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Abstract

Background: The burden of chronic kidney disease is increasing globally and prompt identification, coupled with improved
management of CKD patients have increased the population of pre-dialysis patients. We, therefore, aimed to evaluate the
predictors of survival among pre-dialysis CKD patients in South Africa.
Methods: We conducted a cohort study of 256 consecutive consenting Black non-dialysis requiring CKD patients attending
the renal outpatient clinic of a tertiary Hospital in South Africa from 1st June 2016 to 1st December 2016. Socio-demographic and clinical information of the participants were obtained. Descriptive statistics, Kaplan-Meier curves and Cox
proportional hazard regression analyses were conducted to evaluate factors affecting the survival of the participants.
Results: The mean age of the participants was 52.8±14.3 years and 48.0% were females, 52% were males. The death rate increased with worsening haemoglobin level from 0.96 among patients with mild anaemia to 4.29 per 100-person years among
patients with severe anaemia. Anaemic patients with GFR < 30mls/min had significantly increased risk of death (HR 11.51,
95% CI 1.62–78.32, P < 0.001).
Conclusion: Mortality in pre-dialysis CKD patients was associated with anaemia and hyperphosphatemia. Clinical interventions targeted at preventing these conditions may improve outcomes among this group of CKD patients.
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Introduction
Chronic kidney disease (CKD) is an increasing global
public health problem, and Africa remains one of the
worst affected regions1. The rising trends in the number of CKD patients in Africa may be due to increased
awareness, early identification, and improvement in the
management of CKD patients, hence there is a need to
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identify potentially modifiable risk factors of mortality
in this growing number of pre-dialysis patients.
The survival of non-dialysis CKD patients is a complex
interplay of environment, management and co-morbidities2, among others. Anaemia is a major comorbidity
among CKD patients. However, the degree to which
anaemia impacts on mortality rates among nondialysis
CKD patients has not been well characterised in South
Africa2, 3. Other risk factors influencing mortality in
pre dialysis CKD patients include diabetic nephropathy, polycystic kidney disease, evidence of interstitial
fibrosis 4, 5, 6, male gender, black race, specific genotypes,
proteinuria, poor glycaemic control/ diabetes, higher
blood pressure, obesity, lower serum high density lipo-
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protein (HDL) cholesterol, and smoking7-9. In addition,
the high cost of treatment and level of renal function
can also be associated with increased risk of morbidity
and mortality among CKD patients. Furthermore, the
outcomes and survival of non-dialysis CKD patients in
our environment is expected to be different from that in
high-income countries because of differences in provision of optimum care, socio-demographic characteristics, genetic factors and other associated comorbidities.
While patients attending renal replacement programmes
are expected to have better outcomes, the efficacy of
the chronic pre-dialysis programme is not yet well characterised in our environment. Thus, knowledge of the
survival rates and factors affecting outcomes among
non-dialysis CKD patients can be used to assess the
impact of current management protocols in our environment. Furthermore, special attention can be devoted to preventing or improving identified major factors
influencing survival in our environment. South Africa
is a multi-ethnic country, and socio-economic status is
largely related to ethnicity. Risk factors predicting mortality and morbidity among dialysis CKD patients, and
survival outcomes have been well studied previously,
but they are less well-defined in the pre-dialysis CKD
patients. Renal replacement therapy, though available,
is accessible to only a few South African CKD patients;
there is a policy that only patients attending state dialysis facilities can access free dialysis in South Africa, and
as only a limited number of patients qualify for the state
dialysis programmes, many patients die before they are
able to access dialysis. Long term survival in predialysis
patients with CKD is low and this can be attributable to
various medical and social conditions7.
Thus, this study was conducted to evaluate the predictors of survival among black non-dialysis CKD patients
in a hospital in South Africa and to generate data among
this group of patients in order to guide in their management and improve in their outcome.

patients were followed up 3 monthly depending on their
clinical conditions during clinic visits and those that did
not attend clinic were contacted telephonically to elicit
information about their survival. When necessary, patients’ relatives were also contacted to ascertain if death
had occurred and to further ascertain when it actually
occurred. Hospital mortality records were reviewed to
ascertain details of those that died in the hospital. Participants who were older than 18 years were included
in the study. Exclusion criteria included patients with
active infecion, inflammation, malignancy, and patients
with a 3-month history of blood transfusion prior to
enrolment; those on immunosuppressants were also excluded from the study. Data collected included demographic characteristics, blood pressure measurements,
and medication history. The primary outcome of this
study was death; other events such as commencement
of dialysis, transplantation, and being alive at the end of
the study were censored.
Biochemical measurements (urea, creatinine, calcium,
phosphate), were measured using an autoanalyzer (Siemens Diagnostics, Tarry Town, NY Inc.). Haemoglobin was measured using a Siemens ADVIA 120, 2\20
and Technion H 3 RTX and RTCautoanalyzer (Siemens
Medical Solutions Diagnostics, Tarrytown, NY)

Statistical analysis
Continuous variables are presented as means± standard
deviations or medians (interquartile ranges) depending
on the distribution of the parameter. Comparison of
baseline parameters between patients who were alive
and dead was carried using Chi-square for categorical
variables, and Student’s t-test and Wilcoxon rank-sum
test for continuous variables. Participants were further
categorized into four categories based on the severity
(normal, mild, moderate, severe) of anaemia according
to the World Health Organisation criteria. The analysis of variance (ANOVA) and Kruskal Wallis tests were
used as appropriate in comparing baseline characteristics among the four categories of participants. A PostMethods
This study was a cohort study of 256 Black consenting hoc Bonferroni test was conducted as appropriate.
pre-dialysis CKD patients attending the renal outpatient clinic of a Hospital in South Africa, who were re- Proportional hazards assumption was checked using
cruited from 1 June to 1 December 2016, and were then both graphical visualization and Schoenfeld residuals
followed up till 1 December 2017. Following approval test. The association between anaemia status and morfrom the Human Research Ethics Committee of the tality was described using Kaplan Meier survival curves
University(Certificate number supplied to the editor), and the log-rank test was conducted to evaluate the asparticipants’ socio-demographic and clinical informa- sociations. Time to death was the time variable.
tion was obtained using a self-administered proforma. Events other than death such as lost to follow up, comParticipants were then followed up monthly, and some mencement of dialysis, kidney transplantation and beAfrican Health Sciences, Vol 21 Issue 4, December, 2021
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ing alive at the end of the study were right censored.
Univariable Cox hazard proportional analysis was conducted between each exploratory variable and the primary outcome (death). Multivariable Cox hazard proportional analysis was then conducted using a stepwise
backward elimination approach to adjust for the confounding variables in the relationship between anaemia
and mortality. Independent variables with P-value <0.2
were added into the model. The independent variables
were Hb, serum albumin and phosphate levels, GFR,
(which was determined using the formulae Chronic
Kidney Disease Epidemiology Collaboration (CKDEPI) equation for GFR(9), and systolic blood pressure.
However, variables (such as age, gender and CRP) that
were known to be biologically associated with mortality
were defined a priori and included in the multivariable
model regardless of their univariable P value. The association between anaemia and mortality was evaluated
by building three different models (A, B, C). Model A
included anaemia as dichotomous (either present/ absent); Model B included the four categories of anaemia
(normal, mild, moderate, severe) and in model C, the
variable ‘haemoglobin’ was included as a continuous
variable. Hazard ratios (with 95% confidence interval)
were then generated for the variables.

using the median MCV of 88.0 fl. We further explored
the predictors of mortality by including an interaction
term in the multivariable model between anaemia and
GFR. Statistically, significant level was set at 95% confidence interval (P-value<0.05). All analyses were performed using Stata version 13 (STATA Corp., TX, and
USA) statistical software.
Results
Of the 256 study participants, 52.0% were males while
48.0% were females. The mean age was 52.8±14.3
years. During a median follow up time of 15 months,
40 (15.6%) of the participants had died, a mortality rate
of 1.12 per 100 person- years. The death rate increased
with decreasing haemoglobin levels; thus, the mortality
rate among participants with severe anaemia (4.29 per
100 person-years) was about four-fold the mortality rate
among participants with mild anaemia (0.96 per 100person years). The overall prevalence of anaemia was
47.6%. The mean levels of albumin and Hb were lower
among the participants that died, while median serum
ferritin and mean serum phosphate levels were higher
among those that died in comparison to those that survived (Table 1).

Anaemic patients had lower mean serum albumin levels
The study participants were dichotomised into low ver- and lower median GFR, with higher mean serum phossus high mean corpuscular volume (MCV) categories phate than the non-anaemic patients (Table 2).
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Table 1. Baseline characteristics of the study population by mortality.
Variable
Age (years)
Gender n (%)
Male
Female
Hb (g/dl)
Median MCV
(fl)
Ferritin ng/mL
BMI (kg/m2)
Systolic
BP (mmHg)
Diastolic
BP (mmHg)
Albumin (g/L)
T.Chol
(mmol/L)
HDL
(mmol/L)
LDL(mmol/L)
TG (mmol/L)
Phosphate
(mmol/L)
Diabetes
mellitus n (%)
Stages of CKD
n (%)
Stage 1
Stage 2
Stage 3a
Stage 3b
Stage 4
Stage 5
CRP mg/L
Median
GFR (mls/min)

All (n=256)
52.8±14.3

Alive (n=216)
52.7±14.6

Dead (n=40)
53.4±12.9

P-value
0.79

133 (52.0)
123 (48.0)
12.2± 2.7
88 (83-92)

110 (50.9)
106 (49.1)
12.6± 2.5
88 (84-93)

23 (57.5)
17 (42.5)
9.7± 2.7
85 (82-89)

0.27

104 (57-198)
29.9±6.4
143.7± 22.9

99 (56-179)
30.0±6.5
142.9± 21.7

211 (100-394)
29.1± 6.5
148.1± 22.9

<0.0001
0.43
0.20

81.7± 15.6

81.6± 17.3

82.4± 15.6

0.78

39.5± 5.4
4.3± 1.6

39.8±5.2
4.3±1.6

37.4± 5.5
4.2±1.8

0.008
0.63

1.2±0.4

1.2±0.4

1.1±0.4

0.51

2.6± 1.4
1.6±1.0
1.23±0 .56

2.7±1.4
1.6±1.0
1.10±0.30

2.6±1.4
1.4±1.0
1.93±0.97

0.22
0.36
<0.0001

87 (34.0)

73 (33.8)

14 (35.0)

0.06

16 (6.3)
30 (11.2)
33 (12.9)
58 (22.7)
60 (23.4)
59 (23.0)
20.1±30.6
32 (16-52)

15 (6.9)
28 (13.0)
32 (14.8)
57 (26.4)
55 (25.5)
29 (13.4)
30.0±55.6
37 (21-55)

1 (2.5)
2 (5.0)
1 (2.5)
1 (2.5)
5 (12.5)
30 (75.0)
12.9± 8.5
8 (4-12)

<0.0001
0.009

<0.001a
0.002
<0.0001

T. Chol= total cholesterol, BP= blood pressure, LDL=low density lipoprotein, HDL=high density,
MCV= mean corpuscular volume. a= p value for comparison of stages of CKD between patients who
were alive and dead.
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Table 2. Baseline characteristics of the study population by anaemia status
Variable

All (n=256)

Anaemic (n=122)

P-value

52.4±13.9

Non -anaemic
(n=134)
53.2±14.7

Age (years)
Gender n (%)
Male
Female
Hb (g/dl)
MCV (fl)
BMI (kg/m2)
Systolic
BP (mmHg)
Diastolic
BP (mmHg)
Albumin (g/L)
T.Chol
(mmol/L)
HDL
(mmol/L)
LDL(mmol/L)
TG (mmol/L)
Phosphate
(mmol/L)
Diabetes
mellitus n (%)
Stages
of
CKD, n (%)
Stage 1
Stage 2
Stage 3a
Stage 3b
Stage 4
Stage 5
CRPmg/L
Median
GFR (mls/min)

52.8±14.3
133 (52.0)
123 (48.0)
12.17± 2.74
87.6±6.2
29.89±6.38
143.74± 22.91

59 (48.4)
63 (51.6)
9.99± 1.99
86.6±6.5
29.41±6.85
141.93± 24.80

74 (55.2)
60 (44.8)
14.15± 1.56
88.6±5.6
30.33± 5.905
145.40± 21.00

0.27

81.75± 15.56

80.68± 16.31

82.73± 14.81

0.29

39.45± 5.36
4.31± 1.63

37.88±5.56
4.16±1.45

40.89± 4.750
4.46±1.75

<0.0001
0.14

1.16±0.41

1.13±0.43

1.18±0.38

0.34

2.64± 1.43
1.56±0.97
1.23±0 .56

2.53±1.23
1.45±0.96
1.46±0.70

2.74±1.60
1.66±0.97
1.02±0.25

0.22
0.09
<0.0001

87 (34.0)

52 (20.5)

35 (26.1)

0.005

16 (6.3)
30 (11.7)
32 (12.5)
58 (22.7)
59 (23.1)
59 (23.1)
20.1±30.6
32 (16-52)

7 (5.7)
8 (6.6)
7 (5.7)
15 (12.3)
31(25.4)
54 (44.3)
30.0±55.6
19 (8-38)

9 (6.7)
22 (16.4)
25 (18.7)
43 (32.1)
28 (20.9)
5 (3.7)
12.9± 8.5
42 (30-58)

0.68

<0.0001
0.007
0.25
0.23

<0.0001
0.002
<0.0001

T. Chol: total cholesterol, BP:blood pressure, LDL:low density lipoprotein, HDL:high density
lipoprotein, TG:triglyceride, Hb: haemoglobin, GFR: glomerular filtration rate,
MCV: mean corpuscular volume. a: p value for comparison of stages of CKD between patients who
were alive and dead.

Serum albumin levels decreased with worsening anaemia state (Table 3), while the mean phosphate level progressively increased with increasing severity of anaemia.
Other parameters were comparable between the categories of anaemia.

ity of anaemia, respectively. Anaemic patients were at
increased risk of death in comparison to non-anaemic
patients with increasing time of follow-up (log rank p
<0.001). Thus, about 75% of the anaemic participants
survived beyond 12 months of follow-up, while about
90% of the non-anaemic participants survived beyond
Figures 1 and 2 show the Kaplan Meier analysis of 12 months of follow-up. Similarly, patients with modthe association between anaemia and mortality in pa- erate and severe anaemia have the worst survival outtients stratified by their anaemia status and the sever- comes (log rank p <0.001).
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Table 3. Baseline characteristics of the study participants by severity of anaemia
Variable

Normal
(n= 47)

Death rate, per 7 (0.31)
100-person
years, n (rate)
Age (years)
52.9±
14.4
Hb (g/dl)
14.0± 1.5
BMI(kg/m2)
30.1±5.8
Systolic
145.3±
BP (mmHg)
21.3
Diastolic
82.9±
BP (mmHg)
15.5
Albumin (g/L)
40.8± 4.8
T.Chol (mmol/L) 4.41±
1.74
HDL (mmol/L) 1.19±0.42
LDL (mmol/L)
2.68±
1.57
TG (mmol/L)
1.67±0.96
Phosphate
1.01±0.21
(mmol/L)
Diabetes
44 (29.9)
GFR (mls/min)
40 (2758)

Mild
anaemia
(n=29)
4 (0.36)

Moderate
anaemia
(n=42)
12 (1.32)

Severe
anaemia
(n=38)
17 (2.66)

P value

55.6±14.1

52.3±15.4

50.8±13.1

0.60

11.6± 0.3
29.8±6.1
146.0±
25.2
84.1 ± 15.8

10.1± 0.6
30.6± 6.7
140.8± 27.5

7.5±1.2
<0.0001
28.9±8.2
0.65
139.2±21.5 0.38

78.5± 15.1

78.9±15.8

0.20

39.5±5.0
4.46±1.00

38.7± 5.1
4.14±1.42

34.9±5.6
4.0±1.74

<0.0001
0.49

1.21±0.28
2.76±1.00

1.10±0.35
2.54±1.15

1.04±0.46
2.51±1.51

0.13
0.83

1.40±0.85
1.15±0.21

1.36±0.70
1.31±0.49

1.51±1.29
2.03±0.90

0.21
<0.001

8 (27.6)
28 (16-57)

19 (45.2)
21(10-35)

16 (42.1)
7 (3-19)

0.15
0.0001

T. Chol= total cholesterol, BP= blood pressure, LDL=low density lipoprotein, HDL=high density
lipoprotein, TG=triglyceride, Hb= haemoglobin, GFR=glomerular filtration rate

Figure 1. Kaplan Meier survival curve comparing anaemic to non-anaemic patients
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Figure 1. Kaplan Meier survival curve comparing anaemic to non-anaemic patients

Figure 2. Kaplan Meier survival curve of the participants stratified by categories of
anaemia severity

In univariable analysis, anaemia was strongly associated
with an increased hazard of death (unadjusted hazard
ratio (HR) = 7.53, 95% (CI): 3.16-17.95), P-value <
0.001). After adjusting for confounders, the hazard of
death among anaemic participants was 4.7-fold higher
than the hazard of death among non-anaemic participants (Adj HR: 4.68; 95 % CI:1.64-13.34, P=0.004).
This association was further explored by stratifying
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participants based on the severity of anaemia. In comparison to non-anaemic participants, the adjusted HRs
increases with severity (for moderate anaemia adj HR
7.20; 95% CI, 2.83-18.20, P=0.007) and for severe
anaemia (adj HR, 12.68; 95% CI, 5.24-30.65, P=0.005).
Considering Hb level as a continuous variable, higher
haemoglobin levels were associated with decreased hazard of death for every g/dl increase in Hb levels (HR
0.78 ; 95%CI, 0.67-0.91, P=0.002) (Table 4).

African Health Sciences, Vol 21 Issue 4, December, 2021

Table
4. Unadjusted
adjusted
hazard
for all-cause
mortality
and and
adjusted
hazard
ratiosratios
for all-cause
Table
4. Unadjusted
mortality
in the in the
study
participants
study participants
Methods
HR (95%CI)
HR (95%CI) P value
P valueAdjusted
Adjusted P-valueP-value
Methods
HR (95%CI)
HR (95%CI)
Model A
Model A
Non-anaemic
1.00 (reference)
1.00
Non-anaemic
1.00 (reference)
1.00
(reference)
Anaemic
7.53
(3.16- <0.001
4.73 (reference)
(1.66- 0.004
17.95)
Anaemic
7.53
(3.16- <0.00113.50) 4.73 (1.66- 0.004
Model B
17.95)
13.50)
No anaemia
1.00 (reference)
1.00
Model B
(reference)
Noanaemia
anaemia
Mild
3.021.00 (reference)
(0.88- 0.08
2.59 1.00
(0.73- 0.12
10.31)
9.30) (reference)
Moderate
anaemia 7.203.02 (2.83-(0.88<0.001
(1.77- (0.730.003 0.12
Mild anaemia
0.08 5.20 2.59
18.20)
15.25)
10.31)
9.30)
Severe anaemia
12.68
(5.24- <0.001
5.84
(1.88- 0.002
Moderate anaemia
7.20
(2.83<0.001
5.20
(1.77- 0.003
30.65)
18.13)
18.20)
15.25)
Model C Hb as
Severe anaemia
12.68
(5.24- <0.001
5.84
(1.88- 0.002
continuous
variable
30.65)
18.13)
Hb Model C Hb as
0.69 (0.62-0.78) <0.001
0.76(0.650.001
0.88)
continuous

Models A-C adjusted for age, gender, systolic blood pressure, diabetic status, glomerular filtration rate,
serumvariable
phosphate and CRP. Hb= haemoglobin, HR=Hazard ratio, CI=confidence interval.

Hb

0.69 (0.62-0.78) <0.001

0.76(0.650.001
0.88)
Another independent predictor of mortality was hy- was associated with decreased survival, log rank p

A-C adjusted
for age, level
gender,>1.47
systolic <0.0001.
blood pressure,
diabetic status,
glomerular
filtration rate,
perphosphatemiaModels
(defined
as phosphate
The association
between
hyperphosphatemia
serum
phosphate
and
CRP.
Hb=
haemoglobin,
HR=Hazard
ratio,
CI=confidence
interval.
mmol/L). As shown in Figure 3, hyperphosphatemia and mortality persisted after adjusting for potential confounders (HR, 2.60; 95%CI, 1.09-6.20, P =0.02).

Figure 3. Kaplan Meier survival curve for phosphate levels.
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The median MCV was 88.0 fl, IQR 83.4 – 91.6. Based
on the median MCV (normal range MCV is 80-95fl/
red cells in an adult), the study participants were categorized into low MCV (<88.0 fl) group and high MCV
(≥88.0 fl) group. On univariable analysis, compared to
low MCV group, patients in the high MCV group had
reduced risk of mortality (HR, 0.52; 95% CI, 0.27-0.99;
P=0.046). This association was not statistically significant in the multivariable analysis; (adjusted HR, 0.79;
95% CI, 0.40-1.57; P=0.51).
We further assessed for an interaction between Hb and
GFR by dichotomizing GFR as < 30 mls/min versus
≥30 mls/min. An interaction was found between anaemia and lower GFR < 30mls/min as shown by statistical significance of the cross product of Hb and GFR
< 30mls/min in the fully adjusted model. Anaemic
patients with GFR < 30mls/min had significantly increased risk of death (HR 11.51, 95% CI 1.62–78.32,
P < 0.001).
The Schoenfeld test for the final models shows no evidence of violation of the proportional hazards model
(global test p value of 0.48).
Discussion
This study sought to evaluate the factors affecting
mortality among Black pre-dialysis CKD patients in a
South African Hospital and has identified clinical and
biochemical predictors of mortality in these patients.
The study showed that after a follow- up period of
eighteen months, about 15.6% died at a rate of 1.12 per
100 persons- years. The death rate quadrupled among
participants with severe anaemia (4.96 per 100 personyears) as compared to the death rate among participants
with mild anaemia (0.96 per100- person- year); these
results are lower than the findings of 57.9% in Ethiopia10, and 67.4% in Europe11. The explanation for the
lower mortality rate in our study could be related to the
varying socioeconomic status of the different studies.
Furthermore, these previous studies only followed-up
their participants for 90 days as opposed to our eighteen months follow up period. Although previous studies may not have followed up their participants long
enough to identify higher mortality rates, the mortality rate in our study was still lower. In addition, while
our study participants were pre-dialysis patients, the
previous researchers studied patients that were already
on haemodialysis. It is to be expected that the cohort
of CKD patients on haemodialysis would have higher
mortality rates in comparison to pre-dialysis patients.
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However, our cohort of predialysis patients who were
monitored for longer periods still had lower mortality
rates than those reported in previous studies12-15, and
our cohort was younger, and had lesser comorbidities
than those of other researchers, which could explain
the lower mortality12-15. Our results need to be explored
with a larger sample size. Our finding also suggests that
there may be other individual, environmental or genetic
factors that may influence survival of pre-dialysis CKD
patients. Anaemia can be a major indicator of mortality, poor health, and low socio-economic status in
many settings12. Our study showed that the cumulative
1-year survival rate among anaemic participants was
75% while the 1-year survival rate among non-anaemic
participants was higher (about 90%). Furthermore, we
showed that the estimated risk of death from anaemic
as compared to non-anaemic CKD patients was about
5-fold. (HR= 4.68 95% CI 1.64-13.34). Our findings
are consistent with other studies on CKD patients, as
anaemia is strongly associated with adverse clinical outcomes including mortality8, 13, 14. One of the reasons for
increased risk of death from anaemia in CKD patients
may be due to haemodynamic decompensations, and
worsening hypoxia. These decompensations will further
stress left ventricular function and worsen heart failure
in patients with heart failure. Furthermore, anaemia will
cause further changes in the anatomy of the left ventricle, and such changes may increase the risk of death15.
We further assessed interaction between anaemia and
GFR by dichotomizing GFR as <30mls/min versus
>30mls/min; an interaction was found between anaemic patients with GFR <30mls/min, as there was an
increased risk of death in this group (HR 11.5 95% CI
1.62-78.32, p<0.001). This finding of a relationship between kidney function, anaemia and mortality are consistent with prior reports8, 16, 17. However, Culleton et
al. showed that the impact of anaemia, hospitalization
and mortality were greatest among patients with normal kidney function. The difference in the findings of
Culleton et al could be explained by the differences in
the ages of their study population, and prevalence of
associated co-morbidities13. Although the mechanism
by which CKD potentiates risk of death is unknown,
possible explanations are coexistence with other cardiovascular risk factors like anaemia, diabetes, patients
with renal disease receiving efficacious, but potentially
toxic therapies, and associated vascular disease (atherosclerosis); these risk factors might contribute directly to
mortality in these patients14, 18-20.
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We found that higher levels of phosphate were associated with increased mortality in pre- dialysis CKD patients. Our finding is consistent with findings by Kestenbaum et al, in the Framingham offspring study21,22.
Similarly, Voormolen et al conducted a prospective
study in pre-dialysis CKD patients with GFR <20mls/
min and found an association of increased phosphate
with progression of CKD and mortality23, although our
cut- off value for phosphate was different. Contrary to
our findings, while Menon et al, did not find an association between phosphate levels and mortality, Block
et al, showed that lower phosphate levels were associated with increased mortality24, 25. The possible explanation for the association between hyperphosphatemia
and increased mortality in our study may be related to
a pathological link between increased phosphate levels
and vascular calcifications, but this finding needs to be
further explored26, 27. Furthermore, high phosphate levels have also been associated with left ventricular hypertrophy28, 29 that could exacerbate the prevalence of cardiovascular diseases and death among CKD patients30.

el targets of KDOQI, we surmise that more studies like
ours are necessary among pre-dialysis CKD patients
so as to be able to make recommendations among the
growing pre-dialysis CKD population. It may therefore
not be appropriate to extrapolate the recommendations
obtained from patients on haemodialysis to pre-dialysis
patients.

The strength of our study is in the prospective cohort
design. This helps us to build in length of follow up
(of up to 18 months) into our conclusions. However,
this study should be interpreted in the light of its limitations. Although our sample size was reasonably large
(256 participants), since we studied multiple risk factors, other risk factors that were currently not statistically associated with mortality may become associated
in a larger sample size. The telephone conversation to
ascertain the date of mortality of some of the participants may potentially not be an accurate method. But
we reasonably believe the patients’ relatives that told us
of the date of death since they were either next of kin
and/or care givers while the patients were alive. DurIn this present study, there was a lack of significant as- ing recruitment we also counselled the participants and
sociation between MCV and mortality in the adjusted care givers about the end points of the study.
model. This finding is consistent with findings of Peng
et al31, in incident peritoneal dialysis patients, MCV was Despite these limitations, our study has important
not statistically significantly associated with mortali- strengths including its prospective design, serial measty in the fully adjusted model, and is consistent with urements of variables like haemoglobin and creatinine
findings of Chen et al32 among haemodialysis patients, over a period of time; in addition, our patients were free
where the two year survival rate was significantly lower from active infections, inflammation, and malignancy.
in the high red cell distribution width group, Balta et In conclusion, our findings suggest that anaemia, worsal33, found lower death rate among patients with higher ening kidney function, and hyperphosphatemia, are asMCV, though his cohort were patients with myocar- sociated with increased mortality in non- dialysis black
dial infarction. This finding is in contrast to findings CKD patients. Thus, extra care should be taken to idenby Hsieh et al among stage 3-5 CKD patients34, Sun et tify and promptly treat anaemia and hyperphosphatemia
al among peritoneal dialysis patients in Korea, Brain et among the pre-dialysis CKD patients.
al35 and Vashistha et al36 among haemodialysis patients.
The differences in results between our study and other Competing interests
studies may partly be explained by differences in patient The authors declare that they have no competing intercharacteristics, race, and diverse healthcare delivery sys- ests.
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