
Sigma J Eng Nat Sci, Vol. 43, No. 4, pp. 1712−1719, August, 2025

Sigma Journal of Engineering and Natural Sciences
Web page info: https://sigma.yildiz.edu.tr

DOI: 10.14744/sigma.2025.00160

ABSTRACT

In this research, the effects of using lithium on biochemical factors of urinary beta-2 micro-
globulin, creatinine and urea serum in chronic bipolar patients hospitalized in Razi psychiat-
ric center are investigated. For this purpose, random sampling method was used and among 
hospitalized patients in Tehran’s Razi psychiatric center. Then 87 patients were selected and 
urinary beta-2 microglobulin tests by ELISA method, urea and blood serum by enzymatic 
method measured in 42 bipolar patients (including 18 females - 24 males) that using lithium 
and 45 bipolar patients (including 21 females - 24 males) that using drugs other than lithium. 
According to studies, lithium-treated bipolar patients have a substantially greater urine beta-
2 microglobulin concentration than individuals who are not lithium-treated (Pvale> 0.028). 
The results demonstrated that the longer time of using lithium will cause higher amount of 
urinary beta-2 microglobulin secretion (Pval > 0.027). Also, the results showed that the value 
of creatinine and urea serum were not significantly different between two groups. Finally, it 
seems that urinary beta-2 microglobulin is a better indicator than urea and creatinine serum 
to evaluate the side effects of primary kidney damages caused by lithium, and its main role in 
diagnosis of the disease requires further researches in this field.
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INTRODUCTION

One of the most important psychiatric drugs that causes 
side effects is lithium, and there is a concern that treatment 
with lithium can cause kidney problems and, in rare cases, 

dialysis of patient [1]. Therefore, psychiatrists who use this 
drug to treat bipolar patients, in order to reduce toxicities 
and drug side effects, check the blood serum lithium levels 
of patients on a monthly basis. First, kidney dysfunction in 
bipolar patients treated with lithium reported in 1970 [2,3].
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Lithium is known as the first-line treatments for the 
manic and depressive phases of bipolar disorder. It pro-
tects against depression and mania as well as being the only 
therapy known to decrease suicide risk in this patient pop-
ulation [3] with a composite measure of suicide plus delib-
erate self-harm lowered in patients receiving lithium [4,5]. 
Even with the availability of newer treatments, lithium is 
still considered the first-line treatment when prescribing 
a relapse-prevention drug in bipolar disorder. It has effi-
cacy in the prevention of both manic and depressiveepisode 
relapse or recurrence [6-10], having the most robust evi-
dence for long-term relapse prevention [11].

In one study, as we need to know about the effect of lith-
ium on the kidney stated that, lithium is a valuable drug 
in recent decades for the treatment of bipolar patients, 
although therapeutic use of lithium due to its toxicity in 
various body systems is problematic. Kidney side effects 
include polyuria, nephrogenic diabetes, proteinuria, kid-
ney tubular acidosis, and decreased kidney filtration. 
Pathologically, chronic toxicity of lithium in the kidney is 
diagnosed by interstitial nephritis with small glomerulus 
cysts. Although this toxicity is not common, but the risk 
increases with the dose of lithium usage and the duration of 
use [12-15]. In an experimental model, lithium has a protec-
tive and restorative role in proteinuria diseases. This duality 
or inconsistency may be due to the short time use or low 
dose of the drug. However, long term use and high doses of 
lithium can cause nephrotoxic agents. Short time and low 
dose of lithium usage may be a point for improving kidney 
function [9]. In Poznan, Poland, a group of 111 patients (25 
male, 76 female) who received lithium for 5-39 (mean 18) 
years regarding clinical factors associated with the prophy-
lactic efficacy of lithium was assumed. It is found a better 
effect in patients with later illness onset, no family history of 
mood disorders, and family members on prophylactic lith-
ium, as well as in women with comorbid anxiety disorders 
and men who did not abuse alcohol [10]. Recently, British 
researchers performed a meta-analysis of 71 studies with 
a total of 12,000 patients regarding clinical factors associ-
ated with quality of prophylactic lithium response. They 
identified such positive features as a mania-depression-re-
mission episode sequence, non-rapid-cycling, no psychotic 
episodes, a family history of bipolar disorder, short illness 
duration prior to lithium initiation, and later illness onset. 
Fewer episodes and hospitalizations prior to lithium treat-
ment, as well as lithium treatment in other family members 
were also described as favorable factors [16,17]. 

In a 2020 study, Nunes et al.23 assessed 1,266 lithi-
um-treated patients from seven European and Canadian 
centers. In agreement with previous results, the authors 
demonstrated that an episodic clinical course and non-rap-
id-cycling were the most significant factors for a good lith-
ium response [18-20].

Beta-2 microglobulin, is also a small molecule with a 
molecular weight of 11,800 daltons that is observable on 
the surface of human nucleated cells and in part of MHC 

calss1 (Major Histocompatibility Complex). Increased 
beta-2 microglobulin occurs in kidney malignancies, 
immune system defects and autoimmune diseases. Beta-2 
microglobulin dependence is evident in cardiac death, 
CKD and hemodialysis as well as thrombotic and vascu-
lar diseases. However, the association between MIA syn-
drome (Malnutrition, Inflammation, and Atherosclerosis) 
and beta-2 microglobulin has not been well studied [21-
24]. Therefore, the diagnosis of drug therapies’ side effects, 
especially the side effects of lithium in patients, and taking 
timely and effective measures to minimize these side effects 
in addition to reducing physical and behavioral problems, 
increases the patient’s motivation to use the drug [25-27]. 
Finally, the objective of this research is evaluating the 
effects of using lithium on biochemical factors of urinary 
beta-2 microglobulin, creatinine and urea serum in chronic 
bipolar patients hospitalized in Razi psychiatric center by 
conducting several tests on specific persons.

MATERIAL AND METHODS

Materials
This research is a retrospective or comparative scientific 

research. The statistical population of this research includes 
all patients with bipolar disorder who are hospitalized in 
different wards of psychiatric center. The sample size of this 
study is 87 patients (male and female) with chronic bipo-
lar disorder. Out of the sample number, 43 bipolar patients 
treated with lithium were randomly selected as experimen-
tal group. And 45 bipolar patients treated with drugs other 
than lithium were placed in the control group. The target 
group consisted of 24 males and 18 females and the control 
group included 24 males and 21 females. The method of 
testing conduction is as follows: 

Beta-2 Microglobulin Test 
Beta-2 microglobulin can be measured by quantitative 

luminescence and ELISA methods, we used ELISA method. 

Urea Test 
Urea can be measured enzymatically (indirectly) and 

chemically (directly). In this research, the chemical method 
has been used.

Creatinine Test
Creatinine is similar to urea can be measured in two 

methods: chemical and enzymatic methods. In this article, 
we used the chemical method (Pars test kits).

 For statistical analysis, SPSS-20 computer software was 
used and for this purpose, to test the research hypotheses 
through t-test for independent groups was used.

RESULTS AND DISCUSSION

The linear regression model that used here is also known 
as covariance analysis models. In this model, the variables 
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of gender and type of used drug are considered as the fac-
tor and the variables of age and duration of drug usage are 
considered as continuous predictor variables or urgency. 
Tables (1) to (9) demonstrate the results of fitting the lin-
ear regression model with each of the beta-2 microglobulin, 
creatinine and urea variables as response variables. 

Beta-2 Microglobulin
 In order to evaluate the variables of gender, duration of 

use, patient age and type of used drug, the amount of beta-2 
microglobulin measured and linear regression model was 
used. The variance analysis of the regression model to 
evaluate the relation between mentioned variables and the 
amount of beta-2 microglobulin in patients is shown in 
Table (1). The variance of a variable shows the amount of 
fluctuations or variability of a variable. In a homogeneous 
population where no factor affects the decrease or increase 
of beta-2 microglobulin, no variability will be observed in 
the beta-2 microglobulin variable. These factors can be gen-
der, age of the patient, duration of drug usage and type of 
drug or even other factors that have not been considered by 
the researcher. Other factors in the modeling literature are 
called error or residual factors. Therefore, in the absence of 
any effective factor on beta-2 microglobulin (factors con-
sidered in the research and error factor), the variance of this 
variable will be zero.

Table (1) demonstrates the contribution of each variable 
in increasing the variance of the response variable in the 
sum of square column. If the contribution of one factor is 
large enough compared to the contribution of other factors 
(error component), we say that the factor has a significant 

relation with the response variable, because by changing the 
response variable (increasing or decreasing it) the variance 
increases. According to the table above, the effect of drug 
type as well as the interaction effect of drug type and dura-
tion of usage is significant at the test level of 0.05. The effect 
of other factors is not significant at the test level of 0.05. 

It should be noted that the tests carried out in Table (2) 
are based on hypotheses, the most important of which are 
the assumption of variance homogeneity of the response 
variable and the normality of the error component distribu-
tion in the regression model. If either of these two hypothe-
ses is not observed, the results presented in the table above 
will not be valid. Between these two assumptions, deviation 
from the assumption that the error component is normal 
when the sample size is large enough has less effect on the 
validity of the reported results. The variance homogeneity 
hypothesis states that the variance of the error component 
is not related to any of the predictor variables in the regres-
sion model. This hypothesis can be tested by modeling the 
quadratic power of the previous regression model with the 
predictor variables shown in Table (2). If at least one of the 
predictor variables has a significant relation with the qua-
dratic power of the regression model, the assumption of 
variance homogeneity will be rejected. 

The result of variance homogeneity test is reported in 
Table (2). The null hypothesis in the hypothesis test per-
formed in this table is the variance homogeneity of the 
error component. As can be seen, the assumption of vari-
ance homogeneity at the test level of 0.05 was not rejected.

Therefore, according to the assumption of variance 
homogeneity, the results reported in Table (2) can be cited 

Table 2. Test of variance homogeneity hypothesis in regression model

Source of variations Sum of square Degree of freedom Mean of square F Probability value
Revised model 436/383 6 72/730 1/033 0/410
Error 5630/157 80 70/377
Revised total 6066/540 86

Table 1. The variance analysis of regression model for evaluating beta-2 microglobulin

Source of variations Sum of 
square

Degree of 
freedom

Mean of 
square

F Probability 
value

Power of 
the test

Type of drug 4/192 1 4/192 7/682 0/007 0/782
Gender 0/954 1 0/954 1/748 0/190 0/257
Interaction effect between drug type and gender 0/049 1 0/049 0/090 0/765 0/060
Age 0/036 1 0/036 0/067 0/797 0/057
Duration of use 0/001 1 0/001 0/001 0/994 0/050
Interaction effect between drug type and duration of use 2/766 1 2/766 5/069 0/027 0/604
Error 43/652 80 0/546
Revised total 49/421 86
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that based on the result, it was observed that the type of 
drug used as well as the interaction effect between the 
type of drug used and the duration of the use at the test 
level of 0.05 is significant. In order to determine the rela-
tion between these variables and the level of beta-2 micro-
globulin in the blood serum of patients, we will refer to the 
table for estimating the parameters of the regression model. 
Parameters estimation of this regression model is reported 
in Table (3). In this test table, the hypothesis related to each 
of the model parameters is reported in two methods, para-
metric and non-parametric. The non-parametric tests were 
performed using the Bootstrap re-sampling algorithm. 
Bootstrap algorithm is a non-parametric method based 
on data re-sampling to estimate the analysis distribution 
of estimators to provide confidence interval, bias calcula-
tion, standard error and hypothesis testing. In Table (3), the 
reported asymptotic result is that if the error component is 
not assumed to be normal, the results obtained are almost 
correct if the sample size is large. 

According to the table above, the effect of drug type 
as well as the interaction effect of drug type and duration 
of usage at the test level of 0.05 was significant with both 
parametric and non-parametric test methods. According to 
the estimation of the parameters, it can be inferred that the 

mean of beta-2 microglobulin in patients who have used 
lithium-containing drugs is on average 0.759 higher than 
patients who have used lithium-free drugs. 

Given to the parameter estimation of the interaction 
effect between the duration of use and the type of drug, it 
can be inferred that with each year of increasing the period 
of drug use, the effect of lithium drug increases by an aver-
age of 0.037 mg / μl.

Creatinine
 In order to evaluate the effect of gender, duration of 

usage, patient age and type of used drug variables on the 
amount of creatinine measured in the serum of patients, a 
linear regression model was used. Table (4) demonstrates 
the result of variance analysis of this regression model.

Table (4) demonstrates the contribution of each variable 
in increasing the variance of the response variable in the 
sum of squares column. According to the table above, the 
probability value of gender effect and age of the patient is 
close to the test level of 0.05. 

The assumption of variance homogeneity in this regres-
sion model has been studied by modeling the quadratic 
power of its residuals and the result is reported in Table 
(5). If at least one of the predictor variables has a significant 

Table 4. Variance analysis of regression model for evaluating the creatinine amount in patients

Source of variations Sum of 
square

Degree of 
freedom

Mean of 
square

F Probability 
value

Power of 
the test

Type of drug 0/043 1 0/043 0/514 0/475 0/109
Gender 0/312 1 0/312 3/685 0/058 0/475
Interaction effect between drug type and gender 0/000 1 0/000 0/000 0/985 0/050
Age 0/318 1 0/318 3/761 0/056 0/483
Duration of use 0/108 1 0/108 1/275 0/262 0/200
Interaction effect between drug type and duration of use 0/075 1 0/075 0/887 0/349 0/154
Error 6/763 80 0/085
Revised total 8/150 86

Table 3. Parameters estimation of regression model for evaluating beta-2 microglobulin

Parametric (asymptotic) Non-parametric (Bootstrap)

Parameter Estimation Standard 
error

T Probability 
value

Standard 
error

Probability 
value

Intercept 0/215 0/409 0/526 0/601 0/353 0/544
Type of drug 0/759 0/339 2/239 0/028 0/365 0/048
Gender (male) 0/268 0/228 1/178 0/242 0/177 0/139
Type of drug (lithium) × Gender (male) 0/103 0/343 0/300 0/765 0/346 0/760
Age 0/002 0/008 0/258 0/797 0/007 0/743
Duration of use 0/019 0/013 1/481 0/142 0/015 0/192
Type of drug (lithium) × Duration of use 0/037 0/017 2/252 0/027 0/018 0/044
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relationship with the quadratic power of the model residues 
shown in Table (5), the assumption of variance homogene-
ity will be rejected. Given to the result reported in this table, 
the hypothesis of variance homogeneity at the test level of 
0.05 is not rejected. 

In order to determine the relation between the variables 
of gender and age of the patient with the level of creatinine 
in the urine of patients, we will refer to the table of estima-
tion parameters of the regression model. Parameters esti-
mation of this regression model is reported in Table (6). In 
this test table, the hypothesis related to each of the model 
parameters is reported in two methods, parametric and 
non-parametric. The non-parametric tests were performed 
using a Bootstrap sampling algorithm. 

According to the result of non-parametric Bootstrap test 
in the table above, only the effect of patient age is significant 

at the test level of 0.05. Note that the results reported by 
the non-parametric method are more conservative than the 
parametric method. In this study, because the sample size is 
not large enough, the result reported by the non-parametric 
method is the decision criterion. According to the estima-
tion of the parameters, it can be inferred that the creatinine 
level in the serum of patients increases with an average of 
0.006 mg / dl with each year of increase in age.

Urea 
In order to evaluate the effect of gender, duration of 

usage, patient age and type of used drug variables on the 
amount of urea measured in the serum of patients, linear 
regression model was used. Table (7) demonstrates the 
result of variance analysis of this regression model.

Table (7) demonstrates the contribution of each variable 
in increasing the variance of the response variable in the 

Table 6. Parameters estimation of regression model for evaluating the creatinine amount in patients

Parametric (asymptotic) Non-parametric (Bootstrap)

Parameter Estimation Standard 
error

t Probability 
value

Standard 
error

Probability 
value

Intercept 0/759 0/161 4/713 0/000 0/172 0/001
Type of drug (lithium) 0/071 0/134 0/530 0/597 0/121 0/558
Gender (male) 0/123 0/090 1/367 0/175 0/111 0/272
Type of drug (lithium) × Gender (female) 0/003 0/135 0/019 0/985 0/138 0/976
Age 0/006 0/003 1/939 0/056 0/002 0/044
Duration of use 0/008 0/005 1/523 0/132 0/005 0/115
Type of drug (lithium) × Duration of use 0/006 0/007 0/942 0/349 0/006 0/296

Table 5. Test of variance homogeneity hypothesis in regression model for evaluating the creatinine amount in patients

Source of variations Sum of square Degree of freedom Mean of square F Probability value
Revised model 0/137 6 0/023 0/829 0/551
Error 2/206 80 0/028
Revised total 2/343 86

Table 7. Variance analysis of regression model for evaluating the urea amount in patients

Source of variations Sum of 
square

Degree of 
freedom

Mean of 
square

F Probability 
value

Power of 
the test

Type of drug 45/382 1 45/382 0/582 0/448 0/117
Gender 32/246 1 32/246 0/413 0/522 0/097
Interaction effect between drug type and gender 0/504 1 0/504 0/006 0/936 0/051
Age 2/418 1 2/418 0/031 0/861 0/053
Duration of use 896/204 1 896/204 11/485 0/001 0/917
Interaction effect between drug type and duration of use 135/550 1 135/550 1/737 0/191 0/256
Error 6242/450 80 78/031
Revised total 7997/103 86
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sum of square column. According to the table above, the 
duration of use effect on urea level in patients’ serum at the 
test level of 0.05 is significant. 

The assumption of variance homogeneity in this regres-
sion model is evaluated by modeling the quadratic power 
of the residuals of this model and the result is reported 
in Table (8). If at least one of the predictor variables has 
a significant relationship with the quadratic power of the 
model residues shown in Table (7), the assumption of vari-
ance homogeneity will be rejected. According to the result 
reported in this table, the hypothesis of variance homoge-
neity at the test level of 0.05 is not rejected. 

In order to determine the relation between the duration 
of use variable and the level of urea in the urine of patients, 
we will refer to the table of parameters estimation of the 
regression model. Parameters estimation of this regression 
model is reported in Table (9). In this test table, the hypoth-
esis related to each of the model parameters is reported 
in two methods, parametric and non-parametric. The 
non-parametric tests were performed using the Bootstrap 
resampling algorithm. 

According to the table above, the test performed by 
non-parametric Bootstrap method also confirms the result 
obtained in the analysis of variance table. In the table above, 
only the effect of duration of usage at the test level of 0.05 
is significant. According to the parameter estimation col-
umn, it can be inferred that the level of urea in the serum 
of patients increases with an average of 0.28 mg / dl with 
increase of each year of use.

CONCLUSION

In the present research, the results demonstrated that 
patients using lithium had a higher mean of urinary beta-2 
microglobulin than those who did not use it. Although this 
difference was not observable for urea and serum biomark-
ers, but it can also be inferred from this study that the mean 
of urinary beta-2 microglobulin in bipolar patients using 
lithium. On average, 0.258 μg / ml was higher in men and 
0.283 μg / ml in women than in patients who did not use 
lithium. A similar study in 2013 reported that women and 
men who used lithium had an increase in urinary beta-2 
microglobulin and a decrease in urinary specific gravity and 
GFR compared to those who did not use lithium [15]. In our 
study, it was evident that the longer the lithium is used, the 
higher the urinary beta-2 microglobulin secretion, and given 
the significance of interaction effect between the duration of 
use and the type of drug, it can be inferred that with each year 
increasing lithium use, the amount of beta-2 microglobulin 
to 0.037 μg / ml increases. In our study, urinary beta-2 micro-
globulin amount were lower in women with bipolar disorder 
than in men but were not significant. In the case of creatinine 
serum, as mentioned, no significant difference was observed 
between the two groups, but the effect of age on creatinine 
serum was greater, i.e. it can be inferred that with increasing 
age each year, the average of 0.006 mg/dl the amount of cre-
atinine serum increases. In each group separately, creatinine 
serum was higher in men than women and P value was close 
to 0.05. In the case of urea, the difference between the two 
groups was not significant, but the duration of drug usage 
effect was significant and with the increase of each year of 

Table 9. Parameters estimation of regression model for evaluating the urea amount in patients

Parametric (asymptotic) Non-parametric (Bootstrap)

Parameter Estimation Standard 
error

t Probability 
value

Standard 
error

Probability 
value

Intercept 24/911 4/892 5/092 0/000 4/367 0/001
Type of drug (lithium) -2/494 4/056 -0/615 0/540 3/418 0/461
Gender (male) -1/426 2/724 -0/523 0/602 2/578 0/575
Type of drug (lithium) × Gender (male) 0/330 4/105 0/080 0/936 4/137 0/933
Age 0/017 0/095 0/176 0/861 0/086 0/839
Duration of use 0/280 0/063 2/254 0/047 0/126 0/025
Type of drug (lithium) × Duration of use 0/261 0/198 1/318 0/191 0/228 0/263

Table 8. Test of variance homogeneity hypothesis in regression model for evaluating the urea amount in patients

Source of variations Sum of square Degree of freedom Mean of square F Probability value
Revised model 200757/210 6/000 33459/535 1/613 0/154
Error 1659291/998 80/000 20741/150
Revised total 1860049/208 86/000
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usage, the amount of urea increases by an average of 0.28 mg/
dl. In this study, we also concluded that lithium use increases 
the secretion of beta-2 microglobulin in urine and the longer 
it is used, the higher the secretion of beta-2 microglobulin, 
but this difference was not observed in urea and serum creat-
inine. These results suggest that urinary beta-2 microglobu-
lin is a better indicator for assessing primary kinery damages 
caused by using lithium. 
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