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Abstract

Background—According to a recent meta-analysis, PTH excess is associated with increased
cardiovascular disease (CVD) risk, but existing studies are limited. We examined in a prospective
study the association of parathyroid hormone (PTH) with the incidence of CVD, taking into
account vitamin D and other confounding variables.

Methods—The Atherosclerosis Risk in Communities Study measured PTH using a second-
generation assay (Roche) in stored serum samples from 1990-1992 and related levels in 10,392
adults to incident cardiovascular outcomes [coronary heart disease (n = 808), heart failure (n =
1,294), stroke (n = 586), peripheral artery disease (n = 873), atrial fibrillation (n = 1,190), and
CVD mortality (n = 647)] through 2010 (median follow-up = 19 years).

Results—Contrary to the hypothesis, PTH level was not associated positively with any CVD
outcome. The associations of incident heart failure, peripheral artery disease, and CVD mortality
with PTH actually were weakly inverse (p trend = 0.02 to 0.04) in the most fully adjusted models.
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For example, the hazard ratios across PTH quartiles were 1.00, 1.07, 1.07, and 0.96 (p trend =
0.74) for coronary heart disease incidence and were 1.00, 0.69, 0.74, and 0.74 (p trend = 0.02) for
CVD mortality. Patterns were similar when restricted to participants with normal baseline kidney

function.

Conclusions—This large prospective study failed to support the hypothesis that elevated PTH is
an independent risk marker for incident CVD. When our data were added to the previous meta-
analysis, the pooled hazard ratio remained statistically significant but weakened.

Methods

Parathyroid hormone (PTH) helps regulate blood calcium concentrations. PTH levels are
altered in primary hyperparathyroidism and secondarily with vitamin D deficiency, chronic
kidney disease (CKD), and certain other conditions.

Elevated PTH has been linked to increased blood pressure and cardiac contractility, which
may eventually lead to cardiomyocyte hypertrophy, apoptosis, and fibrosis of the left
ventricle and other vascular smooth muscle.1=> Higher PTH has been associated with
impaired endothelial function, increased aortic pulse pressure, and decreased large artery
elasticity.® Elevated PTH may also predispose to valvular and myocardial calcification,
especially in patients with moderate to severe CKD.” PTH can stimulate cytokine release
from vascular smooth muscle cells and lymphocytes and thus may also affect the
cardiovascular system via pro-inflammatory effects.1-8-10

Nevertheless, whether PTH is an independent cause of overt cardiovascular disease (CVD)
is uncertain. A recent meta-analysis of 12 general cohort studies reported that PTH excess is
associated with about a 1.45-fold increase (95% CI 1.24, 1.71) in the incidence of total CVD
events, compared with low levels of PTH.11 However, there was considerable between-
study heterogeneity, with many individual cohorts showing no association of PTH with
CVD. The Cardiovascular Health Study reported a modest positive association of PTH with
heart failure incidence, but PTH was not associated with coronary heart disease (CHD) or
total CVD independent of renal function.12 Most prior studies, other than Cardiovascular
Health Study, did not look at vitamin D simultaneously with PTH, or completely adjust for
potential confounding variables, and data including African Americans are limited. Vitamin
D is a potential confounder of PTH associations with CVD, because low vitamin D has been
associated positively with CVD in some studies and is associated inversely with PTH.

We therefore examined the association of PTH with the incidence of multiple cardiovascular
outcomes in the bi-racial Atherosclerosis Risk in Communities (ARIC) Study, taking into
account vitamin D and other potential confounding variables.

This work was funded by the National Institutes of Health. The authors are solely
responsible for the design and conduct of this study, all study analyses, the drafting and
editing of the paper and its final contents. The study protocol was approved by the
Institutional Review Boards of the collaborating institutions, and written informed consent
was obtained from each participant.
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Study population

In 1987-89, ARIC recruited and examined (visit 1) a cohort of 15,792 men and women aged
45 to 64 years in 4 U.S. communities; Forsyth County, North Carolina; Jackson, Mississippi;
suburban Minneapolis, Minnesota; and Washington County, Maryland.13 ARIC performed
follow-up visit 2 in 1990-92 (93% return rate), visit 3 in 1993-95 (86%), visit 4 in 1996-98
(80%), and visit 5 in 2011-13 (65%). The present analysis used visit 2 as its start point for
follow-up.

Measurements of risk factors and prevalent disease

Participants were asked to fast for 12 hours before their morning visit 2 appointments, and
serum and plasma samples were obtained and stored at —80°C. Soon after the visit, central
laboratories measured plasma total and HDL cholesterol by enzymatic methods, serum
creatinine by Jaffe method, and serum glucose by a hexokinase assay. In 2012-13, a number
of analytes were measured in a previously unthawed serum aliquot. PTH was measured on a
Roche Elecsys 2010 Analyzer (Roche Diagnostics Corporation, Indianapolis, IN) using a
sandwich immunoassay method (Roche Diagnostics). Serum PTH by the Elecsys method
has excellent stability long-term at —80°C.14 Using split samples collected at visit 2 and
stored, we calculated the coefficient of variation, which was 9.7% for PTH. This coefficient
of variation encompasses variability related to both sample processing and laboratory
methods. 25-OH-vitamin D was measured using LC/MS/MS instrumentation (coefficient of
variation 10.9%). Calcium and phosphorous were measured on a Roche Modular P
Chemistry Analyzer (Roche Diagnostics) using colorimetric methods. The coefficient of
variation was 2.4% for calcium and 3.0% for phosphorous. High sensitivity C-reactive
protein was measured using a latex-particle enhanced immunoturbidimetric assay kit (Roche
Diagnostics) (coefficient of variation 7%). Cystatin C was measured using Gentian Cystatin
C reagent (coefficient of variation 3%). Estimated glomerular filtration rate (eGFR) was
calculated by the Chronic Kidney Epidemiology Collaboration formula, which incorporates
both cystatin C and creatinine.1®

Sitting blood pressures were measured thrice using a random-zero sphygmomanometer after
5 minutes of rest, and the second and third measurements were averaged. Names of the
medications taken were recorded from medication bottles. Body mass index was calculated
as weight (kg)/height (m)?2. Diabetes was defined as a fasting blood glucose > 126 mg/dl,
non-fasting blood glucose = 200 mg/dl, a physician diagnosis of diabetes, or current use of

anti-diabetic medication. The Baecke sport index (physical activity) was completed at visit
1.16

Prevalent CVD at visit 2 was identified using ARIC visit 1 or 2 electrocardiograms, ankle/
brachial index, Gothenberg heart failure and Rose questionnaires, and self-reported medical
histories, or as an adjudicated incident CVD event occurring before visit 2.

Identification and classification of incident CVD events

We identified incident CVD events occurring between ARIC visit 2 (1990-1992) and
December 31, 2010. ARIC staff contacted participants annually by telephone to capture all
hospitalizations and deaths related to possible CVD. They also surveyed lists of discharges
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from local hospitals and death certificates from state vital statistics offices for potential CVD
events. Abstractors reviewed medical records and recorded information to validate CVD
outcomes. To help validate CHD outcomes, staff also attempted to interview next of kin, or
obtain physician, medical examiner, or autopsy information. CHD events were validated by
physician review, and were defined as a definite or probable myocardial infarction or
definite fatal CHD by ARIC criterial’ or as a coronary revascularization. For stroke
classification, signs, symptoms, neuroimaging, and other diagnostic reports were used in a
computer algorithm and by physician reviewers,!® using criteria adapted from the National
Survey of Stroke.1® Heart failure was defined by a hospitalization with an ICD9 code of 428
or death with an underlying cause of ICD9 428 or ICD10 150. ARIC has shown the validity
of ICD-9 Code 428 to be moderately high, with a sensitivity of 93% for identifying acute
decompensated heart failure.20 Atrial fibrillation was based on electrocardiograms done at
ARIC visits 3 and 4 or a hospital discharge diagnosis of atrial fibrillation or flutter.2!
Peripheral artery disease was ascertained from an ABI < 0.9 at ARIC visits 3 or 4 or from a
list of hospital discharge diagnoses for peripheral artery disease during follow-up. CVD
mortality comprised deaths with underlying causes attributed in ICD-9 to codes 390-459 or
in ICD-10 to codes 100-199.

Statistical analysis

Of the original 15,792 ARIC participants, we excluded those not attending ARIC visit 2 (n =
1,444); those with a CVD outcome prior to visit 2 (n = 2093) or incomplete information on
these outcomes (n = 502). We then excluded, due to small numbers, the remaining
participants in Minneapolis and Washington County who were not white (n = 39) and
participants in any field center who were not white or African American (n = 37). We next
excluded the remaining participants without measurements of PTH (n = 782) or extreme
PTH values (>200 pg/mL, n =9). Those without PTH measurements were similar (p > 0.05)
to the remainder on the percentage who were African American and on mean values for
alcohol intake, the sports index, body mass index, and total cholesterol; but those without
PTH were (p < 0.05) more often male (55% vs 43%), ever smokers (66% vs 58%), and non-
diabetic (84% vs 87%) and had higher mean age (59 vs 57 years) and systolic blood pressure
(123 vs 121 mmHg). Finally, we excluded those with missing covariates for analyses (n =
494). This left 10,392 participants for the present analyses. For each CVD outcome, time at
risk was computed from the visit 2 date to the earliest of the following: CVD event, date of
death, date of last follow-up contact, or December 31, 2010.

Our main hypothesis was that PTH would be associated positively with CVD incidence
outcomes: CHD, heart failure, stroke, peripheral artery disease, atrial fibrillation, and CVD
mortality. For analyses, PTH was either categorized into quartiles or analyzed by a clinical
cutpoint (<65 vs =65 pg/mL). For Table I, overall PTH quartiles were used to calculate
means and prevalences of risk factors and cardiovascular conditions, stratified by race.
Although PTH differed markedly between whites and African Americans, there was no
significant interaction between race/ethnicity and PTH for any CVD outcome (p>0.05).
Therefore, we pooled whites and African Americans for the remaining analyses. We used
Cox proportional hazards models to calculate hazard ratios (HR) and 95% confidence
intervals of incident CVD. We verified the proportional hazards assumption of the Cox

Am Heart J. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Folsom et al.

Results

Page 5

models by inspection of In(=In) survival curves for PTH categories. We tested trends in HRs
across PTH quartiles by including an ordinal variable for each category in the Cox models.
For all CVD outcomes, we tested multiplicative interactions of PTH with sex, vitamin D,
calcium, phosphorous, and CKD status, categorized as eGFR =90 (normal), 60-90, and 15—
59 ml/min/1.73 m? (none were <15). The only interaction that proved statistically significant
(p<0.01) was PTH quartiles by serum calcium for stroke incidence. However, stratified
analyses suggested that this interaction was unremarkable, and so it was not included in the
main analysis.

We selected possible confounding variables for regression models based on previous
prospective findings in ARIC. Covariates considered included age (years), sex, race, season
of PTH blood draw, systolic blood pressure (mm Hg), antihypertensive medication use (yes
or no), diabetes status (yes or no), smoking status (never, former, or current smokers of <15,
15-24, or 25+ cigarettes/d), sports index (range 1-5), drinking status (current, not), alcohol
amount (g/d), body mass index (kg/m?2), total cholesterol (mg/dL), high-density lipoprotein
(HDL) cholesterol (mg/dL), lipid medication use (yes or no), and eGFR (ml/min).
Ultimately, diabetes, HDL cholesterol, and lipid medication use were dropped as
noncontributory to models of all CVD outcomes. Model 1 adjusted for demographics and
season. Model 2 further adjusted for the other CVD risk factors. Model 3 further adjusted for
serum vitamin D, calcium, and phosphorous (all continuous variables). We also repeated
analyses (1) adjusted for C-reactive protein and NT-proBNP, (2) after restriction to those
without CKD, and (3) after excluding people in the PTH quartile analysis with possible
primary hyperparathyroidism (PTH > 65 pg/mL and serum calcium > 10.2 mg/dL)..

Descriptive data

Among the 8013 whites and 2379 African Americans free of CVD, the median PTH values
were lower in whites (38 pg/mL) than in African Americans (44 pg/mL), as were the 90th
percentiles (58 and 70 pg/mL, respectively). In a sample of participants (n = 1,330), we had
a second measurement of PTH taken three years later and measured in the same laboratory
with the same method. The 3-year Spearman correlation of PTH level was 0.64.

Using similar quartile cutpoints in whites and African Americans (Table 1), PTH showed
notable and consistent positive associations with female sex, body mass index, and systolic
blood pressure, and negative associations with current smoking, alcohol intake, and serum
calcium, phosphorous, and 25-OH-vitamin D.

Analysis by PTH quartiles—Table 11 shows the number of CVD events and their
associations with PTH quartiles. Contrary to our hypothesis, PTH level was not associated
positively with any cardiovascular outcome. The associations of incident heart failure,
peripheral artery disease, and CVD mortality with PTH quartiles were actually weakly
inverse (p trend = 0.01 to 0.16) in Models 2 and 3. For example, the HRs for CVD mortality
across PTH quartiles in Model 2 (Table I1) were 1.00, 0.68, 0.74, and 0.73. Findings were
similar when we excluded the few participants with possible primary hyperparathyroidism

(n =53). If we further adjusted for C-reactive protein and NT-proBNP, findings were similar
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to Table Il, except that the PTH association with atrial fibrillation even became slightly
inverse (p trend 0.06 in Model 2 and 0.03 in Model 3).

When restricted to the 7,038 participants with normal baseline kidney function (eGFR>90
ml/min/1.73m?), there were still weak inverse associations of PTH with heart failure,
peripheral artery disease, and CVD mortality, and no association for other CVD outcomes.
The HRs across PTH quartiles in Model 2 were 1.00, 0.93, 0.86, 0.82 for incident heart
failure (p trend = 0.07); 1.00, 0.91, 0.88, and 0.72 for incident peripheral artery disease (p
trend = 0.02); and 1.00, 0.52, 0.63 and 0.54 for CVD mortality (p trend < 0.001).

Analysis by a PTH clinical cutpoint—As shown in Table 11, participants with PTH >
65 pg/mL were not at increased CVD risk compared with participants with lower PTH
values. This was also true when we further adjusted for NT-proBNP or restricted to those
with normal kidney function.

Discussion

This large, population-based, prospective ARIC study of whites and African Americans did
not find any independent positive associations of PTH with incident CVD outcomes,
including CHD, stroke, heart failure, peripheral artery disease, atrial fibrillation, or CVD
mortality. In fact, in the quartile analysis PTH was weakly inversely associated with incident
heart failure, peripheral artery disease, and CVD mortality, overall and in those with normal
baseline kidney function. These findings were not confounded by 25-OH-vitamin D
concentrations.

Regardless of whether we analyzed by PTH quartiles or clinical cutpoints, our findings for
CHD, heart failure, stroke, and CVVD mortality contrast with a previous meta-analysis whose
pooled risk ratio suggested a modest statistically significant, positive association between
PTH and both fatal and nonfatal CVD.1! The meta-analysis identified considerable between-
study heterogeneity (i.e., differences in HR estimates), with most of the 12 individual
cohorts showing no association. At least some heterogeneity was due to differences in
populations, PTH assays, outcome definitions, and levels of control for potential
confounding variables, including vitamin D. Furthermore, there was some evidence of
publication bias, favoring smaller studies with significant results. Our study had careful
methods and thorough confounder control, and our results seemingly would increase
between-study heterogeneity in HR estimates. Our sample was initially younger than many
other studies, and PTH elevations would be more common in older subjects. When we
added our CHD and CVD mortality data for PTH quartile 4 versus 1 to those of the meta-
analysis, ! the pooled risk ratios (95% CI) contrasting extreme PTH categories remained
statistically significant but fell from 1.45 (1.24-1.71) to 1.39 (1.17-1.64) for total CVD
events and from 1.48 (1.14-1.92) to 1.37 (1.02-1.82) for fatal CVD events.

Previous cohort studies reported PTH was not independently associated with carotid
atherosclerosis prevalence or progression?2 or with peripheral artery disease incidence.23
Among cross-sectional studies,24-27 sometimes in hemodialysis patients,2°:26 three have
tended to show an inverse association and one a positive association of PTH with peripheral

Am Heart J. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Folsom et al.

Page 7

artery disease. In ARIC, we found a weak inverse association of PTH with peripheral artery
disease incidence. Overall, we found no association in ARIC between PTH and incident
atrial fibrillation, in contrast with a positive association reported by one previous cross-
sectional study.28

As described in the Introduction, elevated PTH is associated positively with numerous
subclinical markers of cardiovascular disease, including left ventricular hypertrophy.1-8 It
therefore is surprising that our only statistically significant findings were inverse
associations -- not positive, as hypothesized -- between PTH and CVD mortality, peripheral
artery disease, and heart failure.

In this ARIC sample, high PTH was associated with female sex, higher body mass, higher
blood pressure, non-smoking, less alcohol intake, and lower 25-OH-vitamin D; these
associations have been described previously*2%-31 and were carefully adjusted for in this
analysis. PTH was somewhat higher in African Americans than whites, which has been
previously documented.2%:32 Despite race differences in PTH level, we found no evidence
that the largely null associations between PTH and incident CVD differed by race group.
Associations of PTH with CVD also did not vary by CKD status or level of 25-OH-vitamin
D.

Limitations of this study warrant consideration. Firstly, analyses were based on a single
measure of PTH and were only moderately correlated with PTH measures taken three years
later. Changes over time or within-person variation in PTH would likely weaken observed
HRs. However, there was no evidence that the proportional hazards assumption was
violated, suggesting that the long follow-up is not a major concern. Secondly, PTH and
several other biomarkers were measured on serum stored for two decades. Evidence
suggests that serum PTH by our method is stable when stored at -80°C,14 but if
deterioration occurred, it would be expected to weaken HRs. Our findings that coefficients
of variation in split samples were low and that cross-sectional associations between PTH and
CVD risk factors in ARIC were consistent with previous studies with shorter sample storage
suggest that substantial deterioration of ARIC samples is unlikely. Thirdly, we used a
second-generation PTH assay, which has cross reactivity with the inactive 7,84 PTH
fragment33 that is found in higher concentration in patients with renal failure. However, our
sensitivity analysis restricted to participants with normal eGFR yielded similar results. It is
possible, but seems unlikely, that differences among studies of PTH and CVD are due to
different PTH assays. Fourthly, some of our CVD endpoints (e.g., heart failure, atrial
fibrillation, and CVD mortality) partly or totally relied on ICD codes. Yet, the moderately
high validity of the ICD-9 codes for heart failure and atrial fibrillation in ARIC has been
documented.20.21

In conclusion, this large prospective study provides no support that elevated PTH is an
independent risk marker for incident CVD. If anything, PTH was weakly inversely
associated with CVD mortality. When our data were pooled with the previous meta-
analysis,11 the pooled association for all studies were still statistically significant but
weakened. Future studies should try to further address whether this association is causal and
possible mechanisms by which PTH might influence CVD incidence and risk factors.

Am Heart J. Author manuscript; available in PMC 2015 September 01.
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Table llI

Hazard ratios (HR) and 95 percent confidence intervals for incident cardiovascular disease (CVD) outcomes
according to a parathyroid hormone (PTH) clinical cut-point, ARIC, 1990-2010

PTH (pg/mL)
Outcome Model  3.7-64.9 (N=9620)  65.0-188.0 (N=772)

Coronary Heart Disease

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

N Events 738 70
Model 1 HR 1 1.19 (0.93-1.52)
Model 2 HR 1 1.03 (0.80-1.33)
Model 3 HR 1 1.03 (0.79-1.33)
Heart Failure
N Events 1161 133
Model 1 HR 1 1.27 (1.06-1.52)
Model 2 HR 1 0.97 (0.80-1.17)
Model 3 HR 1 0.99 (0.82-1.19)
Stroke
N Events 527 59
Model 1 HR 1 1.19 (0.91-1.57)
Model 2 HR 1 1.04 (0.79-1.37)
Model 3 HR 1 1.04 (0.78-1.38)
Peripheral Artery Disease
N Events 786 87
Model 1 HR 1 1.27 (1.01-1.59)
Model 2 HR 1 1.09 (0.86-1.37)
Model 3 HR 1 1.06 (0.84-1.34)
Atrial Fibrillation
N Events 1085 105
Model 1 HR 1 1.26 (1.03-1.54)
Model 2 HR 1 0.99 (0.81-1.22)
Model 3 HR 1 0.98 (0.79-1.20)
CVD Mortality
N Events 586 61
Model 1 HR 1 1.08 (0.83-1.42)
Model 2 HR 1 0.85 (0.65-1.12)
Model 3 HR 1 0.87 (0.66-1.14)

Model 1: Cox proportional hazards model adjusted for age, race, sex, and season.

Model 2: Model 1 with additional adjustment for drinking status, ethanol intake, smoking status, sports index, body mass index, systolic blood
pressure, use of antihypertensive medications, total cholesterol, and eGFR.

Model 3: Model 2 with additional adjustment for serum calcium, phosphorous, and 25-OH-vitamin D.
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