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Abstract Background & aims: Vitamin D and parathormone (PTH) have been associated with car-
diovascular outcomes, but their impact on atrial fibrillation (AF) onset is still unclear. We explored
the influence of serum 25-hydroxyvitamin D (25[OH]D) and PTH on AF risk in older adults.
Methods and results: Data come from 2418 participants enrolled in the Progetto Veneto Anziani
study. Serum 25(OH)D and intact PTH were measured using radioimmunoassay and two-site
immunoassay, respectively. The associations between 25(OH)D, PTH and adjudicated AF cases over
4-years were explored by Cox regression.

Over the follow-up, 134 incident cases of AF were assessed. The incidence rate of the sample was
13.5 (95%CI 11.4e15.9) per 1000 person-years, and was higher among those with high PTH levels
(high: 16.4 [95%CI 11.3e24.0] per 1000 person-years), especially when associated to low 25(OH)D
(20.3 [95%CI 12.9e32.3] per 1000 person-years). At Cox regression, only high PTH was significantly
associated to an increased risk of AF (HR Z 1.90, 95%CI 1.27e2.84). A marginal significant interac-
tion (pZ 0.06) was found between 25[OH]D and PTH concentrations in influencing AF risk. When
exploring the risk of AF for combined categories of 25(OH)D and PTH, we found that those with
high PTH and low 25(OH)D levels had an AF risk twice as high as that of people with normal values
(HR Z 2.09, 95%CI 1.28e3.42).
Conclusion: The risk of AF may be increased by high PTH levels, especially when associated with
25(OH)D deficiency. The identification and treatment of high PTH or vitamin D deficiency may
thus contribute to lower the risk of AF.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Federico
II University. Published by Elsevier B.V. All rights reserved.
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Introduction

Atrial fibrillation (AF) is the most common chronic
arrhythmia in older people and is an important cause of
cardiovascular morbidity and mortality [1]. Although
many risk factors for AF, such as older age, male sex, hy-
pertension, valvular and ischemic heart disease have been
therosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
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studied, its etiology and underlying pathways are still not
completely understood and its development remains
highly variable and unpredictable [2].

An emerging factor that may influence the onset of car-
diovascular diseases is vitamin D [3]. Underlying pathways
that could be involved in link between vitamin D and car-
diovascular diseases include its effects on inflammation,
endothelial cell function, thrombosis and cardiomyocytes’
functions [2]. Vitamin D may also negatively influence the
renin angiotensin aldosterone system (RAAS). In fact, an in-
verse association between circulating 25-hydroxivitamin D
(25[OH]D) with renin activity and angiotensin II concentra-
tions emerged in previous studies [4], although such effect
was not found after vitamin D supplementation in patients
with heart failure [5]. All these reportedmechanismsmay be
involved in the pathophysiology of AF. However, the causal
relationship between circulating 25[OH]D levels and the risk
of AF has still to be fully elucidated, and to date observational
and intervention studies onvitaminD supplementationhave
reported controversial or inconsistent results [5e10]. More-
over, low levels of 25[OH]D seem to be associated with a
higher risk ofAFamongyoungerbut not older individuals [6],
and might play a more relevant role in patients with chronic
heart failure [11].

Acting via mechanisms similar to vitamin D, parathor-
mone (PTH) may also influence AF development, although
its cardiac effects have not yet been fully clarified [12,13].
Indeed, high PTH levels are associated with a pro-
inflammatory status and may act on myocardial and
endothelial functions that progressively lead to car-
diomyocytes hypertrophy, fibrosis of the left ventricle and
other vascular smooth muscle dysfunctions [12,14]. On the
other hand, low PTH concentrations have also been asso-
ciated with poor cardiovascular outcomes in end-stage
heart failure patients [15], and, in isolated rat hearts, PTH
demonstrated an inotropic action by influencing coronary
flow and heart rate [13]. Nonetheless, only two prospective
studies have so far examined the possible association of
PTH with the incidence of cardiovascular diseases, finding
contrasting results [16,17]. Furthermore, we are no aware of
studies analyzing the possible interaction between vitamin
D and PTH, simultaneously, in influencing the risk of AF.

To evaluate the association of vitamin D and PTH with AF
onset could have relevant clinical implications especially in
older people, due to the high prevalence of AF, vitamin D
deficiency and hyperparathyroidism, and the fact that
vitamin D and PTH unbalances are modifiable factors. We
hypothesized that bothvitaminDandPTHmaybe associated
with the onset of AF in the elderly. The aim of our study was
therefore to explore the association between 25(OH)D and
PTH concentrations with incident AF in community-
dwelling older adults during 4 years of follow-up.

Methods

Study population

Our study analyzed data from the Progetto Veneto Anziani
(Pro.V.A.), an observational cohort study that involved
adults �65 years living in northern Italy, who were
randomly selected between 1995 and 1997 using a
multistage stratified method [18]. A total of 3099 partici-
pants (1245M, 1854F) underwent a baseline assessment
and were followed-up after a mean of four years.

For this study, from the initial 3099 individuals, 374
were excluded because data on serum PTH or 25(OH)D
concentrations were not available, 167 because atrial
fibrillation was reported at the baseline examination, and
140 were lost at follow-up. The final sample therefore
involved 2418 participants (for the comparison between
subjects included and excluded from the study see
Supplementary data e Appendix S1).

Ethics committees from the University of Padua and
Local Health Units no.15 and 18 of the Veneto Region
approved the study protocol, and all participants gave
their written informed consent. The results of the present
study were reported in accordance with the STROBE
recommendations.

Participants’ data assessment

Trained physicians and nurses evaluated participants at
the baseline and follow-up assessments at clinics or at
home, when unable to attend a clinic. Data were collected
through face-to-face interviews, medical records, stan-
dardized questionnaires, and physical examinations. In
this study, in particular, we analyzed data on: age, sex,
education level, monthly income, smoking habits, drinking
habits, body mass index (BMI), waist circumference, and
physical performance through the Short Physical Perfor-
mance Battery (SPPB). Participants’ clinical data were
collected on the basis of standardized questionnaires, self-
reported symptoms, medical and hospital records, blood
tests, physical examination, and drugs taken. In this study,
we considered the presence at baseline of diabetes, hy-
pertension, chronic obstructive pulmonary disease, oste-
oporosis, primary hyperparathyroidism, and
cardiovascular diseases (CVD). CVD was defined as the
presence of at least one among: congestive heart failure,
angina requiring a stent, angioplasty or hospitalization,
myocardial infarction and stroke (for details see
Supplementary data e Appendix S2). The main outcome of
our study, AF, was assessed on the basis of participant’s
medical history; medical and hospital records, using the
codes 427.31 in the International Classification of Diseases,
Ninth Version for its identification; and from the combi-
nation of the use of anti-coagulant drugs with arrhythmic
heart rate measured at radial and central pulse by physi-
cians at the physical examination, or with the use of
antiarrhythmic drugs.

Biochemical analyses

Venous blood samples were collected at baseline from
participants after an overnight fast, centrifuged and stored
at �80 �C. For the purpose of our study, we considered
data on serum levels of PTH, 25(OH)D, calcium, creatinine
and fibrinogen, and the erythrocyte sedimentation rate
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(ESR). Routine biochemical analyses were performed at the
local hospital, whereas PTH and 25(OH)D tests were per-
formed at the university laboratory of Padova following
standard quality-control procedures. Serum 25(OH)D was
measured by radioimmunoassay (RIA kit; DiaSorin), with
intra-assay and inter-assay coefficients of variation of 8.1%
and 10.2%, respectively. Serum intact PTH level was
measured using a two-site immunoradiometric assay kit
(N-tact PTHSP; DiaSorin), with intra-assay and inter-assay
coefficients of variation of 3.0% and 5.5%, respectively. In
accordance with the current literature [19] and on the
basis of the limits for normal range in our laboratory, we
defined vitamin D deficiency as serum 25(OH)
D < 75 nmol/l, and high PTH as serum PTH >55 ng/l.
Serum creatinine was measured by a standard creatinine
Jaffe method (Roche Diagnostics, Germany) and used to
estimate the glomerular filtration rate (GFR, ml/min)
through the Modification of Diet in Renal Disease Study
formula. The ESR was measured in sodium
citrateeanticoagulated blood samples using the West-
ergren method.
Statistical analysis

Participants’ baseline characteristics are expressed as
means � SD for quantitative measures, and as frequencies
(percentages) for categorical variables. A comparison of
participants by 25(OH)D and PTH levels was performed
using the Student t-test, for continuous variables, and the
Chi-squared test, for categorical variables. A single impu-
tation of missing values of BMI (n Z 91), waist circum-
ference (n Z 71), blood pressure (n Z 110), fibrinogen
levels (n Z 103) and ESR (n Z 49) was performed using
the expectation maximization algorithm, considering that
the rate of missing values was <5% for each of these
variables.

The relationship between serum 25(OH)D and PTH
levels was evaluated through simple correlation and linear
regression analyses. Age- and sex-standardized incidence
rates of AF in participants categorized by 25(OH) and PTH
levels were computed by using a direct standardization
method that considered the total sample as the standard
population. The association between 25(OH)D and PTH
concentrations with the development of AF at follow-up
was evaluated using Cox regression analyses. This analysis
allowed us to take the competing risk of death into ac-
count. The proportional hazard assumption was verified
considering Schoenfeld’s residuals of the covariates. For
quantitative variables, the assumption of linearity was
evaluated considering the analysis of quartiles. Individuals
with normal values of 25(OH)D and/or PTH were taken as
the reference category, as appropriate. Time to AF onset
(retrieved from medical and hospital records) or to the
follow-up assessment or to the death was used in the Cox
model. The strength of these associations was estimated
through hazard ratios (HR) and 95% confidence intervals
(95%CI), first adjusted only by age and sex, then also for
other potential confounders.
Since we found a marginal significant interaction be-
tween serum 25[OH]D and PTH levels (pinteraction Z 0.06),
we performed a Cox regression exploring the association
between the combined presence of normal/low serum
25(OH)D and normal/high serum PTH levels with the risk
of AF. In this model, individuals with normal 25(OH)D and
PTH values were taken as the reference category. As a
sensitivity analysis, considering the possible mutual rela-
tionship between 25(OH)D, PTH and CVD, we tested the
above associations in the sample stratified by presence of
baseline CVD.

All statistical tests were two-tailed and statistical sig-
nificance was assumed for a p-value <0.05. The analyses
were performed using the SPSS 23.0 for Windows (SPSS
Inc., Chicago, Illinois). Standardized incidence rates were
computed using the epitools package in R (R Foundation
for Statistical Computing, Vienna, Austria) [20].

Results

Our study included 2418 individuals (1449 women, 969
men) with a mean age of 76.0 � 7.8 years and a mean BMI
of 27.6 � 4.5 kg/m2. At the first assessment, 1343 (55.5%)
participants exhibited vitamin D deficiency, and 496
(20.5%) had high PTH values. Only 22 individuals (0.9%)
showed PTH and serum calcium concentrations suggestive
of primary hyperparathyroidism. When exploring the
relationship between serum 25(OH)D and PTH levels in
the sample as a whole, we found a significant association
both at simple correlation (r Z �0.29, p < 0.001) and at
linear regression analyses (b Z �0.15, SE Z 0.01,
p < 0.001; for the scatter plot please see Supplementary
material, Fig. S1).

Table 1 shows the baseline characteristics in the total
sample by serum levels of 25(OH)D and PTH. People with
lower 25(OH)D concentrations, as those with higher PTH,
were more likely to be older, women, to have lower
educational level and poorer physical performance,
compared with their counterparts. They also had lower
calcium levels, worse renal function, higher inflammatory
markers and greater prevalence of hypertension. As
regards blood pressure, higher systolic values were
observed among people with 25(OH)D deficiency, and
higher diastolic values were observed among those with
high PTH levels, the latter showing also higher prevalence
of cardiovascular diseases. No differences between groups
emerged on the use of vitamin D and calcium supplements
(data not shown).

At follow-up (mean duration 4.2 � 1.2 years), 560 par-
ticipants were deceased. Among those who completed the
follow-up (n Z 1858), 134 new cases of AF were reported
(90 derived from hospital or medical records, and 44 by
evaluating heart rate and the use of antiarrhythmic and
anticoagulant drugs). The incidence rate of AF in the
sample as a whole was 13.5 (95%CI 11.4e15.9) per 1000
person-years. As shown in Fig. 1, no substantial differences
in age- and sex-standardized incidence rate of AF were
found comparing participants only on the basis of 25(OH)
D concentrations (deficiency: 13.9 [95%CI 10.7e18.0];



Table 1 Baseline characteristics of the 2418 participants of the Pro.V.A. study by serum 25-hydroxyvitamin D and parathormone levels.

Baseline Characteristics All (n Z 2418) 25(OH)D (nmol/l) PTH (ng/l)

Deficient (n Z 1343) Normal (n Z 1075) Normal (n Z 1922) High (n Z 496)

Age (y) 76.0 � 7.8 77.9 � 8.0 73.6 � 6.8*** 75.2 � 7.4 79.2 � 8.2***
Women 1449 (59.9) 985 (73.3) 464 (43.2)*** 1107 (57.6) 342 (69.0)***
BMI (kg/m2) 27.6 � 4.5 27.8 � 4.8 27.3 � 4.2* 27.6 � 4.5 27.4 � 4.6
Waist (cm) 96.2 � 11.3 96.4 � 11.9 96.0 � 10.4 96.2 � 11.2 96.2 � 11.7
Education (<5 y) 1182 (48.9) 724 (53.9) 458 (42.6)*** 908 (47.2) 274 (55.2)**
Smoking habits
Never 1485 (61.4) 955 (71.1) 530 (49.3)*** 1141 (59.4) 344 (69.4)***
Former 718 (29.7) 296 (22.0) 422 (39.3)*** 595 (31.0) 123 (24.8)**
Current 215 (8.9) 92 (6.9) 123 (11.4)*** 186 (9.7) 29 (5.8)**

Alcohol consumption
No or occasional 1690 (69.9) 1064 (79.2) 626 (58.2)*** 1312 (68.3) 378 (76.2)**
Light to moderate 434 (17.9) 196 (14.6) 238 (22.1)*** 349 (18.2) 85 (17.1)
Heavy 294 (12.2) 83 (6.2) 211 (19.6)*** 261 (13.6) 33 (6.7)***

SPPB total 7.8 � 3.7 6.8 � 3.9 9.2 � 2.9*** 8.3 � 3.5 6.3 � 4.0***
SBP (mmHg) 153 � 21 154 � 21 152 � 21* 153 � 21 154 � 22
DBP (mmHg) 83 � 11 82 � 11 83 � 11 83 � 11 84 � 12*
25(OH)D (nmol/l) 78.8 � 54.0 43.0 � 18.6 123.5 � 50.3*** 85.1 � 55.7 54.4 � 38.4***
PTH (ng/l) 42.1 � 27.7 48.0 � 32.2 34.8 � 18.5*** 32.3 � 12.5 80.3 � 36.3***
Calcium (mg/dl) 9.4 � 0.5 9.4 � 0.5 9.5 � 0.5** 9.5 � 0.5 9.4 � 0.6**
GFR (ml/min/1.73 m2) 69.3 � 18.8 66.5 � 19.2 72.7 � 17.7*** 70.9 � 18.2 62.9 � 19.9***
ESR (mm/h) 21.3 � 18.9 24.7 � 20.0 17.0 � 16.5*** 20.3 � 18.5 24.9 � 20.1***
Fibrinogen (mg/dl) 345.7 � 81.1 357.4 � 83.9 331.2 � 75.1*** 342.8 � 80.8 356.7 � 81.5**
Hypertension 1770 (73.2) 1007 (75.0) 763 (71.0)* 1378 (71.7) 392 (79.0)**
Diabetes 401 (16.2) 92 (19.1) 286 (15.7) 317 (16.1) 84 (16.4)
Cardiovascular diseases 361 (14.9) 234 (17.4) 127 (11.8)*** 252 (13.1) 109 (22.0)***
COPD 229 (9.5) 130 (9.7) 99 (9.2) 178 (9.3) 51 (10.3)
Use of bisphosphonates 41 (1.7) 28 (2.1) 13 (1.2) 33 (1.7) 8 (1.6)
Use of LLD 86 (3.6) 50 (3.7) 36 (3.3) 73 (3.8) 13 (2.6)

Numbers are mean values (and standard deviations) or frequencies (percentages, %), as appropriate. Abbreviations: BMI, Body mass index; SPPB,
Short Physical Performance Battery; SPB, systolic blood pressure; DBP, diastolic blood pressure; 25(OH)D, 25-hydroxivitamin D; PTH, para-
thormone; GFR, glomerular filtration rate; ESR, erythrocyte sedimentation rate; COPD, Chronic Obstructive Pulmonary Disease; LLD, lipid
lowering drugs. *p < 0.05; **p < 0.01; ***p < 0.001 for the comparison between participants with different 25(OH)D and PTH levels.

Figure 1 Age- and sex-standardized incidence rate of atrial fibrillation over the 4-year follow-up in participants divided by baseline serum 25-
hydroxyvitamin D and parathormone levels. Notes: vitamin D deficiency: serum 25-hydroxyvitamin D < 75 nmol/l; normal vitamin D: serum 25-
hydroxyvitamin D �75 nmol/l; normal PTH: serum parathormone �55 ng/l; high PTH: serum parathormone >55 ng/l. Abbreviations: AF, atrial
fibrillation; 95%CI, 95% confidence intervals; 25(OH)D, 25-hydroxyvitamin D.
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normal: 11.5 [95%CI 8.3e16.1] per 1000 person-years).
Instead, AF cases increased among those who had high
PTH levels (high: 16.4 [95%CI 11.3e24.0]; normal: 11.9 [95%
CI 9.6e14.6] per 1000 person-years), especially when
associated to low 25(OH)D (20.3 [95%CI 12.9e32.3] per
1000 person-years).

The association between 25(OH)D, PTH and the
development of AF during the 4-year follow-up was
explored through Cox regression (Table 2). As reported,
after adjusting for potential confounders and taking the
normal categories as references, 25(OH)D deficiency was
not significantly associated with the onset of AF, while
high PTH increased the risk of AF by 90% (95%CI
1.27e2.84). In view of the marginal significant interac-
tion found between serum 25[OH]D and PTH concen-
trations, we explored the association between combined



Table 2 Cox regression of the associations between 25-hydroxivitamin D and parathormone levels with the risk of atrial fibrillation.

Hazard ratio of atrial fibrillation and 95% confidence intervals

Model 1 Model 2

25(OH)D(nmol/l)
Normal [ref] [ref]
Deficiency 1.16 (0.79e1.69) 1.27 (0.84e1.94)

PTH (ng/l)
�55 [ref] [ref]
>55 1.68 (1.15e2.47)** 1.90 (1.27e2.84)**

Normal 25(OH)D, normal PTH [ref] [ref]
25(OH)D deficiency, normal PTH 0.88 (0.57e1.35) 0.96 (0.62e1.50)
Normal 25(OH)D, high PTH 0.68 (0.25e1.89) 0.75 (0.27e2.08)
25(OH)D deficiency, high PTH 1.88 (1.16e3.02)* 2.09 (1.28e3.42)**

Model 1 adjusted for age and sex. Model 2 adjusted also for body mass index, Short Physical Performance Battery total score, glomerular filtration
rate, serum calcium levels (all as continuous variables), season, educational level (�5 vs < 5 years), smoking habits (never vs former vs current),
drinking habits (no vs light-to-moderate vs heavy drinkers), hypertension (yes vs no), cardiovascular diseases (yes vs no), use of lipid lowering
drugs (yes vs no), serum 25(OH)D levels (only with PTH as exposure variable), PTH levels (only with 25[OH]D as exposure variable). Abbrevi-
ations: 25(OH)D, 25-hydroxyvitamin D; PTH, parathormone. *p < 0.05, **p < 0.01.
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categories of 25(OH)D and PTH with the risk of AF. We
found that the risk of AF of people with combined high
PTH and low 25(OH)D levels was twice as high as that
of people with normal values (HR Z 2.09, 95%CI
1.28e3.42). No significant interactions were found be-
tween baseline CVD with PTH, 25(OH)D and their
combinations in influencing AF risk (p > 0.05 for all),
and similar results emerged in the sample stratified by
presence of CVD at baseline (Supplementary material,
Table S1).
Discussion

Our study suggests that the association between low
25(OH)D and high PTH levels could increase the risk of AF
in older adults.

As regards vitamin D, in particular, we observed that
25(OH)D deficiency alone did not significantly increase AF
risk, but represented a risk factor for AF only when asso-
ciated with high PTH levels. Two possible assumptions can
be made from these results.

First, individuals with low 25(OH)D and high PTH may
had experienced long-lasting vitamin D deficiency such
that PTH concentrations increased. This view would sup-
port a major role of sustained low vitamin D conditions for
the increased risk of AF and strengthens the need of new
clinical trials to investigate the effects of an early identi-
fication and treatment of vitamin D deficiency on cardio-
vascular outcomes. In keeping with our findings, previous
prospective studies failed to show any substantial associ-
ation between low 25(OH)D alone and AF [2,6,21], and
some RCTs found no significant effects of vitamin D sup-
plementation on CVD risk and outcomes [8e10]. However,
the meta-analysis of Zhang et al. found that vitamin D
deficiency could moderately influence the development of
AF [22]. The heterogeneous mechanisms underlying the
influence of vitamin D on the cardiovascular system may
involve endothelial and myocardial function, inflammatory
status, and the RAAS [23]. Through these effects, low
vitamin D could gradually predispose to‒or worsen‒hy-
pertension and left ventricular hypertrophy (LVH), which
are well-known risk factors of AF, particularly in older
people [24].

Second, highPTH levels, per se,might impact on the risk of
developing AF. This hypothesis is partly supported by our
results since, even after adjusting for serum 25(OH)D, high
PTH were associated with an increased risk of AF. However,
people with combined normal 25(OH)D and high PTH levels
didnot showanysignificant associationwith the riskofAF. So
far, only Folsom et al. have investigated the relationship be-
tween PTH and the onset of AF, and they found no significant
results [16]. However, that study included participants
younger than those in our cohort and free of any CVD, and
these characteristics may justify our different findings.
Several mechanisms have been proposed to explain the po-
tential role of PTH on AF onset. One of these concerns the
promotion of inflammatory status, whichmay be induced by
the PTH-mediated cytokine release from vascular smooth
muscle cells and lymphocytes [25]. Consistently, people in
our sample with elevated PTH also showed higher serum
inflammatory markers than those with normal PTH levels.
The involvementof inflammation in theonsetand recurrence
of AF has been demonstrated in recent years [26] and seems
to influence both electrical and structural remodeling. This
effect could be mediated by the PTH-related stimulation of
theRAAS[27], andbybinding tothecardiomyocytes’ receptor
that PTH shares with parathyroid hormone-related protein
(PTHrP) [12]. Moreover, in vitro studies demonstrated that,
through binding to the same receptor, elevated PTH con-
centrations might have a chronotropic effect on pacemaker
cells [13,28] and modulate energy metabolism. Such effects
that at first may have a inotropic action, in the long-term
could lead to the development of LVH and, finally, of dia-
stolic dysfunction, which is a prevalent condition among
patients with AF, especially in advanced age [29]. Finally, the
linkbetweenhighPTH levelsandAFmay involvevalvularand
myocardial calcification [12,14], which leads to valve
dysfunction and to the developmentof left atria enlargement
and a higher risk of AF [12].
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Overall, the stronger association and the interaction
between low vitamin D and high PTH in increasing AF risk
suggest that such factors could concurrently promote the
electrical and structural remodeling that lead to the
development of AF, likely exacerbating inflammatory sta-
tus or hypertrophic processes.

Our work has some limitations. First, the study design
with only one follow-up assessment may have led to an
underestimation of AF cases, due to the lack of identifi-
cation of asymptomatic paroxysmal AF, as well as it did not
allow us to perform multiple biochemical measurements.
The observational nature of our study may further limit
the inference from our data, and makes reverse causation a
potential bias to be taken into account. However, results
were confirmed also in the sensitivity analysis that
included only individuals without baseline CVD, and the
inverse relationship between 25(OH)D and PTH may sug-
gest that secondary hyperparathyroidism conditions in our
sample were more likely due to vitamin D deficiency than
to pre-existing diseases. Second, ultrasonography data
were not available, and this did not allow us to better
explore the association between PTH, vitamin D and AF.
Third, we could not evaluate the use of vitamin D or cal-
cium supplements since it was declared by only around 2%
of the study participants (without differences between
groups by PTH or vitamin D levels) and was more likely to
have been under-reported. Instead, the large cohort and
the prospective study design are strengths of our work.
Moreover, having simultaneously evaluated the impact of
25(OH)D and PTH concentrations, and having adjusted our
analyses for a number of potential confounders may sup-
port our results.

In conclusion, our study shows that the risk of AF may
increase by high PTH levels, especially when associated
with low vitamin D concentrations. Since low vitamin D
and high PTH are modifiable factors and their cardiovas-
cular effects seem to reverse with the correction of such
unbalances, our study suggests the need of RCTs to
investigate whether the identification and treatment of
high PTH or vitamin D deficiency may contribute towards
lowering the risk of AF.
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