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Abstract

Background—Recent evidence suggests that parathyroid hormone (PTH) has effects on
vascular smooth muscle cells, the renin-angiotensin system and kidney function, but less is known
about its role in the development of hypertension. The distribution of serum PTH also varies by
race.

Methods and results—Therefore, we examined the relation between PTH and incident
hypertension and tested for interaction by race among 7,504 ARIC participants (1,264 black, 6,240
white, median age 56 years) without initial hypertension in 1990-1992. During a median follow-
up of 6 years, 1,487 white and 509 black participants developed hypertension. In the overall study
population, PTH was not associated with incident hypertension after adjustment for demographics
and behavioral risk factors [HR highest vs. lowest quintiles, 95%CI: 1.11 (0.96-1.28); P for linear
trend 0.02]. Although the interaction was not statistically significant (P= 0.60), there was some
evidence that the PTH-hypertension association differed by race. Among blacks, PTH was
positively associated with incident hypertension, independent of demographics and behavioral risk
factors (P for linear trend 0.003). Among whites, PTH was not associated with hypertension risk.
Results were similar when comparing participants with elevated versus non-elevated PTH (=65 vs.
<65 pg/mL): HR in blacks: 1.24 (1.02-1.54); HR in whites: 0.95 (0.78-1.16).

Conclusions—In this large community-based cohort, PTH levels, overall, were not
independently associated with the risk of hypertension. However, we found some evidence that
PTH may be associated with hypertension in blacks. Future research should continue to explore
potential race differences in the PTH-hypertension association.
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INTRODUCTION

Parathyroid hormone (PTH) is a regulatory factor in bone health and mineral homeostasis.
Elevated concentrations of PTH are observed in individuals with vitamin D deficiency, low
calcium intake, and kidney disease[1]. Converging evidence suggests that PTH has vascular
effects and may therefore alter blood pressure. Endothelial dysfunction is one mechanism
thought to link PTH to vascular changes. Specifically, PTH may increase serum levels of
endothelin-1 and interleukin-6[2, 3], and may stimulate the vascular smooth muscle cells to
produce factors including collagen and beta-1 integrin which could, in turn, remodel the
peripheral vasculature[4]. Also, PTH may increase renin release and activate the renin-
angiotensin system[5, 6]; a complex process mediated by serum calcium, renal 1-alpha-
hydroxylase, and resultant changes in 1,25(0OH),DJ[7, 8].

Epidemiologic evidence of the association between PTH and hypertension is inconclusive.
Elevated PTH levels have been associated with hypertension in cross-sectional studies[9—
11], and in a few prospective studies[12, 13]. These existing findings primarily come from
white populations, though one study did included a multi-racial/ethnic sample[13]. Blacks
are known to have a higher prevalence and incidence of hypertension, as compared to
whites[14, 15]. Blacks also have higher levels of PTH, relative to whites[16], and PTH-
related mineral metabolism may differ between blacks and whites [17-20]. Evidence from
these studies raises interest in whether there are racial differences in the association between
PTH and hypertension.

To enhance understanding of the association between PTH and incident hypertension we
analyzed data from the Atherosclerosis Risk in Communities (ARIC) Study, a large,
community-based cohort of mostly blacks and whites adults. We hypothesized that PTH
would be positively associated with risk of incident hypertension and that the association
may vary by race.

METHODS
Study population

The ARIC study is a prospective cohort originally designed to investigate risk factors for
atherosclerosis and clinical cardiovascular disease[21]. The cohort included 15,792 men and
women aged 45-64 years at baseline (1987-1989) who were recruited from four United
States communities (Washington County, Maryland; Forsyth County, North Carolina;
Jackson, Mississippi; and suburban Minneapolis, Minnesota). Only blacks were recruited
from Jackson, Mississippi, while the enrollment from the other communities was
representative of the racial distribution in those communities (15% Black in Forsyth County,
North Carolina, and almost exclusively white in Washington Co, Maryland and
Minneapolis, Minnesota). Since baseline, four additional clinic visits have taken place:
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1990-92 (visit 2), 1993-95 (visit 3), 1996-98 (visit 4), and 201113 (visit 5). Study
protocols were approved by local Institutional Review Boards, and all participants gave
written informed consent.

Visit 2, which was attended by 14,348 ARIC participants, serves as baseline for the present
analysis. We successively excluded from our analysis 416 participants who at visit 2 had
prevalent cardiovascular disease, 4,798 with prevalent hypertension (anti-hypertensive
medication use, or systolic blood pressure (SBP) =140 mmHg, or diastolic blood pressure
(DBP) 290 mmHg) or no information on hypertension, 3 who had PTH>200 pg/mL, 573
who did not attend Visits 3 or 4 or had no data on hypertension at the visits, 1,000 who were
missing information on serum PTH, 30 who were neither black nor white, and 24 blacks
from the Minnesota and Maryland centers. The final analytic sample included a total of
7,504 participants, 6,240 whites and 1,264 blacks.

Measurement of PTH and Covariates

Participants were asked to fast for 12 hours before their Visit 2 exam, and serum and plasma
samples were obtained and stored at —80°C. Intact PTH was measured in previously
unthawed serum on the Roche Elecsys 2010 analyzer using a sandwich immunoassay
method (Roche Diagnostics, Indianapolis, Indiana, USA) in 2012-2013 at the Advanced
Research and Diagnostic Laboratory, University of Minnesota, Minneapolis, Minnesota.
Serum PTH by the Elecsys method has excellent stability long-term at —80°C[22]. Using
duplicate samples collected at Visit 2 and stored, we estimated the coefficient of variation to
be 9.7% for PTH.

Serum 25(OH)D, calcium and phosphorus levels were also measured in 2012-2013 using
the same stored samples from ARIC Visit 2. Serum 25(OH)D5, and 25(0OH)D3 were
measured using a high sensitivity mass spectrometer (AB Sciex 5500). Total 25(OH)D was
calculated as the sum of 25(OH)D5, and 25(OH)D3. Calcium and phosphate levels were
measured (Modular P Chemistry Analyzer; Roche Diagnostics) using a colorimetric method.

Other co-variables were obtained using standardized questionnaires or exams. All covariate
information came from Visit 2, unless otherwise noted. Body mass index was calculated as
weight in kg divided by height in meters squared. Physical activity at Visit 1 (not measured
at Visit 2) was assessed using the Baecke sports index[23, 24]. It was a semi-continuous
index that ranged from 1 (low) to 5 (high), and was a function of the frequency, the duration,
and an assigned intensity of the queried sports. Smoking status and alcohol intake status
were both categorized into current, former, and never. Educational levels were categorized
into 3 categories: < high school degree, high school degree, or > high school degree.
Estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI equation
which incorporates both creatinine and cystatin-C[25]. Diabetes was defined as fasting
glucose = 126 mg/dL, blood glucose = 200 mg/dL at any time, the use of diabetic
mediations or self-report of diabetes. Mother's and father's history of hypertension was
reported at Visit 1, three years before the baseline.
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Incident Hypertension Ascertainment

During the clinic visits, blood pressure was measured by trained technicians using protocols
which were similar across Visits 2—4. At each visit, blood pressure was measured after 5 min
rest, while participants were sitting, using a Hawksley random-zero
sphygmomanometer[26]. The first and fifth phase Korotkoff sounds were the criteria for
SBP and DBP, respectively. Technicians conducted these measurements after completing
training with Korotkoff sound tapes and double stethoscope comparisons with the trainer.
Training was targeted to reduce digit preference and systematic differences between
technicians. At visits 2 and 3, three measurements were conducted; for the present analysis
we used the mean of the second and third measurements. At visit 4 only two measurements
were conducted; for analysis we use the mean of those two measurements. This approach is
standard within ARIC.

The primary outcome was incident hypertension at either ARIC visit 3 or 4, defined as
systolic blood pressure >140 mmHg, diastolic blood pressure =90 mmHg or self-reported
antihypertensive medication use within the previous 2 weeks[26]. Incident prehypertension
was defined as systolic blood pressure 130-139 mmHg, or diastolic blood pressure 85-90
mmHg [26].

Data analysis

Participant characteristics at baseline (1990-1992) are presented stratified by PTH quintiles
based on the overall population. Since the primary outcome, incident hypertension, was only
ascertained at Visits 3 and 4, the precise date of hypertension diagnosis was unknown. Thus,
we performed complementary log-log analysis to estimate hazard ratios for the association
between PTH and incident hypertension[27, 28]. This interval-censored analysis approach
assumes that the hazard is constant within each time interval (in this instance, at visit 3 and
visit 4, respectively) but allows for variation of the hazard between intervals. The main
analysis used quintiles of PTH as the exposure. Linear trend of baseline variables by
quintiles of PTH were tested by modeling the median values of the quintiles as a continuous
variable.

Our first model adjusted for age, sex, race, center and season (4 categories). Model 2, the
main model, was additionally adjusted for educational level, physical activity, smoking
status, alcohol intake, and body mass index. In an additional models we further adjusted,
simultaneously, for 25(OH)D, eGFR, serum calcium, serum phosphorus, diabetes status and
family history of hypertension. We explored the association between PTH (modeled as
quintiles) and incident hypertension by race, age, seX, obesity status (body mass index
[BMI] categories), eGFR, and low vitamin D status (<20 ng/ml). Given inherent interest, in
addition to presenting results for the entire study population, race-stratified results are also
presented, throughout. In separate analyses, we categorized PTH dichotomously, with
participants as having clinically high level (= 65 pg/mL) or low levels (<65 pg/mL).
Sensitivity analyses were conducted restricting our analysis to participants with normal
kidney function (eGFR =90 ml/min/1.73 m2), excluding people with primary
hyperparathyroidism defined by high levels of both serum PTH and calcium (PTH >65
pg/mL and calcium >10.2 mg/dL)[29], adjusting for baseline systolic blood pressure levels.
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Furthermore, the robustness of our analytic approach was checked by repeating the analyses
of the relation between PTH and incident hypertension using Cox proportional hazard
regression analysis. For these analyses person-time accrued until the development of
incident hypertension, the date of the last visit in which the participant took part (visit 3 or
4) or death, whichever came first. Finally, we performed an additional analysis to explore
the association between PTH and incident prehypertension.

RESULTS

At baseline, the 7,504 ARIC participants included in our analytic sample were on average
56.1 (SD 5.6) years old, 3,140 (42%) were male, and 1,264 (17%) were black. Baseline
characteristics were presented by PTH quintiles in Table 1. The median (25t -75t
percentiles) of PTH was 38.2 (30.5-47.6) pg/mL overall, 37.4 (30.1 —46.1) in whites, and
42.7 (33.8-54.2) in blacks. Participants in a higher PTH quintile group tended to be older,
less often male, more often black, better educated, less often current drinkers or smokers,
have lower mean levels of physical activity, serum calcium, 25(OH)D (adjusted for
seasonality), and phosphorus, and have higher mean levels of blood pressure, body mass
index, C-reactive protein, and eGFR. Race-stratified baseline characteristics are presented in
Supplemental Table 1.

A total of 1,996 incident hypertension events accrued over a maximum follow-up of 8.8
years (median 5.9 years). Among whites 1,487 events occurred, and the crude incidence rate
was 43.7 per 1,000 person-years. In blacks there were 509 events and the crude incidence
rate was 81.1 per 1,000 person-years. A linear relationship between PTH and risk of incident
hypertension was indicated by cubic spline analyses, in both race subgroups, after
adjustment for age, sex, race and season (Figure 1). Adjusted for age, sex, race, center, and
season (Model 1), high PTH was associated with greater risk of hypertension [HR (95%Cl)
for Quintile 5 vs. Quintile 1: 1.25 (1.08-1.44); P for linear trend: <0.001] (Table 2). With
additional adjustment for educational level, physical activity, smoking status, alcohol intake,
and body mass index (Model 2), the association of PTH with hypertension was attenuated
[1.11 (0.96-1.28); P for linear trend: 0.02]. Results were similar when Model 2 was further
adjusted for eGFR, serum calcium, phosphorus, 25(0OH)D [1.09 (0.91-1.27); P for linear
trend: 0.044]. In this model, where PTH and other related biomarkers were adjusted for
simultaneously, 25(OH)D was not significantly associated with incident hypertension
(P=0.19). Results were also similar when Model 2 was additionally adjusted for diabetes
status, and family history of hypertension [1.11 (0.95-1.29); P for linear trend: 0.07]. No
significant interaction between PTH and age, sex, obesity status or eGFR was detected.
Participants with clinically elevated PTH (=65 pg/mL) did not have significantly higher risk
of incident HTN in the overall sample after accounting for behaviors and BMI (Table 3).

Although there was no statistically significant interaction between race and PTH for
hypertension risk (P for interaction: 0.60), as shown in Table 2, results of analyses varied
qualitatively by race. In blacks higher PTH levels were associated with greater risk of
incident hypertension [HR (95%CI) for Quintile 5 vs. Quintile 1: 1.53 (1.12-2.08); P for
linear trend: <0.001] in Model 1, and after further adjustment for behavioral characteristics
and BMI in Model 2 [1.38 (1.01-1.89); P for linear trend: 0.003]. Additional adjustment for
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eGFR, serum calcium, phosphorus, and 25(OH)D did not meaningfully alter the association
[1.37 (0.99-1.90); P for linear trend: 0.004], and in this multivariate adjusted model
25(0OH)D was not independently associated with hypertension risk. Further adjustment of
Model 2 for diabetes status and family history of hypertension also yielded similar results
[1.44 (1.03-2.01); P for linear trend: 0.002]. Likewise, when PTH was defined according to
the clinical cut-point (=65 vs. <65 pg/mL), blacks in the clinically high PTH group were at
significantly greater risk of incident hypertension: HR (95%CI) Model 1: 1.34 (1.09-1.65),
Model 2: 1.24 (1.02-1.54). Results were similar with further adjustment for eGFR, serum
calcium, phosphorus and 25(0OH)D:1.18 (0.94-1.47), and also with adjustment for diabetes
status, and family history of hypertension: 1.22 (0.94-1.59).

In contrast, in whites, a higher PTH level was associated with greater risk of incident
hypertension in Model 1, but the linear association became non-significant in Model 2 after
adjustment for additional covariates. Results were also null with additional adjustment for
related biomarkers, and (separately) for diabetes status and family history of hypertension
(data not shown). Similarly, whites who had clinically high levels of PTH did not have
excessive risk of hypertension compared to those with clinically low PTH levels.

In sensitivity analyses the results were similar when we excluded people with eGFR < 90
ml/min/1.73 m?2 (N=2,143) and, separately, when we excluded those (N=69) with potential
primary hyperparathyroidism (data not shown). Results were also similar when we adjusted
for baseline levels of systolic blood pressure (data not shown). Cox proportional hazard
models yielded results that were consistent with those obtained from the complemented log-
log models (Supplemental Tables 2 and 3). In analyses of incident self-reported
hypertension over longer follow-up (a median of 12 years; maximum 22 years), there was
little evidence that PTH quintiles were associated with self-reported hypertension. Black
participants who had clinically high levels of PTH had marginally significantly higher risk
of self-reported hypertension than those with clinically low PTH levels (Supplemental
Tables 4 and 5). We also conducted analyses of incident prehypertension. For these
analyses, we further excluded 1,996 participants who developed hypertension during the
follow-up and 299 participants with prehypertension at baseline, for a sample of 5,209. PTH
was not significantly associated with incident prehypertension (data not shown).

DISCUSSION

In this large prospective cohort study, PTH was associated with risk of incident hypertension
in blacks but not whites. Among middle-aged black adults in this community-based
population, a positive linear association was observed between PTH levels and risk of
incident hypertension. Furthermore, black participants with clinically elevated PTH levels
(=65 pg/mL) were at greater risk of incident hypertension, relative to blacks with normal
PTH levels. In contrast, we found no evidence for an association of PTH with incident
hypertension among white adults.

Few studies have prospectively evaluated the association between PTH and hypertension
risk. A case-control study nested within the Health Professionals Follow-up Study[12] and a
study of administrative data from the Intermountain Healthcare system both found that PTH
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was positively associated with hypertension[30]. Both of these study populations were
predominately white, and the Health Professionals Study participants had a very high
prevalence of kidney stones (>50%)[12], while the Intermountain Healthcare system sample
included only patients for whom 25(OH)D levels were drawn for clinical indications (e.g.
osteoporosis risk)[30]. In the population-based Multi-Ethnic Study of Atherosclerosis, which
included 1,206 whites, 588 blacks, 418 Chinese and 692 Hispanics participants, elevated
PTH (=65 pg/ml) was associated with approximately 30% greater risk of incident
hypertension[13]. There was no evidence in this study that the association varied by race/
ethnicity, but they did observe an interaction whereby the association between high PTH and
incident hypertension was stronger among obese individuals. The obesity interaction was
not replicated in ARIC. PTH was also associated with measured blood pressure in cross-
sectional studies of elderly individuals in France and China[31, 32]. However, in a
population-based cross-sectional study of Chinese individuals aged 20-83 years, PTH was
not independently associated with blood pressure or risk of hypertension[33].

In the present analysis of 6,240 whites and 1,264 blacks, as expected, PTH levels were
higher in blacks than in whites[16]. Furthermore, the association between PTH and incident
HTN was seemingly stronger among blacks than whites. The physiology of markers of
mineral metabolism, such as PTH, calcium and 25(OH)D, is intricately intertwined, and may
vary by race[16, 34, 35]. As such, it is possible that racial differences in these interrelations
may underlie our observed interaction. Suppression of PTH has been shown to induce
increases in ionized calcium and decrease vascular tone[36, 37]. Blacks are believed to be
more efficient than whites in absorbing dietary calcium, preserving calcium in the bones,
and retaining calcium in the kidney[17-20]. However, blacks are also known to consume
lower levels of dietary calcium than other racial/ethnic groups[38]. As has been reviewed
elsewhere, population studies indicate that high dietary calcium intake is associated with
lower risk of developing hypertension, whereas meta-analyses of clinical trials have shown a
modest reduction in BP with calcium supplementation[39-43]. Potential benefits of calcium
supplementation may vary by individual characteristics; the effects of supplementation on
blood pressure appear to be more pronounced in blacks than whites, as well as individuals
who are salt-sensitive, and those who have low (<800 mg/day) basal calcium intakes [36,
43].

There are also racial differences in the interplay between PTH and 25(OH)D. Among
whites, an inverse association between PTH and 25(OH)D has been observed across the
range of 25(OH)D, whereas in blacks there is no association between 25(0OH)D and PTH
above the threshold commonly used to define vitamin D deficiency (20 ng/mL) whereas
below that threshold an inverse association is present!®. However, the PTH-hypertension
association was not modified by vitamin D deficiency status in our data. Low 25(OH)D has
been associated with greater risk of incident hypertension in some studies[16, 44—-46] but no
such association was seen in others [31-33]. In our data, after accounting for PTH, 25(OH)D
was not associated with risk of incident hypertension. The inconsistency between studies
may be due to differences in methodology, the racial/ethnic distributions of the study
populations, or possibly differences in levels of PTH and 25(OH)D in the study populations.
Though our finding of a qualitatively stronger association between PTH and hypertension
among blacks than whites was unexpected, the interrelation of markers of mineral
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metabolism clearly varies by race, and how these racial differences influence health
outcomes needs further elucidation.

This study has several limitations. PTH was measured once and any changes over time or
within person variability likely would have attenuated the hazard ratios observed[47].
Additionally, as with all observational studies, residual confounding may have occurred,
despite adjustment for known risk factors for hypertension. For example, information on 24-
h sodium or potassium urinary excretion was not available. Related, since this is
observational research, it is unclear whether the observed associations are causal.
Furthermore, meta-analyses of clinical trials supplementing related nutrients — namely
calcium and vitamin D - have shown only modest reductions in BP[42, 43, 48]. Thus,
conclusions from this study should be interpreted with caution. Since the study included
black and white participants aged 45-65 years at baseline, generalizability of our findings to
other racial/ethnic groups and age-ranges is uncertain. Nevertheless, the study has several
strengths, including the prospective design, population-based sample, objective
ascertainment of hypertension, high-quality of data collection, large number of events, and
corresponding power for subgroup analyses.

In conclusion, in this large, population-based cohort, elevated PTH was associated with
hypertension in black but not white adults. Future studies of PTH should consider potential
interactions by race and be focused on race differences in etiology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association of Parathyroid Hormone with Risk of Incident Hypertension: The ARIC

Study 1990-1998
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Table 3

Adjusted hazard ratios and 95% confidence intervals by complementary log-log regression for incident
hypertension according to elevated vs non-elevated parathyroid hormone (>=65 vs <65 pg/m), the ARIC
Study (1990 to 1999)

Parathyroid hormone

Normal (< 65.0 pg/mL)  Elevated (= 65.0 pg/mL)

Overall (N=7,504)

N (%) 7060 (94.1%) 444 (5.9%)

Model 1 1 1.19 (1.04, 1.37)

Model 2 1 1.06 (0.92, 1.22)
Whites (N=6,240)

N (%) 5956 (95.5%) 284 (4.6%)

Model 1 1 1.08 (0.89, 1.31)

Model 2 1 0.95 (0.78, 1.16)
Blacks (N=1,264)

N (%) 1104 (87.3%) 160 (12.7%)

Model 1 1 1.34 (1.09, 1.65)

Model 2 1 1.24 (1.02, 1.54)

Model 1: Adjusted for age, sex, race-center and season; not adjusted for race-center in analyses stratified by race
Model 2: Adjusted for Model 1 plus educational attainment, physical activity, smoking status, alcohol intake, and body mass index
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