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BACKGROUND: Vitamin D deficiency, an important risk
factor for osteoporosis and other chronic medical con-
ditions, is epidemic in the United States. Uninsured
women may be at an even higher risk for vitamin D
deficiency than others owing to low intake of dietary
and supplemental vitamin D and limited sun exposure.

OBJECTIVE: Our goal was to determine the prevalence
of vitamin D deficiency in this vulnerable population.

SETTING AND PARTICIPANTS: We enrolled 145 unin-
sured women at a County Free Medical Clinic in urban
Michigan. Questionnaires were used to obtain informa-
tion about demographics, medical history, vitamin
supplementation, sunlight exposure, and dietary vita-
min D intake.

RESULTS: The 96 women who were tested for vitamin
D status ranged in age from 21 to 65 years (mean 48±
11), and 67% were vitamin D deficient as indicated by a
25-hydroxyvitamin D [25(OH)D)] level <50 nmol/L
(20 ng/mL). Non-Caucasians were 3 times more likely
than Caucasians to be vitamin D deficient (P=.049).
Mean dietary vitamin D intake was low (125±109 IU/d)
and only 24% of the participants used any supplemental
vitamin D. Participants with total vitamin D intake <400
IU/day from diet and supplements were 10 times more
likely to be vitamin D deficient than others (P<.001).

CONCLUSIONS: These results demonstrate a high
prevalence of vitamin D deficiency in an uninsured,
medically underserved female population. Uninsured
women should be strongly encouraged to increase their
vitamin D intake.
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INTRODUCTION

Vitamin D deficiency continues to be present in epidemic
proportions in this the “decade of bone health”.1 In a 2002

study of healthy young adults in Boston, investigators found
that 36% of the 165 men and women screened in winter were
vitamin D deficient as defined by 25(OH)D level less than
50 nmol/L.2 The prevalence is even higher in subjects of
minority race. For example, the third National Health and
Nutrition Examination Survey reported that 42% of African
American women compared with only 4% of white women had
25(OH)D level less than or equal to 37.5 nmol/L.3 Vitamin D
deficiency contributes to serious musculoskeletal conditions
including osteoporosis, osteomalacia, muscle weakness, falls,
and fracture.4–7 It has also been shown to influence the risks
for diabetes, hypertension, and cardiovascular disease.8–11

Fortunately, if vitamin D deficiency is recognized early, sup-
plementation is an inexpensive way to reduce the risk for these
conditions and to slow their progression.12–14

An area of particular concern in public health is the medical
care of racial minorities and underserved populations such as
those without medical insurance. According to the latest U.S.
Census Bureau estimates there are now 46.6 million unin-
sured Americans and the number is steadily increasing. The
uninsured “working poor” seen in the free clinics across the
country are theoretically at high risk for vitamin D deficiency
as a result of limited sun exposure, low supplement use, and
low milk consumption. This population is also more vulnerable
to the effects of vitamin D deficiency because of its high
prevalence of chronic disease.15,16 Nearly half (45%) of non-
elderly uninsured adults report having 1 or more chronic
health problems.17 After an in-depth review, we found a
paucity of articles in refereed journals on the prevalence and
current status of non-elderly, uninsured women with docu-
mented vitamin D deficiency.

The aim of this study is to evaluate the prevalence of vita-
min D deficiency and identify the contributing factors in
uninsured female patients at a County Free Medical Clinic in
urban Michigan.

METHODS

Participants and Study Design

We conducted a survey of vitamin D status in uninsured
female patients aged 18–65 who attended an Internal Medicine
County Free Clinic in urban Michigan. The eligibility for care at
the free clinic includes an income level nomore than 200% of the
federal poverty level.18 The participants were enrolled by the
principal investigator or co-investigator during the study
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period (Jan 2005–Dec 2005) if they did not have the
following exclusionary characteristics: known significant
renal or hepatic dysfunction, diseases associated with
significant malabsorption, use of prescription vitamin D,
pregnancy, and treatment with medications that interfere
with vitamin D metabolism. Whenever possible we verified
information obtained from participants with their medical
records to confirm that the exclusion criteria were met. Out
of a convenience sample of 155 eligible patients, 145
women, provided written informed consent and were en-
rolled. The 10 eligible patients that refused enrollment were
all aged less than 30 years and stated that they did not
have interest in participating in the study. Assessment of
vitamin D status required a separate laboratory visit, and
49 of the 145 enrolled patients were unwilling or unable to
return for that visit. Thus, of the 145 participants enrolled,
only the 96 with known vitamin D status could be included
in the present analysis as shown in Table 1. The excluded
participants were modestly younger than the included
subjects, but the groups were similar in race distribution,
BMI, vitamin D intake, and sun exposure. The Institutional
Review Board of our institution reviewed and approved the
study. None of the participants received any form of
remuneration for participating in this study.

Measurements

A brief health questionnaire was administered by a physician
and included questions about demographics, medical history,
vitamin supplement use, and sunlight exposure. Participants
were asked to report the number of hours per week that they
spent in direct sunlight and parts of their body that were
exposed. A sun exposure index (SEI) was calculated by
multiplying the number of hours per week by the percent of
exposed body surface area (9% for the face, 9% for each arm,
18% for each leg and 1% for each hand). Sun exposure to the
chest, back, and abdomen were not included in the calcula-
tion.19 A validated short food frequency screening instru-
ment20 was used to assess vitamin D intake. It included 15

foods and beverages and have been shown to provide a
reasonably accurate and quick assessment of vitamin D
intake. Total vitamin D intake was estimated by adding vitamin
D from diet and supplements. Height and weight were mea-
sured by a triage nurse. Body mass index (BMI) was calculated
by dividing weight (kilograms) by height (meters squared).

Serum 25(OH)D concentrations were measured at Quest
Diagnostics clinical laboratory in Auburn Hills, Michigan using
a commercial radioimmunoassay kit from DiaSorin, Stillwater,
MN. The manufacturer's normal reference range for this assay
is 50–250 nmol/L (20–100 ng/mL). Our primary outcome
measure, vitamin D deficiency, was defined as a 25(OH)D
concentration less than 50 nmol/L. This was based on the use
of a 50 nmol/L cutoff in previous studies2,4 and is also the level
below which parathyroid hormone serum levels appear to
increase.13,21,22 This is important because elevated parathy-
roid hormone is a risk factor for skeletal disease.23 Serum total
calcium level was measured using standard automated calo-
rimetric method. The laboratory reference range for total
calcium is 2.1 to 2.6 mmol/L (8.5–10.4 mg/dl).

Data Analysis

Characteristics of participants with and without 25(OH)D
measurements were compared with t tests for 2 independent
samples and with Chi-squared tests. Pearson correlation
coefficients were calculated to assess simple linear associations
of 25(OH)D with other variables. Independent predictors of
vitamin D deficiency were identified by logistic regression
analysis. P values below .05 were considered to indicate
statistical significance. Statistical analyses were performed
using the SPSS 14.0 statistical package (SPSS Inc., Chicago, IL).

RESULTS

Associations of Vitamin D Intake and Other
Variables with 25(OH)D

Mean and median 25(OH)D were 46.1±27.5 nmol/L (Table 1)
and 39.9, respectively. Dietary vitamin D intake was less than
200 IU/day in 77% of the participants and less than 400 IU/day

Table 1. Characteristics (Mean±SD or %) of 145 Enrolled Subjects

Variable Included
subjects
(N=96)

Subjects excluded due
to missing 25(OH)D
measurement (N=49)

P

Age (years) 48.3 ± 11.1 43.4 ± 11.5 .014
BMI (kg/m2) 32.7 ± 8.4 32.3 ± 9.6 .797
Dietary Vitamin D
intake (IU/d)

125 ± 109 142 ± 126 .431

Total Vitamin D
Intake (IU/d)

264 ± 308 223 ± 207 .403

Use Vitamin D
supplements

24% 21% .712

Sun exposure
index

18.9 ± 14.2 18.0 ± 13.6 .715

Serum 25(OH)D
(nmol/L)

18.5 ± 11.0 – –

Race .944
Caucasian 66.7% 59.2%
African
American

21.9% 32.7%

Hispanic 4.2% 2.0%
Native American 2.1% 2.0%
Other 5.2% 4.1%

Figure 1. The prevalence of 25(OH)D concentrations below
established benchmarks
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in 98%. Twenty-four percent of participants reported taking
a multivitamin and/or another supplement containing
vitamin D. Both dietary (r=.26, P=.010) and total vitamin
D intake (r=.55, P<.001) were positively correlated with 25
(OH)D. Most of the study measurements (84%) were made
from November through April when sun contribution to 25
(OH)D level is minimal. As expected, mean 25(OH)D was
lower during this period than from May through October
(45±25 nmol/L vs 54±38 nmol/L), but this difference was
modest and not statistically significant. Mean 25(OH)D was
much higher in Caucasian women than others (55±28 vs
28±13, P<.001). Age, body mass index, and the sun expo-
sure index were not significantly correlated with 25(OH)D.

Prevalence and Predictors of Vitamin D Deficiency

Sixty-seven percent of the participants in this study were
vitamin D deficient as defined by a 25(OH)D concentration less
than 50 nmol/L. Only 53% of Caucasian women compared
with 94% of all non-Caucasian women were vitamin D
deficient (P<.001), and 100% of the African-American women
were vitamin D deficient. The prevalence of 25(OH)D concen-
trations less than 50 nmol/L and less than several other
commonly used benchmarks for vitamin D status are illus-
trated in Figure 1.

Independent predictors of vitamin D deficiency were exam-
ined with logistic regression models that included age, race,
BMI, season, and vitamin D intake (Table 2). Non-Caucasians
were 3 times as likely as Caucasians to be deficient when other
factors were held constant, and women with vitamin D intakes
less than 400 IU/day were more than 10 times more likely
than others to be deficient.

DISCUSSION

More than two-thirds of women in this uninsured, medically
underserved northern US population were vitamin D deficient
as defined by a 25(OH)D concentration less than 50 nmol/L.
This is a staggering statistic, particularly when you consider
that many experts feel that optimal 25(OH)D concentrations
are closer to 80 nmol/L, a level that 89% of our participants

did not meet.24 Furthermore, all African-American women in
the study were vitamin D deficient, adding to extensive previous
evidence that this group is more vulnerable to vitamin D
deficiency than others because skin pigmentation inhibits
skin synthesis of vitamin D.4,25,26 The extent of vitamin D
deficiency in our study was greater than that reported in
women aged 30–59 in NHANES III (31% for non-Hispanic
whites and 76% for non-Hispanic blacks.27 The same assay
and cut points were used for NHANES III and for our study.
One explanation may be that, for logistical reasons,
NHANES III made wintertime 25(OH)D measurements only
in Southern states where sun exposure stimulates greater
vitamin D production than in Northern states during the
same period. Alternatively, the high prevalence of vitamin D
deficiency in our study may be linked to lower vitamin D
intake. Although self-reported total vitamin D intake in our
study was similar to that of adult women in NHANES,26

actual intake in our study may be lower. This may be
caused by sporadic use of vitamin D supplements resulting
from income or time constraints. We did not collect
information about regularity of supplement use.

Our study is limited by its small size and the fact that 32%
of the participants we enrolled did not have measurements of
25(OH)D. However, those in whom 25(OH)D measurements
were missing were similar to the others in the most important
determinants of vitamin D status: vitamin D intake and race,
suggesting that results in those we measured likely reflected
those of the clinic population as a whole. Although we cannot
know for sure whether the insured women have vitamin D
levels that are similar to uninsured women, having a control
group of insured women would have been helpful in answering
this question. Uninsured individuals are typically a difficult
population to recruit and study, and thus our demonstration
of poor vitamin D status in this group is a strength of this
study. However, because the clinic only served uninsured
patients, we were unable to compare vitamin D status of
uninsured and insured women. Thus, this study does not
provide evidence that vitamin D status of the uninsured is
worse than that of the insured.

Our findings point out the pressing need for health educa-
tion regarding the prevention and treatment of vitamin D
deficiency in uninsured women. In particular, our results
demonstrate the importance of increasing vitamin D intake to
400 IU/day or higher, an intake that cannot generally be
achieved from diet alone. Many experts now feel that the
current recommended dietary allowances (RDAs), which range
from 200 to 400 IU/day in the age group we studied, are too
low and that many individuals need intakes as high as
1,000 IU/day to achieve optimal vitamin D status.24 Only
24% of our study population was taking supplemental vitamin
D, suggesting that clinical and public health efforts to increase
the use of vitamin D supplementation among uninsured
individuals could have an important impact on improving
vitamin D status in this group. The interventions to improve
Vitamin D intake is a low-cost public health intervention.
Approximately 47 million people in this country currently lack
medical insurance and the number is steadily increasing. The
main findings of the Care Without Coverage: Too Little, Too
Late Institute of Medicine 2002 report are that working-age
Americans without health insurance are more likely to receive
too little medical care and receive it too late; be sicker and die
sooner; and receive poorer care when they are in the hospital,

Table 2. Independent Predictors* of Vitamin D Deficiency in 96
Women

Variable Odds ratio 95% CI P value

Age (Yrs)
<50 Reference
≥50 2.24 0.78–6.42 .134

Race
Caucasian Reference
Non-Caucasian 3.22 1.00–10.36 .049

BMI (kg/m2)
<29.9 Reference
≥30.0 2.34 0.86–6.40 .098

Season
May–October Reference
November–April 1.27 0.34–4.79 .725

Vitamin D intake (IU/d)†

≥400 IU/d Reference
<400 IU/d 10.20 2.84–36.58 <0.001

*Each predictor adjusted for the others
†From diet and supplements
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even for acute situations like a motor vehicle crash. The
prevention and treatment of vitamin D deficiency may be 1
way to reduce the risk for and consequences of serious medical
conditions in this vulnerable population.
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