonates, there are still safety concerns 
regarding the use of these drugs in women of childbearing potential.58–60

Denosumab
There are very few reports on the use of denosumab in patients with PLO. In 2016, we reported two cases of PLO treated 
with denosumab.56 The patients had suffered vertebral fractures during early postpartum and were treated with 
denosumab 60 mg subcutaneous every 6 months.56 After one year of treatment, we observed an increase of 14% in 
LS BMD, a significant improvement in trabecular microarchitecture assessed by HRpQCT and a clear remission of 
pain.56

More recently, Ijuin et al published the case of one patient with PLO who received teriparatide 56.5 mcg s.c. weekly 
for 6 months and was switched to denosumab 60 mg s.c. every 6 months. After 6 months of treatment with denosumab, 
BMD increased by 16.5% and 3.9% at LS and FN, respectively, and the patient reported that pain had subsided.54

Available literature on the use of denosumab in patients with PLO is limited to the two papers mentioned above. 
Considering that denosumab is an antiresorptive drug that is not retained in the human body for more than 6 months, 
more data is needed before it can be considered as an option in the therapeutic approach to these patients. There is no 
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information regarding whether the gain in BMD is maintained after the discontinuation in this population or if they need 
to receive bisphosphonates as postmenopausal women do.54,56

Teriparatide
The earliest publications about teriparatide in women with PLO were case reports or series that informed a significant 
improvement in back pain and mobility within the first two months of treatment.61 The increase in BMD ranged from 
24.4 to 36% at LS and 12 to 13.4% at the hip after 13 to 18 months of treatment.61

More recently, Lampropoulou-Adamidou compared a group of women with PLO treated with teriparatide versus 
a control group treated only with calcium and vitamin D supplementation.52 Women treated with teriparatide showed an 
increase in lumbar spine BMD of 21 ± 12% vs 6 ± 5% in controls at 12 months and 33 ± 13% vs 12 ± 4% at 24 months, 
respectively.52 Lee et al published a retrospective study of a cohort of 64 women with PLO.62 Forty-three of them were 
treated with teriparatide for 12 months (media) and followed up for 3 years. After teriparatide, 13 women received 
antiresorptive treatment (TPDT-ART), while 20 of them did not receive any anticatabolic drug (TPDT-no ART). The 
authors observed that BMD at lumbar spine increased at 1, 2, and 3 years from baseline in both the TPTD-ART (14%, 
22%, and 24%, respectively) and the TPTD-no ART (17%, 24%, and 23%, respectively) groups, without significant 
differences between them.62 Similar results were observed at the hip.62 They concluded that BMD gain by teriparatide 
administration in premenopausal women with PLO can be maintained without sequential antiresorptive treatment.62 This 
is in line with previous reports that suggested that the presence of estrogens might avoid the bone loss described in 
postmenopausal women after stopping teriparatide.46

As we mentioned before, in many cases, low peak bone mass and impaired osteoblast activity may play an important 
role in the pathogenesis of PLO.28

Considering this, teriparatide appears as an attractive option for those patients who might need pharmacological 
treatment due to severe presentation or inadequate response to conservative treatment.

Romosozumab
In 2022, Kaneuchi et al published the first report of a patient with PLO treated with romosozumab.63 The patient had 
suffered multiple vertebral fractures. She was treated with teriparatide injection for 4 months, but the treatment was 
discontinued after the appearance of new vertebral fractures.63 She was started on romosozumab and completed 12 
months of treatment. After the romosozumab treatment, her BMD was increased from the baseline by 23.6% at L1–L4, 
6.2% at the femoral neck, and 11.2% at the total hip without any new fractures.63 The authors suggest that romosozumab 
might as well be a therapeutic option to improve BMD and reduce the risk of fracture in patients with PLO.63

Long Term Follow-Up
The occurrence of new fractures during subsequent pregnancies is very infrequent, although a few cases have been pub-
lished. Laroche reported new fractures in two out of seven women with PLO who got pregnant again (follow-up period 
was up to 36 months).22 Kyvernitakis et al reported a follow-up of 6 years in 20 women with PLO who had a new 
pregnancy and found that 20% suffered a pregnancy-associated fracture.64 The study showed that those women who had 
more than one fracture at baseline were at a higher risk of suffering a subsequent fracture64 The great majority of these 
patients do not suffer new fragility fractures in the long term.64

However, there is a small percentage of women, especially those who have several and/or major risk factors for 
osteoporosis, that may experience new fractures in vertebrae, tibia, radius, sacrum and/or humerus.22,64

In our series of patients with follow-up periods ranging from 5 to 10 years, two suffered new fractures in the long 
term: one of them had a wrist fracture following a fall from her standing height and the other had a fibula fracture after 
a 40 cm height fall (data not published).

Long-term follow-up of these patients is crucial to monitor recovery and counsel them regarding adequate calcium 
and vitamin D supplementation and a healthy lifestyle in order to avoid potential new fragility fractures.
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Conclusion
In this paper, we have summarized current knowledge about pregnancy and lactation-associated osteoporosis.

Although very rare, PLO represents a major factor of physical and emotional distress. It is crucial to increase 
awareness of the major role of calcium and vitamin D within the medical community and patients during this highly 
demanding period, especially in women with high-risk factors such as low calcium and vitamin D levels and low BMI.

PLO patients might have impaired bone mass and microarchitecture before pregnancy, and that is the reason why 
their skeletons are incapable of meeting the gestation and lactation requirements successfully. A spontaneous increase in 
bone mass and strength is expected to occur in most women after discontinuing lactation, even in those who fractured. 
Women with PLO should be advised to stop breastfeeding and receive adequate calcium and vitamin D supplementation. 
Other factors that may cause bone loss should be corrected to optimize skeletal health for the long term and in advance of 
a future pregnancy. Pharmacological therapy is also an option but further studies are necessary to determine when it 
should be used in these patients, as well as its duration.

In recent years, observational studies and case reports have helped us better understand PLO. Many issues remain 
unanswered in terms of its causes and management, though. Most of these women seem to show a good evolution, with 
improvements in pain and mobility and an increase in BMD over time. Yet, it is essential for clinicians to bear in mind 
that pregnant women should receive adequate amounts of vitamin D and calcium and that fragility fractures can occur 
during pregnancy and lactation. Being aware of this possibility would facilitate a prompt diagnosis, which is crucial for 
earlier treatment if there is an underlying metabolic bone disorder. We still need to determine the best approach to the 
treatment of women with PLO and consequently, further research on this condition is required.
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