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Abstract

Purpose—Results from recent clinical trials suggest that vitamin D efficacy against cancer may
be influenced by body mass index. As suppression of parathyroid hormone (PTH) is one indicator
of vitamin D efficacy, we examined to what extent doses of vitamin D3 supplementation suppress
PTH levels in individuals with and without obesity.

Methods—A total of 328 healthy African Americans were randomized into the following four
groups and treated for 3 months: placebo, 1000, 2000, or 4000 IU/day of vitamin D3
supplementation.

Results—Among the participants, 250 individuals with PTH measurements were included in the
analysis. Obese individuals (n = 141) experienced a steep reduction of 3-month PTH from placebo
to 1000 1U/day of vitamin D3 supplementation, but no further reduction at 2000 or 4000 IU/day.
For non-obese individuals (n = 109), the reduction of 3-month PTH was approximately linear for
increasing vitamin D3 doses. At supplementation of 2000 to 4000 1U/day, 3-month 25(OH)vitamin
D levels were high in both non-obese and obese individuals, but the 3-month PTH levels remained
about 10 pg/mL higher in individuals with obesity.

Conclusion—Our findings suggest that excess adiposity confers resistance to vitamin D efficacy
in suppressing PTH levels, even when given at high doses.
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Introduction

Methods

Vitamin D has been hypothesized to reduce risks of cancer, diabetes, and cardiovascular
disease, among other diseases, leading to the conduct of randomized trials. In the Vitamin D
and Omega-3 Trial (VITAL), 2000 1U/day of vitamin D3 supplementation was associated
with lower total cancer incidence in participants with normal body mass index (BMI) (HR =
0.76; 95% confidence interval, 0.63-0.90), but not among participants with overweight or
obesity (P for interaction = 0.002)[1]. Moreover, in a trial of patients with metastatic
colorectal cancer, the effect of high-dose vitamin D3 on progression-free survival was
greater among patients with lower BMI (P for interaction = 0.04)[2]. Similar findings were
reported in a recent large clinical trial of vitamin D supplementation and type 2 diabetes,
which found that supplementation with 4000 1U/day of vitamin D3 did not significantly
lower risk of type 2 diabetes in adults with prediabetes[3]. However, in subgroup analyses,
risk reduction was observed in participants with BMI <30 kg/m? (Hazard ratio = 0.71; 95%
confidence interval, 0.53-0.95), but not in participants with BMI =30 kg/m? (Hazard ratio =
0.97; 95% confidence interval, 0.80-1.17)[3]. These findings could be due to chance, but it
is intriguing that a strong interaction in the same subgroup was observed in these three
randomized trials of vitamin D. We considered other evidence for the plausibility that
vitamin D efficacy would be influenced by body mass, with less effect in those with greater
adiposity. It is known that obesity affects the vitamin D-parathyroid hormone (PTH) axis[4].
Suppression of PTH, an indicator of vitamin D efficacy, is less likely to occur at a given
25(0OH)vitamin D (25(OH)D) level in obese than in lean individuals[5]. To date, there is
limited research on dose-response effects of vitamin D on PTH levels according to BMI.
Therefore, we examined whether relatively high doses of vitamin D3 supplementation can
suppress PTH levels in individuals with obesity to similar levels as in individuals without
obesity.

The parent study for this analysis was a prospective, randomized, double blind, placebo-
controlled trial of oral vitamin D3 (cholecalciferol) supplementation in healthy African
Americans (ClinicalTrials.gov: NCT00585637), described in detail elsewhere[6]. The
project was approved by the Institutional Review Boards of Harvard T.H. Chan School of
Public Health and Dana-Farber Cancer Institute. All procedures were followed in
accordance with institutional guidelines.

A total of 328 African American men and women aged 30 to 80 years old living in Boston,
MA were randomly assigned to one of four daily treatment arms: placebo, 1000 1U (25
mcg)/day, 2000 1U (50 mcg)/day, or 4000 1U (100 mcg)/day of vitamin D3 for 3 months. All
tablets also contained 200 mg of calcium carbonate. To minimize the influence of sun
exposure on vitamin D levels, the enrollment occurred during the late fall and winter
months. The exclusion criteria included pre-existing disorders of calcium metabolism and
parathyroid function (including prevalent hypercalcemia at baseline), type | diabetes, renal
disease, sarcoidosis, concurrent active malignancies (other than non-melanoma skin cancer),
cognitive impairment, active thyroid disease (e.g., Graves, Hashimoto’s, or thyroiditis),
plans for vacation or extended travel to a sunny region during the supplementation phase of
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the study, and supplementation with vitamin D. Blood samples were collected at baseline
and at 3 months. PTH was measured with stored blood samples using the DiaSorin intact
PTH immunoradiometric assay. There were 250 individuals with PTH measurements and
complete covariate information. Although the unavailability of blood samples in ~20% of
participants could have influenced statistical power and precision, it was unlikely to cause
bias.

For this analysis, the primary endpoint was 3-month change in serum PTH levels (from
baseline to the end of the randomized vitamin D3 supplementation). Dose-response effect of
vitamin D3 on PTH levels was evaluated to observe how PTH responds to different doses of
vitamin Ds.

To explore potential heterogeneity in the relationship, we performed a stratified analysis by
obesity status (Obese, BMI =30 kg/m? and Non-obese, BMI <30 kg/m?). Independent t-test
was used when comparing the means of the two subgroups. If the variable of interest was not
normally distributed, results from a non-parametric test (Wilcoxon rank-sum) and median
values were reported instead. We used linear regression and tested for statistical interaction
by adding a product term of the two variables in the model. Two-sided statistical
significance was defined as P-value <0.05. Analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC).

In this study, 61, 65, 61, and 63 individuals were randomly assigned to placebo, 1000, 2000,
and 4000 IU/day of vitamin D3 supplementation, respectively (Table). The compliance with
supplementation in the population was 96.6% and did not differ significantly between
treatment arms. In the stratified analysis, there were 141 participants with obesity (77.3%
female) and 109 without obesity (57.8% female). The mean serum 25(OH)D level at
baseline was 16.8 ng/mL among individuals with obesity and 17.4 ng/mL among individuals
without obesity. While mean baseline 25(OH)D levels were not statistically different for the
obese and non-obese groups (Independent t-test ~-value = 0.66), baseline PTH level was
statistically significantly higher in individuals with obesity compared to those without
obesity (Median baseline PTH for obese: 39.3 pg/mL and for non-obese: 35.4 pg/mL;
Wilcoxon rank-sum A-value = 0.0009).

At 3 months after supplementation, the mean 25(OH)D level for individuals with obesity
was 28.2, 35.2, and 45.0 ng/mL at 1000, 2000, and 4000 1U/day of vitamin Ds, respectively
(Table). Both obese and non-obese individuals attained similarly high 3-month 25(0OH)D
levels for increasing doses of vitamin D3 supplementation (Figure, left). In the Table, the 3-
month change in PTH levels differed significantly by vitamin D3 dosage for both obese and
non-obese individuals (Obese: —2.8 pg/mL for each additional 1000 IU/day of vitamin D3,
P-value = 0.0045 and Non-obese: —2.2 pg/mL for each additional 1000 1U/day of vitamin
D3, P-value = 0.016). While vitamin D3 supplementation at increasing doses progressively
lowered PTH in both obese and non-obese participants, an approximate 10-unit difference in
serum PTH levels at 3 months remained between the two groups. For individuals with
obesity, there was a steep reduction of mean PTH at 3 months from placebo to 1000 1U/day
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(48.1 to 38.9 pg/mL) but no further reduction at 2000 or 4000 1U/day (Figure, right). For
individuals without obesity, the reduction of PTH was approximately linear with a mean of
39.8, 39.4, 32.1, and 28.1 pg/mL for the placebo, 1000, 2000, and 4000 IU/day arms,
respectively. However, the steepness of slope for obese and non-obese individuals was not
statistically significantly different (2 for interaction = 0.30).

Conclusions

The threshold for vitamin D sufficiency remains controversial, but has been defined by some
as the lowest serum concentration of 25(OH)D that maximally suppresses PTH secretion[7].
In this trial, even though increases in vitamin D3 dose lowered PTH in both non-obese and
obese participants, higher PTH levels in individuals with obesity persisted even at 4000
IU/day of vitamin D3 and 45 ng/mL of attained 25(OH)D. Although the interaction was not
statistically significant, these results suggest that excess adiposity confers some resistance to
the efficacy of vitamin D in suppressing PTH levels even when given at high doses.

Similar to our findings and results from the randomized trials on vitamin D
supplementation[1-3], a recently published randomized trial on calcium supplementation
and colorectal adenoma showed apparent difference in calcium efficacy for normal versus
overweight or obese individuals[8]. 1200 mg/day of calcium supplementation reduced risk
of colorectal adenoma among individuals with normal BMI, but not among those with
overweight or obesity. The results from our study and the trial on calcium supplementation
suggest that BMI not only modifies the efficacy of vitamin D but also the efficacy of
calcium.

In a meta-analysis that investigated PTH response to vitamin D3 supplementation in the
general adult population, vitamin D3 supplementation of 3000 IU/day for one year
effectively suppressed serum PTH levels[5]. However, for individuals with obesity, a recent
meta-analysis of clinical trials reported that while 4000 1U/day of vitamin D3
supplementation maximally increased serum 25(OH)D levels, only 1000 1U/day was needed
to significantly suppress serum PTH levels[9]. This pattern was observed in our study,
whereby 1000 1U/day appeared to maximally reduce PTH in individuals with obesity,
despite 25(OH)D levels increasing progressively with higher vitamin D3 doses. In
individuals without obesity, the achieved PTH level with higher doses was approximately 10
pg/mL lower than in individuals with obesity.

The main strength of this study was the randomized design and high doses of vitamin D3
supplementation tested. A limitation was the small sample size, which possibly led to
insufficient power to detect whether the slope of PTH levels at increasing vitamin D3 doses
differed by obesity status, thereby requiring confirmatory studies. Nonetheless, our data
suggest that PTH levels remain elevated in individuals with obesity compared to individuals
without obesity even at relatively high doses of vitamin D3 (2000~4000 1U/day).

Our findings suggest a need for further mechanistic research but add to the biologic
plausibility that obese individuals may be less responsive to the effect of vitamin D3
supplementation. The suppression of PTH secretion has often been used as an indicator of
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vitamin D sufficiency[7], although whether this relates to effects of vitamin D on conditions
such as cancer and diabetes remains unknown. Whether differences in vitamin D sensitivity,
free or bioavailable 25(OH)D levels[10], vitamin D receptor activity, gene expression, or
other factors account for the heterogeneity in results[1-3] by BMI level in recent trials
warrants further study.
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(Left) Mean 25(OH)vitamin D (25(OH)D) level at 3 months for different doses of vitamin
D3 supplementation, stratified by obesity status. (Right) Mean parathyroid hormone (PTH)
level at 3 months for different doses of vitamin D3 supplementation, stratified by obesity

status
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