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Abstract

Background Proton pump inhibitors (PPIs) are a class of

drugs that is extensively used for common gastrointestinal

disorders and often prescribed long-term for years. Long-

term PPI treatment is associated with an increased risk of

fractures in the general population. Several studies have

suggested a relationship between vascular calcification,

which is a predictor of cardiovascular morbidity and

mortality, impaired bone metabolism and fractures. In

dialysis patients, vascular calcifications are widespread and

are connected to bone health.

Objective The aim of this study was to assess the asso-

ciation between the use of PPIs and vascular calcifications

involving the aorta and iliac arteries in haemodialysis

patients.

Methods Between November 2008 and November 2009,

387 patients receiving long-term dialysis treatment

(C1 year) were enrolled in a multicentre (18 Dialysis

Units), cross-sectional study. Overall, 76.2 % of patients

were receiving long-term PPI treatment. The main outcome

measure was calcification of the aorta and iliac arteries in

relation to PPI use. Standardized radiographs were sent to

the coordinating centre for centralized evaluation in dupli-

cate by two physicians who were blind to PPI status.

Results Arterial calcifications were significantly more

common in the PPI group (p \ 0.01). Also, the rates of

aortic and iliac calcifications considered separately were

higher (?12.2 %, p = 0.0254; and ?13.6 %, p = 0.0211,

respectively). After correction for the propensity score, the

odds ratios [ORs] (95 % CI) related to PPI use were aorta

1.89 (1.01–3.54), p = 0.048; iliac arteries 2.27 (1.31–3.92),

p = 0.003; aorta and iliac arteries 2.59 (1.48–4.53),

p = 0.008. The ORs (95 % CI) related to the association of

warfarin ? PPI were aorta 2.19 (0.95–5.00), p = 0.06; iliac

arteries 2.90 (1.07–7.86), p = 0.036; aorta and iliac arteries

2.69 (1.03–6.96), p = 0.042.

Conclusion In haemodialysis patients, long-term treat-

ment with PPIs, especially in the presence of warfarin

treatment, is associated with vascular calcifications.
For the PPI-VC (Proton Pump Inhibitors-Vascular Calcification)

Study Group.
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1 Introduction

Proton pump inhibitors (PPIs) are a class of drugs that is

extensively used for common gastrointestinal disorders

where the inhibition of gastric acid secretion is desirable,

such as gastroduodenal ulcer, dyspepsia and gastroesoph-

ageal reflux disease. They are often prescribed long-term

for years, as they are considered to be well tolerated drugs

with a very good safety profile [1]. Long-term PPI treat-

ment has been found to be associated with an increased risk

of hip fracture after 1 year of treatment [2]; the strength of

the association increases over time and after 7 years or

more of treatment the association extends to all osteopo-

rosis-related fractures [2, 3].

Several studies have suggested a relationship between

vascular calcification, impaired bone metabolism, fractures

and increased mortality [4, 5]. Indeed, aortic calcifications

are a strong predictor for low bone density and fragility

fractures [6]. In dialysis patients, vascular calcifications are

also widespread and connected to bone health [7].

We performed a cross-sectional study in haemodialysis

patients to establish whether long-term ongoing treatment

with PPIs is associated with vascular calcifications by

calculating odds ratios (ORs) corrected according to the

propensity score analysis [8], which allows studying the

causal effect of treatment in non-randomized observational

studies of efficacy accounting for the ‘confounding by

indication’.

2 Materials and Methods

2.1 Study Design

This was a cross-sectional investigation involving all

patients who underwent haemodialysis at 18 Italian Dial-

ysis Centres in 2008–2009. The centres were coordinated

by Consiglio Nazionale delle Ricerche (CNR—National

Research Institute of Italy) at the subsidiary in Padua,

which was the sponsor of the study. The sponsor monitored

the conduct of the trial, collated and analysed the data, and

drafted the manuscript. The investigators at all the centres

reviewed and approved the manuscript.

All the local Ethics Committees were duly notified about

the conduct of the study and all patients gave their consent

to the use of their medical records for the study.

2.2 Study Population and Assessments

The cohort of 387 patients was enrolled between Novem-

ber 2008 and November 2009.

We included adult patients of both sexes who had been

receiving haemodialysis for more than 1 year, provided

that they gave their informed consent in writing to the use

of their medical records for the study.

We excluded patients who had a life expectancy of less

than 6 months, who had any evidence of cancer (with the

exception of basalioma) or who had any condition that,

according to the investigator, could interfere with the

outcome of the study.

Routine laboratory tests [serum calcium (Ca), phos-

phorus (P), parathyroid hormone (PTH), high-density

lipoprotein (HDL), low-density lipoprotein (LDL) choles-

terol, triglycerides, albumin, 25-hydroxyvitamin D (25-

OH-vitamin D)] were performed at each of the dialysis

centres; serum PTH data were standardized according to

Souberbielle [9]. Dose of delivered dialysis was measured

as a single pool dialyser clearance of urea (K) multiplied by

the duration of the dialysis treatment (T, in minutes)

divided by the volume of distribution of urea in the body

(V, in mL) [KT/V]. Vascular calcification assessments

were centralized at CNR in Padua, using Witteman’s

method [10]. The main outcome measure was calcification

of the aorta and iliac arteries in relation to PPI use.

Local radiologists were asked to collect lateral radio-

graphs of the abdominal aorta taken in the standing posi-

tion using standard radiographic equipment; at least a 4 cm

tract anterior to the lumbar spines was to be visible and the

film distance was 100 cm. The estimated dose of radiation

was about 15 mGy. The radiographs were sent to CNR for

blinded evaluation in duplicate by two physicians who

were blind to the PPI status of the patient. Vascular cal-

cifications were quantified by measuring the length of

calcific deposits along the anterior and posterior wall of the

aorta (mild 0.1–5 cm, moderate 5.1–10 cm and severe

[10 cm). They also evaluated the presence or absence of

calcifications of the iliac arteries in the same radiograph

(mild 0.1–3 cm, moderate 3.1–5 cm and severe [5 cm).

Any differences were resolved by consensus.

Long-term concomitant use of warfarin, a drug that is

known to induce calcifications by inhibiting the vitamin K

cycle, was noted and its association with vascular calcifi-

cations was assessed.

2.3 Statistical Analysis

The data are shown as mean ± standard deviation for

quantitative variables or median for not normal or strongly

asymmetric variables, and frequency percentages for all

discrete variables.

For discrete variables, the differential distribution

between patients receiving long-term treatment with a PPI

and those who were not was analysed by Chi-squared test

or Fisher’s exact method. The comparisons between means

were evaluated using generalized linear models; the Le-

vene’s test was performed to test the homoscedasticity of
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Table 1 Main characteristics of patients by PPI status

Characteristics Patients receiving long-term
PPI treatment (n = 295)

Patients not receiving long-term
PPI treatment (n = 92)

p-value

Sex, female [n (%)] 121 (41.0) 24 (26.1) 0.001

Age, years [mean ± SD] 64.21 ± 13.63 63.97 ± 15.44 0.884

Weight, kg [mean ± SD] 69.75 ± 14.71 71.58 ± 14.17 0.293

Height, cm [mean ± SD] 166.52 ± 9.16 169.12 ± 9.39 0.018

BMI, kg/cm2 [mean ± SD] 25.07 ± 4.49 24.98 ± 4.17 0.87

Current or former smoker [n (%)] 115 (39.0) 37 (40.7) 0.775

Current or former alcohol drinker [n (%)] 63 (22.4) 19 (23.8) 0.802

Medical history

Dialysis duration, months, median 51.00 47.50 0.400

Type of dialysis [n (%)]

Bicarbonate dialysis 143 (48.5) 46 (50.0) 0.884

HF 24 (8.1) 8 (8.7)

HDF 81 (27.5) 21 (22.8)

AFB 39 (13.2) 15 (16.3)

Other types of dialysis 8 (2.7) 2 (2.2)

Previous kidney transplant [n (%)] 37 (12.5) 17 (18.5) 0.151

Hypertension [n (%)] 235 (79.7) 69 (75.0) 0.341

Angina [n (%)] 57 (19.3) 7 (7.6) 0.008

Myocardial infarction [n (%)] 62 (21.0) 11 (12.0) 0.052

Atrial fibrillation [n (%)] 45 (15.3) 6 (6.5) 0.031

Heart failure [n (%)] 31 (10.5) 8 (8.7) 0.614

Diabetes mellitus [n (%)] 64 (21.7) 21 (22.8) 0.819

Peripheral vascular disease [n (%)] 189 (64.1) 64 (69.6) 0.396

No asymptomatic 75 (25.4) 23 (25.0)

Intermittent claudication 25 (8.5) 3 (3.3)

Amputation 6 (2.0) 2 (2.2)

Cerebrovascular accident [n (%)]

No 262 (75.7) 84 (91.3) 0.701

Stroke 17 (5.8) 3 (3.3)

Other type 16 (5.4) 5 (5.4)

Vertebral fractures [n (%)] 163 (55.3) 51 (55.4) 0.976

Routine biochemical profile

Ca, mg/dL [mean ± SD] 9.15 ± 0.85 9.06 ± 0.66 0.385

P, mg/dL [mean ± SD] 4.77 ± 1.27 4.75 ± 1.27 0.880

Alkaline phosphatase, U/L [median] 84.00 76.50 0.042

PTH, pg/mL [median] 248.00 212.50 0.187

Albumin, g/dL [mean ± SD] 3.82 ± 0.51 3.80 ± 0.43 0.730

CRP, mg/L [median] 1.90 1.00 0.030

KT/V [mean ± SD] 1.25 ± 0.27 1.27 ± 0.25 0.545

Aluminium, lg/L [median] 12.00 13.00 0.786

Total cholesterol, mg/dL [mean ± SD] 168.37 ± 39.62 169.35 ± 46.53 0.843

Triglycerides, mg/dL [median] 152.00 132.50 0.128

HDL cholesterol, mg/dL [mean ± SD] 42.10 ± 12.64 43.01 ± 12.93 0.548

LDL cholesterol, mg/dL [mean ± SD] 93.04 ± 35.03 97.14 ± 43.22 0.376

25(OH)D, ng/mL [median] 28.80 31.85 0.272

BGP total, lg/L [median] 187.00 163.00 0.996

BGP undercarboxylated, lg/L [median] 11.10 10.05 0.163

MGP total, nmol/L [median] 18.90 17.80 0.923

MGP undercarboxylated, nmol/L [median] 557.00 609.90 0.923

Statistically significant p-values are shown in bold

25(OH)D 25-hydroxy-vitamin D, AFB acetate-free biofiltration, BGP bone GLA protein, BMI body mass index, Ca serum calcium, CRP C-reactive
protein, GLA gamma-carboxyglutamic, HDF haemodiafiltration, HDL high-density lipoprotein, HF haemofilatration, KT/V dialyser clearance of urea
(K) multiplied by the duration of the dialysis treatment (T, in minutes) divided by the volume of distribution of urea in the body, LDL low-density
lipoprotein, MGP matrix GLA protein, P phosphorus, PPI proton pump inhibitor, PTH parathyroid hormone
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variances, and when its assumption was violated, the

Welch’s ANOVA was used. The comparison between

medians was performed considering the Wilcoxon sum

rank test.

Given the observational nature of our study, the rela-

tionship between PPI treatment, alone or in combination

with warfarin, and the likelihood of iliac and aortic calci-

fications, was investigated by the analysis of the propensity

score [8, 11], a statistical technique that takes into account

the ‘confounding by indication’ in observational studies of

efficacy and which is considered superior to standard

covariance analysis in this type of study [12]. In order to

calculate the propensity score, we constructed a pre-

liminary multiple logistic regression model having PPI

treatment (0 = no; 1 = yes) as the dependent variable and

all variables that differ (with p B 0.10) between treated

and untreated patients (namely sex, age, height, type of

dialysis, hypertension, angina, myocardial infarction, atrial

fibrillation, peripheral vascular disease, cerebrovascular

accident, vertebral fractures, Ca, alkaline phosphatase,

C-reactive protein [CRP], total cholesterol, triglycerides,

bone gamma-carboxyglutamic [GLA] protein total and

matrix GLA protein [MGP] total) as independent variables.

By using the routine command in SPSS (IBM SPSS Sta-

tistics, Armonk, NY, USA), in the setting of a multiple

logistic regression analysis, for each patient we calculated

the estimated probability of being treated with a PPI,

conditional to the series of risk factors listed above.

Finally, we used this score as a covariate to adjust for the

‘confounding by indication’ in logistic regression analyses

modelling the relationship between PPI treatment and

vascular calcifications. The same analysis was carried out

for the combination of PPI/warfarin. All statistical analyses

were performed using SAS statistical package (version 9.2,

SAS Software, Cary, NC, USA) at the CNR in Padua.

3 Results

3.1 Participants

A total of 387 patients were enrolled: 295 (76.2 %) were

receiving long-term PPI treatment and the remaining 92

were the non-PPI group. Patients were also receiving long-

term treatment with many other drugs; the drugs that were

given to C10 % of patients were, in order of frequency,

heparin (98.7 %), oral calcitriol (45.7 %), sevelamer

hydrochloride (42.1 %), b-blockers (37.2 %), calcium

carbonate (34.1 %), statins (32.6 %), aluminum-based

binders (24.8 %), paricalcitol (19.9 %), cinacalcet

(19.4 %), insulin (15.0 %), lanthanum (14.5 %), warfarin

(11.9 %) and thyroid hormone (10.3 %). The main char-

acteristics of patients in terms of demography, medical

history, type of dialysis and routine biochemical profile are
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shown by PPI status in Table 1. An imbalance was found in

sex, with a higher percentage of women among subjects

receiving PPI treatment (41 vs 26.1 %, p = 0.001). The

proportion of patients suffering from angina and atrial

fibrillation were significantly higher in the group receiving

long-term PPI treatment than in those who were not (19.3

vs 7.6 %, p = 0.008, and 15.3 vs 6.5 %, p = 0.031,

respectively). However, after data adjustment for propen-

sity, these associations did not attain the statistical signif-

icance (p = NS); a history of acute myocardial infarction

tended to be more common among patients receiving long-

term PPI treatment (21 vs 12 %, p = 0.052). No other

parameters differed according to long-term PPI treatment,

except alkaline phosphatase and CRP (higher median in the

PPI group 84.0 vs 76.5 U/L, p = 0.042, and 1.9 mg/L vs

1.0, p = 0.030, respectively).

3.2 Extent of Vascular Calcification

A total of 312 patients (80.6 %) had aortic calcifications:

mild 81 (20.9 %), moderate 115 (29.7 %), severe 116

(30 %). In addition, 217 (56.1 %) had iliac artery calcifi-

cations; 206 (53.2 %) had calcifications in both vascular

districts. The proportion of patients who had both aortic

and iliac calcifications was significantly higher in the PPI

group (Fig. 1): 168 (57.0 %) vs 38 (41.3 %) [p = 0.009].

Significant differences were found also when consider-

ing the proportion of patients with aortic (?12.2 %,

p = 0.025) and iliac (?13.6 %, p = 0.021) calcifica-

tions, regardless of the presence of calcifications in other

sites.

Amongst patients with aortic calcifications, the propor-

tion of patients receiving long-term treatment with warfarin

increased with the severity of the calcifications (mild

6.2 %, moderate 10.4 %, severe 23.3 %); very few patients

with no aortic calcifications were receiving long-term

treatment with warfarin (2.7 %) [p \ 0.0001]. The same

was true for iliac calcifications (mild 8.3 %, moderate

16.5 %, severe 25.9 %, no calcifications 5.3 %). Amongst

patients with moderate and severe iliac calcifications, the

proportion of patients receiving long-term PPI treatment

was higher (83.5 and 85.2 %, respectively) than amongst

those without iliac calcifications or with only mild iliac

calcifications (70.6 and 69.8 %, respectively) [p = 0.017].

There was a trend amongst patients with aortic calcifica-

tions to receive long-term PPI treatment more frequently

(83.6 % amongst patients with severe aortic calcifications

vs 70.7 % amongst patients with no aortic calcifications)

[p = 0.068].

Logistic regression models identified male sex, PPI use

and warfarin use as predictors of vascular calcifications.

Either on crude analysis (Fig. 2) or after correction for the

propensity score, the ORs (95 % CI) related to PPI use

were statistically significant: aorta 1.89 (1.01–3.54),

p = 0.048; iliac arteries 2.27 (1.31–3.92), p = 0.003; aorta

and iliac arteries 2.59 (1.48–4.53), p = 0.008 (Fig. 2). The

combined use of PPI and warfarin treatment was strongly

related to both aortic and iliac calcifications (p \ 0.0001)

[Table 2]. Accordingly, in a logistic regression model

including the propensity score, the combined use of war-

farin ? PPI resulted in a significant correlation of iliac and/

or aortic calcifications [OR 2.69 (1.03–6.96), p = 0.042].

A separate analysis of aorta and iliac arteries showed that

the combination of these drugs was significantly related to

the iliac calcifications [OR 2.90 (1.07–7.86), p = 0.036]

and barely failed to correlate with aortic calcifications [OR

2.19 (0.95–5.00), p = 0.06].

4 Discussion

This cross-sectional study shows that there is an association

between long-term PPI treatment and vascular calcifica-

tions in haemodialysis patients.
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To our knowledge, this is the first time that this asso-

ciation has been reported. The association is strong, as it

was found for all the parameters selected (both aortic and

iliac calcifications considered together and separately).

Moreover, logistic regression showed that the association is

independent of the other factors that influence calcification.

In particular, we could not identify an association with

calcium and phosphorus levels, whose average levels were

within the accepted range by the Kidney Disease:

Improving Global Outcomes (KDIGO) guidelines [13].

Logistic regression, however, did find an association

between vascular calcification and other cardiovascular

risk factors, namely age, male sex and abnormalities in the

lipid profile, as was to be expected [14]. It also identified an

association between vascular calcifications and the use of

warfarin, which has already been reported [15, 16].

The study was not designed to assess the association of

PPI and cardiovascular disease, so no claims can be made.

Nevertheless, as the study showed that PPIs increase vas-

cular calcification, which has proved to be an independent

risk factor for cardiovascular events and mortality in hae-

modialysis patients [17, 18], we speculate that long-term

treatment with PPIs might be associated with a higher

incidence of cardiovascular outcomes and believe that the

issue is worthy of further investigation.

Another important finding was the interaction between

PPI and warfarin use, which increased the risk of vascular

calcification nearly threefold. To our knowledge, this is the

first time that this effect has been reported, whereas the

mechanism whereby warfarin may increase the risk of

vascular calcification is well known: it is a vitamin K

antagonist, which interferes with the function of vitamin

K-dependent proteins, including osteocalcin, involved in

the regulation of bone mineralization, and MGP, which

inhibits vascular calcification [19].

The phenomenon would be easier to detect in a popu-

lation at risk of vascular disease, such as haemodialysis

patients, but may occur in the general population as well, as

vascular calcification has proved to be a cardiovascular risk

factor in subjects devoid of renal and cardiovascular dis-

ease [20, 21]. In addition, a recent Danish retrospective,

nationwide study showed that in aspirin-treated patients

with first time myocardial infarction, treatment with PPIs

was associated with an increased risk of adverse cardio-

vascular events, namely recurrent myocardial infarction,

stroke or cardiovascular death [22].

Recent meta-analyses have shown that PPIs increase the

risk of hip, spine and any site fractures [23, 24]. However,

the possibility that the findings may be due to unidentified

confounding factors has been raised, as a mechanism of

action has not been established [25]. We could not confirm

an increased prevalence of fractures in PPI-treated hae-

modialysis patients.

The mechanisms underlying the association of PPI use

with vascular calcifications are unknown. A possible,

although speculative, explanation for the phenomenon is

the reduction in magnesium serum levels induced by long-

term PPI treatment. Over the last few years, several cases

of severe hypomagnesemia have been reported during

long-term treatment with PPIs. Magnesium is absorbed

Table 2 Presence and severity of vascular calcifications by warfarin and PPI use

Calcification Patients not treated with

either warfarin or PPIs

(n = 86)

Patients not treated with

warfarin but treated with

PPIs (n = 255)

Patients treated with

warfarin and PPIs

(n = 40)

p-value

Aortic calcifications [n (%)] 0.0001

None 21 (24.4) 52 (20.4) 1 (2.5)

Mild 25 (29.1) 51 (20.0) 5 (12.5)

Moderate 24 (27.9) 79 (31.0) 10 (25.0)

Severe 16 (18.6) 73 (28.6) 24 (60.0)

Iliac calcifications [n (%)] <0.0001

None 47 (54.7) 114 (44.7) 6 (15.0)

Mild 15 (17.4) 29 (11.4) 4 (10.0)

Moderate 17 (19.8) 79 (31.0) 17 (42.5)

Severe 7 (8.1) 33 (12.9) 13 (32.5)

Aortic and iliac calcifications [n (%)] 0.0001

None 18 (20.9) 46 (18.0) 0 (0.0)

Aortic or iliac 32 (37.2) 74 (29.0) 7 (17.5)

Aortic and iliac 36 (41.9) 135 (52.9) 33 (82.5)

Statistically significant p-values are highlighted in bold

PPI proton pump inhibitor
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from the gut both by a passive paracellular pathway and by

an active transcellular route involving channel proteins

TRPM6/7, which intervene when low quantities of mag-

nesium are ingested. It is believed that PPIs interfere with

the active transport of magnesium and that their effects

become clinically significant in the carriers of heterozyg-

otic mutations of TRPM6/7 [26–28]. Magnesium, which is

deposited in large quantities in bone, is essential for bone

health and severe osteoporosis has been reported in patients

receiving long-term PPI treatment [29]. Moreover, low

magnesium serum levels are associated with the presence

of peripheral vascular calcifications [30, 31]. It has been

shown experimentally that magnesium actively prevents

arterial calcification and osteogenic differentiation of vas-

cular smooth muscle cells by increasing the expression of

anti-calcification proteins, including osteopontin, bone

morphogenetic protein-7 (BMP-7) and MGP [32]. This

hypothesis could not be explored in our patient population

as data on serum magnesium levels are not available. In

addition, serum levels may not correctly identify patients

with a reduced magnesium pool.

Our findings regarding new potential adverse effects of

PPIs are hypothesis generating as they derive from a non-

prospective study. A limitation of the present study, and of

observational studies in general, is the lack of a priori

randomization of treatment assignment. Anyway, the

strength of observational studies is the ability to estimate

treatment effect in real-world conditions; regression con-

sidering propensity scores is a well recognized technique to

compare groups (treated vs not treated), adjusting for the

most important pitfall in observational studies of efficacy,

that is the ‘confounding by indication’ [12]. Another lim-

itation of the study is the small size (92 patients) of the

control group not treated with PPI. However, widespread

use of PPIs in dialysis patients is a reality, which can be

due to the high prevalence of gastrointestinal disorders

associated with the uraemic state [33]. Although these are

limitations of our study that should be taken into consid-

eration, the possibility of increased vascular calcifications

should be further evaluated with a prospective study,

involving the large number of patients treated with PPIs in

the general population.

5 Conclusion

In haemodialysis patients, we have shown that long-term

treatment with PPIs, especially in the presence of warfarin

treatment, is associated with vascular calcification, which

is a risk factor for cardiovascular events and cardiovascular

mortality in haemodialysis patients, and for cardiovascular

events in elderly subjects without renal impairment.

Additional studies are warranted to explore the association

among long-term PPI treatment, arterial calcifications and

cardiovascular events.
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