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Abstract

Background: On the basis of the literature, vitamin D is known as an important medium in bodily immune function, and it therefore may 
play a role in the pathogenesis of sepsis.
Objectives: In this study, we aimed to evaluate the relationship between vitamin D serum levels and sepsis severity.
Patients and Methods: This study was a case-control study that evaluated adult patients admitted to the emergency department of Imam 
Reza hospital with suspected sepsis. These patients were enrolled in the study as the case group. In addition, healthy individuals without 
the sepsis diagnostic criteria were included in the control group. For all of the study participants, vitamin D levels were evaluated. The 
acute physiology age chronic health evaluation (APACHE) was used to evaluate disease severity in the case group. A difference of P < 0.05 
was regarded as statistically significant.
Results: A total of 112 patients were assessed: 56 in the control group and 56 in the case group. In the case group, 18 patients had sepsis, 
25 patients had severe sepsis, and 13 patients were in septic shock. The mean ages of the patients in the case and control groups were 57.7 
± 15.15 and 58.6 ± 15.05 years, respectively (P = 0.741). Vitamin D levels in the case group were lower than in the control group (16.3 ± 10.7 
versus 27.9 ± 11.46 ng/mL), and the difference between the groups was significant (P < 0.001). Mean vitamin D levels in the severe sepsis and 
septic shock groups were lower than in the sepsis group, and the mean level in the septic shock group was lower than in the severe sepsis 
group (P = 0.001). In the case group, there was a significant reverse correlation between APACHE II criteria and vitamin D levels (P < 0.001, 
r = -0.586).
Conclusions: The results of this study indicated that patients with sepsis had lower serum vitamin D levels than healthy controls. 
Also, patients with more severe disease had lower serum vitamin D levels, but to evaluate causation and determine whether vitamin D 
supplementation could be effective in reducing the risk or severity of sepsis, randomized controlled trials should be conducted.
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1. Background
Vitamin D has been best described and investigated for 

its role in bone and calcium-phosphate homeostasis. Af-
ter researchers found that vitamin D receptors and 25-hy-
droxyvitamin D-1α-hydroxylase (1α-OHase) are distrib-
uted throughout bodily tissues, not only in the skeleton, 
assessing the relationship between this vitamin and sev-
eral diseases became an attractive field of research. Scien-
tists have also demonstrated that the vitamin D response 
element exists in more than 900 genes (1).

Current knowledge about the other important roles of 
this vitamin in other body systems and mechanisms is 
poor, but several studies have shown that vitamin D has 
an influence on several chronic diseases, such as diabe-
tes, cardiovascular disease, lung disease, autoimmune 
disorders, and common cancers (2-6).

Recent studies and clinical trials provide evidence that 
vitamin D affects the innate and adaptive immune system 
activity, including activation and differentiation of den-
dritic cells, macrophages, and B and T lymphocytes (7).

The prevalence rates in an Iranian population of mild, 
moderate, and severe vitamin D deficiency were 14.2%, 
57.6%, and 9.5%, respectively (8). Chapuy et al. reported 
similar results of a high prevalence of vitamin D insuffi-
ciency in normal adults (9).

Recently, researchers have found an association be-
tween low levels of serum 25 (OH) D and increased risk 
of infection (10). The severity of an infection is negatively 
correlated to serum vitamin D concentrations. These 
findings proposed another important role for this vita-
min in the progression of sepsis pathogenesis (11-13). The 
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incident of influenza A infections were also reduced with 
vitamin D supplementation in a clinical trial (14).

In 2011, Ginde et al. conducted a study to assess the sever-
ity of infection in patients with serum 25 (OH) D levels of < 
75 nmol/L, and found that patients with a basic 25 (OH) D 
level of < 75 nmol/L, compared to those with >75 nmol/L, 
were more likely to develop severe sepsis (P = 0.006) and to 
have a sepsis-related organ failure assessment (SOFA) score 
of ≥ 2 (P = 0.049) and an Acute Physiology Age Chronic 
Health Evaluation (APACHE II) score of ≥ 25 (P = 0.06) (15).

There is evidence of the significant relationship of vita-
min D serum levels and the risk of infection and its con-
sequences; however, some studies had different results 
and did not reach the significance level (16-19). Due to this 
controversy, there should be more studies to investigate 
this relationship, given the importance of its application 
in critically ill patients at risk for infection or sepsis.

2. Objectives
The aim of this study was to provide additional evidence 

about serum vitamin D levels and their correlation with 
the severity of sepsis in patients referred to the emergen-
cy department.

3. Patients and Methods

3.1. Study Design
This was a case-control study. All patients over 18 years 

of age who were referred to the emergency department 
of Imam-Reza hospital, and hospitalized due to possible 
sepsis, were assessed for enrollment in the study as the 
case group (n = 56). We divided these 56 patients into three 
subgroups: sepsis, severe sepsis, and septic shock. Patients 
that met two or more criteria for systemic inflammatory 
response syndrome, and who were diagnosed with sepsis 
due to an infectious cause, were designated as the first 
subgroup. Sepsis patients were assigned to the second 
subgroup (severe sepsis) if there were one or more signs 
of organ dysfunction or hypo perfusion, such as metabolic 
acidosis, acutely altered mental status, oliguria, or acute 
respiratory distress syndrome. Patients with severe sepsis 
that did not respond to fluid resuscitation were consid-
ered to have septic shock and were placed in the third sub-
group. Patients who did not sign the consent form, or who 
refused to continue in the study, were excluded. For each 
patient in the case group, we enrolled a healthy, age- and 
sex-matched individual without any of the diagnostic sep-
sis criteria, to form the control group.

3.2. Investigated Variables
We measured APACHE II scores, which are approved for 

determining the severity of infection or disease, and the 
serum vitamin D levels for each patient. Before any treat-
ments, 5 ml of blood was drawn from each patient, then 
centrifuged (4,000 RPM for 5 minutes) to separate blood 

cells from serum. The serum samples were then stored at 
-80°C until analysis. The samples were sent to the central 
laboratory of Imam-Reza hospital for serum vitamin D as-
says. Vitamin D was determined with the chemilumines-
cence immunoassay (CLIA) technique using LIAISON® 25 
OH Vitamin D Total assay (DiaSorin) kits on the LIAISON 
analyzer. Other demographic variables, such as age and 
sex, were collected by a questionnaire.

3.3. Ethical Issues
The study was conducted in accordance with the princi-

ples of the 1996 declaration of Helsinki and good clinical 
practice standards, under the supervision of the Mash-
had University of Medical Sciences ethics committee. All 
patients signed informed consent.

3.4. Statistical Analysis
To compare quantitative variables between the two 

groups, if the data were normally distributed, an inde-
pendent-samples t-test was used. To compare quantita-
tive variables between more than two groups, one-way 
ANOVA was used to analyze the data. If the data were not 
normally distributed, equivalent non-parametric tests 
were used. All data were analyzed with SPSS 16.0 statisti-
cal software (SPSS Inc., Champaign, IL, USA).

We used the Pearson chi-squared test to analyze qualita-
tive variables, and if the data were not eligible for the test, 
other appropriate tests were used, such as Fisher’s exact 
or the likelihood ratio. To assess correlations between 
quantitative data, the Pearson correlation test was used. 
In all cases, a significance level of P < 0.05 was set.

4. Results
A total of 112 eligible individuals were enrolled in this 

study, with 56 patients in the case group and 56 subjects 
in the control group. The case group included 18 patients 
with sepsis, 25 with severe sepsis, and 13 with septic shock. 
The demographic and baseline characteristics of the two 
groups are shown in Table 1.

The mean ages of the case and control groups were not 
significantly different (P = 0.741). Also, in the case group, 
the mean age of patients with septic shock was greater 
than in the other two groups, but the difference was not 
significant (P = 0.131). Males accounted for 48.2% and 53.6% 
of the patients in the case and control groups, respec-
tively. No significant difference in sex distribution was 
observed between the case and control groups (P = 0.571) 
or among the case subgroups (P = 0.240) (Table 1).

The number of patients with underlying disease in the 
septic shock group was higher than in the other two 
groups. This number was greater in patients with severe 
sepsis compared to patients with sepsis. Statistical com-
parisons showed a significant difference between these 
groups (P = 0.024) (Table 2).

Serum vitamin D levels in the control group were high-
er than in the case group (P < 0.001). Patients with sepsis 
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had higher levels of vitamin D compared with the other 
two groups. Similarly, the patients with severe sepsis had 
higher levels of vitamin D compared to the patients suf-
fering from septic shock (P = 0.001) (Figure 1, Table 2).

Vitamin D deficiency was considered to be present 
when serum levels were < 30 ng/mL. The number of pa-
tients in the case group who were deficient for vitamin D 
was higher than in the control group (P = 0.002). Howev-
er, no significant differences were observed between the 
case subgroups (P = 0.144).

APACHE II score comparisons between the case subgroups 
showed a significant difference (P < 0.001), with a higher 
score in the septic shock patients compared to the two 

other subgroups. In patients with severe sepsis, APACHE II 
scores were greater than in the sepsis group (Table 2).

There was a significant negative correlation (correla-
tion coefficient = -0.586) between vitamin D levels and 
APACHE II scores (As seen in Table 3, the APACHE II classifi-
cation (≥ 25 or < 25) and vitamin D levels were measured 
in all patients (n = 56), and the u-djusted odds ratio was 
calculated.(Figure 2) (OR = 5.47).

There was a negative correlation between serum vitamin 
D levels and age. The qualitative analysis also showed that 
vitamin D deficiency in patients aged 65 years or older was 
greater than in patients younger than 65. Serum vitamin D 
levels were higher in men than in women (P < 0.001).

Table 1. Characteristics of the Subjects in the Case and Control Groups (N = 56)a

Variable Case Group Control Group P Value
Age, yb 57.7 ± 15.15 58.6 ± 15.05 0.741
Gender, % 0.571

Male 48.2 53.6
Female 51.8 46.4

Temperature (rectal)b 38.37 ± 0.898 - -
Mean arterial pressureb 80.6 ± 16.49 - -
AaDO2 or PaO2

b 75.1 ± 12.56 - -
Heart rate, median [IQR] 109 (104 - 111) - -
Respiratory rate, median [IQR] 29 (26 - 39) - -
Hematocritb 33.2 ± 5.82 - -
Sodium (serum)b 135.2 ± 11.07 - -
Potassium (serum)b 4.11 ± 1.26 - -
White blood cell countb 15320 ± 5388 - -
Glasgow Coma Scale, median (IQR) 12 (11 - 15) - -
Ph (arterial)b 7.33 ± 0.11 - -
Serum vitamin D levels, ng/mLb 16.31 ± 10.70 27.91 ± 11.46 < 0.001
Serum vitamin D levels, No. (%) 0.002

Deficiency 48 (85.7) 33 (58.9) -
Normal 8 (14.3) 23 (41.1) -

a< 30 ng/mL was considered vitamin D deficiency; ≥ 30 ng/mL was considered normal.
bValues are expressed as mean ± SD.

Table 2. Variables for the Case-Group Patientsa,b

Variable Sepsis (n = 18) Severe Sepsis (n = 25) Septic Shock (n = 13) P Value

Age, y 55.2 ± 12.69 55.6 ± 17.32 65.1 ± 12.10 0.131

Gender 0.240

Male 11 (61.1) 9 (36) 7 (53.8)

Female 7 (38.9) 16 (64) 6 (46.2)

Chronic health problem 0.024

Yes 27.8 11 (44) 10 (76.9)

No 72.2 14 (56) 3 (23.1)

Serum vitamin D levels, ng/mL 23.6 ± 11.31 13.5 ± 9.16 11.5 ± 7.36 0.001, P1 = 0.003, P2 = 0.003, P3 = 0.809

Serum vitamin D levels 0.144

Deficiency 13 (72.2) 23 (92) 12 (92.3)

Normal 5 (27.8) 2 (8) 1 (7.7)

APACHE II, median (IQR) 10 (8 - 12.25) 28 (25 - 32) 32 (28 - 35.5) < 0.001, P1 < 0.001, P2 < 0.001, P3 = 0.029
aValues are expressed as No. (%) unless otherwise indicated as mean ± SD.
bBelow 30 ng/mL was considered vitamin D deficiency and 30 ng/mL or higher was considered normal. Post hoc analysis was done with the Tukey test. 
P1 = sepsis vs. severe sepsis, P2 = sepsis vs. septic shock, P3 = severe sepsis vs. septic shock.
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Figure 1. Serum Vitamin D levels in the Control Group and the Case Sub-
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Figure 2. Scatter-Dot Diagram of Serum Vitamin D Levels and APACHE II 
Scores

Table 3. Cross-Tabulated Serum Vitamin D Levels and APACHE II Scores (N = 56)a

APACHE II Vitamin D

Deficient Normal

≥ 25 31 2

< 25 17 6
aOdds ratio (CI95%): 5.47(0.99 - 30.13).

5. Discussion
We conducted a case-control study to evaluate the re-

lationship between serum vitamin D and sepsis sever-
ity. The results showed that serum levels of vitamin D in 
patients with sepsis compared with the control group of 
healthy individuals were significantly lower. Also, serum 
vitamin D levels were lower in patients with severe sepsis 
or septic shock. On the other hand, by considering 30 ng/
mL of vitamin D as the lowest normal concentration, we 
demonstrated that the percentage of patients deficient 
for vitamin D was significantly higher in the case group 
than in the control group, but no significant difference 
was observed between the three case subgroups. The dif-
ference in these findings (vitamin D levels in the form of 
qualitative or quantitative variables) can be justified by 
the fact that using quantitative data is more accurate in a 
statistical analysis and leads to more precise results.

Also, using a cut-off point of 30 ng/mL as the lowest nor-
mal concentration for vitamin D was based on previous 
studies, and may not be the lowest amount of vitamin D 
necessary for optimal immune system function.

We also investigated the relationship between vitamin 
D levels and APACHE II scores, and found that a there is 
a significant inverse correlation between these two vari-
ables. In patients with more severe sepsis (higher APACHE 
II scores), we saw lower serum vitamin D levels.

Jeng et al.’s study found that critically ill patients hos-

pitalized in the ICU (with or without sepsis) had signifi-
cantly lower levels of 25 (OH) D plasma concentrations 
compared to healthy individuals, and that plasma con-
centrations of proteins that bind to vitamin D were sig-
nificantly lower in severely ill patients with sepsis than in 
severely ill patients without sepsis (13).

Chinese researchers conducted a study to assess the as-
sociation between vitamin D levels and risk of infection, 
disease severity, and mortality rates. Su et al. enrolled 50 
healthy individuals, 51 patients with sepsis in the ICU, 
and 105 patients with sepsis in the ICU in this study. In 
general, ICU patients had lower vitamin D levels (P < 
0.01), but no significant difference was observed between 
those with sepsis and those without it. A weak negative 
relationship was observed between APACHE II scores, the 
simplified acute physiology score (SAPS) II, SOFA scores, 
and vitamin D concentrations. Also, 25 (OH) D levels were 
not significantly different with regard to the 28-day (P 
= 0.776) and 90-day (P = 0.389) survival rates. However, 
APACHE II and SAPS II scores were identified as risk fac-
tors for mortality due to sepsis (16).

All of these findings are consistent with our study 
results. Higgins et al. assessed the prevalence and se-
verity of vitamin D deficiency in ICU patients, and the 
deficiency’s relationship to disease morbidity and mor-
tality. Out of 196 ICU patients, 26% were vitamin D defi-
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cient (< 30 nmol/L) and 56% had insufficient levels (30 
- 60 nmol/L). In addition, 25 (OH) D levels decreased in 
all patients after admission to the ICU, and were signifi-
cantly lower 10 days later (P < 0.001). 25 (OH) D status 
had no association with any cause of death after 28 days. 
However, higher levels of 25 (OH) D were associated with 
early discharge from the ICU. Also, patients with 25 (OH) 
D deficiency showed no significant differences with pa-
tients who had adequate levels with regard to acquiring 
infections (P = 0.11) (20).

Many studies have shown that a lack of vitamin D is com-
mon in patients admitted to the ICU (21-24). Several additio-l 
studies have shown that the prevalence of vitamin D defi-
ciency is high in patients admitted to the hospital (25-27).

Ginde et al. investigated the hypothesis that in patients 
with suspected infection and a serum 25 (OH) D level 
of < 75 nmol/L, a more severe infection might be pres-
ent. Eighty-one patients with a median age of 62 years 
were included in the study and scored with APACHE II 
and SOFA. The results of that study suggested that pa-
tients with a basic 25 (OH) D level of < 75 nmol/L, com-
pared to patients with > 75 nmol/L, were more likely to 
develop severe sepsis (69% vs. 29%; P = 0.006), and more 
likely to have a SOFA score of ≥ 2 (44% vs. 18%; P = 0.049) 
and an APACHE II score of ≥ 25 (19% vs. 0%; P = 0.06). 
In addition, after 24 hours, those patients with 25 (OH) 
D levels of < 75 nmol/L were more likely to experience 
failure of two or more organs (50% vs. 18%; P = 0.02). All 
four of the study’s patients who died during hospitaliza-
tion had 25 (OH) D levels of < 75 nmol/L (15). That study 
showed the most similarity to the design of our study, as 
75 nmol/L (approximately 30 ng/mL) of serum vitamin D 
was considered the lowest normal concentration. Also, 
the mean age of the patients was similar and the results 
were consistent with those of the present study.

The results of the present study indicated that patients 
with sepsis had lower serum vitamin D levels compared 
with healthy individuals, and that patients with more se-
vere sepsis had even lower levels. Based on our findings 
and those of other similar studies, a high percentage of 
patients are vitamin D deficient. For further research in 
this field, we suggest randomized clinical trials with ad-
ministration of vitamin D supplementation in patients 
diagnosed with sepsis, in order to investigate vitamin D’s 
therapeutic effects on disease progression and survival 
rates. The use of such supplementation, especially in 
high-risk patients such as the elderly, may reduce the risk 
of infection and mortality associated with sepsis.

One the limitations of the present study was the 
small number of cases in each of the case subgroups 
after they were divided according to sepsis, severe sep-
sis, or septic shock. Because of the limited number of 
patients in each subgroup, we were not able to per-
form multivariable a-lyses. There may be confounding 
factors, such as medical co-morbidities, drug history, 
season, and obesity. A larger sample size is necessary to 
assess the effects of these factors.

Footnotes
Authors’ Contribution:All authors contributed equal-

ly to conceptualizing the research proposal, making sub-
stantial contributions to the study design and methods, 
and carrying out the laboratory experiments. All authors 
also participated in the data analysis and its interpreta-
tion, and in the writing of the manuscript.

Funding/Support:The results described in this paper 
were part of a resident’s emergency medicine thesis pro-
posal. The work was supported financially by a research 
grant (No. 910395) from the vice chancellor for research 
of Mashhad University of Medical Sciences, Mashhad, Iran.

References
1.       Wang TT, Tavera-Mendoza LE, Laperriere D, Libby E, MacLeod NB, 

Nagai Y, et al. Large-scale in silico and microarray-based identifi-
cation of direct 1,25-dihydroxyvitamin D3 target genes. Mol Endo-
crinol. 2005;19(11):2685–95. doi: 10.1210/me.2005-0106. [PubMed: 
16002434]

2.       Autier P, Gandini S. Vitamin D supplementation and total mor-
tality: a meta-analysis of randomized controlled trials. Arch In-
tern Med. 2007;167(16):1730–7. doi: 10.1001/archinte.167.16.1730. 
[PubMed: 17846391]

3.       Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley 
DA, Heaney RP, et al. Evaluation, treatment, and prevention of vi-
tamin D deficiency: an Endocrine Society clinical practice guide-
line. J Clin Endocrinol Metab. 2011;96(7):1911–30. doi: 10.1210/jc.2011-
0385. [PubMed: 21646368]

4.       Yamshchikov AV, Desai NS, Blumberg HM, Ziegler TR, Tangpricha 
V. Vitamin D for treatment and prevention of infectious diseas-
es: a systematic review of randomized controlled trials. Endocr 
Pract. 2009;15(5):438–49. doi: 10.4158/EP09101.ORR. [PubMed: 
19491064]

5.       Zhao G, Ford ES, Li C, Croft JB. Serum 25-hydroxyvitamin D levels 
and all-cause and cardiovascular disease mortality among US 
adults with hypertension: the NHANES linked mortality study. J 
Hypertens. 2012;30(2):284–9. doi: 10.1097/HJH.0b013e32834e1f0a. 
[PubMed: 22179077]

6.       Sokol SI, Tsang P, Aggarwal V, Melamed ML, Srinivas VS. Vi-
tamin D status and risk of cardiovascular events: lessons 
learned via systematic review and meta-analysis. Cardiol 
Rev. 2011;19(4):192–201. doi: 10.1097/CRD.0b013e31821da9a5. 
[PubMed: 21646873]

7.       Hewison M. Vitamin D and the immune system: new perspectives 
on an old theme. Endocrinol Metab Clin North Am. 2010;39(2):365–
79. doi: 10.1016/j.ecl.2010.02.010. [PubMed: 20511058]

8.       Hashemipour S, Larijani B, Adibi H, Javadi E, Sedaghat M, Pajouhi 
M, et al. Vitamin D deficiency and causative factors in the popu-
lation of Tehran. BMC Public Health. 2004;4:38. doi: 10.1186/1471-
2458-4-38. [PubMed: 15327695]

9.       Chapuy MC, Preziosi P, Maamer M, Arnaud S, Galan P, Hercberg 
S, et al. Prevalence of Vitamin D Insufficiency in an Adult Nor-
mal Population. Osteoporosis International. 1997;7(5):439–43. doi: 
10.1007/s001980050030. [PubMed: 9425501]

10.       Ginde AA, Mansbach JM, Camargo CJ. Association between se-
rum 25-hydroxyvitamin D level and upper respiratory tract in-
fection in the Third National Health and Nutrition Examination 
Survey. Arch Intern Med. 2009;169(4):384–90. doi: 10.1001/archin-
ternmed.2008.560. [PubMed: 19237723]

11.       Equils O, Naiki Y, Shapiro AM, Michelsen K, Lu D, Adams J, et al. 
1,25-Dihydroxyvitamin D inhibits lipopolysaccharide-induced 
immune activation in human endothelial cells. Clin Exp Im-
munol. 2006;143(1):58–64. doi: 10.1111/j.1365-2249.2005.02961.x. 
[PubMed: 16367934]

12.       Moller S, Laigaard F, Olgaard K, Hemmingsen C. Effect of 
1,25-dihydroxy-vitamin D3 in experimental sepsis. Int J Med Sci. 
2007;4(4):190–5. [PubMed: 17657282]

RETRACTED A
RTIC

LE



Ahmadi K et al.

Iran Red Crescent Med J. 2016;18(2):e122576

13.       Jeng L, Yamshchikov AV, Judd SE, Blumberg HM, Martin GS, 
Ziegler TR, et al. Alterations in vitamin D status and anti-micro-
bial peptide levels in patients in the intensive care unit with sep-
sis. J Transl Med. 2009;7(1):28. doi: 10.1186/1479-5876-7-28. [PubMed: 
19389235]

14.       Urashima M, Segawa T, Okazaki M, Kurihara M, Wada Y, Ida H. Ran-
domized trial of vitamin D supplementation to prevent seasonal 
influenza A in schoolchildren. Am J Clin Nutr. 2010;91(5):1255–60. 
doi: 10.3945/ajcn.2009.29094. [PubMed: 20219962]

15.       Ginde AA, Camargo CJ, Shapiro NI. Vitamin D insufficiency and 
sepsis severity in emergency department patients with suspect-
ed infection. Acad Emerg Med. 2011;18(5):551–4. doi: 10.1111/j.1553-
2712.2011.01047.x. [PubMed: 21518095]

16.       Su LX, Jiang ZX, Cao LC, Xiao K, Song JP, Li H, et al. Significance of 
low serum vitamin D for infection risk, disease severity and mor-
tality in critically ill patients. Chin Med J (Engl). 2013;126(14):2725–
30. [PubMed: 23876904]

17.       Azim A, Ahmed A, Yadav S, Baronia AK, Gurjar M, Godbole MM, 
et al. Prevalence of vitamin D deficiency in critically ill patients 
and its influence on outcome: experience from a tertiary care 
centre in North India (an observational study). J Intensive Care. 
2013;1(1):14. doi: 10.1186/2052-0492-1-14. [PubMed: 25705406]

18.       Barnett N, Zhao Z, Koyama T, Janz DR, Wang CY, May AK, et al. Vi-
tamin D deficiency and risk of acute lung injury in severe sep-
sis and severe trauma: a case-control study. Ann Intensive Care. 
2014;4(1):5. doi: 10.1186/2110-5820-4-5. [PubMed: 24559079]

19.       Tajfard M, Latiff LA, Rahimi HR, Mouhebati M, Esmaeily H, Taghi-
pour A, et al. Serum inflammatory cytokines and depression in 
coronary artery disease. Iran Red Crescent Med J. 2014;16(7):e17111. 
doi: 10.5812/ircmj.17111. [PubMed: 25237578]

20.       Higgins DM, Wischmeyer PE, Queensland KM, Sillau SH, Sufit 
AJ, Heyland DK. Relationship of vitamin D deficiency to clini-
cal outcomes in critically ill patients. JPEN J Parenter Enteral 
Nutr. 2012;36(6):713–20. doi: 10.1177/0148607112444449. [PubMed: 

22523178]
21.       Nierman DM. Bone Hyperresorption Is Prevalent in Chronically 

Critically III Patients. CHEST Journal. 1998;114(4):1122. doi: 10.1378/
chest.114.4.1122.

22.       Van den Berghe G. Five-Day Pulsatile Gonadotropin-Releasing 
Hormone Administration Unveils Combined Hypothalamic-
Pituitary-Gonadal Defects Underlying Profound Hypoandrogen-
ism in Men with Prolonged Critical Illness. J Clin Endocrinol Metab. 
2001;86(7):3217–26. doi: 10.1210/jc.86.7.3217. [PubMed: 11443192]

23.       Van den Berghe G, Baxter RC, Weekers F, Wouters P, Bowers CY, 
Iranmanesh A, et al. The combined administration of GH-releas-
ing peptide-2 (GHRP-2), TRH and GnRH to men with prolonged 
critical illness evokes superior endocrine and metabolic effects 
compared to treatment with GHRP-2 alone. Clin Endocrinol (Oxf). 
2002;56(5):655–69. [PubMed: 12030918]

24.       Van den Berghe G. Reactivation of Pituitary Hormone Release 
and Metabolic Improvement by Infusion of Growth Hormone-
Releasing Peptide and Thyrotropin-Releasing Hormone in Pa-
tients with Protracted Critical Illness. J Clin Endocrinol Metab. 
1999;84(4):1311–23. doi: 10.1210/jc.84.4.1311. [PubMed: 10199772]

25.       Giusti A, Barone A, Razzano M, Pizzonia M, Oliveri M, Palummeri 
E, et al. High prevalence of secondary hyperparathyroidism due 
to hypovitaminosis D in hospitalized elderly with and without 
hip fracture. J Endocrinol Invest. 2006;29(9):809–13. doi: 10.1007/
BF03347375. [PubMed: 17114912]

26.       Thomas MK, Lloyd-Jones DM, Thadhani RI, Shaw AC, Deraska DJ, 
Kitch BT, et al. Hypovitaminosis D in medical inpatients. N Engl 
J Med. 1998;338(12):777–83. doi: 10.1056/NEJM199803193381201. 
[PubMed: 9504937]

27.       Kiebzak GM, Moore NL, Margolis S, Hollis B, Kevorkian CG. Vita-
min D status of patients admitted to a hospital rehabilitation 
unit: relationship to function and progress. Am J Phys Med Re-
habil. 2007;86(6):435–45. doi: 10.1097/PHM.0b013e31805b7e20. 
[PubMed: 17515682]

RETRACTED A
RTIC

LE




