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ABSTRACT

Objective: Studies on predictors of mortality among elderly chronic kidney disease (CKD) patients have conflicting results.
We aimed to assess the factors related to mortality in CKD versus non-CKD elderly subjects.

Methods: Medical records of consecutive elderly subjects presented to geriatrics outpatient clinics were retrospectively
searched. Logistic regression models were set in order to determine independent predictors of mortality.

Results: The median age was 73 (67-80) years, and 837 (67.9%) were female. CKD constituted 21.9% of the cohort. During
the follow-up of 3 to 4 years, 7.2% of the patients died. In the CKD cohort, older age (per year, OR 1.12, 95% CI 1.01-1.25, P
=.040) and serum uric acid levels (per 1 mg/dL increase, OR 1.74, 95% Cl 1.12-2.69, P =.013) were associated with a higher
risk of mortality while serum albumin (per 1 g/dL increase, OR 0.08, 95% Cl 0.01-0.52, P = .008) and vitamin D levels (per
1 ng/mL increase, OR 0.77, 95% Cl 0.62-0.96, P = .019) were associated with a lower risk of mortality in the multivariate
regression model.

Conclusion: Older age, lower serum albumin and vitamin D levels, and higher serum uric acid levels are independent pre-
dictors of mortality in outpatient elderly subjects with CKD.
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INTRODUCTION

Chronic kidney disease (CKD) is a global health problem
affecting a considerable percentage of the adult popula-
tion all over the world,* and represents a risk factor for
mortality.2 As the severity of kidney disease increases,
traditional and non-traditional risk factors emerge, and
CKD becomes a more unique state significantly associ-
ated with increased risk of mortality caused by cardio-
vascular disorders and many other etiologies.>*

There may be several explanations for this increased
risk of mortality during the course of CKD. In the study
by Landray et al.® authors evaluated outcomes of pre-
dialysis CKD patients. The authors found that age
and smoking were independent risk factors for death
along with serum cardiac biomarkers. In another

This work is licensed under a Creative Commons

Attribution 4.0 International License.

study,® Tsur et al.®investigated whether clinical and bio-
chemical factors at the predialysis stage had an impact
on patient mortality after the commencement of dialysis
in diabetic CKD patients. Lower body mass index, pulse
pressure, and cardiovascular comorbidity at the predi-
alysis stage independently predicted mortality after the
initiation of dialysis. In another study,” in addition to
age, low body mass index, history of cardiovascular dis-
ease or cancer, and several baseline laboratory param-
eters including hemoglobin, ferritin, C-reactive protein,
serum albumin, and creatinine were independent pre-
dictors of death.

Patients with CKD frequently represent a rather old pop-
ulation, however, it is unknown whether predictors of
mortality among the geriatric age group with CKD differ
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or not. With this study, we aimed to investigate the effects of
kidney function on patient survival, assess independent predic-
tors of mortality, and examine differences between predictors
of death in CKD and non-CKD groups of elderly people.

METHODS

Consecutive elderly subjects (>65 years) presented to the geri-
atric outpatient clinics between August 2016 and October 2017
wereincluded. Medical records were obtained from patient files.
Patients were followed for 3-4 years. Records included age, sex,
comorbidities, Charlson comorbidity index, duration of educa-
tion (by years), number of drugs, body mass index, systolic and
diastolic blood pressure, hemoglobin, serum creatinine, serum
albumin, blood electrolyte levels, HbA1-c, lipid profile, vitamin
D, vitamin B12, folic acid, and serum uric acid.

Chronic kidney disease was defined as an estimated glomeru-
lar filtration rate (eGFR) of < 60 mL/min/1.73 m? and graded
according to consensus guidelines.® GFR was estimated accord-
ing to the chronic kidney disease epidemiology collaboration
(CKD-EPI) formula.®

This study was approved by the Ethics Committee of Bezmialem
Vakif University (01.07.2020/06-04).

Statistical Analysis

Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS) version 22.0 (IBM SPSS Corp.;
Armonk, NY, USA). A P-value of < .05 was considered statisti-
cally significant. The distribution of data was assessed using
the Kolmogorov-Smirnov test. Continuous variables were
expressed as median with the interquartile range (25-75%) if
non-normally distributed and as mean + standard deviation,
vice versa. Categoric variables were expressed as proportions.
Chi-squared tests were used for comparing qualitative measures
between CKD and non-CKD cohorts. Comparisons of continu-
ous variables between these groups were performed using the
Mann-Whitney U-test. Logistic regression models were used in
order to determine independent predictors of mortality in the
entire cohort, patients with CKD, and the non-CKD cohort. In
addition to age and sex, variables that reached a P-value of <
.05 in univariate analysis were included in multivariate models.
Backward elimination method was used in multivariate analysis.

Main Points

« The risk of mortality in elderly people increases with each
decline in eGFR. In a CKD cohort, older age and higher serum
uric acid levels are independently associated with a higher
risk of mortality while higher serum albumin and vitamin D
levels are associated with a lower risk of mortality. On the
other hand, in the non-CKD cohort, older age and the pres-
ence of congestive heart failure are independently associated
with mortality while a higher serum albumin level is associ-
ated with a lower risk of death.
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RESULTS

One thousand forty patients were included in the study. The
mean age was 74 + 8 years and 837 (67.9%) were female.
Chronic kidney disease was evident in 265 (21.9%) of patients,
while the CKD status of 11 (0.9%) patients was not available due
to lack of serum creatinine measurement.

Patients with CKD were older (P < .001), had a higher median
Charlson comorbidity index (P < .001), and were using more
drugs (P < .001). Hypertension was more frequent in the CKD
cohort (P=.003), comprising 71.7% of the subjects. Mean body
mass index was higher in the non-CKD cohort (P = .047). In
addition to significant differences for serum creatinine (mean
1.37 mg/dL vs. 0.73 mg/dL), eGFR (mean 48 mL/min/1.73 m?vs.
85mL/min/1.73 m?), hemoglobin (mean 12.9 g/dL vs. 14.0 g/dL),
serum potassium (median 4.6 mEq/L vs 4.4 mEq/L), serum uric
acid (mean 7.0 mg/dL vs. 5.3 mg/dL), and serum folic acid
(median 7.3 ng/mLvs. 8.8 ng/mL ), and serum vitamin B12 level
(median 168 pg/mL vs 241 pg/mL) were also significantly differ-
ent among CKD and non-CKD cohorts (P < .001 for all compari-
sons, Table 1).

During the follow-up, 89 (7.2%) of the patients died, and
survival data of 193 patients were unavailable. Risk of
mortality was decreased with each increase in eGFR (per
1 mL/min/1.73 m? increase, OR 0.98, 95% CI 0.97-0.99,
P <.001) and with each decline in CKD stage (per grade, OR 1.68,
95%¢Cl1.30-2.18,P<.001). Oddsratio of mortalityin patientswho
had an eGFR of <90, <60, <45, and <30 mL/min/1.73 m? were
2.06,2.49, 3.43, and 4.84, respectively (Table 2).

Age, years of education, presence of heart failure, body mass
index, hemoglobin, serum albumin, eGFR, serum calcium,
serum magnesium, serum uric acid, vitamin D, and LDL-
cholesterol levels were significant parameters associated with
death in univariate analysis. After including sex and all these
significant parameters in the multivariate regression model,
older age (per year, OR 1.07, 95% Cl 1.02-1.12, P = .007) and
higher serum uric acid (per 1 mg/dL, OR 1.30, 95% Cl 1.06-1.60,
P =.013) were independently associated with mortality, while
a higher serum albumin (per 1 g/dL increase, OR 0.31, 95%
Cl 0.11-0.87, P = .026), vitamin D (OR 0.95, 95% CI 0.91-1.00,
P = .055), and serum LDL-cholesterol (OR 0.99, 95% CI 0.98-
1.00, P < .001) were significantly associated with a lower risk
of death (Table 3). In the CKD cohort, older age (OR 1.12, 95%
Cl 1.01-1.25, P = .040) and higher serum uric acid levels (OR
1.74,95% Cl 1.12-2.69, P =.013) were independently associated
with a higher risk of mortality while higher serum albumin (OR
0.08, 95% Cl 0.01-0.52, P =.008), and vitamin D levels (OR 0.77,
95% ClI 0.62-0.96, P = .019) were associated with a lower risk
of mortality in the multivariate regression model. In the non-
CKD cohort, older age (OR 1.08, 95% Cl 1.04-1.13, P < .001) and
the presence of congestive heart failure (OR 3.03, 95% Cl 1.12-
8.20, P = .029) were independently associated with mortality
while a higher serum albumin level (OR 0.20, 95% CI 0.07-0.56,
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Table 1. General Characteristic of All Patients, and Chronic Kidney Disease (CKD) and Non-CKD Cohorts

Variables? All Patients (n =1233)® CKD (n=265) Non-CKD (n =957) P
Age, years 74 +8 8+7 73+8 <.001
Female 67.9% 63.4% 69.1% .080
Years of education 3(0-5) 3(0-5) 3(0-5) .238
Diabetes mellitus 34.8% 37.7% 34.1% 157
Hypertension 65.7% 71.7% 63.9% .003
Charlson comorbidity index 1(0-1) 1(0-2) 0(0-1) <.001
Number of drugs 4(2-6) 5(3-8) 4(2-6) <.001
Diuretics 45.7% 57.8% 43.4% <.001
Body mass index 31.5+5.8 40.8 +6.3 31.7+5.7 .047
SBP, mmHg 145 + 27 143 +29 145+ 26 .672
DBP, mmHg 79+15 79+16 80+ 14 .180
Serum creatinine, mg/dL 0.87 + 0.46 1.37+0.65 0.73+0.26 <.001
eGFR, mL/min/1.73 m? T7T+21 48 +20 85+13 <.001
Hemoglobin, g/dL 13.8+£3.9 129+1.8 14.0+4.2 <.001
Serum albumin, g/dL 42+13 41+04 43+15 <.001
Serum sodium, mmol/L 140 (137-141) 140 (137-141) 140 (137-142) 587
Serum potassium, mEq/L 4.4 (4.2-4.7) 4.6 (4.3-5.0) 4.4 (4.2-4.6) <.001
Serum calcium, mg/dL 9.5(9.2-9.8) 9.4 (9.1-9.8) 9.5(9.2-9.8) .163
Serum phosphorus, mg/dL 3.3(3.0-3.7) 3.3(3.0-3.7) 3.3(2.9-3.6) .138
Serum magnesium, mg/dL 2.0 (1.8-2.2) 2.0(1.8-2.2) 2.0(1.8-2.1) 572
Vitamin D, ng/mL 12.4(9.0-22.2) 10.5 (9.0-22.7) 12.6 (9.0-22.1) 222
Serum uric acid, mg/dL 57+1.6 7.0+1.7 53+14 <.001
LDL-cholesterol, mg/dL 126 +40 121 +40 127 +39 .041
HbA1l-c, % 6.2 (5.7-7.3) 6.3 (5.8-7.5) 6.2 (5.7-7.2) .395
Folic acid, ng/mL 8.5 (6.4-11.1) 7.3(5.5-9.8) 8.8 (6.7-11.3) <.001
Vitamin B12, pg/mL 229 (163-338) 168 (181-144) 241 (155-311) <.001
2Continuous variables are expressed as median with interquartile range (25%-75%), or mean+SD, as approppriate. "Eleven patients did not have a serum creatinine
measurement.

DBP, diastolic blood pressure, Egfr, estimated glomerular filtration rate, SBP, systolic blood pressure

Patient Survival

Table 2. Effects of Glomerular Filtration Rate (eGFR) Cutt-Off on

Parameter

Odds Ratio

eGFR, per 1 mL/min/1.73 m?
increase

eGFR <90 mL/min/1.73 m?
eGFR < 60 mL/min/1.73 m?
eGFR < 45 mL/min/1.73 m?
eGFR < 30 mL/min/1.73 m?

CKD, decline per each stage

OR0.98,95% C1 0.97-0.99, P < .001

OR 2.06 95% CI 1.22-3.48, P=.007
OR 2.49,95% Cl 1.53-4.03, P < .001
OR 3.43,95% CI 1.85-6.39, P < .001
OR4.84,95% CI 1.81-12.92, P =.002
OR 1.68,95% CI1.30-2.18, P < .001

min/1.73 m?); OR, odds ratio

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate (mL/

P =.002) was associated with a lower risk of death in the multi-
variate regression model.

CRP was available in a subset of patients (719 of 1233). When we
classified patients according to serum uric acid levels as hyper-
uricemia (>7 mg/dL) versus normouricemia (4-7 mg/dL), the
former group had significantly higher CRP level (mean 8.4 mg/L
vs 6.6 mg/L, P =.001). CRP levels were significantly associated
with an increased risk of mortality in univariate analysis (per
1 mg/L, OR 1.03), but not in multivariate models for the over-
all, CKD and non-CKD cohorts. We have not included this data
in Table 3 due to the high number of cases with missing CRP.
Similar to CRP levels, the Charlson comorbidity index was also
significantly associated with an increased risk of mortality in
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Table 3. Predictors of Mortality in Overall, Chronic Kidney Disease (CKD), and Non-CKD Cohorts According to Logistic Regression Models

LDL cholesterol
per 1 mg/dL
increase

OR0.99,95% ClI
0.98-0.99, P <.001

OR 0.99, 95% CI
0.98-1.00,P=.019

OR0.99,95% Cl
0.97-1.00, P=.008

Overall CKD Non-CKD
Parameters Univariate Multivariate Univariate Multivariate Univariate Multivariate
Age per 1 year OR 1.12,95% ClI OR 1.07,95% CI OR 1.09,95% ClI OR 1.12,95% CI OR1.12,95% Cl OR 1.08,95%
increase 1.09-1.15,P<.001 | 1.02-1.12,P=.007 | 1.02-1.15,P=.007 1.01-1.25, 1.08-1.16,P < .001 Cl11.04-1.13,
P=.040 P <.001
Male OR 1.02,95% CI - OR 1.18,95% CI - OR0.99,95% ClI -
0.62-1.68, P=.935 0.46-3.00,P=.734 0.54-1.82,P=.972
Years of OR0.90, 95% Cl - - - - -
education per 0.83-0.98,P=.015
year
Congestive heart OR 2.94,95% ClI - - - OR 2.88,95% ClI OR 3.03, 95%
failure 1.42-6.10, P=.004 1.15-7.21,P=.024 Cl1.12-8.20,
P=.029
Body mass index OR0.94,95% ClI - OR0.91,95% ClI - - -
per 1 kg/m? 0.90-0.99, P=.021 0.84-0.99, P=.036
increase
Hemoglobin per 1 OR0.83,95%Cl - OR0.75,95% CI - - -
g/dL increase 0.73-0.95, P=.005 0.60-0.94, P=.012
Serum albumin OR0.09,95% ClI OR 0.31,95% CI OR0.08,95% ClI OR 0.08,95% CI OR0.10,95% ClI OR 0.20, 95%
per1g/dL 0.05-0.17,P < .001 | 0.11-0.87,P=.026 0.03-0.27,P < 0.01-0.52, 0.04-0.22,P < .001 C10.07-0.56,
increase .001 P=.008 P=.002
eGFR* OR0.98,95% ClI - - - OR0.97,95% ClI -
0.97-0.99, P <.001 0.95-0.99, P=.005
eGFR <60 mL/ OR 2.49,95% ClI - n/a - n/a -
min/1.73 m?* 1.53-4.03, P <.001
Serum calcium OR0.42,95% ClI - OR0.36,95% ClI - OR0.50,95% ClI -
per 1 mg/dL 0.28-0.63, P < .001 0.18-0.72, P=.004 0.30-0.83, P=.008
increase
Serum OR 0.40,95% ClI - - - OR0.24,95% ClI -
magnesium per 1 0.17-0.94, P=.035 0.08-0.74,P=.013
mg/dL increase
Serum uric acid OR1.32,95% ClI OR 1.30,95% CI OR 1.29,95% ClI OR 1.74,95% CI - -
per 1 mg/dL 1.17-1.49,P < .001 | 1.06-1.60,P=.013 | 1.03-1.62,P=.025 1.12-2.69,
increase P=.013
Vitamin D per 1 OR 0.96,95% ClI OR 0.95,95% Cl, OR0.94,95% ClI OR0.77,95% CI OR0.96,95% ClI -
ng/mL increase 0.93-0.99,P=.003 | 0.91-1.00,P=.055 | 0.88-1.00, P=.057 0.62-0.96, 0.93-1.00, P=.029
P=.019

OR0.99,95% CI
0.98-0.99, P < .001

*These variables were included in different models, separately. Empty blanks denote non-significant associations.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate, n/a: not applicable, OR, odds ratio

univariate analysis (per 1 point, OR 1.03), but not in multivariate
models. Missing cases were also high in number for this index,

so this is not mentioned in Table 3 either.

DISCUSSION

We have demonstrated that along with older age and lower
serum albumin levels which were independently associated
with mortality in both CKD and non-CKD cohorts, a higher
serum uric acid and a lower serum 25-OH vitamin D levels were

with CKD.

independent predictors of mortality among elderly subjects

Inverse effects of older age and hypoalbuminemia on mortality
in CKD patients or maintenance dialysis have been described

by others.5" Possible role of serum uric acid with mortality in
patients with CKD is intriguing and has been described more
than a decade ago as associations between uric acid with
metabolic disorders and inflammation.'® Further associations
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of serum uric acid with increased risk of mortality among
CKD patients have been reported by many studies and meta-
analyses.’**® |In our study, serum uric acid level was an inde-
pendent predictor of mortality in CKD, but not in the non-CKD
cohort. The reason for this may be the absence of other risk
factors for organ damage in the non-CKD cohort. In a paper by
Navaneethan et al.,'” authors concluded that hyperuricemia
was associated with mortality in a non-CKD population. It was
speculated that the presence of CKD attenuated the association
between serum uric acid and mortality. Though some studies
demonstrated the relationship of serum uric acid with progres-
sion of CKD, a randomized controlled trial*®* which included
subjects with a high risk of progression (those with albumin-
uria and rapid GFR decline) could not demonstrate a benefit of
urate-lowering with allopurinol on the progression of kidney
disease. Another recent randomized controlled trial* included
patients with type 1 diabetes mellitus who received allopurinol
versus placebo. The results were similarly negative. Allopurinol
did not reduce the risk of kidney disease progression in any of
these recent studies despite the expected decrease in serum
uric acid levels in both. A prospective controlled study from
China® reported a better efficacy of febuxostat over allopurinol,
and reduction in serum uric acid levels was significantly associ-
ated with a slower progression of kidney disease.

The effect of 25-OH vitamin D levels on outcomes of CKD
patients is unclear. The most recent CKD-mineral bone disorder
KDIGO guideline stated that vitamin D levels might be measured
and deficiency or insufficiency may be corrected using a similar
treatment strategy recommended for the general population,
with a quality of evidence of 2C.#* Chonchol and Scragg exam-
ined associations between kidney function with serum levels
of calcidiol and components of the metabolic syndrome, and
it was observed that these patients did not have vitamin D defi-
ciency in the absence of severe renal impairment (CKD stage
4 or worse) (22). Similar to assumptions that have been made
for many other associations between vitamin D levels with can-
cers and other many disorders, vitamin D may rather represent
indirect evidence for the general well-being and nutrition status
of a person.

The association of CKD with mortality was also quite significant
in the univariate analysis in the entire cohort, although the sig-
nificance was lost in multivariate regression models. There has
been a debate about considering elderly subjects with an eGFR
of < 60 mL/min/1.73 m? as CKD patients.?® According to meta-
analyses, mortality rate significantly increases if eGFR is less
than 75 mL/min per 1.73 m? among young people, while a simi-
lar increase in mortality among elderly people was observed
when eGFR is less than 45 mL/min per 1.73 m2.% In addition,
it was found that GFR declines with the normal aging process
without any signs of hyperfiltration or kidney damage. When
we defined CKD as an eGFR of < 45 mL/min per 1.73 m?, results
were similarly significant in univariate, but not in multivariate
analysis. Reasons for this may be the relatively low number of
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patients with higher stages of CKD. In addition, urinary albu-
min excretion was not available which would help to classify
subjects as CKD in a more reliable manner. Briefly, the reason
for non-significant results in multivariate regression models
might be the possible misclassification of patients as CKD and
non-CKD.

Our study has several limitations. In addition to its retrospec-
tive design, the classification of patients as CKD and non-CKD
may be inaccurate in some. Laboratory measurements that
were performed in one visit were taken into account, and uri-
nary protein excretion values were not available. These would
have strengthened the reliability of the classification of patients
into groups. Moreover, despite the follow-up of 3 to 4 years,
the actual death dates of the subjects were not known. So, we
have performed logistic regression models and defined several
parameters which were associated significantly with the risk of
death during this follow-up period. It would be more accurate to
perform cox-regression analysis in order to calculate the hazard
ratio of each variable for association with mortality. We were
not able to access drug exposures in all cases. Drugs that have
an impact on serum uric acid levels may have changed some
results, making it hard to reach a solid conclusion. . . Results of
our paper are not novel and require careful interpretations due
to these limitations.

In conclusion, older age, lower serum albumin, lower 25-OH
vitamin D and higher serum uric acid levels are independent
predictors of mortality in elderly subjects with CKD.

Ethics Committee Approval: Ethics committee approval was received
from the Ethics Committee of Bezmialem Vakif University
(01.07.2020/06-04).

Informed Consent: Written informed consent was obtained from all
participants who participated in this study or from a legal guardian.

Peer Review: Externally peer-reviewed.

Author Contributions: Concept - C.H., P.S.; Design - C.H., P.S.; Super-
vision - P.S., R.K.; Resource - P.S., R.K.; Materials - P.S.; Data Collection
and/or Processing - P.S.; Analysis and/or Interpretation - C.H.; Litera-
ture Search - C.H.; Writing - C.H.; Critical Reviews - P.S., R.K.

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

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

REFERENCES

1. Eckardt KU, Coresh J, Devuyst O, et al. Evolving importance of kid-
ney disease: from subspecialty to global health burden. Lancet.
2013;382(9887):158-169. [CrossRef]

2. Tonelli M, Wiebe N, Culleton B, et al. Chronic kidney disease and
mortality risk: a systematic review. J Am Soc Nephrol.
2006;17(7):2034-2047. [CrossRef]

197


https://doi.org/10.1016/S0140-6736(13)60439-0
https://doi.org/10.1681/ASN.2005101085

198

Heybeli et al. Risk Factors of Mortality in Elderly with CKD

10.

11.

12.

13.

Thompson S, James M, Wiebe N, Alberta Kidney Disease Net-
work et al. Cause of death in patients with reduced kidney func-
tion. J Am Soc Nephrol. 2015;26(10):2504-2511. [CrossRef]
Charytan DM, Lewis EF, Desai AS, et al. Cause of Death in Patients
With Diabetic CKD Enrolled in the Trial to Reduce cardiovascular
Events With Aranesp Therapy (TREAT). Am J Kidney Dis.
2015;66(3):429-440. [CrossRef]

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(6):1082-1094. [CrossRef]

Tsur N, Menashe I, Haviv YS. Risk Factors Before Dialysis Predomi-
nate as Mortality Predictors in Diabetic Maintenance Dialysis
patients [sci rep.:10633]. Sci Rep. 2019;9(1):10633. [CrossRef]
Floege J, Gillespie IA, Kronenberg F, et al. Development and vali-
dation of a predictive mortality risk score from a European hemo-
dialysis cohort. Kidney Int. 87(5):996-1008. [CrossRef]

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.

Levey AS, Stevens LA, Schmid CH, et al. CKD-EPI (chronic kidney
disease epidemiology collaboration). A new equation to estimate
glomerular filtration rate. Ann Intern Med. 2009;150(9):604-612.
[CrossRef]

Suliman ME, Johnson RJ, Garcia-Lépez E, et al. J-shaped mortality
relationship for uric acid in CKD. Am J Kidney Dis. 2006;48(5):761-
771. [CrossRef]

Kanbay M, Yilmaz MI, Sonmez A, et al. Serum uric acid indepen-
dently predicts cardiovascular events in advanced nephropathy.
Am J Nephrol. 2012;36(4):324-331. [CrossRef]

Kleber ME, Delgado G, Grammer TB, et al. Uric acid and cardiovas-
cular events: A Mendelian randomization study. J Am Soc Nephrol.
2015;26(11):2831-2838. [CrossRef]

Luo Q, Xia X, Li B, et al. Serum uric acid and cardiovascular mortal-
ity in chronic kidney disease: a meta-analysis. BMC Nephrol.
2019;20(1):18. [CrossRef]

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Turk J Nephrol 2021; 30(3): 193-198

Xia X, Luo Q, Li B, et al. Serum uric acid and mortality in chronic
kidney disease: A systematic review and meta-analysis. Metabo-
lism. 2016;65(9):1326-1341. [CrossRef]

Madero M, Sarnak MJ, Wang X, et al. Uric acid and long-term out-
comes in CKD. Am J Kidney Dis. 2009;53(5):796-803. [CrossRef]
Tsai CW, Chiu HT, Huang HC, et al. Uric acid predicts adverse
outcomes in chronic kidney disease: a novel insight from trajec-
tory analyses. Nephrol Dial Transplant. 2018;33(2):231-241.
[CrossRef]

Navaneethan SD, Beddhu S. Associations of serum uric acid
with cardiovascular events and mortality in moderate chronic
kidney disease. Nephrol Dial Transplant. 2009;24(4):1260-1266.
[CrossRef]

Badve SV, Pascoe EM, Tiku A, et al. Effects of allopurinol on the
progression of chronic kidney disease. N Engl J Med.
2020;382(26):2504-2513. [CrossRef]

Doria A, Galecki AT, Spino C, PERL Study Group et al. Serum urate
lowering with allopurinol and kidney function in Type 1 diabetes.
N Engl J Med. 382(26):2493-2503. [CrossRef]

Liu X, Wang H, Ma R et al. The urate-lowering efficacy and safety
of febuxostat versus allopurinol in Chinese patients with asymp-
tomatic hyperuricemia and with chronic kidney disease stages
3-5. Clin Exp Nephrol. 2019;23(3):362-370. [CrossRef]. Epub 2018
Oct 5. [CrossRef].

Kidney Disease: Improving Global Outcomes (KDIGO) CKD-MBD
Update Work Group. KDIGO 2017 Clinical Practice Guideline
Update for the Diagnosis, Evaluation, Prevention, and Treatment
of Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD).
Kidney Int Suppl (2011). 2017;7(1):1-59. [CrossRef]

Chonchol M, Scragg R. 25-Hydroxyvitamin D, insulin resistance,
and kidney function in the Third National Health and Nutri-
tion Examination Survey. Kidney Int. 2007;71(2):134-139.
[CrossRef]

Delanaye P, Jager KJ, Bokenkamp A, et al. CKD: A call for an age-
adapted definition. J Am Soc Nephrol. 2019;30(10):1785-1805.
[CrossRef]


https://doi.org/10.1681/ASN.2014070714
https://doi.org/10.1053/j.ajkd.2015.02.324
https://doi.org/10.1053/j.ajkd.2010.07.016
https://doi.org/10.1038/s41598-019-46919-w
https://doi.org/10.1038/ki.2014.419
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1053/j.ajkd.2006.08.019
https://doi.org/10.1159/000342390
https://doi.org/10.1681/ASN.2014070660
https://doi.org/10.1186/s12882-018-1143-7
https://doi.org/10.1016/j.metabol.2016.05.009
https://doi.org/10.1053/j.ajkd.2008.12.021
https://doi.org/10.1093/ndt/gfx297
https://doi.org/10.1093/ndt/gfn621
https://doi.org/10.1056/NEJMoa1915833
https://doi.org/10.1056/NEJMoa1916624
https://doi.org/10.1007/s10157-018-1652-5
30291473
https://doi.org/10.1016/j.kisu.2017.04.001
https://doi.org/10.1038/sj.ki.5002002
https://doi.org/10.1681/ASN.2019030238

