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Serum Vitamin D Level at ICU Admission and Mortality
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Introduction

Vitamin D is a fat-soluble vitamin consisting of two bio-equivalent forms, vitamin D2 and Vitamin D3. Vitamin D2 
is obtained from vegetables and oral supplements. Vitamin D3 is obtained primarily through skin exposure to ul-
traviolet B radiation from sunlight, oily fishes and oral supplements. They are metabolised into 25(OH) vitamin D 

(calcidiol) in the liver and subsequently to 1,25(OH) vitamin D (calcitriol) in the kidneys. Calcitriol activates the vitamin 
D receptors in the cells, and this triggers the endocrine and autocrine effects of vitamin D. Vitamin D plays a major role in 
calcium homeostasis and bone metabolism, as well as in the immunoregulatory system (1). Vitamin D deficiency is defined 
as serum calcidiol levels below 25 ng mL-1, and the incidence in intensive care patients varies between 17% and 82% (1-3). 
Reduced formation of calcitriol in the tissues might lead to impaired immune responses, mucosal barriers and endothelial 

Objective: Vitamin D is a fat-soluble vitamin that plays a major role 
in the regulation of bone and calcium metabolism and has effects 
on the immune and cardiovascular systems. Vitamin D deficiency 
is commonly seen in the general population as well as in critically 
ill patients and is reported to be associated with increased mortality 
and morbidity. Our aim was to determine the relationship between 
vitamin D level at ICU admission and mortality.
Methods: A total of 491 patients admitted to the ICU between 
January 2014 and January 2015 were evaluated retrospectively. 
The patients who were under 18 years old, had elective surgery, or 
whose serum vitamin D levels and outcomes were unknown were 
excluded. The patient's age, gender, APACHE II score, number of 
organ dysfunction, serum vitamin D level at ICU admission and 
outcomes were recorded.
Results: Vitamin D level was low (<25 ng dL-1) in 166 (77.1%) of 
the patients. In non-survivor patients, APACHE II score and the 
number of organ dysfunction were significantly higher than the 
survivor patients (p<0.001 and p<0.001). There was a negative cor-
relation between vitamin D level and APACHE II score (r2=0.04, 
p=0.006). In multivariate analyses, the likelihood of mortality was 
increased 9.8-fold (range 4.2–17.6) and 8.9-fold (range 3.9–14.1) 
with an APACHE II score ≥24 and the number of organ dysfunc-
tion ≥2, respectively (p<0.001 and p<0.001). 
Conclusion: Vitamin D deficiency is commonly seen in intensive 
care patients. Although it is not an independently decisive factor for 
mortality, it might be related with poor clinical status at ICU admis-
sion. The APACHE II score and number of organ dysfunction are 
still important parameters for increased mortality.  
Keywords: Vitamin D, APACHE II score, number of organ dys-
function, mortality

Amaç: Yağda çözünen bir vitamin olan D vitamini kemik ve kal-
siyum metabolizmasının düzenlenmesinde majör bir rol oynar ve 
immün ve kardiovasküler sistem üzerinde etkilere sahiptir. D vita-
mini eksikliği genel populasyonun yanı sıra kritik hastalarda da sık 
görülür ve morbidite ve mortaliteyi arttırdığı bildirilmiştir. Bizim 
amacımız yoğun bakım girişindeki D vitamini düzeyi ile mortalite 
ilişkisini araştırmaktı.
Yöntemler: Ocak 2014 ile Ocak 2015 arasında yoğun bakıma alın-
mış toplam 491 hasta retrospektif olarak değerlendirildi. 18 yaşın 
altında, elektif cerrahi hastaları ve serum D vitamini düzeyleri ve 
hastane çıkış statüleri bilinmeyen hastalar çalışma dışı bırakıldı. 
Hastaların yaş, cinsiyet, APACHE II skoru, yetersiz organ sayısı, 
yoğun bakım girişindeki D vitamini düzeyi ve mortalite kaydedildi.
Bulgular: 166 (%77,1) hastanın yoğun bakım girişindeki serum D 
vitamini düzeyi düşüktü (<25 ng dL-1). Ölen hastalarda APACHE 
II skoru ve yetersiz organ sayısı yaşayan hastalardan anlamlı yük-
sekti (p<0,001; p<0,001). Yoğun bakım girişindeki D vitamin dü-
zeyi ile APACHE II skoru arasında negatif korelasyon tespit edildi 
(r2=0,04 p=0,006). Multivariate analizde, APACHE II skorunun 
24'e eşit ve üstünde olması ve organ yetersizliği sayısının 2'ye eşit 
ve üstünde olması mortalite ihtimalini sırasıyla 9,8 kat (4,2-17,6) 
ve 8,9 kat (3,9-14,1) arttırmaktaydı (p<0,001 p<0,001). 
Sonuç: D vitamin eksikliği yoğun bakım hastalarında sıklıkla gö-
rülmektedir. D vitamini düzeyi mortalite için bağımsız belirleyici 
bir faktör olmamasına rağmen yoğun bakım girişindeki kötü klinik 
durum ile ilişkili olabilir. APACHE II skoru ve organ yetersizliği ise 
artmış mortalite için hala önemli parametrelerdir.
Anahtar Sözcükler: D vitamini, APACHE II skoru, yetersiz organ 
sayısı, mortalite
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functions (4-6). It is known that vitamin D deficiency is as-
sociated with diabetes mellitus, chronic obstructive pulmo-
nary diseases and autoimmune diseases (7, 8). Moreover, it is 
known to be related with disease severity, increased systemic 
inflammatory markers, increased infection and mortality (9-
11). The aim of this study was to investigate the relationship 
between vitamin D level at ICU admission and mortality.

Methods

Study design
A total of 491 patients admitted to the ICU of Atasehir Me-
morial Hospital between January 2014 and January 2015 
were evaluated retrospectively. The study protocol was ap-
proved by the Acibadem University Ethics Committee. In-
formed consent was not required because of the retrospective 
nature of the study. The patients who were under 18 years 
old, readmitted, had elective surgery, or had undocumented 
serum vitamin D levels and outcomes were excluded from the 
study (Figure 1). Vitamin D level <25 ng mL-1 was accepted 
as vitamin D deficiency. The patient’s age, gender, APACHE 
II score, logistic organ dysfunction system (LODS) score, 
serum vitamin D (ng mL-1) and calcium levels (mg dL-1), 
length of ICU stay and mortality were recorded. The number 
of organ dysfunction was defined as each organ that was giv-
en a point in accordance with the LODS score.

Vitamin D measurement
In our clinic, calcidiol is measured with the COBAS 6000 
Entegre device using the ECLIA (electrochemiluminescent 
immunoassay) method. The normal serum vitamin D level is 
between 25 and 80 ng mL-1 in accordance with Mayo Medi-
cal Laboratories (Table 1).

Statistical analysis
The statistical analysis was performed using Wizard Pro Ver-
sion 1.7.20. All variables in the database were summarised 
using descriptive statistics. Categorical data were described as 

number (percentage) and analysed with the chi-square test. 
Survivor and non-survivor groups were compared with the 
Mann-Whitney U test. Results were given as the percentage 
and median (interquartile). Pearson’s correlation test was used 
for correlation between parameters and was given as the r2 
value. Multivariate logistic regression analysis included age, 
diagnosis (sepsis), number of organ dysfunction, APACHE II 
score and vitamin D level at ICU admission. The type 1 error 
level was set as 0.05.

Results

Vitamin D level at ICU admission was low in 166 (77.9%) 
patients. The mortality rate was 21.6% (Figure 1). While age, 
gender, diagnosis (septic patients), vitamin D level at ICU ad-
mission and length of ICU stay were similar in both groups, 
the APACHE II score and the number of organ dysfunction 
were significantly higher in non-survivor patients (p<0.001 
for both) (Table 2). There was a poor negative correlation 
between vitamin D level at ICU admission and APACHE 
II score (r2=0.05 p=0.006) (Figure 2). The mortality rate 
was similar between patients with normal (47 patients) and 
low (166 patients) vitamin D levels at the ICU admission 
(p=0.388). Also, there was no significant difference between 
mortality rates of septic patients with normal (19 patients) 
and low (74 patients) vitamin D levels (p=0.071). In the mul-
tivariate logistic regression model, the likelihood of mortality 
was increased 9.8-fold (range 4.2–17.6) and 8.9-fold (range 
3.9–14.1) for an APACHE II score ≥24 and for the number 

Figure 1. Study flowchart

Table 1. Serum vitamin D levels

Severe deficiency <10 ng mL-1

Mild to moderate deficiency 10–24 ng mL-1

Optimal 25–80 ng mL-1

Possible toxicity >80 ng mL-1

Table 2. Comparisons of survivor and non-survivor patients

 Survivors  Non-survivors 
 (n=167)  (n=46) p

Age, (years) 63 (53–71) 62.5 (53–71) 0.915

Male, n (%) 109 (67.4) 31 (65.3) 0.788

APACHE II 19 (16–22) 28 (25–29) <0.001

Number of organ  
dysfunction 1 (0–2) 2 (2–3) <0.001

Sepsis, n (%) 68 (40.7) 21 (54.3) 0.099

Vitamin D level at  
ICU admission (ng mL-1) 8.2 (3.0–18.8) 7.5 (3.0–16.4) 0.229

Length of ICU stay (days) 12 (8–17) 15 (4–18) 0.712

Results are given as median (interquartile range). P<0.05 is accepted as 
statistically significant. APACHE II: Acute Physiology and Chronic Health 
Evaluation. 
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of organ dysfunction ≥2, respectively (p<0.001 for both) (Ta-
ble 3).

Discussion

The present study showed that vitamin D deficiency was 
commonly observed in critically ill patients at ICU admis-
sion. Moreover, serum vitamin D level was poorly and nega-
tively correlated with APACHE II score. However, mortality 
was associated only with APACHE II score and number of 
organ dysfunction.

It has been argued that vitamin D has antimicrobial and im-
munomodulatory effects (1, 12, 13). Recent studies have re-
ported the incidence of vitamin D deficiency in intensive care 
patients to be 17%–82% (2, 3). This is quite a wide range, 
and in this study we observed vitamin D deficiency in 77.9% 
of all patients. According to this result, most of the critically 
ill patients might be at risk of immune dysregulation because 
of vitamin D deficiency. Therefore, we strongly believe that 
it is important to measure and analyse the serum vitamin D 
level in critically ill patients at the time of ICU admission.

Several studies report that vitamin D deficiency in critically ill 
patients is associated with infection, the development of sepsis 
and acute respiratory distress syndrome (ARDS) and increased 
mortality rates (9, 11, 14-20). Moromizato et al. (21) found 
that serum vitamin D level below 16 ng mL-1 is associated with 
sepsis. Van de Berghe et al. (22) showed significantly lower 
serum vitamin D levels in non-survivor critically ill patients. 
In a CopD study, a range of 20–24 ng mL-1 was found to be 
related to decreased mortality (23). In contrast to the above 

studies, Cecchi et al. (24) concluded that serum vitamin D 
levels do not have any significant effects on the outcome in 
septic patients. In the present study, the median vitamin D 
levels in septic and non-septic patients were 7.9 ng mL-1 and 
8.2 ng mL-1, respectively. Furthermore, we did not find any 
relationship between vitamin D level at ICU admission and 
outcomes. However, we knew that all patients with low vita-
min D level had received vitamin D as a single loading dose 
of 600,000 IU in this study. It has been demonstrated that 
vitamin D deficiency can be corrected with the same dose of 
enteral vitamin D replacement in critically ill patients (25, 26). 
In our study, patients with vitamin D level <25 ng mL-1 at 
ICU admission had a median vitamin D level after vitamin D 
replacement of 31.6 ng mL-1. Therefore, we believe that a sin-
gle high dose of enteral vitamin D replacement is sufficient to 
correct vitamin D deficiency. In support of this, many studies 
report that vitamin D supplementation in critically ill patients 
is associated with decreased mortality (27, 28). Conversely, in 
the VITdAL-ICU study, administration of high dose vitamin 
D compared with placebo did not reduce hospital length of 
stay, hospital mortality, or 6-month mortality (29). We found 
that the median APACHE II score and number of organ dys-
function were 28 and 2, respectively, in 38 non-survivor pa-
tients with low vitamin D level even though vitamin D had 
been administered to them, and they were 27.5 and 3 in 8 
non-survivor patients with normal vitamin D level. As a result 
of this work, we can only conclude that increased mortality is 
related to increased APACHE II score and increased number 
of organ dysfunction. The low serum vitamin D levels might 
only be related to increased APACHE II score, and they might 
be solely responsible from the worse clinical status at ICU ad-
mission. Thus, if there is low vitamin D level in patients with 
high APACHE II score at ICU admission, it is recommended 
to treat the vitamin D deficiency. 

Conclusion

Vitamin D deficiency is commonly seen in intensive care pa-
tients. Although it is not an independently decisive factor for 
mortality, it might be related to worse clinical status at ICU 
admission. The effect of vitamin D replacement on mortality 
is controversial, but the APACHE II score and number of or-
gan dysfunction are still important parameters for increased 
mortality. 
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Figure 2. Correlation between vitamin D level and APACHE II score

Table 3. Multivariate logistic regression model for mortality

 OR (95% CI) p

Vitamin D level at ICU  
admission <8 ng dL-1 0.5 (0.2–1.4) 0.206

Age ≥63 0.6 (0.2–1.6) 0.277

Sepsis 1.1 (0.4–3.2) 0.819

APACHE II ≥24 9.8 (4.2–17.6) <0.001

Number of organ dysfunction ≥2 8.9 (3.9–14.1) <0.001

95% CI. OR: odds ratio; CI: confidence interval

Atalan and Güçyetmez. Serum Vitamin D Level at ICU Admission and Mortality

195



Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Etik Komite Onayı: Bu çalışma için etik komite onayı Acıbadem 
Üniversitesi Tıp Fakültesi’nden alınmıştır. 

Hasta Onamı: Araştırmanın retrospektif niteliği nedeniyle bilgilen-
dirilmiş onam gerekli değildir.

Hakem Değerlendirmesi: Dış bağımsız.

Yazar Katkıları: Fikir – H.K.A.; Tasarım – H.K.A., B.G.; Denet-
leme – B.G.; Kaynaklar – H.K.A.; Malzemeler – H.K.A.; Veri Top-
lanması ve/veya İşlemesi – H.K.A.; Analiz ve/veya Yorum – B.G.; 
Literatür Taraması – H.K.A., B.G.; Yazıyı Yazan – H.K.A., B.G.; 
Eleştirel İnceleme – H.K.A., B.G.; Diğer – H.K.A., B.G.

Çıkar Çatışması: Yazarlar çıkar çatışması bildirmemişlerdir.

Finansal Destek: Yazarlar bu çalışma için finansal destek almadık-
larını beyan etmişlerdir.

References

1. Hewison M, Zehnder D, Chakraverty R, Adams JS. Vitamin 
D and barrier function: a novel role for extra-renal 1 alpha-hy-
droxylase. Mol Cell Endocrinol 2004; 215: 31-8. [CrossRef]

2. Arnson Y, Gringauz I, Itzhaky D, Amital H. Vitamin D defi-
ciency is associated with poor outcomes and increased mortali-
ty in severely ill patients. QJM 2012; 105: 633-9. [CrossRef]

3. Venkatram S, Chilimuri S, Adrish M, Salako A, Patel M, Diaz-Fuen-
tes G. Vitamin D deficiency is associated with mortality in the med-
ical intensive care unit. Crit Care 2011; 15: R292. [CrossRef]

4. Adams JS, Hewison M. Update in vitamin D. J Clin Endocri-
nol Metab 2010; 95: 471-8. [CrossRef]

5. Verstuyf A, Carmeliet G, Bouillon R, Mathieu C. Vitamin D: a 
pleiotropic hormone. Kidney Int 2010; 78: 140-5. [CrossRef]

6. Zhao H, Zhang H, Wu H, Li H, Liu L, Guo J, et al. Protective 
role of 1,25(OH)2 vitamin D3 in the mucosal injury and epi-
thelial barrier disruption in DSS-induced acute colitis in mice. 
BMC Gastroenterol 2012; 12: 57. [CrossRef]

7. Gilbert CR, Arum SM, Smith CM. Vitamin D deficiency and 
chronic lung disease. Can Respir J 2009;16:75-80. [CrossRef]

8. Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill 
health: a systematic review. Lancet Diabetes Endocrinol 2014; 
2: 76-89. [CrossRef]

9. Jeng L, Yamshchikov AV, Judd SE, Blumberg HM, Martin GS, 
Ziegler TR, et al. Alterations in vitamin D status and anti-mi-
crobial peptide levels in patients in the intensive care unit with 
sepsis. J Transl Med 2009; 7: 28. [CrossRef]

10. de Haan K, Groeneveld AB, de Geus HR, Egal M, Struijs A. 
Vitamin D deficiency as a risk factor for infection, sepsis and 
mortality in the critically ill: systematic review and meta-analy-
sis. Crit Care 2014; 18: 660. [CrossRef]

11. Chen Z, Luo Z, Zhao X, Chen Q, Hu J, Qin H, et al. Asso-
ciation of vitamin D status of septic patients in intensive care 
units with altered procalcitonin levels and mortality. J Clin En-
docrinol Metab 2015; 100: 516-23. [CrossRef]

12. Liu PT, Stenger S, Tang DH, Modlin RL. Cutting edge: vita-
min D-mediated human antimicrobial activity against Myco-
bacterium tuberculosis is dependent on the induction of cathe-
licidin. J Immunol 2007; 179: 2060-3. [CrossRef]

13. Wang TT, Nestel FP, Bourdeau V, Nagai Y, Wang Q, Liao J, et 
al. Cutting edge: 1,25-dihydroxyvitamin D3 is a direct induc-
er of antimicrobial peptide gene expression. J Immunol 2004; 
173: 2909-12. [CrossRef]

14. Braun AB, Gibbons FK, Litonjua AA, Giovannucci E, Chris-
topher KB. Low serum 25-hydroxyvitamin D at critical care 
initiation is associated with increased mortality. Crit Care Med 
2012; 40: 63-72. [CrossRef]

15. Dancer RC, Parekh D, Lax S, D’Souza V, Zheng S, Bassford CR, et 
al. Vitamin D deficiency contributes directly to the acute respiratory 
distress syndrome (ARDS). Thorax 2015; 70: 617-24. [CrossRef]

16. Braun A, Chang D, Mahadevappa K, Gibbons FK, Liu Y, 
Giovannucci E, et al. Association of low serum 25-hydroxyvi-
tamin D levels and mortality in the critically ill. Crit Care Med 
2011; 39: 671-7. [CrossRef]

17. Holick MF. Vitamin D deficiency. N Engl J Med 2007; 357: 
266-81. [CrossRef]

18. Liu PT, Stenger S, Li H, Wenzel L, Tan BH, Krutzik SR, et al. 
Toll-like receptor triggering of a vitamin D-mediated human an-
timicrobial response. Science 2006; 311: 1770-3. [CrossRef]

19. Di Rosa M, Malaguarnera M, Nicoletti F, Malaguarnera L. Vi-
tamin D3: a helpful immuno-modulator. Immunology 2011; 
134: 123-39. [CrossRef]

20. Matthews LR, Ahmed Y, Wilson KL, Griggs DD, Danner OK. 
Worsening severity of vitamin D deficiency is associated with 
increased length of stay, surgical intensive care unit cost, and 
mortality rate in surgical intensive care unit patients. Am J Surg 
2012; 204: 37-43. [CrossRef]

21. Moromizato T, Litonjua AA, Braun AB, Gibbons FK, Giovan-
nucci E, Christopher KB. Association of low serum 25-hy-
droxyvitamin D levels and sepsis in the critically ill. Crit Care 
Med 2014; 42: 97-107. [CrossRef]

22. Van den Berghe G, Van Roosbroeck D, Vanhove P, Wouters PJ, De 
Pourcq L, Bouillon R. Bone turnover in prolonged critical illness: 
effect of vitamin D. J Clin Endocrinol Metab 2003; 88: 4623-32. 
[CrossRef]

23. Durup D, Jorgensen HL, Christensen J, Schwarz P, Heegaard AM, 
Lind B. A reverse J-shaped association of all-cause mortality with 
serum 25-hydroxyvitamin D in general practice: the CopD study. J 
Clin Endocrinol Metab 2012; 97: 2644-52. [CrossRef]

24. Cecchi A, Bonizzoli M, Douar S, Mangini M, Paladini S, Gazz-
ini B, et al. Vitamin D deficiency in septic patients at ICU ad-
mission is not a mortality predictor. Minerva Anestesiol 2011; 
77: 1184-9. 

25. Amrein K, Sourij H, Wagner G, Holl A, Pieber TR, Smolle 
KH, et al. Short-term effects of high-dose oral vitamin D3 in 
critically ill vitamin D deficient patients: a randomized, dou-
ble-blind, placebo-controlled pilot study. Crit Care 2011; 15: 
R104. [CrossRef]

26. Pepper KJ, Judd SE, Nanes MS, Tangpricha V. Evaluation of 
vitamin D repletion regimens to correct vitamin D status in 
adults. Endocr Pract 2009; 15: 95-103. [CrossRef]

27. Autier P, Gandini S. Vitamin D supplementation and total 
mortality: a meta-analysis of randomized controlled trials. Arch 
Intern Med 2007; 167: 1730-7. [CrossRef]

28. Bjelakovic G, Gluud LL, Nikolova D, Whitfield K, Wetterslev 
J, Simonetti RG, et al. Vitamin D supplementation for preven-
tion of mortality in adults. Cochrane Database Syst Rev 2011; 
CD007470. [CrossRef]

29. Amrein K, Schnedl C, Holl A, Riedl R, Christopher KB, 
Pachler C, et al. Effect of high-dose vitamin D3 on hospital 
length of stay in critically ill patients with vitamin D deficien-
cy: the VITdAL-ICU randomized clinical trial. JAMA 2014; 
312: 1520-30. [CrossRef]

Turk J Anaesthesiol Reanim 2017; 45: 193-6

196

https://doi.org/10.1016/j.mce.2003.11.017
https://doi.org/10.1093/qjmed/hcs014
https://doi.org/10.1186/cc10585
https://doi.org/10.1210/jc.2009-1773
https://doi.org/10.1038/ki.2010.17
https://doi.org/10.1186/1471-230X-12-57
https://doi.org/10.1155/2009/829130
https://doi.org/10.1016/S2213-8587(13)70165-7
https://doi.org/10.1186/1479-5876-7-28
https://doi.org/10.1186/s13054-014-0660-4
https://doi.org/10.1210/jc.2013-4330
https://doi.org/10.4049/jimmunol.179.4.2060
https://doi.org/10.4049/jimmunol.173.10.6490-c
https://doi.org/10.1097/CCM.0b013e31822d74f3
https://doi.org/10.1136/thoraxjnl-2014-206680
https://doi.org/10.1097/CCM.0b013e318206ccdf
https://doi.org/10.1056/NEJMra070553
https://doi.org/10.1126/science.1123933
https://doi.org/10.1111/j.1365-2567.2011.03482.x
https://doi.org/10.1016/j.amjsurg.2011.07.021
https://doi.org/10.1097/CCM.0b013e31829eb7af
https://doi.org/10.1210/jc.2003-030358
https://doi.org/10.1210/jc.2012-1176
https://doi.org/10.1186/cc10120
https://doi.org/10.4158/EP.15.2.95
https://doi.org/10.1001/archinte.167.16.1730
https://doi.org/10.1002/14651858.CD007470.pub2
https://doi.org/10.1001/jama.2014.13204

