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Ischemia-modified albumin level in vitamin D deficiency

Vitamin D is a lipid-soluble vitamin, and its main function is 
to facilitate calcium absorption from the intestines. Through 

acting on calcium and phosphorus metabolism, vitamin D also 
regulates bone metabolism [1, 2]. Following dietary intake or 
its synthesis in the skin upon exposure to sunlight, vitamin D 
is transported to the liver. The first hydroxylation step occurs in 
the liver at the carbon atom 25 position, forming 25(OH)D. This 
is the main circulating metabolite of vitamin D, and its serum 
concentration is regarded as an indicator of the vitamin D status 
of the body [3]. 

Although the main function of vitamin D is the regulation of cal-
cium and phosphorus metabolism and balancing bone metab-

olism, recent studies have suggested that vitamin D has other 
previously unknown roles as well. Among these new roles, pro-
viding beneficial effects to cardiovascular functions through 
acting on the vascular smooth muscle cells, myocardium, and 
endothelium is quite significant [2]. A reduced level of vitamin 
D is associated with increased cardiovascular mortality [4]. Fur-
thermore, vitamin D plays a key role in the prevention of some 
cancer types, including colon, prostate, and lung cancer; au-
toimmune diseases, like multiple sclerosis, type 1 diabetes mel-
litus, and Crohn's disease; metabolic syndrome; and infectious 
diseases, such as tuberculosis [5, 6]. 

The association between vitamin D and extra-skeletal patholo-
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gies may involve inflammation and changes in oxidative stress. 
There are studies in the literature related to the antioxidant 
properties of vitamin D [7]. Nonetheless, the effect of vitamin 
D supplementation on the oxidant-antioxidant balance is not 
clearly understood. The anticancer effect of vitamin D has been 
associated with its antioxidant property [8]. 

Among recently discovered cardiac markers, ischemia modified 
albumin (IMA) stands out as one of the earliest indicators of is-
chemia. Free radicals that form during the ischemic state cause 
alterations in the serum albumin. This altered form of albumin, 
which loses its ability to bind to metals such as cobalt, is called 
IMA [9]. The concentration of this temporarily altered molecule 
can be measured using a method based on an assessment of 
cobalt-binding capacity [10]. Initially proposed as a promising 
marker of myocardial ischemia, IMA has also been accepted as 
a marker of oxidative stress in non-cardiac pathologies as well, 
since it is also affected by pathologies of other organ systems 
[11].

In the present study, the IMA concentration in samples with 
various levels of vitamin D were examined to determine the an-
tioxidant properties of vitamin D and possible oxidative stress 
development in vitamin D deficiency. 

Materials and Methods 

A total of 80 serum samples requested by clinicians and ana-
lyzed by the laboratory for the level of 25(OH)D were randomly 
selected and separated according to the concentration of 
25(OH)D. The IMA level in the remainder of the serum sample 
was analyzed. There were 4 groups according to the serum 
25(OH)D vitamin level: Group 1 comprised patients with se-
vere vitamin D deficiency [25(OH)D level ≤10 ng/mL], Group 2 
consisted of patients with vitamin D deficiency [25(OH)D level 
10-20 ng/mL], Group 3 was made up of patients with vitamin 
D insufficiency [25(OH)D level 20-30 ng/mL], and patients with 
sufficient vitamin D [25(OH)D level ≥30 ng/mL] were assigned 
to Group 4 [12, 13]. Each group consisted of 20 patient samples. 
The patients’ clinical and descriptive information was retrieved 
retrospectively from the hospital information system. Patients 
who used any medication or antioxidant supplement or who 

had any disease that could affect oxidative status were ex-
cluded from the study.
The blood samples were processed into clot-activator tubes 
containing gel (BD Vacutainer SST II Advance, 5 mL, 13x100mm, 
catalogue number 367955; Becton Dickinson and Co., Franklin 
Lakes, NJ, USA) and centrifuged at 1500 g for 10 minutes to sep-
arate the serum from the blood clot. Serum 25(OH) D measure-
ments were performed using a chemiluminescence immunoas-
say on an Advia Centaur XP analyzer (Siemens Healthineers, 
Erlangen, Germany). The intra-assay and inter-assay coefficients 
of variation (CV) for the 25(OH)D test were below 8% and 12%, 
respectively. The left-over serum samples were stored at -20-
°C. The serum IMA level was analyzed spectrophotometrically 
at 470 nm using the cobalt-binding assay described by Bar-Or 
[14] within a week. The results were expressed in absorbance 
units (ABSU). The intra-assay CV for 2 different levels (mean±SD: 
0.484±0.006 and 0.647±0.006) was 1.23% and 0.92%, respec-
tively [15].
IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Ar-
monk, NY, USA) was used for all statistical analyses. Normality 
assessment in each group was performed using the Shapiro-
Wilks test. Since all data fit into normal distribution, statistical 
analyses were done using parametric tests. The significance of 
differences in numerical parameters (age, IMA level) between 
groups was tested with one-way analysis of variance and the 
Tukey test was applied as a post hoc test, since the variations 
were homogeneously distributed. The significance of differ-
ences in a categorical parameter (gender) was analyzed with 
a chi-square test. The correlation between serum 25(OH)D and 
IMA level in the whole study sample (n=80) was analyzed with 
Pearson's correlation test. P values less than 0.05 were consid-
ered significant.

Results

Table 1 summarizes the age, gender, and IMA level of the pa-
tients. There was no significant difference between groups in 
respect to the distributions of age and gender (p=0.688 and 
p=0.666, respectively). With regard to the serum IMA level, there 
was a statistically significant difference in the comparisons of 
Groups 1 and 3, Groups 1 and 4, and Groups 2 and 3 (p=0.001, 

Table 1. Distribution of age, gender and IMA values across the patients

 Group 1 Group 2 Group 3 Group 4 P value
 severe vitamin vitamin D vitamin D sufficient
 D deficiency deficiency insufficiency vitamin D
 (≤10 ng/mL) (10-20 ng/mL) (20-30 ng/mL) (≥30 ng/mL)

Male/female (n) 7/13 7/13 4/16 7/13 0.666
Age (years) 44±26 44±26 52±19 44±26 0.688
IMA (ABSU) 0.541±0.082 0.515±0.059 0.438±0.085 0.467±0.102 0.001*

IMA: Ischemia-modified albumin.
Age and IMA values are expressed as mean±SD.
*Significance of differences between the groups was tested with one-way analysis of variance and a chi-square test. P value <0.05 was considered significant.
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p=0.032, and p=0.022, respectively). No significant difference 
was found in other comparisons of the groups (Fig. 1). There 
was a weak negative correlation between serum 25(OH)D and 
IMA level (r= -0.346; p=0.002) (Fig. 2). 

Discussion

Currently available methods for 25(OH)D measurement in-
clude immunoassays, high performance liquid chromatogra-

phy (HPLC), and liquid chromatography-mass spectrometry 
(LC-MS). LC-MS is regarded as the gold standard. Although 
HPLC appears superior due to its ability to distinguish vitamin 
D derivatives as well as the wide range of detection and lower 
cost per test, it requires more complex sample preparation 
steps and trained personnel. Therefore, immunoassays are 
most often used for routine measurements despite providing 
lower values and the inability to distinguish vitamin D deriva-
tives. Immunoassay test results can be affected by the proper-
ties of different antibodies used by manufacturers [16].

Although a consensus has been achieved to measure the 
25(OH)D level in order to determine vitamin D status in the 
body, there is still controversy about what level should be ac-
cepted as sufficient. For bone health, a 25(OH)D level of 20 ng/
mL or greater is thought to be sufficient and a level less than 
20 ng/mL is considered to reflect vitamin D deficiency. How-
ever, when considering the extra skeletal functions of vitamin 
D through receptors on various organs other than bone, 30 
ng/mL is the threshold for sufficient vitamin D [17]. A level of 
25(OH)D below 30 ng/mL has been associated with reduced 
intestinal calcium absorption and an increased PTH release 
that is inversely correlated with the reduced calcium absorp-
tion. Therefore, a vitamin D level between 20 ng/mL and 30 
ng/mL has been defined as relative deficiency or partial suffi-
ciency, whereas 30 ng/mL or higher has been deemed a suffi-
cient level [18]. 

Vitamin D deficiency has been shown to cause oxidative 
stress, and vitamin D supplementation has been associated 
with improvement in both glucose homeostasis and oxidative 
stress [19]. Vitamin D level lower than 30 ng/mL has also been 
associated with reduced velocity of coronary blood flow, en-
dothelial dysfunction, and subclinical atherosclerosis [20]. Vi-
tamin D level lower than 20 ng/mL was detected in obese chil-
dren with increased oxidative/nitrosative stress, markers of 
inflammation, and endothelial activation [21]. Similar studies 
have indicated that perhaps vitamin D deficiency contributes 
to oxidative imbalance by inducing inflammatory processes 
[22]. It has been emphasized that vitamin D demonstrates 
an antioxidant effect by inhibiting the expression of nicoti-
namide adenine dinucleotide phosphate oxidase and by in-
ducing the synthesis of various molecules in the antioxidant 
defense system, such as glutathione, glutathione peroxidase, 
and superoxide dismutase, in the prevention of chronic dis-
eases [7]. It has been suggested that the antioxidant effect of 
vitamin D may be partially due to binding to the vitamin D 
receptor, which is a nuclear receptor [23, 24]. In the literature, 
it has been demonstrated that vitamin D in mature erythro-
cytes had an important antioxidant role [25], and that it could 
be like a direct antioxidant via stabilizing and protecting the 
membrane from lipid peroxidation through the hydrophobic 
portions of vitamin D [26]. The antioxidant effect of vitamin D 
was even stronger than that of vitamin E, beta-estradiol, and 
melatonin in an in vitro experiment [27]. 

Chandrashekar et al. [28] measured the IMA level to evaluate 

Figure 1. IMA levels across the groups. Significant differences 
between the IMA levels of the groups were tested with the Tukey test 
as a post hoc test. IMA: Ischemia-modified albumin.
*P value=0.032 for Group 1 vs. Group 4
**P value=0.001 for Group 1 vs. Group 3
***P value=0.022 for Group 2 vs. Group 3
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Figure 2. Correlation between IMA and 25-OH vitamin D. The solid 
and dashed lines in regression graphs represent the regression line 
and its confidence intervals, respectively.
25(OH)D: 25-OH vitamin D; IMA: Ischemia-modified albumin.
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oxidative stress in patients with psoriasis, and they observed 
that the vitamin D level decreased with an advancing inflam-
matory state, while the level of high-sensitivity C-reactive pro-
tein and IMA increased. Baser et al. [2] reported that the total 
antioxidant level decreased as IMA, total oxidant status, and 
fibrinogen levels increased in patients with a vitamin D defi-
ciency (<20 ng/mL) in comparison with healthy individuals 
(>30 ng/mL). 

We observed similar results in the IMA level in individuals cat-
egorized into 4 groups based on the 25(OH)D levels. The mean 
IMA level in the group with severe vitamin D deficiency was 
0.541±0.082 ABSU. This is quite a bit higher than 0.339±0.093 
ABSU, the reference value recommended for the Turkish pop-
ulation [29]. The mean IMA was also quite high in the group 
with vitamin D deficiency, at 0.515±0.059 ABSU [29]. The mean 
IMA level in both Group 1 and Group 2, which were defined as 
severe vitamin D deficiency and vitamin D deficiency, respec-
tively, was found to be significantly higher than that of Group 
3, which was defined as insufficiency (Group 1: 0.541±0.082 
ABSU, Group 2: 0.515±0.059 ABSU, Group 3: 0.438±0.085 
ABSU), This suggests that a vitamin D level below 20 ng/mL 
is associated with oxidative stress, with a quite pronounced 
state of oxidative stress at levels below 10 ng/mL. The fact 
that there was a weak negative correlation between 25(OH)
D and IMA supports the hypothesis that vitamin D is protec-
tive against oxidative stress. Similarly, Baser et al. [2] observed 
a negative correlation between vitamin D level and IMA (r=-
0.500; p<0.001).

Our study also yielded another result that we did not en-
counter in previous studies. In Group 4, the vitamin D suffi-
ciency group, the IMA level was higher compared with Group 
3, the insufficiency group (0.467±0.102 vs. 0.438±0.085), al-
though the difference was not statistically significant. More-
over, the reduction in the IMA level in Group 4 was not statis-
tically significant when compared with the deficiency group 
(Group 2). However, when compared with patients with severe 
vitamin D deficiency (Group 1), the reduced IMA level in Group 
4 was statistically significant. Based on these results, Group 3, 
the vitamin D insufficiency group, appears to be in better con-
dition than Group 4, the vitamin D sufficient group, in terms of 
protection against oxidative stress through the action of vita-
min D. Although vitamin D is thought to be protective against 
oxidative stress, the fact that the IMA level showed a tendency 
to increase with a higher level of vitamin D prompts an inquiry 
about whether higher levels of vitamin D have a pro-oxidant 
effect or not. A possible explanation may be that increased 
levels can trigger inflammation through overstimulation of 
the receptors. If this is the case, ideal levels of vitamin D need 
to be investigated, and it should be ascertained whether over-
supply of this vitamin would be hazardous rather than having 
a protective effect. Due to the sensitivity and importance of 
vitamin D level, cut-off values should be be verified.

In conclusion, the IMA level was elevated in severe vitamin D 
deficiency and vitamin D insufficiency due to increased oxida-

tive stress resulting from inadequate anti-oxidant function of 
vitamin D. On the other hand, unexpectedly, the IMA level in 
the vitamin D sufficient group was higher than that seen in 
the insufficient group. We think a possible explanation for this 
result may be that as vitamin D levels rise, it has a pro-oxidant 
effect, or triggers inflammation and causes oxidative stress. If 
this hypothesis is confirmed with future studies, it may be ap-
propriate to reconsider sufficient levels of 25(OH)D, and per-
haps appraise serum 25(OH)D levels between 20 and 30 ng/
mL as sufficient. In that case, it may be necessary to avoid high 
dose vitamin D supplementation, and bring acceptable levels 
of vitamin D to much lower than the toxic levels. 
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