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Abstract

Objective—Accumulating evidence has linked elevated parathyroid hormone (PTH) with insulin
resistance, beta cell dysfunction, and dysglycemia, however, its role in the development of diabetes
is largely unclear, particularly among nonwhites. We sought to examine the association of PTH
with the incidence of diabetes.

Methods—We studied 8,066 white and 2,034 black adults aged 4670 years at baseline (1990—
92) from the ARIC Study with follow-up for incident diabetes ascertained during study visits
conducted in 1993-95 and 1996-98. Hazard ratios (HR) and their 95% Cls for diabetes adjusted
for demographics, lifestyle, and 25-hydroxyvitamin D were estimated according to PTH measured
at baseline.

Results—PTH was higher among blacks than whites [median (IQR), 43.8 (35.0 — 55.8) vs. 37.9
(30.4 — 47.3) pg/mL; p < 0.001]. During a median follow-up of 6 years, 498 white and 167 black
participants developed diabetes. The association of PTH with diabetes varied significantly by race
(p-interaction 0.02). PTH was not associated with risk for diabetes among black adults. Among
whites, HRs according to quintiles of PTH were 1 (referent), 0.95 (0.71, 1.29), 0.95 (0.70, 1.28),
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1.12 (0.84, 1.51), and 1.31 (0.98, 1.76) (p-trend 0.03). When a clinical cut-point for PTH was
applied (=65 pg/mL; 5.7% of whites), the HR for diabetes among whites was 1.38 (1.01, 1.88).
Results were similar when restricted to participants with normal baseline kidney function.

Conclusion—In this large, population-based study, elevated PTH was independently associated
with risk for diabetes among white, but not black adults. Further studies are needed to elucidate
the mechanisms that may underlie this differential association of PTH with diabetes across race

groups.
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1. Introduction

Parathyroid hormone (PTH) helps to regulate circulating calcium concentrations by
promoting bone resorption, suppressing urinary calcium loss, and enhancing the formation
of calcitriol, the active metabolite of vitamin D. PTH levels are elevated in primary
hyperparathyroidism and secondarily in vitamin D deficiency, chronic kidney disease, and
other conditions.

Recent evidence has linked elevated PTH concentrations with insulin resistance, beta cell
dysfunction, and dysglycemia [1-5], which may eventually lead to the development of
diabetes. Indeed, studies of patients with primary hyperparathyroidism have shown a higher
prevalence of diabetes compared to control populations [6-9]. While this evidence has
suggested a role for PTH in the development of diabetes, these studies have primarily
included small numbers of patients recruited from medical clinics. In addition, these studies
have almost exclusively included only white adults. Blacks are known to have a higher
prevalence and incidence of diabetes [10, 11], higher concentrations of PTH [12], and
differences in PTH-calcium metabolism compared to whites [13-15].

The objective of the current study was to examine the association of PTH with the incidence
of diabetes in the Atherosclerosis Risk in Communities (ARIC) study, a population-based
cohort of white and black adults. We hypothesized that elevated PTH would be associated
with greater risk of incident diabetes and that this association would vary significantly
according to race group (black vs. white).

2. Materials and Methods

2.1 Participants

The ARIC Study is a prospective cohort of 15,792 middle-aged adults from four U.S.
communities: Forsyth County, NC; Jackson MS; Minneapolis, MN, and Washington County,
MD. Only blacks were recruited in Jackson, MS, while participants in the other centers
reflected the source population (mostly white). The first examination of participants (visit 1)
took place from 1987 to 1989, with the first three follow-up visits (visits 2—4), each
occurring approximately every 3 years. All participants provided written informed consent at
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each examination, and institutional review boards from each center approved the study
annually.

Serum PTH levels were measured in samples collected at visit 2 (1990-1992; baseline for
this analysis), which was attended by 14,348 participants. Excluded from the analysis were
participants who self-identified as neither black nor white (n = 42) and blacks from the
Minnesota and Maryland centers (n = 49), due to small numbers; those who had at visit 2
fasting glucose =126 mg/dL, nonfasting glucose =200 mg/dL, a self-report of physician
diagnosed diabetes or use of diabetes medications (n = 2,146), a glycated hemoglobin
(HbALc) =6.5% (n = 178); an unknown diabetes status at visit 2 or during follow-up (n =
217); those who did not attend visits 3 or 4 (n = 982); those missing specimens for
measurement of PTH at visit 2 (n = 629), and those with extreme PTH values (> 200 pg/mL,
n = 5). For the primary analysis, our final analytic sample included 10,100 participants
(8,066 whites; 2,034 blacks).

2.2 Clinical measurements

Standard protocols for data collection were used across study centers and examinations.
Participants were asked to fast for at least 12 h before each examination and to avoid
smoking or engaging in heavy physical activity for at least 2 h.

2.3 Serum PTH levels

Intact PTH was measured in previously unthawed serum on the Roche Elecsys 2010
analyzer using a second generation electrochemiluminescence immunoassay that uses a
biotinylated monoclonal antibody (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 shown excellent long-term
stability at —80°C [16]. Using split samples collected at visit 2 and stored, we estimated the
coefficient of variation to be 9.7% for PTH. In a sample of participants (n = 1,330), we had a
second measurement of PTH taken 3 years later and measured in the same laboratory with
the same method. The 3-year Spearman correlation was 0.64.

2.4 Incident diabetes

Among those without prevalent diabetes at baseline (visit 2), we classified individuals as
having incident diabetes if they met any of the following criteria: fasting glucose level of at
least 126 mg/dL; nonfasting glucose level of at least 200 mg/dL; reported current use of
glucose lowering medication; or a positive response to the question, “Has a doctor ever told
you that you had diabetes (sugar in the blood)?” Serum glucose was available for all
participants at visit 2 and nearly all participants at visits 3 and 4 (97% and 89%,
respectively). Among whites, 99% fasted for at least 8 hours at each visit, and for blacks,
97%, 96%, and 95% were fasted at visits 2—4, respectively.

2.5 Other variables

Information on age, race, educational level, usual alcohol intake, and parental history of
diabetes was based on self-report. Participants were asked to bring to each visit all
medications taken in the 2 weeks before the examination; all medication names were
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transcribed and coded. Physical activity was measured with the Baecke questionnaire at visit
1, but not at visit 2, so values from visit 1 were carried forward [17]. Height and weight were
measured, and body mass index (BMI) at visit 2 was calculated as weight in kilograms
divided by height in meters squared. Waist circumference was measured in centimeters at
the level of the umbilicus. Sitting blood pressure was measured in triplicate with a random-
zero sphygmomanometer; the mean of the last two measurements was used.

Serum 25-hydroxyvitamin D [25(OH)D], calcium, and phosphorous were also measured in
2012-13 in stored specimens from visit 2. 25(OH)D was measured using LC/MS/MS
instrumentation (coefficient of variation 10.9%). Calcium, albumin, and phosphorous were
measured on the Roche Modular P Chemistry Analyzer (Roche Diagnostics) using
colorimetric methods. The coefficient of variation was 2.4% for calcium and 3.0% for
phosphorous. Calcium levels corrected for albumin were calculated. Serum glucose level
was measured by a modified hexokinase-glucose-6-phosphate dehydrogenase procedure at
each visit. Insulin was measured by radioimmunoassay at visit 2. HbAlc was measured in
frozen whole-blood samples from visit 2 using high performance liquid chromatography
(Tosoh 2.2 Plus in 2002-04 and the Tosoh G7 in 2007-08; Tosoh Corporation, Tokyo,
Japan) [18]. Serum creatinine was measured at visit 2 using a modified Jaffe reaction.
Cystatin C was measured in 2012-2013 from stored samples collected at visit 2 using the
Gentian cystatin C assay on the Roche Modular P Chemistry analyzer. Plasma triglycerides
were determined by enzymatic methods. HDL-cholesterol was measured after dextran-
magnesium precipitation. Estimated glomerular filtration rate (eGFR) was estimated using
the 2012 CKD EPI equation, which incorporates both cystatin C and creatinine [19].
Coronary heart disease was defined by self-reported prior physician diagnosis of myocardial
infarction or coronary revascularization, prevalent myocardial infarction by 12 lead ECG at
visit 1, or an incident adjudicated coronary heart disease event between ARIC visits 1 and 2.
Vitamin D binding protein single nucleotide polymorphism (SNP) genotypes for rs4588 and
rs7041 were obtained from the ITMAT-Broad-CARe Chip, a custom 50K SNP genotyping
array, with genotyping performed at the Broad Institute of Massachusetts Institute of
Technology and Harvard.

2.6 Data analysis

Participant characteristics overall and according to PTH quintiles were described using
means or proportions as appropriate. Pearson’s correlation coefficients between PTH and
other markers of mineral metabolism were also performed. We calculated the incidence rate
of diabetes per 1,000 person-years according to quintiles and a clinical cut-point for PTH
(=65 pg/mL). For participants without diabetes, we calculated person-years from baseline to
the last clinic date attended (visit 3 or 4). For participants with incident diabetes, we
assigned the date of occurrence according to the method described by Duncan and
colleagues [20] as the date when the glucose value crossed the diagnostic threshold,
estimated by linear interpolation. We used multivariable Cox proportional hazards regression
models to estimate hazard ratios (HR) and their corresponding 95% confidence intervals
(CI) according to baseline PTH. In multivariable model 1, we adjusted for age, sex, race,
season of blood draw, education, and family history of diabetes. In a second model, we
adjusted for model 1 covariates in addition to BMI, physical activity, smoking status, alcohol
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use, and eGFR. A third model adjusted for model 2 covariates in addition to serum
25(0OH)D. Tests for a linear trend across PTH quintiles were performed by modeling the
median of the PTH quintiles in the multivariable models as a continuous term. We used
restricted cubic splines to explore the dose-response association. Baseline PTH was modeled
using restricted cubic splines with knots at the 5, 25t 75t and 95t percentiles (22.1,
31.1, 48.8, and 69.8 pg/mL, respectively). A quadratic PTH term revealed no evidence of a
non-linear association. Potential effect modification of the association between PTH and
incident diabetes by race, sex, eGFR, and 25(OH)D was evaluated by testing the statistical
significance of a multiplicative interaction term in models that also included lower order
terms. eGFR and 25(OH)D were entered as categorical variables. We also assessed whether
key vitamin D binding protein SNPs (i.e., rs4588 and rs7041), which together explain nearly
80% of the variability in vitamin D binding protein levels, modified the association between
PTH and diabetes.

Sensitivity analyses were conducted restricting our analysis to participants with normal
baseline kidney function (eGFR =90 ml/min/1.73 m?), or excluding those with suspected
primary hyperparathyroidism (PTH =65 pg/mL and calcium >10.2 mg/dL) [21]. The
assumption of proportional hazards was evaluated qualitatively by visual inspection of In(-
In) survival plots and with the inclusion of cross-product terms between PTH quintiles and
In(time).

Tests of statistical significance were two-tailed, with an alpha level of 0.05. SAS version 9.3
(SAS Institute, Cary, NC) was used to perform all analyses.

3.1 Participant characteristics

The 10,100 participants had a mean age of 56.6 years at baseline, 20.1% were black, and
57.0% were women. PTH was higher among blacks than whites [median (IQR), 43.8 (35.0 —
55.8) vs. 37.9 (30.4 — 47.3) pg/mL; p < 0.001]. Likewise, the prevalence of PTH =65 pg/mL
was also higher among blacks compared to whites (15.0% vs. 5.7%). Levels of PTH were
correlated inversely with serum 25(OH)D (r = —0.27), phosphorous (r = —0.15), and
positively with calcium (r = 0.09). Using similar quintile cut-points in whites and blacks,
those with higher PTH levels among both races were older; female; less likely to smoke;
consumed less alcohol; had higher BMI, calcium, systolic and diastolic blood pressure
levels; were more likely to use antihypertensive medications; and had lower eGFR and
25(0H)D levels (Table 1). White adults with higher PTH levels also had higher glucose
levels. No association of insulin with PTH was observed in whites or blacks (p-trend 0.56
and 0.26, respectively).

3.2 PTH and incident diabetes

During a median follow-up of 6 years, there were 665 incident cases of diabetes from visit 2
(1990-1992) to visit 4 (1996-1998) (498 among whites and 167 among blacks). The
association of PTH with diabetes adjusted for model 3 covariates varied by race (p-
interaction 0.02), but not sex, eGFR, or 25(0OH)D (p-interaction >0.2, for all). Table 2 shows
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the number of cases of diabetes and their associations with quintiles of PTH in the overall
cohort and also stratified by race. Among whites, in multivariable analyses, there was a
positive association of PTH with risk for incident diabetes (Table 2, model 1). Further
adjustment for lifestyle factors and eGFR (model 2) attenuated the association somewhat.
This attenuation was primarily due to adjustment for BMI. Further adjustment for 25(OH)D
had minimal influence on the association (model 3). Additional adjustment for waist
circumference also had little influence on the association (data not shown). However, further
adjustment for calcium levels modestly strengthened the positive association at the highest
levels of PTH. HRs (95% Cls) for diabetes according to higher quintiles of PTH were 1
(referent), 0.99 (0.74, 1.34), 0.97 (0.72, 1.31), 1.14 (0.85, 1.53), and 1.36 (1.01, 1.83),
respectively (p-trend 0.02).

The cubic spline regression analyses adjusted for model 3 covariates among whites
confirmed a positive association of PTH with diabetes risk that became statistically
significant at approximately 60 pg/mL (Figure 1A). When PTH was defined by a clinical
cut-point of 65 pg/mL, the multivariable-adjusted HR for diabetes among whites with PTH
>65 pg/mL was 1.38 (95% ClI: 1.01, 1.88) (Table 3, model 3). This HR was 1.38 (95% ClI:
1.02, 1.88) following further adjustment for calcium levels.

Among blacks, there was no evidence of a dose-response association between PTH and
incident diabetes regardless of the level of adjustment (Table 2). The cubic spline regression
model (Figure 1B) showed some evidence for a positive association of PTH with diabetes at
concentrations >80 pg/mL, however, the confidence intervals were wide and included the
null value of 1. The multivariable adjusted HR for diabetes among black adults with PTH
>65 pg/mL was 1.15 (95% CI: 0.75, 1.77) (Table 3, model 3). This HR was 1.16 (95% ClI:
0.76, 1.77) following further adjustment for calcium levels.

There was no evidence that the association between PTH and diabetes varied by 25(OH)D
level among white or black adults (Supplemental Table 1). Similarly, the associations did not
vary by vitamin D binding SNPs (Supplemental Table 2).

3.3 Sensitivity analyses

When restricted to the 5,106 white and 1,561 black participants with normal kidney function
at baseline (eGFR =90 ml/min per 1.73 m2), there remained a higher risk for diabetes among
white participants with PTH levels =65 pg/mL following adjustment for model 3 covariates
(n cases: 269; HR: 1.65, 95% CI: 1.10, 2.47) and no association among blacks (n cases: 123;
HR: 1.32, 95% CI: 0.81, 2.15). Results were also similar when white and black participants
with suspected primary hyperparathyroidism (n = 24 and 26, respectively) were excluded
from analyses. The HR for PTH =65 pg/mL for model 3 was 1.41 (95% ClI: 1.03, 1.93)
among whites (n cases: 497) and 1.05 (95% CI: 0.67, 1.65) among blacks (n cases: 163).

4. Discussion

In this large, population-based, prospective ARIC study of white and black adults without
diabetes at baseline, we found that the association between elevated PTH and incident
diabetes varied significantly by race. Among whites, we observed a positive association of
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PTH with diabetes that was primarily limited to the highest levels of PTH. This association
with diabetes was independent of a number of potential confounding factors, including level
of adiposity and 25(OH)D. In contrast, PTH levels were not associated with risk for diabetes
among black adults. These findings were robust to sensitivity analyses by baseline kidney
function as well as the removal of suspected cases of primary hyperparathyroidism. These
results suggest that there are important differences in the association of elevated PTH with
diabetes between white and black adults.

Few, if any, studies have investigated the association of PTH with incident diabetes,
especially in large, diverse, well-characterized population-based samples such as ARIC. To
date, evidence on the relationship between PTH and diabetes has come predominately from
case-control studies of patients with primary hyperparathyroidism. Cheung et al. [6] reported
that the prevalence of diabetes was approximately 3-fold higher among patients with
primary hyperparathyroidism compared with the general population. Taylor [8] reported that
the frequency of diabetes was 7.8% in a sample of 205 patients with primary
hyperparathyroidism and 3.0% among 200 consecutive patients without
hyperparathyroidism attending the same medical clinic. Similarly, Werner et al. [9] reported
a 4-fold higher prevalence of diabetes in patients with primary hyperparathyroidism. Our
findings suggest a positive association of elevated PTH with incident diabetes in a
population-based sample of white adults, which remained after exclusion of those with
suspected primary hyperparathyroidism and individuals with kidney dysfunction, the latter
of which typically results in secondary hyperparathyroidism.

More recent studies have shown that PTH is independently associated with insulin
resistance, B-cell dysfunction, and dysglycemia in human and animal models [1-5]. In
contrast to findings showing that elevated PTH levels are not associated with insulin
sensitivity, p-cell function, or glycemia, if accompanied by 25(OH)D sufficiency (4), we
found no evidence to suggest that the PTH-diabetes association varied according to
25(0OH)D status. These contrasting findings may be due, at least in part, to a number of
reasons, including differences in the sample population, study design, and outcomes of
interest. Additional studies are needed to determine whether 25(OH)D sufficiency may
moderate the potential influence of elevated PTH levels in the development of diabetes.

Patients with primary hyperparathyroidism are frequently insulin resistant, and insulin
resistance has been shown to improve following parathyroidectomy in these patients [22].
PTH interacts with pancreatic islets and can modulate insulin secretion, potentially through
the PTH/parathyroid hormone-related protein receptor (PTH1R) [23]. In animal models,
insulin-stimulated glucose uptake in adipocytes has been shown to decline secondary to a
PTH-induced elevation in intracellular calcium both in vivo and in vitro [24]. In addition,
PTH has been shown to promote serine phosphorylation of insulin receptor substratel in
adipocytes, which subsequently results in reduced insulin-stimulated glucose uptake [25].

In the current study, we found that both PTH levels and the incidence of diabetes were
higher among blacks, compared to whites, confirming findings that have been reported
previously [10-12]. However, despite higher levels of PTH, there was no significant
association observed among blacks. While the association of 25(0OH)D, for example, with

Diabetes Metab. Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Reis et al.

Page 8

diabetes has been shown to differ between white and black adults, including in the ARIC
Study [26, 27], a limited number of studies of PTH with other outcomes such as
hypertension [28] and mortality [29] have generally revealed consistent findings between the
races. The reasons for the lack of an association with diabetes in blacks in the current study
are unclear, but may be due, at least in part, to systemic and peripheral resistance to the
effects of PTH. There is a noted paradox in the area of bone health whereby blacks have
greater bone mass and lower fracture risk than do whites, despite higher PTH and lower
25(0H)D levels [12, 30, 31]. Other explanations may include differences in calcium
homeostasis between the races, including a greater ability to absorb calcium, preserve
skeletal calcium, and limit the excretion of calcium among blacks [14, 32-34]. Further
studies are needed to elucidate the mechanisms that may underlie the differential association
of PTH with diabetes between the races.

Strengths of the current study include a community-based sampling method; a biracial
cohort; extensive data on potential confounders; a large sample size that increased precision
and permitted adjustment and stratification by multiple variables; and the standardized data
collection protocols and rigorous quality control of the ARIC Study. Nevertheless, at least
six limitations deserve mention. First, we measured PTH only a single time at baseline and
therefore we were unable to determine whether changes in PTH may have occurred during
the follow-up period. PTH was only moderately correlated with measures taken 3 years later.
Changes over time or within person variability in PTH would likely lead to an
underestimation of the true association between PTH and diabetes. Second, PTH and several
other biomarkers were measured on serum stored for 2 decades. Evidence suggests that
serum PTH by our method is stable when stored at —80°C [16]. If deterioration occurred, it
is likely to again underestimate the true association of PTH with diabetes. Third, we used a
second-generation PTH assay, which has cross-reactivity with the inactive 7-84 PTH
fragment that is found in higher concentrations in patients with renal failure [21]. However,
our sensitivity analysis restricted to participants with normal kidney function revealed
similar results. Fourth, despite the large sample size, statistical power was limited for some
comparisons, particularly when the analysis was restricted to blacks. Fifth, our study
included adults living in the US and may not be representative of white and black
individuals living in other parts of the world. Lastly, this is an observational analysis, and
residual confounding may be present.

In conclusion, in this large prospective study of mostly middle-aged adults at baseline, the
association of elevated PTH with the development of diabetes varied significantly by race.
Whereas there was a positive association among whites, there was no evidence for an
association among blacks. This study highlights important differences in the association of
elevated PTH with diabetes between white and black adults. Further studies are needed to
elucidate the mechanisms that may underlie this differential association between the races.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Adjusted HRs (95% CI) for incident diabetes according to baseline parathyroid hormone
compared with the referent of 25.2 pg/mL (the 10t percentile) among (A) whites and (B)
blacks. Adjusted HRs are from Cox proportional hazards models with adjustment for age,
sex, race, season, education, family history of diabetes, body mass index, physical activity,
smoking status, alcohol use, eGFR, and 25(OH)D.
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Adjusted hazard ratios (95% confidence intervals) for incident diabetes according to a clinical cut-point in the
overall cohort and by race, the ARIC Study 1990-98

Normal Elevated
Median (pg/mL) 37.8 74.1
Range (pg/mL)  2.1-64.9 65.0-179.8
Overall cohort
N participants 9340 760
N events 585 80
Event rate? 11.3 19.6
Model 12 1 (ref) 1.72 (1.36, 2.19)
Model 2¢ 1(ref)  1.26(0.98,1.62)
Model 39 1 (ref) 1.24 (0.97, 1.60)
Whites
N participants 7610 456
N events 448 50
Event rate? 105 205
Model 12 1 (ref) 1.86 (1.38, 2.51)
Model 2¢ 1(ref)  1.43(1.05,1.94)
Model 3¢ 1 (ref) 1.38 (1.01, 1.88)
Blacks
N participants 1730 304
N events 137 30
Event rate? 14.8 18.4
Model 12 1 (ref) 1.35 (0.90, 2.03)
Model 2¢ 1(ref)  1.09(0.72, 1.65)
Model 3¢ 1 (ref) 1.15(0.75, 1.77)

aEvent rate per 1,000 person-years

bModeI 1 adjusts for age, sex, race (except for race stratified analyses), season of blood draw, education (less than high school, high school, more
than high school), and family history of diabetes (yes/no).

cModeI 2 adjusts for Model 1 + body mass index (kg/mz), physical activity (Baecke sport activity index), smoking status (current, former, never),
alcohol use (g/wk), and eGFR (ml/min/1.73 m2).

dModeI 3 adjusts for Model 2 + 25(OH)D (ng/mL).
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