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Abstract

This study presents a comparative analysis of nephrotoxicity in patients with drug-resistant tuberculosis

undergoing anti-tuberculosis therapy. The focus is on the dynamics of cystatin C levels in urine and glomerular filtration rate
(GFR) to identify kidney function impairments at different stages of treatment. The study also examines the impact of
demographic factors and comorbidities on the risk of nephrotoxicity. The findings highlight the necessity of regular kidney
function monitoring to optimize therapy and reduce the risk of complications.
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1. Introduction

Despite the fact that prolonged and complex treatment
regimens with second-line drugs are associated with adverse
drug reactions (ADRs), other potential factors should also
be considered. Reports indicate that low baseline creatinine
clearance (<60 ml/min) [5], advanced age [1,5,8], obesity [6],
anemia, poor treatment adherence [7], and comorbidities [8]
are predictors of ADRs. In addition, HIV co-infection has
been significantly associated with an increased risk of ADRs
[2,3]. ADRs are observed during both first-line and second-
line anti-tuberculosis therapy [4].

2. Materials and Methods of Research

The study is based on data from 123 patients who underwent
inpatient treatment in phthisiatric and pulmonology centers
from 2019 to 2023. Of these, 31 patients (25.2%) were included
in a prospective study and formed the main group, which
received treatment in 2023. The remaining 92 patients (74.8%)
were included in a retrospective study and constituted the
comparison group.

Exclusion criteria included patients who were not prescribed
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drugs for the treatment of MDR-TB, as well as those with
mono-, polyresistant forms of tuberculosis and XDR-TB.

The study utilized the analysis of cystatin C levels in urine
as a biomarker of kidney function. This method allowed for
the detection of early tubular dysfunction due to cystatin C's
ability to serve as an indicator of tubular reabsorption. Cystatin
C was measured using an enzyme-linked immunosorbent
assay (ELISA), which provides high accuracy and diagnostic
specificity. Urine samples (5-10 ml) were collected by qualified
personnel, and kidney function was assessed by measuring
serum creatinine and urinary cystatin C regularly throughout
the intensive treatment phase. This approach has proven
effective in the early diagnosis and monitoring of kidney
diseases, opening up opportunities for improved clinical
outcomes.

The CKD-EPI equation, recognized as the most accurate
method for estimating glomerular filtration rate (GFR), was
used to calculate GFR. The latest revision of this equation
was performed in 2021, as confirmed by the National Kidney
Foundation's official website [https://www.Kidney.org/content
/ckd-epi-creatinine-equation-2021].

The treatment of patients was carried out according to
clinical protocols from 2019 to 2023. Patients in the control
group were treated under the old protocol, approved by
Order No. 383 of the Ministry of Health of Uzbekistan dated
October 24, 2014. The remaining patients received therapy
according to the new protocol, approved on February 14,
2020.



American Journal of Medicine and Medical Sciences 2024, 14(10): 2552-2556

3. Research Results

Assessment of kidney function and the impact of
anti-tuberculosis drugs.

The study is dedicated to the analysis of kidney function in
patients undergoing anti-tuberculosis therapy, with a focus
on key markers of nephrotoxicity, such as GFR and cystatin
C. These indicators allow for the assessment of the therapy's
impact on kidney function. The presented tables reflect the
study results, revealing the relationship between treatment
and the development of nephrotoxicity.

The graph demonstrates the dynamics of urinary cystatin
C levels between genders, showing that in men (n=18), the
level increased from 1.70 mg/L to a peak of 11.68 mg/L on
day 210, then decreased to 8.25 mg/L by day 270. In women
(n=13), initial levels were 2.78 mg/L, reaching a maximum
of 8.26 mg/L on day 120 and decreasing to 3.04 mg/L by day
270. Differences between men and women were not statistically
significant, with t/U-values ranging from 0.16 to 0.95. The
average cystatin C level for both groups reached 8.20 mg/L
on day 210 and decreased to 5.64 mg/L by day 270.

Chart 1 represents the urinary cystatin C levels between
patients with primary and secondary diseases at various
stages of treatment.

The analysis between categories showed that patients with

2553

primary disease (n=24) experienced an increase in urinary
cystatin C levels from 1.30 mg/L to a peak of 8.03 mg/L on
day 120, followed by a decrease to 5.64 mg/L on day 180. In
contrast, patients with secondary disease (n=7) started with
higher initial levels (5.10 mg/L), reaching a peak of 12.36
mg/L on day 210. Significant differences between the groups
were observed before treatment (p =0.04) and on days 5-10
(p=0.05), but by day 210, the differences became statistically
insignificant (p=0.57). Secondary patients consistently exhibited
higher cystatin C levels throughout the treatment stages.

Table 2 presents an analysis of the statistical significance
of differences in urinary cystatin C levels across different
treatment stages, using the Wilcoxon test. The cystatin C
levels (in mg/L) are shown for ten distinct time points from
the beginning of treatment up to 240 days.

The statistical significance of the difference in urinary
cystatin C levels over time showed that cystatin C levels
increased from 2.15 mg/L to 8.20 mg/L on day 210,
demonstrating significant changes in renal function (P=0.01).
The most significant changes (P<0.05) were observed between
baseline and follow-up measurements. After 60 days, the
changes began to stabilize, and by day 270, the level had
decreased to 5.64 mg/L, with statistical significance decreasing
(P=0.465). These data confirm the importance of monitoring
cystatin C to assess renal function and treatment efficacy.

Table 1. Urinary cystatin C level (by gender)

Cystatin C urea (mg/l)  before treatment 5-10days 30(d) 60(d) 90(d) 120(d) 150(d) 180(d) 210(d) 240(d) 270(d)
Male (n=18) 1.70 5.10 7.12 7.53 7.35 8.06 7.74 10.34 11.68 8.34 8.25
Female (n=13) 2.78 4.96 5.36 7.88 7.97 8.26 7.30 3.67 5.59 7.41 3.04
t/ U criteria 0.36 0.95 0.44 0.92 0.89 0.92 0.84 0.39 0.16 0.92 0.48
General 2.15 5.04 6.38 7.68 7.61 8.14 7.56 6.17 8.20 7.78 5.64
Urinary Cystatin C Levels (by Categories)
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Table 2. Analysis of statistical significance of differences in urinary Cystatin C levels over time
Wilcoxon test before treatment  5-10(d) 30(d) 60(d) 90(d) 120(d) 150(d) 180(d) 210(d) 240 (d)
before treatment 2.15 5.04 6.38 7.68 7.61 8.14 7.56 6.17 8.20 7.78
5-10 (d) 5.04 0.01
30 (d) 6.38 0.01 0.05
60 (d) 7.68 0.01 0.01 0.31
90 (d) 7.61 0.01 0.03 0.03 0.88
120 (d) 8.14 0.01 0.01 0.02 0.54 0.44
150 (d) 7.56 0.01 0.05 0.12 0.73 0.70 0.95
180 (d) 6.17 0.01 0.12 0.16 0.67 0.77 0.16 0.12
210 (d) 8.20 0.01 0.04 0.13 0.23 0.31 0.39 0.23 0.49
240 (d) 7.78 0.01 0.04 0.34 0.50 0.89 0.89 0.89 0.89 0.89
270 (d) 5.64 0.01 0.46 0.71 0.46 0.14 0.35 0.27 0.14 0.46 0.46
Table 3. Glomerular filtration rate by CKD-EPI (by category)
GFR ml/min before treatment 15 (d) 30 (d) 60 (d) 90 (d) 120 (d) 150 (d) 180 (d) 210 (d) 240 (d)
Primary 84.2 75.7 83.8 75.6 79.1 79 91 84.7 91.8 75.9
Secondary 97.5 89.6 76.3 77.8 80.7 82.9 91.7 68.4 91.3 86.3
Student's t-test 0.01 0.01 0.15 0.68 0.78 0.6 0.9 0.05 0.96 0.49
Table 4. Glomerular filtration rate (GFR) by CKD-EPI (between groups)
GFR ml/min before treatment 15 (d) 30 (d) 60 (d) 90 (d) 120 (d) 150 (d) 180 (d) 210 (d) 240 (d)
Main 86.4 76.5 83.4 79.2 76.8 90.9 86 87.7 102.1 89.7
Control 90.5 823 79.1 75.6 80.6 76.2 93 75.8 85.8 711
Student's t-test 0.47 0.39 0.43 0.54 0.57 0.05 0.26 0.17 0.08 0.17
Table 5. Glomerular filtration rate (GFR) by CKD-EPI (by gender)
GFR ml/min before treatment 15 (d) 30 (d) 60 (d) 90 (d) 120 (d) 150 (d) 180 (d) 210 (d) 240 (d)
Men (n=80) 94.3 84.5 82.1 79.8 84.9 83.5 88.1 79.1 85.9 734
Women (n=43) 80.6 74.6 775 71.3 70.9 74.2 96.1 80.5 99.3 91.4
t/ U criteria 0.01 0.07 0.39 0.13 0.01 0.19 0.14 0.88 0.15 0.21

The table above shows the evolution of GFR, as measured
by the CKD-EPI formula, for two different patient categories
— primary and secondary — over different treatment time
intervals.

Variation in GFR by time and category showed that in
primary patients, GFR started at 84.2 mL/min, with peaks at
days 150 and 225 (91 and 93.3 mL/min). In secondary
patients, GFR started at 97.5 mL/min, decreased to 68.4
mL/min at day 180, and then recovered to 86.3 mL/min by
day 240. Statistically significant differences were observed
at the beginning of treatment (P = 0.007 and P = 0.009).
Significance decreased over time, indicating convergence of
treatment effects. These data highlight the dynamics of GFR
changes, which is important for adjusting therapeutic plans.

The presented tables show the dynamics of the GFR
measured using the CKD-EPI formula for two groups of
patients — the main and control.

The same between-group analysis showed that the GFR in
the study group started at 86.4 ml/min, peaked at 102.1
ml/min on day 210, and then decreased slightly. In the
control group, the initial level was 90.5 ml/min, decreasing

to 71.1 ml/min by the end of the period. Significant
differences between the groups were noted at days 135 and
195 (P=0.05 and P=0.04). These data highlight the need for
monitoring GFR to adapt treatment and detect changes in
renal function early.

Analysis of GFR between sexes showed that in men, GFR
started at 94.3 mL/min, peaked at 85.9 mL/min on day 210,
and then declined by day 240. In women, GFR started at 80.6
mL/min and peaked at 99.3 mL/min on day 225. The largest
differences between sexes were observed at baseline (P=0.007)
and mid-term (P=0.04 on day 45 and P=0.015 on day 105).
These data highlight the importance of individualized treatment
and regular monitoring of GFR to optimize therapy.

In an analysis of GFR by BMI category, underweight
patients started with 89.5 mL/min and ended with 76.9
mL/min. Normal weight patients decreased GFR from 92.8
to 84.9 mL/min. Overweight patients increased GFR from
80.7 t0 99.3 mL/min, and obese patients decreased from 92.6
to 56.7 mL/min. Statistically significant differences by BMI
were noted at baseline (P=0.01) but diminished over time,
reflecting a waning effect of BMI on GFR with treatment.
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Table 6. Glomerular filtration rate (GFR) by CKD-EPI (between body mass index groups)
GFR ml/min before treatment 15 (d) 30 (d) 60 (d) 90 (d) 120(d) 150(d) 180(d) 210 (d)
Insufficient total <18.4 (n=19) 89.5 92.2 78.7 84.7 711 76.8 98.9 68.9 86.6
Normal all 18.5-24.9 (n=62) 92.8 83.0 81.3 77.1 82.9 79.2 91.2 85.4 91.6
Excess all 25-29.9 (n=28) 80.7 71.6 76.3 70.4 77.0 85.0 81.3 80.8 97.6
Obesity 30< (n=14) 92.6 80.4 86.9 724 85.8 70.6 73.2 78.0 75.1
Kruskal -Wallis criterion (P) 0.01 0.16 0.4 0.53 0.58 0.9 0.07 0.3 0.67

Table 7. Paired comparisons of glomerular filtration rate between Kruskal -Wallis body mass index groups

Body mass index Insufficient IBM <18.4 (n=19) Normal IBM 18.5-24.9 (n=62) Over IBM 25-29.9 (n=28)

Normal IBM 18.5-24.9 (n=62) P=0.6
Excess IBM 25-29.9 (n=28) P=0.05 P=0.002
Obesity 30< (n=14) P=0.8 P=0.9 P=0.04
Table 8. Glomerular filtration rate according to CKD-EPI depending on anti-tuberculosis therapy
Combination of ATDS to treatment nia 30 (d) 60 (d) 90 (d) 120 (d) 150 (d) 180 (d)
Fgl+Cs+Cfz+Lzd+Bdq (n=63) 90.3 80.8 76.9 79.1 824 90.7 85.3
injectATDS+Fql+Cs+Pto+Z+E (n=60) 88.7 79.9 76.1 80.4 77.0 92.3 66.9
Mann-Whitney (U) 0.9 0.85 0.9 0.5 0.33 0.69 0.02
Table 9. Renal epithelium in urine (by groups)
days 1st 30 60 90 120 150 180
Main group
number of tests 31 31 30 13 10 6
presence of epithelium in urine 0 9 1 1 0 0
% 0 29.0 33 7.7 0 0
Control group
number of tests 92 92 92 59 41 28 12
presence of epithelium in urine 15 18 21 8 3 1 1
% 16.3 19.6 22.8 13.6 7.3 3.6 8.3
Total/Average
number of tests 123 123 122 72 51 34 17
presence of epithelium in urine 15 27 22 9 3 1 1
% 12.2 22.0 18.0 125 5.9 2.9 5.9
Table 10. Renal epithelium in urine depending on anti-tuberculosis therapy
Combination of ATDs to treatment nia 30 (d) 60 (d) 90 (d) 120 (d) 150 (d) 180 (d)
Fqgl+Cs+Cfz+Lzd+Bdq (n=63) 0.63 1.59 1.69 0.64 0.36 1.10 0.67
injectATDs+Fql+Cs+Pto +Z+E (n=60) 2.18 3.00 2.98 3.03 1.35 1.50 2.80
Mann-Whitney (U) 0.01 0.04 0.05 0.02 0.05 0.32 0.44

Kruskal-Wallis analysis showed that there was no
statistically significant difference between the underweight
and normal weight groups (P=0.6). However, overweight
patients showed a significant decrease in GFR when
compared with normal (P=0.05) and underweight (P=0.002).
The obese group did not differ from the underweight and
normal weight groups (P=0.8 and P=0.9), but showed a
significant difference with overweight (P=0.04). These
results confirm the effect of BMI on GFR, especially in
overweight and obese patients.

The GFR depending on anti-TB therapy showed that
before treatment the GFR was similar in both groups:
90.30 ml/min/1.73 m2 (Fqgl+Cs+Cfz+Lzd+Bdg) and 88.70
ml/min/1.73 m?2 (injectable ATDS), without significant
differences (U=0.9). On the 180th day the GFR decreased to
66.95 ml/min/1.73 m2in the injectable ATDS group, while
in the Fql+Cs+Cfz+Lzd+Bdq group it was 85.38 ml/min/
1.73 m2 and this difference became statistically significant
(U=0.017). The results show a possible negative impact of
injectable ATDS on renal function during long-term treatment.
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Renal epithelium in urine by groups showed that in the
main group, the presence of renal epithelium in urine increased
to 29% by day 30, then decreased to 3.3% by day 60, and
disappeared by day 120. In the control group, epithelium
was present in 16.3% on day 1, reached a peak of 22.8% on
day 60, and then decreased to 3.6% by day 150. The overall
maximum for both groups was on day 30 (22.0%), with a
further decrease to 5.9% by day 180. These data indicate
dynamic changes in renal epithelium in response to treatment.

The same analysis depending on anti-TB therapy showed
that in patients on injectable anti-TB drugs, the renal
epithelial cell count was significantly higher at all stages of
treatment. Before treatment, this level was 2.18 versus 0.63
in the Fgl+Cs+Cfz+Lzd+Bdq group (p=0.01). By day 30, the
values were 3.00 and 1.59, respectively (p=0.04). On days 60
and 90, the differences remained significant (p=0.05 and
p=0.018), with levels of 2.98 and 3.03 in the second group.
On day 180, the difference decreased (2.80 versus 0.67),
but statistical significance disappeared (p=0.442). These data
indicate higher nephrotoxicity of injectable anti-TB drugs in
the early stages of treatment.

4. Discussion

The study results show that urinary cystatin C is an
important marker for detecting early kidney function
impairment in patients with drug-resistant tuberculosis
receiving anti-tuberculosis drugs. The observed differences
between patients with primary and secondary tuberculosis
indicate more pronounced kidney function changes in
secondary patients, potentially due to cumulative effects of
prolonged treatment and the presence of comorbidities.
Differences in GFR between groups were less significant at
later treatment stages, suggesting stabilization of kidney
function on ongoing therapy. These findings confirm the
need for an individualized approach to treatment and kidney
function monitoring in patients with different forms of
tuberculosis.

5. Conclusions

This study demonstrates that monitoring cystatin C levels
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and GFR is a key component in assessing nephrotoxicity in
patients with drug-resistant tuberculosis. The findings
emphasize the importance of timely detection of kidney
function impairments for therapy adjustment and prevention
of severe complications. Implementing these diagnostic and
monitoring methods into clinical practice could significantly
improve treatment quality and enhance safety.
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