Wekiya et al. BMC Nephrology ~ (2024) 25:144
https://doi.org/10.1186/s12882-024-03581-3

BMC Nephrology

The clinical utility of cystatin C based eGFR e
in assessing renal function among HIV/AIDs
patients on ART at Mildmay Uganda

Enock Wekiya'?", Godfrey P Mujuzi?, Jane Nakiyingi', Juliet Sanya', Moses Matovu?, Ocung Guido?,
Jane Nakaweesi', Charles Karamagi?, Joan K. Nakayaga?, Edrisa |. Mutebi? and Damalie Nakanjako?

Abstract

Background In clinical practice, Measurement of estimated glomerular filtration rates (eGFR) is the gold standard
assessing renal function the glomerular filtration rate often estimated from plasma creatinine. Several studies have
shown Cystatin C based eGFR (Cys C) to be a better parameter for the diagnosis of impaired renal function. Cystatin
C based eGFR has been proposed as a potential renal function marker but its use in HIV&AIDS patients has not been
well evaluated.

Methods A cross sectional study was carried out on 914 HIV&AIDS patients on antiretroviral therapy (ART) attending
Mildmay Uganda for care and treatment between January to March 2015. Serum Cystatin C based eGFR was meas-
ured using the particle enhanced immunoturbidimetric assay. Creatinine was analyzed using enzymatic Creatinine
PAP method and creatinine clearance was calculated according to C&G.

Results The sensitivity of Cystatin C based eGFR was 15.1% (95% Cl=8.4, 24) with specificity 99.3% (95% Cl=98-
99.7). The positive and negative predictive values were 70.0% (95% Cl 45.7-88.1) and 91.2% (95% C| 98.11-92.94)
respectively. The positive likelihood ratio was 18.81 and negative likelihood ratio was 0.85. Cystatin C based eGFR had
diagnostic accuracy of 90.7 and area under curve was 0.768.

Conclusion Cystatin C based eGFR exhibited a high specificity and a high positive likelihood ratio in diagnosis of kid-
ney disease among HIV&AIDS patients. Cystatin C based eGFR can be used as a confirmatory test.

Keywords Cockcroft and Gault, Creatinine, Cystatin C based eGFR, Glomerular filtration rate, ROC analysis, Likelihood

ratio, Specificity, Sensitivity

Introduction

Primarily, the acquired immunodeficiency syndrome
(AIDS) is caused by infection with the Human Immu-
nodeficiency Virus type 1 (HIV-1) and type 2 (HIV-2).
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However, globally, the majority of cases can be attrib-
uted to HIV-1 [1, 2]. There was an estimated 35.3 mil-
lion people living with HIV in 2012 [3] and an estimated
39.0 million people globally were living with HIV in
2022 worldwide [4]. Approximately 20% of all HIV posi-
tive people and 40% of incident infections are found in
sub-Saharan Africa amongst the youths [5]. In Uganda,
the HIV prevalence is at 7.3% (UNAIDS, 2012) account-
ing for an estimated 1.4 million people living with
HIV&AIDS [6].
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HIV infected individuals are at increased risk of devel-
oping renal complications compared to the general
population where this increased risk could be from HIV
infecting renal cells leading to conditions like HIV asso-
ciated nephropathy, HIV immune complex disease [7, 8].
Renal dysfunction increases the risk of death by 2.5 fold
in HIV&AIDS patients [9-13]. Acyclovir, pentamidine,
aminoglycoside antibiotics, acyclovir, foscarnet, ampho-
tericin, tenofovir, and adefovir are among the medica-
tions that are frequently used in HIV-related medical
conditions. Additional renal complications may result
from drug toxicities to highly active antiretroviral therapy
(HAART). Tenofovir has been linked to an increased risk
of renal complications among the medications included
in HAART regimens [14]. If unattended to,there is rapid
progression to a life threatening condition, end stage
renal disease (ESRD) which is associated with high mor-
tality and high patient care cost that resource limited set-
tings can't afford [14, 15].

The Global Burden of Disease (GBD) 2015 study also
estimated that, in 2015, 1.2 million people died from
kidney failure, an increase of 32% since 2005 [5]. With
an estimated 2.3-7.1 million people with end-stage kid-
ney disease died without access to chronic dialysis [16].
A recent systematic review estimates the current preva-
lence of chronic kidney disease (CKD) in sub-Saharan
Africa (SSA) at 13.9% [17]. In Uganda, the prevalence
of kidney disease is estimated at 14.8% [18]. It is impor-
tant that kidney disease in identified early and managed
appropriately. Diagnosis of Kidney dysfunction is done by
estimation of glomerular filtration rate. The gold standard
for estimating renal function is by GFR determined by
infusion of inulin or another suitable marker. These tech-
niques are time- consuming, labour- intensive, expensive
and require administration of substances that make them
incompatible with routine monitoring [19-21]. Thus,
the measurement of endogenous substance is a common
practice. Creatinine is the most commonly used filtra-
tion marker in clinical practice, but, as was described in
the guideline titled ‘Use of serum creatinine concentra-
tion to assess level of kidney function; its accuracy is sig-
nificantly hampered by assay interference, unreliability of
urine collection, and the confounding influences of diet,
age, gender and muscle mass [22, 23]. To compensate
for the inadequacies of the creatinine concentration as a
GFR marker, there had been several successful attempts
at constructing GFR prediction equations including
additional parameters and these include the Cockcroft-
Gault Eq. [24], the current used gold standard. However,
because of the issues associated with creatinine, these
formulae coherently over estimates GFR.

A number of low molecular weight serum proteins,
including b2-microglobulin, retinol-binding protein and
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Cystatin C based eGFR, have been proposed as suit-
able alternative endogenous filtration markers [25-27].
Of these, Cystatin C based eGFR has received the most
interest in the published literature. Cystatin C based
eGFR a 13 kDa protease inhibitor belonging to the Cysta-
tin superfamily is a promising molecule. Cystatin C based
eGFR is encoded by housekeeping gene and is produced
by all nucleated cells [26]. It is freely filtered at the glo-
merulus and not secreted by the tubules. Unlike creati-
nine it is not affected by gender, age and muscle mass [28,
29]. There is limited data regarding the use of Cystatin C
based eGFR concentration in HIV & AIDS infected indi-
viduals on ART. The aim of this study was to assess the
clinical utility of Cystatin C based eGFR in HIV infected
individuals on ART.

Methods

A cross sectional study was carried out January 2015 to
March 2015 at Mildmay Uganda specialized HIV&AIDS
clinic located at Lweza. The 1032 participants were
selected using systematic random sampling, with each
research assistant enrolling 18 participants per day.
Given that Mildmay receives 150 patients daily, 54 par-
ticipants were enrolled per day, with each interview last-
ing approximately 20 min. The Principal Investigator
randomly selected a starting point among the first seven
patients and then enrolled every seventh participant who
met the inclusion criteria and consented to participate.
We included HIV/AIDS patients aged 18 years and above
on ART receiving care from Mildmay Uganda and who
had given informed consent. Patients unable to provide
valid and sufficient samples and with thyroid dysfunction
were excluded. Measurement variables included: age,
weight, and sex, height, treatment regime, clinical char-
acteristics of the patient, serum creatinine and serum
Cystatin C based eGFR concentrations.

Analytical methods

Patient demographic data was collected by research
assistants using a pretested questionnaire/data collec-
tion tool, The research volunteers later entered the certi-
fied data into EPI data v 3.1 for export to STATA v.12 for
analysis, A vacutainer blood collection system was used
to collect 4mLs of blood from the vein into a 4 mL plain
tube, Blood was left to stand for 30 min so as to coagu-
late and later centrifuged for 5 min at 3000revolution
per minute. Samples were analyzed using Cobas C311
analyzer (Roche/Hitachi Cobas ¢ systems, Mannheim,
Germany). Serum Cystatin C based eGFR was measured
by a quantitative sandwich enzyme immunoassay using
the particle enhanced immunoturbidimetric assay. Cre-
atinine was analyzed using enzymatic Creatinine PAP
method [30]. The equipment was calibrated daily and
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normal and pathological controls were included in each
run. Control charts were examined using Westgard rules
before results were reported.

Statistical methods

Data analysis was done using STATA version 12. Cat-
egorical variables were summarized as proportions,
while means (SD), median (IQR) were used to summa-
rize continuous variables that were normally distributed
and not normally distributed respectively. Normal prob-
ability plots were used to check normality of the data. To
compare the ability of Cystatin C based eGFR to predict
renal dysfunction, study subjects were divided into those
with normal kidney function using a cut-off point of GFR
60 mL/min/1.73m? using the Cockcroft — Gault formula
based on creatinine as gold standard, the same cut off of
GFR 60 mL/min/1.73m? using Grubbs formula for esti-
mation of Cystatin C based eGFR. With values of creati-
nine as the reference, results were put into 4 categories
i.e. True Positive (TP), True Negative (TN), False Positive
(FP) and False Negatives (FN). Performance character-
istics were calculated sensitivity (TP+(TP+FN)x100),
specificity (TN+(TN+FP)x100) as indicated in and
diagnostic efficiency (TP+TN)+(TP+TN+EN+FEP) X
100, Positive likelihood ratio=sensitivity/ (1 —specific-
ity) and negative likelihood ratio=(1 — sensitivity)/speci-
ficity. Receiver Operation Curves was drawn to describe
the accuracy of concentration levels of Serum Cystatin C
based eGFR.
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The creatinine clearance was calculated with the C&G
formula (1):

C&G(140 — age) x weight /75 x S¢r (x0.85 if female)
(1)
Differences between groups for continuous and cat-
egorical variables were estimated, respectively, by non-
parametric Mann—Whitney U-test for non-normally
distributed data or t test for normally distributed data
and two proportion tests for categorical variables.

Results

Of the 914 participants 626 (68.5%) were females and
288 (31.5%) were males. The median age in the study was
38.4 years (IQR 31—45). The Median weight was 61.5
(IQR 52 — 70). The Mean Cystatin C based eGFR (mg/L)
concentration was 0.8 mg/L. Of 914 participant 575(63%)
were on TDF based regime. The average duration on
ART among the participants was 4.9 years. The means
and standard deviation of the main blood chemistries
were Serum Creatinine 77(31.8), Serum Cystatin C based
eGFR 0.8(0.02), Potassium 4.4(0.6), Sodium 140(7.9), and
Urea 3.1(1.6). Table 1.

The sensitivity of Cystatin C based eGFR was (15.1%)
and specificity of (99.3%) with the Positive and nega-
tive predictive values of 70% and 91.16% respectively
Table 2. The positive and negative likelihood ratios are
21 and 0.8 respectively the prevalence of CKD was 10.2%
as shown in Table 3. Diagnostic efficiency of Cystatin C

Table 1 Demographic and clinical characteristics of the study participants at Mildmay Uganda between 1st Feb-31st Mar2015

Overall population Creatinine eGFR Creatinine eGFR p value
n=914 <60 ml/min/1.73m3 >60 ml/min/1.73m3
n=93 n=2821
Gender Female n (%) 626(68.5%) 24(26%) 264(32%) <0.01
Male n (%) 288(31.5%) 69(74%) 557(68%) <0.01
Age (years), median (IQR) 384 (31-45) 48(31-67) 36(18-65) <0.01
Weight (Kgs) median (IQR) 61.5(52—70) 50(36-67) 61(36-99) <0.01
Duration on ART? (years) median (IQR) 49 (0.5-14) 6.6(1.2-12.2) 46(0.6-14.2) 0.929
ART regime TDF regime n (%) 575 (62.9%) 55(59%) 520(63%) 0.78
Non TDFn (%) 339 (37.1%) 38(41%) 301(37%) 0.56

Potassium mean (SD)d 4.4 (0.55) 4.5(0.56) 4.4(0.54) <0.01
Sodium mean (SD)© 140 (7.9) 141(7.59) 140(7.99) <0.01
Urea mean (SD)b 3.1(1.6) 3.8(1.5) 3.1(1.5) <0.01
Cystatin C mean (SD) 0.8(0.2) 1.01(0.5) 0.7(0.14) <0.01

eGFR Estimated glomerular filtration rate
219 missing duration on ART

b2 missing urea

€23 missing Sodium

4339 missing Potassium
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Table2 2x2 Contingency table showing results of eGFR of
Creatinine and eGFR Cystatin C based eGFR at cut off of 60 mL/
min/1.73m?

eGFR Creatinine

<60 mL/ >60 mL/

min/1.73m? min/1.73m?
Serum Cys- <60 mL/min/1.73m? 14 6 20
tatin Cbased 5 60 mL/min/1.73m? 79 815 894
eGFR

93 821 914

Table 3 Sensitivity, specificity, predictive values and likelihood
ratios accuracy of Cystatin C based eGFR in studied subjects
categorized at 60 mL/min/1.73m?

Performance Characteristics GFR Cystatin C
based eGFR (% and
95 Cl)

Sensitivity .1(85,23.9)

Specificity 99.3 (984, 99.7)

Positive Predictive values 70.0 (45.7,88.1)

Negative Predictive values 91.2(89.1,92.9)

Positive Likelihood Ratios 21

Negative likelihood Ratios 0.8

Prevalence of CKD 10.20%

based eGFR at different levels with area under curve was
(AUC=0.77, 95% CI=0.72-0.82) as shown in Fig. 1.

Discussion

In this cross-sectional study, we evaluated the clinical
utility of Cystatin C based eGFR in assessing renal func-
tion among patients with HIV/AIDS on ART at Mildmay
Uganda. We used the Cockcroft-Gault formula as the
reference for eGFR estimates. The prevalence of kidney
disease in our study population was 10.2%. The sensitiv-
ity of Cystatin C based eGFR was (15.1%) and specific-
ity of (99.3%) with the Positive and negative predictive
values of 70% and 91.16% respectively. The positive and
negative likelihood ratios are 21 and 0.8 respectively. The
diagnostic efficiency of Cystatin C based eGFR at differ-
ent levels with area under curve was (AUC=0.77, 95%
CI=0.72-0.82).

Our study had strengths and limitations. A major
strength being we analyzed serum Cystatin C-based
eGFR in a laboratory equipped with a state-of-the-art
chemistry analyzer and our adherence to strict good clin-
ical laboratory practice (GCLP) helped minimize system-
atic error. However, due to technical requirements and
safety considerations, we were unable to measure GFR
using gold standard methods such as exogenous markers
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like Inexhol or inulin. Additionally, the absence of pub-
lished likelihood ratios limited our ability to compare our
findings with those from other studies. The study was
done in a routine clinical setup that mimics the general
situation in many resources limited settings. However,
this study was carried out in a clinical center of excel-
lence where most of the services like drug supply, labora-
tory supplies, expert physicians and consultants are quite
reliable which may be different from what is available in
majority of the health facilities offering similar services
countywide.

Similarly, large bodies of research [31, 32] have docu-
mented prevalence of kidney diseases in HIV-infected
persons. Jones et al. and Wools-Kaloustian and colleagues
reported prevalence of GER less than 60 mL/min/1.73 m?
between 11.5% and 15.2%, respectively [10, 33]. Contrary
to our findings, Kalyesubula et al. (2015) reported a prev-
alence of 14.8% in kidney disease in Uganda [34, 35].

The sensitivity of Cystatin C based eGFR based eGFR
was 15.1% and specificity of 99.3% with the positive and
negative predictive values of 70% and 91.16% respectively
for Cystatin C based eGFR formula at a cut off 60 mL/
min/1.73m? The high specificity of Cystatin C based
eGFR means the test correctly identifies disease free indi-
viduals 99.3% of the times. This result suggests that we
can use this test as a confirmatory test for kidney disease.
However, the low sensitivity of Cystatin C based eGFR
which limits its ability to be used as screening test could
have been influenced by choice of the reference method.
The high negative predictive value means 91% of patients
who have a negative (normal GFR as defined by Cysta-
tin C based eGFR) do not have kidney disease. However,
the low positive predictive values 70% in our study could
be attributed to the low prevalence of kidney disease
among the study participants. Contrary to our findings,
a study by Chantrel et al. 2000, reported a sensitivity of
Cystatin C based eGFR of 75% [36]. However, this varia-
tion could be attributed to the selection of the reference
standard, which could have influenced the sensitivity of
Cystatin C-based eGFR. Nevertheless, when compared to
creatinine, Cystatin C-based eGFR demonstrated a per-
formance more closely aligned with the GFR reference
examination. Furthermore, assays for cystatin C using
the immunonephelometric procedure showed a stronger
correlation. Therefore, reclassifying patients based on
Cystatin-based eGFR could offer advantages for both
patient care and healthcare systems.

Our finding showed a high positive likelihood ratio of
21(95% CI=8.1, 55). Converting the likelihood ratios
to odds using Bayes’ theorem gave posttest odds of 2.4
with posterior probability 70%, (95% CI 48—86%) given
a positive test. This result implies given a positive test
(reduced GFR as determined by Cystatin C based eGFR)
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Fig. 1 Showing receiver operating characteristics curve analysis of diagnostic accuracy of eGFR Cystatin C based eGFR. The eGFR Creatinine

was used as a reference at cut off value 60 mL/min/1.73 m

increases the probability of having renal disease to 70%.
The negative likelihood ratio of 0.8, (95% CI=0.8-0.9)
with the posterior probability 9% (95% CI=8% -10%)
and odds of (0.1). This means the chances of having a
negative test (normal GFR) as determined by Cystatin
C based eGFR in a subject with renal disease is only 9%.
These results further imply that Cystatin C based eGFR
will correctly identify 91% of individuals without renal
disease. Thus, in conjunction with other renal tests we
can use Cystatin C based eGFR as a confirmatory test
to rule out kidney disease.

In this study we report a reasonable accuracy of Cys-
tatin C based eGFR based formula in classifying kid-
ney dysfunction as indicated by the Area under Curve
(AUC) of 0.768, (95% CI=0.71, 0.821) on the receiver
operating characteristics curve (Fig. 1). This result
means Cystatin C based eGFR will correctly identify
76.8% have kidney disease (reduced GFR as deter-
mined by Cystatin C based eGFR). These findings are in
agreement with the study conducted by [37], in assess-
ment of serum Cystatin C based eGFR as an endog-
enous marker of renal function in patients with mild
to moderate impairment of kidney function, the study
reported that serum Cystatin C based eGEFR is a reliable
marker in patients with mildly to moderately impaired

kidney function and has a fair diagnostic accuracy than
serum Creatinine.

Our study implies that the appropriate use of ART
may attenuate the growing epidemic of HIV-1-associ-
ated nephropathy. These findings are similar to stud-
ies conducted by [38], HIV-1-associated nephropathy
and response to highly-active antiretroviral therapy that
indicated a substantial reduction in human immunodefi-
ciency virus-1-associated nephropathy incidence chronic
kidney disease among patients on ART. Other studies
indicated that ART improves renal function by reduc-
tion in HIV associated nephropathy and HIV immune
complex disease which are directly attributed to HIV
infection [39-43]. We found no significant difference in
kidney function in HIV positive adults treated with TDF
or non-TDF NNRTI based ART regimen (p=0.87) and
well as duration on HAART (p=0.93). In line with our
study [44], We found that Renal function remained sta-
ble with no difference between HIV patients treated with
TDF or non-TDF NNRTI based ART regimen.

Nonetheless, our study offers valuable insights into
the potential benefits of using Cystatin C-based eGFR
in diagnosing and managing renal disease in HIV-posi-
tive individuals, particularly highlighting the high preci-
sion of Cystatin C-based eGFR formulas. This precision
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enables easy comparison of eGFR estimates between dif-
ferent laboratories and time points, regardless of the spe-
cific formula used.

In resource-limited settings, where access to advanced
diagnostics may be limited, using Cystatin C-based eGFR
as a confirmatory test could be a practical approach. This
could help reduce the need for more expensive or inva-
sive tests and facilitate timely diagnosis and management
of kidney disease in HIV/AIDS patients on HAART.

Conclusion

Cystatin C based eGFR had a high specificity of 99.3%
but a low sensitivity of 15.1%, this means that Cystatin C
based eGFR can be used as a confirmatory test not as a
screening test, a positive and a negative predictive value
of 70% and 91.2%, a high positive likelihood ratio of 21
and a negative predictive value 0.8 with a high diagnostic
accuracy of Cystatin C based eGFR with area under curve
of 0.77.

Recommendations

In our study, we have demonstrated the utility of Cystatin
C-based eGFR as a valuable tool for assessing renal func-
tion, particularly in settings where inulin availability is
limited. The use of Cystatin C-based eGFR offers a prac-
tical and reliable alternative for assessing renal function,
especially in resource-limited settings. We recommend
that ART programs could explore Cystatin C based eGFR
as a confirmatory test for assessment of renal function
in HIV&AIDS patients. But also, to be used in conjunc-
tion with other blood/urine biochemistries such as serum
Creatinine and protein in urine.

While Inflammation can indeed affect Cystatin C lev-
els, leading to inaccuracies in eGFR calculations, we did
not measure CRP in this study, and thus future studies
could explore the impact of inflammation on Cystatin
C-based eGFR results by considering including CRP test-
ing in the study design.
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