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Abstract. Objective. To assess the diagnostic value of glomerular filtration rate
estimated from serum creatinine and cystatin C for detecting renal dysfunction in patients with
chronic obstructive pulmonary disease (COPD).

Materials and methods. The prospective study included 214 patients with moderate to
very severe COPD (grades II-IV). Serum creatinine and cystatin C levels were measured.
Estimated glomerular filtration rate (eGFR) was calculated using the CKD-EPI 2021 creatinine
equation and the CKD-EPI 2012 cystatin C equation. Renal filtration impairment was defined as
eGFR<60 mL/min/1.73 m?.

Results. Creatinine-based eGFR<60 mL/min/1.73 m? was identified in 29 patients
(13.6%), whereas cystatin C-based eGFR<60 mL/min/1.73 m? was detected in 148 patients
(69.2%). Serum cystatin C levels were significantly higher in patients with reduced eGFR across
COPD grades II, IIl and IV (p<0.001). Significant differences in serum creatinine and creatinine-
based eGFR were observed predominantly in patients with grade III COPD (p<0.05).

Conclusion. Creatinine-based eGFR remains an important conventional marker for
assessing clinically significant impairment of renal filtration. Cystatin C-based eGFR expands the
ability to detect reduced renal function in patients with COPD, including those with relatively
preserved creatinine-based indices.

Keywords: chronic obstructive pulmonary disease, renal dysfunction, creatinine,
cystatin C, estimated glomerular filtration rate.

AHHOTanua. Makcaf. YNKaHUHT CypyHKalu oGCTPYKTHB Kacaaauru (YCOK) 6usan
XacTajJlaHraH 6eMopJiap/ia KpeaTUHUH xaMza nquctaTuH C acocuia XMcob1aHraH KONToK4aaap
bunbTpanusa Te3UTMHUHT Oyipak AUCOYHKLIUSACUHU aHUKJIAUIAr v IMarHOCTUK aXaMUSTUHHU
6axoJiall.

Martepuan Ba ycyanap. IlpocnekTuB TagkukoTra YCOKuuur II-IV orupsuk
Jlapaxkanapuzary 214 Hadap 6emop xanb KuauHAU. KoH 3apo6uia KpeaTUHUH Ba IIUCTAaTUH
C MUKAOPU aHUKJIAHUO, KONITOKYaJAp PUAbTpaLys Te3auru KpeaTuHuH yuyyH CKD-EPI 2021,
nuctaTtvH C yuyn CKD-EPI 2012 ¢opmysianapu acocujia xucobsanau. bylipak ¢puibTpanyoH
$yHKIUACMHUAT nacaiumu xKOT<60 mMi/naK/1,73 M? Me30HM 6yiinda 6ax0/IaH/IH.

Hartmxkanap. Kpeatrunus acocuga xycobsaanran xKO®T<60 ma/gak/1,73 M* 29 nadap
(13,6%) 6emMopaa, nuctaTuH Cacocupaa aca 148 Hadap (69,2%) 6eMopaa aHUKIaHAU. LlucTaTuH
C mukgopu xKO®T<60 mia/mak/1,73 m*? 6yaraH 6GemopJapia YCOKuuur II, III Ba IV
JlapakaJlJapuHUHT 6apyacu/ia HIOHYJIU KopH 6111 (p<0,001). KpeaTUHHH Ba YHUHT acocu/a

xuco61anrad XKOT Gyiinya vmoHuaM papk acocan YCOKuunr Il gapakacupa Ky3aTHagu
(p<0,05).
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Xysioca. KpearnnuH acocuzpa xucobsaHraH xKOT  Oyipak  ¢uabTpanuoH
OYHKUUACHHUHT KJIWUHUK axaMUATAM MacalMIIMHU 6axoJsanijja MyXUM aHbaHaBUW Me30H
xuco6iaHany. Lucratun C acocuza xuco6sanran xK®T aca YCOK 6usan 6eMopJiapaa,
KyMJIaZlaH KpeaTUHHWH KypcaTKW4Jlapu HuUcbGaTaH cakJ/aHraH xoJaTrJjapza, Oyipak
bunabTpanoH PYyHKIUACH NACAaUUIIMHU aHUKJIAll UMKOHUSITUHU KeHT auTHUpa .

Kasut cy3aap: yIKaHUHT CypyHKaJIM 06CTPYKTHUB KacaJUIUT U, Oy paK AUCPYHKIIUSCH,
KpeaTHUHUH, UMCTaTUH C, KonTok4asap G UabTpalus Te3JIUTU

AnHoTanus. Lenb. OneHUTh AMAarHOCTUYECKOE 3HAaYeHUEe CKOPOCTU KJIYOOUYKOBOU
bunpTpanuy, pacCiUTaHHOW Ha OCHOBe KpeaTMHMHa W uucTtaTuHa C, A/ BbISABJEHUS
N04Ye4YHOH AUCPYHKIMU y OOJbHBIX XPOHUYECKON 0O0CTPYKTUBHOU 60Jie3HbI0 JIErkux (XOBJI).

MaTepuas 1 MeTOAbI. B NpoCEeKTUBHOE HCC/IeJOBaHME BKJIKOYEHBI 214 nanueHTOB C
XOBJI II-IV ctenenu TaxecTd. B CbIBOpOTKe KpOBU oOlNpefesidajd YPOBHU KpeaTUHUHA U
nuctatrHa C. CKOpocTh K1y604KOBOU GUAbTpaLUU paccuuTbiBaIu o ¢popmysie CKD-EP1 2021
Ha ocHoBe kpeaTuHUHA U CKD-EPI 2012 Ha ocHoBe njuctatuHa C. CHm>keHue QUIbTPaALMOHHOMN
$yHKIMHM NOYeK OLeHUBaNu no ypoBH pCK® <60 ma/mun/1,73 M2,

PesyabTaThl. pPCK®<60 Ms1/MuH/1,73 M%, paccuMTaHHas 110 KpeaTUHUHY, BbIABJIEHA Y
29 (13,6%) nmanyeHTOB, TOr/Jia Kak npu pacyéte no nucrtatuHy C — y 148 (69,2%). YpoBeHb
nucratuHa C y nanueHToB ¢ pCK®<60 mMs1/Mun/1,73 M? 65121 focToBepHO Boiute npu 11, 111 u IV
creneHsx XOBJI (p<0,001). locToBepHble pa3inyKs YPOBHS KpeaTUMHUHA U pacCYUTAaHHOM Ha
ero ocHoBe pCK® npeumyiiectBeHHo oTMevyanuch npw Il crenenu XOBJI (p<0,05).

3akiwdyenre. pCK®, paccuuTaHHass Ha OCHOBe KpeaTUHWHA, OCTAETCS BaXKHbIM
TpPaJULMOHHBIM [TIOKa3aTeJJieM KIMHUYECKY 3HAUMMOT0 CHWXKEHUs QUIbTPAaLMOHHOW QYHKIIUHU
novyek. HMcnosb3oBaHue nucratuHa C pacuidpsieT BO3MOXXHOCTU BbISIBJIEHUSI CHUXKEHUS
byHKIMY o4yeK y 601bHbIX XOBJI, B TOM YKcJie IpU OTHOCUTE/IbHO COXPaHEHHBIX TOKa3aTeJIAX
KpeaTUHHHA.

Kinw4yeBble c/10Ba: XpoHHYecKasd OOCTPYKTHUBHasd 00Jie3Hb JIETKUX, I04Ye4YHasd
JUCOYHKI M, KpeaTUHUH, IUCTAaTHUH C, CKOPOCTb KAYH60UKOBOM G UIbTPALIMHU.

Introduction. Chronic obstructive pulmonary disease (COPD) is associated not only with
persistent airflow limitation but also with systemic pathological processes and a wide range of
comorbid conditions. Renal dysfunction in patients with COPD is multifactorial in origin. Chronic
hypoxemia, systemic inflammation, endothelial dysfunction, oxidative stress, activation of the
renin-angiotensin-aldosterone system, impaired microcirculation, and cardiovascular
comorbidities may adversely affect the functional state of the nephrons [1, 4]. The development
of renal dysfunction in patients with COPD may aggravate the clinical course of the disease and
increase the risk of complications and adverse clinical outcomes [2, 5].

Glomerular filtration rate (GFR) is one of the principal functional indices used to assess
renal function. In routine clinical practice, serum creatinine is the most widely used endogenous
marker for estimating GFR [6, 7]. Its broad availability, relatively low cost, and the existence of
standardized equations have established creatinine-based estimated GFR (eGFR) as one of the
main laboratory tools for the initial assessment of renal filtration function [6].

However, serum creatinine concentration is influenced not only by glomerular filtration
but also by age, sex, muscle mass, nutritional status, and other non-renal factors [7-9]. This
limitation is particularly relevant in patients with COPD, since progression of the disease may be
accompanied by loss of muscle mass, nutritional impairment, and reduced physical activity.
Consequently, serum creatinine may remain within a relatively normal range despite areduction
in renal filtration function, and creatinine-based eGFR may overestimate actual kidney function
in some patients [3, 8].
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Cystatin C has gained particular importance as an alternative endogenous filtration
marker for the assessment of renal function. Cystatin C is a low-molecular-weight protein
produced at a relatively constant rate by nucleated cells and freely filtered through the
glomeruli. Compared with creatinine, its serum concentration is less dependent on muscle mass
and nutritional status [8-10].

Current clinical recommendations support the initial assessment of GFR using serum
creatinine; however, the use of cystatin C may provide important additional diagnostic
information in clinical situations in which the accuracy of creatinine-based assessment is
potentially limited [6]. Cystatin C-based eGFR may be particularly useful in elderly patients,
individuals with reduced muscle mass, and patients with multiple comorbidities, thereby
improving the detection of impaired renal function [8-10].

Previous studies in patients with COPD have demonstrated discrepancies between GFR
estimates based on creatinine and those based on cystatin C. In several studies, the use of
cystatin C identified a greater proportion of patients with reduced renal filtration function than
creatinine-based assessment [3, 11]. These findings highlight the need to evaluate the diagnostic
capabilities of each filtration marker separately when identifying latent renal dysfunction in
patients with COPD.

Therefore, separate assessment of the diagnostic value of creatinine-based and cystatin
C-based eGFR in patients with COPD is relevant for the timely detection of renal dysfunction and
for improving strategies of dynamic clinical monitoring.

Objective. To separately evaluate the diagnostic significance of glomerular filtration rate
estimated from serum creatinine and from cystatin C in patients with chronic obstructive
pulmonary disease.

Materials and methods. The study was conducted at the Pulmonology Department of
the Multidisciplinary Clinic of Tashkent State Medical University in 2023-2024. A total of 214
patients hospitalized with COPD of grades II, I11, and IV severity were included in the prospective
analysis.

According to COPD severity, 51 patients (23.8+2.9%) had grade II disease, 67 patients
(31.3+3.2%) had grade IlI disease, and 96 patients (44.9+3.4%) had grade IV disease. According
to the clinical phenotype of COPD, the bronchitic phenotype was observed in 86 patients
(40.2+3.4%), the emphysematous phenotype in 73 patients (34.1+3.2%), and the mixed
phenotype in 55 patients (25.7+3.0%). The mean age of the patients was 64.7+0.8 years. The
study population included 137 men (64.0%) and 77 women (36.0%). The mean age of men was
65.8+1.1 years, whereas the mean age of women was 62.8+1.4 years.

All patients underwent standard clinical examination, and COPD severity was assessed
using clinical and spirometric parameters. To evaluate renal functional status, serum creatinine
and cystatin C concentrations were measured in venous blood samples using laboratory
methods.

Renal filtration function was assessed by calculating GFR separately on the basis of serum
creatinine and cystatin C. Creatinine-based eGFR was calculated using the CKD-EPI 2021
creatinine equation, taking into account serum creatinine, age, and sex. Cystatin C-based eGFR
was calculated using the CKD-EPI 2012 cystatin C equation, taking into account serum cystatin
C, age, and sex.

GFR was expressed as mL/min/1.73 m% An eGFR of <60 mL/min/1.73 m?® was considered
indicative of clinically significant impairment of renal filtration function. Quantitative variables
were expressed using measures of central tendency and dispersion. Depending on the
distribution of the data, appropriate parametric and non-parametric statistical tests were used
to assess between-group differences. A value of p<0.05 was considered statistically significant.
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Results. The biochemical parameters of patients with COPD included in the prospective
study were comparatively analyzed according to disease severity. To assess renal function,
patients were divided into two groups according to cystatin C-based eGFR: Group I included
patients with eGFR <60 mL/min/1.73 m? whereas Group II included patients with eGFR =60
mL/min/1.73 m? Serum creatinine and cystatin C levels, as well as creatinine-based and cystatin
C-based eGFR values, were compared between these groups.

Separate assessment of renal filtration function using creatinine- and cystatin C-based
equations demonstrated a marked difference in the detection of reduced eGFR within the same
cohort of patients (Figure 1).

According to creatinine-based eGFR, 29 patients (13.6%) had an eGFR <60 mL/min/1.73
m?, whereas 185 patients (86.4%) had an eGFR 260 mL/min/1.73 m? These findings indicate
that creatinine-based eGFR is clinically useful primarily for identifying patients with more
evident impairment of renal filtration function.

100.0%
80.0%
60.0%
40.0%
20.0%

0.0%
eGFR <60 mL/min/1.73 m*  eGFR>60 mL/min/1.73 m?*

B Creatinine-based eGFR B Cystatin C-based eGFR

Figure 1. Distribution of estimated glomerular filtration rate (eGFR) calculated on the
basis of creatinine and cystatin C in patients with chronic obstructive pulmonary disease

However, in patients with COPD, serum creatinine levels may be influenced by factors
such as reduced muscle mass and impaired nutritional status. Therefore, preserved creatinine-
based eGFR does not completely exclude the presence of early changes in renal function.

A markedly different pattern was observed when eGFR was calculated on the basis of
cystatin C: 148 patients (69.2%) had an eGFR <60 mL/min/1.73 m? whereas only 66 patients
(30.8%) had an eGFR 260 mL/min/1.73 m?.

Thus, assessment based on cystatin C identified reduced renal filtration function in a
considerably larger proportion of patients than creatinine-based assessment. These findings
indicate that cystatin C has greater diagnostic potential for detecting renal dysfunction in
patients with COPD when impairment is not clearly reflected by creatinine-based indices.

When the diagnostic significance of cystatin C was analyzed according to COPD severity,
cystatin C-based eGFR <60 mL/min/1.73 m? was detected in 52.9% of patients with grade II
COPD, 77.6% of those with grade III COPD, and 71.9% of those with grade IV COPD. These
findings demonstrate that impaired renal filtration function is highly prevalent in patients with
more severe stages of COPD.
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Figure 2. Distribution of patients according to cystatin C-based estimated glomerular
filtration rate across different COPD severity grades

According to the data presented in Table 1, a statistically significant difference in serum
creatinine levels was observed in patients with grade III COPD. Serum creatinine was 87.8+6.96
umol/L in patients with eGFR <60 mL/min/1.73 m? and 68.8+4.32 umol/L in those with eGFR
>60 mL/min/1.73 m? (p=0.024; p<0.05). At the other COPD severity grades, between-group
differences in creatinine levels did not reach statistical significance. In grade II COPD, serum
creatinine values were nearly comparable between the groups (p>0.05), whereas in grade IV
COPD creatinine levels were higher in patients with eGFR <60 mL/min/1.73 m?, although the
difference was not statistically significant (p=0.212). These findings indicate that creatinine
remains an important conventional marker of clinically significant impairment of renal filtration
function; however, its diagnostic sensitivity for detecting early and latent renal dysfunction in
COPD may be limited.

In contrast, cystatin C showed a clear association with reduced eGFR across COPD grades
[I-IV and demonstrated greater potential for identifying relatively early impairment of renal
filtration function.

Table 1. Comparative analysis of biochemical parameters in patients with cystatin C-
based eGFR <60 and 260 mL/min/1.73 m? across different COPD severity grades

Grade Il - moderate Grade III - severe Grade IV - very severe
Parameters eGFR <60 eGFR 260 | eGFR <60 | eGFR =260 | eGFR <60 | eGFR 260
n=27 n=24 n=52 n=15 n=69 n=27
er;t(‘)?/lﬂe' 71,1+4,47 | 72,6+2,54 | 87,84696 | 68,8+4,32 | 88,0+4,23 | 80,4+4,34
p >0,05 <0,05 >0,05
Cystatin C, mg/L 1,71+£0,12 | 0,82+0,06 1,54+0,04 0,92+0,05 1,64+0,04 | 0,74+0,06
p <0,001 <0,001 <0,001
Creatinine-based
eGFR, 92,0+£3,29 97,4+2,88 | 81,9+3,48 | 94,6+4,24 | 79,5+2,76 | 85,8+3,24
mL/min/1.73 m?
p >0,05 <0,05 >0,05
Cystatin C-based 107,7+12,2
eGFR, 41,1+2,40 43,7+1,24 | 84,7+6,21 | 40,8+1,14 | 106,9+7,86
: 2 9
mL/min/1.73 m
p <0,001 <0,001 <0,001
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Across all analyzed COPD severity grades, patients with eGFR <60 mL/min/1.73 m? had
significantly higher serum cystatin C levels than those with (p<0.001), indicating a close
association between increased cystatin C levels and impaired glomerular filtration.

In patients with grade Il COPD, serum cystatin C levels were 1.71+0.12 versus 0.82+0.06
mg/L; in grade III COPD, 1.54+0.04 versus 0.92+0.05 mg/L; and in grade IV COPD, 1.64+0.04
versus 0.74+0.06 mg/L, with highly significant between-group differences in all cases (p<0.001).
Thus, across all analyzed COPD severity grades, increased cystatin C levels were clearly
associated with impaired renal filtration function.

Cystatin C-based eGFR also differed significantly between the study groups. In grade II
COPD, eGFR values were 41.1+2.40 and 107.7+12.29 mL/min/1.73 m? respectively; in grade III
COPD, 43.7+1.24 and 84.7+6.21 mL/min/1.73 m? and in grade IV COPD, 40.8+1.14 and
106.9+7.86 mL/min/1.73 m? Highly significant between-group differences were observed at all
COPD severity grades (p<0.001).

Creatinine-based eGFR in patients with grade Il COPD was 92.0+3.29 mL/min/1.73 m? in
Group I and 97.4+2.88 mL/min/1.73 m? in Group II, with no statistically significant difference
(p>0.05). In grade III COPD, the corresponding values were 81.9+3.48 and 94.6+4.24
mL/min/1.73 m? and the difference was statistically significant (p<0.05). In grade IV COPD,
creatinine-based eGFR values were 79.5+2.76 and 85.8+3.24 mL/min/1.73 m?, respectively,
with no statistically significant difference (p>0.05).

Discussion. The study findings demonstrated that the diagnostic capabilities of
creatinine-based and cystatin C-based estimated glomerular filtration rate (eGFR) are not
equivalent when assessing renal filtration function in patients with COPD. Creatinine is a widely
used and readily available marker in routine clinical practice and remains important for
identifying clinically significant impairment of renal function. However, because serum
creatinine concentration is influenced by age, sex, muscle mass, and nutritional status, it may not
always adequately reflect early stages of renal dysfunction in patients with COPD [6-9].

In the present study, statistically significant differences in serum creatinine and
creatinine-based eGFR were not observed across all COPD severity grades, with statistical
significance being detected mainly in patients with grade III COPD (p<0.05). This may be
explained by the reduction in muscle mass and metabolic alterations associated with severe
COPD, which can influence serum creatinine levels [3, 8].

In contrast, cystatin C demonstrated consistent and statistically significant differences
across grades II, III, and IV COPD (p<0.001). Cystatin C-based eGFR also clearly distinguished
patients with impaired renal filtration function at all analyzed disease severity grades. These
findings may be explained by the lower dependence of cystatin C on muscle mass compared with
creatinine and by its greater sensitivity to early changes in renal function [7-10].

The present findings are consistent with the results reported by Gjerde B. et al. and
Yoshizawa T. et al.,, who showed that some cases of renal dysfunction in patients with COPD may
remain undetected when assessment is based solely on creatinine, whereas the use of cystatin C
may improve the detection of impaired renal function [2, 11].

Atthe same time, cystatin C should not be regarded as an absolutely specific marker, since
its concentration may be affected by systemic inflammation, glucocorticoid therapy, thyroid
dysfunction, and other non-renal factors [9, 10]. Therefore, cystatin C results should be
interpreted in conjunction with the patient's clinical condition and other laboratory findings.

Thus, creatinine-based eGFR has practical value for the initial and routine assessment of
renal function in patients with COPD, whereas cystatin C-based eGFR may facilitate earlier
detection of latent renal dysfunction when creatinine-based indices remain relatively preserved.
Therefore, in patients with COPD-particularly those with grades II-1V disease, advanced age,
hypoxemia, reduced muscle mass, or other comorbid conditions-it may be appropriate not to
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rely exclusively on creatinine-based assessment and, when indicated, to additionally determine
cystatin C-based eGFR. This approach may improve early detection of renal dysfunction,
identification of high-risk patients, and optimization of follow-up strategies.

Conclusion. In patients with COPD, serum creatinine and creatinine-based eGFR are
clinically relevant for assessing impaired renal filtration function; however, statistically
significant differences were observed mainly in grade III COPD (p<0.05), while no significant
differences were found in grades Il and IV.

Cystatin C and cystatin C-based eGFR reliably distinguished patients with reduced renal
filtration function across grades II-IV COPD (p<0.001), indicating the high diagnostic value of
cystatin C for detecting latent and early renal dysfunction in COPD.
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