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ABSTRACT

Aims: Chronic kidney disease (CKD) is characterized by irreversible and progressive loss of renal function. One of the most
important goals in CKD management is to delay CKD progression. The aim of this study was to investigate the outcomes of
non-dialysing CKD patients, rate of progression of disease and factors associated with CKD progression and mortality.

Methods: In this retrospective study, 245 non-dialysis CKD (stage 3-5) patients who presented to nephrology outpatient clinic
between December 2013 and June 2015 were included. Patients’ baseline demographic, clinical/laboratory data were obtained.
Outcomes of the patients in terms of CKD progression (defined as the initiation of renal replacement therapy or death) between
November 2022 and December 2022 were recorded.

Results: Patients’ mean age (baseline) was 56+12 years; 116 patients (47.3%) were female. During median 46 months of follow-
up period, 42.9% of the patients underwent renal replacement therapy and all-cause mortality rate was 9.8%. Baseline eGFR,
proteinuria and having diabetes mellitus as a comorbidity were found to be associated with CKD progression, independently
(the risk increases by 75% with each 1 ml/min decrease in eGFR, p<0.001; the risk increases approximately 1.8 times with each
1 gr/day increase in proteinuria, p=0.003; the risk increases approximately 3 times with diabetes mellitus, p=0.043).

Conclusion: Our findings showed that baseline eGFR level, having diabetes mellitus and baseline proteinuria values were
independent risk factors associated with disease progression and mortality in non-dialysing CKD patients. Early diagnosis and
close monitoring of CKD, applying interventions targeting risk factors associated with CKD progression should be considered

to delay CKD progression.
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INTRODUCTION

Chronic kidney disease (CKD) has a prevalence of
11-13% and in its course, there is irreversible and
progressive loss of kidney function with increased
morbidity, hospitalization, cardiovascular events and
mortality.! CKD progresses gradually from stage 1, where
the estimated glomerular filtration rate (eGFR) is within
the normal range, to stage 5, where renal replacement
therapy is required. Prevalence and progression of CKD
vary between countries and also within countries by
social determinants and ethnicity, possibly via epigenetic
mechanisms.” CKD progression expresses cumulative
loss of renal function over time (eventually leading to
renal replacement therapy requirement).

The factors such as fibrosis, chronic inflammation,
parenchymal cell loss, decreased regenerative capacity
of kidney can contribute to progression of CKD.’ Not
all of the CKD patients progress to kidney failure; and
prognosis of CKD and timing of adverse outcomes may
vary between patients.” One of the most important
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goals in CKD management is to delay CKD progression
and to reduce number of patients undergoing renal
replacement therapy, by early diagnosis and close
monitoring of CKD, by applying nephroprotective
therapies and interventions targeting CKD progression
and by modifying related risk factors. To delay CKD
progression, effectiveness of current therapies are
limited.” Interventions for specific symptoms, lifestyle
recommendations or  education considerations
have beneficial effects.” Medical and non-medical
interventions targeting glycol-metabolic control,
hypertension, proteinuria and dyslipidemia can be
useful. Previous studies showed that lowering sistolic
blood pressure (<130 mmHg) reduces cardiovascular
risks and progression of CKD, but ideal sistolic blood
pressure level in CKD patients has not yet been
determined.” In a study, body mass index (BMI) in
overweight range was found to be related with reduced
risk for all-cause mortality and CKD progression.®
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There are limited number of study about long-term
outcomes non-diaysing CKD patients and risk factors
associated with CKD progression. In this study, we
aimed to investigate the outcomes of CKD patients not
requiring dialysis and independent risk factors affecting
the CKD progression and mortality.

METHODS

All procedures performed in this study were in
accordance with the ethical rules and with the
principles of Helsinki Declaration and ethics committee
permission was obtained from KTO Karatay University
Faculty of Medicine Non-medicine and Non-medical
Device Researches Ethics Committee (Date: 29.12.2022,
Decision No: 2022/010). All procedures were carried out
in accordance with the ethical rules and the principles of
the Declaration of Helsinki.

In this study with retrospective design, CKD
patients (stage 3-5, aged =18 years) presented to the
nephrology outpatient clinic between December
2013-June 2015 were included. The patients with
cardiovascular disease, malignancy or with rapidly
progressive glomerulonephritis or undergoing renal
replacement therapy were excluded. The patients with
missing baseline data were also excluded. Patients’
demographic, clinical/laboratory parameters such as
age, gender, comorbidities, smoking status, baseline
BMI, sistolic and diastolic blood pressure values and
initial laboratory parameters (hemoglobin, serum urea,
creatinine, glucose, electrolites, calcium, magnesium,
phosphorus, albumin, uric acid, C-reactive protein,
lipids, parathormone, ferritin, eGFR, amount of
proteinuria, venous blood gas) were all obtained from
the patients’ files. For eGFR calculation, Modification of
Diet in Renal Disease Formula was used” and the CKD
stage was classified as stage 3 (eGFR, 30-59 ml/min/1.73
m?), stage 4 (eGFR, 15-29 ml/min/1.73 m?) and stage
5 (eGFR, <15 ml/min/1.73 m?).® For outcomes of the
patients participated in this study, the patients’ status
between November 2022 and December 2022 were
detected from the medical records of the hospital and
the combined endpoint was defined as initiation of renal
replacement therapy (dialysis or transplant) or death
(whichever occurred first).

Statistical Analysis

For statistical analysis, SPSS 22.0 (IBM) software
was used. To determine normally or non- normally
distributed data Kolmogorov-Smirnov test was used.
The results were shown as mean+SD (for variables
distributed normally) and median (minimum-
maximum) (for variables distributed non-normally). To
compare variables, the T-test (for normal distributions)
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and the Mann Whitney-U test (for non-normal
distributions) were used. The independent factors for
primary outcomes were determined by performing Cox-
regression analysis. A p value < 0.05 was considered
statistically significant.

RESULTS

Data of 245 CKD patients were evaluated in this
study: 116 (47.3%) were female and 129 (52.7%) were
male; mean age (at baseline) was 56+12 years. CKD
etiologies were diabetes mellitus (68 patients, 27.8%),
hypertension (43 patients, 17.6%), glomerulonephritis
(35 patients, 14.3%), polycystic kidney disease (31
patients,12.7%), urological causes (16 patients, 6.5%),
amyloidosis (4 patients, 1.6%), unknown underlying
etiologies (48 patients, 19.6%). Only 28 patient (11.4%)
had smoking history. The median follow-up time was
46 months. During this period, regarding clinical
outcome of the 245 patients, 64 (26.1%) had still non-
dialysing CKD and were continiuing follow-up visits in
nephrology outpatient clinic; 105 (42.9%) had required
renal replacement therapy (85 patients (34.7%) were
on dialysis and 20 patients (8.2%) underwent kidney
transplantation); 24 patients (9.8%) died; and 52 (21.2%)
patients were lost to follow-up (Table 1). In univariate
correlation analysis, follow-up time (p<0.001), having
diabetes mellitus as a comorbidity (p<0.001), baseline
eGFR (p<0.001), calcium (p<0.001), phosphorus
(p<0.001), albiimin (p<0.001), potassium (p=0.025),
hemoglobin (p<0.001), parathormone levels (p<0.001)
and amount of proteinuria (p<0.001), baseline sistolic
and diastolic blood pressure measurements (p<0.001
and p=0.002, respectively) were found to be related
with CKD progression to end stage renal failure and all-
cause mortality (Table 1). To determine the independant
variables, Cox-regression analysis with the parameters
found to be significant in univariate analysis were
performed; and baseline eGFR (the risk increases by
75% with each 1 ml/min decrease in eGFR, p<0.001),
baseline proteinuria (the risk increases approximately
1.8 times with each 1 gr/day increase in proteinuria,
p=0.003) having diabetes mellitus as a comorbidity
(the risk increases approximately 3 times with diabetes
mellitus, p=0.043) were found to be associated with
CKD progression, independently (Table 2).

DISCUSSION

CKD is the common and progressive result of various
disease processes with different etiologies/pathogenesis
rather than being one disease. The goal of nephrologists
is to prevent or delay the progression of CKD as much
as possible; and for this, knowing the risk factors
affecting the progression of CKD is important. In our
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study, the outcomes of non-diaysing CKD patients and
the risk factors associated with CKD progression were
investigated. During median 46 months of follow-
up period, 42.9% of our patients underwent renal
replacement therapy and all-cause mortality rate was
9.8%. In a previous study, of the 382 patients with non-
dialysing CKD (stage 3-5), 190 patients progressed
to renal replacement therapy requirement (dialysis
or kidney transplant), (12.1%/year; mean follow-up,
4.1 years) and 150 died (6.5%/year; mean follow-up,
6.0 years).” In the study of Zhang et al."’ rate of CKD
progression (defined as initiation of dialysis) was
26.2% among 309 patients with CKD stage 3-4 (median
follow-up time, 25.6 months). In another study from
Sweden, included 26279 patients with CKD stage 3b-
5, rate of CKD progression event (defined as initiation
of renal replacement therapy or at least one CKD stage
transition) was 19.6 patients /100 person-years; and 10.1
patients/100 person-years died."" These different CKD
progression rates and mortality rates between studies
may be attributed to the differences in sample size, CKD
stage of study group, definition of CKD progression or
follow-up time. In addition CKD progression time may
vary between countries and even patient by patient.*

In our study, having diabetes mellitus as a comorbidity,
baseline proteinuria and baseline eGFR values were
found to be associated with CKD progression; the risk of
CKD progression and mortality increased by 75% with
each 1 ml/min decline in eGFR. In a previous study, each
30% decline in baseline eGFR was associated with 3-fold
higher end stage renal failure rate and 1.3-fold higher
death rate.” Similarly, previous other studies concluded
that more baseline kidney impairment (CKD stage) is
related with CKD progression and clinical events.'*'>"*
So, for the patients with more advanced stages of non-
dialysing CKD, to develop strategies targeting improving
dialysis provision and capacity of transplant services
could be beneficial.”” Regarding baseline proteinuria
and having diabetes as a comorbidity, in our study, the
risk of CKD progression increased approximately 1.8
times with each 1 gr/day increase in proteinuria; and it
is increased 3 times in patients with diabetes mellitus.
In concordance with our study, in the study of Zhang
et al."’ increased proteinuria associated with increased
the risk for progression to initiation of dialysis by 2.592
fold and the patients with diabetes mellitus had 2.759
fold increase in CKD progression to renal replacement
therapy compared to the patients without diabetes. In

Table 1. Baseline characteristics of the patients and univariate correlation analysis of chronic kidney disease progression with variables

) o Overall* Non-dialysis during Underwent RRT or died
Baseline characteristics (n=245) follow-up during follow-up P
(n=64) (n=129)

Age, year, mean+SD 56+12 54.4+11.4 56.7+12.4 0.220
Gender, female, n (%) 116 (47.3) 32 (50) 60 (46.5) 0.760
Presence of diabetes, n (%) 68 (27.8) 8 (12.5) 47 (36.4) <0.001
Smoking history, n (%) 28 (11.4) 8 (12.5) 16 (12.4) 0.576
BMI, kg/m? 30.3£6.3 30.6x+5.5 30.0+6.8 0.573
eGFR, ml/min/1.73 m? 30.1+13.1 56.0+13.5 33.4+14.8 <0.001
Serum creatinine, mg/dL 2.53 (1.14-6.35) 1.820.53 3.03+1.12 <0.001
Serum uric acid, mg/dl 7.1+1.7 6.95+1.79 7.17+1.67 0.402
Potassium (mmol/I) 4.7£0.5 4.67+0.55 4.86%0.55 0.025
Calcium, mg/dl 9.0+0.7 9.33+£0.51 8.78+0.77 <0.001
Phosophorus, mg/dl 3.6+0.9 3.23+0.61 3.87%1.16 <0.001
Serum albumin , g/dl 3.9+0.4 4.11+0.29 3.81+0.49 <0.001
Systolic BP, mmHg 138+20 130.8+14.4 142.3+21.5 <0.001
Diastolic BP, mmHg 88+11 87.0 (47-115) 92 (52-141) 0.002
Hemoglobin, g/dl 12.8+1.9 13.7+2.1 12.3+1.8 <0.001
LDL- cholesterol, mg/dl 133 £40 134.1+£39.0 133.8+43.3 0.964
Triglyserides, mg/dl 186 (40-1191) 184+105 181+108 0.817
Bicarbonate (HCO5"), mmol/l 21.3+3.1 21.23+2.85 21.06+3.47 0.808
Parathormon, ng/l 82.85 (23-799) 82.85 (23-799) 172.8 (21-785) <0.001
C-reactive protein, mg/l 3.44 (3-78) 3.44 (3-78) 3.7 (3-201) 0.077
Proteinuria (g/day) 2.16 (0.05-13.90) 0.87 (0.05-4.46) 3.17 (0.06-13.90) <0.001
Follow-up time, month, median (range) 46 (2-108) 84 (62-91) 24 (2-84) <0.001
*, 52 patients were lost to follow-up; RRT, renal replacement therapy; SD, standart deviation; BMI, bady mass index; eGFR, estimated glomerular filtration rate; BP, blood pressure;
LDL-cholesterol, low-density lipoprotein cholesterol.

Variabl Step 1 Cox-Snell R2=0.321 Step 2 Cox-Snell R2=0.384 Step 3 Cox-Snell R2=0.399
artables p  Exp()  %95CI p  EExp(p) %95 CI p Exp(p) %95 CI
Baseline eGFR <0.001 0.910 0.885-0.936 <0.001 0.926 0.899-0.954 <0.001 0.925 0.897-0.953
Baseline proteinuria 0.001 1.853 1.269-2.706 0.003 1.798 1.223-2643
Presence of diabetes 0.043 3.103 1.034-9314

eGFR, estimated glomerular filtration rate
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another study, fast progression occurred in 23.0% of
CKD patients with diabetes mellitus vs. 15.3% of CKD
patients without diabetes during 24-month follow-up;
and proteinuria was among the multivariable predictors
of CKD progression."*

In our study, the factors including, baseline phosphorus,
albiimin, hemoglobin levels, baseline sistolic and
diastolic blood pressure measurements were associated
with CKD progression in univariate correlation analysis,
but in multivariate analysis these factors could not retain
their significance. Unlike our study, in some previous
studies, the risk factors such as age,"”” male gender,"
current smoker,”” hypoalbuminemia,'*"” increased low-
density lipoprotein levels,'* elevated blood pressure,'*'*
anemia,'”"* higher serum phosphorus levels” were
found to be associated with CKD progression. These
different finding between studies can be atributed to the
differences in study design, sample size or CKD stages of
study group.

There are some limitations of this study: First, it is a
retrospective study including patients from a single
center; second we did not include data on the drugs used
by the patients.

CONCLUSION

Our findings in this study showed that baseline eGFR
level, having diabetes mellitus and baseline proteinuria
values were independent risk factors affecting CKD
progression and mortality in non-dialysing CKD
patients. Early diagnosis and close monitoring of CKD,
applying nephroprotective therapies and interventions
targeting risk factors associated with CKD progression
should be considered to delay CKD progression and to
reduce number of patients requiring renal replacement
therapy.

ETHICAL DECLARATIONS

Ethics Committee Approval: Ethics Committee
permission was obtained from KTO Karatay University
Faculty of Medicine Non-medicine and Non-medical
Device Researches Ethics Committee (Date: 29.12.2022,
Decision No: 2022/010).

Informed Consent: Because the study was designed
retrospectively, no written informed consent form was
obtained from patients.

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

210

Author Contributions: All of the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the
final version.

REFERENCES

1. Hill NR, Fatoba ST, Oke JL, et al. Global prevalence of chronic
kidney disease - a systematic review and meta-analysis. PLoS
One. 2016;11:0158765. doi:10.1371/journal.pone.0158765

2. Webster AC, Nagler EV, Morton RL, Masson P. Chronic kidney
disease. Lancet. 2017;389:1238-1252. doi:10.1016/S0140-6736
(16)32064-5

3. Ruiz-Ortega M, Rayego-Mateos S, Lamas S, Ortiz A, Rodrigues-
Diez RR. Targeting the progression of chronic kidney disease. Nat
Rev Nephrol. 2020;16:269-288. doi:10.1038/s41581-019-0248-y

4. Grams ME, Yang W, Rebholz CM, et al.; CRIC Study Investigators.
Risks of adverse events in advanced CKD: The Chronic Renal
Insufficiency Cohort (CRIC) Study. Am J Kidney Dis. 2017;70:337-
346. doi:10.1053/j.ajkd.2017.01.050

5. Habas E Sr, Habas E, Khan FY, et al. Blood pressure and
chronic kidney disease progression: an updated review. Cureus.
2022;14:e24244. doi:10.7759/cureus.24244

6. Davis E, Campbell K, Gobe G, Hawley C, Isbel N, Johnson DW.
Association of anthropometric measures with kidney disease
progression and mortality: a retrospective cohort study of pre-
dialysis chronic kidney disease patients referred to a specialist
renal service. BMC Nephrol. 2016;17:74. doi:10.1186/s12882-016-
0290-y

7. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A
more accurate method to estimate glomerular filtration rate from
serum creatinine: a new prediction equation. Modification of Diet
in Renal Disease Study Group. Ann Intern Med. 1999;130:461-
470. doi:10.7326/0003-4819-130-6-199903160-00002

8. Levin A, Stevens PE, Bilous RW, et al. Kidney disease: improving
global outcomes (KDIGO) CKD work group. KDIGO 2012
clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int Suppl. 2013;3:1-150.
doi:10.1038/kisup.2012.73

9. Landray MJ, Emberson JR, Blackwell L, et al. Prediction of
ESRD and death among people with CKD: the Chronic Renal
Impairment in Birmingham (CRIB) prospective cohort study. Am
J Kidney Dis. 2010;56:1082-1094. d0i:10.1053/j.ajkd.2010.07.016

10.Zhang X, Fang Y, Zou Z, et al. Risk factors for progression of CKD
with and without diabetes. J Diabetes Res. 2022;2022:9613062.
doi:10.1155/2022/9613062

11.Swartling O, Rydell H, Stendahl M, Segelmark M, Trolle Lagerros
Y, Evans M. CKD progression and mortality among men
and women: a nationwide study in Sweden. Am ] Kidney Dis.
2021;78:190-99.e1. doi:10.1053/j.ajkd.2020.11.026

12.Grams ME, Surapaneni A, Appel LJ, et al; CRIC Study
Investigators. Clinical events and patient-reported outcome
measures during CKD progression: findings from the chronic
renal insufficiency cohort study. Nephrol Dial Transplant.
2021;36:1685-93. doi:10.1093/ndt/gfaa364

13.Hoefield RA, Kalra PA, Baker P, et al. Factors associated with
kidney disease progression and mortality in a referred CKD
population. Am ] Kidney Dis. 2010;56:1072-81. doi:10.1053/j.
ajkd. 2010.06.010

14.Go AS, Yang J, Tan TC, et al. Kaiser Permanente Northern
California CKD Outcomes Study. Contemporary rates and
predictors of fast progression of chronic kidney disease in adults
with and without diabetes mellitus. BMC Nephrol. 2018;19:146.
doi:10.1186/s12882-018-0942-1



