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ABSTRACT: 

Aim: The aim of the present study was to assess the trajectories of 

glomerular filtration rate (GFR) and determinants of change during a 3-year 

period in free-living mixed-ancestry South Africans. 

Methods: In all 320 (78.1% women) adults, aged 56.2 years, from Cape Town 

were examined in 2008 and 2011. Estimated glomerular filtration rate 

(eGFR) was based on the Modification of Diet in Renal Disease model; and 

staging of eGFR used the National Kidney Foundation’s classification. 

Results: Mean eGFR (mL/min per 1.73 m2) was 68.6 at baseline and eGFR 

stages were: >90 (9.4%), 60–90 (58.7%), 30–60 (28.1%) and <30 (0.9%). eGFR 

increased by 8 mL/min during follow-up, reflecting variable trajectories by 

baseline eGFR stages, sex, hypertension and glucose tolerance (all P-

interaction ≤0.012). Movements across eGFR stages during follow-up 

favoured improvement in 113 participants (35.3%), and worsened in 23 

(7.2%). In adjusted multinomial logistic regressions, men had a 72% (43– 

86%) lower chance of improvement, while each mmHg higher systolic blood 

pressure conferred a 7% (3–11%) risk of deterioration. Equivalent for each 

1% HbA1c was 30% (8–56%). Participants with glucose intolerance had 102% 

(3–297%) higher chances of improvement than diabetics. 

Conclusion: Variable trajectories of eGFR with time were observed in this 

cohort, reflecting the effects of modifiable risk factors such as hypertension 

and  dysglycaemia. 

 

 

 

 

 

 

 

Chronic kidney disease (CKD) is a growing condition marked 

by gradual decline of kidney function for greater than 3 

months with or without a decreased glomerular filtration 

rate (GFR), or a glomerular filtration rate of less than 60 mL/ 

min.1 The increasing CKD figures around the world have 

been largely attributed to the increasing prevalence of dia- 

betes and hypertension. Recently, we have shown that the 

mixed ancestry population of South Africa has the highest 

prevalence of CKD in Africa.2 In Africa the increasing burden 

of CKD is compounded by the high prevalence of infectious 

diseases. 

Epidemiological studies indicate that progression to end 

stage renal disease (ESRD) and premature mortality from 

cardiovascular diseases (CVD) is significantly increased in 

individuals with CKD.3,4 Although minor degrees of renal 

impairment have been shown to be associated with increased 

relative risk of CVD,5 a large proportion of the risk is associ- 

ated with progression of CKD and/or the presence of pro- 

teinuria.6,7 It has been shown that the risk of progression to 

ESRD is more pronounced in individuals with heavy pro- 

teinuria but without overtly abnormal eGFR than those with 

moderately   reduced   eGFR   but   without   proteinuria.7 

SUMMARY AT A GLANCE 
 

This is a moderate sized cohort in the 

developing world (South Africa). Although 

the trends are in the expected directions, 

the value of this paper lies in the nature 

of the population studied (mixed ancestry 

South African). Room also for an editorial 

on methods. 
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Accumulating evidences suggest a number of non-traditional 

risk factors are associated with progression of CKD and 

development of ESRD, but these still remain poorly charac- 

terized. In view of the looming CKD and CVD epidemic in 

of doctor diagnosed hypertension and/or receiving medications for 

hypertension or average systolic blood pressure 140 mmHg and/or 

average diastolic blood pressure 90 mmHg. Metabolic syndrome 

definition  was  based  on  the  2009  Joint  Interim  Statement  (JIS) 
12 

Africa, efforts are needed to assist the formulation and imple- criteria. Kidney  function  was  assessed  through  estimated 

mentation of effective prevention and control strategies for 

CKD in these populations. The chief purpose of this analysis 

is therefore, to identify risk factors associated with a change 

in kidney function over a 3 year period in a population at an 

increased risk of CKD. 

 
METHODS 

 
Study settings 

This investigation is based on the Bellville South-Africa study from 

Cape Town, South Africa which is an ongoing cohort study approved 

by the ethics committee of the Faculty of Health and Wellness 

Sciences of the Cape Peninsula University of Technology (Reference 

Number: CPUT/HW-REC 2008/002 and CPUT/HW-REC 2010).2,8
 

glomerular filtration rate (eGFR) using 4-variable Modification of 

Diet in Renal Disease (MDRD) equation.13,14 No further correction 

was made for the body surface area (BSA) since the MDRD equation 

reports eGFR values already normalized to 1.73 m2 BSA. Staging of 

kidney function was based on the National Kidney Foundation 

Disease Outcomes Quality Initiative (NKF-KDOQI) classification.15 

Due to small numbers,  the  two  advanced  stages  of  CKD  (i.e. 

15 < eGFR  30 mL/min per 1.73 m2   and eGFR  15 mL/min per 

1.73 m2) were collapsed into a single stage (i.e. eGFR < 30 mL/min 

per 1.73 m2). Change in kidney function between baseline and 

follow-up evaluation was based on change in the stage of kidney 

function between the two time-points measurements, with  move- 

ment from a lower eGFR stratum to an upper eGFR stratum repre- 

senting an improvement  and the opposite representing a 

deterioration , while remaining in the same category was consid- 

ered as no change . The fatty liver index (FLI) was calculated with 
16 

The study was conducted according to the Code of Ethics of the use  of  the  Bedoni  et al. formulae and the body fat percentage 
17 

World Medical Association (Declaration of Helsinki). (BF%) derived from the formulae of Gomez-Ambrosi et al. Change 

 
 

Baseline and follow-up evaluations 

At baseline (January 2008 and March 2009) 946 individuals aged 

16–95 participated. All participants received a standardized inter- 

view and physical examination during which blood pressure was 

measured according to the World Health Organization (WHO) 

guidelines9 using a semi-automated digital blood pressure monitor 

(Rossmax, PA, USA) on the right arm in a sitting position. 

Anthropometric measurements were performed three times and 

their average used for analysis: weight (kg), height (cm), waist (cm) 

and hip (cm) circumferences. Participants with no history of doctor 

diagnosed diabetes mellitus underwent a 75 g oral glucose tolerance 

test (OGTT) as recommended by the WHO.10 A blood sample was 

obtained in all participants, after an overnight fast for the determi- 

nation of biochemical profiles: glucose, glycated haemoglobin 

(HbA1c) certified by National Glycohaemoglobin Standardization 

Programme (NGSP), creatinine, total cholesterol (TC), high density 

lipoprotein cholesterol (HDL-c), and triglycerides (TG). These 

parameters were determined by the Cobas 6000 Clinical Chemistry 

instrument (Roche Diagnostics, Germany). Low density lipoprotein 

cholesterol (LDL-c) was calculated using Friedewald s formula.11 The 

follow-up examination was conducted in 2011 (3 years from base- 

line) using similar procedures. The biochemical analyses were 

carried out in an accredited pathology laboratory that does not 

include running duplicate samples for creatinine measurements. Its 

procedures are in place to detect calibration drift. The analytical 

coefficient of variation of the method used for creatinine measure- 

ment was 5.8%. 

 
 

Definitions and calculations 

Body mass index (BMI) was calculated as weight per square metre 

(kg/m2). Diabetes status was based on a history of doctor-diagnosis, 

a fasting  plasma glucose  7.0 mmol/L  and/or a  2-h  post-OGTT 

plasma glucose >11.1 mmol/L. Hypertension was based on a history 

in kidney function in this study cohort was defined as the absolute 

change in eGFR from baseline to the 3 year follow-up. 

 

Statistical methods 

Data were analyzed with the use of SPSS software v.17 for Windows. 

Results are reported as count (percentages) and mean (95% confi- 

dence interval [95%CI]) as appropriate. Groups comparison used 

the Person s χ2 test and equivalents for qualitative variables, and 

analysis of variance (ANOVA) for quantitative variables. Determi- 

nants of changes in kidney functions during follow-up were inves- 

tigated in two ways: (i) by fitting the general linear models 

appropriate for repeated measurements to investigate the trajec- 

tories of the absolute eGFR levels during follow-up, and relate base- 

line levels of covariates to the observed changes. However, the focus 

on absolute changes in eGFR as a continuous predictor does not 

capture the variables trajectories at the individual level (i.e. no 

change, deterioration, improvements), which are more relevant for 

informing recommendations regarding prevention and control of 

CKD. Accordingly, (ii) multinomial logistic regressions models were 

also used to relate baseline characteristics with change in kidney 

function categories during follow-up, with adjustment for baseline 

age and sex in basic analyses, and further mutual adjustment for 

significant predictors in basic models. Multinomial logistic regression 

models are suitable when dealing with more than two discrete 

outcomes and when rank-ordering is not an issue. Trajectories of 

other continuous risk markers during follow-up were also investi- 

gated through repeated general linear models. A probability thresh- 

old of P < 0.05 was used to characterize statistically significant 

results. 

 

RESULTS 
 

Data available 

A total of 946 participants took part in the baseline evalu- 

ation, among which 454 did not consent for follow-up evalu- 
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Table 1 Baseline profile of eligible participants by gender  

Variables Men Women P-value Total 

n 70 250  320 

Mean age, yrs (95%CI) 

BMI, kg/m2 (95%CI) 

Waist circumference, cm (95%CI) 

58.6 (55.8–61.4) 

28.0 (26.6–29.4) 

100.2 (96.4–10.3.9) 

55.7 (54.3–57.1) 

33.0 (32.2–33.8) 

101.7 (100.0–102.0) 

0.058 

<0.001 

0.423 

56.4 (55.1–57.6) 

31.9 (31.2–32.7) 

101.4 (99.8–103.0) 

Hip circumference, cm (95%CI) 

Waist-to-hip ratio (95%CI) 

102.9 (100.5–105.3) 

0.96 (0.94–0.99) 

116.1 (114.2–118.0) 

0.88 (0.87–0.89) 

<0.001 

<0.001 

113.3 (111.6–114.9) 

0.90 (0.89–0.91) 

Systolic blood pressure, mmHg (95%CI) 128.7 (124.8–132.6) 123.6 (121.4–125.8) 0.031 124.7 (122.8–126.7) 

Diastolic blood pressure, mmHg (95%CI) 77.0 (74.3–79.7) 75.0 (73.6–76.4) 0.200 75.5 (74.2–76.7) 

Insulin, IU/mL* 6.9 [3.3–10.6] 9.2 [4.0–14.9] 0.015 8.5 [3.6–14.1] 

Glucose/insulin* 1.0 [0.6–2.3] 0.7 [0.4–1.6] 0.015 0.7 [0.4–1.9] 

Creatinine, μmol/L (95%CI) 100.0 (94.3–105.7) 80.3 (78.2–82.4) <0.001 84.6 (82.3–86.8) 

Gamma glutamyl transpeptidase, IU/L* 34.5 [27.0–47.5] 28.0 [20.0–42.0] 0.003 30.0 [21.0–44.0] 

Cotinine, ng/mL* 9.0 (9.0–295.5] 9.0 [9.0–245.0] 0.512 9.0 [9.0–249.0] 

Total cholesterol, mmol/L (95%CI) 5.4 (5.2–5.7) 5.8 (5.6–5.9) 0.020 5.7 (5.6–5.8) 

Triglycerides, mmol/L (95%CI) 1.8 (1.6–2.1) 1.6 (1.5–1.7) 0.025 1.6 (1.5–1.7) 

HDL cholesterol, mmol/L (95%CI) 1.10 (1.03–1.17) 1.23 (1.20–1.27) 0.001 1.21 (1.17–1.24) 

LDL cholesterol, mmol/L (95%CI) 3.5 (3.2–3.7) 3.8 (3.7–4.0) 0.012 3.7 (3.6–3.9) 

Total/HDL cholesterol, (95%CI) 5.1 (4.7–5.5) 4.9 (4.7–5.0) 0.212 4.9 (4.8–5.1) 

HbA1c, % (95%CI) 6.7 (6.2–7.3) 6.5 (6.3–6.7) 0.414 6.6 (6.4–6.8) 

Fasting plasma glucose, mmol/L (95%CI) 7.4 (6.3–8.5) 7.1 (6.7–7.5) 0.508 7.1 (6.7–7.5) 

2-hour plasma glucose, mmol/L (95%CI) 8.0 (7.0–9.0) 8.8 (8.1–9.4) 0.262 8.6 (8.1–9.1) 

Body fat percentage, % (95%CI) 29.3 (27.5–31.0) 45.7 (44.9–46.5) <0.001 42.2 (41.1–43.2) 

Fatty liver index, (95%CI) 62.2 (55.1–69.3) 69.1 (65.6–72.6) 0.074 67.6 (64.5–70.8) 

Metabolic syndrome (JIS), n (%) 40 (57.1) 165 (66.0) 0.172 205 (64.1%) 

*Values are median and 25th–75th percentiles; 95%CI, 95% confidence interval. HDL, high-density lipoprotein; LDL, low-density lipoprotein. 

 
 

ations. Of those that remained, 15 moved from the study 

sites or died before follow-up evaluation. Therefore 477 par- 

ticipants underwent both baseline and follow-up evaluation, 

among who 157 had missing data on kidney function or key 

covariates and were therefore excluded. The final analytic 

sample therefore comprised 320 participants. In Table S1 we 

compare the baseline profile of participants in the final ana- 

lytic sample with that of those potentially eligible partici- 

pants who were excluded. Generally, the excluded 

participants were younger and had a better cardio-metabolic 

profile (data not shown). 

 

Baseline profile of the study participants 

The mean (95% confidence interval) age of the 320 partici- 

pants was 56.4 (55.1–57.6) and 250 (78.1%) were women. 

In women, fasting insulin  (P = 0.015),  total  cholesterol 

(P = 0.020), high density lipoprotein (P = 0.001), low density 

lipoprotein (P = 0.012) and body fat indices (all P < 0.001) 

were significantly higher, while in men, systolic blood pres- 

sure (P = 0.031), serum creatinine (P < 0.001), gamma 

glutamyltransferase (P = 0.003) and triglycerides (P = 0.025) 

were higher (Table 1). 

 

Kidney function at baseline and 

follow-up evaluations 

Mean eGFR at baseline was 68.6 mL/min per 1.73 m2 

(SD=16.7) and the distribution of participants across eGFR 

 

categories was: 30 (9.4%) for eGFR >90 mL/min per 1.73 m2, 

188 (58.7%) for eGFR of 60–90 mL/min per 1.73 m2, 90 

(28.1%) for eGFR of 30–60 mL/min per 1.73 m2 and 3 

(0.9%) for eGFR <30 mL/min. Between baseline and 3 year 

evaluation eGFR increased by 8.7 mL/min per 1.73 m2 (95% 

confidence interval: 6.9–10.5), reflecting variable trajectories 

across baseline strata of kidney functions (decreasing eGFR 

among those in the extreme strata and increasing eGFR 

among those in the two middle strata, Fig. 1), with a signifi- 

cant statistical interaction (P < 0.001). While eGFR generally 

increased during follow-up across all other major baseline 

subgroups, significant statistical interactions were observed 

in the trajectories of changes by gender (steeper trajectories 

in women vs. men, P = 0.002), status for hypertension 

(steeper trajectories among those without hypertension vs. 

hypertension, P = 0.012) and glucose tolerance status 

(steeper trajectories among those with normal glucose toler- 

ance and shallower trajectories among those with diabetes 

vs. IGT/IFG, P = 0.002); but  not  by  status  for  obesity 

(P = 0.333) or for metabolic syndrome (P = 0.691), Figure 1. 

In multivariable generalized linear regression models con- 

taining baseline age, sex, kidney function stages, status for 

hypertension and diabetes mellitus, and their interaction 

terms with time of measurement, age (P < 0.001), kidney 

function stage (P < 0.001), hypertension (P = 0.018), all the 

interaction terms with time (all P  0.032) except 

time*hypertension (P = 0.072), were significantly associated 

with absolute change in eGFR during follow-up. 
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Fig. 1 Trajectories of estimated glomerular filtration rate (eGFR) over time by major baseline subgroups. (All estimates are adjusted for age at baseline). 

 
 
 
 

Changes in eGFR categories between baseline and 

follow-up evaluations are described in Figure 2. No improve- 

ment was observed among participants in the lower eGFR 

stratum at baseline, while deterioration was observed in 43% 

of participants in the upper stratum, and both improvement 

and deterioration observed among those in the two middle 

strata. The net effect across all baseline eGFR strata was no 

change  in 184 (57.5%), deteriorated in 23 (7.2%) and 

improved in 113 (35.3%) participants between baseline and 

3-year evaluation (Fig. 2). 
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Fig. 2 Changes in estimated glomerular filtra- 

tion rate (eGFR) categories between baseline 

and follow-up evaluations. 

 
 

 

Determinants of change in eGFR categories 

between baseline and follow-up evaluations 

The baseline characteristics of participants according to the 

direction of change in their kidney function  during follow-

up are described in Table 2. Gender, blood pressure levels, 

total and HDL-cholesterol, glycaemic status and component 

of metabolic syndrome were distributed in a significantly 

different manner between participants whose kidney 

function remain stable, deteriorated or improved during 

follow-up. The overall pattern was toward less favourable 

profile of those factors among participants with 

deterioration in kidney Function (Table 2). Age  and 

markers of adiposity including percentage change in BMI 

during follow-up, were not associated with changes in 

kidney function categories at 3 years. In multinomial logis- 

tic regression models adjusted for sex and age, associations 

of predictors with kidney function during follow-up were 

substantially  attenuated  for  diastolic   blood   pressure 

(P = 0.06), total cholesterol (P = 0.077) and HDL cholesterol 

(P = 0.099), Table 3. Again, age (P = 0.86) and markers of 

adiposity (all P  0.146) were not associated with changes 

in kidney function (Table 3). In further mutual adjustment 

for significant predictors in sex and age adjusted model 

(based on a threshold of P < 0.10), sex, systolic blood pres- 

sure (or diastolic blood pressure in replacement of systolic), 

HbA1c and baseline glycaemic status were the main pre- 

dictors of changes in kidney function categories during 

follow-up (Table 4). 

Trajectories of concomitant risk factors during 

follow-up according to change in kidney function 

Trajectories of selected risk factors for kidney disease during 

follow-up are depicted in Figure 3. Systolic and diastolic 

blood pressures increased among all participants regardless of 

the direction of change in their kidney function during 

follow-up. However, the slope of the change was steeper 

among those who experienced an improvement in kidney 

function, resulting in significant statistical interaction in the 

trajectories for systolic blood pressure (P = 0.007), but not for 

diastolic blood pressure (0.442). 

 
DISCUSSION 

This is the first study in a mixed ancestry population of South 

Africa and Africa in general providing detailed description of 

changes in kidney functions over time and related risk 

factors in the context of rapid health transitions. Herein, we 

found variable trajectories of kidney function during a 3 year 

follow-up, mostly influenced by baseline levels of kidney 

functions and major risk factors such as gender, status for 

hypertension and glucose tolerance. While improvement in 

kidney function was observed in about a third of partici- 

pants, deterioration was also observed in a significant 

number, and mostly among women,  diabetic  participants 

and those with high baselines HbA1c or blood pressure 

levels. An accelerated deterioration of blood pressure profiles 

was observed in participants who experienced improvement 

P
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>90 60–90 30–60 <30 
Estimated glomerular filtration rate at baseline (mL/min) 

eGFR at 3 years <30 1 0 3 3 

eGFR at 3 years 30–60 2 7 40 0 

eGFR at 3 years 60–90 10 124 55 0 

eGFR at 3 years >90 17 57 1 0 
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Table 2 Baseline characteristics by status for chronic kidney disease (CKD) during follow-up 
 

 

Variables No change Deterioration Improvement P-value 
 

n 184 23 113  
Sex (women), n (%) 

Mean age, years (95%CI) 

129 (70.1) 

56.5 (54.7–58.2) 

20 (87) 

57.3 (53.6–61.0) 

101 (89.4) 

56.0 (53.9–58.2) 

<0.001 

0.877 

BMI, kg/m2 (95%CI) 31.9 (30.9–33.0) 31.7 (29.1–34.2) 32.0 (33.2–31.8) 0.982 

Median change in BMI, % [25th–75th percentiles] 1.22 [−3.81 to 3.80] 0.48 [−3.23 to 8.53] −0.09 [−3.49 to 2.99] 0.464 

Waist circumference, cm (95%CI) 102 (100–104) 103 (97–109) 113 (98–103) 0.596 

Hip circumference, cm (95%CI) 113 (111–115) 114 (108–119) 113 (111–116) 0.985 

Waist-to-Hip ratio, (95%CI) 0.90 (0.89–0.92) 0.90 (0.87–0.94) 0.89 (0.87–0.90) 0.442 

Systolic blood pressure, mmHg (95%CI) 126 (123–128) 133 (126–141) 121 (118–124) 0.005 

Diastolic blood pressure, mmHg (95%CI) 77 (75–78) 75 (71–79) 73 (71–75) 0.038 

Insulin, IU/mL* 8.5 [3.8–14.7] 13.9 [4.5–19.8] 8.5 [3.0–12.9] 0.397 

Glucose/insulin* 0.8 [0.4–1.9] 0.6 [0.4–1.6] 0.7 [0.5–1.7] 0.951 

Creatinine, μmol/L (95%CI) 86.3 (83.0–89.6) 72.0 (61.1–82.8) 84.4 (82.1–86.7) 0.006 

Gamma glutamyl transpeptidase, IU/L* 30.0 [23.0–46.0] 26.0 [21.0–34.0] 29.0 [21.0–45.0] 0.143 

Cotinine, ng/mL* 9.0 [9.0–210.0] 9.0 [9.0–137.0] 9.0 [9.0–313.5] 0.426 

Total cholesterol, mmol/L (95%CI) 5.6 (5.5–5.8) 6.3 (5.7–6.8) 5.7 (5.5–5.9) 0.037 

Triglycerides, mmol/L (95%CI) 1.6 (1.5–1.8) 1.9 (1.5–2.3) 1.5 (1.4–1.7) 0.231 

HDL cholesterol, mmol/L (95%CI) 1.18 (1.14–1.22) 1.15 (1.04–1.26) 1.26 (1.20–1.32) 0.040 

LDL cholesterol, mmol/L (95%CI) 3.7 (3.5–3.8) 4.2 (3.8–4.7) 3.7 (3.6–3.9) 0.050 

Total/HDL cholesterol, (95%CI) 4.9 (4.7–5.1) 5.6 (5.0–6.2) 4.8 (4.5–5.0) 0.026 

HbA1c, % (95%CI) 

Fasting plasma glucose, mmol/L (95%CI) 

2-hour plasma glucose, mmol/L (95%CI) 

6.6 (6.4–6.9) 

7.3 (6.7–7.8) 

8.5 (7.7–9.3) 

7.9 (6.6–9.2) 

10.0 (7.5–12.5) 

9.8 (7.6–11.9) 

6.2 (6.0–6.4) 

6.3 (5.9–6.8) 

8.5 (7.8–9.3) 

<0.001 

<0.001 

0.583 

Glycemic status    0.010 

Normal, n (%) 77 (41.8) 5 (21.7) 48 (42.5)  
IGT/IFG, n (%) 31 (16.8) 2 (8.7) 29 (25.7)  
Diabetes, n (%) 76 (41.3) 16 (69.6) 36 (31.8)  

Body fat percentage, % (95%CI) 41.2 (39.7–42.7) 43.1 (39.5–46.8) 43.6 (42.1–45.0) 0.098 

Fatty liver index, (95%CI) 67.6 (63.5–71.8) 68.9 (56.5–81.2) 67.4 (62.2–72.7) 0.976 

Metabolic syndrome (Yes), n (%) 117 (63.6) 18 (78.3) 70 (61.9) 0.30 

N components MS, median [25th–75th percentiles] 3 [2–4] 4 [3–5] 3 [2–4] 0.02 

*Values are median and 25th–75th percentiles; 95%CI, 95% confidence interval; BMI, body mass index; HDL, high density lipoprotein; LDL, low density lipoprotein; 

IFG, impaired fasting glucose; IGT, impaired glucose tolerance test. 

 
 

in kidney function during follow-up, suggesting that 

extended follow-up of this subgroup would likely result in 

many of them developing CKD as a result of raised blood 

pressure levels. 

Variable trajectories of absolute levels of kidney function 

have been reported in population-based studies across set- 

tings.18 Improvements in kidney function over time in the 

absence of any intervention, as observed in our study are 

often ascribed to the regression to the mean  phenomenon, 

reflecting the biological variability in serum creatinine levels, 

which are used to estimate kidney functions.19,20 However, 

the significant heterogeneities by major baseline subgroups, 

in the trajectories of eGFR over time suggest other contrib- 

uting factors beyond a simple biological variability. In our 

overweight-to-obese  cohort,  the   observed   improvement 

in kidney function could possibly reflect the progressive 

obesity driving a progressive obesity-induced glomerular 

hyperfiltration.21 Other possible reasons although very 

unlikely, could include a high prevalence of acute kidney 

injury at baseline, a systematic withdrawal of nephrotoxic 

medications such as non-steroidal anti-inflammatory drug, 

 

or a systematic shift from drug combinations with negative 

effect on eGFR (angiotensin converting enzyme inhibitors 

[ACEI]/angiotensin II receptors agonists/diuretics) to combi- 

nations with favourable effects on eGFR (ACEI/calcium 

channel blockers). Within just 3 years of follow-up of our 

middle age cohort, clinically significant decline in kidney 

function was observed in about 7% percent of the sample; 

apparently reflecting the cumulative effect of risk factors for 

CKD, in particular diabetes mellitus and hypertension. These 

findings are of great importance because of the increasing 

prevalence of both diabetes and hypertension in Africa. 

The association of diabetes (glucose tolerance status) with 

changes in kidney function in our cohort reflect the well- 

known and widely described heightened risk of CKD con- 

ferred by diabetes mellitus. In the absence of data on urinary 

albumin excretion, we were not able to quantify the propor- 

tion of deterioration in kidney function due to true diabetic 

nephropathy in participants with diabetes. However, beside 

glucose tolerance status, our study also identified HbA1c as a 

significant predictor of CKD progression, regardless of the 

status for diabetes. Elevated values of HbA1c at baseline have 
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Table 3 Predictors of changes in multinomial logistic regressions (age and sex adjusted) 
 

Variables No change Deterioration Improvement P-value 

Sex (men) 1 0.34 (0.10–1.20) 0.28 (0.14–0.55) <0.001 

Age 1 1.01 (0.97–1.05) 1.00 (0.98–1.02) 0.86 

BMI 1 0.97 (0.91–1.04) 0.98 (0.94–1.01) 0.42 

% change in BMI 1 1.02 (1.00–1.04) 1.00 (0.98–1.02) 0.146 

Waist circumference 1 1.00 (0.97–1.03) 0.99 (0.97–1.01) 0.49 

Hip circumference 1 0.99 (0.96–1.02) 0.99 (0.97–1.00) 0.34 

Waist-to-hip ratio 1 7.06 (0.06–839) 1.39 (0.08–23.22) 0.73 

Systolic blood pressure 1 1.02 (1.00–1.05) 0.99 (0.97–1.00) 0.01 

Diastolic blood pressure 1 0.99 (0.95–1.03) 0.97 (0.95–1.00) 0.06 

Log insulin 1 0.92 (0.72–1.29) 0.86 (0.71–1.03) 0.274 

Log glucose/insulin 1 1.25 (0.92–1.69) 1.10 (0.92–1.32) 0.295 

Log gamma glutamyl transpeptidase 1 0.49 (0.22–1.08) 0.92 (0.62–1.37) 0.192 

Log cotinine 1 1.02 (0.77–1.37) 1.11 (0.96–1.29) 0.370 

Total cholesterol 1 1.55 (1.06–2.29) 1.02 (0.82–1.28) 0.077 

Triglycerides 1 1.37 (0.90–2.09) 0.95 (0.71–1.27) 0.291 

HDL cholesterol 1 0.47 (0.08–2.61) 2.07 (0.90–4.76) 0.099 

LDL cholesterol 1 1.59 (1.03–2.43) 0.98 (0.77–1.26) 0.087 

Total/HDL cholesterol 1 1.43 (1.06–1.94) 0.92 (0.77–1.12) 0.030 

HbA1c 1 1.30 (1.09–1.55) 0.82 (0.68–0.99) <0.001 

Fasting plasma glucose 

Glycemic status 

1 1.15 (1.05–1.25) 0.90 (0.82–0.98) <0.001 

0.01 

Normal 1 0.32 (0.11–0.93) 1.39 (0.80–2.43)  
IGT/IFG 1 0.32 (0.07–1.49) 2.11 (1.08–4.11)  
Diabetes 1 1 1  

Number of MS components 1 1.60 (1.09–2.36) 0.88 (0.73–1.07) 0.008 

Metabolic syndrome (No) 1 0.52 (0.18–1.47) 1.16 (0.70–1.91) 0.29 

Body fat percentage 1 1.01 (0.95–1.08) 0.98 (0.95–1.02) 0.527 

Fatty liver index 1 1.05 (0.54–2.05) 0.94 (0.66–1.32) 0.904 

BMI, body mass index; DBP, diastolic blood pressure; HDL, high density lipoprotein; LDL, low density lipoprotein; IFG, impaired fasting glucose; IGT, impaired 

glucose tolerance test. 

 
 

 

Table 4 Predictors of changes in multinomial logistic regressions (multivariable adjusted) 
 

Variables No change Deterioration Improvement P-value 

Sex (men) 1 0.28 (0.07–1.06) 0.28 (0.14–0.57) <0.001 

Age 1 0.97 (0.93–1.02) 1.00 (0.98–1.02) 0.57 

Systolic blood pressure 1 1.07 (1.03–1.11) 1.00 (0.98–1.02) 0.002 

Diastolic blood pressure 1 0.91 (0.85–0.97) 0.97 (0.91–1.05) 0.008 

HbA1c 1 1.30 (1.08–1.56) 0.83 (0.69–1.00) <0.001 

Glycemic status    0.05 

Normal 1 0.40 (0.13–1.21) 1.30 (0.73–2.30)  
IGT/IFG 1 0.37 (0.08–1.78) 2.02 (1.03–3.97)  
Diabetes 1 1 1  

IFG, impaired fasting glucose; IGT, impaired glucose tolerance test. 

 

 
been associated with an increased risk of chronic kidney 

disease even in the absence of diabetes, whereby HbA1c was 

shown a better predictor compared to fasting glucose.22 

However, one large recent study has not supported these 

observations.23
 

Several studies have reported an association between 

obesity and deterioration of kidney function.24–26 Although 

there were suggestions that our participants with stable 

eGFR during follow-up could have lower body fat percent- 

age, none of the markers of adiposity was associated with 

change in kidney function in the current study, in line with 

some existing reports.27–29 Our population was largely over- 

weight or obese at baseline, causing the distribution of adi- 

posity markers to be constricted to a very narrow range, and 

therefore less able to discriminate changes in kidney function 

during follow-up. Other studies in the general population 

have shown that, an association of adiposity with kidney 

function deterioration, if any, is likely mediated by concur- 
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Fig. 3 Trajectories of selected progression risk factors over time according to change in kidney function categories between baseline and follow-up evaluations. 

(All estimates are adjusted for age at baseline). 

 
 

rent cardiovascular risk factors.28 Similarly, the prevalence of 

metabolic syndrome was very high in our sample, which 

may explain why no association was found between meta- 

bolic syndrome and change in kidney function in our popu- 

lation. However, as reported elsewhere,30,31 we found an 

association between increasing number of MetS components 

and change in kidney function. This association appeared to 

be driven by blood pressure and glycaemic status. In general, 

the relationship of various combinations of MetS compo- 

nents with change in kidney function is still unclear. 

There were several limitations in the present study. First, 

the participation rate was very low at follow-up. To ascertain 

the possibility of this bias, we compared the baseline profile 

of participants in the final analytic sample with that of those 

potentially eligible participants who did not participate at 

follow-up. However, differences with included participants 

were mostly clinically trivial, suggesting that this limitation 

does not invalidate the findings of the present study. Second, 

absolute changes in kidney function in our study were based 

only on two measurements. In the absence of intermediate 

measurement during follow-up, the linearity assumption 

may not necessarily capture the true trajectories of kidney 

 

function during follow-up. Furthermore, the availability of 

more measurements would have allowed to efficiently 

account for the biological variability through adjustment for 

regression dilution bias. eGFR is a less accurate indicator of 

kidney function and a previous study has shown significant 

differences in estimates of kidney function from various esti- 

mators in our population.2 However, follow-up studies that 

have compared different kidney function estimators with 

directly measured glomerular filtration rates, have found the 

MDRD formula used in our study to have a significant 

advantage in estimating kidney function over time.32 The 

strengths of our analyses include a well-characterized study 

population undergoing rapid epidemiological transitions, 

and it is the first longitudinal study from Africa to investigate 

risk factors associated with CKD progression. Furthermore, 

we used appropriate statistical approaches to simultaneously 

investigate both improvement and deterioration of kidney 

functions, which most existing studies did not achieve. 

In summary, the results of the present study showed that 

the rate of deterioration in kidney function of this population 

over time is very high, with about 7% of this middle-age 

population acquiring a worse kidney function status just 
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within 3 years of follow-up. This deterioration appears to be 

driven essentially by higher-than-optimal blood pressure 

levels and abnormal glucose tolerance status. Markers of 

obesity and metabolic syndrome reported elsewhere to be 

associated with decline in kidney function, were not con- 

firmed in the current study, likely reflecting the very high 

prevalence of those traits in our population. Concomitant 

deteriorations of the blood pressure profile of the entire 

cohort during the short follow-up window suggest that rate of 

deterioration of kidney function may be even higher with 

extended follow-up. Overall, just like improving the accuracy 

of kidney function measurement and diagnosis of CKD in this 

setting, strategies targeting improvement in blood pressure 

levels and glycaemic profile of the population can potentially 

reduce the incidence and progression of chronic kidney dis- 

eases and related complications in African populations. 

 

 

 

 
 

SUPPORTING  INFORMATION 

Additional  Supporting  Information  may  be  found  in  

the online version of this article at the publisher s web-

site: 

Table S1 Baseline profile of the participants excluded 

and those in the final analytic sample 
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