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The Change in Vitamin D Levels during the Early Days of Intensive Care Unit
Admission and Factors Affecting Change
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Abstract

In the last decade, vitamin D has an increasing importance due to its demonstrated pleotropic,
antimicrobial, and immunomodulatory effects, and has been a subject of interest especially in critically ill
patients due to its role on immune functions. The aim of this study is to determine whether vitamin D levels
change during the first days of intensive care unit (ICU) admission and to study factors that may affect these
variations. Patients admitted to the ICU between March 2014 and December 2014 were included in the study.
Blood samples were obtained on the admission day, and the following three days and 25-hydroxyvitamin D
levels were measured by high pressure liquid chromatography (HPLC) technique. Changes over time were
analyzed with variance analysis if they were normally distributed, otherwise by Friedman tests. A total of 31
patients were enrolled. Of those, 17 (54.8%) patients were women. On admission median vitamin D level for
all was 8.52 (5-37) ng/mL. On the third day median vitamin D level for all was 8.85 (5-35.1) ng/mL. There
was no statistically significant difference between vitamin D levels which were measured on the consequent 3
days (p=0.553). There was no significant correlation between daily vitamin D levels and changes in levels of
CRP, procalcitonin, and albumin (p=0.061, p=0.61, p=0.179 respectively) or daily fluid balance (first day
p=0.31, second day p=0.65, third day p=0.13). Our presented data revealed that repeated measurements of
early vitamin D levels on consequent days did not have significant differences and CRP, procalcitonin, albumin
levels, and fluid balance parameters do not seem to affect early serum vitamin D levels in critically ill patients.
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Ozet

D vitamini son on yilda goésterilmis pleotropik, antimikrobial ve imminmodulatér etkileri sebebi ile
giderek artan bir 6neme sahip olup kritik hastalarda 6zellikle immun fonksiyonlar Gzerindeki roli sebebi ile de
ilgi konusu olmustur. Bu calismanin amaci; yodun bakim (nitesine (YBU) kabuliin ilk giinlerinde D vitamini
diizeylerinin degdisip dedismedigini belirlemek ve bu dedisiklikleri etkileyebilecek faktorleri arastirmaktir.
Calismaya Mart 2014 ile Aralik 2014 tarihleri arasinda yodun bakim Unitesine alinan hastalar dahil edildi.
Hastalarin yatis gininde ve takip eden (¢ gln icinde kan ornekleri alindi ve HPLC (ylksek basing sivi
kromatografisi) yontemi ile 25-hidroksivitamin D dizeyleri 6lglildii. Zamana gore dedisimler, dagihm normal
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ise varyans analizi ile, dagihm normal dedilse Friedman testi ile arastirildi. Toplamda 31 hasta galismaya dahil
edilmistir. Bu hastalarin 17'si (%54.8) kadindir. Hastalarin yogun bakima alinmasi esnasinda ortanca vitamin
D diizeyi 8.52 (5-37) ng/mL idi. Ugiincii giinde ise ortanca D vitamini diizeyi 8.85 (5-35.1) ng/mL olarak
saptandi. Hastalarin D vitamini dizeylerinde birbirini takip eden g glin arasinda anlamh bir dedisiklik
saptanmadi (p=0.553). D vitamininin gunlik dizeyleri ile CRP, prokalsitonin ve albimin dizeylerindeki (sirasi
ile p=0.061, p=0.61, p=0.179) veya sivi balansindaki (birinci giin p=0.31, ikinci giin p=0.65, Gglinclu gin
p=0.13) dedisimler arasinda anlaml bir korelasyon gortlmedi. Calisma verilerimiz yogun bakima yatisin ilk
glinlerinde tekrarlayan olglimlerde D vitamini diizeyinin anlamli bir degisiklik gostermedigini ve kritik hastahgdi

olan bireylerde CRP, prokalsitonin, albimin ve sivi

etkilemedigini gostermektedir.

balansi parametrelerinin D vitamini duzeylerini

Anahtar Kelimeler: Vitamin D, Inflamasyon, Yogun bakim hastasi, Sivi durumu.

Introduction

Vitamin D has an increasing importance in the
last decades due to its pleotropic, antimicrobial,
cardio protective and immunomodulatory effects,
which been outside the
musculoskeletal system [1]. In addition to
controlling calcium metabolism, it is involved in
cell growth, proliferation, apoptosis, and immune
system regulation [2]. In recent years, in line with
retrospective information, it has been reported
that there may be a relationship between low
vitamin D levels and some types of cancer,
immune disorders, diabetes,
diseases, hypertension, and metabolic syndrome
[3-6].

The role of vitamin D in critically ill patients
has not vyet been clearly
Epidemiological studies show in septic patients
that vitamin D may be a risk factor for mortality
[7,8]. The prevalence of vitamin D deficiency in
critically ill patients is between 40 and 70% [9,10]
Although most guidelines point to a limit below 20
ng/mL for vitamin D deficiency, there is no
established cut-off value for critically ill patients
[11,12]. It is thought that organ failure, sepsis,
fluid deficit and related treatments may cause
changes in vitamin D levels in critically ill patients
[13].

Many vitamin deficiencies may occur in
critically ill patients. The difference of vitamin D
levels is that its blood levels that will give
information about vitamin D status can be
measured routinely. Despite this, it is
recommended that the evaluation of vitamin D
should be done carefully, considering that it may
be affected by acute fluid changes and
inflammatory conditions in critically ill patients.

have shown

cardiovascular

elucidated.

The aim of the study; was to determine
whether there was a change in vitamin D levels in
the early stages of the critical disease course in
patients admitted to the intensive care unit (ICU)
of our university hospital, and to evaluate the
factors that may affect the change.

Material and Method

The ethics committee approval of Ankara
University Faculty of Medicine Ethics Committee
dated 28.04.2014 and numbered 07-304-14 was
obtained. Informed consent was obtained from
patients or their relatives.

Patients

All patients with APACHE II score >15 who
received inpatient treatment in the Medical ICU
between March 2014 and December 2014 were
included in this study, after obtaining their or their
relatives' approval. The study was designed as a
prospective study. Patients with an APACHE II
score of <15, who received vitamin D replacement
therapy during the last month, who had chronic
renal failure, who did not accept the study and
who were predicted to stay in ICU for <72 hours
were not included in the study.

Method

From patients who do not have exclusion
criteria and accepted to participate in the study, 3
cc of blood was taken at the time of admission
(Day 0), Day 1, Day 2, and Day 3, and centrifuged
for 5 minutes, and stored at -20 degrees for 3
months. 25-hydroxyvitamin D [25(OH)D] levels
were studied in Ankara University Faculty of
Medicine Endocrinology Laboratory by HPLC (high
pressure liquid chromatography) method [14].
25(0H)D levels were evaluated as sufficient (> 30
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mg/mL), insufficient (between 20-30 ng/mL), and
deficient (<20 ng/mL) [14].

Patients' age, gender, reasons for
hospitalization, accompanying diseases, APACHE
II score, SOFA score, albumin, calcium, CRP and
procalcitonin levels, and hemodialysis status were
recorded in the study database. ICU and hospital

outcomes were also recorded in this database.

Data analysis was performed using the
Statistical Package for Social Science (SPSS) 15
package program. Descriptive statistics were
shown as mean =% standard deviation for variables
with normal distribution, median (min - max) for
variables with non-normal distribution, and as
number of cases and (%) for nominal variables.
The change with time was evaluated with the
Paired t test if the distribution was normal, and
the Wilcoxon test if the distribution was not
normal. If the change with time was normal, the
variance analysis was used in repeated measures,
and the Friedman test was investigated if the
distribution was not normal. The significance of
the difference between the groups in terms of
means was investigated with the t test, and the
significance of the difference in terms of median
values was investigated with the Mann Whitney
test. Nominal variables were evaluated using the
Pearson chi-square test. When investigating the
relationship between continuous variables, if the
distribution was not normal, the Spearman
correlation test was used, and if it was normal,
the Pearson correlation test was used. Statistical
significance was accepted as p <0.05.

Results

A total of 83 patients were admitted to the
medical ICU between March 2014 and December
2014. Because 19 of them had renal failure and
24 of them were using vitamin D, they were not
included in the study. Nine patients were excluded
because they had APACHE II scores <15. A total
of 31 patients participated in the study.
Seventeen (54.8%) of these patients were female
and 14 (45.2%) were male. Average age was
70.1£13.8 years. The average age of female
patients was 71.7+16.9 years and the average
age in the male patient group is 68.1£8.1 years.
The APACHE II score of patients admitted to ICU
was 22.5+7.2 on average, it was 22.4+6.8 in

female patients and 22.1+8.9 in male patients
(Table 1).

When 25(OH)D during
admission to ICU were evaluated 3 patients had
sufficient levels, 4 patients had insufficiency, and
24 patients had vitamin D deficiency. Of the
patients included in the study, 16 were admitted
to ICU with sepsis, 11 with acute respiratory
failure due to pneumonia, 2 with acute respiratory
failure due to massive pulmonary
thromboembolism, 1 with acute respiratory
distress syndrome and 1 to acute pulmonary
edema.

Median 25(OH)D levels on admission to ICU
were 8.52 ng/mL (5-37 ng/mL), 9.2 ng/mL (5-37
ng/mL) in women, and 7.4 ng/mL in men (5-34
ng/mL). No significant difference was found
between the vitamin D levels of male and female
patients on admission to ICU (p=0.27). On the
3rd day, the median vitamin D level was 8.85
ng/mL (5-35.1 ng/mL), 8.8 ng/mL (5-35.1
ng/mL) in women, and 7.1 ng/mL in men (5.4-
34.8 ng/mL). No statistically significant difference
was present between vitamin D levels of the
patients across days (p=0.553) (Table 2).

vitamin levels

Mean albumin level on ICU admission was
2.53+£0.58 g/dL, and it was 2.46+£0.45 g/dL on
the 3rd day. There was no statistically significant
difference
admission and 3rd days (p=0.197). There was no
significant correlation between the percentage
changes in albumin and the percentage changes
between daily vitamin D levels on admission and
3rd days (r=-0.252; p=0.179) (Table 3 and 4).

between albumin levels on the

The median CRP levels of the patients at the
time of ICU admission was 101 mg/dL (3-459
mg/dL) and it was 58 mg/dL (1-248 mg/dL) on
3rd day, with a significant decrease (p=0.007).
There was no significant correlation between the
percentage changes in vitamin D levels and the
percentage changes in CRP (r=0.352; p=0.061)
(Table 3 and 4).

Procalcitonin levels on admission to ICU had
a median of 1.2 ng/dL (0.03-100 ng/dL), and a
median of 0.375 ng/dL (0-50 ng/dL) on the 3rd
day. There was a significant decrease in
procalcitonin levels between admission and 3rd
days (p=0.01). When the percentage change in

64



Pacgaci Cetin G and Altintas ND. Life Med Sci 2022; 1(2): 62-68.

procalcitonin levels and the percentage changes
in vitamin D levels were compared, no significant
correlation was found (r=-0.096; p=0.61) (Table
3 and 4). There was no significant difference or
correlation in the vitamin D levels of patients who
received diuretic or inotropic therapy (p=0.49 and
p= 0.58 respectively). It was observed that the
need for hemodialysis and the changes in the daily
vitamin D levels of the patients did not correlate

The fluid intake and output of the patients
recorded, including the day of
hospitalization. All patients had a positive fluid
balance. The median intake minus output in the
first 24 hours was 890 cc (5-4,500), the following
days it was 1620 cc (20-3,300), 720 cc (50-
2,800) and 1010 (20-1,800), respectively. It was
revealed that the daily fluid balance of the
patients did not correlate with the daily vitamin D

were

(p=0.56).

Table 1. Patient characteristics.

Age, years (mean £ SD)
APACHE II (mean £ SD)
SOFA on admission (mean + SD)
SOFA on 3rd day (mean £ SD)
On admission
1%t Day
2" Day
3" Day
Albumin, g/dL (mean £ SD)
On admission
3" Day
Ca (corrected), mg/dL (mean £SD)

25 (OH) D, ng/mL
Median (min, max)

Table 2. Vitamin D levels across days.

25(0H)D Minimum
On Admission 5.0
1t Day 5.1
2" Day 5

3 Day 5

* Analyzed using the Friedman test.

levels (Table 5).

All patients (n=31)

70.1+13.8 CRP (mg/dL) On admission

22.5+7.2 Median (min, max) 3rd Day

11.9+3.05 Procalcitonin (ng/dL) On admission

12.8+5.2 Median (min, max) 3rd Day

8.52 (5-37) Diuretic therapy, n (%)

8.95 (5.1-39) Inotropic therapy, n (%)

8.45 (5-41) On admission

8.85 (5-42) Fluid Balance (cc) 1st Day
(median (min, max)) 2nd Day

2.57 £ 0.58 3rd Day

2.46 £ 0.45 Hemodialysis, n (%)

8.9+1.12

Table 3. CRP, procalcitonin and albumin changes.

Albumin, g/dL
CRP, mg/dL

Procalcitonin, ng/mL

Maximum Median Interquartile ratio (25-75)
37 8.52 (5.8-24)
39 8.95 (5.65-22.2)
41 8.45 (5.45-20.85)
42 8.85 (5.48-20.2)
On Admission 3 day
2.57 £0.58 2.46+0.45
101 (3-459) 58 (1-248)
1.2 (0.03-100) 0.375 (0-50)

Table 4. Results of correlation analysis of vitamin D with albumin, CRP and procalcitonin.

Albumin (Admission - 3 day)
CRP (Admission - 3™ day)
Procalcitonin (Admission — 3 day)
Albumin (Admission - 3™ day)

25(CH)D
r P
-0.252 0.179
0.352 0.061
-0.096 0.610

1.2 (0.03-100)
0.4 (0-50)

1.2 (0.03-100)
0.4 (0-50)

6 (%19.3)

15 (%48)

890 (50-4,500)
1620 (20-3,300)
720 (50-2,800)
1010 (20-1,800)
5 (%16)

P value

0.553%*

P value
0.197
0.007
0.01
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Table 5. Results of correlation analysis of vitamin D with fluid balance of patients over days.

25(0H)D 1% Day

Fluid balance r p
1t Day -0.138 0.32
2" Day
3 Day
Discussion
In this study, critically ill patients were

evaluated for changes in vitamin D levels in the
early days of critical illness and whether
hyperinflammation or fluid balance had an effect
on vitamin D levels. However, in our study group,
vitamin D levels were found to be stable over the
first three days. The findings of our study oppose
the opinion that hyperinflammation or daily fluid
balance may affect vitamin D levels in critically ill
patients.

When values between 21-29 ng/mL are
defined as vitamin D insufficiency and values
below 20 ng/mL as vitamin D deficiency; studies
have reported a high rate of vitamin D deficiency
in critically ill patients [15]. In a study of 130
patients by Arnson et al., 82% of critically ill
patients admitted to ICU had vitamin D deficiency
and their average vitamin D level was 14.04+6.9
ng/mL [16]. In addition, it has been demonstrated
that vitamin D levels decrease over time because
of insufficient intake or replacement, lack of
ultraviolet B (UVB) rays, malnutrition, decreased
l-alpha hydroxylation, and
conversion of 25 hydroxyvitamin D to 1.25
dihydroxyvitamin D in tissues [16]. Similarly in
our study, most critically ill patients had vitamin
D deficiency on admission. However, in our study,
it was aimed to monitor early vitamin D levels, so
information on the long-term progress of vitamin
D levels was lacking. Vitamin D deficiency in
critically ill patients was described approximately
twenty years ago in hypocalcemic patients. In
recent studies, vitamin D deficiency has also been
documented in normocalcemic critically ill
patients, and it has been shown that vitamin D
deficiency may have consequences other than
hypocalcemia in critically ill patients [15,17]. In
our study, none of the patients were hypocalcemic
on admission.

increase in the

25(0H)D 2™ Day 25(0H)D 3™ Day

r p R p
-2.64 0.264 -0.042 0.268
-0.150 0.65 -0.121 0.62
-0.134 0.13

Zella et al. hypothesized that changes in
serum levels of albumin and VDBP (Vitamin D
Binding Protein) may affect vitamin D levels, but
they could not reveal a significant difference,
similar to our findings [18]. In a study conducted
by Krishnan et al., it was revealed that there was
a rapid change in albumin levels due to the
hemodilution effect in the early period and that
vitamin D transiently but
significantly and simultaneously [13]. It was
stated that this effect might be related to the
decrease in VDBP levels due to dilution. In a study
conducted by Bikle et al., it was revealed that
VDBP concentrations were higher than 25(0OH)D
levels, and VDBPs have a very high affinity for
vitamin D metabolites, therefore decreasing VDBP
levels may decrease total dihydroxyvitamin D
levels but not affect free levels [19]. In our study,
no significant difference was found between the
changes in the percentage of albumin and vitamin
D between the admission and 3rd days of the
patients. If it is considered that intensive fluid
support is given in patients admitted to ICUs,
vitamin D levels would be expected to decrease
due to dilution. As a matter of fact, vitamin D
levels measured immediately after acute fluid
loading during the operation were found to be
significantly low in patients who underwent
coronary bypass on 19 patients [13]. However, in
this study, hemodilution had caused a decrease in
the level of vitamin D measured at the fifth minute
of acute fluid loading. However, in the twenty-
fourth hour measurements, it was observed that
the vitamin D level did not change significantly
compared to basal. Both our study and this study
revealed that the effect of hemodilution is not
lasting over days.

levels decreased

The recommended daily dose of vitamin D
(cholecalciferol) to protect bones is 600 IU for
ages 19-70, 800 IU for ages 71 and older [20] and
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higher daily intake in the elderly and people at
other risk for vitamin D deficiency, and 200
IU/day should be supplemented in patients
receiving TPN [21]. In our study, all of our
patients received enteral nutritional support after
their clinical condition was stabilized, and patients
with a daily calorie requirement of 1,500 kcal
received 432 IU vitamin D through commercially
available enteral products. In a study involving 22
patients by Van den Berghe et al., 500 IU of
vitamin D was administered daily, and vitamin D
levels remained low despite this supplementation
[22]. Based on this information, higher doses of
vitamin D deficiency treatment may suggested in
critically ill patients. In the ESPEN (European
Society for Clinical Nutrition and Metabolism)
guideline published on nutrition of patients in
ICUs, the recommendation grade is 0, but a single
dose of 500,000 IU vitamin D replacement is
recommended for patients with a vitamin D level
below 12.5 ng/mL one week after admission to
ICU [23]. A meta-analysis of 18 randomized
controlled trials involving patient
groups demonstrated that adequate vitamin D
supplementation led to a 7%
mortality [24].

noncritical

reduction in

There is no common opinion about vitamin D
supplementation in critically ill patients. One of
the reasons for this, and most importantly, is that
the threshold value for the definition of vitamin D
deficiency in critically ill patients is yet to be
determined. Secondly, there are suggestions that
a single measurement may not be enough
because fluctuations that can be seen in critically
ill patients and hence, it has been argued that
repeated measurements are more valuable in
determining the vitamin D level [13]. In our
study, it was observed that there was no
statistically significant difference between the
vitamin D levels in the repeated measurements of
the patients on the day they were admitted to the
ICU and during the following three days.

Krishnan et al. evaluated whether acute fluid
changes affected vitamin D levels or not [13]. In
their study, they hypothesized that critically ill
patients are mostly hypotensive and hypovolemic,
and large volumes of fluid that are loaded after
admission to ICU may lower vitamin D levels due

to hemodilution effect. They studied

cardiopulmonary bypass surgery patients, since a
standard fluid loading is performed during the
procedure and this group would be an ideal group
to demonstrate the effect of acute fluid loading on
vitamin D levels. The patients' vitamin D levels
were measured five minutes before surgery, five
minutes after the start of the surgery
(immediately after a large volume of fluid was
loaded), on returning to ICU after the operation,
24 hours and five days after the operation. A
significant decrease with 35% was detected in
vitamin D levels taken after fluid loading during
the operation. Although the fluid balance of the
patients stabilized on the fifth postoperative day,
vitamin D levels were not significantly different
between admission levels, 24" hour and
postoperative fifth day. In our study, it was
observed that all of the patients had a positive
balance during the first 3 days of their stay. No
significant difference was found in vitamin D levels
across days when compared with the time of
admission. The results of these two studies
support the finding that vitamin D levels are
relatively stable over time unless there is
immediate fluid loading.

In our study, it was also studied whether
acute changes in inflammation markers were
related to changes in vitamin D levels in the early
period of critical
monitored with CRP and procalcitonin levels. A
significant decrease in CRP and procalcitonin
levels was observed during the three days.
However, there was no significant correlation
between vitamin D changes and CRP and
procalcitonin changes.

illness. Inflammation was

One of the limitations of our study is that it
was conducted in a small number of patient
groups. Another limitation of the study is that it is
a single center study. In addition, since there was
no long-term patient follow-up in the study, no
data could be presented on the long-term
fluctuations related to vitamin D levels.

Conclusion

In conclusion, the results of
measurements of vitamin D levels in this study
suggest that vitamin D levels do not fluctuate
significantly over time and are not affected by
inflammation severity, albumin-protein levels,

repetitive
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and daily fluid balance. As well, considering the
extent of vitamin D deficiency, it is clear that early

replacement therapy may be required in patients
admitted to ICUs.
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