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Abstract

Mounting evidence suggests that vitamin D deficiency could be linked to several chronic
diseases, including cardiovascular disease and cancer. The purpose of this study was to examine the
prevalence of vitamin D deficiency and its correlates to test the hypothesis that vitamin D deficiency
was common in the US population, especially in certain minority groups. The National Health and
Nutrition Examination Survey 2005 to 2006 data were analyzed for vitamin D levels in adult
participants (N = 4495). Vitamin D deficiency was defined as a serum 25-hydroxyvitamin D
concentrations <20 ng/mL (50 nmol/L). The overall prevalence rate of vitamin D deficiency was
41.6%, with the highest rate seen in blacks (82.1%), followed by Hispanics (69.2%). Vitamin D
deficiency was significantly more common among those who had no college education, were obese,
with a poor health status, hypertension, low high-density lipoprotein cholesterol level, or not
consuming milk daily (all P <.001). Multivariate analyses showed that being from a non-white race,
not college educated, obese, having low high-density lipoprotein cholesterol, poor health, and no
daily milk consumption were all significantly, independently associated with vitamin D deficiency
(all P < .05). In summary, vitamin D deficiency was common in the US population, especially
among blacks and Hispanics. Given that vitamin D deficiency is linked to some of the important risk
factors of leading causes of death in the United States, it is important that health professionals are
aware of this connection and offer dietary and other intervention strategies to correct vitamin D
deficiency, especially in minority groups.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction cancer incidence and decreased cancer-related mortality
[7-9]. Vitamin D was found to be involved in controlling
the production of renin, one of the most important hormones
for regulating blood pressure [10]. Thus, Vitamin D
deficiency might contribute to development and progression
of hypertension and cardiovascular disease [11-14]. Further-
more, vitamin D deficiency has been linked to the
development of type 1 diabetes [1-3,15], multiple sclerosis
[16,17], rtheumatoid arthritis [18], and other autoimmune
conditions [1-3,19,20].

Vitamin D can be synthesized by the skin through
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Vitamin D has been traditionally considered as
important in skeletal health. However, during the past
decade, numerous research findings have revealed that
vitamin D produces beneficial effects on extraskeletal
tissues as well [1-3]. Some evidence suggests that vitamin
D helps to regulate cell growth and prevent cancer
progression [4-6]. Epidemiological studies have reported
that higher vitamin D levels were associated with reduced
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previtamin D [21]. The other source of vitamin D is from the
diet. Vitamin D from food undergoes hydroxylation in the
liver to 25-hydroxyvitamin D—the major circulating form—
and then in the kidney to 1,25-dihydroxyvitamin D, which
optimizes calcium and phosphate absorption from the
intestine, as well as having direct effects on bone cells
[1,3]. The recommended adequate intake of vitamin D used
to be 200 IU/d for all children and adults 50 years or
younger, 400 TU/d for people aged 51 to 70 years, and
600 IU/d for those older than 70 years [22]. However, due to
its beneficial effects, the amounts of vitamin D needed for
optimal health are probably higher than previously thought
[2,23]. On November 30, 2010, the Institute of Medicine
released updated recommendations regarding vitamin D
intake: 600 IU/d for people aged 1 to 70 years and 800 IU for
people aged 71 and older [24].

Although vitamin D deficiency is commonly defined as a
25-hydroxyvitamin D level <20 ng/mL (50 nmol/L) [20,25],
published studies have used different definitions for
vitamin D deficiency. By different cutoff points, vitamin D
deficiency was found to be common in certain subpopula-
tions, including elder adults (41% using 25-hydroxyvitamin
D level <20 ng/mL) [20], African Americans (61% using
25-hydroxyvitamin D level <15 ng/mL) [26], and women
with osteoporosis (64% using 25-hydroxyvitamin D level
<30 ng/mL [27]. Given that low vitamin D levels are linked
to all major health problems in populations, such as
cardiovascular disease, cancers, and diabetes, it is of
importance to identify how prevalent this condition is and
what factors are associated with this condition in the US
population. This study analyzed the data from the 2005 to
2006 National Health and Nutrition Examination Survey
(NHANES) to describe the epidemiology of vitamin D
deficiency in US adults, including prevalence patterns of
vitamin D deficiency and its correlates. Based on the
findings from the literature, it was hypothesized that vitamin
D deficiency was common in the US population, especially
certain minority groups. The objective of this study was to
examine and compare the prevalence rate of vitamin D
deficiency by age, race, other demographic factors, as well as
by certain health conditions, using serum 25-hydroxyvitamin
D level, the best indicator of vitamin D status.

2. Methods and materials
2.1. Study population

The NHANES is an ongoing program conducted by the
National Center for Health Statistics to assess the health
and nutritional status in the noninstitutionalized US
population and track changes over time [28]. The survey
combines interviews and physical examinations. The
interview includes demographic, socioeconomic, dietary,
and health-related questions. The examination component
consists of medical and physiologic measurements, as well
as laboratory tests.

The NHANES uses a stratified multistage probability
sampling design and constructs sample weights to produce
nationally representative data. The NHANES data are
available in the public domain. The 2005 to 2006 NHANES
oversampled certain subgroups of the US population,
including low-income persons, older adults aged 60 years
or older, African Americans, and Mexican Americans, to
provide a more in-depth snapshot of these population groups.
A total of 12 862 individuals were sampled into the 2005 to
2006 NHANES. Among the sampled individuals, 10 348
(80.5%) participated in the interview, 9950 (77.4%) were
involved in the examination, and 8306 (65%) provided valid
data on vitamin D measurement. The current analysis only
included individuals who provided vitamin D data and were
aged 20 years or older (N = 4495). The NHANES was
approved by its institutional review board, and analyzing the
public domain data from NHANES does not require
additional institutional review board approval.

2.2. Measurements

2.2.1. Demographic variables

Age was recoded into S5-year age groups. Race was
classified as white, black, Hispanic, and other races combined.
Education level was dichotomized as yes or no for any
postsecondary or college education.

2.2.2. Health-related variables

Smoking status was classified as never, former, and
current. Overweight was defined by body mass index
(BMI) (kg/m?) between 25.0 and 29.9, and obesity was
defined by BMI of >30.0. Total cholesterol is measured
enzymatically in serum in a series of coupled reactions
that hydrolyze cholesteryl esters and oxidize the 3-OH
group of cholesterol [29]. A total cholesterol level that is
>200 mg/dL was considered as elevated. High-density
lipoprotein (HDL) was measured directly in serum [29], and
a level less than 40 mg/dL was classified as low.
Hypertension was assessed by self-reporting in answer to
the question “has a physician ever told you that you have
high blood pressure.” Milk consumption was coded as daily
use yes or no. Health status was self-reported as good/
excellent and poor/fair.

2.2.3. Vitamin D measures

Serum 25-hydroxyvitamin D concentration was measured
at the National Center for Environmental Health, Center for
Disease Control, using a radioimmunoassay kit (DiaSorin,
Stillwater, MN) [29], and a level that was <20 ng/mL
(50 nmol/L) was defined as vitamin D deficiency.

2.3. Statistical analyses

Data analysis was performed using SAS Release 8.2
(SAS Institute Inc, Cary, NC) and SUDAAN Release 9.0.1
(Research Triangle Institute, Research Triangle Park, NC).
SAS was used for data management to sort data, recode
variables, and run frequencies for examining the data.
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SUDAAN was designed to analyze survey data because this
statistical software can account for the complex multistage
sample design, such as NHANES. The PROC CROSSTAB
procedure in SUDAAN was used for calculating prevalence
rates of vitamin D deficiency presented as percentages (%)
and 95% confidence intervals (CI). A prevalence rate was
calculated as the percentage of the number of people who
were classified as vitamin D deficiency by the total number
of people in the corresponding category. Serum vitamin D
concentrations were reported as mean + SD. y* Test was
used to assess bivariate associations between vitamin D
deficiency and other variables. Multiple logistic regression
analyses (the PROC LOGISTIC procedure in SUDAAN)
were used to examine the relationship between vitamin D
deficiency and a set of explanatory variables to identify
independent correlates of vitamin D deficiency and to
calculate adjusted odds ratios and 95% CI. All variables
with a significant bivariate association with vitamin D
deficiency (P < .05) were examined in a multivariate
logistic regression model. Dummy variables were created
for each race to assess the individual minority group’s risk
for vitamin D deficiency. Taylor series linearization
methods were used for variance estimation. All analyses
were based on weighted data to adjust for nonresponse and
to make the data representative of the US population. These
adjustments were made by applying the examined sample
weight variable provided by the NHANES. Weighted
prevalence rate estimates were reported.

3. Results

A total of 4495 individuals aged 20 years or older were
included in this study. About 17% of the study population
were 65 years or older. Table 1 showed the characteristics of
the study population. Fifty-two percent of the study
participants were women. The race distribution was 72.5%,
11.1%, 11.3%, and 5.1% for white, black, Hispanic, and
other races, respectively. More than 57% of study partici-
pants received at least some postsecondary education. Most
individuals (83.8%) reported to have a good or excellent
health status. Twenty-four percent of the study participants
were current smokers, and 25% were former smokers. About
one third of the study participants were overweight, and
another one third were obese. Thirty percent of individuals
had hypertension, 45.4% had a high total cholesterol level,
and 15.5% had a low HDL cholesterol level. Less than half
(43.3%) of the study population reported consuming milk
products daily.

The mean + SD of vitamin D levels were 19.9 + 8.5 ng/mL
in the study population and were 20.1 = 7.9 ng/mL in men
and 19.8 £ 9.0 ng/mL in women. The overall prevalence rate
of vitamin D deficiency (<20 ng/mL) was 41.6% (95% CI,
36.6%-46.8%). Examination of the prevalence rate of
vitamin D deficiency by age showed insignificant variations
between age groups (Fig. 1). The age groups of 55 to 59 and

Table 1
Characteristics of study population and prevalence rate (%) of vitamin D
deficiency

Characteristics n® (%) Prevalence rate (%) (95% CI)
Age (y)
<65 3432 (82.8) 41.7 (36.0-47.6)
>65 1063 (17.2) 41.1(37.4-44.6)
Sex
Male 2158 (48.0) 41.1 (36.6-45.8)
Female 2337 (52.0) 42.0 (36.2-48.1)
Race
White 2271 (72.5) 30.9 (26.2-36.2) **
Black 1002 (11.1) 82.1 (76.5-86.5)
Hispanic 1049 (11.3) 62.9 (53.2-71.7)
Other 173 (5.1) 57.6 (46.9-67.4)
Any college education
Yes 2182 (57.6) 36.7 (32.1-41.5)**
No 2308 (42.4) 48.2 (42.2-54.2)

Health status

Good/excellent 3289 (83.8) 37.4 (32.4-42.7)**

Poor/fair 897 (16.2) 59.5(51.3-67.2)
Smoking status

Never 2365 (51.0) 42.4 (37.0-48.0)

Former 1147 (25.0) 37.8 (31.6-44.5)

Current 983 (24.0) 43.7 (37.9-49.7)
Body weight

Normal 1413 (33.7) 33.0 (28.4-37.9)**

Overweight 1519 (32.5) 37.7 (32.1-43.7)

Obese 1563 (33.9) 53.8 (46.7-60.8)
Hypertension

Yes 1482 (30.0) 46.3 (41.0-51.8)**

No 3054 (70.0) 39.5 (34.3-44.9)
High total cholesterol

Yes 2043 (45.4) 40.3 (34.6-46.2)

No 2452 (54.6) 42.7 (37.5-48.0)
Low HDL cholesterol

Yes 683 (15.8) 49.9 (43.1-56.7)*

No 3812 (84.2) 40.0 (34.8-45.5)
Consume milk products daily

Yes 1967 (43.3) 33.2 (28.5-38.3)**

No 2528 (56.7) 48.0 (42.4-53.6)

# n indicates sample size.
Y p<.0l.
" P < .001 for difference between groups.
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Fig 1. Prevalence rate (%) vitamin D deficiency by age.
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Fig 2. Prevalence rate (%) vitamin D deficiency by race and gender.

60 to 64 years had the highest prevalence rate of vitamin D
deficiency (49.0% and 47.0%, respectively). The age
patterns of vitamin D deficiency between men and women
were not significantly different. Fig. 2 shows the prevalence
rate of vitamin D deficiency by race and sex. Black adults
had the highest prevalence rate of vitamin D deficiency
(82.1%; 95% CI, 76.5%-86.5%), followed by Hispanic
adults (62.9%; 95% CI, 53.2%-71.7%). Among Hispanic
and other races, men were significantly more likely to have
vitamin D deficiency than women (P < .001). When
examining by other factors (Table 1), the prevalence rate
of vitamin D deficiency was significantly more common
among those who had no college education, were obese, with
a poor health status, hypertension, low HDL cholesterol
level, or not consuming milk products daily (all P <.001).

A comparison between individuals who had vitamin D
deficiency and those who had a normal vitamin D level
revealed several significant differences (Table 2). In
demographic aspects, individuals with vitamin D deficiency

Table 2
Univariate association between vitamin D deficiency and other variables

Vitamin D deficiency pP?

Yes (n = 2,257)
% (95% CI)

No (n = 2,238)
% (95% CI)

Being female 52.5(50.1-54.9)  51.6 (49.8-53.4) .5584
65 years or older 17.0 (13.9-20.6) 17.4 (14.1-21.3) 7721
Being black 21.9 (15.3-30.3) 3.4 (22-52) <.0001
Being Hispanic 17.1 (12.8-22.5) 7.2 (5.3-9.7) <.0001
No college education 49.2 (45.4-32.0) 37.6 (33.3-42.1) <.0001
Poor/fair health status 23.6 (21.1-26.3) 11.2 (9.2-13.4) <.0001
Being current smoker 25.2 (22.8-27.7) 23.1 (19.8-26.7) 1204
Being former smoker 22.7 (20.7-24.9) 26.6 (23.7-29.8) .0902
Being overweight 73.3 (70.2-76.2) 61.4 (57.6-65.1) <.0001
Being obese 43.9 (40.2-47.6)  26.8 (23.4-30.6)  <.0001
Hypertension 33.5(30.6-36.5)  27.6 (25.0-30.3) .0009
High total cholesterol 44.0 (40.3-47.7) 46.4 (44.0-48.9) 2291
Low HDL cholesterol 18.9 (16.4-21.7) 13.5 (11.3-15.8) .0047
Not consume milk 65.4 (61.2-69.4)  50.5 (47.1-54.0)  <.0001

products daily

were significantly more likely to be black (21.9% vs 3.4%;
P <.0001) or Hispanic (17.1% vs 7.2%; P < .0001), without
any college education (49.2% vs 37.6%; P <.0001), and not
in good health (23.6% vs 11.2%; P < .0001). For
cardiovascular disease—related risk factors, individuals
with vitamin D deficiency were more likely to be overweight
(73.3% vs 61.4%; P <.0001) or obese (43.9% vs 26.8%; P <
.0001), have hypertension (33.5% vs 27.6%; P <.001), and
have a low HDL cholesterol level (18.9% vs 13.5%; P <
.01). A high percentage of the individuals with vitamin D
deficiency did not consume milk products daily (65.4% vs
50.5%; P <.0001).

Table 3 shows the results from multivariate analyses.
After adjusting for all related factors, the multivariate
model revealed that being black or Hispanic, no college
education, not in a good health status, being obese, low
HDL cholesterol, and not consuming milk products daily
were all significant independent correlates of vitamin D
deficiency. Among the independent correlates, being a
minority was the strongest indicator for vitamin D
deficiency; compared with whites, blacks had 9.6 times
and Hispanics had 3.2 times increased risk for vitamin D
deficiency. Obese individuals showed nearly double the
risk for vitamin D deficiency than nonobese individuals.

4. Discussion

From the results of the current study, the hypothesis was
accepted that vitamin D deficiency was common in US
adults, especially among minority groups. Although

Table 3
Independent correlates of vitamin D deficiency
Odds ratio 95% CI P

Being black

No (white) 1.0

Yes 9.6 6.3-14.5 <.001
Being Hispanic

No (white) 1.0

Yes 3.2 2.1-4.9 <.001
No college education

Yes 1.0

No 1.3 1.1-1.5 .01
Poor/fair health status

No 1.0

Yes 1.8 1.4-2.3 <.001
Being obese

No 1.0

Yes 1.9 1.6-2.3 <.001
HDL Cholesterol <40 mg/dL

No 1.0

Yes 1.4 1.1-1.8 .03
Not consuming milk products daily

No 1.0

Yes 1.6 1.4-1.9 <.001

* P values are for the difference between the 2 groups of vitamin D

deficiency status.

Note: Other covariates adjusted but not significant in the model included
hypertension, health status, and education level.
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different cutoff points have been used to define vitamin D
deficiency, several studies have reported a high prevalence
rate of vitamin D deficiency in non-Hispanic blacks [30-33].
Using the definition of serum 25-hydroxyvitamin D
concentrations <20 ng/mL, we found that over 80% of
black adults, both men and women, would be categorized as
vitamin D deficient. Compared with white adults, other
minorities were also at a higher risk for vitamin D deficiency,
especially Hispanic men, which confirmed the results from
other studies [31,34-36]. Because the skin pigment melanin
absorbs sunlight [37], an important source of erethymal
vitamin D, people of color are at particularly high risk for
vitamin D deficiency [2,38]. The association between race
and vitamin D deficiency may be related to several factors.
Sun exposure is the primary determinant of vitamin D
status [3] and non-whites require more sunlight exposure
to obtain adequate vitamin D levels because of skin
pigmentation. Another possible explanation could be
because of the different dietary patterns, particularly the
intake of dairy products in different population groups.
Lower socioeconomic status among minority populations
could also impact on food choices, for example, less likely
to purchase fish that provide a good source of vitamin D.
Kakarala et al [39] reported that underserved individuals,
who were not medically insured and were mostly non-
whites, were 3 times more likely than whites to have
vitamin D deficiency and had a low-dietary vitamin D
intake. Our analysis confirmed the finding that lower
education level, a marker of low socioeconomic status, was
associated with vitamin D deficiency.

Several important cardiovascular disease risk factors were
found to be significantly associated with vitamin D
deficiency in this study, including obesity and low HDL
level. Obesity has been shown to be independently correlated
with vitamin D deficiency in other studies [20]. Our analyses
confirmed that the risk of vitamin D deficiency was almost
double among obese adults compared with those who had a
normal weight. Similar patterns have been reported world-
wide. Research on 3100 women in northeast Scotland found
that those with an average BMI of 34 produced 10% less
vitamin D than those of average weight [40]. A Spanish
study showed that over half of the morbidly obese patients
(BMI > 40) were diagnosed with vitamin D deficiency [41].
In an Italian study, BMI was also significantly correlated
with 25-hydroxyvitamin D concentration after adjusting for
insulin-sensitivity, HDL cholesterol, LDL cholesterol, total
cholesterol, and triglycerides [42]. The relationship between
vitamin D deficiency and obesity is still unknown, and the
temporal relationship is not clear, for example, vitamin D
deficiency causes obesity or the other way around. Excess
body fat tissue could absorb and retain vitamin D, and thus,
circulatory vitamin D is decreased and unavailable to the
body [43]. The absence of vitamin D could create
interference with the functioning of a hormone called leptin,
which signals the brain when the stomach is full, therefore,
stop eating [44]. In addition, overweight people may tend to

spend more time indoors and receive less ultraviolet rays of
the sun that spur the production of vitamin D [45].

The association between vitamin D deficiency and
weight might be also because of the link between vitamin
D and the metabolic syndrome, as overweight is a major
component of the metabolic syndrome. Previous studies
have shown an inverse relationship between vitamin D
concentrations and the prevalence of the metabolic syn-
drome, including insulin resistance, high total cholesterol
and triglyceride levels, low LDL cholesterol level, and high
blood pressure [46-48]. Observational studies have sug-
gested an association between vitamin D deficiency and the
onset of type 2 diabetes, a common consequence of the
metabolic syndrome [46,48]. Vitamin D has important
effects on insulin action and may impact on several
pathways, which may be of importance in the development
of type 2 diabetes [49]. Among obese individuals, vitamin D
deficiency was associated with other metabolic syndrome
risk factors [41]. Our findings also supported this associ-
ation that low HDL cholesterol was independently and
significantly correlated with vitamin D deficiency.

The strength of this study was the large sample size and
the population-based data on vitamin D. There were some
limitations recognized in this study. Cross-sectional data do
not permit determination of the causative nature of the
association between vitamin D deficiency and its correlates.
This study was based on a one-time measurement of vitamin
D, and it could not show the variation of vitamin D
concentration during different seasons because there is a
seasonal impact on vitamin D level. There was a lack of the
information on sun exposure, such as time spent outdoors
and sunscreen use. Different regions have different altitudes,
which can affect the strength of ultraviolet rays, and this
study did not have region-specific data on vitamin D
deficiency. In addition, vitamin D supplement use can
influence the vitamin D level, but this factor could not be
evaluated in the current study.

In conclusion, vitamin D deficiency was common in both
men and women across different age groups in the US adult
population, especially among minority groups. Due to the
link between vitamin D deficiency and major chronic
diseases and all-cause mortality [50], it might underscore
the necessity to identify vitamin D deficiency as part of
screening for risk factors. It may be prudent for registered
dietitians and other health professionals to advise clients on
ways to increase dietary vitamin D or recommend supple-
mentation. Traditional sources of vitamin D are fatty fish and
their oils and fortified milk. The expansion of vitamin D
fortified food products has given consumers a wider variety
of sources for vitamin D, such as juices, ready-to-eat cereal,
and yogurt. Although many of these food sources are low-
cost solutions for vitamin D deficiency, even supplemental
vitamin D is a relatively inexpensive source [51]. Correcting
vitamin D deficiency by supplementation is less challenging
than asking people to change dietary patterns. Given that
minority populations experience a higher prevalence of
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cardiovascular disease, hypertension, and metabolic syn-
drome, as well as vitamin D deficiency, proactive health
professionals could be instrumental in correcting vitamin D
deficiency in minority groups. Using diet, supplements, or
even safe sun exposure could be a public health strategy,
which is simple, effective, and low cost, for risk reduction of
vitamin D deficiency.
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