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Objective: The objective of the study was to examine the association between prehospital serum
25-hydroxyvitamin D [25(OH)D]and the risk of mortality after hospital admission.

Design: We performed a retrospective cohort study of adults hospitalized for acute care between
1993 and 2011.

Setting: The study was conducted at two Boston teaching hospitals.

Patients: A total of 24 094 adult inpatients participated in the study.

Intervention: There was no intervention.

Measurements: All patients had serum 25(OH)D measured before hospitalization. The exposure of
interest was 25(OH)D categorized as less than 10 ng/mL, 10–19.9 ng/mL, 20–29.9 ng/mL, 30–49.9
ng/mL, 50–59.9 ng/mL, 60–69.9 ng/mL, and 70 ng/mL or greater. The main outcome measure was
90-day mortality. Adjusted odds ratios (ORs) were estimated by multivariable logistic regression
with inclusion of potential confounders.

Results: After adjustment for age, gender, race (white vs nonwhite), patient type (surgical vs
medical), season of 25(OH)D draw, and the Deyo-Charlson index, patients with 25(OH)D levels less
than 30 ng/mL or 60 ng/mL or greater had higher odds of 90-day mortality compared with patients
with levels of 30–49.9 ng/mL [adjusted OR (95% confidence interval) for 25(OH)D �10 ng/mL,
10–19.9 ng/mL, 20–29.9 ng/mL, 50–59.9 ng/mL, 60–69.9 ng/mL, and �70 ng/mL was 2.01 (1.68–
2.40), 1.89 (1.64–2.18), 1.34 (1.16–1.56), 0.94 (0.69–1.26), 1.52 (1.03–2.25), and 1.69 (1.09–2.61),
respectively, compared with patients with 25(OH)D levels 30–49.9 ng/mL].

Limitations: A causal relationship between either low or high 25(OH)D levels and increased mor-
tality can not necessarily be inferred from this observational study.

Conclusions: Analysis of 24 094 adult patients showed that 25(OH)D levels less than 20 ng/mL and
60 ng/mL or greater before hospitalization were associated with an increased odds of 90-day
mortality. Although previous reports have suggested an association between low vitamin D status
and mortality, these data raise the issue of potential harm from high serum 25(OH)D levels, provide
a rationale for an upper limit to supplementation, and emphasize the need for caution in the use of
extremely high doses of vitamin D among patients. (J Clin Endocrinol Metab 99: 1461–1469, 2014)
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Low vitamin D status is associated with increased all-
cause mortality in the general population (1, 2). Re-

views of data from randomized controlled trials have dem-
onstrated a 3%–7% reduction in all-cause mortality in
nonhospitalized adults who receive vitamin D supplemen-
tation, compared with adults who receive a placebo (3, 4).
Evidence supports the concept that vitamin D insuffi-
ciency is associated with major chronic diseases such as
cardiovascular disease and osteoporosis as well as colo-
rectal and breast cancer (5). Recently we reported that
suboptimal levels of 25-hydroxyvitamin D [25(OH)D]
prior to hospital admission is also associated with an in-
creased risk of in-hospital mortality (6). These observa-
tional findings raise the potential for vitamin D supple-
mentation as a therapeutic intervention to decrease
mortality in hospitalized patients.

Serum 25(OH)D is the major circulating metabolite of
vitamin D and the standard measure of vitamin D status (7);
it also is used to assess therapeutic response to supplemen-
tation (8, 9). Vitamin D is considered to have an excellent
safety profile with a broad therapeutic window (1, 8, 10).
There is, however, significant controversy in the literature
regarding the acceptable lower limit of 25(OH)D levels in
adults (11); most notably, although The Endocrine Society
recommendations advocate for levels of 30 ng/mL or
greater (12), an analysis by the Institute of Medicine sug-
gests that 25(OH)D levels of 20 ng/mL or greater are ad-
equate (13). Similarly, guidelines related to the acceptable
upper limit of 25(OH)D levels in adults are unclear. Serum
25(OH)D levels greater than 150 ng/mL are associated
with toxicity (1, 8, 10), but levels up to 80 ng/mL had been
reported as optimal (14). On the other hand, the 2011
Institute of Medicine guidelines suggest 50 ng/mL as the
upper threshold for desirable 25(OH)D levels (13).

Although a number of existing studies have investi-
gated the relationship between low 25(OH)D levels and
undesirable health outcomes, only a few have reported
mortality rates for 25(OH)D levels of 50 ng/mL or greater
(15–18). These studies, which are limited to subjects in
community-based settings, demonstrate a nonlinear asso-
ciation between 25(OH)D levels of 50 ng/mL or greater
and an increased risk of mortality. Few individuals in the
United States have 25(OH)D levels of 30 ng/mL or greater
(19). Pastoral Hadzabe and Maasai tribe members living
near the equator in north central Tanzania and Kenya
have 25(OH)D levels around 43 ng/mL (20). 25(OH)D
levels of 50 ng/mL or greater are generally expected only

in individuals with extreme UVB exposure or high levels of
vitamin D supplementation (20, 22).

Given the paucity of data regarding health outcomes in
hospitalized patients with 25(OH)D levels of 50 ng/mL or
greater, the dramatic increase in vitamin D testing during
routine medical care (23), burgeoning sales of vitamin D
supplements (24), and the current trend of using increas-
ingly large doses of vitamin D to treat low 25(OH)D levels
and to maintain general health (25, 26), we performed a
two-center observational study of a large cohort of hos-
pitalized adults among whom 25(OH)D had been mea-
sured within 1 year before hospitalization. The objective
of this study was to test our hypothesis that 25(OH)D
levels before hospital admission have a U-shaped associ-
ation with all-cause mortality.

Materials and Methods

Source population
We abstracted administrative and laboratory data from in-

dividuals admitted to two teaching hospitals in Boston, Massa-
chusetts: Brigham and Women’s Hospital (BWH), with 793
beds, and Massachusetts General Hospital (MGH), with 902
beds. The two hospitals provide primary as well as tertiary care
to an urban and suburban population in addition to a diverse
population within eastern Massachusetts and the surrounding
region. BWH and MGH are both level 1 trauma centers, and
both have 45 000–47 000 hospital admissions per year. BWH
and MGH are members of Partners HealthCare, which is the
largest health care provider in Massachusetts.

Data sources
Data on all patients admitted to BWH or MGH between

August 3, 1993, and January 5, 2011, were obtained through the
Research Patient Data Registry (RPDR), a computerized registry
that serves as a central data warehouse for all inpatient and
outpatient records at Partners HealthCare sites. The RPDR has
been used for other clinical research studies (27). Approval for
the study was granted by the Partners Human Research Com-
mittee Institutional Review Board. Requirement for consent was
waived because the data were analyzed anonymously.

Study population
During the study period, there were 24 915 individual pa-

tients who were aged 18 years or older on the day of hospital
admission, had serum 25(OH)D level measured between 7 and
365 days before admission, and were assigned a Diagnostic-Re-
lated Group (DRG), which is a system to classify hospital cases
used by the Centers for Medicare and Medicaid Services (28).
Exclusions included 23 foreign patients without Social Security
numbers because vital status in this study was determined by the
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Social Security Administration Death Master File; 618 patients
with missing laboratory data [calcium, creatinine, hematocrit, or
white blood cell (WBC) count within the first 48 hours of hos-
pital admission]; and 216 patients who received high-dose vita-
min D supplementation (oral Ergocalciferol �50 000 IU) be-
tween the 25(OH)D blood draw and the index hospital
admission. Thus, 24 094 patients constituted the total study
cohort.

Exposure of interest and comorbidities
The exposure of interest was prehospital serum 25(OH)D

level obtained 7–365 days prior to the date of hospital admission
and categorized a priori as 25(OH)D less than 10 ng/mL or less
than 25 nmol/L;10–19.9 ng/mL or 25–49.9 nmol/L; 20–29.9
ng/mL or 50.0–74.9 nmol/L; 30–49.9 ng/mL or 75–124.9
nmol/L; 50–59.9 ng/mL or 125–149.9 nmol/L; 60–69.9 ng/mL
or 150–174.9 nmol/L; and 70 ng/mL or greater or 175 nmol/L
or greater. The cut points for 25(OH)D less than 10 ng/mL,
10–19.9 ng/mL, and 20–29.9 ng/mL were taken from existing
national clinical guidelines (12). The conversion factor to SI units
is: 1 ng/mL � 2.496 nmol/L. In cases in which a patient had
serum their 25(OH)D levels measured more than once in the year
prior to hospitalization, the serum 25(OH)D measured closest to
the date of hospital admission was used.

We used the Deyo-Charlson index to assess the burden of
chronic illness, with higher scores indicating more comorbidity
(29), using the International Classification of Diseases, ninth
edition coding algorithms, which are well studied and validated
(30, 31). Patient admission type was defined as medical or sur-

gical and incorporates the DRG methodology, devised by the
Centers for Medicare and Medicaid Services (28). Intensive care
unit admission was determined by current procedural terminol-
ogy code 99291 (critical care, first 30–74 min) assignment dur-
ing hospital admission and has been validated in the RPDR da-
tabase (27). Race was either self-determined or designated by a
patient representative/health care proxy.

25(OH)D assays
Between 1993 and 2011, different assays were used at the two

hospitals: chemiluminescence assay, RIA, or liquid chromatog-
raphy-mass spectroscopy (LC-MS). Dates, times, and type of
25(OH)D assay were recorded. The clinical laboratories in
which the assays were performed are Clinical Laboratory Im-
provement Amendments certified. The 25(OH)D assays were
tested for imprecision by the clinical laboratories at the two hos-
pitals. Imprecision testing with human serum specimens showed
within-run coefficients of variation of 4.5% or less for the chemi-
luminescence assay, 10.8% or less for the RIA, and 8.6% or less
for LC-MS. The method corrections were not used when insti-
tutions changed assays, and because this was a retrospective,
observational study, the determination of the between-method
assay differences was not possible.

End points
The primary end point was all-cause 90-day mortality. Ninety-

day mortality was chosen based on previous studies in patients at
BWH and MGH to provide a sufficient event rate (32, 33). The

Table 1. Patient Characteristics by Prehospital Vitamin D Status

Prehospital 25(OH)D, ng/mL

<10.0 10–19.9 20–29.9 30–49.9 50–59.9 60–69.9 >70.0 Total P Value

n 2,309 5,622 6,216 8,163 1,095 390 299 24 094
Age, y, mean (SD) 58.7 (18.1) 58.9 (17.7) 60.3 (17.7) 63.3 (17.1) 65.8 (16.5) 65.1 (17.3) 63.9 (17.6) 61.2 (17.6) �.0001a

Sex, n, % �.0001
Female 1,403 (61) 3,314 (59) 3,771 (61) 5,300 (65) 782 (71) 287 (74) 204 (68) 15 061 (63)
Male 906 (39) 2,308 (41) 2,445 (39) 2,863 (35) 313 (29) 103 (26) 95 (32) 9033 (37)

Race, n, % �.0001
White 1,589 (69) 4,151 (74) 4,877 (78) 6,903 (85) 975 (89) 336 (86) 250 (84) 19 081 (79)
Nonwhite 720 (31) 1,471 (26) 1,339 (22) 1,260 (15) 120 (11) 54 (14) 49 (16) 5013 (21)

Patient type, n, % �.0001
Medical 1,636 (71) 3,570 (64) 3,669 (59) 4,592 (56) 635 (58) 248 (64) 175 (59) 14 525 (60)
Surgical 673 (29) 2,052 (36) 2,547 (41) 3,571 (44) 460 (42) 142 (36) 124 (41) 9569 (40)

Deyo-Charlson index, n, % �.0001
0–3 685 (30) 1967 (35) 2486 (40) 3138 (38) 391 (36) 125 (32) 92 (31) 8884 (37)
4–6 569 (25) 1461 (26) 1551 (25) 2093 (26) 320 (29) 111 (28) 86 (29) 6191 (26)
�6 1,055 (46) 2194 (39) 2179 (35) 2932 (36) 384 (35) 154 (39) 121 (40) 9019 (37)

Season of 25(OH)D draw �.0001
Spring 758 (33) 1630 (29) 1691 (27) 2054 (25) 276 (25) 110 (28) 84 (28) 6603 (27)
Summer 407 (18) 1179 (21) 1576 (25) 2266 (28) 307 (28) 92 (24) 83 (28) 5910 (25)
Winter 650 (28) 1504 (27) 1345 (22) 1614 (20) 224 (20) 84 (22) 52 (17) 5473 (23)
Fall 494 (21) 1309 (23) 1604 (26) 2229 (27) 288 (26) 104 (27) 80 (27) 6108 (25)

Creatinine, n, % �.0001
�0.8 mg/dL 537 (23) 1488 (26) 1745 (28) 2223 (27) 315 (29) 103 (26) 79 (26) 6490 (27)
0.9–1.5 mg/dL 967 (42) 2594 (46) 3064 (49) 4236 (52) 525 (48) 201 (52) 139 (46) 11 726 (49)
1.6–3.0 mg/dL 404 (18) 790 (14) 747 (12) 1057 (13) 162 (15) 47 (12) 47 (16) 3254 (14)

Calcium, n, % .013
�10.5 mg/dL 231 (10) 653 (10) 766 (12) 867 (11) 110 (11) 46 (13) 27 (10) 2700 (11)

Hematocrit � 30%, n, % 523 (23) 1081 (17) 857 (14) 1041 (14) 147 (15) 56 (16) 52 (18) 3757 (16) �.0001
� 90 d between 25(OH)D and

admission, n, %
979 (42) 2970 (48) 3315 (53) 4370 (57) 520 (54) 191 (53) 150 (53) 12 495 (52) �.0001

90-Day mortality, n, % 228 (10) 496 (9) 389 (6) 411 (5) 53 (5) 31 (8) 25 (8) 1633 (7) �.0001

P values were determined by �2 unless designated by superscript a. Columns may not add up to 100% due to rounding.
a When P values were not determined by �2, then the P value was determined by Kruskal Wallis.
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secondary outcomes included 30-day, 365-day, and in-hospital
mortality.

Assessment of mortality
Information on vital status for the study cohort was obtained

from the Social Security Administration Death Master File,
which has high sensitivity and specificity for mortality (34–37).
We have validated the accuracy of the Social Security Adminis-
tration Death Master File for in-hospital and out-of-hospital
mortality in our administrative database (27). One hundred per-
cent of the cohort had at least 365-day follow-up. The censoring
date was January 5, 2012.

Power calculations and statistical analysis
By extrapolating data from other studies (6, 15–18), we as-

sumed that 90-day mortality would be 4% higher among pa-
tients with prehospital 25(OH)D levels less than 20 ng/mL or 60
ng/mL or greater compared with those with prehospital
25(OH)D 30–49.9 ng/mL. With an alpha error level of 5% and
a power of 80%, the sample size thus required for our primary
end point (90 d mortality) was 350 patients with prehospital
25(OH)D less than 20 ng/mL, 350 patients with prehospital
25(OH)D 60 ng/mL or greater, and 4830 patients with prehos-
pital 25(OH)D 30–49.9 ng/mL.

Categorical variables were described by frequency distribu-
tion and compared across 25(OH)D groups using contingency
tables and �2 testing. Continuous variables were examined
graphically (eg, histogram, box plot) and in terms of summary
statistics (mean, SD, median, interquartile range) and then com-
pared across exposure groups using one-way ANOVA. The pri-
mary outcome was 90-day mortality. Unadjusted associations
between 25(OH)D groups and 90-day mortality were estimated
using logistic regression. Adjusted odd ratios (ORs) were esti-
mated using multivariable logistic regression with inclusion of
potential confounders [ie, variables thought to plausibly associ-
ate with both 25(OH)D levels and 90 d mortality]. For the pri-
mary model, the specification of each continuous covariate (as a
linear vs categorical term) was adjudicated by the empirical as-
sociation with the primary outcome using Akaike’s Information
Criterion; overall model fit was assessed using the Hosmer Leme-
show test. Models for secondary analyses were specified identi-
cally to the primary model. Locally weighted scatter plot
smoothing (LOWESS) (38, 39) was used to graphically represent
the relationship between prehospital 25(OH)D level and the 90-
day mortality rate. We tested the significance of the interaction
using the likelihood ratio test. For the time to mortality, we
estimated the survival curves according to group with the use of
the Kaplan-Meier method (40) and compared the results by
means of the log-rank test. All P values were two tailed, with P �
.05 considered statistically significant. All analyses were per-
formed using STATA 12.0MP statistical software.

Results

Patient characteristics of the study cohort were stratified
according to prehospital 25(OH)D levels (Table 1). The
mean age at hospital admission was 61 years. Most pa-
tients were female, white, and had a medically related
DRG. Factors that significantly differed between stratified

groups included age, gender, race (white vs nonwhite),
patient type (surgical vs medical), Deyo-Charlson index,
and admission creatinine level. The mean prehospital level
of 25(OH)D was 27.9 ng/mL (SD 15.1) with the median
25(OH)D of 26 ng/mL. Nearly half of the 25(OH)D mea-
surements (48%) occurred in the 3 months before hospital
admission. Thirteen percent of the patients received crit-
ical care services. In-hospital mortality rate was 2%,
whereas 30-, 90-, and 365-day mortality rates were 4%,
7%, and 13%, respectively. Table 2 indicates that age,
gender, race, patient type, and the Deyo-Charlson index
were significant predictors of 90-day mortality.

Primary outcome
Prehospital vitamin D status was a strong predictor of

90-day mortality (Figure 1). The odds of 90-day mortality
in the 25(OH)D less than 10 ng/mL, 25(OH)D 10–19.9
ng/mL, 25(OH)D 20–29.9 ng/mL, 25(OH)D 60–69.9 ng/
mL, and 25(OH)D 70 ng/mL or greater groups was 2.1-,
1.8-, 1.3-, 1.6-, and 1.7-fold, respectively, that of the 30–
49.9 ng/mL group (Table 3). Vitamin D status remained a
significant predictor of the odds of 90-day mortality after
adjustment for age, gender, race, patient type, the Deyo-
Charlson index, and season of 25(OH)D draw. The ad-
justed odds of 90-day mortality in the 25(OH)D less than
10 ng/mL, 25(OH)D 10–19.9 ng/mL, 25(OH)D 20–29.9
ng/mL, 25(OH)D 60–69.9 ng/mL, and 25(OH)D 70
ng/mL or greater groups was 2.0-, 1.9-, 1.3-, 1.5-, and
1.7-fold, respectively, that of the 30–49.9 ng/mL group
(Table 3).

Table 2. Multivariable-Adjusted Associations Between
Covariates and All-Cause 90-Day Mortality

Odds
Ratio 95% CI

P
Value

Age, y (per 1 y) 1.02 1.02–1.03 �.0001
Sex

Male 1.42 1.28–1.58 �.0001
Female 1 Referent

Race
Nonwhite 0.68 0.59–0.78 �.0001
White 1 Referent

Patient type
Surgical 0.43 0.38–0.49 �.0001
Medical 1 Referent

Deyo-Charlson index
0–3 1 Referent
4–6 1.98 1.63–2.41 �.0001
�6 4.63 3.89–5.50 �.0001

Season of 25(OH)D draw
Spring 1 Referent
Summer 0.95 0.82–1.10 .51
Winter 1.06 0.91–1.23 .43
Fall 1.09 0.94–1.27 .25

Estimates for each variable are adjusted for all other variables in the
table.
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Additional adjustment for assay type (chemilumines-
cence, RIA, or LC-MS) did not materially alter the results:
the fully adjusted OR of 90-mortality in the 25(OH)D less
than 10 ng/mL, 25(OH)D 10–19.9 ng/mL, 25(OH)D 20–
29.9 ng/mL, 25(OH)D 60–69.9 ng/mL, and 25(OH)D 70
ng/mL or greater groups was 1.75 [95% confidence in-
terval (CI) 1.45–2.10], 1.68 (95% CI 1.45–1.94), 1.17
(95% CI 1.00–1.36), 1.56 (95% CI, 1.05–2.31), and 1.71
(95% CI 1.11–2.64), respectively, that of the 30–49.9
ng/mL group. Additional adjustment for year of 25(OH)D
draw did not change these results (data not shown). Al-
though limited by statistical power, the adjusted results
did not materially differ by hospital site [�2 (1, N �
24 094) � 1.61, P � .20]. LOWESS plot (Figure 2) shows
a near-inverse linear association between 25(OH)D level
and risk of 90-day mortality up to 25(OH)D levels near 25

ng/mL. Between 25(OH)D levels of 25 ng/mL and 50 ng/
mL, there was flattening of the curve. Beyond the
25(OH)D levels of 50 ng/mL, the curve appears to show a
linear association between the 25(OH)D level and an in-
creased risk of 90-day mortality.

Secondary outcome
The odds of 365-day mortality in the 25(OH)D less

than 10 ng/mL, 25(OH)D 10–19.9 ng/mL, 25(OH)D 20–
29.9 ng/mL, 25(OH)D 60–69.9 ng/mL, and 25(OH)D 70
ng/mL or greater groups was 2.5-, 1.8-, 1.3-, 1.4-, and
1.7-fold, respectively, that of the 30–49.9 ng/mL group
(Table 3). Vitamin D status remained a predictor of the
odds of 90-day mortality after adjustment for age, gender,

Figure 1. Time-to-event curves for all-cause mortality. Unadjusted
event rates were calculated with the use of the Kaplan-Meier methods
and compared with the use of the log-rank test. Categorization of
25(OH)D is per the primary analyses with 25(OH)D 60–69.9 ng/mL and
25(OH)D �70.0 ng/mL groups shown as �60.0 ng/mL. The global
comparison log rank P value is �.0001.

Table 3. Unadjusted and Adjusted Associations Between Prehospital 25(OH)D Level and All-Cause 90-Day
Mortality

Unadjusted Adjusted

OR 95% CI P Value OR 95% CI P Value

90-Day mortality
�10 ng/mL 2.07 1.75–2.45 �.0001 2.01 1.68–2.40 �.0001
10–19.9 ng/mL 1.83 1.59–2.09 �.0001 1.89 1.64–2.18 �.0001
20–29.9 ng/mL 1.26 1.09–1.45 .002 1.34 1.16–1.56 �.0001
30–49.9 ng/mL 1 Referent 1 Referent
50–59.9 ng/mL 0.96 0.72–1.29 .78 0.94 0.69–1.26 .67
60–69.9 ng/mL 1.63 1.11–2.38 .012 1.52 1.03–2.25 .037
�70 ng/mL 1.72 1.13–2.62 .012 1.69 1.09–2.61 .018

365-Day mortality
�10 ng/mL 2.48 2.19–2.81 �.0001 2.58 2.26–2.96 �.0001
10–19.9 ng/mL 1.84 1.66–2.04 �.0001 2.00 1.79–2.23 �.0001
20–29.9 ng/mL 1.27 1.14–1.42 �.0001 1.39 1.24–1.56 �.0001
30–49.9 ng/mL 1 Referent 1 Referent
50–59.9 ng/mL 1.11 0.90–1.37 .32 1.09 0.88–1.35 .45
60–69.9 ng/mL 1.42 1.05–1.93 .022 1.33 0.96–1.82 .083
�70 ng/mL 1.68 1.21–2.32 .002 1.66 1.18–2.34 .004

Estimates adjusted for age, sex, race (white vs nonwhite), patient type (surgical vs medical), season of 25(OH)D draw, and Deyo-Charlson index.

Figure 2. Vitamin D status versus all-cause 90-day mortality. Locally
weighted scatter plot smoothing (LOWESS) utilized to represent the
nonlinear association between pre-hospital 25(OH)D level and 90-day
mortality rate.
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race, patient type, the Deyo-Charlson index, and season of
25(OH)D draw. The adjusted odds of 365-day mortality
in the 25(OH)D less than 10 ng/mL, 25(OH)D 10–19.9
ng/mL, 25(OH)D 20–29.9 ng/mL, 25(OH)D 60–69.9 ng/
mL, and 25(OH)D 70 ng/mL or greater groups was 2.6-,
2.0-, 1.4-, 1.3-, and 1.7-fold, respectively, that of the 30–
49.9 ng/mL group (Table 3).

Subanalyses
Although statistical power was compromised, when

patients with 25(OH)D measured more than 90 days be-
fore hospital admission were excluded (n � 11 599), the
odds of 90-day mortality in patients with 25(OH)D less
than 10 ng/mL or 25(OH)D of 70 ng/mL or greater vita-
min D was 2.16 (95% CI 1.74–2.68) and 2.11(95% CI
1.23–3.62), respectively, relative to that of the 30–49.9
ng/mL group. In this subanalysis, the multivariable ad-
justed odds of 90-day mortality in patients with 25(OH)D
less than 10 ng/mL or 25(OH)D 70 ng/mL or greater vi-
tamin D was 2.07 (95% CI 1.65–2.60) and 2.00 (95% CI
1.14–3.51), respectively, relative to that of the 30–49.9
ng/mL group.

Limiting the analysis to those with 25(OH)D measured
by either chemiluminescence or RIA (n � 12 373) yielded
a similar U-shaped association (data not shown). Limiting
the analysis to only those with 25(OH)D measured by
LC-MS (n � 11 271) also yielded a U-shaped association
between prehospital 25(OH)D and mortality with an OR
for 90-day mortality as follows: less than 10 ng/mL (1.89,
95% CI 1.36–2.62), 10–19.9 ng/mL (2.01, 95% CI 1.60–
2.51), 20–29.9 ng/mL (1.32, 95% CI 1.07–1.64), 50–
59.9 ng/mL (0.99, 95% CI 0.68–1.44), 60–69.9 ng/mL
(2.02, 95% CI 1.27–3.23), and 70 ng/mL or greater (1.97,
95% CI 1.13–3.42), fully adjusted all relative to 25(OH)D
30–49.9 ng/mL. To assess discrimination of 25(OH)D for
90-day mortality, we used receiver-operating characteris-
tic curve analysis and determined the area under the curve
(AUC). Estimating the AUC shows that 25(OH)D has sim-
ilar discriminative power for 90-day mortality, regardless
of assay used (total cohort AUC � 0.57; chemilumines-
cence assay AUC � 0.58; RIA AUC � 0.55; and LC-MS
AUC � 0.56).

Effect modification
Analyses based on fully adjusted models were per-

formed to evaluate the 25(OH)D 90-day mortality asso-
ciation, and P value for interaction was determined to
explore for any evidence of effect modification. We indi-
vidually tested for effect modification by gender, patient
type (surgical vs medical), creatinine, calcium, hematocrit,
assay, hospital of admission, and the time between
25(OH)D draw and hospitalization by adding an interac-

tion term to the multivariate models. Quantitative effect
modification existed with gender, patient type (surgical vs
medical), creatinine, calcium, hematocrit, assay, hospital
of admission, and the time between 25(OH)D draw and
hospitalization in which the direction of the association
did not change but the strength differed across strata of the
effect modifier (Supplemental Table1, published on The
Endocrine Society’s Journals Online web site at http://
jcem.endojournals.org). Season of 25(OH)D draw did not
emerge as an effect modifier of the association between
25(OH)D and 90-day mortality (P interaction � .36).

Furthermore, individually running the adjusted model
with and without terms for the time between 25(OH)D
draw and hospital admission, calcium, creatinine, and
WBC count, the 90-day mortality estimates in each case
are similar. The odds of 90-day mortality in the 25(OH)D
70 ng/mL or greater group was 1.66 (95% CI 1.07–2.56)
with additional adjustment for time between 25(OH)D
draw and admission; OR 1.70 (95% CI 1.10–2.62) with
calcium, OR 1.67 (95% CI 1.08–2.58) with creatinine,
OR 1.70 (95% CI 1.10–2.63) with WBC count, all rela-
tive to 25(OH)D 30–49.9 ng/mL. This indicates that the
25(OH)D 90-day mortality relationship is not materially
confounded by the time between 25(OH)D draw and hos-
pital admission, calcium, creatinine, or WBC count.

Discussion

In this study, we investigated whether prehospital
25(OH)D was associated with all-cause mortality after
hospital admission. Our data suggest that in hospitalized
adults, prehospital 25(OH)D levels less than 30 ng/mL
and 60 ng/mL or greater are associated with a significantly
increased odds of 90-day mortality compared with pre-
hospital 25(OH)D levels of 30–49.9 ng/mL. This finding
was not materially altered after a multivariable analysis,
suggesting that the 25(OH)D levels at either end of the
spectrum prior to hospitalization may be an independent
marker of poor outcome. However, because our study is
observational and not interventional, the inference of a
causal relationship between 25(OH)D levels and out-
comes is limited.

Although the association between low vitamin D status
and the risk of mortality in hospitalized patients has been
previously reported (6), mortality risk in hospitalized pa-
tients with 25(OH)D levels of 60 ng/mL or greater is a
novel observation. Patients in this study with 25(OH)D
levels of 60 ng/mL are likely a heterogenous group. A
transient 25(OH)D level of 60 ng/mL or greater may have
resulted from vitamin D supplementation of patients who
had low serum 25(OH)D, which itself may be a marker for
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poor outcome (6). Alternatively, a more chronic 25(OH)D
level of 60 ng/mL or greater may itself have deleterious
consequences (1, 8, 10, 41). Indeed, a recent 15-year fol-
low-up report on participants from the third National
Health and Nutrition Evaluation Survey (NHANES III)
suggested that outpatients with 25(OH)D of 48 ng/mL or
greater appear to have increased mortality compared with
individuals with levels between 30 and 39.9 ng/mL (42).
Furthermore, in community-dwelling men, 25(OH)D
greater than 39 ng/mL are associated with increased can-
cer risk but not cardiovascular mortality (16). It is unclear
whether our observation of worse outcomes in 25(OH)D
60–69.9 ng/mL and 25(OH)D 70 ng/mL or greater groups
is due to vitamin D concentrations or a reflection of reverse
causation. In support of supplementation being important
for the observed differences in our study is that a seasonal
pattern is not particularly strong and patients with
25(OH)D of 60 ng/mL or greater are more likely to be
older, white, and female with a higher Deyo-Charlson in-
dex score (Table 1).

Prolonged daily intakes of 10 000 IU have been re-
ported to be safe (10), and the tolerable upper daily limit
recommended by The Endocrine Society is 10 000 IU (12),
whereas the Institute of Medicine suggests a maximum
daily intake of 4000 IU (13). Serum 25(OH)D levels
greater than 150 ng/mL are associated with hypercalce-
mia, hypercalciuria, and pathological calcifications in the
kidney and other organs (1, 8, 10). However, vitamin D
toxicity in the form of hypercalcemia is usually observed
only when 25(OH)D concentrations are consistently
above 160–200 ng/mL (43). Vitamin D intoxication may
be life threatening but is rare because most cases are at-
tributable to prolonged and accidental intakes of greater
than 40 000 IU per day (1, 41). Documented adverse ef-
fects of high-dose vitamin D supplementation with doses
up to 600 000 IU include the increased risk of falls and
fractures (44, 45) as well as rare cases of mild hypercal-
cemia (45, 46).

A biological explanation for the observed results in this
study is not readily apparent, but it may be related to
recent evidence suggesting threshold-mediated anti- and
proinflammatory properties associated with 25(OH)D
levels. In a secondary analysis of a large cohort of com-
munity-dwelling adults (47), serum C-reactive protein
(CRP) levels were found to be inversely related to increas-
ing 25(OH)D levels up to approximately 20 ng/mL, after
which, each 10-ng/mL increment in the 25(OH)D level
was associated with a 0.6-mg/L increase in CRP levels. On
average, a 25(OH)D level of 20 ng/mL was associated with
a CRP level of 2 mg/L in this cohort and a 25(OH)D level
of 60 ng/mL would therefore be associated with a CRP
level of greater than 4 mg/L. It is unclear whether these

baseline elevations in CRP are associated with an exag-
gerated inflammatory state after an acute hospitalization.
Another potential explanation for our findings may be
related to the role of vitamin D in promoting the intestinal
absorption of phosphorus. Phosphate levels have been
shown to be directly associated with mortality (48, 49).

The present study has all the inherent limitations of a
retrospective study. Because our study is observational,
causality is limited. Selection bias may exist because the
patient cohort under study had vitamin D status investi-
gated for a particular reason that may be absent in other
patients. Ascertainment bias may be present because not
every patient had 25(OH)D measured prior to hospital-
ization and thus were not included in our study. These
issues may decrease the generalizability of our results to all
hospitalized patients. We are unable to adjust for PTH
levels drawn at the time of the serum 25(OH)D determi-
nation in the study cohort. Additionally, we do not have
albumin measurements at the time of 25(OH)D determi-
nation because low albumin has been noted to correlate
with low 25(OH)D levels (50, 51). Despite adjustment for
multiple potential confounders, there may be residual con-
founding variables leading to the observed differences in
outcomes.

All cohort patients had 25(OH)D measured prior to
hospitalization. A prior study in an outpatient population
noted the intraperson Pearson correlation coefficient for
25(OH)D at 3 years between blood draws was 0.70 after
adjustments for age, race, and season (52). Our subanaly-
sis demonstrates the preservation of the observed vitamin
D status-mortality association with less than 90 days be-
tween the 25(OH)D level and hospital admission. Despite
this observation, 25(OH)D levels at the time of hospital-
ization are not available in this cohort and may have
changed since the preadmission values were determined
(53–55). Additionally, we do not have data available on
over-the-counter supplementation or vitamin D pre-
scribed by providers outside clinics related to the hospitals
under study. We are therefore unable to determine
whether 25(OH)D levels of 60 ng/mL or greater are a
result of aggressive supplementation.

The present study has several strengths. For example, our
study has sufficient numbers of patients to ensure the ade-
quate reliability of our estimates (n � 24 094, 90 d mortality
rate � 7%). We have sufficient statistical power to detect a
clinically relevant difference in the 90-day mortality if one
exists. We used all-cause mortality as a primary end point,
which is an unbiased and clinically relevant outcome. The
Deyo-Charlson index accounts for chronic conditions that
mayalterhospitalmortality (56).Preservationof thevitamin
D status-mortality association after the exclusion of patients
with 25(OH)D levels drawn more than 90 days prior to hos-
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pitalization and the absence of confounding relative to the
time between 25(OH)D draw and hospital admission sug-
gests that the likelihood of reverse causation related to the
timing of 25(OH)D draw is low.

In summary, these data demonstrate that both patients
with preadmission 25(OH)D levels less than 30 ng/mL and
those with 25(OH)D levels of 60 ng/mL or greater may be
at increased risk of 90-day mortality after hospital admis-
sion and that this risk is independent of other factors.
Although our study cannot determine causation or be con-
sidered evidence in favor of adjusting current vitamin D
supplementation dose recommendations, our clinical data
related to the risk of mortality with 25(OH)D levels of 60
ng/mL or greater raise a number of questions that merit
further investigation and should encourage the careful
monitoring of vitamin D status in hospitalized patients.
Our illustration of potential harm at 25(OH)D levels of 60
ng/mL, a level lower than the hypercalcemic toxicity
threshold [25(OH)D � 150 ng/mL], highlights the poten-
tial importance of monitoring 25(OH)D concentrations
during vitamin D therapy (14). This is especially impor-
tant, given an emerging trend in the use of higher supple-
mentation doses (25, 26) and recent policy statements call-
ing for the elimination of routine 25(OH)D testing based
on the previously assumed therapeutic index of vitamin D
therapy (21, 57).
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