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Research has implicated low 25-hydroxyvitamin D (25(OH)D) level as a risk factor for infection; however, results

have not been consistent. To further determine the nature of this relationship, we conducted a cohort study using

Medicare beneficiaries participating in the 2001–2002 and 2003–2004 cycles of the National Health and Nutrition

Examination Survey with data individually linked to hospital records from the Centers for Medicare and Medicaid

Services. The primary exposure was a 25(OH)D level of <15 ng/mL versus ≥15 ng/mL. The outcomes were a hos-

pitalization with or without an infection within 1 year of participation in the National Health and Nutrition Examination

Survey, as determined from the final hospital discharge codes (International Classification of Diseases, Ninth
Revision, Clinical Modification). Of 1,713 individuals, 348 had a baseline serum 25(OH)D level of <15 ng/mL, 77

experienced a hospitalization with an infection, and 287 experienced a hospitalization without an infection. In mul-

tivariable analyses, a serum 25(OH)D level of <15 ng/mLwas associated with a higher risk of hospitalization with an

infection (risk ratio = 2.8, 95% confidence interval: 1.3, 5.9, P < 0.01) but not of hospitalization without an infection

(risk ratio = 1.4, 95% confidence interval: 0.9, 2.1, P = 0.1). In this study, we found an association between a serum

25(OH)D concentration of <15 ng/mL and a higher subsequent risk for hospitalization with an infection among

Medicare beneficiaries.

hospitalization; 25-hydroxyvitamin D; infection; sepsis; vitamin D

Abbreviations: CI, confidence interval; CMS, Centers for Medicare and Medicaid Services; HWI, hospitalization with an infection;

HWOI, hospitalizationwithout an infection; ICD-9-CM, International Classification of Diseases, NinthRevision, ClinicalModification;
NCHS, National Center for Health Statistics; NHANES, National Health and Nutrition Examination Survey; 25(OH)D, 25-

hydroxyvitamin D; RR, risk ratio.

The discovery of vitamin D receptors and 1-α-hydroxylase,
the enzyme that converts circulating 25-hydroxyvitamin D
(25(OH)D) into its biologically active form, in several types
of immune cells has led to research elucidating the role of
vitamin D in immune function (1). Vitamin D is integral to the
innate immune system’s production of antimicrobial peptides
in response to pathogens (2). One such peptide, cathelicidin,
has direct microbicidal activity on various bacterial pathogens,
disrupts bacterial biofilms, promotes phagocytosis and the pro-
duction of reactive oxygen metabolites, and induces chemo-
taxis of other immune cells to sites of infection (3–6).
While the basic science describing the role of vitamin D in

the immune response is compelling, the results of clinical

studies have been mixed regarding an association between vi-
tamin D and clinically apparent infections (7–25). Some ob-
servational studies have demonstrated an association between
low circulating 25(OH)D levels and risk of respiratory infec-
tions, while others have not demonstrated this finding (7, 8,
11–15). Furthermore, observational studies have demon-
strated associations between low circulating 25(OH)D con-
centrations and postsurgical infections, methicillin-resistant
Staphylococcus aureus nasal carriage, bloodstream infec-
tions, and hospital admission with sepsis (22–24, 26). Al-
though the results from these observational studies have
been informative, they are consistently limited by the lack
of large, generalizable cohorts with 25(OH)D concentrations
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drawn during a time free from acute illness (22–24, 26). Fur-
thermore, while the few controlled intervention trials that
have been published did not demonstrate a protective or ther-
apeutic effect of vitamin D supplementation, these trials have
been criticized for including study populations that might not
have been truly vitamin D–deficient (16, 17, 27, 28).

Recent developments at the National Center for Health
Statistics (NCHS) have allowed for the creation of large
cohort studies with rich baseline data through linkage of in-
dividual records from several NCHS national surveys to out-
comes in Centers forMedicare andMedicaid Services (CMS)
records. Pertinent to this study, the NCHS carries out the con-
tinuous National Health and Nutrition Examination Survey
(NHANES), which has measured serum 25(OH)D concen-
trations in nationally representative samples of the US popu-
lation since 2000. Using the NHANES-CMS linkage, in the
present study, we examined the relationship between serum
25(OH)D concentrations in Medicare beneficiaries and the
1-year risk of hospitalization with an infection. We hypothe-
sized that persons with serum 25(OH)D concentrations of
<15 ng/mL would be at higher risk for a hospitalization with
an infection.

METHODS

We conducted a cohort study of Medicare beneficiaries
who participated in the 2001–2002 and 2003–2004 cycles of
NHANES; these were the only available years with 25(OH)D
measurements that were linked to CMS records at the time of
our study. The continuous NHANES started in 1999. National
surveys are conducted on a 2-year cycle using a complex,
multistage, probability-sampling design to select participants
representative of the civilian, noninstitutionalized US popula-
tion. The NHANES survey is conducted with a standardized
in-home questionnaire followed by further questionnaires, a
physical examination, and various laboratory tests in a mo-
bile examination unit (29). The Medicare Provider Analysis
and Review file from CMS contains hospital admission and
discharge dates, discharge diagnosis codes, procedure codes,
and billing information.

We included those participants who had a serum 25(OH)D
concentration measured during the NHANES medical exam-
ination and agreed to have their data linked to CMS records.
We excluded those who were enrolled in an additional health
insurance program at any time during the year of and the year
following the NHANES survey, because they might have re-
ceived services not submitted toMedicare, and thus CMS rec-
ords would not have captured those outcome data.

The primary exposure of interest was serum 25(OH)D con-
centration, defined as low if the concentration was <15 ng/mL
and normal if the concentration was ≥15 ng/mL. We chose
this cutpoint given its precedence in the literature and our
prior investigation in this field (23, 30–32). However, be-
cause the optimal 25(OH)D concentration for immune func-
tion has not been determined, we also explored 25(OH)D as
a continuous variable, at different cutpoints, and as an ordinal
variable in the analyses. Other covariate data collected from
theNHANES included demographic information, self-reported
medical history, body mass index, family income, date of
examination, and latitude of residence. A 4-category season

variable was created using the equinoxes and solstices of the
corresponding years. A poverty-index ratio was calculated
by dividing reported family income by the national poverty
threshold of the given year (33). Because the latitudes of the
continental United States are between 24°N and 49°N, the
original latitude of the NHANES examination variable was
categorized as <32°N, 32°N–38°N, 39°N–45°N, or ≥46°N;
however, the 2 northernmost categories were collapsed into 1
because of the low sample size in the northernmost category
(34–36). Dates of hospital admission and discharge were ob-
tained from the CMS records.

The primary outcome of the study was a 3-category vari-
able: no hospitalization, hospitalization with an infection
(HWI), and hospitalization without an infection (HWOI).
An HWI was defined as having an International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM), diagnosis code for an infection listed as the primary
diagnosis or among any of the 10 additional final discharge
codes during the first hospitalization within 1 year after the
NHANES examination. Alternatively, a subject was defined
as having an HWOI if the first hospitalization within 1 year of
the NHANES examination did not have an ICD-9-CM code
for infection as the primary diagnosis or among any of the
final discharge diagnoses. (For a list of the ICD-9-CM codes
used, see Web Table 1, available at http://aje.oxfordjournals.
org/.)

The planned secondary outcome of interest was all-cause
mortality within 1 year of the NHANES examination. How-
ever, because therewere no deaths during this time period, we
did not report on this outcome.

Public-use data from NHANES were obtained from files
available on the NCHS website (http://www.cdc.gov/nchs/
index.htm), and data on restricted NHANES variables and

Participants in the NHANES Medical Examination
During Years 2001–2002 and 2003–2004

(n = 20,120)

NHANES Record Linked to Medicare File
(n = 2,179)

Had 24 Months of Continuous Medicare Part A
Enrollment and No Additional Insurance

(n = 1,806 )

Serum 25(OH)D Drawn During NHANES Examination
(n = 1,713)

Serum 25(OH)D <15 ng/mL
(n = 348)

Serum 25(OH)D ≥15 ng/mL
(n = 1,365 )

Participants Reporting Medicare Coverage
(n = 2,868)

Figure 1. Selection of study participants from a national cohort of
Medicare beneficiaries with serum 25-hydroxyvitamin D (25(OH)D)
concentrations measured during medical examination for the National
Health and Nutrition Examination Survey (NHANES), 2001–2004.
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all CMS variables were accessed on-site at the NCHS Re-
search Data Center at the Centers for Disease Control and
Prevention (Atlanta, Georgia). The data were merged by
a Research Data Center analyst using the unique sequence
number given to each NHANES participant. To protect the
confidentiality and security of CMS data, all analyses were

performed on-site at the Research Data Center. In compliance
with Research Data Center information security policies, raw
frequencies are publicly released only for the major study
population subgroups and not for individual cells in data ta-
bles. Additionally, any proportion or mean calculated from
a raw frequency less than 5 is censored. Finally, if an omitted

Table 1. Demographic and Clinical Characteristics of a Cohort of Medicare Beneficiaries by Serum

25-Hydroxyvitamin D Level (n = 1,713), United States, 2001–2004a

Variable

Serum 25(OH)D Concentration

<15 ng/mL ≥15 ng/mL

% 95% CI % 95% CI

Demographic Factors

Age, yearsb 69.5 68.2, 70.7 69.9 68.5, 71.2

Age group, yearsc

45–54 6.1 2.6, 9.6 5.1 3.1, 7.2

55–64 9.7 5.2, 14.2 6.7 4.2, 9.1

65–74 41.5 35.1, 47.9 46.6 41.8, 51.4

75–84 27.0 21.4, 32.5 29.4 25.8, 32.9

≥85 9.2 5.7, 12.7 6.9 4.9, 8.8

Female sexd 64.2 57.9, 70.5 51.2 48.7, 53.6

Body mass indexb,d,e 29.7 28.9, 30.5 27.6 27.3, 27.9

Body mass index category

<25 30.4 24.7, 36.2 34.9 31.8, 38.1

25–29 28.6 19.6, 37.6 38.4 34.4, 42.4

≥30d 41.0 31.7, 50.3 26.7 24.3, 29.0

Poverty-index ratio <2.0d 59.3 51.3, 67.3 40.4 34.3, 46.6

Race/ethnicity

Non-Hispanic whited 65.9 54.4, 77.4 87.3 82.4, 92.2

Non-Hispanic blackd 20.3 12.8, 27.8 4.9 3.5, 6.4

Mexican-American 5.8 0.2, 11.5 2.6 0.4, 4.8

Other Hispanic 3.7 0.0, 8.3 2.5 0.1, 4.9

Other race/ethnicity 4.3 0.6, 8.0 2.6 1.3, 4.0

Latitude

<32°N 27.1 12.7, 41.5 17.6 10.1, 25.1

32°N–38°N 37.2 20.5, 53.9 40.1 25.3, 55.0

≥39°N 35.7 22.5, 48.9 42.3 29.8, 54.8

Medical History

Liver disease 6.4 1.6, 11.2 4.1 2.6, 5.6

Asthma 8.0 5.4, 10.7 11.1 8.7, 13.6

Emphysema 6.2 2.5, 10.0 5.3 3.4, 7.2

Chronic bronchitis 13.0 7.5, 18.5 9.5 6.5, 12.4

Congestive heart failure 11.5 7.0, 16.1 7.8 6.7, 9.0

Coronary artery disease 13.4 9.3, 17.5 12.8 10.9, 14.7

Renal diseased 11.6 7.4, 15.8 4.8 3.7, 6.0

Diabetes mellitusd 31.3 25.4, 37.2 18.9 15.8, 21.9

Hypertension 63.3 55.5, 71.1 54.9 51.6, 58.2

Stroke 10.5 7.5, 13.5 7.5 5.7, 9.3

Cancerf 17.7 12.0, 23.4 21.0 18.0, 24.0

Table continues
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statistic’s percentage can be calculated using other values in a
given table column, additional statistics are also censored. (See
Web Tables 2 and 3 for expanded data tables.) This study was
approved by the Research Data Center of the Centers for Dis-
ease Control and Prevention.

All statistical analyses were performed with SAS, version
9.3 (SAS Institute, Inc., Cary, North Carolina), using the
PROC SURVEY procedures to account for the complex
NHANES sampling design. The NHANES sample weights
were adjusted for the combination of multiple NHANES
survey years and used in every analysis. We applied the Taylor
series linearization method and handled missing data as not
missing completely at random for variance estimation (37).
Domain analysis was used to analyze our study group within
the entire NHANES cohort to allow for more accurate variance
estimation.

For all analyses, “no hospitalization” was used as the
reference category for calculating the risk ratios for each cat-
egory of hospitalization. We used a logistic regression model
that was developed a priori based on explanatory factors shown
to be related to 25(OH)D concentration and the risk of infection.

These factors included race/ethnicity, poverty-index ratio,
body mass index, latitude of residence, and history of renal
disease and cancer, with age and sex added later at the request
of scientific peer reviewers (38–42). For bivariate analyses, be-
cause we were comparing means and proportions across 3 cat-
egories of outcome and because of the constraints of the SAS
SURVEY procedures, which do not perform analysis of vari-
ance, we defined significance for these analyses as nonover-
lapping 95% confidence intervals. For all model estimates,
significance was defined as P < 0.05.

RESULTS

Study population

Therewere 2,868 participants in the 2001–2002 and 2003–
2004NHANES surveys who reported enrollment inMedicare,
with 2,179 (76.0%) having their file linked to CMS records
and 1,806 (63.0%) having 24 months of continuous enroll-
ment in Medicare with no additional health insurance enroll-
ment. Of this group, 1,713 (94.9%) had a serum 25(OH)D

Table 1. Continued

Variable

Serum 25(OH)D Concentration

<15 ng/mL ≥15 ng/mL

% 95% CI % 95% CI

Hospital Data

No hospitalizationd 69.8 62.4, 77.1 81.0 78.4, 83.6

Hospitalization without infection 19.9 14.8, 25.1 15.2 12.9, 17.5

Hospitalization with infectiond 10.3 5.3, 15.3 3.8 2.8, 4.8

Primary admission diagnosis

Infection 19.3 8.0, 30.6 10.5 4.9, 16.2

Cardiovascular condition 24.2 11.6, 36.7 29.4 22.2, 36.6

Dermatological or musculoskeletal condition 13.9 5.0, 22.9 12.0 7.2, 16.9

Endocrinological condition 10.0 2.3, 17.6 4.4 0.2, 8.5

Gastroenterological condition NAc NAc 14.1 8.8, 19.4

Season of hospital admission

Winter 56.4 40.3, 72.5 47.1 34.5, 59.7

Spring 15.1 7.7, 22.5 17.0 9.0, 25.0

Summer 16.3 3.8, 28.7 13.1 8.3, 17.9

Fall 12.3 4.0, 20.5 22.8 16.2, 29.4

Season of vitamin D testing

Winter 23.5 2.6, 44.5 14.0 2.9, 25.2

Spring 32.2 11.8, 52.6 26.0 7.2, 44.9

Summer 18.3 5.5, 31.1 22.8 9.3, 36.2

Fall 26.0 5.8, 46.1 37.2 15.4, 58.9

Abbreviations: CI, confidence interval; NA, not available; 25(OH)D, 25-hydroxyvitamin D.
a Data from the 2001–2002 and 2003–2004 cycles of the National Health and Nutrition Examination Survey.
b Continuous variable, presented as a mean value.
c The National Research Data Center does not permit any statistic based on a frequency of <5 to be reported.
d Statistically significant; 95% confidence intervals do not overlap.
e Body mass index was calculated as weight (kg)/height (m)2.
f Excluding nonmelanoma skin cancer.
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concentration measured during the NHANES examination
(Figure 1).

Characteristics by 25(OH)D status

Twenty percent (n = 348) of the study population had
a serum 25(OH)D concentration of <15 ng/mL (Table 1).
Those with 25(OH)D <15 ng/mL were significantly more
likely to be female (64.2% (95% confidence interval (CI):
57.9, 70.5) vs. 51.2% (95% CI: 48.7, 53.6)), to be black
(20.3% (95% CI: 12.8, 27.8) vs. 4.9% (95% CI: 3.5, 6.4)), to

have a higher mean body mass index (weight(kg)/height
(m)2; 29.7 (95% CI: 28.9, 30.5) vs. 27.6 (95% CI: 27.3,
27.9)), to have a poverty-index ratio less than 2.0 (59.3%
(95% CI: 51.3, 67.3) vs. 40.4% (95% CI: 34.3, 46.6)), and
to have a history of renal disease (11.6% (95% CI: 7.4, 15.8)
vs. 4.8% (95%CI: 3.7, 6.0)) or diabetes mellitus (31.3% (95%
CI: 25.4, 37.2) vs. 18.9% (95% CI: 15.8, 21.9)). Compared
with subjects with a 25(OH)D level of ≥15 ng/mL, those
with a 25(OH)D level of <15 ng/mL were more likely to have
an HWI (10.3% (95% CI: 5.3, 15.3) vs. 3.8% (95% CI: 2.8,
4.8)).

Table 2. Demographic, Clinical, and Vitamin D Characteristics of a Cohort of Medicare Beneficiaries According to

Hospitalization Status Within 1 Year of Vitamin D Testing (n = 1,713), United States, 2001–2004a

Variable

Hospitalized With an
Infection

HospitalizedWithout
an Infection

Not Hospitalized

% 95% CI % 95% CI % 95% CI

Serum 25(OH)D concentration, ng/mLb 20.0b,c 17.6, 22.5 22.1b 20.5, 23.6 24.0b 23.2, 24.7

Categories

0–9 12.3 2.8, 21.7 4.4 1.7, 7.2 3.9 2.7, 5.1

10–19 33.3 21.9, 44.7 33.6 25.2, 42.0 27.5 24.0, 31.0

20–29 38.1 27.5, 48.6 46.3 38.6, 54.2 43.7 40.2, 47.1

≥30 16.3 8.6–24.1 15.6 10.0, 21.2 25.0 21.8, 28.2

Dichotomous

<10 12.3 2.8, 21.7 4.4 1.7, 7.2 3.9 2.7, 5.1

<15 34.7c 20.2, 49.3 20.6 13.6, 27.6 14.6 11.4, 17.7

<20 45.6 33.9, 57.2 38.0 28.9, 47.2 31.4 27.2, 35.5

Demographic Factors

Age, yearsb 71.7b 68.7, 74.8 69.7b 67.5, 71.8 69.6b 68.5, 70.8

Age group, years

45–54 8.4 0.0, 18.4 NAd NAd 5.2 3.5, 6.8

55–64 6.6 1.4, 11.8 9.9 3.7, 16.2 6.6 3.9, 9.3

65–74 42.3 28.5, 56.1 36.0 27.3, 44.7 47.9 43.8, 52.0

75–84 30.9 18.9, 42.9 30.7 24.7, 36.9 28.5 24.7, 32.2

≥85 10.7 3.2, 18.1 10.5 6.9, 13.9 6.4 4.5, 8.3

Female sex 61.3 44.4, 78.1 47.7 41.8, 53.4 54.0 51.2, 56.8

Body mass indexb,e 28.4b 26.2, 30.6 28.6b 27.7, 29.4 28.2b 28.0, 28.4

Body mass indexe category

<25 38.2 23.3, 53.1 33.4 25.7, 41.1 34.1 31.3, 36.9

25–29 32.8 18.6, 46.9 31.0 24.4, 37.7 38.2 34.7, 41.7

≥30 29.0 16.3, 41.7 35.6 28.1, 43.0 27.7 25.5, 30.0

Poverty index ratio <2.0 50.9 36.2, 65.7 50.6 41.7, 59.6 41.6 35.3, 47.8

Race/ethnicity

Non-Hispanic white 87.7 80.5, 94.9 83.7 76.3, 91.2 83.5 77.7, 89.3

Non-Hispanic black 5.1 0.5, 9.6 8.2 4.5, 11.9 7.5 5.1, 9.9

Mexican-American 3.5 0.0, 7.4 2.8 0.0, 5.9 3.2 0.5, 5.8

Latitude

<32°N 24.7 11.6, 37.8 26.9 14.7, 39.0 17.2 9.6, 24.9

32°N–38°N 37.2 19.1, 55.4 35.4 20.7, 50.0 40.7 25.8, 55.5

≥39°N 38.0 22.6, 53.5 37.7 23.8, 51.7 42.1 30.1, 54.1

Table continues
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Characteristics by hospitalization status

Within 1 year after serum 25(OH)D testing, 77 (4.5%) partic-
ipants had an HWI, and 287 (16.8%) participants had an HWOI
(Table 2). Compared with the nonhospitalized group, those
with an HWI had lower mean baseline serum 25(OH)D con-
centrations (20.0 ng/mL (95%CI: 17.6, 22.5) vs. 24.0 ng/mL
(95% CI: 23.2, 24.7)) and a higher proportion with 25(OH)D
levels of <15 ng/mL (34.7% (95% CI: 20.2, 49.3) vs. 14.6%
(95% CI: 11.4, 17.7)).

Compared with the nonhospitalized group, those with an
HWOI had a higher prevalence of diabetes mellitus (32.0%
(95% CI: 25.7, 38.2) vs. 18.3% (95% CI: 15.4, 21.3)). In ad-
dition, those with an HWOI had a higher proportion of indi-
viduals with 25(OH)D levels of <15 ng/mL (20.6% (95% CI:
13.6, 27.6) vs. 14.6% (95% CI: 11.4, 17.7)), but these pro-
portions were not significantly different.

Associations of 25(OH)D concentrations with

hospitalization and mortality

In the unadjusted analyses, a baseline serum 25(OH)D level
of <15 ng/mL was associated with higher risks of both HWI
and HWOI (risk ratio (RR) = 3.1, 95% CI: 1.6, 6.0 (P < 0.01)
for HWI and RR = 1.5, 95%CI: 1.1, 2.2 (P = 0.02) for HWOI)

(Web Table 4). Furthermore, when compared with subjects
with a serum 25(OH)D level of ≥30 ng/mL, the risk of an
HWI increased progressively as 25(OH)D concentrations

Table 2. Continued

Variable

Hospitalized With an
Infection

HospitalizedWithout
an Infection

Not Hospitalized

% 95% CI % 95% CI % 95% CI

Medical History

Liver disease NAd NAd 5.3 1.8, 8.8 4.3 2.8, 5.8

Asthma 17.3 7.6, 26.9 14.0 8.5, 19.5 9.5 7.4, 11.7

Emphysema 24.1 1.08, 37.3 6.9 2.1, 11.6 4.0 2.6, 5.5

Chronic bronchitis 13.4 1.8, 25.0 13.4 6.6, 20.2 9.2 7.1, 11.3

Congestive heart failure 11.5 2.6, 20.3 17.2 12.1, 22.2 6.5 5.2, 7.8

Coronary artery disease 21.0 9.3, 32.7 19.5 12.8, 26.2 11.1 8.8, 13.3

Renal disease 14.8b 7.1, 22.6 10.2 5.3, 15.1 4.6 3.3, 5.8

Diabetes mellitus 26.8 8.9, 44.7 32.0b 25.7, 38.2 18.3 15.4, 21.3

Hypertension 67.9 57.1, 78.6 55.2 47.0, 63.5 55.8 52.1, 59.5

Stroke 11.8 3.0, 20.6 11.5 8.0, 14.9 7.1 5.6, 8.6

Cancerf 25.4 13.5, 37.2 24.4 18.5, 30.3 19.3 16.8, 21.9

Hospital Data

Season of hospital admission

Winter 45.5 28.9, 62.1 50.5 37.3, 63.7

Spring 23.0 13.8, 32.2 14.6 7.1, 22.0

Summer 18.2 6.2, 30.3 12.5 7.1, 17.9

Fall 13.3 3.8, 22.8 22.4 6.1, 28.7

Abbreviations: CI, confidence interval; NA, not available; 25(OH)D, 25-hydroxyvitamin D.
a Data from the 2001–2002 and 2003–2004 cycles of the National Health and Nutrition Examination Survey.
b Continuous variable, presented as a mean value.
c Statistically significant; 95% confidence intervals do not overlap.
d The National Research Data Center does not permit any statistic based on a frequency of <5 to be reported.
e Body mass index was calculated as weight (kg)/height (m)2.
f Excluding nonmelanoma skin cancer.

Table 3. Unadjusted RiskRatios for HospitalizationWith an Infection

and Hospitalization Without an Infection in a Cohort of Medicare

Beneficiaries According to Serum 25-HydroxyvitaminDConcentration

as an Ordinal Variable (n = 1,713), United States, 2001–2004a,b

Serum 25(OH) D
Concentration, ng/mL

Hospitalization
With Infection

vs. No
Hospitalization

Hospitalization
Without Infection

vs. No
Hospitalization

RR 95% CI RR 95% CI

<10 4.8 1.7, 13.4 1.8 0.8, 4.2

10–19 1.9 1.0, 3.5 2.0 1.2, 3.2

20–29 1.3 0.7, 2.4 1.7 1.1, 2.6

≥30 1.0 Referent 1.0 Referent

Abbreviations: CI, confidence interval; 25(OH)D, 25-hydroxyvitamin

D; RR, risk ratio.
a Data from the 2001–2002 and 2003–2004 cycles of the National

Health and Nutrition Examination Survey.
b Global test of the null hypothesis—likelihood ratio test: P < 0.01;

Wald test: P < 0.01.
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decreased. This concentration-dependent relationship was not
detected for the risk of an HWOI (Table 3).
In the multivariable analyses (Table 4)—when adjusting

for sex, age, race/ethnicity, poverty-index ratio, body mass
index, latitude, and history cancer, renal disease, and diabetes
mellitus—a baseline serum 25(OH)D level of <15 ng/mL
was associated with a higher risk of an HWI but not of an
HWOI (RR = 2.8, 95% CI: 1.3, 5.9 (P < 0.01) for HWI and
RR = 1.4, 95% CI: 0.9, 2.1 (P = 0.10) for HWOI). When
comparing participants in different categories of 25(OH)D
concentration with those who had a concentration of >30
ng/mL, those with the lowest 25(OH)D concentrations had
the highest risk of an HWI (RR = 5.3, 95% CI: 1.5, 19.2; P =
0.01), and the association was concentration-dependent
(Web Table 5).

DISCUSSION

In the present study of Medicare beneficiaries participating
in NHANES in 2001–2002 and 2003–2004, we found that a

baseline serum 25(OH)D concentration of <15 ng/mL was
associated with an approximately 3-fold higher risk of an
HWI.We did not find a statistically significant association be-
tween low 25(OH)D concentrations and an HWOI. To our
knowledge, this is the first study to have found an association
between low 25(OH)D concentration and a higher 1-year risk
of an HWI.
These results are consistent with our a priori hypothesis that

low circulating 25(OH)D concentration is both a potential
marker of poor health status, portending a higher risk of hospi-
talization, and a potential risk factor for immunological vulner-
ability, portending a larger and independent risk for infection. In
linewith this hypothesis, the association between low 25(OH)D
concentrations and an HWOI was suggestive of an associa-
tion but not statistically significant after adjustment for other
chronic health conditions and socioeconomic factors, where-
as the association between low 25(OH)D concentrations and
an HWI remained significant. Strengthening these findings
is the fact that we also observed a concentration-dependent
relationship only for HWI, with the lowest concentrations of

Table 4. Adjusted Risk Ratios for HospitalizationWith an Infection and HospitalizationWithout an Infection Among a

Cohort of Medicare Beneficiaries (n = 1,512), United States, 2001–2004a,b

Variable

Hospitalization
With Infection

vs. No
Hospitalization

P Value

Hospitalization
Without Infection

vs. No
Hospitalization

P Value

RR 95% CI RR 95% CI

Serum 25(OH)D concentration <15 ng/mL 2.8 1.3, 5.9 <0.01 1.4 0.9, 2.1 0.1

Female sex 1.3 0.7, 2.6 0.4 0.8 0.6, 1.0 0.1

Age, per 1-year increase 1.0 1.0, 1.1 0.2 1.0 1.0, 1.0 0.4

Race/ethnicity

Non-Hispanic white 1.0 Referent 1.0 Referent

Non-Hispanic black 0.4 0.1, 1.2 0.1 0.8 0.5, 1.1 0.1

Mexican-American 0.6 0.3, 1.2 0.1 0.6 0.3, 0.9 0.02

Other Hispanic 0.4 0.0, 4.2 0.5 1.1 0.6, 2.0 0.8

Other 0.6 0.1, 2.7 0.5 0.7 0.2, 2.3 0.6

Poverty-index ratio <2.0 1.2 0.7, 2.3 0.5 1.4 0.9, 2.1 0.1

Body mass indexc category

<25 1.0 Referent 1.0 Referent

25–29 0.7 0.3, 1.6 0.5 0.9 0.6, 1.4 0.6

≥30 0.8 0.4, 1.7 0.6 1.2 0.8, 1.9 0.4

Latitude

<32°N 1.0 Referent 1.0 Referent

32°N–38°N 0.7 0.4, 1.3 0.2 0.5 0.3, 0.8 <0.01

≥39°N 0.7 0.4, 1.4 0.3 0.6 0.4, 0.9 0.02

Cancerd 1.2 0.6, 2.3 0.6 1.3 1.0, 1.7 0.1

Renal disease 3.5 1.5, 8.2 <0.01 1.9 1.1, 3.4 0.02

Diabetes mellitus 1.4 0.6, 3.5 0.4 2.0 1.4, 2.7 <0.01

Abbreviations: CI, confidence interval; 25(OH)D, 25-hydroxyvitamin D; RR, risk ratio.
a Data from the 2001–2002 and 2003–2004 cycles of the National Health and Nutrition Examination Survey.
b Global test of the null hypothesis—likelihood ratio test: P < 0.01; Wald test: P < 0.01.
c Body mass index was calculated as weight (kg)/height (m)2.
d Excluding nonmelanoma skin cancers.
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serum 25(OH)D being associated with the highest risk of
HWI (Table 3 and Web Table 5).

The strengths of this study are that it was based on data from
a representative sample of noninstitutionalized Medicare ben-
eficiaries and followed them prospectively to capture impor-
tant infection outcomes. The serum 25(OH)D testing was
done as part of the NHANES national survey, therefore pre-
venting the potential bias of physician ordering and testing.
The study took advantage of the highly standardized survey
techniques and 25(OH)Dmeasurements used inNHANES, al-
lowing comprehensive characterization of the study population
and extensive confounding assessment. The large, nationally
derived sample and complex sampling design of NHANES in-
creased the study’s generalizability to a large proportion of
persons living in the United States.

This study had several limitations. First, the observational
design did not allow us to exclude the possibility that residual
confounding might account for the association between low
25(OH)D concentrations and HWI risk. Other potential and
plausible confounders that were not accounted for in this study
include overall comorbidity, disability or nutritional status, out-
door activity, and other health-related behaviors. Second, the
outcome was defined by ICD-9-CM diagnosis codes used for
billing rather than actual clinical chart data, allowing for poten-
tial misclassification of infection. Other researchers have as-
sessed similar methods for identifying cases of sepsis using
administrative data, finding the method to have a sensitivity
of 50% and a specificity and 96% (43). Extrapolating from
these findings, our study’s reliance on administrative coding
most likely resulted in some nondifferential misclassification
of the infection designation of the hospitalization outcome. Be-
cause an HWOI was not associated with a low 25(OH)D con-
centration, nondifferential misclassification of HWIs would
have tended to bias the results towards a null association. An-
other limitation of our study is that we were not able to report
the types of infections present in our cohort; the infections were
spread out over 10 variables, and the Research Data Center in-
formation security rules required censoring of data cells calcu-
lated from small frequencies. Although this does not bias the
findings, it does give a less detailed picture of the association.

There is ample research from the basic sciences to lend
biological plausibility to our findings. Several excellent re-
views on this topic have summarized the findings to date
that 25(OH)D is involved in the innate immune system’s pro-
duction of antimicrobial peptides in response to pathogens
(44–47). However, the results from clinical studies have been
inconsistent, and controlled trials of vitamin D supplementa-
tion for preventing infections have largely been negative
(16, 17, 28). Several explanations could account for this
lack of a consistent observable effect in clinical trials. First,
the baseline serum 25(OH)D concentrations of the popula-
tions in all 3 negative trials were greater than 20 ng/mL and
therefore might have not been low enough to give the placebo
groups a sufficiently higher risk of infection. Our findings,
in concurrence with those of others, have demonstrated a
concentration-dependent association, with a serum 25(OH)D
level of <10 ng/mL being associated with the highest risk of
infection (22, 48). In addition to not having a true placebo
group, the trials likely did not have sufficient sample size to
detect differences.

In conclusion, we found a significant association between a
low baseline serum 25(OH)D concentration and the subse-
quent risk of hospitalizationwith an infection amongMedicare
beneficiaries. The finding provides further evidence for the
continued study of vitamin D as a correctable risk factor for
infections in persons with severely depleted vitamin D levels.
However, further work is needed to demonstrate the causal na-
ture of the observed association. A large clinical trial with cor-
rect dosing in a population that had substantially low 25(OH)D
levels and was at risk for infections, serially monitored the ef-
fects of treatment across the entire vitamin D axis, assessed the
interaction of treatment with vitamin D receptor polymor-
phisms, and followed the cohort for an extended period of
timewould be an ideal (albeit resource-intensive) study design
for further analysis of this association.
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