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Summary
Context Both obesity (body mass index, BMI ≥ 30 kg/m2) and Black race are associated with a higher
risk of vitamin D deficiency and secondary hyperparathyroidism. We hypothesized the risk of
hypovitaminosis D would therefore be extraordinarily high in obese Black adults.

Objective— To study the effects of race and adiposity on 25-hydroxyvitamin D [25(OH)D] and
parathyroid hormone (iPTH).

Design, Setting and Participants— Cross-sectional study of 379 Black and White adults from
the Washington D.C. area. BMI ranged from 19.9 to 58.2 kg/m2.

Main Outcome Measures— Prevalence of hypovitaminosis D [25(OH)D < 37.5 nmol/l] and
secondary hyperparathyroidism [25(OH)D < 37.5 nmol/l with iPTH > 4.2 pmol/l].

Results— Obese Black subjects had lower mean 25(OH)D, 40.3 (SD, 20.3) nmol/l, compared with
obese Whites, 64.5 (29.7), P < 0.001, nonobese Blacks, 53.3 (26.0), P = 0.0025 and nonobese Whites,
78.0 (33.5), P < 0.001. The prevalence of hypovitaminosis D increased with increasing BMI, and
was greater (P < 0.001) in Blacks than Whites within all BMI categories examined. Among subjects
with BMI ≥ 35 kg/m2, 59% of Blacks vs 18% of Whites had hypovitaminosis D (odds ratio 6.5, 95%
confidence interval 3.0–14.2). iPTH was negatively correlated with 25(OH)D (r = −0.31, P < 0.0001),
suggesting those with hypovitaminosis D had clinically important vitamin D deficiency with
secondary hyperparathyroidism. For secondary hyperparathyroidism 35.2% of Blacks met the
criteria, compared to 9.7% of Whites (OR 3.6, CI 1.5–98.8).

Conclusions— Obese Black Americans are at particularly high risk for vitamin D deficiency and
secondary hyperparathyroidism. Physicians should consider routinely supplementing such patients
with vitamin D or screening them for hypovitaminosis D.
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Introduction
Obesity, defined as a body mass index (BMI) ≥ 30 kg/m2, is one of the most prevalent health
problems worldwide.1 Being overweight (BMI 25–29.9 kg/m2) or obese is associated with
decreased serum concentrations of 25-hydroxyvitamin D [25(OH)D] and high intact
parathyroid hormone (iPTH).2–8 High iPTH indicates that the lower 25(OH)D observed in
obesity is physiologically suboptimal, because it induces a compensatory (secondary)
hyperparathyroidism.

Serum 25(OH)D concentrations are also influenced by skin colour because melanin interferes
with ultraviolet light-induced conversion of 7-dehydrocholesterol in the skin into previtamin
D3.9 Compared to Whites, Blacks have lower mean serum 25(OH)D, higher iPTH and a
markedly increased prevalence of vitamin D deficiency.10–12

Although osteoporosis is uncommon in obese persons and in Blacks, vitamin D deficiency is
likely a risk factor for the development of a number of chronic diseases. Epidemiologic studies
have associated hypovitaminosis D with an increased risk of a number of cancers, autoimmune
diseases, heart disease and hypertension,13 which are more prevalent in African Americans.

Black adults are potentially at particularly high risk for vitamin D deficiency because of two
factors: their greater skin melanin and their greater prevalence of being overweight or obese.
14 However, whether or not obesity has an additional effect on vitamin D in Black individuals
is unclear.10,15,16 Because lower vitamin D in individuals with dark skin and in those with
obesity are likely caused by different mechanisms, we hypothesized that both obesity and Black
race would affect serum 25(OH)D concentrations independently, such that obese Black adults
would have an extraordinarily high prevalence of hypovitaminosis D. To test this hypothesis,
we studied the effects of race and adiposity on vitamin D and parathyroid hormone in a sample
of Black and White adults with a wide range of BMI.

Subjects and methods
Subjects were recruited through advertisements inviting ‘healthy volunteers’ or ‘overweight’
adults to participate in a calcium-supplement study. One thousand nine hundred nineteen
potential subjects inquired; 1800 were screened by telephone, 1349 potential subjects were
excluded for reporting a significant medical illness such as diabetes, bone, kidney, liver or
gallbladder disease, were taking medications that affect vitamin D and iPTH concentrations or
body weight, had intentional weight change of more than 3% of body weight in the preceding
3 months, were of a self-identified race/ethnicity other than non-Hispanic White or non-
Hispanic Black, or declined to participate. Five subjects were excluded for reporting intake
exceeding 3.5 g/day of calcium or 400 IU/day of vitamin D supplements. Sixty-seven subjects
were excluded for not completing required laboratory testing. Included and excluded subjects
did not differ in age, although Black individuals comprised 34% of those participating, but
42% of those excluded (P = 0.02), and men comprised 26% of those participating, but 17% of
those excluded (P = 0.0007). Volunteers were from the Washington D.C. area between latitudes
36° to 40°N. The research protocol was approved by the National Institute of Child Health and
Human Development Institutional Review Board, and signed consent was obtained from all
subjects. Financial compensation was provided for subjects’ inconvenience.

Visits were conducted between March 2002 and December 2003. Subjects reported after a 10-
h overnight fast to undergo a detailed history, physical examination and anthropometric
measurements. Subjects were weighed in hospital gowns using a digital scale (Life
Measurement Instruments, Concord, CA) that was calibrated with a known weight before each
subject’s measurement. Height was measured using a stadiometer also calibrated before each
set of measurements (Holtain Ltd, Crymych, UK). Whole body dual energy X-ray
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absorptiometry (DXA) for estimation of fat mass (Delphi A, LX 20 Beckman, Bedford, MA,
software version 11.2) was performed in 306 subjects.

Laboratory assays
Subjects underwent measurements of calcitropic hormones and routine chemistries by venous
blood sampling. 25(OH)D was measured using a competitive binding assay (Nichols
Advantage, Nichols Diagnostic, San Clemente, CA).17 Functional sensitivity of the assay was
< 16.8 nmol/l and mean interassay coefficient of variation (CV) was 5.7%. 1,25
Dihydroxyvitamin D [1,25(OH)2D] was measured using cartridge extraction and
radioimmunoassay (Mayo Medical Laboratories, Rochester, MN) having 24 pmol/l sensitivity
and mean interassay CV 11.4%.18 Intact PTH measurements were performed using two-site
immunochemiluminometric assays. One hundred eighty-six samples were analysed with
Nichols Advantage Intact PTH (Nichols Diagnostics),19 which had mean interassay CV of
4.7% and 193 samples with Nichols Advantage Bio-Intact PTH (1–84) with mean interassay
CV of 6.7%. The reported Pearson’s correlation coefficient between the two assays was 0.97
(95% confidence interval 0.96–0.98), and least squares linear regression analysis of the two
assays performed on the same samples by the NIH clinical laboratory yielded an equation of
Bio-Intact PTH = 0.6(Intact PTH) + 4.2. Those samples measured using the Intact PTH assay
were converted using this equation into Bio-Intact assay concentrations before statistical
analysis. The Bio-Intact PTH assay does not detect the large, biologically inactive C-terminal
fragments that may be detected by the Intact PTH assay.20 Results were not altered in direction
or significance when a variable for PTH assay was included in analyses. Ionized calcium was
measured by an ion-selective electrode method using the Roche AVL 988-4 Analyser (Roche
Diagnostics Corp., Indianapolis, IN). The sensitivity for the assay was 0.1 mmol/l, the upper
limit of linearity was 6 mmol/l and the interassay CV was 2.3%. Other blood chemistries
including alkaline phosphatase and phosphorus were obtained using standard methods.

Recorded food intake
Subjects were given written instructions to record all foods and beverages consumed over seven
consecutive days. Food records were reviewed in person with subjects by a registered dietician
to maximize accuracy and completeness, and analysed for dietary vitamin D intake using the
Nutrition Data System for Research (NDS-R) software versions 4.04_32 and 4.05_33,
developed by the Nutrition Coordinating Center, University of Minnesota, Minneapolis.21 The
dietary vitamin D (calciferol) data for database version 4.04_32 were 99.6% complete. In
version 4.05_33 the dietary vitamin D data were 99.0% complete. Information about intake of
vitamin D supplements, including that from multivitamins, was confirmed through interview
by the dietician. Dietary and supplemental calcium intake was also measured with these
methods.

Statistical analysis
Contingency table analyses and analyses of covariance (ANCOVA) were performed using
STATVIEW version 5.01 (SAS Institute, Inc. Cary, NC). Logistic regression with Newton-
Raphson iterative fitting was carried out using EGRET 2.0.31 (Cytel Software Corporation,
Cambridge, MA). The primary analysis examined 25(OH)D concentrations with race and level
of obesity (obese vs nonobese) as the categorical factors of interest, with age, sex, season and
socioeconomic status included in the analysis. Results were not altered in direction or
significance when subjects taking vitamin D supplementation were excluded. To examine
seasonal variation of 25(OH)D levels, visit dates were grouped into four categories (spring 21
March through 20 June, summer 21 June through 20 September, fall 21 September through 20
December and winter 21 December through 20 March). Socioeconomic status was determined
by Hollingshead score,22 grouped as follows: categories I and II were ‘high’ (n = 150), category
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III was ‘mid’ (n = 165) and categories IV and V constituted ‘low’ socioeconomic status (n =
64). Tests were performed for co-linearity, overfitting and second-degree interactions. In
subsequent analyses, obesity was subdivided into those with class I (BMI 30–34.99 kg/m2),
class II (BMI 35–39.99 kg/m2), and class III obesity (BMI ≥ 40 kg/m2). Although multiple
definitions for hypovitaminosis D have been proposed,13 we chose a conservative definition
of 25(OH)D < 37.5 nmol/l (< 15 ng/ml) in accordance with data showing that iPTH begins to
rise at this level of 25(OH)D.10 High iPTH was defined as serum iPTH > 4.2 pmol/l (40 pg/
ml) based on manufacturer’s guidelines. With alpha set at 0.05, a power analysis (using the
Fleiss correction) suggested that comparisons between subgroups having > 34 subjects would
have 80% power to detect 35% differences in the proportion of subjects with hypovitaminosis
D or hyperparathyroidism. No subject was found to have the combination of abnormally high
iPTH, serum ionized calcium and urinary calcium consistent with primary
hyperparathyroidism. Unadjusted odds ratios are presented, as they were not greatly altered by
covariates. Results are presented as mean (SD) unless otherwise specified, with statistical
significance set at P = 0.05. Posthoc pairwise comparisons were performed using unpaired t-
tests or contingency table analysis as appropriate using the Bonferonni–Hochberg adjustment
for multiple comparisons.

Results
Two hundred thirty-two obese and 147 nonobese subjects were enrolled (Table 1). One hundred
twenty-three were Black (65% obese) and 256 were White (59% obese). Black and White
subjects were not significantly different in mean age, although men were older than women
overall and had lower mean body fat mass (P < 0.005). There were significant differences
between Black and White subjects in socioeconomic status (P < 0.0001); therefore,
socioeconomic status was included as a covariate in analyses. Black and White subjects were
not significantly different in mean BMI or body fat mass. However, when examined
categorically, a greater proportion of Black than White women had BMI ≥ 40 kg/m2 (P <
0.005).

Mean serum 25(OH)D (nmol/l) varied significantly by season (P = 0.006): spring 56.5 (29.7),
summer 60.5 (29.7), fall 69.0 (32.7) and winter 63.3 (35.0). Neither 1,25(OH)2D (P = 0.44)
nor iPTH (P = 0.31) varied significantly with season.

In obese subjects, 25(OH)D (Table 2) was significantly lower than in nonobese subjects (P <
0.0001), and 25(OH)D was lower in Black than White subjects regardless of body weight (P
< 0.0001). Furthermore, 25(OH)D was significantly lower in obese Black subjects than
nonobese Black (P = 0.0025), or obese White (P < 0.0001) subjects. In obese White subjects,
25(OH)D was also significantly lower than in nonobese White subjects (P = 0.0008).

Hypovitaminosis D was present in 43.1% of all Black, vs 11.7% of all White, subjects (P <
0.0001, odds ratio [OR] 5.7, CI 3.4–9.6). Examined by BMI category (Fig. 1), 28% of
overweight Black subjects had hypovitaminosis D vs 9.0% of overweight White subjects (OR
3.8, CI 1.3–11.0). Among subjects with class I obesity (OR 4.8, CI 1.5–14.7), class II obesity
(OR 8.2, CI 2.6–25.7) and class III obesity (OR 4.9, CI 1.7–14.2), Black subjects had
significantly higher likelihood of hypovitaminosis D (P < 0.01). For all subjects with BMI ≥
35 kg/m2, 59% of Black participants had hypovitaminosis D, compared to 18% of White
subjects (OR 6.5, CI 3.0–14.2). Both BMI (P < 0.001) and race (P < 0.001) had similarly
independent effects in the prediction of 25OHD levels when a less conservative definition of
vitamin D deficiency (< 80 nmol/l) was used in logistic regression.

For the 284 subjects who completed food records (Table 2), mean daily dietary vitamin D
intake was not different according to race (P > 0.1) or body mass (P > 0.9), nor was there a
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race by BMI interaction. There was no seasonal variation in reported dietary vitamin D intake
(P > 0.6). There was no difference in mean daily supplemental vitamin D intake between Black
and White subjects (P = 0.73) nor between obese and nonobese subjects (P = 0.13). In logistic
regression analyses with 25(OH)D as the dependent measure and adiposity (BMI or DXA body
fat), race, sex, age, season, socioeconomic status and vitamin D intake as the independent
measures, adiposity expressed either as BMI (odds ratio 1.08, CI 1.04–1.13, P < 0.001) or
percentage body fat (odds ratio 1.07, CI 1.02–1.12, P = 0.004) and race (odds ratio 6.8, CI 3.5–
13.2, P < 0.001) were significantly and independently related to likelihood for a low 25(OH)
D.

Mean iPTH (Table 2) was significantly higher in obese than nonobese subjects (P < 0.0001)
and in Black compared to White subjects (P < 0.0001). Mean iPTH was also significantly
greater in obese vs nonobese Black subjects (P = 0.0001) and in obese vs nonobese White
individuals (P < 0.005). The prevalence of secondary hyperparathyroidism, defined as iPTH
> 4.2 pmol/l (40 pg/ml) when 25(OH)D was below 37.5 nmol/l (15 ng/ml), was significantly
greater in all Black (21.9%) than in all White subjects (4.3%, P < 0.0001, OR 6.9, CI 3.2–14.8)
and in obese Black (28.7%) than in obese White subjects (7.2%, OR 5.2, CI 2.4–11.3). The
prevalence of secondary hyperparathyroidism differed in Black and White subjects according
to BMI (Fig. 2). Among subjects with class III obesity, Black subjects had a greater likelihood
of secondary hyperparathyroidism (OR 7.9, CI 2.0–31.7). For all subjects with BMI ≥ 35 kg/
m2, 35.2% of Black, vs 9.7% of White subjects, had secondary hyperparathyroidism (OR 3.6,
CI 1.5–98.8).

Serum concentrations of iPTH and 25(OH)D were negatively associated in both Black and
White subjects (Fig. 3, r = −0.31, P < 0.0001). Ionized calcium was negatively correlated with
iPTH (r = −0.16, P = 0.0024), and ionized calcium was significantly lower in obese subjects,
1.285 (0.05), than in nonobese subjects, 1.298 (0.05) mmol/l, P < 0.01. Mean daily calcium
intake including supplements was not correlated with serum iPTH concentrations (P = 0.18).
Mean phosphorus was negatively correlated with iPTH (r = −0.27, P < 0.0001), whereas there
was no difference in phosphorus between obese and nonobese subjects (P = 0.9). Alkaline
phosphatase was significantly higher in obese subjects, 69.6 (18.5), vs 58.9 (17.0) U/l, P <
0.0001 and was positively correlated with iPTH (r = 0.16, P = 0.002) and with BMI (r = 0.34,
P < 0.0001).

Discussion
Both vitamin D deficiency and obesity are nutritional disorders of global importance. In the
United States, both conditions disproportionately affect Black individuals.14 Our data suggest
that both high adiposity and Black race are independent predictors of hypovitaminosis D. In
the current study, for each one-point increase in BMI there was an 8% increased risk of vitamin
D deficiency. Furthermore, Black adults with BMI ≥ 35 kg/m2 had a prevalence of
hypovitaminosis D of greater than 50% and sixfold increased relative odds of having
hypovitaminosis D vs similarly obese White subjects. The relatively large sample of severely
obese subjects studied allowed us to demonstrate that the prevalence of hypovitaminosis D
within each BMI category was greater in Black than in White adults. The effects of adiposity
and race on vitamin D status were independent of dietary vitamin D intake, socioeconomic
status, sex, age and season. The low 25(OH)D levels appeared to represent functional vitamin
D deficiency, as the odds of secondary hyperparathyroidism were significantly greater in obese
Black than obese White subjects. In obese subjects, 1,25(OH)2D was also lower than in
nonobese subjects, and lowest in obese Black subjects.

The consequences of vitamin D deficiency include a broad range of health problems. Some
reports suggest the potential importance of vitamin D in the prevention of certain cancers,
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autoimmune diseases, heart disease and hypertension.13,23 It has been proposed,24 because
of the association between lower UVB radiation exposure and malignancy, that premature
deaths from several different types of internal cancers, including some with higher incidence
and mortality in Black subjects,25,26 could be prevented if adequate serum vitamin D
concentrations could be achieved. Therefore, we believe there is potential public health benefit
from identifying high-risk populations for routine supplementation or for screening for vitamin
D deficiency. Black adults with BMI in excess of 35 kg/m2 are a particularly high-risk
population for whom routine screening appears justified. This is important because roughly
40% of non-Hispanic Black Americans have a BMI ≥ 30 kg/m2 and close to 10% of non-
Hispanic Black Americans have a BMI ≥ 40 kg/m2.14 However, to our knowledge, no cost-
benefit analysis has been performed to consider the relative advantages of screening vs vitamin
D supplementation.

Our results are consistent with previous investigations reporting a relationship between lower
vitamin D concentrations and increasing body weight,2,3 body fat mass5,8 and Black race.
11,12,27 Unique to our study was the analysis of subjects with classes II and III obesity to
demonstrate that the relative risk of hypovitaminosis D continues to increase with greater BMI,
an analysis that was not performed in a recent NHANES study.10

The relationship we found between iPTH and BMI is also consistent with previous studies.4,
6,8,28–30 Additionally, we found a positive relationship between iPTH and alkaline
phosphatase, a marker of bone turnover. These findings are consistent with previous studies
in which obesity was shown to be a risk factor for metabolic bone disease.3,4 Although we did
not use bone-specific alkaline phosphatase measurements, none of our subjects had clinically
significant renal, liver or gallbladder disease, or elevated transaminases. The possibility is
raised then, that the higher alkaline phosphatase in obese subjects is related to bone metabolism,
although the effects of hepatic fatty infiltration (unaccompanied by elevation of transaminases)
on alkaline phosphatase cannot be ruled out. The lower ionized calcium observed in obese
subjects might then reflect their lower vitamin D status, and be the proximal cause of their
greater iPTH.

The primary mechanism for the greater prevalence of hypovitaminosis D in Black individuals
is considered to be darker skin pigmentation, concurrent with reduced sunlight exposure.9 The
need for a greater time of exposure to ultraviolet B rays in order to maximize the epidermal
synthesis of previtamin D3 has been shown not only in Black individuals but also in other
groups with greater amounts of melanin in the skin, including Pakistani and Indian immigrants
to Great Britain.31–33 Similarly, such groups have been shown to have a higher prevalence
of secondary hyperparathyroidism.34

The mechanism underlying the lower 25(OH)D levels in obesity is less clear. Greater storage
of vitamin D as a result of a larger fat mass has been suggested,35 as adipose tissue has been
shown to be a major storage site of vitamin D3 in rats36 and humans.37 Consistent with this
hypothesis, higher fat mass was reported to be a better predictor than BMI for low vitamin D
status in healthy nonobese women.5 Alternatively, Compston et al.3 have proposed that obese
individuals may spend less time outdoors and therefore be exposed to less UV radiation. The
efficiency of epidermal vitamin D production does not, however, appear to be impaired in
obesity.35

Among the limitations of this study is the relatively small number of normal-weight individuals
and Black men included. However, there were no interaction effects between race, sex and
obesity, and both race and adiposity were independent predictors of vitamin D status. Bias
from 25(OH)D commercial assay kits might also affect results. The competitive binding assay
used in this study may not detect vitamin D made from ergocalciferol. However, as
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ergocalciferol intake was low and was not different among study groups, we do not believe the
results were greatly affected by this potential difficulty. It should also be noted that dietary
vitamin D intake was assessed by food records that may not be equivalent to actual subject
dietary intake. There may be a greater tendency for obese subjects to under-report food intake,
38 which could further bias food record data. However, if our obese subjects under-reported
their vitamin D intake, this would tend to strengthen our finding of hypovitaminosis D
independent of vitamin D intake in obese subjects. Also, because sun exposure was not assessed
in our subjects, it is possible that the obese Black subjects had less sun exposure. Although
this might, in part, account for the differences in vitamin D concentrations among our subjects,
it would not change the clinical importance of the results. Lastly, our subjects resided in the
Washington, D.C. region and might not represent subjects living at other latitudes. Additional
studies are also needed to address how 25(OH)D may vary in Black and White individuals at
different times of year.

In conclusion, both BMI and Black race appear to be important and independent risk factors
for hypovitaminosis D. As a result, obese Black adults are at significantly greater risk of vitamin
D deficiency than obese White or normal-weight Black adults. In view of recent recognition
of the multitude of diseases linked to hypovitaminosis D, we propose that obese Black adults,
particularly those with BMI ≥ 35 kg/m2, either be routinely supplemented with vitamin D or
be routinely screened for vitamin D deficiency.
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Fig. 1.
Prevalence of hypovitaminosis D defined as serum 25(OH)D concentration less than 37.5
nmol/l (15 ng/ml). Prevalence was greater in Blacks than Whites independent of BMI (P <
0.001). The 95% confidence interval is shown as the error bar.
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Fig. 2.
Prevalence of secondary hyperparathyroidism, defined as 25(OH)D less than 37.5 nmol/l (15
ng/ml) plus iPTH greater than 4.2 pmol/l (40 pg/ml). Prevalence was greater in Blacks than
Whites independent of BMI (P < 0.001). The 95% confidence interval is shown as the error
bar.
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Fig. 3.
Association between serum concentrations of iPTH and 25(OH)D in Black and White subjects
(r = −0.31, P < 0.0001).
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Table 1
Subjects*

Characteristics Black women (n =
106)

White women (n =
168)

Black men (n = 17) White men (n = 88)

Age (years) (range)† 37 (10) (19–61) 37 (9) (18–64) 42 (13) (21–70) 42 (12) (21–71)
Socioeconomic status (%)†,‡
 High 24 41 37.5 58
 Mid 53 43 37.5 34
 Low 23 16 25.0 8
BMI (kg/m2) (range) 34.2 (8.6) (19.9–58.2) 33.5 (6.6) (20.0–53.6) 33.9 (8.6) (22.7–54.3) 31.3 (5.7) (22.2–51.4)
Body fat (kg)† (n = 306)
(range)

35.5 (13.9) (8.7–68.7) 37.0 (11.7) (12.4–68.3) 20.3 (6.1) (9.8–26.2) 26.2 (10.2) (8.1–49.0)

Sample Size (%)§
 BMI 18–24.99 kg/m2 17 (16) 9 (5) 1 (6) 6 (7)
 BMI 25–29.99 kg/m2 19 (18) 50 (30) 6 (35) 39 (44)
 BMI ≥30 kg/m2 70 (66) 109 (65) 10 (59) 43 (49)
  BMI 30–34.99 kg/m2 21 (20) 48 (29) 5 (29) 22 (25)
  BMI 35–39.99 kg/m2 23 (22) 35 (21) 1 (6) 13 (15)
  BMI ≥40 kg/m2 26 (24) 26 (15) 4 (24) 8 (9)

†
men vs. women, P < 0.005.

‡
Black vs. White, P < 0.0001.

§
Black vs. White women, P < 0.005.

*
Data are presented as mean (SD) unless otherwise specified.
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Table 2
Calcitropic hormone serum concentrations and vitamin D intake

Race Nonobese (BMI < 30 kg/
m2) N = 147

Obese (BMI ≥30 kg/m2)
N = 232

All subjects

25(OH)D (nmol/l) B  53.3 (26.0)†  40.3 (20.3)†,‡  44.7 (23.3)†
W  78.0 (33.5)  64.5 (29.7)‡  70.0 (32.0)
B + W  70.7 (33.3)  56.0 (29.3)‡

1,25(OH)2D (pmol/l) B 131.0 (54.7) 106.3 (37.9)‡ 115.2 (46.1)
W 122.4 (36.2) 114.2 (38.6) 117.6 (37.9)
B + W 125.0 (42.5) 111.6 (38.6)‡

iPTH (pmol/l) B  3.3 (1.0)  4.3 (1.3)†,‡  3.9 (1.3)†
W  3.1 (1.0)  3.6 (1.2)‡  3.4 (1.1)
B + W  3.2 (1.0)  3.8 (1.3)‡

Vitamin D intake (IU/d) B 164 (95) 160 (97) 163 (95)
Food record W 210 (156) 209 (340) 209 (276)
(N = 284) B + W 196 (140) 192 (279)
Supplemental vitamin D B 111.8 (152.8)  84.1 (140.5)  93.4 (144.5)
intake (IU/d) W 113.6 (115.8)  88.5 (139.4)  99.7 (147.1)
(N = 154) B + W 113.1 (154.3)  86.9 (139.4)

B, Black; W, White.

†
significantly different from W, P < 0.005.

‡
significantly different from nonobese, P < 0.005.
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