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Ischemia modified albumin: A potential 
marker for global metabolic risk in genera-
lized anxiety disorder and panic disorder 
İskemi modifiye albumin: Yaygın anksiyete bozukluğu ve panik bozuklukta-
ki genel metabolik risk için potansiyel bir belirteç

SUMMARY  
Objective: Ischemia modified albumin (IMA) is an 
altered type of albumin produced due to exposure to 
hypoxia, acidosis, inflammation, or oxidative stress. In 
this study, we aimed to evaluate the serum IMA levels in 
newly diagnosed and medication-naive generalized an-
xiety disorder (GAD) and panic disorder (PD) patients. 
Method: This cross-sectional study included medication-
naive 23 GAD, 25 PD patients, and 28 healthy controls. 
The participants were evaluated with a sociodemograp-
hic form, the Beck Depression Inventory (BDI), and the 
Beck Anxiety Inventory (BAI). Venous blood samples 
were collected from all participants, and IMA levels and 
routine biochemical parameters were measured. 
Results: There was no statistically significant difference 
between three groups in terms of age, gender, body 
mass index (BMI) and routine biochemical markers of the 
participants (p>0.05). The GAD and PD groups had sig-
nificantly higher serum IMA levels than healthy controls 
(p<0.01), whereas there was no statistically significant 
difference in IMA levels between GAD and PD groups 
(p=0.994). Additionally, correlation analysis showed a 
positive correlation between IMA levels with BDI and BAI 
scores (r=0.449 and r=0.632, respectively, 
p<0.001).Discussion: Higher IMA levels in patients with 
GAD and PD may indicate metabolic stress on these 
patients. Anxiety disorders may tend to various bioche-
mical disturbances, and IMA could be an important new 
marker that indicates global metabolic risk in such 
patients. This research is the first study that evaluates 
IMA levels in anxiety disorders. 
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ÖZET 
Amaç: İskemi modifiye albümin (İMA), hipoksi, asidoz, 
inflamasyon, oksidatif stres sonucu üretilen modifiye bir 
albümin türüdür. Bu çalışmada, yeni tanı alan ve daha 
önce ilaç kullanmamış yaygın anksiyete bozukluğu (YAB) 
ve panik bozukluk (PB) hastalarında serum İMA düzey-
lerinin değerlendirilmesi amaçlanmıştır. Yöntem: Bu 
kesitsel çalışmaya, daha önce ilaç kullanmamış 23 YAB, 
25 PB hastası ve 28 sağlıklı kontrol dahil edildi. 
Katılımcılar sosyodemografik veri formu, Beck Depresyon 
Ölçeği (BDÖ) ve Beck Anksiyete Ölçeği (BAÖ) ile 
değerlendirildi. Tüm katılımcıların serum İMA düzeyleri 
ve rutin biyokimyasal parametreleri ölçüldü. Bulgular: 
Katılımcıların yaş, cinsiyet, vücut kitle indeksi (VKİ) ve 
biyokimyasal belirteçleri açısından gruplar arasında 
istatistiksel olarak anlamlı fark yoktu (p> 0.05). Serum 
İMA düzeyleri YAB ve PB gruplarında sağlıklı kontrollere 
göre anlamlı olarak daha yüksekken (p <0,01), YAB ve PB 
grupları arasında İMA düzeyleri açısından istatistiksel 
olarak anlamlı fark yoktu (p = 0,994). Korelasyon analiz-
lerinde, İMA düzeyleri ile BDÖ ve BAE puanları arasında 
pozitif korelasyon saptandı (sırasıyla r = 0.449 ve r = 
0.632, p <0.001). Sonuç: YAB ve PB hastalarındaki yük-
sek İMA seviyeleri, bu hastalardaki metabolik stresi 
gösterebilir. Anksiyete bozukluklarında çeşitli 
biyokimyasal bozukluklar görülebilmektedir. İMA, bu 
hastalarda genel metabolik riski gösteren önemli bir yeni 
belirteç olabilir. Bu araştırma, anksiyete bozukluklarında 
İMA düzeylerini değerlendiren ilk çalışmadır. 
 
Anahtar Sözcükler: İskemi modifiye albumin, yaygın 
anksiyete bozukluğu, panik bozukluk
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INTRODUCTION  

Anxiety disorders are a group of psychiatric disor-
ders defined by excessive worry, fear, and hyper-
arousal that cause clinically significant distress, 
impairment in functioning, and loss of life quality. 
They are among the most common psychiatric di-
sorders with a heterogeneous spectrum of clinical 
manifestations and various levels of severity (1). 
The lifetime prevalence is estimated between 4.3-
5.9% for generalized anxiety disorder (GAD) (2) 
and 1.1-4.7% for panic disorder (PD) (3). 
Various explanations of the etiopathogenesis for 
the anxiety disorders emerged. Diverse social, 
genetic, cognitive, behavioral, and biological stu-
dies revealed that GAD and PD share heteroge-
neous pathophysiological mechanisms. Recently, 
accumulating evidence suggests that oxidative 
stress, inflammation and neuroendocrine abnor-
malities are among the critical underlying biologi-
cal mechanisms in the etiopathogenesis of these 
disorders (4, 5). Metabolic stress that exceeds the 
capacity of the balance mechanisms may damage 
cellular components such as proteins, lipids, carbo-
hydrates and nucleic acids (6) and leads to neu-
ronal damage, which results in various diseases, 
including psychiatric disorders (7-9). 
Ischemia modified albumin (IMA) is considered as 
a novel serum biomarker that implicates systemic 
metabolic stress in circulation (10). The N-termi-
nus of serum albumin has the ability to bind transi-
tional metals such as cobalt, iron, copper, and nic-
kel and acts as a vital antioxidant and protective 
molecule in the blood (11). The N-terminus is 
prone to be modified by reactive oxygen species 
due to metabolic stress such as inflammation, 
hypoxia, acidosis, free radicals, and free iron. The 
albumin N-terminus residue's damage gives rise to 
a reduction in its binding capacity to those metal 
elements (12). Serum IMA level has already been 
used as an important marker for myocardial 
ischemia (13). However, it was revealed in different 
studies that serum IMA levels increased not only in 
systemic diseases such as coronary artery disease, 
diabetes, obesity (14-16) but also in psychiatric di-
sorders such as schizophrenia, bipolar disorder, 
and depression (17,18). 

To our knowledge, no study in the literature inves-
tigated the IMA levels in anxiety disorders. 
Besides, medications may interfere with the mea-
surement of IMA by binding albumin molecules. 
Even though albumin is not directly modified by a 
medication, it may lose its affinity to bind cobalt 
ions through the indirect action of some certain 
medications. Therefore, in this study, we aimed to 
evaluate serum IMA levels in newly diagnosed and 
medication-naive patients with PD and GAD. 
METHODS 
This research is a cross-sectional, single-centered 
study. The patient groups consisted of 23 GAD 
patients and 25 PD patients who were between the 
ages of 18-65 years, medication-naive, and newly 
diagnosed according to the Diagnostic and 
Statistical Manual of Mental Disorders-5 (DSM-5) 
criteria at the psychiatry outpatient clinic of the 
hospital. The control group included age, gender, 
and body mass index (BMI) matched 28 healthy 
individuals who had no medical diseases or psychi-
atric disorders. Alcohol users, smokers, obese indi-
viduals (BMI>30), and those who had any comor-
bid chronic disease, psychiatric disorder, history of 
acute infection in the last two months, or who used 
any medication or herbal and vitamin supplements 
were excluded from the study. 
In the clinical assessment, the socio-demographic 
data were collected with a form prepared by the 
researchers. The Beck Depression Inventory (BDI) 
and Beck Anxiety Inventory (BAI) were adminis-
tered to all participants. The BDI is a 17-item self-
report scale developed by Beck to evaluate the 
symptoms and severity of depression (19). The 
Turkish validity and reliability studies of BDI were 
performed (20). The BAI is a 21-item self-report 
scale that assesses anxiety symptoms of an individ-
ual (21). The Turkish validity and reliability study 
of the scale was performed by Ulusoy et al. (22). 
Both tests are Likert-type scales, and each item is 
evaluated with a score between 0 and 3.  
The study's approval was granted by the 
Institutional Ethics Committee (no:26379996/16, 
date:18.01.2017), and written informed consent was 
obtained from all participants before study partici-
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pation. 
Measurement of biochemical and oxidative stress 
parameters 
Venous blood samples were drawn from all partici-
pants into EDTA tubes. The blood samples were 
centrifuged at 1800g for 10 minutes, and the 
obtained serum samples were stored at -800C until 
the day of biochemical analysis. Biochemical analy-
sis was conducted when the samples were dissolved 
after being kept at +4°C for 12 hours. From the 
collected samples, hemogram, liver, kidney and 
thyroid function test, serum albumin and ferritin 
levels were measured. 
Serum IMA levels were evaluated by a manual col-
orimetric assay described by Bar-Or et al.based on 
the measurement of the cobalt binding ability of 
the serum albumin (13). 50 μL of % 0.1 cobalt chlo-
ride (CoCl2.6H2O) was gently added to 200 μL of 
patient serum and waited 10 minutes in the dark to 
ensure adequate cobalt-albumin binding. Then 50 
μL of dithiothreitol (DTT) (1.5 mg/mL H2O) was 
added to the serum as a colorizing agent. In order 
to stop the chemical reaction, 1.0 mL of 0.9% NaCl 
was added to the solution after two minutes. The 
blank tubes were prepared for each sample similar-
ly without DTT addition. The absorbance of the 
solutions was measured with a spectrophotometer 
at 470 nm. The IMA concentration was then 
obtained by the difference between the samples 
with and without DTT and reported in absorbance 
units (ABSU). 
Statistical analysis 
Variables were reported as means±standard devia-
tions (sd) or frequencies (%). The normally dis-

tributed continuous variables were compared with 
the one-way ANOVA test. For multiple compar-
isons, post-hoc Tukey tests were used since all vari-
ances were homogeneous in the Levene’s Test for 
Homogeneity of Variances. For the categorical 
variables, Pearson’s chi-square test was used. 
Correlations between continuous variables were 
tested by bivariate Pearson’s correlation analysis, 
while η (eta) correlation coefficient was used to test 
the correlation between continuous and categorical 
variables. A priori power analysis was performed to 
determine sample size for detecting a difference 
between the groups at an effect size of f=0.40 in 
IMA measurement based on the one-way ANOVA 
analysis (α=0.05, power=0.80). The analyses were 
performed using the Statistical Package for Social 
Sciences 25.0 for Windows (SPSS, IBM Inc., 
Armonk, NY / USA). A p-value of <0.05 was con-
sidered statistically significant. 
RESULTS 
A total of 23 GAD patients, 25 PD patients, and 28 
healthy controls were included in the study. Table 1 
shows the general demographic characteristics and 
psychometric test scores of both patient groups and 
healthy controls. There was no statistically signifi-
cant difference between groups in terms of age, 
gender, and BMI of the participants (p>0.05). 
When BDI and BAI scores were considered, signi-
ficant differences between groups were observed 
(p<0.001). Based on the post-hoc multiple com-
parisons tests, BDI and BAI scores of the GAD 
and PD groups were statistically significantly hig-
her than the control group (p<0.001). However, 
there was no statistically significant difference 
between the GAD and PD groups in terms of BDI 
and BAI scores. 
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The biochemical variables and IMA levels of the 
patient groups and healthy controls are presented 
in Table 2. There was no statistically significant dif-
ference in the liver, kidney, and thyroid function 
tests, albumin and ferritin levels between the 
groups (p>0.05). When IMA levels were compared 
between the three groups, the post-hoc test showed 
that GAD and PD groups had significantly higher 
IMA levels than healthy controls (p<0.001). 
Nevertheless, there was no statistically significant 
difference in IMA levels between the GAD and PD 
groups (p=0.994). 
Further correlation analyses were conducted to 
evaluate the association between IMA versus age, 
gender, BMI, serum albumin, ferritin, BDI, and 
BAI scores. As shown in Table 3 and Figure 1, sta-
tistically significant positive correlations were 
observed between IMA levels and BDI scores 
(r=0.449, p<0.001) and BAI scores (r=0.632, 
p<0.001)(Figure 1). No other significant correla-
tion was detected between IMA levels and other 
biochemical variables (p>0.05). 

DISCUSSION 
This study revealed that GAD and PD patients had 
significantly higher serum IMA levels than healthy 
controls. In correlation analysis, serum IMA levels 
were correlated with the severity of anxiety in all 
groups. To our knowledge, this is the first study to 
investigate serum IMA levels in anxiety disorders. 
The neurons are highly vulnerable to hypoxia, aci-
dosis, and oxidative stress since the brain's oxygen 
consumption is high, and the brain has relatively 
limited defense mechanisms (23). The increase in 
oxidant load and hyperactivation of pro-inflamma-
tory pathways trigger cellular apoptosis and cause 
cellular destruction and neuronal loss (4). It has 
been suggested that emotional stress can induce 
the production of reactive oxygen species (ROS) 
and thus cause neuroinflammation. Additionally, it 
is also showed that neuroinflammation and oxida-
tive stress might contribute to anxiety-like behav-
iors in animal models (24). 
Many studies investigating inflammation and 
oxidative stress in anxiety disorders showed concur-
rent results about the role of neuronal loss due to 
ROS and pro-inflammatory molecules in the 
pathophysiology of these disorders. It is stated that 
the total oxidant load is increased, and various 
antioxidant molecules are decreased in anxiety di-
sorders such as GAD, PD, and social phobia (25-
27). In studies investigating specific oxidative stress 
mechanisms, it was revealed that the malondialde-
hyde (MDA) level, a lipid peroxidation end-pro-
duct, was higher in anxiety disorders compared to 
healthy controls (26,28). In another study, it was 
shown that thiol-disulphide homeostasis, which 
referred to thiol groups' role in albumin, glu-
tathione, and cysteine in oxidative balance, was dis-
rupted in GAD and PD (29). Serum xanthine oxi-



dase (XO) and adenosine deaminase (ADA) were 
found to be higher in patients with PD (30). 
Moreover, in studies examining the inflammatory 
process in anxiety disorders, anxiety was found to 
be associated with inflammation and cellular 
immunity. TNF-alpha, interleukin-6 (IL-6), CRP 
levels were increased in anxiety disorders (5, 31). 
Albumin is an essential protein with numerous 
antioxidant features. Therefore, elevated IMA le-
vels are associated with different oxidative stress 
pathways and inflammatory processes. IMA is 
accepted as a novel biomarker that indicates hypox-
ia and increased free radicals (including iron, cop-
per), inflammation, and metabolic disturbances 
such as dyslipidemia and hyperglycemia (16). It was 
proposed that increased serum IMA levels might 
be associated with metabolic disturbances in 
schizophrenia and bipolar disorder (17). In another 
study, it is argued that elevated IMA levels could 
be associated with iron-induced oxidative stress in 
patients with depression (18). Although there is a 
lack of evidence about the role of iron overload and 
other metabolic disorders in the pathogenesis of 
anxiety disorders, hypoxia and inflammation is a 
well-known factor that underlies the etiology of 
anxiety disorders. 
In some animal studies, it was revealed that hypo-
xia induces an inflammatory process in the hip-
pocampus and causes anxiogenic behaviors in rats 
(32). Production of nitric oxide (NO), known as 
both neurotransmitter and ROS, was linked to pre-
cipitation of anxiety-like behaviors after cerebral 
ischemia (33). It was also showed that a low level of 

oxygen causes escape behaviors in panic disorder 
by activating dorsal periacuaductal gray matter, a 
critical region that plays a role in autonomic func-
tions and behavioral responses to threatful stimuli 
(34). Additionally, it was reported that healthy indi-
viduals showed anxiety-specific behaviors following 
a pro-inflammatory lipopolysaccharide application 
(35).While pro-inflammatory cytokines were 
accepted to induce neuroinflammation in specific 
brain regions, they also intensify oxidative stress 
and neuronal damage (36). 
There was a positive correlation between IMA le-
vels and disease severity. There are conflicting 
results about the correlation of biochemical mar-
kers and disease severity. While many studies did 
not show any correlation between anxiety levels 
and oxidative stress markers (25,29,37), some stu-
dies identify a relationship between psychometric 
test scores and inflammatory markers (18, 38). The 
results of this study may suggest that emotional 
stress may lead to biochemical stress in the body.  
The study's cross-sectional single-centered design 
with a relatively small sample size was the main lim-
itation. Another limitation was that only a limited 
number of oxidative stress parameters were evalu-
ated in this research. Additionally, the usage of 
broader evaluation tools could make the study 
power stronger. Since the researchers did not have 
SCID training at the time that the study was 
planned, it could not be used.  Due to the outpa-
tient clinic conditions during the study, the self-
assessment tools were administered. Although 
basic variables including disease comorbidity, obe-
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Figure 1.  Partial regression plot between IMA and BDI, BAI scores.  
IMA: Ischemia modifed albumin, BDI: Beck Depression Inventory, BAI: Beck Anxiety Inventory,             
p: probability value. 



sity, smoking, and medication or supplement use of 
the participants were controlled to reduce their 
effects on oxidative balance, some other factors 
such as diet, strenuous exercise, the sleep-wake 
cycle could not be controlled. 
CONCLUSION 
In conclusion, increased serum IMA levels in GAD 
and PD patients could be considered a mark 
ofglobal metabolic disorder correlated with symp-
tom severity in anxiety disorders. Although the 
cause-effect relationship has yet to be clearly deter-
mined, inflammation and oxidative stress could 

mediate critical biochemical changes in the neu-
rons, which lead to anxiety and anxiety-specific 
behaviors.Further studies may be designed to eva-
luate which immunologic and inflammatory path-
ways are correlated explicitly with serum IMA le-
vels in anxiety disorders. 
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