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Objective: The purpose of this study was to determine whether vitamin D levels correlate with
procalcitonin (PCT) levels and mortality in septic patients.

Methods: The following data were collected from 236 patients upon admission to intensive care
units (ICUs): demographics; Acute Physiology and Chronic Health Evaluation (APACHE) II score;
Sequential Organ Failure Assessment (SOFA) score; 25-hydroxyvitamin D (25OHD), PCT, intact PTH,
albumin, creatinine, and ionized calcium (iCa) levels; 25OHD sampling seasonality; fluid load (col-
loid and crystalloid before 25OHD sampling); mechanical ventilation duration; and length of stay
(LOS) in the ICU. The primary endpoint was all-cause mortality 28 days after ICU admission.

Results: Patients with 25OHD deficiency had significantly higher APACHE II and SOFA scores,
positive blood culture rates, PCT levels, intact PTH levels, and 28-day mortality rates. These patients
also had lower iCa levels, longer LOS in the ICU, and longer ventilator durations than patients with
25OHD insufficiency or sufficiency. Age, sex, 25OHD sampling seasonality, serum albumin and
creatinine levels, and fluid load did not vary among the 3 groups. Serum 25OHD levels at admission
were significantly negatively correlated with PCT levels. PTH responders had significantly higher
28-day mortality rates than did PTH nonresponders. Cox regression showed that a 25OHD level of
�20 ng/mL was an independent risk factor for 28-day mortality.

Conclusions: Lower serum 25OHD levels at ICU admission were associated with 28-day mortality in
septic patients. Serum 25OHD levels were inversely correlated with PCT levels. Hypovitaminosis D
was associated with higher mortality rates in PTH responders than in nonresponders. (J Clin
Endocrinol Metab 100: 516 –523, 2015)

Sepsis continues to be an important health concern, and
few treatment options currently exist for this condi-

tion. Various therapies that either interrupt the initial cy-
tokine cascade that triggers the inflammatory response in
patients with sepsis or restore proper coagulation were
recently developed (1). Unfortunately, these new therapies
appear to ineffectively control sepsis, suggesting that new
lines of research are needed to generate novel drugs (2).
These new avenues of research might include identifica-
tion of drug candidates with broader immunomodulatory

effects and elucidation of how patients respond to newly
identified compounds.

One factor that may contribute to the prognosis of sep-
sis is vitamin D, which was recently shown to have func-
tions outside its classic activities associated with bone and
calcium homeostasis. These newly identified functions in-
volve regulation of hormone secretion, immune function,
cellular proliferation, and differentiation (3). A potential
role of vitamin D and its active metabolite 1,25-dihy-
droxyvitamin D [1,25(OH)2D] in immune response mod-
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ulation was first identified with the discovery of vitamin D
receptors in activated human inflammatory cells (4).
Both vitamin D deficiency and insufficiency are prevalent
worldwide (5). Neither condition poses an immediate risk
in otherwise healthy individuals. However, vitamin D de-
ficiency is associated with mortality in critically ill pa-
tients, suggesting that vitamin D deficiency or insuffi-
ciency may influence outcomes in critically ill patients (6).
Whether vitamin D deficiency or insufficiency affects the
prognosis of sepsis remains controversial (6–8). A study
of 3386 patients showed that 25-hydroxyvitamin D
(25OHD) deficiency prior to hospital admission was a
significant predictor of sepsis in critically ill patients (7).
Conversely, a study of 170 patients admitted to surgical
ICUs showed no such association (8).

Blood procalcitonin (PCT), a precursor hormone de-
rived from calcitonin, is also an important host response
biomarker of infection, and PCT levels can increase ex-
ponentially in sepsis (9). PCT was originally believed to be
produced exclusively by C cells in the thyroid (10). In
sepsis, however, circulating PCT levels increase substan-
tially, often by several thousand-fold. This increase is
largely due to production by parenchymal cells in organs
such as the liver, lung, kidney, adipose tissue, and muscle
(11). The magnitude of this increase is correlated with the
severity of sepsis and the mortality rate (12). Treatment of
septic animals with PCT-reactive antiserum increases sur-
vival, suggesting that PCT may be a good target for anti-
sepsis therapy (13). However, whereas the relationship
between 25OHD or 1,25(OH)2D and PTH has been ex-
amined, the relationship between 25OHD and PCT re-
mains unknown (7, 8, 14). Given the numerous effects of
vitamin D on various cellular processes, we investigated
whether 25OHD deficiency and/or insufficiency are asso-
ciated with elevated PCT levels. We also sought to deter-
mine whether vitamin D status affects mortality in septic
patients.

Materials and Methods

Study design and setting
This was a prospective, observational study of 236 septic

patients admitted to a medical or surgical intensive care unit
(ICU) of the First Affiliated Hospital of Guangxi Medical Uni-
versity in Nanning, China (northern latitude 22°49�) from April
2012 to August 2013. This study was approved by the institu-
tional review board of the First Affiliated Hospital, Guangxi
Medical University. All procedures complied with the Declara-
tion of Helsinki. Informed consent was obtained from each pa-
tient’s legal guardian(s) at the time of ICU admission.

Patient selection
Patients with the diagnosis of sepsis were considered for en-

rollment if they had stayed in the ICU for �48 hours. The criteria
used for a diagnosis of sepsis in the present study were taken from
the 2008 Surviving Sepsis Campaign international sepsis guide-
lines (15). Patients were excluded if they were �18 years of age,
were positive for HIV, were pregnant, had parathyroid disease,
had been treated with medications known to affect vitamin D
and calcium metabolism, had received vitamin D supplementa-
tion before ICU admission, or had been admitted to the ICU
multiple times during the same hospitalization.

Data collection and definitions
The following baseline data were collected from patients

upon ICU admission: demographics, Acute Physiology and
Chronic Health Evaluation (APACHE) II score, Sequential Or-
gan Failure Assessment (SOFA) score, and basic hematological
and biochemical test results (including culture results). The worst
APACHE II and SOFA scores obtained within 24 hours of ICU
admission were used for analysis. The season in which the
25OHD level was measured, fluid load (colloid and crystalloid)
before 25OHD sampling, duration of mechanical ventilation,
and length of stay (LOS) in the ICU were also recorded.

Whole blood was collected within 24 hours upon ICU ad-
mission. The plasma levels of 25OHD2 and 25OHD3 were mea-
sured by HPLC (HP 1100; Agilent), and the sum was considered
to be the blood level of vitamin D (25OHD). The 2 vitamin D
metabolites were National Institute of Standards and Technol-
ogy Standard Reference Material 972 and were supplied by
KRLAB Chemical Lab Suppliers. For the HPLC assay, the be-
tween-run coefficients of variation (CVs) were 4.1% to 5.3% for
25OHD3 and 3.1% to 13.0% for 25OHD2, recovery was 98%
to 112%, and the assay was linear from 5 to at least 200 �g/L.
The intact PTH level was determined by radioimmunoassay (in-
terassay CV, 7%–9%; LIAISON; DiaSorin), the ionized calcium
(iCa) level was measured using the GEM Premier 3000 Critical
Care Analyzer (Instrumentation Laboratory) (interassay CV,
0.9%–1.8%), and the PCT level was assayed by double-antibody
sandwich immunochemiluminescence (Brahms Diagnostica).
The reagent used in these assays was developed in collaboration
with Brahms Diagnostica.

According to a clinical practice guideline entitled “Evalua-
tion, Treatment, and Prevention of Vitamin D Deficiency” from
the Endocrine Society in 2011 (15–17), vitamin D deficiency was
defined as a serum 25OHD level of 0.0 to 19.9 ng/mL (0.0–
49.75 nmol/L, multiplied by 2.5), insufficiency as 20.0 to 29.9
ng/mL (50.0–74.75 nmol/L), and sufficiency as �30.0 ng/mL
(�75.0 nmol/L). Hypovitaminosis D was defined as a serum
25OHD level of �30.0 ng/mL (�75.0 nmol/L). Hypocalcemia
was defined as an iCa level of �1.15 mmol/L.

We classified patients as PTH responders or nonresponders to
assess the significance of an intact PTH–vitamin D–calcium axis
with respect to clinical parameters and outcomes. PTH respond-
ers were defined as patients who presented to the ICU with el-
evated PTH levels of �75.00 pg/mL (�7.95 pmol/L, multiplied
by 0.106) according to the upper limit of the laboratory reference
range together with low 25OHD levels (�30.0 ng/mL) and/or
low iCa levels (�1.15 mmol/L) (18). The primary endpoint was
mortality 28 days after ICU admission; no patients were lost to
follow-up due to this outcome.
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Statistical analysis
Data analysis was conducted using SPSS version 13.0 (SPSS

Inc). Continuous variables with a normal distribution are ex-
pressed as medians or as means � SD. Discrete variables are
expressed as count (percentage). Differences among the vitamin
D groups were assessed for significance using the �2 test for
categorical variables and one-way ANOVA or the Kruskal-Wal-
lis H test for continuous variables. Because our PCT data did not
follow a normal distribution, the correlation coefficient between
25OHD and PCT was calculated using the Spearman pairwise
correlation. Overall survival at 28 days was evaluated using Ka-
plan-Meier analysis, and differences between groups were as-
sessed for significance using the log-rank test. Cox proportional
hazards regression was used to identify independent predictors
of 28-day mortality in septic patients. Any covariate associated
with 28-day mortality (P � .100) in univariate Cox regression
analysis and any that could have clinical significance were re-
tained in the final model. The model included age; sex; SOFA
score; APACHE II score; positive blood culture rate; duration of
mechanical ventilation; levels of 25OHD, PCT, lactate, intact
PTH, iCa, serum albumin, and serum creatinine; number of or-
gans with failure; and number of organs with infection. A back-
ward regression approach was used to evaluate the association
between the covariates and clinical outcomes. An interaction test
was performed to test the interactions among the significant vari-
ables in the multivariate Cox regression model. All continuous
variables were transformed into binary variables to test the in-
teractions. Age was transformed into age� using 60 years as a
cutoff. The APACHE II score was transformed into the APACHE
II score� using 20 as a cutoff. All tests were two-sided, and a value
of P � .05 was considered to be statistically significant.

Results

Patient characteristics and 25OHD status
Of the 1062 adult patients admitted to a medical or

surgical ICU during the study period, 236 (22%) satisfied
our inclusion criteria and were included in this analysis
(Table 1). The major reasons for exclusion were the ab-

sence of sepsis (n � 699), an ICU stay of �48 hours (n �

69), multiple admissions to the ICU during the same hos-
pitalization period (n � 23), and other exclusion criteria
(n�35).All 236patientswerexanthoderms;121 (51.3%)
were men and 115 (48.7%) were women, with a mean
(SD) age at ICU admission of 62.4 years (13.1 years). The
mean (SD) APACHE II score was 20.3 (8.9), and the mean
(SD) 25OHD level was 23.8 ng/mL (6.7 ng/mL) (59.5
nmol/L [16.75 nmol/L]). The most frequent primary di-
agnosis necessitating ICU admission was severe pneumo-
niawith respiratory failure (43.6%).The28-daymortality
rate of the entire study population was 36.0%.

Of the 236 patients studied, 75 (31.8%), 100 (42.3%),
and 61 (25.9%) had 25OHD deficiency, insufficiency,
and sufficiency, respectively (Table 2). The possible asso-
ciations between 25OHD levels on admission and patient
characteristics were examined (Table 2). Patients with
25OHD deficiency had significantly higher APACHE II
scores (P � .001), SOFA scores (P � .001), positive blood
culture rates (P � .010), PCT levels (P � .001), intact PTH
levels (P � .001), and 28-day mortality (P � .001) and
significantly lower iCa levels (P � .012) than did patients
with 25OHD insufficiency or sufficiency. Patients with
25OHD deficiency also had a longer LOS and duration of
mechanical ventilation than did patients with insuffi-
ciency or sufficiency (P � .001). In contrast, the 3 groups
showed similar ages, sex distributions, 25OHD seasonal-
ity, serum albumin and creatinine levels, numbers of or-
gans showing failure or infection, and fluid load (colloid
and crystalloid) before 25OHD sampling.

Relationship between vitamin D status and PCT
level

We plotted the PCT levels against the 25OHD levels to
determine whether the 25OHD status is associated with
the PCT level (Figure 1). The 25OHD levels showed a
statistically significant negative linear correlation with the
PCT levels (r � �0.780, P � .001).

Relationship between vitamin D status and PTH
outcome

Ionized hypocalcemia was prevalent in our cohort, af-
fecting 89.1% of patients. PTH responders comprised 103
of 210 patients (49.0%) with hypocalcemia and 99 of 175
patients (56.6%) with hypovitaminosis D. PTH respond-
ers had a higher 28-day mortality rate than did nonre-
sponders (42.6% vs 31.8%; P � 0.021). PTH responders
had lower iCa levels (0.84 � 0.12 vs 0.93 � 0.13 mmol/L;
P � 0.001) and 25OHD levels (21.0 � 2.7 vs 25.0 � 2.1
ng/mL; P � .001), but the 2 groups did not differ in terms
of the serum creatinine level (164 � 58 vs 161 � 61
�mol/L; P � 0.641) (Supplemental Table 1). Eleven of 21

Table 1. Baseline Patient Characteristics (n � 236)

Variable Value

Age, y 62.4 � 13.1
Male sex, n (%) 121 (51.3)
APACHE II score 20.3 � 8.9
SOFA score 8.8 � 3.3
LOS in ICU, d 6 (2, 15)
Positive blood culture, n (%) 39 (16.5)
PCT, ng/mL 0.7 (0.3, 7.3)
Lactate, mmol/L 3 (2, 14)
Intact PTH, pg/mL 87.1 (47.3, 136.6)
Ionized calcium, mmol/L 0.88 � 0.16
Serum creatinine, �mol/L 163 � 63
Serum albumin, g/L 28.7 � 3.1
25OHD level, ng/mL 23.8 � 6.7
28-Day mortality, n (%) 85 (36)

Unless otherwise noted, data are presented as means � SD or median
(quartile 1, quartile 3).
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patients (52.4%) without hypocalcemia or hypovitamin-
osis D also had elevated PTH levels.

Predictors of 28-day mortality
The mean survival time of patients with 25OHD defi-

ciency was 18.4 days and that of patients with 25OHD
insufficiency or sufficiency was 24.3 days (P � .001) (Fig-
ure 2). Cox regression was performed by assigning 28-day
mortality as the dependent variable and our patient char-

acteristics and outcomes as independent variables (Table 3).
Wald statistics identified 3 variables as significant con-
tributors to the model: 25OHD level of �20 ng/mL (�50
nmol/L), age in years, and APACHE II score. The multi-

Table 2. Clinical Characteristics of Patients Stratified by Vitamin D Status

Variable

25OHD Status

P
Sufficient
(>30.0 ng/mL)

Insufficient
(20.0–29.9 ng/mL)

Deficient
(0.0–19.9 ng/mL)

No. (% of total) 61 (25.9) 100 (42.3) 75 (31.8)
Age, y 60.8 � 12.0 61.6 � 14.4 64.7 � 11.8 .166
Male sex, n (%) 28 (45.9) 55 (55.0) 38 (50.7) .530
APACHE II score 11.8 � 6.0 19.8 � 6.0 27.9 � 7.3 �.001
SOFA score 7.0 � 2.6 8.5 � 2.8 10.8 � 3.4 �.001
25OHD level, ng/mL 32.6 � 2.0 24.0 � 2.8 10.8 � 3.4 �.001
PCT, ng/mL 0.4 (0.3, 1.3) 0.6 (0.3, 6.7) 3.2 (0.3, 12.5) �.001
Positive blood culture, n (%) 3 (4.9) 18 (18.0) 18 (24.0) .010
Colloids, mL 375 � 57 330 � 53 395 � 61 .259
Crystalloids, mL 1255 � 126 1305 � 131 1450 � 121 .356
LOS in ICU, d 3 (2, 9) 5 (2, 14) 9 (2, 21) �.001
Time on ventilator, d 2.8 � 1.3 3.9 � 1.7 7.9 � 3.9 �.001
Lactate, mmol/L 3 (1, 13) 4 (2, 15) 3 (2, 15) .116
Intact PTH, pg/mL 41.1 (27.2, 80.3) 80.7 (45.9, 121.3) 93.6 (58.6, 151.2) �.001
Ionized calcium, mmol/L 1.00 � 0.11 0.91 � 0.11 0.85 � 0.14 .012
Serum albumin, g/L 29.3 � 2.8 29.1 � 2.6 27.3 � 3.4 .105
Serum creatinine, �mol/L 157 � 62 161 � 57 165 � 63 .728
No. of organs with failure 1 (1, 3) 1 (1, 3) 2 (1, 4) .067
Serum phosphate, mmol/L 1.02 (0.58, 1.27) 0.98 (0.53, 1.18) 0.93 (0.67, 1.08) .750
Season 25OHD sample drawn, n (%) .820

Spring 13 (21.3) 25 (25.0) 18 (24.0)
Summer 18 (29.5) 23 (23.0) 16 (21.3)
Fall 15 (24.6) 28 (28.0) 17 (22.7)
Winter 15 (24.6) 24 (24.0) 24 (32.0)

No. of organs with infection 1 (0, 3) 2 (0, 3) 1 (0, 4) .098
28-Day mortality, n (%) 10 (16.4) 34 (34) 41 (54.7) �.001

Unless otherwise noted, data are presented as means � SD or median (quartile 1, quartile 3).

Figure 1. Relationship between serum 25OHD levels and PCT levels in
critically ill patients with sepsis.

Figure 2. Time-to-event curves for 28-day mortality between the
group of patients with 25OHD levels of �20 ng/mL and the group
with 25OHD levels of �20 ng/mL. Unadjusted event rates were
calculated using Kaplan-Meier survival analysis, and the statistical
significance of the difference between rates was assessed using the
log-rank test. The mean survival time was 18.4 days for patients with
25OHD levels of �20 ng/mL and 24.3 days for patients with 25OHD
levels of �20 ng/mL (P � .001).
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plicative interactions among the 3 variables were not sta-
tistically significant (P � .05) (Table 4).

Discussion

In the present study, we showed that 74.1% of septic pa-
tients in our ICU had 25OHD deficiency (�20 ng/mL) or
insufficiency (20.0–30.0 ng/mL). This proportion of pa-
tients with hypovitaminosis D is as high as that in previous
reports of adult patients in the ICU (prevalence range of
17%–79%) (17, 19, 20). Our findings suggest that in our
district, hypovitaminosis D is common in septic patients in
the ICU. Monitoring and improving the serum 25OHD
level may improve the 25OHD status in certain people at
risk of sepsis, such as elderly individuals and hospitalized
patients.

Indeed, vitamin D deficiency is common in the middle-
aged and elderly Chinese population, and a low 25OHD
level is significantly associated with an increased risk of
developing metabolic syndrome and insulin resistance (21).

Lu et al (21) evaluated the plasma 25OHD levels in 50- to
70-year-old individuals with metabolic syndrome in 2
other districts of China and showed that 93.6% had serum
25OHD levels of �75 nmol/L. This prevalence of hypo-
vitaminosis D is higher than that in the present study. A
possible reason for this discrepancy is that the 2 districts
in the study by Lu et al have higher latitudes (Beijing,
40°N; Shanghai, 31°N) than does Nanning (22°49�N),
where our patients live. In addition, the patients in our
study are generally exposed to more sunlight and thus
should have higher levels of vitamin D than the patients in
their study. This explanation is also supported by their
study showing that Beijing participants had lower
25OHD levels than did their Shanghai participants (me-
dian, 35.6 nmol/L in Beijing vs 47.6 nmol/L in Shanghai)
because of the relatively high latitude of Beijing (21).

Cecchi et al (8) reported that vitamin D deficiency in
septic patients (n � 98) at ICU admission was not a mor-
tality predictor. However, we found that septic patients
with 25OHD deficiency (�20.0 ng/mL) had a signifi-

Table 3. Cox Regression Analysis to Identify Predictors of 28-Day Mortality

Variable

Univariate Multivariate

RR (95% CI) P RR (95% CI) P

Age, y 1.049 (1.027–1.071) �.001 1.037 (1.016–1.059) .001
Male sex 1.157 (0.756–1.771) .501
25OHD �20 ng/mL 2.618 (1.703–4.031) �.001 1.817 (1.046–3.157) .034
Ionized calcium, mmol/L 0.050 (0.013–0.190) �.001
APACHE II score 1.137 (1.105–1.170) �.001 1.163 (1.119–1.209) �.001
SOFA score 1.274 (1.191–1.363) �.001
Serum albumin, g/L 1.062 (0.991–1.211) .213
Serum creatinine, �mol/L 1.054 (0.978–1.125) .176
PCT, ng/mL 1.169 (1.106–1.235) �.001
LOS in ICU, d 1.137 (1.090–1.186) �.001
Time receiving mechanical ventilation, d 1.177 (1.123–1.232) �.001
Lactate, mmol/L 1.103 (1.061–1.148) �.001
Intact PTH, pg/mL 1.016 (1.010–1.022) �.001
Positive blood culture 2.832 (1.780–4.506) �.001
No. of organs with failure 2.309 (1.866–2.856) �.001
No. of organs with infection 1.732 (1.346–2.228) �.001
Season 25OHD sample drawn 1.059 (0.874–1.282) .560

Abbreviations: CI, confidence interval; RR, relative risk.

Table 4. Interaction Test of Significant Variables in Multivariate Cox Regression Model

Patient No. Variable � RR (95% CI) P

1 25OHD � 20 ng/mL 0.642 1.900 (0.723–4.993) .193
Age� 0.770 2.160 (1.067–4.371) .032
25OHD �20 ng/mL � age� 0.430 1.537 (0.523–4.515) .434

2 25OHD �20 ng/mL 1.452 4.273 (0.829–22.028) .083
APACHE II score� 2.670 14.447 (5.687–36.698) �.001
25OHD �20 ng/mL � APACHE II score� �1.259 0.284 (0.052–1.553) .284

3 Age� 1.388 4.008 (0.482–33.289) .199
APACHE II score� 2.916 18.459 (2.447–139.238) .005
Age� � APACHE II score� �0.491 0.612 (0.069–5.456) .660

Abbreviations: CI, confidence interval; RR, relative risk.
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cantly shorter mean survival time than did patients with
25OHD insufficiency or sufficiency (�20.0 ng/mL) (18.4
vs 24.3 days, respectively; P � .001). These contradictory
results may be attributed to the differences in study co-
horts and sample sizes. Two other independent variables
were identified as significant contributors to the associa-
tion of 25OHD deficiency with 28-day mortality, age, and
APACHE II score. Our findings support those of a recent
retrospective study by Moromizato et al (7), who showed
that 25OHD deficiency before hospital admission was a
significant predictor of sepsis in 3386 critically ill patients.
In addition, patients with sepsis who were not vitamin D
sufficient or who had persistent low vitamin D levels dur-
ing their ICU stay had more severe disease and an in-
creased risk of mortality after medical and surgical treat-
ment in the ICU. Notably, the upper limit in the definition
of 25OHD deficiency in the study by Moromizato et al (7)
was 5 ng/mL lower than the upper limit in our definition.
Therefore, the association between 25OHD and sepsis
needs further investigation.

The importance of vitamin D has been recognized since
the discovery of this compound. In addition to mainte-
nance of both the calcium level and optimum skeletal
health, other effects of vitamin D have been further eval-
uated in this century. Its anti-inflammatory and hormone
regulatory roles and immunomodulatory effects on the
kidneys, heart, and immune system have gained consid-
erable attention (22, 23). In the present study, vitamin D
deficiency was negatively correlated with serum PCT lev-
els in septic patients in our ICU (Figure 1). Increased serum
PCT levels are reportedly associated with a bacterial in-
fection-induced inflammatory response and have been
used as an acute-phase marker in patients with suspected
infection (24, 25). Claeys et al (26) reported that PCT
levels were correlated with the severity of disease at onset
(APACHE II score) and inflammation (C-reactive protein
level). In contrast to PCT, which is up-regulated by in-
flammatory cytokines, vitamin D suppresses the activa-
tion of nuclear factor �B (27), resulting in the down-reg-
ulation of proinflammatory cytokines such as IL-1, IL-2,
IL-6, IL-8, IL-12, interferon-�, and TNF-� (28, 29). The
results of early epidemiologic and clinical studies also sup-
port a potential role for vitamin D in maintenance of im-
mune system balance. In one study, vitamin D supplemen-
tation in patients with congestive heart failure reduced the
proinflammatory milieu, suggesting that vitamin D sup-
plementation might serve as a new anti-inflammatory
agent for future treatment of congestive heart failure (30).
In addition, 1,25(OH)2D can induce monocytes to de-
velop into mature T cells (31), which immediately atten-
uate infection-induced increases in PCT (32). Therefore,
25OHD deficiency or insufficiency compromises the abil-

ity of the host immune system to suppress bacterial infec-
tion and inflammatory responses, consequently leading to
an increased level of circulating PCT. Indeed, we observed
significantly higher rates of positive blood cultures in pa-
tients with 25OHD insufficiency and deficiency (P � .01),
indicating the presence of bacterial infection.

Septic patients with vitamin D deficiency also had sig-
nificantly higher serum levels of intact PTH. Hypocalce-
mia, inhibition of 1�-hydroxylase activity, and 1,25(OH)2D
deficiency are the most common causes of PTH elevation.
Vitamin D is a key participant in the calcium-PTH axis (5),
which is responsible for maintaining calcium homeostasis
(33). In one study, vitamin D insufficiency and deficiency
affected the prognosis of critical illness as evidenced by the
association of higher PTH levels with worse outcomes in
patients in the ICU (18). In the present study, PTH re-
sponders comprised patients with hypocalcemia (49.0%,
103 of 210) and patients with hypovitaminosis D (56.6%,
99 of 175). This finding is consistent with a previous re-
port that hypovitaminosis D and secondary hyperpara-
thyroidism are highly prevalent among critically ill pa-
tients (18). These PTH responders had a higher 28-day
mortality rate than did nonresponders (42.6% vs 31.8%;
P � 0.021). Indeed, higher PTH concentrations are re-
portedly associated with an increased mortality risk among
older individuals in the general population (34). Plasma
PTH levels have also been shown to predict cardiovascular
mortality among community-dwelling individuals, even in
those with normal PTH levels (35). Elevated PTH levels
may exacerbate cardiac valvular and vascular calcifica-
tion, increasing the risk of cardiovascular disease (36).
Elevated PTH levels can also decrease insulin sensitivity,
aggravate endothelial stress, and suppress the immune sys-
tem, probably making patients more susceptible to infec-
tion (37).

In this study, 11 of 21 patients (52.4%) without hy-
pocalcemia or hypovitaminosis D also had elevated PTH
levels. Thus, excluding the above-mentioned hypocalce-
mia, hypovitaminosis D, and renal dysfunction, other un-
derlying mechanisms may also play a role in PTH dys-
regulation in septic patients. A study in dogs found that
serum PTH levels increased 2 hours after lipopolysaccha-
ride administration and remained high throughout the
study (38). Another study found that PTH levels were
significantly elevated in septic patients but subsequently
decreased as the patients recovered from septic shock,
even in the presence of persistent hypocalcemia (39).
These studies suggest that during septic shock, systemic
inflammatory response syndrome can also lead to inap-
propriately high PTH levels. Increased PTH secretion in
septic patients may also be caused by catecholamine-in-
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duced �-adrenergic stimulation of the chief cells in the
parathyroid gland (40).

Our findings should be considered preliminary in light
of several limitations. First, we were only able to establish
associations and could not establish a cause-and-effect re-
lationship between 25OHD deficiency and increased mor-
tality. As stated by the Institute of Medicine Committee,
evidence regarding extraskeletal outcomes obtained from
randomized clinical trials is limited and generally unin-
formative (41). Second, 25OHD, 1,25(OH)2D, intact PTH,
iCa, or PCT levels over time, particularly the 25OHD val-
ues at the end of the 28-day ICU admission, were not
monitored in this study. Inclusion of this information may
be of more value with respect to outcome analysis. Finally,
the limited amount of plasma available prevented analysis
of other factors important in predicting the prognosis of
sepsis, such as the levels of vitamin D binding protein,
cathelicidin, cytokines, insulin, and plasma total glutathione
as a biomarker of oxidative stress.

Despite these limitations, our study has several strengths.
The studypopulationwas a consecutive sample of critically
ill adults admitted to both medical and surgical ICUs. As
a result, the high prevalence of hypovitaminosis D in septic
patients was not the result of selection bias. To the best of
our knowledge, this is the first study to investigate the
association of 25OHD levels and sepsis in Chinese pa-
tients in the ICU.

In conclusion, hypovitaminosis D in septic patients is
associated with higher PCT levels, and vitamin D defi-
ciency is an independent risk factor for 28-day mortality.
In addition, hypovitaminosis D is associated with higher
mortality when present in PTH responders than in non-
responders. Given that supplementation to prevent vita-
min D deficiency is simple and inexpensive, further re-
search is merited to examine whether correction of
vitamin D deficiency by vitamin D supplementation im-
proves clinical outcomes and decreases PCT levels in septic
patients in the ICU.
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