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Is Vitamin D Important for Elderly Patients in Intensive
Care?
Yoğun Bakımdaki Yaşlı Hastalarda Vitamin D Önemli Midir?
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ABSTRACT
Objective: According to the World Health Organization’s old age classification, 65-74 years is considered as young-old, 75-84 years as middle-old,
and over 85 years as old-old. Effects of vitamin D on cardiac, renal, and endocrine diseases are closely associated with morbidity/mortality in intensive
care units. This study evaluated the difference in vitamin D levels of intensive care patients below and above 75 years, and the associations between
vitamin D levels and age as well as mortality/organ failure in both groups.
Methods: This study was designed as a retrospective, non-interventional, non-drug, observational clinical trial. Age, gender, vitamin D, and acute
physiology and chronic health evaluation II (APACHE II) and sequential organ failure assessment scores on admission to the intensive care unit were
recorded.
Results: Of all patients, 60 were female and 31 were male. The mean age was 77.7±13.8 years. There were 29 patients aged below 75 years and 62
patients above. The mean vitamin D level was 13.7510 ng/mL-1. The mean APACHE II score of patients of or above 75 years was significantly higher
than that of patients below 75 years (p=0.024). There was a significant negative correlation between age and vitamin D in patients of or above 75
years (p=0.042).
Risk factors associated with vitamin D deficiency include age, gender, lifestyle, ethnic origin, diet, medical history, drugs, and acute critical illness.
With aging, the concentration of 7-dehydrocholesterol in the skin decreases, as well as the vitamin D3-forming capacity of the skin. In this study lower
vitamin D levels were detected with increasing age in intensive care unit patients.
Conclusion: No significant relationship was detected between age and vitamin D levels in patients below 75 years whereas a significant decrease in
vitamin D level with increasing age was detected in patients of or above 75 years (p=0,042).
Keywords: Vitamin D, intensive care unit, elderly patient

ÖZ
Amaç: Vitamin D’nin kardiyak, renal ve endokrin hastalıklardaki etkileri yoğun bakım ünitelerinde morbitide ve mortalite ile yakından ilişkilidir. Vitamin
D seviyesinin 20 ng mL-1 altında olması ciddi yetersizlik olarak kabul edilmektedir. Bu çalışmada 75 yaş üstündeki orta ve ileri yaşlı yoğun bakım
hastalarının D vitamini seviyeleri arasında farklılık ve her iki grupta yaş ile D vitamin düzeyleri arasında ilişki olup olmadığı araştırıldı.
Yöntemler: Bu çalışma retrospektif, girişimsel olmayan, ilaç dışı, gözlemsel bir klinik çalışma olarak tasarlanmıştır. Yoğun bakım ünitesine giriş
sırasındaki yaş, cinsiyet, D vitamini, akut fizyoloji ve kronik sağlık değerlendirmesi II (APACHE II) ve sıralı organ yetmezliği değerlendirmesi skorları
kaydedildi.
Bulgular: Hastaların 60’ı kadın, 31’i erkekti. Ortalama yaş 77,7±13,8 idi. Doksan bir hastanın 29’u, 75 yaş altı; 62’si 75 yaş ve üzerindeydi. Tüm hastalar
incelendiğinde D vitamini ortalama değeri 13,7510 ng mL-1 bulundu.Yetmiş beş yaş üstü hasta grubunda APACHE II skoru ortalaması, 75 yaş altı
hasta grubundan anlamlı olarak yüksekti (p=0,024). Yetmiş beş yaş ve üstü grubunda; yaş ile D vitamini düzeyleri arasında anlamlı negatif ilişki vardı
(p=0,042).
Sonuç: Yetmiş beş yaş ve üstü grubunda; yaş ile D vitamini düzeyleri arasında anlamlı negatif ilişki vardı (p=0,042).
Anahtar kelimeler: Vitamin D, yoğun bakım ünitesi, yaşlı hasta
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INTRODUCTION
The definition made by the World Health Organization (WHO)
as regards chronological age considers old age to be “65 years
and older.” According to the WHO’s old age classification, 65-74
years is considered as young-old, 75-84 as middle-old, and over
85 years is as old-old (1).
The effects of vitamin D on cardiac, renal, and endocrine diseases
are closely related to morbidity and mortality in intensive care
units (2,3). Of 513 patients aged from 18 to 69 years, admitted in
hospitals in Turkey, 51.8% had vitamin D insufficiency and 20.7%
had vitamin D deficiency (4). The risk of vitamin D deficiency is
higher in elderly people. Because they prefer to spend more
time at home, they take less vitamin D, are more obese, and have
weaker kidney functions (5).
This study evaluated the difference in vitamin D levels of intensive
care patients below and above 75 years, and the associations
between vitamin D levels and age as well as mortality/organ
failure in both groups.

METHODS
This study was a retrospective, non-interventional, non-drug,
observational clinical trial [Ethics Committee approval was
received from the Giresun University Clinical Research Ethics
Committee (approval number: 29/09/2017-11)]. Age, gender,
vitamin D, and acute physiology and chronic health evaluation
II (APACHE II) and sequential organ failure assessment (SOFA)
scores of patients at anesthesiology, neurology, internal medicine,
and coronary intensive care units were recorded. The patients
were divided into 2 groups: below 75 years and of or above 75
years.

Statistical Analysis
SPSS 22.0 was used for statistical analyses and t-test was used
to compare groups. Pearson’s correlation analysis was used to
evaluate intragroup correlations and p<0.05 was accepted as
statistically significant.

RESULTS
Sixty patients were female and 31 were male. The mean age was
77.7±13.8 years. Twenty-nine patients were below 75 years, while
62 patients were at or above this age. The mean vitamin D level
was 13.7510 ng/mL-1. The mean APACHE II score was 28.41 and
the mean SOFA score was 7.78. The mean vitamin D level and
APACHE II and SOFA scores are demonstrated in Table 1.
No significant difference could be found between the 2 groups
in vitamin D levels (p=0.713). The mean APACHE II score of
patients of or above 75 years was significantly higher than that
of patients below 75 years (p=0.024). No significant difference
could be detected between the two groups in mean SOFA
scores (p=0.508). A comparison of the levels of vitamin D and
the APACHE II and SOFA scores among the groups is shown in
Table 2.

Intragroup comparisons showed a significant positive
correlation between age and APACHE II score in the group
below 75 years (p=0.012). There was a significant positive
correlation between the APACHE II and the SOFA scores
(p=0.000). There was no significant relationship between age
and vitamin D levels (p=0.136), and no significant correlation
was detected between vitamin D level and APACHE II and
SOFA scores (p=0.923, p=0.488). Comparison of vitamin D level
and APACHE II and SOFA scores in the group below 75 years
is shown in Table 3.
Intragroup comparisons showed a significant negative relationship
between age and vitamin D levels in patients of or above 75
years (p=0.042). No significant correlation was detected between
age and APACHE II and SOFA scores (p=0.266 and p=0.687,
respectively). There was no significant correlation between
APACHE II and SOFA scores (p=0.187). No significant correlation
was detected between vitamin D level and APACHE II and SOFA
scores (p=0.154 and p=0.088, respectively). The comparison of
vitamin D levels and APACHE II and SOFA scores in the group of
or above 75 years is shown in Table 4. The correlation between
Table 1. Mean vitamin D levels and APACHE II and SOFA
scores
n

Minimum

Maximum

Mean

SD

Vitamin D ng/mL

91 3.00

52.76

13.7510 9.45736

APACHE II score

91 8

38

28.41

6.119

SOFA score

91 2

11

6.78

2.235

SD: Standard deviation, APACHE: acute physiology and chronic health evaluation, SOFA: sequential organ failure assessment

Table 2. Comparison of vitamin D levels and APACHE II and
SOFA scores between groups
Age <75 (n=29)

Age >=75 (n=62)

Mean ± SD

Mean ± SD

Vitamin D ng/mL

14.288±11.888

13.500±8.179

0.713

APACHE II score

25.966±7.490

29.548±5.033

0.024

SOFA score

6.552±2.369

6.887±2.181

0.508

p

SD: Standard deviation, APACHE: acute physiology and chronic health evaluation, SOFA: sequential organ failure assessment

Table 3. Comparisons of vitamin D levels and APACHE II and
SOFA scores in the group below 75 years

Age

Vitamin D ng/mL

Vitamin D
ng/mL

APACHE II
score

SOFA score

r

-0.284

0.458

0.186

p

0.136

0.012

0.334

n

29

29

29

r

-

0.019

0.134

p

-

0.923

0.488

n

-

29

29

SD: Standard deviation, APACHE: acute physiology and chronic health evaluation, SOFA: sequential organ failure assessment
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age and vitamin D levels in patients of or above 75 years is shown
in Figure 1.

DISCUSSION
Vitamin D affects many cells in addition to its effects on calcium
and phosphorus metabolism and the skeletal system. Also, it is
a hormone that has effects on many systems and diseases like
immunomodulation and prevention of autoimmune diseases,
some chronic diseases, and cancer development (6,7). Because
of the immunomodulating effect of vitamin D and its relation to
chronic diseases and age, the idea that it is also important in the
course of critical patients is strengthened (8).
Vitamin D can be synthesized endogenously or taken in the
diet. It consists of two forms: cholecalciferol (Vitamin D3) and
ergocalciferol (Vitamin D2). The majority of vitamin D in the body
is Vitamin D3. Vitamin D2 is produced in plants and yeast (9).
Endogenous vitamin D precursor 7-dehydrocholesterol, found in
the epidermis, forms previtamin D3 after activation by ultraviolet
Table 4. Comparisons of vitamin D level and APACHE II and
SOFA scores in the group of or above 75 years

Age

Vitamin D ng/mL

Vitamin D
ng/mL

APACHE II
score

SOFA Score

r

-0.259

0.143

0.052

p

0.042

0.266

0.687

n

62

62

62

r

-

-0.183

0.219

p

-

0.154

0.088

n

-

62

62

SD: Standard deviation, APACHE: acute physiology and chronic health evaluation, SOFA: sequential organ failure assessment

B (10). With aging, the concentration of 7-dehydrocholesterol in
the skin decreases as well as the vitamin D3-forming capacity of
the skin (8).
Risk factors associated with vitamin D serum 25-hydroxyvitamin
D [25(OH)D] deficiency include age, gender, lifestyle, ethnic
origin, diet, medical history, drugs, and acute critical illness (11).
Vitamin D levels below 20 ng/mL-1 are considered as a deficiency,
between 20-30 ng/mL-1 as insufficiency, between 40-50 ng/mL-1
as optimal, and above 150 ng/mL-1 as toxic. The optimal serum
vitamin D concentration is 30 ng/mL-1 (12,13).
Vitamin D deficiency may further deteriorate the aging of skeletal
muscles. However, current evidence for the reversal of agerelated muscular dysfunction with vitamin D supplementation is
controversial, and rather than targeting too high vitamin D levels in
elderly people, the safest option is to target conservative vitamin
D levels sufficient for normal calcium homeostasis (14). Vitamin
D deficiency should be treated per the severity of deficiency.
In high-risk adults, serum 25(OH)D concentrations should be
measured 3-4 months after the initiation of treatment and should
be followed up for target levels (15).
Patients in the intensive care unit are generally immobile and
have multiple comorbidities. Their nutrition is impaired, exposure
to sunlight is decreased, and they are at high risk for vitamin D
deficiency (16).
In a study by Botros et al. (17) on Egyptian women, vitamin D
deficiency was detected in 72.6% of breastfeeding women, 54% of
pregnant women, 72% of childbearing age women, 39.5% of old
age women, and 77.2% of geriatric age women. Vitamin D levels
of women whose exposure to sunlight was poor, normal, or good
were 14.1 ngmL-1, 14 ngmL-1, and 37 ngmL-1, respectively. In our
study, 87.9% of patients were over 65 years. Of these patients,
96.9% had vitamin D levels below 20 ngmL-1, and the mean
vitamin D level was 9.95 ngmL-1. A study in the United States
also examined changes in vitamin D deficiency over the years
and reported that serum 25(OH)D levels decreased by about
20% between 1988 and 2004, and the cause of this decrease was
reported to be reduced exposure to sunlight (18).
Vitamin D deficiency is a predisposing factor for diabetes, left
ventricular hypertrophy, congestive heart failure, hypertension,
and chronic vascular inflammation (8,19,20). Some studies have
shown that there is an increased association between vitamin
D deficiency and pulmonary diseases, cardiovascular diseases,
and cancer (21,22). It has also been shown that vitamin D
supplementation reduces the incidence and mortality rate of
these diseases (23-25).

Figure 1. Correlation between age and vitamin D level in
patients of or above 75 years

The association between vitamin D deficiency and mortality
in intensive care patients has been shown in different studies
with controversial results. In a study conducted in intensive care
patients, 25(OH)D and 1,25-dihydroxyvitamin D levels were found
to be lower in patients who died (16,26). Another study reported
that patients with 25(OH)D >60 nmol/L-1 had a mortality rate
three times higher than patients with lower 25(OH)D levels (16,27).
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These studies performed with few patients resulted in conflicting
outcomes and do not give definite results, raising the question “Is
vitamin D important in intensive care patients?”
The prevalence of vitamin D deficiency exceeds 70% in intensive
care patients. Lower levels of vitamin D in the intensive care unit are
associated with higher infection rates, prolonged hospitalization,
increased health costs, and increased mortality rates. There is an
increased tissue demand for vitamin D in critical diseases (28). In a
study by Arnson et al. (29) with 130 patients, vitamin D deficiency
was detected in 82% of critically ill patients, and the mean vitamin
D level was measured as 14.04±6.9 ngmL-1 (29). In our study, the
mean vitamin D levels of all patients was 13.75±9.4 ngmL-1, similar
to vitamin D levels in this study. Most guidelines point to a cut-off
value of 20 ngmL-1 for vitamin D deficiency, but the threshold value
for intensive care patients has not yet been determined (13,30).
Per literature, there is no clear cut-off value to define vitamin D
deficiency, for the replacement or the dose/route of replacement
in intensive care patients (13,30). Some authors suggest that organ
failure, sepsis, and fluid deficiency and its treatment may change
the level of vitamin D (31). However, in our study, there was no
significant relationship between vitamin D levels and SOFA score,
an indicator of organ failure, in both groups.
Vitamin D deficiency is among the risk factors that prolong the
duration of hospital stay (32). A study conducted on patients
admitted to an intensive care unit, with measured vitamin D levels,
evaluated the duration of hospital stay, the risk of readmission
to the intensive care unit, and mortality in 90 days. In this study,
serum vitamin D level was positively correlated with a prolonged
hospital stay, readmission to intensive care, and mortality within
90 days (28).
To promote the use of APACHE II in Turkey, it is provided online by
the Ministry of Health. In this context, mortality can be calculated
by this system after writing patient information and physiological
values (33). Age was included in the APACHE II score as a factor
affecting mortality independent of disease severity as it shows a
decline in physiological reserves. The APACHE II score is the sum
of 3 subscales: acute physiology score, age, and chronic health
evaluation, with the highest value being 71. Mortality is 25% if the
total APACHE II score is 25 and increases to 80% if the score is 35
points or higher (34,35). In our study, the mean APACHE II score of
patients of or above 75 years was significantly higher than that of
patients below 75 years.
In a retrospective study of patients treated in the intensive care
unit with a diagnosis of sepsis and/or septic shock between
2006 and 2011, the vitamin D levels of patients when they are
admitted to intensive care were compared with mortality rates
within 30 days. In this study, vitamin D deficiency was found in
65 (54%) of 121 patients and the mortality rate was significantly
higher in these patients (36). In another retrospective study, the
mortality rates were evaluated in 3,509 patients whose vitamin
D levels were measured and who had noncardiac surgery.
High vitamin D levels were found to significantly decrease
mortality rates. Also, vitamin D concentration was associated

with mortality at the hospital, serious infection, and serious
cardiovascular events (37). In contrast to these studies, there
was no significant relationship between vitamin D levels and
APACHE II scores, which indicate mortality, in both groups in
our study.
There was a significant negative correlation between age
and vitamin D in patients of or above 75 years in our study. In
these patients, vitamin D levels decreased with increasing age.
Inadequate vitamin D in the elderly adversely affects general
health, speeds up the aging process, limits movement, and causes
osteoporosis and brittleness in bones (38).
Vitamin D deficiency is associated with decreased muscle
functions, impaired performance, and increased weakness.
Supplementation of vitamin D, especially in the elderly, helps
strengthen muscles (39). About one million people worldwide
are thought to have vitamin D deficiency or insufficiency (19).
In a study investigating the relationship between vitamin D
status and the metabolic syndrome in the elderly, a negative
correlation was found between vitamin D concentrations and
the prevalence of the metabolic syndrome. Since vitamin D
deficiency is widespread worldwide and the risk increases with
age, the benefits of improving vitamin D levels in the elderly may
be huge (40).

Study Limitations
The limitation of this study was the relatively small sample size.

CONCLUSION
We detected that vitamin D levels significantly decreased with
age in patients of or over 75 years as per the literature. However,
contrary to some studies linking low vitamin D levels with high
mortality and organ failure especially in intensive care patients,
there was no significant relationship between vitamin D levels
and mortality/organ failure in our study. This result may be
due to a limited number of patients. However, given that no
clear consensus exists on critical vitamin D levels that require
replacement in intensive care patients despite many studies that
associate vitamin D levels and mortality/organ failure, we think
that more comprehensive clinical studies with larger patient
samples are warranted on this topic.
Ethics Committee Approval: This study was a retrospective, noninterventional, non-drug, observational clinical trial (Ethics Committee
approval was received from the Giresun University Clinical Research Ethics
Committee (approval number: 29/09/2017-11).
Informed Consent: Retrospective study.
Peer-review: Internally peer-reviewed.
Author Contributions: Concept - M.M.K., S.K., Ü.A.T.; Design - M.M.K.,
Ü.A.T.; Supervision - Ü.A.T.; Data Collection and/or Processing - M.M.K.,
S.K., Ü.A.T.; Analysis and/ or Interpretation - S.K., Ü.A.T.; Literature Search
- S.K.; Writing Manuscript - M.M.K., S.K.; Critical Review - Ü.A.T.
Conflict of Interest: The authors have no conflict of interest to declare.
Financial Disclosure: The authors declared that this study has received
no financial support.

Kurnaz et al.
Vitamin D, Intensive Care Unit, Elderly Patient
J Acad Res Med 2020;10(2):117-21
Etik Komite Onayı: Bu çalışma retrospektif, girişimsel olmayan, İlaçsız,
gözlemsel bir klinik çalışmadır (Etik Kurul onayı Giresun Üniversitesi Klinik
Araştırmalar Etik Kurulu’ndan alınmıştır (onay numarası: 29/09 / 2017-11).

18.

Hasta Onamı: Retrospektif çalışma.

19.
20.

Hakem Değerlendirmesi: Editörler kurulu tarafından değerlendirilmiştir.
Yazar Katkıları: Fikir - M.M.K., S.K., Ü.A.T.; Tasarım - M.M.K., Ü.A.T.;
Denetleme - Ü.A.T.; Veri Toplanması ve/veya İşlemesi - M.M.K., S.K.,
Ü.A.T.; Analiz ve/veya Yorum - S.K., Ü.A.T.; Literatür Taraması - S.K.; Yazıyı
Yazan - M.M.K., S.K.; Eleştirel İnceleme - Ü.A.T.

21.

22.

Çıkar Çatışması: Yazarların beyan edecek çıkar çatışması yoktur.
Finansal Destek: Yazarlar bu çalışma için finansal destek almadıklarını
beyan etmişlerdir.

23.

REFERENCES

24.

1.
2.

3.

4.

5.
6.
7.

8.
9.

10.
11.

12.
13.

14.
15.
16.
17.

WHO. The uses of epidemiology in the study of the elderly. Technical
Rep S 1984; 706: 8-9.
Joshi A, Bhadade R, Varthakavi PK, DeSouza R, Bhagwat NM, Chadha
MD, et al. Vitamin D deficiency is associated with increased mortality
in critically ill patients especially in those requiring ventilatory support.
Indian J Endocrinol Metab 2014; 18: 511-5.
Amrein K, Schnedl C, Berghold A, Pieber TR, Dobnig H. Correction of
vitamin D deficiency in critically ill patients-VITdAL@ICU study protocol
of 46 a double-blind, placebo-controlled randomized clinical trial. BMC
Endocr Disord 2012; 12: 27.
Ucar F, Taslıpınar MY, Soydas AO, Ozcan N. Ankara Etlik İhtisas Eğitim ve
Araştırma Hastanesine Başvuran Hastalarda 25-OH vitamin D Düzeyleri.
Eur J Basic Med Sci 2012; 2: 12-5.
Meehan M, Penckofer S. The role of vitamin D in the aging adult. J Aging
Gerontol 2014; 2: 60-71.
Holick MF. Vitamin D status: measurement, interpretation, and clinical
application. Ann Epidemiol 2009; 19: 73-8.
Varkal MA, Yıldız I, Saygili S, Yıldız M, Kılıç A, Darendeliler F, et al. One of
the risk groups for vitamin d deficiency: health workers. J Ist Faculty Med
2015; 78: 2.
Biricik E, Güneş Y. Vitamin D ve Anestezi. Turk J Anaesth Reanim 2015;
43: 269-73.
Holick MF, Biancuzzo RM, Chen TC, Klein EK, Young A, Bibuld D,
et al. Vitamin D2 is as effective as vitamin D3 in maintaining circulating
concentrations of 25-hydroxyvitamin D. J Clin Endocrinol Metab 2008;
93: 677-81.
Lee P. Vitamin D metabolism and deficiency in critical illness. Best Pract
Res Clin Endocrinol Metab 2011; 25: 769-81.
Sauneuf B, Brunet J, Lucidarme O, du Cheyron D. Prevalence and risk
factors of vitamin D deficiency in critically Ill patients. Inflamm Allergy
Drug Targets 2013; 12: 223-29.
Lavie CJ, Lee JH, Milani RV. Vitamin D and cardiovascular disease: will it
live up to its hype? J Am Coll Cardiol 2011; 58: 1547-56.
Bischoff-Ferrari HA, Giovannucci E, Willett WC, Dietrich T,
Dawson-Hughes B. Estimation of optimal serum concentrations of
25-hydroxyvitamin D for multiple health outcomes. Am J Clin Nutr 2006;
84: 18-28.
Girgis CM. Vitamin D and muscle function in the elderly: the elixir of
youth? Curr Opin Clin Nutr Metab Care 2014; 17: 546-50.
Gani LU, How CH. PILL Series. Vitamin D deficiency. Singapore Med J
2015; 56: 433-7.
Mert O, Kritik Hastada D. Vitamini Metabolizması ve Eksikliği. Turk Klin J
Intensive Care-Spec Top 2017; 3: 41-6.
Botros RM, Sabry IM, Abdelbaky RS, Eid YM, Nasr MS, Hendawy LM.
Vitamin D deficiency among healthy Egyptian females. Endocrinol Nutr
2015; 62: 314-21.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.
35.
36.

37.

38.
39.
40.

Ginde AA, Liu MC, Camargo CA Jr. Demographic differences and trends
of vitamin D insufficiency in the US population, 1988-2004. Arch Intern
Med 2009; 169: 626-32.
Holick MF. Vitamin D deficiency. N Engl J Med 2007; 357: 266-81.
Zittermann A. Vitamin D and disease prevention with special reference to
cardiovascular disease. Prog Biophys Mol Biol 2006; 92: 39-48.
Lee JH, O’Keefe JH, Bell, D, Hensrud DD, Holic MF. Vitamin D deficiency
an important, common, and easily treatable cardiovascular risk factor? J
Am Coll Cardiol 2008; 52: 1949-56.
Her, C, Greulich T, Koczulla RA, Meyer S, Zakharkina T, Branscheidt M,
et al. The role of vitamin D in pulmonary disease: COPD, asthma,
infection, and cancer. Respir Res 2011;12:31.
Vacek JL, Vanga SR, Good M, Lai SM, Lakkireddy D, PharmD H. Vitamin
D deficiency and supplementation and relation to cardiovascular health.
Am J Cardiol 2012; 109: 359-63.
Laaksi I, Ruohola JP, Mattila V, Auvinen A, Ylikomi T, Pihlajamäki H.
Vitamin D supplementation for the prevention of acute respiratory tract
infection: a randomized, double-blinded trial among young Finnish men.
J Infect Dis 2010; 202: 809-14.
Autier P, Gandini S. Vitamin D supplementation and total mortality: a
meta-analysis of randomized controlled trials. Arch Intern Med 2007; 167:
1730-7.
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.
Lee P, Eisman JA, Center JR. Vitamin D deficiency in critically ill patients.
N Engl J Med 2009; 360: 1912-4.
Quraishi SA, Bittner EA, Blum L, McCarthy CM, Bhan I, Camargo Jr CS.
Prospective study of vitamin D status at initiation of care in critically ill
surgical patients and risk of 90-day mortality. Crit Care Med 2014; 42:
1365-71.
Arnson Y, Gringauz I, Itzhaky D, Amital H. Vitamin D deficiency is
associated with poor outcomes and increased mortality in severely ill
patients. QJM 2012; 105: 633-9.
Holick MF. High prevalence of vitamin D inadequacy and implications for
health. Mayo Clin Proc 2006; 81: 353-73.
Krishnan A, Ochola J, Mundy J, Jones M, Kruger P, Duncan E, et al. Acute
fluid shifts influence the assessment of serum vitamin D status in critically
ill patients. Crit Care 2010; 14: 216.
Mekov E, Slavova Y, Tsakova A, Genova M, Kostadinov D, Minchev D,
et al. Vitamin D deficiency and insufficiency in hospitalized COPD
patients. PLOS ONE 2015;10:e0129080.
Sağlık Bakanlığı TC. Sağlıkta Kalite ve akreditasyon daire başkanlığı
yoğun bakım hastalık Şiddeti Skorlama sistemi. http://ybs.saglik.gov.tr/
apache.html
Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: A severity
of disease classification system. Crit Care Med 1985; 13: 818-29.
Özdemir L. Usage of Scoring Systems in Intensive Care Units. J Hacettepe
Univ Faculty of Nursing 2014: 91-100.
Rech MA, Hunsaker T, Rodriquez J. Deficiency in 25-hydroxyvitamin D
and 30-day mortality in patients with severe sepsis and septic shock. Am
J Crit Care 2014; 23: 72-9.
Turan A, Hesler BD, You J, Saager L, Grady M, Komatsu R, et al. The
association of serum vitamin D concentration with serious complications
after noncardiac surgery. Anesth Analg 2014; 119: 603-12.
Boucher BJ. The problems of vitamin D insufficiency in older people.
Aging Dis 2012; 3: 313-29.
Halfon M, Phan O, Teta D. Vitamin D: a review on its effects on muscle
strength, the risk of fall, and frailty. BioMed Res Int 2015;2015:953241.
Vitezova A, Zillikens MC, van Herpt TT, Sijbrands EJ, Hofman A,
Uitterlinden AG, et al. Vitamin D status and metabolic syndrome in the
elderly: the Rotterdam Study. Eur J Endocrinol 2015; 172: 327-35.

121

