
effect of long-term proton pump inhibitors on bone mineral density
Baisse de la densité minérale osseuse lors de la prise des inhibiteurs de la
Pompe à Protons au long cours

r é s u m é
Introduction : Les Inhibiteurs de la pompe à protons (IPP) sont actuellement largement prescrits. Un traitement au long cours exposerait à une

diminution de la densité minérale osseuse (DMO) avec augmentation du risque de fractures. 

Objectif : Etait d’établir la prévalence de l’ostéopénie et de l’ostéoporose au cours d’un traitement prolongé par les IPP et de rechercher les

facteurs de risque qui y sont associés.

Méthodes : Etude prospective incluant consécutivement des patients sous IPP depuis au moins un an. La DMO a été évaluée par une

ostéodensitométrie. Le risque de fracture ostéoporotique était évalué par le score FRAX.

Résultats : Nous avons inclus 52 patients avec un âge moyen de 49,5 ans et un sexe ratio H/F de 0,48. Les IPP étaient pris pour une durée

moyenne de 45 mois et principalement pour un reflux gastro-oesophagien (75%). Un apport calcique insuffisant était fréquent (94%). Au moins

trois facteurs de risque d’ostéoporose ont été retrouvés chez près de 50% de la population. L’ostéopénie et l’ostéoporose était observées dans

respectivement 52% et 19%. Les facteurs prédictifs d’une DMO basse étaient l’âge ≥50 ans, la ménopause, l’apport calcique ≤550mg/j et une

durée de prise des IPP ≥30 mois. Le score FRAX était significativement plus élevé lorsque la DMO était basse. L’analyse multivariée n’a pu être

faite en raison de la colinéarité des facteurs.

Conclusion : La prise des IPP au long cours expose à une baisse de la DMO surtout chez des patients déjà à risque. 
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s u m m a r y
Background: Proton pump inhibitors (PPIs) are widespread nowadays. Recent concerns have emerged about possible bone complications of

their long-term use, as low bone mineral density (BMD) and an increased risk of fractures.

Aim: To evaluate the effect of long-term use of PPIs on bone by estimating the frequency of osteopenia and osteoporosis, and determining the

risk factors associated to these complications.

Methods: A prospective study including consecutive patients taking PPI for at least one year. All patients underwent bone densitometry, and

FRAX score was calculated to estimate the risk of osteoporotic fracture.

Results: We included 52 patients with a mean age of 49.5 years and a male-female ratio of 0,48. Mean duration of PPI intake was 45 months.

The most frequent indication was gastroesophageal reflux disease.  PPI prescription was appropriate in 94% of cases. The calculated daily

calcium intake was in majority insufficient (94%).  Approximately half of patients had at least three risk factors. Osteopenia and osteoporosis

were observed in 52% and 19% respectively. Predictive factors of low BMD were an age ≥50 years, menopause, calcium intake ≤550mg/day

and a PPI use duration≥30 months.

FRAX score was significantly higher when BMD was lower. The multivariate analysis could not be undertaken because of co linearity of the

factors.

Conclusion: Long-term PPI use is associated with risk of bone complications, especially among patients at risk for osteoporosis. It seems

reasonable to be more vigilant in prescribing PPIs and to use the lowest effective dose for patients with appropriate indications.
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Proton pump inhibitors (PPI) are one of the most long-

term prescribed drugs worldwide [1]. This widespread use

of PPI can be explained by their high efficacy for the

treatment and prevention of gastroesophageal reflux

disease (GERD) and peptic ulcer disease, and by their

reputation for being well tolerated and unlikely to lead to

long-term complications [2-4].

But, recent concerns have emerged about possible bone

complications of long-term use of PPI, such as low bone

mineral density (BMD) and increased risk of fractures. In

fact, PPI affect bone mineral density by a variety of

possible mechanisms such as reducing calcium

absorption or by leading to hypergastrinemia and thereby

to hyperparathyroidism [5-10]

The aim of our study was to evaluate the effect of long-

term use of PPI on bone by measuring the BMD in order

to estimate the frequency of osteopenia and osteoporosis,

and to determine the risk factors associated to these

complications.

m etho ds 

Study Design and population 

This was a prospective study including consecutive

patients admitted to a Tunisian gastroenterology

department for the period between June 2014 and June

2015. We recruited consecutive patients aged 18 years

and more, and who were taking PPI at long-term. Long-

term PPI use was defined by taking of at least simple

dose of PPI, for a period of 12 months at minimal.

Patients with chronic conditions that may affect bone

density, such as a renal disorder, chronic hepatic disease,

malabsorption-related disease, inflammatory rheumatic

disease, were excluded. We also excluded patients who

have been taken medications that were known to modify

bone metabolism such as corticosteroids and patients for

whom X-Ray was contraindicated like pregnancy. 

Data collection

For all patients, epidemiological data were noted as well

as personal history of fragility fracture or parental history

of menopause fracture. Other personal risk factors for

fracture and osteoporosis such as smoking and alcohol

intake, menopause status, sedentary lifestyle,

disthyroidism and calcium daily-intake were precised.

Nutritional condition was evaluated by anthropometric

measures (Body Mass Index (BMI), waist size (WS),

triceps skinfolds (TS), brachial circumference (BC) and

muscular brachial circumference (MBC). Denutrition was

defined by anthropometric values less than the fifth

percentile compared to a population reference [11]. The

type, daily-dose and the intake total duration of PPI were

noted. PPI indication was also reviewed, according to the

2013 guidelines of the American College of

Gastroenterology for GERD and to Maastricht V

recommendations for the other indications.

All patients underwent bone densitometry measurements

using dual-energy X-ray absorptiometry at the lumbar

spine and femur neck. T sore was precised.

Osteoporosis, osteopenia and normal bone density were

defined according to WHO definition (T score <-2,5 DS, -

2,5< T-score < -1 DS, T score> -1DS respectively) [12].

Patients were divided into two groups:  BMD (-) for

patients with osteopenia or osteoporosis, and BMD (+) for

those with normal bone densitometry.

Finally we calculated FRAX score in patients aged 40

years and more, in order to estimate the 10 years risk for

major osteoporotic fracture and the risk for femur neck

fracture.

Statistical analysis

Statistical analyses were performed using SPSS v19.0.

We compared patients who had normal BMD (BMD+) with

those who had a decrease in bone mineral density (BMD -)

in order to identify the risk factors associated with a

decrease in BMD.

T student test was used for comparison of means

between two independent groups. The Chi-square test

was used to compare the Percentage on independent

series. 

A univariate study was carried out to identify risk factors

by calculating the Odds Ratio (OR) after transforming the

quantitative variables into qualitative variables with two

modalities according to the threshold values   identified by

the ROC curves.

The multivariate study could not be undertaken because

of co linearity of the factors.

The observed differences were considered significant

when the result of P-value was <0.05.
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General characteristics

Fifty-two subjects were enrolled in this study represented

by 17 males and 35 females (67%). Mean age of patients

was 49,5 years and more than 50% of patients were aged

more than 50 years. Patients general characteristics are

displayed in Table 1.

Risk factors for osteopenia and osteoporosis (RFO)

In our series, RFO were frequently observed. Indeed,

approximately half patients had 3 RFO at least (3, 4 and

5 RFO in respectively 17%, 19% and 8%). These factors

are described in Table 2.

Characteristics of long-term PPI intake  

Omeprazole was the most prescribed PPI (84%). Other

PPI used were represented by Lansoprazole (8%) and



Esomeprazole (32%). Mean duration of intake was 45,4

months [12-240]. GERD was the principal indication

(75%). PPI prescription was adequate in majority of cases

(94%).

Hx: history, WS: waist size, TS: triceps skinfold, BC: Brachial

circumference, MBC: muscular brachial circumference

Hx: history

Bone Densitometry Data

According to T score, osteopenia and osteoporosis was

observed respectively in 52 and 19% of cases, most

frequently in women (Table 3).

Frax score

Mean Frax score in patients aged more than 40 was 1,08

% ± 0,84 for major osteoporotic fracture and 0,26 % ±

0,29 for femur neck. All these patients were under

therapeutic limen (30% for major osteoporotic fracture

and 7% for femur neck). 

BMD: Bone mineral density

Analytic study

Pathological findings in BMD was correlated with age

(>50 years), menopause, calcium intake (<550 mg/day).

Osteopenia and osteoporosis were significantly

correlated with higher levels of Frax score (p< 0,05).

Patients with a PPI intake more than 30 months had an

OR of 6,5 to develop osteopenia or osteoporosis, while

PPI type and dose (simple or double) were not correlated

abnormal BMD (Table 4).

BMD: Bone mineral density, F: female, M: male, BMI: Body mass index,

WS: waist size, TS: triceps skinfold, BC: Brachial circumference, MBC:

muscular brachial circumference
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Age in years (mean±s.d.)

Female (%)

History of Non-traumatic fracture (%)

- Personal Hx

- Family Hx

BMI kg/m 2 (mean±s.d.)

Percentage with BMI ≥25 kg/m 2

Other Anthropometric measures  ( mean±s.d)

- WS (mm)

- TS (mm)

- BC (mm)

- MBC (cm)

( Percentage of Values < 5 percentile)

- WS

- TS

- BC 

- MBC

49,5± 14,55

67

21

23

28,2 ± 5,9

67

42 ± 12

312 ± 48

178 ± 48

96,9 ± 12,4

-

0

4

46 

Table 1: Patients general characteristics

Risk Factors of Osteoporosis

Menopause

Smoking

Alcohol

Sedentary lifestyle

Disthyroidism

Insufficient Calcium intake

History of  Non-traumatic fracture 

- Personal Hx of fragility fracture

- Family Hx of menopause fracture

Number

20/35

13

6

22

3

49

11

5

Percentage

57

25

12

42

6

94

21

23

Table 2: Risk factors of osteopenia and osteoporosis

Normal BMD

Osteopenia

Osteoporosis

Male

3 (20%)

10 (37%)

4 (40%)

Female

12 (80%)

17 (63%)

6 (60%)

Total

15 (29%)

27 (52%)

10 (19%)

Table 3: BMD results according to gender

Age (mean, years)

Gender (%)

- M

-  F

Anthropometric Data

- BMI

- WS

- TS

- BC

- MBC

Sedentary Lifestyle

Calcium Intake (mg/d)

Smoking

Dysthyroidism

Menopause

Personal History of fragility

fracture

Family history of osteoporotic

fracture

Omeprazole

Lansoprazole

Esomeprazole

Intake duration >30months

PPI simple dose

BMD (+)

40,1

20

80

27,62 ± 4,29

96,92 ± 12,26

45,23 ± 8,41

308,33 ±31,21

164,15 ± 25,65

5 (33%)

504 ± 215

6 (40%)

2 (13%)

2 (13%)

1 (6, 7%)

3 (20%)

14 (93%)

1 (6,5%)

3 (20%)

3 (20%)

15 (100%)

BMD (-)

53,3

38

62

28,38 ± 6,48

96,88 ± 12,75

41,06 ± 13,94

313,55 ± 53,79

184,3 ± 53,98

7 (46%)

721 ± 485

7 (19%)

1 (3%)

18 (78%)

11 (29,7%)

8 (21,6%)

28 (80%)

3 (8,5%)

13 (37%)

23 (62%)

36 (97%)

P

0,002

0,33

0,678

0,993

0,322

0,755

0,225

0,404

0,029

0,112

0,196

<0,0001

0,74

0,897

0,407

0,820

0,328

0,006

(OR 6,6)

1

Table 4:  Factors correlated with pathological findings in BMD



di scussi o n

In our series, female sex was predominant. Approximately

half of patients had at least 3 risk factors for osteoporosis.

Mean PPI intake duration was 45 months, principally for

GERD. The PPI prescription was adequate in 94% of

cases.

Osteopenia was observed in 50% of cases and

osteoporosis in 21%.  Higher Frax score was associated

with lower BMD. In univariate analysis, low BMD was

correlated with an age> 50 years, menopause, calcium

intake (<550mg/d) and PPI intake duration more than 30

months. Multivariate analysis was not possible because of

co linearity between variables. 

PPI are one of the most prescribed therapeutic class in

the world. In 2013, annual cost of PPI use was 26 milliard

dollars all over the world [1].They are frequently

prescribed as a long-term therapy. Nevertheless, an

inadequate prescription is observed between 25 and 70%

of cases [13].The cost of this inappropriate use of PPI is

estimated to 1,5 million US dollars [14]. In our study, the

PPI prescription was inadequate in only 6% of cases.

New concerns had emerged about the safety of use of

this therapeutic class because of the increasing

consumption and its new availability as “over the counter”

drug. In fact, PPI are already known as a safe drug, and

severe side effects are rare [13]. However, some authors

revealed new side-effects of PPI as low bone density and

increasing risk of fracture. Odzil and al had shown, in a

prospective study, a significant bone density decrease at

both femoral and spinal lumbar site, in patients after 6

months of PPI intake [15]. Gray and al had demonstrate

likewise, that PPI consumption more than 3 years

decreased bone density, but only in femoral site [16]. 

However, data about this subject are conflicting. In

osteoporotic patients, Targowink and al didn’t find

significant association between PPI long-term use and

osteoporosis. There was no significant decrease in bone

densitometry after 1 year of PPI intake [17]. In the largest

study assessing the influence of long-term PPI use on

bone health, there was no significant differences in BMD,

bone turnover, or indices of bone strength between

persons with PPI use of 5 years or greater and those with

no history of PPI use within the previous 5 years [18]. In

our series, PPI intake for 30 months and more was

associated significantly with a lower BMD. However, it

was based on a single measure in patients with long-term

PPI intake, without comparing with a control group and

without screening the evolution of BMD over the

treatment. Data reported regarding the relation of PPI

medications with bone fractures are also conflicting. A

meta-analysis demonstrated that there was a significant

increase in bone fracture risk in patients with long-term

use of PPI [19], while other authors failed to show similar

findings in recent reports [20]. In our study, we hadn’t

evaluate the risk of fracture under long-term PPI use

because of the impossibility of prolonged follow. 

Several hypotheses had been advocated to explain the

PPI effects on BMD. First, it may pass by reducing

calcium absorption as gastric acidity is necessary to

calcium absorption [21]. Secondly, gastric acid

suppression leads to a hypergastrinemia and thereby to

hyperparathyroidism. This will be responsible of

increasing bone resorption and a lower BMD as a

consequence [9, 22].Thirdly, PPI effects on BMD may

pass by inducing vitamin B12 deficit which unbalance

bone metabolism [23], and also by inducing

hypomagnesaemia which will be responsible of bone

depletion for magnesium leading to bone fragility [24,25].

Finally, some authors demonstrated that PPI block, in

vitro, a bone proton pomp which is necessary to the bone

resorption. Alteration of bone resorption will not affect

BMD but will induce bone micro architectural disorders

that enhance the fracture risk [26]. However data are still

conflicting [27]. Few studies exist about the treatment of

bone complications under PPI. There are no specific

recommendations for their treatment. It is clear that a

good calcium intake (alimentary calcium in preference)

should be assured, especially for patients with high risk

for osteoporosis (elderly patients taking long-term PPI at

high doses) [28].

Stopping PPI in these patients is not recommended if the

indication is adequate. However, it will be preferable to

indicate the shorter treatment duration and the minimal

doses if long-term treatment is necessary [29]. 

This study have some limitations which may affect the

interpretability of the findings: the absence of a control

group, small number of patients included, the impossibility

of multivariate analysis and the absence of prolonged

follow to evaluate the real risk of fracture.

co nclusi o n

The long-term PPI use is associated to the risk of bone

complications, especially among patients with other risk

factors of osteoporosis. It seems reasonable to be more

vigilant in prescribing PPI, to use the lowest effective dose

for patients with appropriate indications, and to screen

these complications if necessary.
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