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The challenges and dilemmas faced by disadvantaged pop-
ulations with kidney disease are tremendous. Patients,
health care providers, and investigators struggle to manage
and understand the high burden of disease, the practical
approach to delivery of high cost renal replacement therapy
with limited resources, implementation of preventive strate-
gies, and the difficult ethical dilemmas. The purpose of this
special issue is to shed light on the understudied challenge of
kidney disease in disadvantaged populations.

The papers in this special issue serve as an example of
the excellent research conducted in developing countries,
many times in collaboration with investigators in developed
countries. Coincidentally, the majority of papers include
authors from Nigeria, a country which likely is representative
of sub-Saharan Africa. In editing this special issue, the bar-
riers faced by investigators from developing countries were
evident and include lack of funding, limited forums to
disseminate their work, the peer review process, and lack
of resources. Along with a topical review article “Chronic
Kidney Disease in Disadvantaged Populations,” the papers in
this issue provide an overview of some of the important
issues in sub-Saharan Africa including new biomarkers for
kidney disease, “Circulating Adiponectin Is Associated with
Renal Function Independent of Age and Serum Lipids in West
Africans”; association between APOL1 and HDLc, “Varia-
tion in APOL1 Contributes to Ancestry-Level Differences in
HDLc-Kidney Function Association”; early markers of kidney
disease, “Prevalence and Correlates of Microalbuminuria in
Children with Sickle Cell Anaemia: Experience in a Tertiary
Health Facility in Enugu, Nigeria” and “Association between
Urinary N-Acetyl-Beta-D-Glucosaminidase and Microalbu-
minuria in Diabetic Black Africans”; alternatives to high cost

erythropoiesis-stimulating agents, “Meta-Analysis of Ran-
domized Controlled Trials on Androgens versus Erythropoietin
for Anaemia of Chronic Kidney Disease: Implications for
Developing Countries”; and the disturbing issue of how to
best provide care to patients with end-stage renal disease
(ESRD), “A Single-Center 7-Year Experience with End-Stage
Renal Disease Care in Nigeria—A Surrogate for the Poor State
of ESRD Care in Nigeria and Other Sub-Saharan African
Countries: Advocacy for a Global Fund for ESRD Care Program
in Sub-Saharan African Countries.”

In many countries, dialysis is not an option for patients
with ESRD. According to Dr. Saraladevi Naicker, the burden
of kidney disease is thought to be high in sub-Saharan Africa,
but the dialysis treatment rate ranges from 70 patients per
million population in South Africa to 20 per million pop-
ulation in most of sub-Saharan Africa [1]. These numbers
can be compared to the prevalence of ESRD in the United
States among African-Americans which according to 2010
United States Renal Data Systems data was 5,242 per million
population [2]. The difference in treatment rates provides a
rough estimate of the number of people dying from ESRD
without treatment in sub-Saharan Africa. Some medical cen-
ters in sub-Saharan Africa offer chronic hemodialysis to
patients who can afford to pay. Given the extent of poverty
in sub-Saharan Africa, it is not surprising that many patients
with ESRD are provided dialysis for a few days to weeks and
once the patient and their families deplete their funds, dia-
lysis is discontinued [3] (also see, “A Single-Center 7-Year
Experience with End-Stage Renal Disease Care in Nigeria—A
Surrogate for the Poor State of ESRD Care in Nigeria and Other
Sub-Saharan African Countries: Advocacy for a Global Fund
for ESRD Care Program in Sub-Saharan African Countries”).
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In patients with true ESRD with no hope of renal recovery,
is it ethical to provide dialysis for a few days or weeks
depending on the funds available to the patient? Should
dialysis be offered only to those with acute kidney injury and
some hope of renal recovery? In a part of the world where
per capita expenditure on health care is so low, how should
dialysis be offered in an equitable and fair manner? How
should patients with ESRD be managed humanely and with
dignity?

What happens to patients with ESRD when dialysis is
not an option? “The patients are discharged and then they
disappear” is, unfortunately, a common answer to this ques-
tion. One of the papers in this special issue describes the
decisions faced by nephrologists in Nigeria which must mir-
ror the same decisions faced in many countries in Africa,
Asia, and Central America, (see “A Single-Center 7-Year
Experience with End-Stage Renal Disease Care in Nigeria—
A Surrogate for the Poor State of ESRD Care in Nigeria and
Other Sub-Saharan African Countries: Advocacy for a Global
Fund for ESRD Care Program in Sub-Saharan African Coun-
tries”). The ethical dilemmas are similar those faced by neph-
rologists in the United States in the 1960’s when dialysis
was in its infancy. Of course, patients do not disappear but
instead die from uremia which is often mistakenly descri-
bed as a “good” way to die. In the United Kingdom and
the United States, the importance of palliative care for ESRD
patients is now being recognized and promoted [4–6]. Many
countries now recognize that the burgeoning population of
elderly patients with a large number of comorbidities may
not benefit from dialysis and may live just as long with a
conservative approach focused on palliation of symptoms. In
many countries, dialysis is not offered to young patients with
ESRD. The cost of dialysis may be prohibitive in a country
like Nigeria but palliative care should not be forgotten and
should be considered as the ethical approach to care for these
patients. Of course, most important are efforts to identify
preventive strategies and early detection of chronic kidney
disease along with novel approaches of care in disadvantaged
populations.

The guest editors hope that the readership of Interna-
tional Journal of Nephrology finds this issue informative and
thought provoking.

Rudolph A. Rodriguez
Li-Li Hsiao

J. Kevin Tucker
David Pugsley
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Androgens which are relatively cheap were used in the treatment of anaemia in dialysis patients before the advent of Erythropoietin
(EPO). However, there are concerns about their efficacy and side effects. Aims. To examine the efficacy and harms of androgens
for the treatment of anaemia of chronic kidney disease (CKD) compared to EPO. Settings and Design. A systematic review and
meta-analysis using an a priori protocol. Methods and Materials. We searched several databases for randomized controlled trials
using the key terms anaemia, chronic kidney disease, and androgens, without language restrictions. We also searched reference lists
of relevant articles. Statistical Analysis Used. Data was analyzed using Review manger 5 software. We summarized treatment effects
as relative risks and mean differences, with 95% confidence intervals using a random-effect model. We tested for heterogeneity
with Chi2 and the I2 statistics. Results. We identified four eligible trials involving 114 participants, majority (83.33%) of whom
were males, mostly over 50 years of age. The pooled difference in mean haemoglobin between the nandrolone and EPO arms at
the end of the trials was −0.11 (CI −0.80 to 0.58) which is not statistically significant. Conclusions. This meta-analysis revealed no
difference between nandrolone and EPO for the treatment of anaemia of CKD in men over 50 years. Therefore, nandrolone can be
used for the treatment of anaemia of CKD in this category of patients, in resource-limited countries. However, further studies are
needed to determine the long-term safety of nandrolone in men over 50 years old, as well as its effectiveness and safety in females
in general, and males less than 50 years of age.

1. Introduction

Erythropoietin (EPO) and other erythropoiesis stimulating
agents (ESAs) are the main stay for the treatment of anaemia
of chronic kidney disease (CKD). The main limitation
of EPO use in developing countries is cost, making it
unavailable to most patients [1, 2]. Androgens which are
relatively cheap were used in the treatment of anaemia in
dialysis patients before the advent of EPO [3]. However, there
are concerns about their efficacy and side effects. The aim of
this systematic review and meta-analysis was to examine the
efficacy and harms of androgens for the treatment of anaemia
of CKD compared to EPO from published randomized
controlled trials.

2. Subjects and Methods

The study was carried out using an a priori protocol.
We searched several databases (MEDLINE, EMBASE, The
Cochrane library, LILACS, AJOL, and CINAHL ) for ran-
domized controlled trials using the key terms anaemia,
chronic kidney disease, and androgens, without language
restrictions. We also searched a reference list of relevant arti-
cles. Inclusion criteria are randomized or quasi-randomized
controlled trials that directly compared any androgen with
EPO for the treatment of anaemia of CKD. Exclusion criteria
were study designs other than RCTs or quasi-RCTs and
studies where androgens were used as adjuvants for the
treatment of anaemia. In trials where there is more than
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127 titles identified through

database searching

(after removing duplicates)

75 titles excluded
(review articles,

guidelines, animal
studies, irrelevant,

etc.)127 titles screened

48 abstracts
excluded
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trials on

androgens versus
EPO, abstract
presentations of

later studies)
52 abstracts

reviewed

4 studies included
in quantitative

synthesis

4 studies included

in qualitative

synthesis

(meta-analysis)

Figure 1

two arms of treatment (e.g., androgen versus EPO versus
androgen plus EPO), we extracted data for only androgens
and the EPO arms.

The primary outcome of interest in this paper is the mean
haemoglobin at the end of the trials. Secondary outcomes
include potential side effects in the two treatment arms
as reported by the authors of the primary studies. Other
secondary outcomes include nutritional parameters such as
weight gain and change in serum proteins.

Two authors independently selected relevant trials from
the search results. Disagreements were resolved by con-
sensus. Data were extracted using data extraction forms
and analyzed using computer software, Review manager 5.1
(Cochrane collaboration). We assessed methodological qual-
ities of the study using the risk of bias table. We summarized
treatment effects as relative risks for dichotomous outcomes
and mean differences for continuous outcomes with 95%
confidence intervals using a random-effect model. We tested
for heterogeneity with Chi2. We used the I2 statistics to
quantify between-study inconsistency.

3. Results

A total of 127 titles were obtained from searches of data bases
out of which we identified four eligible trials (Figure 1).

The four studies [4–7] included in the meta-analysis had
a total of 114 participants as summarized in Table 1. Data
was extracted from full text of three studies while one study
was only available in an abstract form. Overall, majority of
the participants (83.33%) were males, mostly over 50 years of
age. All the trials had small sample sizes (24–30 patients) with
a follow-up period of three to six months. Methodological
qualities of the studies were assessed using the risk of bias
table in Review manager 5.1 (Cochrane collaboration). The
qualities are presented in Figure 2.

There is a significant risk of bias since they are all open
labelled studies with potential risk of performance bias.

Eighty-three % of the patients in the studies (95 out
of 114) were males (most of them over 50 years of age)
while two studies included few females (19 out of 114)
and patients younger than 50 years. Nandrolone was the
only androgen used in all the trials, at the dose of 100–
200 mg/week intramuscularly.

The pooled difference in mean haemoglobin between the
androgen and EPO arms at the end of the trials was −0.11
(CI −0.80 to 0.58) which was not statistically significant
(Table 2).

Although there was significant heterogeneity for the
outcome of haemoglobin across studies (I2 of 82%), all indi-
vidual effect estimates did not favour EPO over androgens
(neither clinically meaningful nor statistically significant
estimates).

Three trials reported increase in total serum protein
which favours androgens with a mean difference of 0.54 (CI
0.4 to 0.68) which is statistically significant (Table 3).

There is a trend towards less increase in blood pressure
requiring adjustment of blood pressure medications in the
androgen arm with a relative risk of 0.17 ( CI 0.03–1.08), P =
0.06, although the difference is not statistically significant
(Table 4).

No liver function abnormalities were encountered in
both arms of the treatments in all the trials. Only one trial
each presented some data on dyslipidemia and virilization,
so meta-analysis could not be carried out for these outcomes.
There was no significant heterogeneity for these outcomes.
Three trials reported iron studies conducted in the partici-
pants while one study did not.

4. Discussion

In this systematic review and meta-analysis of randomized
controlled trials, we found no clinically important or statisti-
cally significant difference between androgens (nandrolone)
and EPO for the treatment of anaemia of CKD especially
in men over 50 years. There is a statistically significant
increase in serum proteins in the androgen arm of treatment.
Moreover, nandrolone was associated with a trend to less
hypertension events requiring changes in antihypertensive
medications. Despite the limited available data, our findings
have major implications for the care patients with CKD living
in countries with limited resources.

Anaemia is an important complication of CKD which
can occur even at early stages of the disease [8] and is
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Table 2: Mean haemoglobin at the end of the trials.

Study or subgroup
Androgen Erythropoietin Mean difference Mean difference

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Aggarwal et al. [6] 7.74 0.61 15 8.7 0.6 15 28.7% −0.96 [−1.39, −0.53]

−4 −2 0 2 4
Favours androgens Favours erythropoietin

Gascon et al. [5] 11 1.4 14 10.6 0.9 19 21.9% 0.40 [−0.44, 1.24]

Navarro et al. [4] 11.8 0.4 13 11.7 0.6 14 29.4% 0.10 [−0.28, 0.48]

Singh et al. [7] 12.83 1.04 12 12.6 1.33 12 20.0% 0.23 [−0.73, 1.19]

Total (95% CI) 54 60 100.0% −0.11 [−0.80, 0.58]

Heterogeneity: tau2 = 0.38; chi2 = 16.83; df = 3 (P = 0.0008); I2 = 82%.

Test for overall effect: Z = 0.32 (P = 0.75).

Table 3: Mean serum proteins at the end of the studies.

Study or subgroup
Androgen Erythropoietin Mean difference Mean difference

Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI

Aggarwal et al. [6] 6.84 0.2 15 6.2 0.33 15 48.1% 0.64 [0.44, 0.84]

−1 −0.5 0 0.5 1
Favours erythropoietin Favours nandrolone

Gascon et al. [5] 7 0.4 14 6.5 0.4 19 25.2% 0.50 [0.22, 0.78]

Navarro et al. [4] 6.7 0.4 13 6.3 0.3 14 26.7% 0.40 [0.13, 0.67]

Total (95% CI) 42 48 100.0% 0.54 [0.40, 0.68]

Heterogeneity: tau2 = 0.00; chi2 = 2.13; df = 2 (P = 0.34); I2 = 6%.

Test for overall effect: Z = 7.45 (P = 0.00001).

important both from the point of view of morbidity and
mortality [9]. Erythropoietin and other related erythro-
poiesis stimulating agents (ESAs) are currently the main stay
of the treatment of anaemia of CKD. However, recently there
are concerns that the use of ESAs in the treatment of anaemia
in CKD needs to be reevaluated [10].

Cost is a major limitation for the routine use of ESAs in
developing countries. In a study from Tunisia, only 10.8% of
patients on hemodialysis were on EPO, while 38% required
regular transfusions [2].

In developing countries where patients cannot afford
EPO, anaemia is treated mainly with recurrent blood
transfusions with attendant risks of complications such as
transfusion transmissible infections, especially in the current
pandemic of human immune deficiency virus infection.

Prior to the advent of EPO in the 1980s and subsequently
other ESAs, androgens such as nandrolone were used in
the treatment of anaemia of CKD. Androgens are thought
to correct anaemia of CKD by enhancing the conversion
of the pluripotent stem cell to erythroid colony forming
and burst forming units. In addition, 5-α metabolite of
androgens stimulates erythropoiesis by enhancing erythro-
poietin production by the kidney, while the 5-β metabolite
stimulates the bone marrow directly [11]. However, there
are concerns about their efficacy and potential side effects
such as hepatotoxicity, dyslipidemia, virilization, priapism,
and hyperglycaemia [12]. In the current era of evidence-
based medicine, it is important to study systematically
the efficacy and potential side effects of androgens for
the treatment of anaemia of CKD before sanctioning or
discouraging their use. This is particularly important for

many developing countries where patients cannot afford to
buy ESAs. Androgens are much cheaper than ESAs being
five-times cheaper than EPO treatment in the study by
Aggarwal et al. [6].

Our meta-analysis has some limitations. One limitation
is the fact that the findings are not generalizable to all patient
populations with CKD. Two of the four studies included
in this meta-analysis had only male patients over the age
of 50, likely because response to androgens has previously
been shown to be age related [13] and because of the risk
of virilization in females. Androgens may be more effective
in older males because of testosterone deficiency in these
patients. Therefore, the findings of this study may not be
applicable to women or men under 50 years of age.

Although there are no significant differences in side
effects reported in the studies in this meta-analysis, this has
to be interpreted with caution. The number of patients in the
trials included in this meta-analysis is too small to exclude
safety concerns. The trials had follow-up periods of three to
six months and therefore may not have been sufficient to
detect some of the known side effects of androgens which
may take longer to develop.

Another potential limitation of this meta-analysis is the
high degree of heterogeneity for the outcome of haemoglobin
at the end of the trials. However, all individual effect
estimates did not favour EPO over androgens (neither
clinically meaningful nor statistically significant estimates).
Since we found no difference between the 2 groups, this
heterogeneity is not meaningful. The small number of studies
found in this meta-analysis is also a limitation as it precluded
exploring for publication bias. The Cochrane handbook of
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Table 4: Change in blood pressure requiring adjustment of antihypertensives.

Study or subgroup
Androgen Erythropoietin Mean difference Mean difference

Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI

Aggarwal et al. [6] 0 15 3 15 33.8% 0.14 [0.01, 2.55]

0.01 0.1 1 10 100
Favours androgen Favours erythropoietin

Navarro et al. [4] 1 13 4 14 66.2% 0.27 [0.03, 2.11]

Total (95% CI) 28 29 100.0% 0.22 [0.04, 1.16]

Total events 1 7

Heterogeneity: tau2 = 0.00; chi2 = 0.13; df = 1 (P = 0.72); I2 = 0%.

Test for overall effect: Z = 1.79 (P = 0.07).

Random sequence generation (selection bias)

Blinding of participants and personnel (performance bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Low risk of bias
Unclear risk of bias
High risk of bias

0 25 50 75 100

(%)

Figure 2: Representing Authors’ methodological assessment of risk of bias across the studies.

systematic reviews recommends that as a rule of thumb: the
funnel plot for detection of publication bias should not be
used unless there are at least 10 studies [14]. Other formal
tests for publication bias require even a larger number of
studies (roughly 30) to reliably detect publication bias [15].
However, although the number of eligible studies found
in this meta-analysis is small, other nonradomized trials
support the findings of our study. Teruel et al. compared
nandrolone in hemodialyzed males aged over 50 years with
hemodialyzed males and females aged less than 50 years and
found no difference in improvement of anemia between the
two groups [16]. In a recent study in predialysis patients,
Paul et al. concluded that nandrolone, though not equally
effective, may be considered as a valid alternative therapy
for the treatment of anemia of predialysis diabetic chronic
kidney disease [17].

Our meta-analysis found a statistically significant advan-
tage of androgens over EPO in terms of improvement in
serum proteins which could be a marker of better nutrition.
This is an additional advantage of nandrolone over EPO,
which has also been supported by randomized controlled
trials that address this and related outcomes [18, 19].

In addition to their role in the primary treatment of
anaemia of CKD, androgens such as nandrolone have been
used as adjuvants to the treatment of anaemia of CKD
and for the treatment of erythropoietin-resistant anaemia
[20, 21].

An ongoing systematic review in the Cochrane collabo-
ration will hopefully critically appraise all these aspects of
androgen use in anaemia of CKD [22].

We conclude that the results of this meta-analysis
revealed no difference between the androgen nandrolone and
EPO for the treatment of anaemia of CKD in men over 50
years. Therefore, androgens can be used for the treatment of
anaemia of CKD in this category of patients, in resource-
limited countries. However, further studies are needed to
determine their long-term safety in men over 50 years old,
as well as their effectiveness and safety in females in general,
and males less than 50 years of age.

Key Messages

No differences in improvement of haemoglobin or adverse
effects between nandrolone and EPO groups were found
in this meta-analysis comprising mainly of males over 50
years old. Therefore, nandrolone can be used as a cheaper
alternative to erythropoietin in this category of patients in
resource-limited countries.
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Microalbuminuria is a pre-clinical marker of renal damage in children with sickle cell anaemia and can predict renal failure.
Reported prevalence rates increased with age. In Nigeria, burden of disease and prevailing poor health facilities necessitate its
screening, determination of prevalence and associated risk factors. It is a cross-sectional as well as descriptive study. Screening
microalbuminuria used subjects’ early morning urine. Socio-demographic as well as clinical details were ascertained using semi-
structured questionnaires and case files. Associations and statistical relationship of prevalence rates and clinical/epidemiological
data were ascertained using chi-squared and multivariate analysis (P < 0.05). Two hundred children with sickle cell anaemia (4–
17 years) in steady state and 200 age/gender-matched controls were enrolled. Prevalence of microalbuminuria was ,respectively,
18.5% and 2.5% for subjects and controls (P = 0.001). Microalbuminuria was commoner in females (19.8%) than males (17.4%)
P = 0.70, increased with age (P = 0.016), significantly associated with haemoglobin level (P = 0.002) and hospitalizations (0.001).
Subjects had normal renal function. Hospitalizations and haemoglobin levels showed statistical significance on multivariate
analysis. Prevalence of microalbuminuria is 18.5%. Age, haemoglobin concentrations, and higher hospitalizations influenced
microalbuminuria among subjects. Screening for microalbuminuria should be incorporated in the case management of subjects
with identified risk factors.

1. Introduction

Sickle cell nephropathy is a major complication of sickle
cell disease and results from recurrent renal vasoocclusion,
ischaemia-reperfusion injury, and loss of renal mass [1]. It is
characterized by glomerular hypertrophy and focal glomeru-
losclerosis [2, 3]. Proteinuria is one of the most common
clinical manifestations of sickle cell nephropathy [4, 5].

Lowest level of albuminuria (20–200 mg/L) known as
microalbuminuria [6] is a preclinical marker of glomerular
damage predicting progressive renal failure in conditions like
diabetes mellitus also associated with hyperfiltration, and
hyperperfusion [7]. Microalbuminuria has been defined as
an abnormally or supranormal urinary excretion of albumin
in the absence of clinical proteinuria (i.e., proteinuria
detectable by use of conventional dipstick like Albustix) [8].

Marshall et al. [9] defined microalbuminuria in terms of
timed overnight urine collection as an albumin excretion rate
greater than 20 μg per minute.

Various proportional rates of microalbuminuria have
been reported in children with sickle cell anaemia ranging
from 18.4% to 46% [7, 10–13].

Microalbuminuria could be detected long before positive
urine test for proteinuria using conventional dipstick like
Albustix or Combi 10 Multistix screen which is sensitive
to urinary protein excretion that is greater or equals to
300 mg/L [14].

Prolonged period of microalbuminuria precedes persis-
tent proteinuria which is subsequently followed by chronic
renal failure (CRF) [15] and occurs with variable frequency
in the sickle cell population (4%–20%) [11].
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The identification of risk factors for microalbuminuria
may allow earlier intervention to prevent renal compli-
cations. [7] Considering the high burden of sickle cell
anaemia in Nigeria with a prevalence rate of 2% in newborns
[16] in a population of over 167 million [17], children with
sickle cell anaemia are prone to developing proteinuria and
chronic renal failure with advancing age. The attendant need
for renal replacement therapy is either nonexistent or very
expensive to sustain in our environment. Hence, the need
to incorporate in the management of children with sickle
cell anaemia, screening for microalbuminuria in those with
identified associated risk factors as a marker of renal injury.
Therapeutic interventions using antiproteinuric agents like
angiotensin converting enzyme inhibitors could be applied
in those with microalbuminuria to retard the progression of
renal damage [18]. Further, hydroxyurea has been shown to
decrease vasoocclusive events, which are thought to play a
huge role in the pathophysiology of renal disease and is cur-
rently being used in some children with sickle cell disease [7].

This study sets out to ascertain the prevalence of
microalbuminuria and its associated risk factors in children
with sickle cell anaemia (HbSS) seen at University of Nigeria
Teaching Hospital (UNTH), Enugu in comparison with their
counter parts with normal haemoglobin (HbAA) pattern.

2. Subjects and Methods

The study was a cross-sectional descriptive study conducted
at the University of Nigeria Teaching Hospital (UNTH),
Enugu, South East Nigeria between August, 2008 and April,
2009. Enugu is the capital of Enugu state, Nigeria. Enugu
state has an estimated population of 3,140,471 people from
2006 National Census [19]. The state is mainly populated by
Nigerians of Igbo ethnic nationality. UNTH, Enugu serves
the population in the state capital, Enugu, and its adjoining
towns and villages. It also serves as a major referral centre to
the surrounding health facilities in the South Eastern Nigeria
and beyond. It is a 500-bed health facility. It runs two well-
established sickle cell clinics which cater for paediatric and
adult patients. The paediatric sickle cell clinic runs once
weekly (every Monday).

Study subjects consisted of 200 sickle cell anaemia
children in steady state, that is apparently well (subjectively
and objectively) without any evidence of recent infections,
crises or other problems and had been well for at least
4 weeks after the last crisis [20, 21] who were recruited
consecutively as they presented to the weekly sickle cell
anaemia clinic of UNTH (convenience sampling method)
while controls of comparable ages and matched for sex
with normal haemoglobin pattern (HbAA) were recruited
from primary and secondary schools in Enugu urban by
multistage sampling. First a list of each of the registered
public primary and secondary schools in Enugu urban were
compiled to form the sampling frame. From these lists, the
secondary schools were further stratified into coeducational,
all boys’ and all girls’ secondary schools. Subsequently, two
schools from each arm were selected by simple random
sampling. Also, four primary schools were selected by simple
random sampling. In all a total of 10 schools (four primary

and six secondary schools) were selected. In the selected
schools the pupils/students were then stratified according to
their age, and sex. The selected primary schools also had
nursery schools as part of the Universal Basic Education
(UBE) from where controls less than six were selected.

The controls were then finally selected from their respec-
tive class registers using the systematic sampling method.
Here, the first pupil/student was selected by simple random
sampling, and every other 5th child was selected. A total of
200 school children who met the study inclusion criteria were
selected as controls.

Excluded were children with sickle cell crises symp-
toms (fever, bone pain crisis) in the preceding 2 weeks,
children with prior known overt proteinuria (detectable
using Combi-10) or gross haematuria, including currently
menstruating adolescent females, and children with comor-
bid conditions like hypertension, urinary tract infections,
diabetes mellitus, retroviral infection, and children with any
history of familial kidney disease.

Ethical approval was obtained from the Ethics and
Research Committee of UNTH, Enugu while informed
consent was obtained from the Ministry of Education, Enugu
State and parents or care givers of the subjects and controls
prior to the commencement of the study.

A pretested semistructured and observer administered
questionnaire was issued to the study population and their
respective parents/caregivers/class teachers as the case may
be. Information obtained and recorded in the questionnaire
included age, gender, history of fever or bone pain crisis in
the preceding 2 weeks, recent history of passage of blood in
urine, history and number of hospital admissions following
bone pain crisis in the past 24 months, and number of
previous blood transfusions (subjects are usually transfused
following severe anaemia or anaemic heart failure as chronic
transfusion programme is not currently being practiced in
our setting).

Social class of the study population was determined using
the method proposed by Oyedeji [22]. Here, the social class
of each child was determined based on the occupational
status and educational attainment of the parents. The average
of the four scores (two each for the father and mother, that
is, occupational status and educational attainment) to the
nearest whole number was the social class of each child
selected in the study. According to the protocol, in cases
where one of the parents is late, the social class of the child is
assessed by that of the living parent or guardian.

Subjects had clinical examination, and their weights,
heights and body mass index determined. Also determined
variables included the axillary temperature and pulse rate
following standard protocols. Blood pressure was measured
using mercury in glass sphygmomanometer (Accoson brand)
with a cuff size that covered at least two-thirds of the child’s
right arm in a sitting position. Three different readings were
taken and the average was taken as actual blood pressure.
The systolic blood pressure was taken at the point when
the Korotkoff sound became audible (phase I) and the
diastolic blood pressure at the point at which the sound
became muffled (phase IV). The readings were recorded
to the nearest 2 mmHg. The blood pressure percentile
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(for systolic and diastolic blood pressure, resp.) for each
selected child was read off from the fourth report on
diagnosis, evaluation, and Treatment of high blood pressure
in children aged 1 to 17 years using the gender and age
appropriate charts. Hypertension was defined as average
systolic blood pressure that was greater than or equals
to the 95th percentile for sex, age and height [23]. All
enrolled subjects and controls were issued with well-labeled
universal urine bottles for the collection of 10 millilitre of
early morning urine. Children and their care-givers were
instructed on how to collect their early morning midstream
urine and clean catch urine for subjects less than six years
on the day of their appointment after first washing of
their hands. Venous blood samples were collected from
all participants to confirm their haemoglobin genotype by
electrophoretic method as well as determine their serum
creatinine and haemoglobin concentrations. The controls
with AS genotype from the results were counseled and
excluded from the study. The glomerular filtration rate in
ml/min/1.73 m2 was estimated using the Haycock-Schwartz
formula [24].

2.1. Testing for Microalbuminuria. Testing for microalbu-
minuria was then carried out on the urine specimens
of all the study participants with negative proteinuria,
nitrite (detectable by Combi-10), with negative microscopic
findings for urinary tract infection (UTI), and results entered
into the individual’s study proforma. The Micral test (Micral
test II) strips have a reported sensitivity and specificity of
100% and 91%, respectively [9]. Each test strip was dipped
into the urine specimen for five seconds (timed with a stop
watch) such that it did not touch the side of the specimen
container during the process. The Micral test strip was placed
across the top of the urine specimen container and result
read after one minute, using the manufacturer’s guidelines.
The intensity of the colour produced was considered propor-
tional to the albumin concentration in the urine. There were
four different colour blocks on the Micral test strip container
(corresponding to 0, 20, 50, and 100 milligram per litre
i.e., mg/L) corresponding to the varying levels of albumin
concentration in the urine specimen. A reading of 20 mg/L
and above was considered as positive for microalbuminuria.
The results were immediately entered into the individual’s
study proforma.

Single sample was collected each for all the tests done
during the study (early in the morning). All study partici-
pants with detected microalbuminuria, and those excluded
from the study with evidence of UTI were counseled and
subsequently referred with their results to the Paediatric
Nephrology Clinic and Sickle Cell Clinic respectively for fur-
ther evaluation, treatment, and followup. The haemoglobin
genotype results of controls were communicated to them
after the study.

3. Data Analysis

Data was analyzed using the SPSS version 15.0. Data
were analyzed quantitatively and presented in the form of
frequency tables and proportions. The chi-square test was

used to evaluate the significance level between proportions
while the student t-test was used to determine the statistical
significance of mean values. Further statistical analysis using
bivariate correlation analysis and multivariate regression
model were also carried out. A P-value less than 0.05 was
considered as significant.

4. Results

Of the 200 subjects evaluated 109 (54.5%) were males
while 91 (45.5%) were females. The controls comprised of
105 (52.5%) males and 95 (47.5%) females. There was no
significant difference in the gender distribution of the study
population (P = 0.688). The mean age of the subjects was
11.2 ± 3.8 years while that of the controls was 11.3 ± 3.8
years (range 4–17 years). The subjects and controls were well
matched with respect to their age (P = 1.000). The social
class of the subjects and controls ranged from class 1 to 5
as shown in Table 1. The mean body mass index (BMI) for
all subjects was smaller (15.9 ± 1.9 Kg/m2) compared to the
controls (17.8 ± 2.6 Kg/m2). Similarly the difference in the
mean BMI between the subjects and controls was statistically
significant (P = 0.000).

Thirty seven (18.5%) of the 200 subjects had microalbu-
minuria as compared to 5 (2.5%) of the controls that also had
microalbuminuria (P = 0.001) as depicted in Table 2. There
was a slight female preponderance (19.8%) compared to the
males (17.4%) P = 0.70 as shown in Table 2.

Sixty-six (33% of the subjects were less than ten (4–9)
years of age while 134 (67%) were ten years and older (10–
17 years). In the age group less than 10 years, the prevalence
of microalbuminuria was 9.1% as against 23.1% in those
subjects who are ≥10 years of age. The mean age of the
study subjects with microalbuminuria was 11.6 ± 4.2 years
while those without microalbuminuria were 11.6± 3.7 years.
Consequently, the difference in the mean age among the
subjects was significant (P = 0.016). It was also found that
among subjects aged four years, two (2) of the participants
(i.e., 18.2%) had microalbuminuria in their early morning
urine.

Comparison of the various social classes (from 1 to 5)
among subjects with and without microalbuminuria showed
statistical significance in social classes 4 and 5 (P = 0.002
and 0.001, resp.) whereas the comparison of social classes
1 to 3 did not reveal any statistical significance as shown
in Table 2.

Thirty-one (83.8%) of the subjects with MA had experi-
enced previous hospitalizations following painful crises. Of
the 31 subjects with MA, 4 (30.8%) have had one episode of
painful crisis while 7 (63.6%) and 20 (83.3%) have had two
and ≥3 episodes of painful crises, respectively, necessitating
hospitalization(s). The difference was statistically significant
(P = 0.001) as shown in Table 2. Also six subjects (3.9%)
with microalbuminuria did not experience any painful crises
requiring hospitalization in the preceding two years.

The mean number of blood transfusions in the subjects
with microalbuminuria was 1.9 ±1.2 times as against
1.5 ± 0.9 times in subjects without MA. The difference
was not statistically significant (t = 2.28; P = 0.230).
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Table 1: Demographic characteristics of subjects and controls.

Variable Subjects n (%) Controls n (%) χ2 P value

Age group (years)

4–8 54 (50.0) 54 (50.0)

9–13 82 (50.0) 82 (50.0) 0.001 1.000

14–17 64 (50.0) 64 (50.0)

Gender

Male 109 (54.5) 105 (52.5)
0.16 0.688

Female 91 (45.5) 95 (47.5)

Social class

1 18 (9.0) 25 (12.5)

2 27 (13.5) 46 (23.0)

3 42 (21.0) 49 (24.5) 12.296 0.015

4 95 (47.5) 68 (34.0)

5 18 (9.0) 12 (6.0)

Table 2: Age, gender, social class, and number of hospitalizations of subjects and controls with and without microalbuminuria.

Variables
All subjects [n = 200] All controls [n = 200]

With MA W/OMA χ2 P-Value With MA W/OMA χ2 P value

Microalbuminuria 37 (18.5%) 163 (81.5%) 5 (2.5%) 195 (97.5%)

Age (in years)

4–8 6 (11.1) 48 (88.9)
22–68 0.001

0 (0.0) 54 (100.0)
3.74 0.1549–13 7 (8.5) 75 (91.5) 2 (2.4) 80 (97.6)

14–17 24 (37.5) 40 (62.5) 3 (4.7) 61 (95.3)

Gender

Male 19 (17.4) 90 (82.6)
0.182 0.70

2 (1.9) 103 (98.1)
0.01 0.96

Female 18 (19.4) 73 (80.6) 3 (3.2) 92 (96.8)

Social class

1 5 (27.8) 13 (72.2) 1.113 0.288 1 (4.0) 24 (96.0) 0.26 0.607

2 6 (22.2) 21 (77.8) 0.29 0.592 0 (0.0) 46 (100.0) 0.49 0.266

3 8 (19.0) 34 (39.0) 0.01 0.918 2 (4.1) 47 (95.9) 0.08 0.772

4 9 (9.5) 86 (90.5) 9.78 0.002 1 (1.5) 67 (98.5) 0.04 0.848

5 9 (50.0) 9 (50.0) 13.02 0.001 1 (8.3) 11 (91.7) 0.09 0.762

Number of Hospitalizations

(in the preceding 24 months)

None 6 (3.9) 146 (96.1)

88.915 0.001
Once 4 (30.8) 9 (69.2)

Twice 7 (63.6) 4 (36.4)

≥3 20 (83.3) 4 (16.7)

Key—With MA: with microalbuminuria; W/O MA: without microalbuminuria.

The mean haemoglobin level in subjects with MA was 7.2
± 1.1 g/dl while it was 7.8 ± 1.1 g/dl in subjects without
microalbuminuria, and the difference was statistically signif-
icant (t = 3.49; P = 0.002).

There was no significant statistical relationship between
the number of blood transfusions in the past, anthropomet-
ric characteristics such as weight, height, and BMI. The mean
systolic blood pressure (BP) in the subjects with and without
microalbuminuria was 93.8 ± 9.8 and 94.8 ± 8.6 mmHg,
respectively, while the mean diastolic components were 60.3
± 1.2 and 60.9 ± 6.2 respectively. Similarly there was no
significant statistical relationship between microalbuminuria

and systolic blood pressure (t = 0.62; P = 0.600) and diastolic
BP (t = 0.53; P = 0.600), respectively.

Also there was no significant difference between the mean
serum creatinine of the subjects with microalbuminuria and
those with negative microalbuminuria (t = 0.29; P = 0.769).
Similarly, the difference in glomerular filtration rate (GFR)
between subjects with and without microalbuminuria was
not statistically significant (t = 0.96; P = 0.337). In all, the
serum creatinine and GFR of the study subjects were within
normal limits.

However, significant statistical relationship existed
between microalbuminuria and age of subjects (P = 0.016),
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Table 3: Bivariate correlation analysis of the dependent variables of microalbuminuria among subjects.

Dependent variables Correlation coefficient (r) Significance

Age (years) −0.046 0.516

Gender 0.013 0.856

Social class 0.077 0.270

Previous hospitalization −0.080 0.263

Systolic blood pressure 0.045 0.533

Diastolic blood pressure 0.037 0.607

Hemoglobin level 0.221 0.002

Serum creatinine 0.020 0.780

Glomerular filtration rate −0.068 0.340

number of painful episodes requiring hospitalization (P =
0.001), and haemoglobin levels (severity of anaemia),
P = 0.002. In the control group, BMI was the only
characteristic that showed significant statistical relationship
with microalbuminuria (t = 2.63; P = 0.009).

On further statistical analysis using multivariate regres-
sion model both haemoglobin levels, and number of pre-
vious hospitalizations following painful crises in the study
subjects remained statistically significant. However, only
haemoglobin levels among study subjects showed statistical
significance with microalbuminuria using bivariate correla-
tion analysis (see Table 3).

5. Discussion

The prevalence rate of microalbuminuria (MA) of 18.5%
obtained in this study is comparable to the 18.4% recorded
in a Jamaican study [10] but lower than the rates of
19.2%, 20.3%, and 26.5.3% reported from India [25], Benin-
City, Nigeria [13] and United States of America (USA)
[12], respectively. It is not very certain why the differences
exist in the prevalence rates of microalbuminuria between
the studies. Different β-s haplotypes prevalent in different
races and age variation in the study subjects as well as
methodology applied for screening microalbuminuria may
be partly responsible. The rate of MA was found to be
higher among subjects aged >10 years in the current study.
Similar observation has been reported by other investigators
[7, 10, 11].

Quantitative assay of microalbuminuria employing
double-antigen radioimmunoassay in timed urine has an
edge over the conventional urinalysis dipstick on spot
urine in the sensitivity and specificity in microalbuminuria
determination [9]. As with this study, urinalysis dipstick
(Micral test strip) was employed in the Indian [25] as well
as Benin [13] studies respectively. Unlike the latter study
confounding variables for proteinuria like diabetes mellitus
and retroviral infection were excluded in the current study.
The prevalence rate of microalbuminuria among the controls
is 2.5%.

Microalbuminuria was recorded in subjects aged as
low as 4 years similar to the findings by Imuetinyan and
colleagues in Benin City [26] where microalbuminuria was
recorded in preschool children but at variance with the USA

study [12] where MA was absent in under seven subjects.
Presence of microalbuminuria in younger age group in
the current study may be an index of severity of sickle
cell anaemia in our environment (probably due to the
frequency and severity of painful crisis following exposure
to recurrent infections including malaria) other than age
alone. It is known that while inheritance of a single abnormal
haemoglobin genes (sickle cell trait) may protect against
malaria, inheritance of two abnormal haemoglobin gene
does not confer any such protection and malaria is a major
cause of ill health in children with sickle cell anaemia [27,
28]. There is now increasing evidence that malaria not only
influences outcome but also changes the manifestation of
sickle cell anaemia in Africa [28].

Though microalbuminuria occurred more is in females
(19.8%) than males (17.4%), this was not significant. This
finding is in consonance with the observation by Dharnid-
harka and colleagues [12]. It is not very certain why the
higher prevalence of microalbuminuria in females. Female
children in general as well as those with sickle cell anaemia
have a higher frequency of urinary tract infection [12] that
could result in macroalbuminuria. However in the current
study urinalysis and urine microscopy were employed to
exclude such subjects as in other similar studies. It could
be possible that genetic influence may be partly responsible.
Further studies are required to ascertain the true possibility.

The prevalence of microalbuminuria was higher in
subjects of low social background. Poverty and ignorance
may be possible reasons why subjects of low socioeconomic
background may not have equal access (in terms of their
health knowledge and ability to pay for health services)
to good basic health care compared to their counterparts
of higher social status resulting in higher proportion of
sickle cell morbidity [29, 30] including microalbuminuria
in them compared to subjects from higher socioeconomic
backgrounds who are more likely to practice better healthy
living. The low socioeconomic class has low health seeking
behavior and some may even present late to hospitals
usually after patronizing nonorthodox care centres without
remarkable improvements. This increases the morbidity and
mortality in them.

The current study found a significant relationship
between previous history of hospitalization(s) following
painful episodes as an indicator of disease severity and
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microalbuminuria. This is at variance with observations
of other workers [7, 10, 12]. This observation suggests
that vasoocclusion, glomerular hyperfiltration and even
the proposed haemolysis associated vasculopathy may be
responsible for the increased urinary albumin excretion
rather than pathogenic mechanisms in children with sickle
cell anaemia [10].

However, renal function (serum creatinine) was pre-
served in the subjects in spite of the detection of microal-
buminuria in some cases with no correlation between MA
and serum creatinine or GFR in the subjects. This has been
previously reported by other workers [11, 31]. It is known
that serum creatinine as a clinical marker of renal function
is not a reliable indicator of early stage glomerulopathy in
sickle cell disease because of increased glomerular filtration
rate, lower muscle mass, and increased tubular secretion
of creatinine in individuals with sickle cell disease [32].
Therefore the detection of microalbuminuria seems to be an
important marker of early glomerular injury in patients with
sickle cell anaemia.

Lower haemoglobin levels were significantly associated
with MA in children with sickle cell anaemia in this study
as have been reported by other workers [7, 33]. In contrast to
this observation, Alvarez et al. [11] as well as Aoki and Saad
[34] working differently did not document any association
between MA and haemoglobin concentration in their series.
This observation in the current study may be due to chronic
sickling phenomenon in the kidneys owing to medullary
hypoxicischaemia which is central to sickle cell nephropathy
[1] as evidenced by presence of microalbuminuria in them.

In conclusion, microalbuminuria occurs in a significant
number of children with sickle cell anaemia. Increasing age,
lower haemoglobin concentrations, and higher number of
hospitalizations following painful crises were found to cor-
relate positively with microalbuminuria. Hence, considering
the significance and proven role of microalbuminuria in
the detection of early renal impairment in other disease
conditions like diabetes mellitus and hypertension, it is
recommended that screening for MA should be incorporated
into the management of sickle cell anaemia children with
associated risk factors for MA. Such measure will assist in
early detection and improve case management of a child
with sickle cell anaemia creating an opportunity for the
employment of appropriate intervention therapy.

Some limitations have been observed in the current
study. Screening microalbuminuria in three serially collected
urine samples over 2- to 3-month period with two or three
measurements positive for microalbuminuria would have
provided better results in terms of persistent microalbu-
minuria. This is because some patients may have sporadic
microalbuminuria while others have persistent MA. Also,
the cross-sectional design of the current study does not
allow for the determination of the full significance of
paediatric microalbuminuria in the development of kidney
disease. Studies that would followup the subjects well into
adulthood would help to determine the true predictive value
of childhood microalbuminuria.

Also we relied on the clinical history obtained from
caregivers when such information was not available in the

case record files of the subjects bearing in mind the influence
of recall bias.
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Low levels of high-density cholesterol (HDLc) accompany chronic kidney disease, but the association between HDLc and the
estimated glomerular filtration rate (eGFR) in the general population is unclear. We investigated the HDLc-eGFR association
in nondiabetic Han Chinese (HC, n = 1100), West Africans (WA, n = 1497), and African Americans (AA, n = 1539). There
were significant differences by ancestry: HDLc was positively associated with eGFR in HC (β = 0.13, P < 0.0001), but negatively
associated among African ancestry populations (WA: −0.19, P < 0.0001; AA: −0.09, P = 0.02). These differences were also seen
in nationally-representative NHANES data (among European Americans: 0.09, P = 0.005; among African Americans −0.14,
P = 0.03). To further explore the findings in African ancestry populations, we investigated the role of an African ancestry-
specific nephropathy risk variant, rs73885319, in the gene encoding HDL-associated APOL1. Among AA, an inverse HDLc-eGFR
association was observed only with the risk genotype (−0.38 versus 0.001; P = 0.03). This interaction was not seen in WA. In
summary, counter to expectation, an inverse HDLc-eGFR association was observed among those of African ancestry. Given the
APOL1 × HDLc interaction among AA, genetic factors may contribute to this paradoxical association. Notably, these findings
suggest that the unexplained mechanism by which APOL1 affects kidney-disease risk may involve HDLc.

1. Introduction

Dyslipidemia is a known correlate of chronic kidney disease
(CKD), with increased triglycerides (TG) and decreased
high-density lipoprotein cholesterol (HDLc) consistently
observed [1, 2]. The relationship between lipids and kidney
function in the general population, however, is less clear. As

the response between glomerular and vascular cells to dys-
lipidemia is similar [3], an atherosclerosis-like mechanism
of damage has been proposed in renal insufficiency [2, 4]
and has been supported by animal models [5]. Dyslipidemia
may contribute to the worsening of kidney function in
the general population. While CKD prevention certainly
motivates further elucidation of this relationship, kidney
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function monitoring has implications beyond disease risk.
A common kidney function measure, estimated glomerular
filtration rate (eGFR), is associated with cardiovascular
disease and all-cause mortality [6–9] even with mild-to-
moderate loss in kidney function [6, 7].

There are consistent reports of an inverse association
between TG [10–14] and, to a lesser extent, total cholesterol
[14, 15] with kidney function. The HDLc association, how-
ever, is less clear. A positive association between HDLc and
kidney function has been observed [10, 12, 14–16] consistent
with the atherosclerosis-like model; however, recent reports
have found an inverse association between HDLc and kidney
function [11, 17] although the biological mechanism for
such a relationship is unknown.

Given the variety of methods used in projects that pro-
vide evidence on this relationship, it is difficult to ascertain
whether such variability in association is a consequence of
real population-level differences, specific kidney function
measures considered, or analytical strategies. Therefore,
we evaluated the relationship between HDLc and kidney
function in different populations purposefully designed to
have consistent data and biological specimen collection and
analyzed identically.

Consideration of diverse populations is especially rele-
vant in describing the HDLc-kidney function association for
several reasons. First, the rates of CKD (and its progression
to end-stage renal disease (ESRD) vary significantly by popu-
lation and ancestry, for reasons that are unclear. For instance,
in the US, African Americans have a nearly 3-fold higher
risk of CKD [18], and both African and Asian Americans
have higher rates of ESRD than European Americans (3.7-
fold and 1.3-fold higher, resp.) [19]. African Americans have
an approximately 5 times faster rate of progression from
renal insufficiency to ESRD than European Americans [20].
Another motivation for investigating this relationship in
diverse populations is the variation in lipid profiles among
those with different ancestral backgrounds. African-ancestry
populations, in particular, have significantly lower HDLc,
TC, and TG distributions than their European-ancestry
counterparts. The reason for these differences is unknown,
but may imply a different relationship between lipids and
disease. The existence of such a difference is supported by the
“under-identification” of Africans and African Americans by
the metabolic syndrome’s lipid criteria: hypertension, type
2 diabetes, and cardiovascular disease risk remains high in
these populations in the presence of “normal” values of TG
[21, 22].

The recent discovery of missense variants in the
Apolipoprotein L1 gene (APOL1) that increase kidney disease
risk [23] among African Americans makes the understanding
of the HDLc-kidney function association very timely. Vari-
ants in the gene encoding this HDLc-associated lipoprotein
are present in relatively high frequency in African ancestry
populations, and are thought to have increased in distribu-
tion because of a protective advantage against a severe form
of African sleeping sickness. The mechanism by which this
variant influences kidney disease risk and, according to a
recent report, allograft survival after kidney transplantation

[24], has not yet been elucidated. We investigated the
association between serum HDLc and eGFR in three inde-
pendent epidemiological studies of West Africans, African
Americans, and Han Chinese. Among African Americans
and West Africans, the role of the nephropathy-associated
APOL1 variant, rs73885319, was also assessed.

2. Methods

2.1. Study Participants. Ethical approval for each study was
obtained from the responsible Institutional Review Board
(IRB) at each study site/institution, Howard University, and
the National Institutes of Health. All subjects provided
written informed consent for the collection of samples and
subsequent analysis. This study was conducted according to
the principles expressed in the Declaration of Helsinki.

Participants originated from three separate epidemiolog-
ical studies: the Africa America Diabetes Mellitus (AADM)
Study, the Howard University Family Study (HUFS), and the
China America Diabetes Mellitus study (CADM). Further
details of AADM [25] and HUFS [26] have been previously
published. Briefly, AADM is a large-scale case-control study
designed to explore the genetic and environmental deter-
minants of type 2 diabetes (T2D) in West Africa. HUFS is
population-based study of families and unrelated African
Americans enrolled from the Washington, DC metropolitan
area. CADM is a large-scale genetic epidemiology study
designed to investigate the genetic and environmental deter-
minants of T2D in unrelated Han Chinese from the Suizhou
area in China. Participants completed questionnaires that
were the same as those used in AADM and HUFS (with
appropriate cultural adaptations) and participated in clinic
visits. T2D cases, defined as being on physician-prescribed
diabetes treatment or with fasting blood glucose ≥126 mg/dl
on more than one occasion, were excluded from the present
investigations.

There were 4574 non-T2D participants across the three
studies. Of these, 381 participants were excluded for missing
or extreme serum lipid measurements. Additional exclu-
sions were made for missing covariates (BMI, n = 19;
smoking status, n = 32; alcohol use, n = 6). After exclusions,
4136 participants were considered in the main analysis.
The main findings were also investigated in the nationally-
representative National Health and Nutrition Examination
Survey (NHANES) for years 2007-2008, and 2003-2004
[27, 28] (2005-2006 data was not included given observed
undesirable bias for the HDLc assay [29]). After exclusions,
623 African Americans (NHAA) and 1709 European Ameri-
cans (NHEA) were included (participants from both survey
years were analyzed together).

2.2. Laboratory. Serum lipids (TG, TC, and HDLc) were
determined enzymatically using methods standardized to
in-house and other appropriate reference methods (e.g.,
CDC reference methods for HDLc, Isotope dilution mass
spectrometry (ID-MS) for TC and TG). HDLc was assayed
using homogeneous enzymatic colorimetric assays in all
cohorts (COBAS Integra 400 Roche Diagnostics, IN, USA
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(WA, AA); AEROSET C8000, Abbott Diagnostics, China
(HC), and Roche/Hitachi Modular P Chemistry Analyzer,
Roche Diagnostics, IN, USA (NHANES). LDLc was calcu-
lated (using the Friedewald equation) [30].

For WA, AA, and NHANES, serum creatinine levels were
determined using a Jaffé reaction without deproteinization
on either a COBAS Integra 400 analyzer (Roche Diagnostics,
IN, USA; WA and AA) or a Beckman Synchron Analyzer
(Beckman Coulter Inc., CA, USA; NHANES). In HC,
serum creatinine was assayed on AEROSET C8000 (Abbott
Diagnostics, China) using an enzymatic reaction. Methods
comparison conducted by the manufacturers shows that
the two methods yielded acceptable correlation (r ∼ 0.99:
reference, http://www.accessdata.fda.gov/cdrh docs/pdf7/
K073634.pdf). These methods have been standardized
against ID/MS and primary reference material (SRM 914).

2.3. Genotyping. To further evaluate results, we genotyped
a major kidney disease apolipoprotein L1 (APOL1) risk
variant (rs73885319) in 1296 African Americans (HUFS) and
1095 West Africans (AADM). Genotyping was performed
using the iPLEX Gold assay on the MassArray platform
(Sequenom, San Diego, CA) as previously described [31].
Briefly, the PCR and extension primers were designed using
MassArray designer Software, the sequence information was
imported from public databases for catalogued SNPs. This
platform uses a single-base primer extension chemistry with
MALDI-TOF MS technology for detection. The average call
rate for this SNP was 98.1% in HUFS and 97.2% in AADM.
Among successfully typed individuals, genotype frequencies
were in HWE (P > 0.05) and concordance of duplicate
genotypes was >99.9%.

2.4. Statistical Analysis. We used as a measure of renal
function the estimated glomerular filtration rate (eGFR),
which was calculated according to race- and gender-
specific Chronic Kidney Disease Collaboration equations
[32]. Variables that were not normally distributed were
transformed (BMI and all lipid variables). Alcohol intake was
dichotomized into self-report of some versus no regular con-
sumption. Smoking was represented categorically (smoker,
ex-smoker, and nonsmoker).

Given multicollinearity between serum lipid measures
and between these and BMI, these variables were mean-
centered and normalized. No multicollinearity was observed
among the transformed variables. The relationship between
eGFR and predictors was analyzed using population-
stratified linear regression models adjusted for age, age2,
sex, BMI, smoking, LDLc and TG (included to isolate an
association of HDLc, as opposed to a correlated serum lipid
constituent), and alcohol use. For those studies with related
participants (HUFS and AADM), an adjustment for the
random effect of family was included. To formally evaluate
differences in the association between HDLc and eGFR by
population, all studies were included in the same model with
an HDLc × study interaction term.

Consistent with published findings [33], APOL1
rs73885319 was coded recessively (GG, referred to

throughout as the “nephropathy risk genotype” versus
GA/AA). The associations of genotype with HDLc and with
eGFR were determined in linear mixed models adjusted for
age, age2, and sex, with random clustering for family. For
African Americans, principal component analysis to assess
population structure was conducted using EIGENSOFT
[34], and the first principal component, representing the
proportion of African ancestry, was retained (as reported
previously [35],) and included in all models of rs73885319.
To evaluate the interaction between the APOL1 variant and
HDLc, an rs73885319 x HDLc product term was added. All
analyses were conducted using SAS 9.2 (SAS Institute, Cary,
NC). Data was represented graphically using R (http://www
.r-project.org/).

3. Results

A total of 4,316 participants met the criteria for inclu-
sion (Table 1): 1,497 AADM participants (West Africans:
WA); 1,539 HUFS participants (African Americans: AA);
1,100 CADM participants (Han Chinese: HC). WA had the
highest eGFR (P < 0.0001 versus HC; P = 0.0006 versus AA).
Notable differences in serum lipids between the populations
were observed. Total cholesterol was much lower among
WA than among AA or HC (P < 0.0001), reflecting a
lower mean HDLc (P < 0.0001). Triglycerides were highly
variable among the three studies, with WA having 15 mg/dl
lower mean concentration than AA and nearly 50 mg/dl
lower mean concentrations than HC (P < 0.0001 for all
comparisons). Lower mean TG levels have been consistently
observed in African- compared to European- or Asian-
ancestry populations [36–42].

The association between HDLc and eGFR differed
between studies (Figure 1). Most notably, while HDLc was
associated with eGFR in each study, the direction of the
association was different, with inverse association among WA
(β −0.19, P < 0.0001) for and AA (β −0.09, P = 0.02) and
positive association among HC (β 0.13, P < 0.0001).

As expected, when all studies were included in a single
model, an HDLc × study interaction term was highly
statistically significant (P < 0.0001). This remained true
when only two studies were considered at a time (WA versus
AA (P = 0.001), WA versus HC (P < 0.0001), and AA versus
HC (P < 0.0001)).

To determine the generalizability of the HDLc findings,
analyses were run in European Americans and African
Americans from NHANES (NHEA and NHAA, resp.). These
findings supported the results found in the original analysis:
HDLc was positively associated with eGFR among NHEA (β:
0.09, P = 0.005) and negatively associated with eGFR among
NHAA (β: −0.14, P = 0.03).

To further evaluate the unexpected, but consistent,
difference in association by African ancestry, the relationship
between rs73885319, a SNP that has been associated with
kidney disease among African Americans, was investigated
in the AA and WA. The frequency of the nephropathy-
associated allele (GG) was 0.21 and 0.38 in AA and WA,
respectively.
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Table 1: Participant characteristics by cohort1.

Cohort
West Africans (WA) African Americans (AA) Han Chinese (HC)

Men Women Men Women Men Women

N 618 (41%) 879 (59%) 602 (39%) 937 (61%) 571 (52%) 529 (48%)

Age (yrs) 40.4 (15.7) 40.7 (14.2) 43.6 (13.0) 43.0 (13.7) 52.5 (9.8) 51.3 (9.0)

Current smoker (%) 49 (8%) 14 (2%) 368 (61%) 409 (44%) 200 (35%) 19 (4%)

Former smoker (%) 118 (19%) 12 (1%) 72 (12%) 108 (12%) 70 (12%) 0 (0%)

Regular alcohol intake (%) 428 (69%) 468 (53%) 480 (80%) 650 (69%) 455 (80%) 105 (20%)

BMI (kg/m2) 23.7 (4.2) 27.0 (6.4) 28.5 (7.3) 31.4 (8.8) 24.6 (3.3) 23.4 (2.8)

Hypertension (%) 204 (33%) 306 (35%) 247 (41%) 360 (38%) 266 (47%) 166 (31%)

Total cholesterol (mg/dL)2 169.0 (61.5) 182.5 (61.0) 182.0 (56.0) 188.5 (52.5) 187.5 (46.8) 185.6 (41.4)

HDL (mg/dL)2 39.0 (17.0) 42.0 (19.0) 48.0 (20.0) 54.0 (21.0) 52.6 (19.7) 53.5 (19.7)

Triglycerides (mg/dL)2 75.0 (40.0) 73.0 (41.0) 91.0 (61.0) 81.5 (49.5) 124.0 (97.4) 97.4 (61.1)

Creatinine (mg/dL) 1.06 (0.23) 0.80 (0.20) 1.04 (0.36) 0.84 (0.44) 0.87 (0.36) 0.63 (0.16)

eGFR (mL/min/1.73 m) 105.2 (26.1) 109.4 (27.3) 104.6 (20.9) 104.4 (24.4) 98.1 (13.5) 103.0 (14.2)
1
Shown are means (standard deviations) or N (percentages), except where indicated.

2Median (Interquartile Range) reported due to non-normality of trait.

110

105

100

95

90

85

31 50 70

HDLc (mg/dL)

WA
AA
NHAA

HC
NHEA

eG
FR

 (
m

L/
m

in
/1

.7
3 

m
2
)

Figure 1: Association between HDLc and eGFR in Diverse
Populations. The association of HDLc and eGFR in West Africans
(WA), African Americans (from Howard University Family Study,
AA), African Americans (from National Health and Nutrition
Examination Survey, NHAA), Han Chinese (HC), European Amer-
icans (NHEA). Linear models adjusted for age, age2, sex, BMI,
triglycerides, LDLc, alcohol use, and smoking (and random effect
of family for WA and AA).

There was no evidence of an association between the
variant and eGFR in either population (Figure 2). Although
no association was observed between the variant and HDLc
in the population as a whole, among women, there was

some evidence for a difference in HDLc among AA women
by genotype (5.3 mg/dl higher with the risk genotype),
although this did not remain statistically significant after
adjustment for multiple tests (Padjusted = 0.08). A formal test
for a gender × rs73885319 interaction was not statistically
significant (P = 0.13). There was no evidence of a difference
by gender for either trait among the WA.

Among AA participants, a statistically significant interac-
tion between the variant and HDLc was observed: the inverse
association between HDLc and eGFR was larger among those
with the risk genotype compared to those without (β: −0.38
versus 0.001, Pinteraction = 0.03; Figure 3). The results were
unchanged with the addition of BMI, LDLc, and TG to the
model. This interaction was not observed in WA (Pinteraction =
0.4).

3.1. Sensitivity Analyses. To address the potential concern
that diseased participants drove the observed findings (as
no exclusion was made for current chronic kidney disease) a
sensitivity analysis was conducted excluding those with eGFR
< 60 mL/min/1.73 m2: neither the direction nor statistical
significance of the HDL-eGFR associations were altered.
Also, there is evidence that the equation used to estimate
GFR [32] with only two levels for race is not accurate for
Asians or African Blacks [43]. When we used an equation
that included a distinct Asian coefficient [43] for HC and
eliminated the “Black” coefficient for WA (coefficient found
to produce more bias than omitting among South African
Blacks [43]), the HDL-eGFR findings were unchanged.
Similarly, no difference was observed when using the MDRD
equation to estimate GFR instead of the CKD-EPI equation
[44]. Lipid-lowering medication may affect both GFR
and HDL concentration. While the use of these drugs is
virtually nonexistent among the West Africans (AADM)
and unknown in the Chinese (CADM), ∼4% of African
Americans (HUFS) participants used these drugs. When
analyses were limited to the subset of African Americans with
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Figure 2: Mean HDLc and eGFR by rs73885319 Genotype among
African Americans and West AfricansMean HDLc and eGFR
by rs73885319 genotype (GG = nephropathy risk genotype), as
estimated from linear mixed effect models adjusting for age, age2,
sex, and overall proportion of admixture (African Americans only),
with random clustering for family. There were no statistically
significant differences in HDLc or eGFR by genotype.

lipid-lowering medication use data (78% of participants),
the inclusion of this term in models had no effect on the size,
direction, or statistical significance of the associations of
interest.

Although the HDL-eGFR results from the NHANES AA,
which did not include relatives, were consistent with what
was observed among WA and HUFS AA, which did include
relatives, we conducted a sensitivity analysis to investigate the
possibility that the adjustment for relatedness in our models
was insufficient to remove a potential bias. When only unre-
lated participants were included, the association between
HDL and eGFR was similar and remained statistically
significant. When the analysis of the rs73885319 interaction
in HUFS was limited to unrelated participants, the
effect size was similar, though the P-value was increased
(P = 0.4). The consistent effect size and diminished
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Figure 3: Association between HDLc and eGFR among African
Americans and West Africans by rs73885319 Genotype. The
modification of the association between HDLc and eGFR by
rs73885319 genotype (GG = nephropathy risk genotype), as esti-
mated from a linear mixed model of HDLc× rs73885319, adjusting
for HDLc rs73885319, age, age2, sex, and overall proportion of
admixture (African Americans only), with random clustering for
family. Among those with the nephropathy risk genotype, the
association was much more negative than among those without this
genotype (β: −0.38 versus 0.001, Pinteraction = 0.03).

statistical significance suggest that this difference is due
to a reduction in sample size and not bias, a conclu-
sion further supported by the similar results obtained
in rerunning analyses in similarly-sized random sub-
sets of the related dataset. As such, there is no evi-
dence from which to infer bias based on the inclu-
sion of related individuals in two of the samples evalu-
ated.

Additionally, no change in the observed results was found
with adjustment for hypertension, hypertension treatment,
or CRP (CRP not available in AADM or CADM). The
use of categorical serum lipid variables did not provide
additional insights, though the results were consistent with
those observed in the analysis with continuous variables. No
consistent patterns of association were observed when the
analyses were repeated within strata of serum lipids to further
describe the relationships.

To address potential concern that ethnicity-specific bias
in the eGFR estimating equations could have resulted in an
apparently different association by ancestry, we redid the
analysis using serum creatinine as the outcome. The results
were consistent with the reported observations (an inverse
HDLc-eGFR association in non-African ancestry groups and
a positive association in the African ancestry groups).
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4. Discussion

In this investigation of West African (WA), African American
(AA), and Han Chinese (HC) adults, the association between
kidney function and HDLc varied dramatically by ancestry:
a positive association was observed among HC, and an
inverse association was found among the two African-
ancestry populations. A known nephropathy-associated vari-
ant (rs73885319) in the APOL1 gene, which encodes an
HDL-associated apolipoprotein, was investigated among AA.
Among AA women, higher HDLc was observed among those
with the nephropathy-associated genotype. Further, among
African American men and women, the inverse association
between HDLc and eGFR was only observed in those with
the risk genotype.

The inconsistency in the direction of the HDLc-eGFR
association in WA and AA compared to HC is an impor-
tant contribution to the current conflicting literature. This
variation, found in data that was consistently collected
and identically analyzed for three separate epidemiological
studies, suggests that the relationship varies at the population
level. In support of these findings, a positive association
was found in a nationally representative sample of Euro-
pean Americans (NHEA), while an inverse association was
observed in a similar nationally representative sample of
African Americans (NHAA). In agreement with our findings
in non-African ancestry populations, low HDL was associ-
ated with increased incidence of CKD among Japanese [14]
and with elevated creatinine at followup among primarily
European Americans [15]. In contrast, in Dutch adults,
HDLc and apolipoprotein A-1 were inversely associated with
kidney function [17]. In the only prior study of Africans
[11], the results supported our findings in African ancestry
populations: HDLc was inversely associated with kidney
function in Black South Africans. Two multiethnic studies
have evaluated HDLc-kidney function, and both observed a
positive relationship [10, 12] (only in an unadjusted model
[12]). Neither of these studies, however, reported evaluation
of a race/ethnicity interaction or stratified analysis. In fact,
some studies including multiple ethnicities simply adjust for
“race,” without reporting a formal evaluation of the different
association by ethnicity (i.e., by testing an interaction term).
To demonstrate the importance of performing these detailed
analyses, we evaluated the HC and AA together, with
an adjustment for ethnicity (and no interaction term for
ethnicity and HDLc): there was no association of HDLc
and eGFR (P = 0.2). Similarly, when all three populations
were considered together, there was an inverse HDLc-eGFR
association (P < 0.0001), despite the strong, statistically
significant positive association observed in the HC alone.
Without evaluating the interaction term, these data would
have led us to conclude that either there was no association
of HDLc and eGFR (HC and AA) or that the association
could be described as a strong, inverse association between
HDLc and eGFR (HC, AA, and WA), conclusions that are
not appropriate given our analysis.

While a positive association of HDLc and eGFR seen
in non-African ancestry groups is consistent with the
expectation that higher HDLc is associated with a variety of

favorable health outcomes, the inverse association observed
among WA and two AA populations was not expected. One
possibility is that genetically determined characteristics of
the HDL particle or its associated proteins differ in those
of African versus non-African ancestry in ways that would
not be detectable in comparisons of HDLc concentration.
For instance, variation may exist in the antioxidant or anti-
inflammatory properties of HDL or in the size distribution
of its particles in a way that is relevant for kidney function.
It has been reported that those of African ancestry typically
have a more favorable size distribution of lipid particles than
those of non-African ancestry [45–47]. Although it is unclear
how HDL particle size could influence kidney function, these
known differences in a characteristic of the HDL particle
by African ancestry is worthy of consideration given our
findings. Unfortunately, we did not have the data available
to test these hypotheses.

Another possibility is that HDLc has only an indi-
rect relationship with kidney function, but rather is a
biomarker of other genetically-determined traits that are
more proximally associated with kidney function, and that
this trait (or the relationship between this trait and HDLc)
differs dramatically by ancestry. Further support for this
hypothesis comes from a recent discovery related to HDLc
and risk of myocardial infarction (MI), a relevant disease
model given that glomerular and vascular cells have been
shown to respond similarly to dyslipidemia [3]. Although
the protective association between HDLc and heart disease
is well-known, genetic variants that raise HDLc were not
associated with a decreased risk of MI in approximately
21,000 cases and 95,000 controls [48], highlighting that
the biological mechanisms underlying this well-established
association may require further investigation. Notably, the
generally healthier lipid profile among African Americans
does not translate into a lower prevalence of cardiovascular
disease, as rates of both coronary heart disease and stroke
among African Americans differ by only ∼1% compared to
European Americans [49]. It is also useful to consider the
relation between serum lipids and insulin resistance (IR)
in this context. Serum lipids, especially TG and HDLc, are
associated with IR in European ancestry individuals, but
growing evidence supports a differing or absent association
in African ancestry individuals (reviewed in [50–53]). Along
with these findings, our results suggest the need for increased
attention to the role of HDLc in disease, with a particular
focus on different ethnicities.

APOL1 variants, including rs73885319, are thought to
have risen to high frequency in African ancestry populations
in areas of endemic trypanosomiasis, as these variants
confer protection against a deadly form of African sleeping
sickness (these variants are virtually absent in non-African-
ancestry populations). Despite the protective role of APOL1
variants in the context of infectious disease, these variants are
deleterious in a chronic disease context: through unknown
mechanisms, variants increase the risk of nephropathy in
African Americans [33]. In this analysis, we show that
a nephropathy-associated variant modifies the association
between HDLc and eGFR in African Americans such that
an inverse association was only observed among those with
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the risk genotype. It is difficult to speculate regarding the
biological mechanism underlying the observed interaction
given that the known strong association of this variant and
nephropathy in African Americans has yet to be unraveled.
How exactly variants in an HDL-associated protein that
confer protection against African Sleeping Sickness affect
kidney disease is unknown, but their discovery does suggest
a connection between HDL and the kidney that has not been
well explored. Notably, a recent study of African Americans
reported a decreased concentration of medium HDL parti-
cles among those with APOL1 risk variants [54]. As in our
study, no difference in total HDLc or in eGFR by genotype
was detected. If variant forms of APOL1 do influence the
subfraction distribution and either this alteration or another
variant-provoked change perturbs kidney function, these
findings may offer an explanation for our results. Other
potential explanations include an effect of the variant on
eGFR that leads to downstream changes in HDLc or that the
variant separately affects these two quantities. Unraveling the
biological mechanisms underlying the observed associations
is beyond the scope of this study design, but further work in
this area is urgently needed as insights into this relationship
may have significant impact on screening and treatment of
kidney disease in African Americans.

The reason for the lack of interaction in West Africans
(despite their genetic similarity), is unclear, though there are
numerous differences between these populations that could
be further explored. The distributions of eGFR and HDLc
are different in AA compared to WA, even after adjustment
for known covariates (Figure 2), suggesting the possibility
that the interaction is only apparent at a particular level
of HDLc or eGFR. Additionally, there are differences in a
wide range of parameters between AA and WA (for instance,
diet, infectious disease exposure, smoking, and obesity), and
one of these may provide the biological context requisite to
produce the observed effect.

Of interest, there was evidence of a gender effect in this
analysis. Specifically, among the African Americans, Euro-
pean Americans, and the Han Chinese, stronger associations
were observed in women and the difference in the HDLc-
eGFR association by APOL1 genotype in African Americans
was also stronger in women. While most previous studies
do not report an evaluation of gender differences in HDL-
kidney function, a stronger association was observed among
women in two recent studies that observed an inverse associ-
ation of HDLc and kidney function [11, 17]. A few relevant
gender differences suggest avenues for further consideration.
As a result of estrogen-signaled changes, greater adipose
store, and increased free fatty acid mobilization, there is a
two-fold greater entry of VLDL into women’s circulation,
with increased VLDL transport and removal leading to
similar mean VLDL but higher HDLc concentrations [55].
This enhanced metabolism may result in a greater sensitivity
to perturbations. Also, in addition to having a higher
mean HDLc concentration, the proportion of HDLc that is
present as large HDL particles is higher among women [46].
Although, again, it is unclear how a difference in particle
size distribution may affect kidney function, it is noteworthy
that this hypothesis also follows from the new finding of

differential HDL subclass distribution by APOL1 genotype
[54].

Population-level differences are subject to a wide array
of potentially confounding factors, making a claim of
differences by ancestry difficult to assert with confidence.
Although there are dramatic differences in environmental
exposures and lifestyle factors among the groups considered
here, further consideration yields support for ancestry dif-
ferences. First, all models were adjusted for smoking, alcohol
use, and BMI; three factors that vary importantly among
groups and could potentially affect both HDL and eGFR
(although the limitations of adequately representing lifestyle
characteristics from questionnaire data are acknowledged).
Additionally, potentially confounding lifestyle and cultural
factors are not similar between the African American and
West African populations in which the HDLc-eGFR associ-
ation is consistent. While smoking, for instance, is very high
among African Americans, it is barely present in the West
Africans. Obesity rates are likewise, very different between
West Africans and African Americans, as are comorbidities,
alcohol use, and lipid-lowering medication use (virtually
nonexistent among West Africans). It is difficult to imagine
a lifestyle factor that would be more highly correlated
among African Americans and West Africans than between
African Americans and European Americans, and could
explain the observed pattern of association. Given the similar
ancestry but different environmental exposures of African
Americans and West Africans, the consistently observed
inverse association between HDLc and eGFR supports the
inference of a role of shared genetic factors.

Our investigation has some notable strengths: (1) the
three studies were all designed by the same researchers, with
the questionnaires in use intentionally designed to be compa-
rable, insofar as possible given the different cultural context
of the questions; (2) having both an African American popu-
lation as well as a West African ancestral population provides
an excellent opportunity to examine complex disease risk
in the context of similar ancestral background and highly
different lifestyle and cultural exposures. Some limitations
of this study that may or may not directly influence the
interpretation of the observed findings are worth discussing:
(1) we made no adjustment for socioeconomic factors such
as education or income as neither the values nor the impli-
cations of the values in the societal context were expected to
be comparable between studies (level of education, e.g., has
remarkably different impact on participants’ healthcare use,
diet, and lifestyle factors in the sites of the three studies); (2)
the cross-sectional nature of this analysis makes it impossible
to establish whether the observed associations result from an
effect of reduced GFR on HDLc concentration or an effect
of raised HDLc on eGFR; (3) HDL was not characterized in
terms of proinflammatory or pro-oxidant capacity or particle
size, characteristics which may be key in understanding the
observed relationships. However, in the studied populations,
the distribution of lifestyle characteristics that would be
expected to influence oxidant or inflammatory status of HDL
is not consistent with these being an explanation for the
observed results: the rates of pro-oxidant factors (smoking
and obesity) are high in the urban African American sample,
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smoking is also quite high in the Han Chinese (in whom
a positive association was observed), and smoking rates are
very low and BMI distribution more moderate in the West
Africans (in whom the strongest inverse association was
observed). Finally, replication in another sample of African
Americans is necessary to confirm the observed interaction
between rs73885319 and HDLc.

In summary, this analysis reports the association of
serum lipids with kidney function in diverse populations.
The direction of the association between HDLc and eGFR
varies by ancestry, with a positive association observed in
Han Chinese and European Americans, and an inverse
association in West Africans and African Americans. While
the factors behind these population-level differences are
unknown, a nephropathy-associated variant in APOL1 mod-
ifies the HDLc-eGFR association in African Americans with
a strong inverse association observed in those with the risk
genotype, while no association was observed among those
without the risk genotype. Further work investigating the
role of APOL1 variants in kidney disease should explore the
effects of APOL1 on HDLc.
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Diabetes mellitus is the commonest cause of ESRD worldwide and third most common cause in Nigeria. Recent reports from
Nigeria indicate the prevalence of diabetic nephropathy as an aetiology of ESRD is increasing necessitating early diagnosis of
diabetic nephropathy. We measured the urinary excretion of N-acetyl-beta-D-glucosaminidase (NAG), NAG/creatinine ratio,
urinary protein-creatinine ratio and calculated eGFR in 30 recently diagnosed nonhypertensive diabetics and 67 controls. The
age and sex distribution, systolic blood pressure, serum and urinary creatinine were similar for both groups. There was higher
urinary excretion of NAG (304 versus 184 μmol/h/L, P < 0.001) and NAG/creatinine ratio (21.2 versus 15.7 μmol/h/L/mmolCr,
P < 0.001) in the diabetics than controls. There was a strong correlation between NAG/creatinine ratio and albumin/creatinine
ratio (r = 0.74, P < 0.001). A multivariate linear regression model showed a significant linear relationship between NAG/creatinine
ratio and albumin/creatinine ratio after adjusting for the effect of blood pressure, age, sex, and serum creatinine. The strong
association found between albumin/creatinine ratio and NAG/creatinine ratio perhaps indicates the need for further investigation
of the clinical utility of NAG/creatinine ratio as a screening tool for early nephropathy in African diabetics.

1. Introduction

End-stage renal disease is on the increase worldwide. How-
ever, it is difficult to appropriately compare international
data on the aetiology, incidence, and prevalence because of
differences in how data for various registries are derived,
different patient demographics, and quality of healthcare
among others. Diabetes mellitus (DM) is still recognized in
the US and Europe as the commonest cause of end-stage
renal disease (ESRD). Indeed recent data from the US Renal
Data System suggests that the rates of ESRD due to DM and
hypertension rose by 2.2% and 2.7%, respectively, in 2009
with overall prevalent ESRD estimated at 1,738 per million
population [1]. African Americans were in the majority.
Reports from Europe and Asia have also shown a rise in the
incidence of ESRD over the years [2–4]. In Nigeria, many

hospital-based reports put diabetic nephropathy as the third
most common cause of ESRD [5–7], but it appears that
the proportion of ESRD caused by diabetic nephropathy is
increasing [8].

In the last two decades, studies have focused on the
role of glomerular injury in early diabetic nephropathy (as
measured by the onset of persistent microalbuminuria), but
attention is now being shifted to a concurrent or perhaps
earlier occurrence of tubular injury in diabetic nephropathy
[9]. For instance, tubular hypertrophy and reduced organic
ion transport in the proximal tubules are apparent even
before the onset of overt proteinuria in diabetics [10]. Several
urinary markers with clinical utility in the prediction of early
nephropathy including transferrin, type IV collagen, alanine
aminopeptidase, and N-acetyl-β-D-glucosaminidase (NAG)
have been identified [11].
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Table 1: Sociodemographic and clinical characteristics.

Diabetics (n = 30) Controls (n = 67) P

Age (years) 37.8± 8.6 37.3± 9.9 0.78

Female gender 16 (40%) 24 (60%) 0.11

Systolic blood pressure (mmHg) 108± 6.5 110± 5.9 0.12

Diastolic blood pressure (mmHg) 77± 7.5 72.3± 7.2 0.01

Plasma glucose (mmol/L) 12.2 (8.5–14.8) 4.9 (4.3–5.6) <0.001∗

Serum creatinine (μmol/L) 83.6 (81.8–133) 75.9 (75.9–101.3) 0.05∗

Urinary creatinine (mmol/L) 12.8± 2.4 13.6± 3.7 0.19

eGFR (mL/min) 85.1 (45.4–111.8) 94.3 (73.8–127.7) 0.04∗

Albumin/creatinine ratio (mg/mmol) 6.18 (4.68–9.42) 2.09 (1.51–2.81) <0.001∗
∗

Wilcoxon rank sum test for comparison of median (Interquartile range, IQR).

NAG is a high-molecular-weight (140,000–160,000 Da)
lysosomal enzyme that cannot pass into the glomerular
ultrafiltrate because of its size. It has been extensively studied
as a marker of renal tubular injury and is known to leak
into the tubular fluid from the proximal tubular cells when
injured [12]. However, human and animal studies have
suggested that urinary NAG levels may indicate a functional
tubular disorder rather than tubular damage [13, 14]. Studies
have demonstrated a significant increase in urinary NAG
excretion in type 2 diabetics compared with controls [15–
17]. A progressive rise in the levels corresponding to poor
glycemic control has been noted [15] with reduced levels seen
after good glycemic control [18]. In the UKPDS study, NAG
levels at diagnosis were much higher in diabetics compared
to albumin excretion and it appears that the levels are
elevated even in those with normoalbuminuria. [19]. This
may suggest that tubular damage in diabetic nephropathy
appears to be independent of glomerular injury. Early renal
dysfunction may be predicted by the early rise in NAG in
diabetes as the majority of patients may also show glomerular
hyperfiltration [20] and increased urinary albumin excretion
[21].

The objective of this study was to determine the clinical
utility of urinary NAG excretion with particular reference to
the degree of association between it and microalbuminuria
in African diabetics.

2. Methodology

Thirty (30) nonhypertensive diabetics (less than 3 years since
diagnosis) who did not have features of urinary tract infec-
tion were recruited into the study. The controls consisted
of 67 volunteers from the community in which the hospital
is situated with no history or clinical features suggestive of
hypertension, diabetes mellitus, nor urinary tract infection.
These were matched by age to the subjects. None of the par-
ticipants were on angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers. All pregnant women were
also excluded from the study.

About 10 ml of random urine samples were obtained
from all the subjects and controls, and urinary NAG activity
was determined using the colorimetric method of Yuen et
al. [22] which was the adapted procedure for the urinary

NAG kit obtained from PPR Diagnostics Ltd, London. The
tests were not run in duplicates because of the increased
cost this would confer on the study in a resource-poor
setting. Urinary and serum creatinine was measured by the
Jaffe kinetic method. Total urinary protein was determined
by the trichloroacetic acid (TCA) turbidimetric method.
The average of two blood pressures taken to the nearest
2 mmHg was recorded for each individual. Standardization
of NAG excretion was done by computing the urinary
NAG/creatinine ratios for all the study participants. The
estimated GFR for each participant was computed using the
4-variable MDRD equation [23].

A comparison of sociodemographic and clinical charac-
teristics was undertaken using the student t-test (or its non-
parametric equivalent) for continuous data and Pearson’s chi
square for categorical data. Univariate linear regression mod-
els were used to identify the degree of association between
urinary albumin/creatinine ratio and NAG/creatinine ratio.
Factors with a P value of less than 0.25 at the univariate
model were included in the multivariate model using a for-
ward selection process. The effect of age and blood pressure
on the relationship between urine albumin/creatinine ratio
and NAG/creatinine ratio was considered clinically impor-
tant enough to warrant inclusion of these factors in the
multivariate model. Model diagnostics were then performed.
All analyses were performed using STATA 10 (StataCorp,
Texas, USA).

Ethical approval was obtained from the University of
Calabar Human Research Ethics Committee.

3. Result

There were 30 nonhypertensive diabetics and 67 controls
who participated in the study. The mean age of the study
participants was 37.4 ± 9.5 years. Table 1 summarizes the
sociodemographic and clinical characteristics of the diabetics
and controls.

The median estimated GFR for the diabetics (85.1 mL/
min, IQR 45.4–111.8 mL/min) and controls (94.3 mL/min,
IQR 73.8–127.7 mL/min) was significantly different while the
median urinary albumin/creatinine ratio was 6.18 mg/mmol
creatinine (IQR 4.68–9.42 mg/mmol creatinine) for the



International Journal of Nephrology 3

0

200

400

600

800

Controls Diabetics

N
A

G
 (
µ

m
ol

/h
ou

r/
L)

(a)

Controls Diabetics

0

20

40

60

80

N
A

G
-c

re
at

in
in

e 
(µ

m
ol

/h
ou

r/
L

/m
m

ol
 c

re
at

in
in

e)

(b)

Figure 1: Comparison of NAG/NAG-creatinine ratios in both study groups.

Table 2: Univariate and multivariate regression models for factors
associated with urinary albumin/creatinine ratio.

Univariate β Multivariate β
(95% CI) P value(95% CI) P value

NAG/creatinine ratio 0.29 (0.24–0.34)
<0.001

0.24 (0.18–0.30)
<0.001

Positive diabetic status 4.61 (3.12–6.10)
<0.001

3.05 (1.12–4.98)
0.002

Age (years) 0.02 (−0.06–0.11)
0.59

0.005 (−0.05–0.06)
0.87

Male gender −1.46 (−3.08–0.17)
0.08

−0.52
(−1.58–0.54)

0.32

Serum creatinine 0.01 (−0.02–0.04)
0.39

0.02 (−0.002–0.03)
0.08

Systolic blood pressure −0.07 (−0.21–0.06)
0.27

0.02 (−0.07–0.10)
0.73

Diastolic blood pressure 0.16 (0.06–0.26)
0.003

0.08 (0.01–0.15)
0.03

diabetics and 2.09 (IQR 1.51–2.81 mg/mmol) for the con-
trols. The diabetics had a lower eGFR and higher urinary
albumin/creatinine ratio than the controls (Table 2).

4. Tubular Function in Both Groups

The urinary NAG excretion for both groups was stan-
dardized by finding the urinary NAG-creatinine ratios for
each participant. The median urinary NAG (304 versus
184 μmol/h/L, P < 0.001) and NAG-creatinine activity (21.2
versus 15.7 μmol/h/L/mmolCr, P < 0.001) in diabetics was
significantly higher than that in the controls. This is shown
in Figure 1.

5. Relationship between NAG/Creatinine Ratio
and Urine Albumin/Creatinine Ratio

There was a significant positive correlation between the
NAG/creatinine ratio and urinary albumin/creatinine ratio
(r = 0.74, P < 0.001), Figure 2. There was also significant
negative correlation between urinary NAG/creatinine ratio
and systolic blood pressure (r = −0.21, P = 0.04) but no
correlation between NAG/creatinine ratio and eGFR (r =
0.44, P = 0.06).

A multivariate linear regression model was employed to
assess the relationship between urinary albumin/creatinine
ratio and NAG/creatinine ratio after adjusting for the effect
of other factors which may influence changes in urinary
albumin excretion. Table 2 shows that there exists a posi-
tive linear relationship between urinary albumin/creatinine
ratio and NAG-creatinine ratio after adjusting for gender
differences, changes in systolic and diastolic blood pressures,
serum creatinine, age, and diabetes mellitus status.

6. Discussion

Diabetes mellitus is a significant global public health prob-
lem. In the low-income countries of sub-Saharan Africa,
it is important to detect and institute measures to prevent
the onset and progression of overt nephropathy in diabetics
because the cost of renal replacement therapy is beyond
the reach of most individuals in this region. Added to the
economic, social, and psychological burden of care is the
high morbidity and mortality accompanying it, especially in
those with long term poor glycemic control. The ability to
detect early and likely reversible renal injury using relatively
inexpensive, noninvasive, and reliable biomarkers should
lead to better care. Diabetic tubulointerstitial injury is a
feature of early diabetic nephropathy and an important
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Figure 2: Linear relationship of urinary NAG/creatinine ratio to
urinary albumin/creatinine ratio.

predictor of future renal dysfunction [24]. Before the onset
of gross structural changes in the renal tubules, lysosomal
enzymes like NAG have been found to be markedly increased
in urine [24]. Several studies elsewhere have shown increased
urinary excretion of NAG in diabetics [25–27]. This has been
corroborated by our study.

A positive linear relationship between NAG/creatinine
ratio and ACR demonstrated in this study has been noted in
other studies [15, 18, 27] where it appears it is statistically
independent of glycemic control [27]. This may suggest
some utility of NAG/creatinine ratio in the early diagnosis of
diabetic nephropathy. An analysis of urine samples obtained
from the Diabetes Control and Complications Trial (DCCT)
has shown that the occurrence of elevated urinary NAG
excretion independently doubled the risk of macroalbumin-
uria in later life. There was also nearly a twofold increased
risk of developing microalbuminuria in later life [21]. The
use of angiotensin-converting enzyme inhibitors has also
been found to reduce urinary NAG and albumin excretion
[26, 28] suggesting a close relationship between urinary
NAG and albumin levels. Indeed, even after adjusting for
the effect of blood pressure, age, sex, and serum creatinine
levels, NAG/creatinine ratio still had a strong positive linear
relationship with ACR in this study.

We also found significant correlation between urinary
NAG excretion and serum creatinine levels. This is corrob-
orated by other studies elsewhere [28] and may mean that,
in the absence of glomerular disease, tubular dysfunction
leading to increased urinary NAG excretion may also be
associated with impaired tubular handling of creatinine. The
lack of correlation between NAG/creatinine ratio and eGFR
may be due to the relatively small sample size.

Contrary to observations in other studies [29], age and
gender did not seem to influence the levels of urinary
NAG. This may be because of the small number of subjects
in the study. It would appear that sugar control for the
majority of our diabetics was suboptimal hence the increased
levels of urinary NAG. NAG levels are thought to reflect
glycemic control especially in type 1 diabetics [25]. Whether
increased levels are transient and related to equally transient

hyperglycemia is unclear as we did not measure HBA1c levels
since this was not a routine test in our center at the time of
this study.

7. Conclusion

This study, probably the first in Black Africa, showed that
urinary NAG levels are elevated in African diabetics and
correlate strongly with ACR. Demonstrating that this occurs
earlier than microalbuminuria may suggest its usefulness as
a marker for screening our diabetic patients for early renal
disease. There is therefore a need for larger prospective
studies in African diabetics to evaluate this as well as its cost
effectiveness in resource poor-settings.
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Adiponectin, a protein secreted by adipose tissue, has been associated with renal dysfunction. However, these observations have
not been adequately investigated in large epidemiological studies of healthy individuals in general and in African populations in
particular. Hence, we designed this study to evaluate the relationship between adiponectin and renal function in a large group
of nondiabetic West Africans. Total adiponectin was measured in 792 participants. MDRD and Cockroft-Gault (CG-) estimated
GFR were used as indices of renal function. Linear and logistic regression models were used to determine the relationship between
adiponectin and renal function. Adiponectin showed an inverse relationship with eGFR in univariate (BetaMDRD = −0.18, BetaCG =
−0.26) and multivariate (BetaMDRD = −0.10, BetaCG = −0.09) regression analyses. The multivariate models that included age, sex,
BMI, hypertension, smoking, HDL-C, LDL-C, triglycerides, and adiponectin explained 30% and 55.6% of the variance in GFR
estimated by MDRD and CG methods, respectively. Adiponectin was also a strong predictor of moderate chronic kidney disease
(defined as eGFR < 60 mL/min/1.73 m2). We demonstrate that adiponectin is associated with renal function in nondiabetic West
Africans. The observed relationship is independent of age and serum lipids. Our findings suggest that adiponectin may have clinical
utility as a biomarker of renal function.

1. Introduction

Adiponectin, a 30 kDa protein secreted mainly by adipose
tissue into the bloodstream, has been associated with a num-
ber of diseases [1], including metabolic disorders such as
obesity and type 2 diabetes (T2D) [2–4]. More recently,
the relationship between adiponectin and kidney function
is gaining increasing recognition [5–8], although most of
the evidence linking adiponectin to kidney function has
come from studies of individuals with disease [6, 7, 9–11].

Serum adiponectin is elevated in persons with impaired
kidney function but this becomes normal following kidney
transplantation [12]. However, the relationship between
adiponectin and kidney function is complex. For example,
low adiponectin level is associated with T2D at the onset but
adiponectin levels seem to increase with increasing duration
of T2D and in diabetic patients with nephropathy [6]. These
observations suggest that circulating levels of adiponectin
are heavily influenced by the pathophysiologic state of
individuals as a result of multiple mechanisms, including
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reduced clearance by the kidney [13] and degree of sensitivity
or resistance to adiponectin [14, 15].

Adiponectin has been suggested as a potential kidney
biomarker in chronic kidney disease (CKD) progression
[12]. However, the studies linking adiponectin and renal
function have two potential limitations. First, the results
and conclusions of these studies have been inconsistent
and contradictory [8, 16–18]. Second, most of the studies
investigating the relationship between adiponectin and kid-
ney function have been conducted in persons with existing
metabolic disorders (e.g., diabetes). To our knowledge, there
are only two studies [16, 19] of healthy individuals (i.e.,
asymptomatic individuals, not previously diagnosed with
any serious or chronic illnesses with the exception of hyper-
tension). Given the increasing importance of kidney diseases
in sub-Saharan Africa and the young age (20–50 years) at
which CKD is often seen [20], investigating the potential
utility of adiponectin as a biomarker for renal function in
these populations is warranted.

We have previously investigated the relationship between
adiponectin levels, obesity, and metabolic markers in West
Africans and showed that adiponectin was significantly
associated with age, BMI, waist circumference, and serum
lipids [21]. Since the relationship between adiponectin and
renal function seems to be confounded by disease status,
we reasoned that it would be informative to study this
relationship in a cohort without any known major morbidity.
In the present study, we aimed to investigate the relationship
between renal function as measured by estimated glomerular
filtration rate (eGFR) and adiponectin in nondiabetic West
Africans.

2. Subjects and Methods

2.1. Study Population. This study included nondiabetic West
Africans aged 18–79 years who participated in the Africa
America Diabetes Mellitus (AADM) study. The AADM
study, a T2D project ongoing in West Africa, is designed to
investigate the genetic and environmental determinants of
T2D and associated comorbidities, including obesity, kidney
function, and several biochemical markers of metabolic
disorders [22]. Briefly, the AADM study was conducted in
three centers in Nigeria (Enugu, Ibadan, and Lagos) and two
centers in Ghana (Accra and Kumasi) as part of an inter-
national collaboration between US investigators and West
African Scientists. The AADM study enrolled both families
and unrelated persons with and without diabetes (controls).
The study protocol was approved by the IRB of each
participating West African institution, and participants gave
their informed consents following the Helsinki guidelines.
Participants with an eGFR ≤ 30 mL/ min per 1.73 m2 were
excluded from this study. The final study sample consisted of
792 qualified participants.

2.2. Anthropometric and Clinical Measurements. The study
used standardized protocols for anthropometric (height,
weight, and waist circumference) and clinical measurements.
Weight was measured in light clothing using an electronic
scale to the nearest 0.1 kg, height was obtained using a

stadiometer to the nearest 0.1 cm, and waist circumference
was measured to the nearest 0.1 cm at the narrowest part
of the torso. Blood pressure was measured in the sitting
position using an oscillometric device (Omron). Fasting
serum samples were used to measure number of clinical
biomarkers including creatinine, HDL-C, LDL-C, and tri-
glycerides using an autoanalyzer, COBAS Integra 400 plus
(Roche Diagnostics, Indianapolis, IN); creatinine was meas-
ured using a modified Jaffé reaction. Total serum adiponectin
was measured using a commercially available immunoassay
kit (R&D Systems, Minneapolis, MN) following the manu-
facturer’s instructions. eGFR was used as measure of kidney
function. The estimation of GFR remains controversial
especially in Africans [23] because available methods have
not been validated in African or Asian populations. In the
absence of generalizable methods in African populations,
we choose to estimate GFR in this study by using two
distinct calculation methods: (1) the Modification of Diet
in Renal Diseases (MDRD) formula, that is widely used
by clinicians and researchers [24] as follows: eGFRMDRD =
186 × creatinine(−1.154) × age(−0.203) × 0.742 (if female) ×
1.21 (if Blacks), and (2) Crockroft-Gault (CG) calculation
as follows [25]: eGFRCG = (140 − age) × body
weight/plasma creatinine ×72 (×0.85 if female). To compare
GFR estimated by MDRD and CG methods, the CG formula
was normalized per 1.73 m2 of body surface area (BSA)
estimated by the formula of Du Bois and Du Bois [26],
BSA = (body weight0.425 (in kg) × height0.725 (in cm)) ×
0.007184. Using the guidelines of the National Kidney
Foundation Kidney Disease Outcome Quality Initiative [27],
we defined moderate CKD as eGFR < 60 mL/min/1.73 m2.
The reference group (i.e., participants with “normal” eGFR)
was individuals with eGFR ≥ 60 mL/min per 1.73 m2.

2.3. Statistical Analysis. All statistical analyses were carried
out using SPSS package, version 16.0. Normality of all
variables was checked using Q-Q plots. Variables with skewed
distributions (adiponectin, creatinine, HDL-C, LDL-C, TG,
eGFRMDRD, and eGFRCG) were logarithmically transformed
to prevent violation of normality assumptions. Continuous
variables were expressed as mean ± standard deviation
unless otherwise specified; Student’s-t test was used to
compare mean between groups. Partial Pearson’s correlation
coefficients and simple and multiple linear regression models
were used to evaluate the association between renal function
(eGFRMDRD and eGFRCG) and adiponectin. In these models,
eGFRMDRD or eGFRCG was the dependent variable, and
adiponectin was the explanatory variable. Adjustment was
made for factors that are known to affect kidney function
specifically age, sex, BMI, hypertension, smoking, and serum
lipids (triglycerides (TG), HDL-cholesterol (HDL-C), and
LDL-cholesterol (LDL-C)). Hypertension, smoking, and sex
were included in the models as categorical variables. Using
logistic regression models, we determined the predictors of
eGFRMDRD and eGFRCG in moderate CKD (i.e., eGFR <
60 mL/min per 1.73 m2). The first logistic model was an
unadjusted model in which only adiponectin levels were the
predictor; in the second model, we adjusted for age and
sex, and, finally, the third logistic model included the lipid
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Table 1: Anthropometric and clinical characteristics of study sample.

(a) Participant characteristics categorized by gender

Variable All (n = 792) Male (n = 315) Female (n = 477) P value

Age (years) 46.4± 13.0 48.3± 14.2 45.1± 12.0 0.0012

BMI (kg/m2) 25.8± 5.5 23.6± 3.99 27.3± 5.9 <0.0001

WC (cm) 87.8± 12.0 85.9± 10.86 89.1± 12.6 0.0002

Smoking (yes/no) (%) 4.8 8.3 2.5 0.0002

HTN (yes/no) (%) 35.1 35.9 34.6 0.71

CKDMDRD (yes/no) (%) 8.5 9.2 8.0 0.54

CKDCG (yes/no) (%) 16.3 23.8 11.1 <0.0001

Creatinine (mg/dL)

Mean 1.0± 0.3 1.1± 0.3 0.9± 0.2
<0.0001

Geometric mean 0.9 1.1 0.8

eGFRMDRM (mL/min per 1.73 m2)

Mean 100.4± 35.3 99.0± 34.5 101.3± 35.9
0.37

Geometric mean 95.5 93.3 95.5

eGFRCG (mL/min per 1.73 m2)

Mean 90.4± 32.2 80.0± 28.0 97.2± 33.0
<0.0001

Geometric mean 85.1 75.9 91.2

HDL-C (mg/dL)

Mean 42.6± 18.5 41.4± 17.3 43.4± 19.2
0.15

Geometric mean 38.0 37.2 38.0

LDL-C (mg/dL)

Mean 130.3± 47.2 124.4± 48.2 134.1± 46.1
0.005

Geometric mean 123.0 114.8 125.9

TG (mg/dL)

Mean 91.1± 43.6 94.8± 50.3 88.7± 38.5
0.07

Geometric mean 83.2 87.1 81.3

AdipoQ (ng/mL)

Mean 8271.1± 5207.9 6956.0± 4525.8 9139.5± 5445.9
<0.0001

Geometric mean 6918.3 5888.4 7762.5

BMI: body mass index; AdipoQ: adiponectin; eGFR: estimated glomerular filtration rate; WC: waist circumference; HTN: hypertension; CKD: chronic kidney
disease defined as eGFR < 60 mL/min/1.73 m2; HDL-C: high density lipoproteins; LDL-C: low density lipoproteins; TG: triglycerides.
Results are expressed as mean± standard deviation except when specified.
Student’s t-test was used to compare means between groups and chi-square to compare frequencies between groups.

(b) Characteristics of participants categorized by eGFRMDRD and eGFRCG

Variable
eGFRMDRD ≥ 60

n = 725
eGFRMDRD < 60

n = 67
P value

eGFRCG ≥ 60
n = 659

eGFRCG < 60
n = 128

P value

Age (years) 45.8± 13.2 53.2± 9.2 <0.0001 44.1± 12.1 58.0± 11.2 <0.0001

BMI (kg/m2) 25.9± 5.6 25.5± 4.5 0.6 26.4± 5.7 22.6± 3.3 <0.0001

Waist circumference (cm) 87.6± 12.1 89.9± 10.3 0.13 88.4± 12.4 84.9± 9.3 <0.0001

Smoking (yes/no) (%) 5 (36/725) 3 (2/67) 0.47 5.3 (35/659) 2.3 (3/128) 0.16

HTN (yes/no) (%) 33.7 50.7 0.009 31.3 55.5 <0.0001

Male/female ratio 286/439 29/38 — 237/422 75/53 —

Creatinine (mg/dL)

Mean 0.9± 0.2 1.6± 0.3
<0.0001

0.9± 0.2 1.4± 0.3
<0.0001

Geometric mean 0.9 1.6 0.9 1.3

eGFR

Mean 104.9± 33.52 52.3± 6.6
<0.0001

98.2± 29.2 50± 6.8
<0.0001

Geometric mean 100 51.3 95.5 49.0

HDL-C (mg/dL)

Mean 41.9± 18.0 49.7± 22.4
0.008

41.7± 17.7 47.6± 21.5
0.005

Geometric mean 37.2 43.7 36.3 42.7
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(b) Continued.

Variable eGFRMDRD ≥ 60
n = 725

eGFRMDRD < 60
n = 67

P value
eGFRCG ≥ 60

n = 659
eGFRCG < 60

n = 128
P value

LDL-C (mg/dL)

Mean 126.2± 43.5 174.4± 61.0
<0.0001

126.0± 43.9 152.8± 56.4
<0.0001

Geometric mean 117.5 162.2 117.5 141.3

TG (mg/dL)

Mean 88.26± 41.3 122.09± 54.8
<0.0001

88.7± 43.7 104.2± 41.6
<0.0001

Geometric mean 79.4 112.2 81.3 97.7

AdipoQ

Mean 8091.0± 5092.1 10220.2± 6032.9
0.007

7884.9± 4941.0 10376.2± 6054.6
<0.0001

Geometric mean 6760.8 8511.4 6606.9 8709.6

BMI: body mass index; AdipoQ: adiponectin; eGFR: estimated glomerular filtration rate; WC: waist circumference; HTN: hypertension; CKD: moderate
chronic kidney disease defined as eGFR < 60 mL/min/1.73 m2;HDL-C: high density lipoproteins; LDL-C: low density lipoproteins; TG: triglycerides.
Results are expressed as mean± standard deviation except when specified.
Student’s t-test was used to compare means between groups and chi-square to compare frequencies between groups.

Table 2: Pearson’s coefficients of correlation (rp) between eGFRMDRD or eGFRCG, adiponectin and other confounders adjusted for gender.

log10AdipoQ log10LDL log10HDL log10TG log10GFRMDRD log10GFRCG HTN BMI SMOKING

log10LDL 0.08

log10HDL 0.20 0.20

log10TG −0.08 0.40 −0.12

log10GFRMDRD −0.19 −0.38 −0.19 −0.37

log10GFRCG −0.35 −0.32 −0.18 −0.30 0.9

HTN 0.15 0.19 0.14 0.21 −0.22 −0.28

BMI −0.30 0.17 NS 0.21 −0.08 0.26 0.11

SMOKING NS NS NS NS NS NS NS NS

Age 0.29 0.28 0.13 0.28 −0.41 −0.60 0.48 NS NS

Correlation coefficients are significant at 0.05 levels (2-tailed). NS: not significant.

parameters (HDL-C, LDL-C, and TG). Significance level was
set at 0.05 for all analyses.

3. Results

The 792 subjects comprised 315 men (mean age 48.3 ±
14.2 years) and 477 women (mean age 45.1 ± 12.0 years).
The characteristics of this cohort are presented in Table 1.
Overall, men had lower BMI, waist circumference, and
adiponectin levels (Table 1(a)). The two methods used to
estimate GFR in this study (MDRD and CG) are highly
correlated (rp = 0.90, P < 0.0001). Despite this high degree
of correlation, when the MDRD method is used to estimate
GFR, the prevalence of moderate CKD is 8.5%, a value
that almost doubles when the CG method is used (16.3%).
The characteristics of the study participants categorized
by eGFR are summarized in Table 1(b). On average, GFR
estimated by the MDRD method was higher compared to
that by CG method (100.4 versus 90.4 min/mL per 1.73 m2).
Participants with moderate CKD (i.e., eGFR < 60 mL/min
per 1.73 m2) were significantly older and had an elevated
serum creatinine as well as serum adiponectin (based on
MDRD: 8511.4 ng/mL versus 6760.8 ng/mL and based on
CG: 8709.6 ng/mL versus 6606.9 ng/mL).

To explore the relationships between eGFR, adiponectin,
and potential confounders, we first developed scatter plots
(Figure 1) and calculated partial Pearson’s coefficients of cor-
relation (Table 2). The same variables were associated with
both eGFRMDRD and eGFRCG. eGFR was negatively asso-
ciated with adiponectin (P < 0.01), age (P < 0.01), serum
lipids (LDL-C, HDL-C, TG), and hypertension (P < 0.01).
No association was found between eGFR and smoking (P =
0.68) in this cohort (Table 2). In contrast, adiponectin was
positively associated with age, HDL-C, and hypertension
(Table 2). Interestingly the association between eGFRCG

and adiponectin was stronger compared to the association
between eGFRMDRD and adiponectin (rp = −0.35 versus
rp = −0.19).

In unadjusted linear regression model, adiponectin ex-
plained 3% of the variation in eGFRMDRD (beta = −0.18, P <
0.0001) whereas it explained about 7% of the variation in
eGFRCG (beta = −0.26, P < 0.0001). In a multivariate model
that included age, sex, BMI, hypertension, and serum lipids,
adiponectin remained a significant predictor of eGFRMDRD

(beta = −0.10, P = 0.004) and eGFRCG (beta = −0.09, P =
0.001) as well as age (P < 0.0001) and serum lipids
(P < 0.0001); this multivariate model explained 30% of the
variation in eGFRMDRD (Table 3). Additionally BMI and
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Figure 1: Scatter plots of log transformed eGFR (vertical axis) versus log adiponectin (horizontal axis) in nondiabetic West Africans. (a)
Relationship between GFR estimated by MDRD method (eGFRMDRD) and adiponectin, (b) relationship between GFR estimated by Cockroft-
Gault (CG) method (eGFRCG) and adiponectin. A linear regression line is superimposed on each plot to show the relationship with eGFR.

Table 4: Association between moderate CKD and adiponectin levels in non-diabetic West Africans using logistic regression models.

Models
Dependant variable: CKD (0, 1)�

Predictor
CKD defined by eGFRMDRD CKD defined by eGFRCG

B S.E. Wald chi-square df P value B S.E. Wald chi-square df P value

Model 1: unadjusted AdipoQ 1.48 0.50 8.95 1 0.003 1.84 0.38 22.9 1 <0.0001

Model 2: age and sex adjusted AdipoQ 1.05 0.53 3.93 1 0.05 1.56 0.46 11.65 1 0.001

Model 3: age, sex, and serum lipids∗ AdipoQ 1.61 0.59 7.52 1 0.006 1.90 0.48 15.38 1 <0.0001
�

CKD coding: 0, reference group represents subjects with eGFR ≥ 60 mL/min/1.73 m2; 1 represents subjects with eGFR< 60 mL/min/1.73 m2.
∗Serum lipids in the model: HDL-C, LDL-C, triglycerides.
SE: standard error; B: logistic regression coefficient; df: degree of freedom; OR: odds ratio; AdipoQ: adiponectin.
Sex coding—0: male and 1: female.

sex were also significantly associated with eGFRCG, and
the variance explained why eGFRCG increased to 55.6%.
Furthermore, adiponectin was significantly associated with
moderate CKD regardless of the estimation method used to
define moderate CKD (BMDRD = 1.61, PMDRD = 0.006 and
BCG = 1.90, P < 0.0001, (Table 4)), and these associations
are independent of the effects of serum lipids, age, and sex.

4. Discussion

We investigated the relationship between renal function
and adiponectin in a large cohort of nondiabetic West
Africans. Due to the fact that none of the GFR estimation
equations has been formally validated in African populations
we implemented the two most commonly used methods
(MDRD and the Cockroft-Gault) in this study. The MDRD
method is widely used in clinical practice, and the Cockroft-
Gault method is the first creatinine-based method adopted
by clinicians [28]. Despite the high correlation (rp =
90%) between these two methods in our study, the CG-
estimated GFR identified more individuals as having low
eGFR (<60 mL/min per 1.73 m2) than the MDRD-estimated
eGFR (16.3% versus 8.5%). Our finding corroborates with
previous observations in other populations [29, 30]. For
example, Wetmore et al. found that 5.3% of the subjects in
their study were classified by the MDRD equation as having
CKD (eGFR < 60 mL/min per 1.73 m2) whereas 19.7% were
classified by the CG formula [29].

Regardless of the method used to estimate GFR,
we observed a negative association between eGFR and
circulating adiponectin, as has been previously reported by

other investigators [8, 13, 31, 32]. However, most previous
observations have been among persons with existing diseases
such as type 1 and 2 diabetic, coronary disease and CKD.
Thus, apart from confirming previous findings our study
demonstrates that the inverse relationship between eGFR and
adiponectin extends to persons with no obvious metabolic
disorders. Additionally, we observed that the association
between eGFR and adiponectin was stronger when Cockroft-
Gault calculation was used as marker of renal function. While
the reason for the observed difference is not obvious, we
posit that it may be due to the fact that the CG equation
takes into account anthropometric measurements—which
also influence adiponectin levels—while the MDRD formula
does not [28, 33].

Adiponectin levels alone explained 3% to 7% of the
variation in eGFR in this cohort depending on the estimation
method. Interestingly, in multiple regression analysis adjust-
ing for additional factors such as smoking, sex, hypertension,
and lipids, the variance explained increased by 8-fold to
56% for eGFRCG and by 10-fold to 30% for eGFRMDRD. This
dramatic increase in the percent variance explained was due
primarily to the inclusion of age, sex, BMI, and serum lipids
(HDL-C, LDL-C and triglycerides) in the regression models.
The relationship between age, serum lipids and eGFR is well
documented [34–37]. For example, baseline serum lipids
(total cholesterol and LDL-C) are independent risk factors
for renal diseases as well as powerful predictors of renal
function [38]. It is therefore noteworthy that adiponectin
remained a significant independent predictor of eGFR in the
presence of age and serum lipids.
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We also found adiponectin to be independently asso-
ciated with moderate CKD (Table 4). These observations
suggest that adiponectin may serve as a potential biomarker
of kidney function even among individuals who do not
have overt T2D. Furthermore, it provides additional evidence
to support evaluating adiponectin along with other plasma
proteins such as apolipoprotein A-IV, fibroblast growth
factor 23, neutrophil gelatinase-associated lipocalin, and the
natriuretic peptides as a discriminatory biomarker of CKD
progression [12]. To fully understand the potential role of
adiponectin in routine clinical pathology, more population-
based studies as well as studies of adiponectin isomers in
kidney function are needed. Kawamoto et al. [16] found a
positive association between high molecular weight (HMW)
adiponectin, and GFR, raising an important question about
the role of adiponectin isomers in kidney function. HMW
adiponectin has been shown to be the most potent form of
adiponectin in its insulin sensitizing function [39, 40]. It is
also likely that HMW adiponectin may offer more protection
in the context of kidney function as suggested by the Japanese
study of persons with mild CKD [16].

Despite our careful efforts to evaluate the relationship
between adiponectin and renal function in this cohort, the
design of the study (cross-sectional) and the use of eGFR as
measure of renal function in healthy individuals are potential
limitations of the study. A cross-sectional study does not
permit the determination of causality in a relationship.
Therefore, longitudinal studies are needed to provide such
data. Secondly, MDRD-based estimates of eGFR may not
be suitable for all populations, especially Africans, Asians
[23], and individuals suffering from malnutrition or eating
a vegetarian or low-meat diet. While our cohort did not
include individuals with malnutrition, our study did not
collect dietary data, and we could therefore not control for
dietary factors in our analyses. Additionally, our definition
of moderate CKD was solely based on eGFR, a creatinine-
based estimation. No other kidney function markers such as
proteinuria or urine albumin/creatinine were available in this
study to explain the impaired kidney function seen in the
subjects with low eGFR.

In summary, we demonstrated that adiponectin is an
independent predictor of both eGFR and moderate CKD in
nondiabetic West Africans. This confirms and extends previ-
ous findings of an inverse relationship between adiponectin
and renal function. The uniqueness of our study lies in
the inclusion of a healthier and younger West African
population characterized by a lower prevalence of CKD.
These attributes allowed us to evaluate the relationship
between adiponectin and renal function across a larger age
spectrum in a population that is generally understudied.
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Background. A single-center ESRD care experience in a Nigerian teaching hospital is presented as a surrogate case to demonstrate
the prevailing ESRD care situation in Nigeria and most SSA countries. Methods. The data of 320 consecutive ESRD patients
undergoing maintenance haemodialysis treatment during a seven-year period were retrospectively analyzed. Results. Over 80%
of the subjects funded dialysis treatments from direct out of pocket payment. The mean duration on dialysis before dropout was
5.2± 7.6 weeks, with majority 314 (98.1%) of the patients unable to sustain dialysis above 12 weeks. Total dialysis sessions during
the 7-year period was 1476 giving an average weekly dialysis session of 0.013 (0.05 hour/week) per patient per week. One hundred
and twenty-eight (40%) patients died within 90 days of entry into dialysis care. Conclusions. ESRD care in this single centre was
characterized by gross dialysis inadequacy and case fatality due to the inability to access and afford care. The opportunities for
kidney transplantation are also very low. Poverty and the absence of government support for ESRD care are responsible for the
poor outcomes. A global focus on ESRD care in SSA countries has thus become imperative.

1. Introduction

The burden of end stage renal disease (ESRD) is increasing
in Sub-Saharan African (SSA) countries [1, 2]. This is
attributed to the rising prevalence of noncommunicable
diseases [3] and infection-related nephropathies [2, 4].

In spite of this increasing burden, care for ESRD in SSA
is suboptimal, compared with ESRD care in Europe and
North America, where ESRD care is often in accordance with
kidney disease quality-of-life guidelines (KDOQI) [5–7].
ESRD care in most of the SSA countries is characterized by
gross lack of access to optimal care [5–8], with a rudimentary
and unorganized institutional and human resource base for
care. Virtually, all ESRD care inputs are imported into SSA

countries and are thus quite expensive [5, 8]. The cost of care
is also prohibitive and outside the reach of majority of the
victims [2, 5, 8]. The bulk of the patients with ESRD belong
to the lower socioeconomic group and are thus unable
sustain maintenance dialysis for longer than three months of
entry into the ESRD program [9]. Affordability and access
to erythropoietin stimulating agents (ESA) is extremely poor
while opportunities for kidney transplant are also limited
[9, 10].

For the majority of SSA countries, there is hardly any,
government-driven or government-supported ESRD care
program. As a result, the mortality rate within 90 days
of commencing renal replacement therapy (RRT) of ESRD
patients in SSA countries is as high as over 90%, compared
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with patients in Europe and North America where it is less
than 4% [9–11]

The objective of this paperis to use a single-center ESRD
care experience in Nigeria, to demonstrate the prevailing lack
of access to ESRD care in order to advocate the need for
a global funding mechanism for ESRD populations in Sub-
Saharan Africa.

2. Study Design and Methods

The demographic and clinical data of all consecutive
patients, aged 15 years and above, who commenced main-
tenance haemodialysis treatment at the University of Port
Harcourt teaching hospital, Port Harcourt, Nigeria between
the January 1, 1996 to December 31, 1999 (4 years) and
January 1, 2007 to December 31, 2009 (3 years), due to the
interruption of dialysis services between January 1997 and
December 2006 for technical problems, were retrospectively
analyzed.

The diagnosis of ESRD was based on the KDOQI
guidelines [12] for diagnosis and classification of CKD. The
data for analysis included the biodata, overall clinical status,
blood pressure measurements and the haematologic and
biochemical indices (relevant to ESRD) at first presentation.
Others included the duration of stay on the maintenance
haemodialysis programme, the total number of haemodial-
ysis sessions received during the period, and the average urea
reduction ratio (URR) attained. Other parameters were the
average Kt/V ratio attained before dropout, patient’s actual
annual incomes, and their sources of funding for ESRD care.

Four end points of the study were the proportion of the
ESRD patients that were alive and still on the program at 3
months, 6 months, and 1 year from the date of entry into the
ESRD program, the proportion that had dropped out of the
program and lost to followup at the stated periods above, the
proportion of who died at the given periods and referral for
kidney transplant for the period under study.

2.1. Data Management. Statistical data were analyzed using
Epi-info version 6.4. The literature search was done using
manual search of relevant Nigerian and African medical
journals and electronic search of medical research database
through PubMed, HINARI, and google. The search keywords
used were ESRD; RRT; outcomes and sub-Saharan Africa.
Data was analyzed using descriptive statistics and presented
as mean ± standard deviation and percentages.

3. Results

The data for 320 consecutive ESRD patients who satisfied the
inclusion criteria were suitable for analysis. They consisted of
200 males and 120 females (M/F = 1.6 : 1), with a mean age
of 46.2±17.6 years, and age range 15–79 years (Table 1). They
had a bimodal peak age pattern, with an early small peak in
the 20–29 year age group and a second larger peak in the 50–
59 and 60–69 year age groups, respectively.

The results of the evaluation of the income status of
a cohort 40 ESRD patients in 2009 (Table 2) show that

Table 1: Showing the age distribution of subjects.

Age group (years) Number of subjects Percentages

10–19 40 12.6

20–29 55 17.2

30–39 44 13.8

40–49 48 14.9

50–59 60 18.9

60–69 59 18.4

70–79 7 2.3

>80 7 2.3

Total 320 100

Table 2: Annual income data for a cohort of 40 subjects.

Income group Social class Number Percentage

I-II (14000–26667 USD per
annum)

Upper 6 15

III-IV (4677–7337 USD per
annum)

Middle 16 40

V-VI (800–2460 USD per
annum)

Lower 18 45

40 100

majority of the subjects were predominantly from the lower
and middle socioeconomic classes, with 40% of them in
socioeconomic classes V and VI, 45% in social classes III
and IV and only 15% from the upper social classes I and II,
as defined by the following income range based on annual
family incomes. Lower or social classes V and VI earning
800 to 2,460 United States dollars (USD) or 0.12–0.4 million
Nigerian naira (NGN); middle class or social classes III and
IV earning 4,677 to 7,333 USD or 0.7 to1.2 million NGN;
upper or social classes I and II earning 14,000.0 to 26,667
USD or 2.1 m to 4 million NGN. The prevailing exchange
rate then was 150 NGN to 1 USD. The computed annual
cost of haemodialysis treatment, per patient, during the
period under study was 15,600.00 USD (2,340,000.00 NGN).
The result shows the wide disparity between the annual
incomes of the patients and the annual cost of haemodialysis
treatment per patient.

Chronic glomerulopathy (45.6%), hypertensive nephro-
pathy (29.7%), and diabetic nephropathy (17.5%) were the
three leading causes of ESRD in the patients (see Figure 1).
The diagnosis of the cause of CKD was clinical, as most of
the patients presented in ESRD when a biopsy is of little
value and determining if hypertension is a cause or effect
of the kidney disease is difficult. However, the duration of
hypertension, duration of diabetes, evidence of nephritis, the
patient’s age, and a history of prior renal disease such as acute
glomerulonephritis (AGN) and ultrasound determined renal
size were guides to determining the aetiology.

The patient’s baseline hematologic and biochemical
parameters are as outlined in Table 3.

Their mean e-GFR was 6.2 ± 5.8 mls/min/1.73 m2.
Anaemia was found at presentation in over 90% of the
subjects with a mean hematocrit (Hct) of 20.8 ± 6.8% and
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Chronic glomerulopathy

Hypertensive nephropathy

Diabetic nephropathy

Obstructive uropathy

Miscellaneous disorders∗

Adult polycystic kidney disease

146; 46%

6; 2%8; 2%

95; 30%

9; 3%

56; 17%

Figure 1: Chart showing causes of CKD in study sub-
jects. ∗Miscellaneous disorders: Analgesic nephropathy(1), Multi-
ple myeloma(1), chronic pyelonephritis(1), inadvertent nephrec-
tomy(1), sickle nephropathy(1), and indeterminate(1).

a range of 10–35%. Severe anaemia with Hct <21% was seen
in 45.7% of subjects.

Their mean systolic and diastolic blood pressures were
171.2 ± 31.9 mmHg, range (107–240 mmHg) and 102.5 ±
27.4 mmHg, range 70–140 mmHg, respectively.

Using the JNC-7 criteria [13], 88.5% of the patients
were hypertensive with 70.3% presenting with grade II
hypertension.

At presentation, 85% of the patients were in an unstable
clinical state, characterized by gross edema, anemia, severe
hypertension, pulmonary edema, cardiovascular instability,
and uraemic encephalopathy.

The duration of maintenance haemodialysis before loss
to the program ranged from 1 to 37 weeks, with a mean
duration of 5.2±7.6 weeks. The longest dialyzing patient did
so for a total of 37 weeks. This was a Nigerian ESRD patient
resident in the United Kingdom visiting Nigeria.

Table 4 shows the distribution of the patients in accor-
dance with the length of time spent in the dialysis program.
Majority of the patients 314 (98.1%) could not sustain
dialysis for more than 12 weeks. Only three patients (0.9%)
could sustain dialysis for over 26 weeks before they were lost
to followup.

All patients achieved an aggregate mean urea reduction
ratio (URR) of 48.7 ± 22%, range 8–88% and an aggregate
mean Kt/V of 0.94± 0.4, range 0.5–1.9, respectively.

The 320 patients received a total of 1,476 haemodialysis
sessions during the seven-year period under consideration,
translating to an average weekly dialysis rate of 0.013 dialysis

Table 3: Baseline characteristics of study subjects at first presenta-
tion.

Baseline variable
Mean

(Standard deviation)
Range

e-GFR (mL/min/1.73 m2) 8.2 (5.8) 2.7–12.5

Haematocrit (%) 20.8 (6.8) 10–35

Sodium (mmol/L) 134.8 (6.0) 122–149

Potassium (mmol/L) 4.7 (1.0) 3–7

Bicarbonate (mmol/L) 19.4 (7.8) 8–27

Urea (mmol/L) 32.9 (36.2) 14–56.3

Creatinine (µmol/L) 1224.9 (557.4) 245–2505

Total protein (g/dL) 60.7 (4.0) 57–65

Albumin (g/dL) 32.0 (9.8) 25–39

Systolic blood pressure
(mmHg)

171.2 (31.9) 107–240

Diastolic blood pressure
(mmHg)

102.5 (27.4) 70–140

sessions (0.05 hour per week) per patient compared to the
expected 3 sessions (12 hours) per week per patient.

Most of the patients 285 (89.1%) could only achieve
an average of 1–9 dialysis sessions before dropping out of
the program, while the remaining 35 (9.9%) achieved an
average of 10 to 20 dialysis sessions before dropping out of
the program.

Within 12 weeks of commencing maintenance dialysis,
97.8% of the patients had dropped out of the program
through deaths and abandonment. Forty percent of this
number were confirmed dead, 41.8 percent absconded and
were presumed dead, making a total of 81.8% deaths within
12 weeks of entry into the program. Eight patients (2.5%)
who were able to raise funds were at various times referred
out of the country for renal transplant. Only patients who
had kidney transplants survived beyond six months.

Analysis of the source of funding for ESRD care in the
subjects showed that 65% of these patients funded their
maintenance dialysis treatment from direct out of pocket
payment, 17.5% received some support from extended
family sources to fund treatment, while the remaining 17.5%
of the patients obtained some support from philanthropic
individuals or organizations such as church groups. None of
the patients were covered by insurance payments, and there
was no government subsidy for the payment of maintenance
dialysis of the patients (Figure 2).

There was no difference in outcomes when the two
periods under review were compared.

4. Discussion

The results from this single-center ESRD care experience
show that ESRD patients in our center are predominantly
young adults and middle-aged people from the lower
socioeconomic group with abysmally poor access to ESRD
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Table 4: Haemodialysis exposure status of subjects.

Duration of haemodialysis
exposure (weeks)

Number of subjects Percentage

1–12 314 98.1

13–24 3 0.9

25–36 3 0.6

37–52 1 0.3

>52 — —

care, grossly suboptimal ESRD care, and minimal access to
kidney transplant.

Their incomes fall far below the cost of ESRD care,
resulting in a 90-day mortality rate of almost 100% from the
point of entry into the ESRD program. The dominant factors
for this poor outcome are economic deprivation and the lack
of structured government socioeconomic support.

This pattern is consistent with single-center experiences
in other centers in Nigeria and other SSA and African
countries with the exception of South Africa. Menakaya
et al. [14] in a retrospective study of 454 ESRD patients
on maintenance dialysis, during a ten-year period (1981–
1994) at the Lagos university teaching Hospital (LUTH),
southwestern Nigeria, recorded 29.7% in hospital mortality
with 65% percent of cases abandoning the treatment and
subsequently presumed dead within three months of entry
into the ESRD the program. Arogundade et al. [15], in Ile-
Ife, Southwestern, Nigeria, reported 77.8% mortality within
3 months of commencing maintenance dialysis in 540 ESRD
patients over a period of 15 years. Similarly, Chijioke et al.
[16] and Bosan and Ibrahim [17] in two different teaching
hospitals in the northern parts of Nigeria reported mortality
rates of 66.7% and 90.8% respectively, all within three
months of entry into maintenance dialysis program; while
Arodiwe et al. [18] in Enugu, southeastern Nigeria reported
a mortality rate of 67.3% within three months of entry. In all
these studies, none of the ESRD patients was able to sustain
maintenance dialysis for longer than six months.

Available data from other SSA countries indicate the
gross paucity of kidney care facilities and very poor access to
ESRD care. The number of patients on dialysis in some SSA
countries, shown in a 2003 report [8], indicates the following
number of patients per country: Mauritania (50), Senegal
(20–30), Mali (20), Burkina Faso (18), Ivory Coast (130), and
Ghana (30), respectively. Others are Zimbabwe (59), Kenya
(100), and Sudan (200). South Africa is the only SSA country
with a more reliable ESRD data and much higher access to
organized ESRD care. By 1998 [5], South Africa had 1525
ESRD patients registered in the South African Renal dialysis
and transplantation registry (SADTR) on regular dialysis
with ESRD-care financed by the government.

The data shown above makes it evident that hundreds
of thousands of ESRD patients in most SSA countries have
practically no access to effective ESRD care, compared with
their counterparts in the developed countries. The over 90-
percent case fatality rate within 90 days of diagnosis of ESRD
is unacceptable in the present state of knowledge and global
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Figure 2: Chart showing sources of funding for ESRD care.

development in nephrology care. Furthermore, the direct
and indirect human and socioeconomic cost of the high
mortality associated with ESRD in SSA will continue to affect
the economy of SSA countries adversely.

The prevailing situation of ESRD care in SSA described
above is a challenge for the global renal community, as action
is required to prevent an expected worsening, in view of the
increasing incidence and prevalence of CKD and ESRD. This
situation thus calls for strategies that could be adopted to
improve the situation.

Short periods of maintenance dialysis and early trans-
plant for ESRD patients in SSA countries has been advocated
[5, 8] in response to the current situation. As reasonable
as this option may be, the prevailing experience does not
support this option. Firstly, even in the developed countries,
less than 50% of ESRD patients are transplanted as data from
the United States and European renal transplant registries
indicate that only 16% to 48% of ESRD patients on the
transplant waiting list get transplanted per year [19, 20].
The reasons for the relatively low transplant rate include the
shortage of donor kidneys for transplant, HLA- compatibility
problems as well as some medical morbidity that may
contraindicate transplant [21, 22].

Secondly, the same reason of high cost, which prevents
access to maintenance dialysis, will also prevent access to
transplant in SSA countries. From experience in Nigeria,
live-donor kidney transplant costs between 7 and 10 million
NGN (33,000.0–76,000.0 USD) excluding costs of immuno-
suppressive agents. Therefore, in the absence of any govern-
ment support only very few persons can access live-donor
transplant in Nigeria. This situation can be extrapolated for
most SSA-countries, considering the existing high poverty
rate in these countries. Thirdly, getting both related and
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unrelated live donors in SSA countries is difficult due to
cultural barriers, religious beliefs, and lack of monetary
incentives for donors among other reasons. Finally in most
SSA countries’ health systems do not have capabilities for
nonheart beating kidney donations and are not likely to do
so in the foreseeable future.

Resultantly, it is evident that early live-donor kidney
transplant program may not provide an adequate solution
to the grim realities facing ESRD patients in SSA countries.

As is the practice in the developed countries of the world,
maintenance dialysis through CAPD and or Haemodialysis
remains the cornerstone of ESRD care for the following
reasons. Not all eligible ESRD patients can benefit from
transplant; therefore, the rest must remain on maintenance
dialysis to keep alive. For reasons such as age, debility, certain
comorbid disorders, and HLA-incompatibility [21, 22], not
all ESRD patients are suitable candidates for renal transplant.
More so patients with graft failure will return to mainte-
nance dialysis until another suitable kidney can be found.
Therefore, all countries irrespective of economic status must
necessarily have viable and sustainable maintenance dialysis
programs.

It is certain that individual patients cannot afford self-
funding of ESRD care in SSA countries as was the case
for developed countries before now. It was in realization
of this fact that the American Congress in 1973 passed
the legislation that led to the birth of an End-Stage Renal
Disease (ESRD) Program, which was later followed by the
US organ transplant Act of the US Congress that enabled
ESRD patients benefit from kidney transplant [23, 24]. The
annual estimate of government expenditure for ESRD care in
developed countries also justifies this as the “US government
spent about $12.04 billion in annual Medicare spending on
ESRD in 1998, not including an additional out-of Medicare
$4.7 billion spending by employer group health plan for the
sustenance of the ESRD program” [25].

It stands to reason that if ESRD patients in SSA-countries
are to benefit from effective ESRD care there should be some
mechanisms in place to enable all ESRD patients have access
to optimal ESRD care in order to improve the survival and
quality of life. Two strategies are thus proposed, and their
potential strength and weaknesses are appraised.

4.1. The SSA Country Self-Reliance Strategy. The SSA coun-
try self-reliance strategy would involve the SSA countries
taking the initiative and challenge to institute their own
models of ESRD care that will enable universal access
to optimal ESRD care of their citizenry. Some emerging
countries like Brazil and Singapore [26, 27] have established
mechanisms that ensure universal access to ESRD care for
their populations. While the Brazilian government provides
ESRD care free to all affected persons, Singapore adopted
a public-private partnership option in realizing the same
objectives. In both countries, there is the political will by the
governments to ensure universal access to optimal ESRD care
for their citizenry.

Few countries in the SSA which are relatively richer such
as Nigeria may be able to adopt the same strategy with

adequate political will by government. It would be expected
that a country like Nigeria that earned an average of 59 billion
USD in 2010 from crude oil export sales [28] should have
the capacity to make ESRD care universally accessible for
its citizenry; however, this is not the case. The maintenance
dialysis data in Nigeria as shown above is a clear indication
of the lack of political will by the government. The Nigerian
scenario is also is prevalent in several other SSA countries.

In addition to the lack of political will by governments
in most SSA countries, other political, social, and economic
factors which impede optimal ESRD care such as the
high poverty rate among the populace, the reliance on
importation of almost all ESRD care products, the relative
lack of human capacity, and lack of reliable health data for
planning also pose enormous challenges.

In the present political and economic state of affairs in
most SSA countries highlighted above, it is very doubtful
if the hindrances can be addressed in the projected future
on the short and medium terms. For this reason, the self-
reliance option may not feasible.

4.2. ISN-Driven Global Fund Initiative for ESRD Care in SSA
Countries. The second strategy proposed is the institution of
an international society of nephrology (ISN) and or WHO-
driven global fund for comprehensive ESRD care programs
in SSA countries. Such a fund could be patterned along the
lines of the global funds initiative for HIV/AIDS, tuberculosis
and malaria [29] with modifications as necessary. The fund
should be a counterpart fund in which the international
global contributors, host SSA country governments, ESRD-
care products industry, as well as the ESRD patients and
families shall be stake holder contributors.

The contributions of the ESRD care industry can be
in the form of donations of some percentage of their
annual operational profits or turnover or through price
discounts on their products. Host SSA countries could also
create incentives for these industries to establish production
factories for some of their products in host SSA countries.
Other corporate concerns such as petroleum and major man-
ufacturing companies doing business in host SSA countries
can be encouraged to contribute to the fund as part of their
community and corporate social responsibilities.

ESRD patients shall contribute through payments of
subsidized fee for service either directly or through insurance
arrangements. However, it will be important to develop
mechanisms which ensure that truly indigent and disad-
vantaged ESRD patients could be treated for free to ensure
universal access and lack of discrimination.

The ISN and the SSA country regional kidney asso-
ciations and foundations should serve as facilitators and
regulators of the program to ensure strict compliance by host
SSA countries to the terms of engagement.

The proposed fund should be disbursed in appropriate
proportions to cover direct patient treatment (dialysis, trans-
plants, and immunosuppressive agents), human capacity
development for renal care, equipment and infrastructural
developments as well as advocacy and the prevention of CKD
and research.
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The global fund for the treatment and control of
HIV/AIDS, tuberculosis, and malaria has achieved tremen-
dous success since its inception in 2005. The prevalence of
HIV/AIDS in most global funds beneficiary SSA countries
are on the decline. In Nigeria, the HIV prevalence has
dropped from 5.8% in 2001 to 4.0% in 2006 [30]. Data from
the United Nations against AIDS (UNAIDS) showed that
by 2006 an estimated 1.3 million people in SSA countries
were on antiretroviral therapy (ART). At the end of 2 years
of commencing ART, 60% of the HIV/AIDS patients on
ART were alive. The UNAIDS states that “three years after
the creation of the global fund it is proving to be the
engine behind the scale up of the fight against the pandemic
worldwide. Fatalism, inevitability and stigma are being
replaced with hope and greater openness about HIV/AIDS”
[31].

Such a global fund mechanism could also promote wider
access to ESRD care, develop needed the capacity for kidney
disease care, enhance renal care infrastructure as well as
promote prevention of CKD in the SSA countries.

This option seems to provide hope for sustainability as
the SSA countries may be left to take on the responsibility for
the program on the long term using the already established
framework of the global initiative.

5. Conclusion

ESRD patients in SSA countries have very minimal access
to optimal care as a result of poverty, very low capacity for
ESRD care, and the absence of any government input in
the care of ESRD. This has resulted in an above one-year
mortality rate after diagnosis of almost 100%.

SSA countries in the present state of poor governance,
weak economies, poor economic management, and seeming
lack of proper direction and priority setting, have not
demonstrated any willingness to intervene in ESRD care
as their counterparts in the developed countries and some
emerging countries.

An ISN-driven global fund initiative for ESRD care
in SSA countries, as is the case with the global fund for
HIV/AIDS which has shown significant success is recom-
mended. Global partners, SSA host countries, ESRD care
products industry, ESRD patients, and ISN/regional kidney
societies shall constitute the stake holders.

The global fund strategy will aim to provide direct ESRD
care, human and infrastructural capacity development for
CKD care as well as CKD preventive programs.

It is expected that this strategy will change the prevailing
unacceptable outcomes of ESRD care in SSA.
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Disadvantaged populations across the globe exhibit a disproportionate burden of chronic kidney disease (CKD) because of
differences in CKD occurrence and outcomes. Although many CKD risk factors can be managed and modified to optimize clinical
outcomes, the prevailing socioeconomic and cultural factors in disadvantaged populations, more often than not, militate against
optimum clinical outcomes. In addition, disadvantaged populations exhibit a broader spectrum of CKD risk factors and may be
genetically predisposed to an earlier onset and a more rapid progression of chronic kidney disease. A basic understanding of the
vulnerabilities of the disadvantaged populations will facilitate the adaptation and adoption of the kidney disease treatment and
prevention guidelines for these vulnerable populations. The purpose of this paper is to examine recent discoveries and data on
CKD occurrence and outcomes in disadvantaged populations and explore strategies for the prevention and treatment of CKD in
these populations based on the established guidelines.

1. Background and Epidemiology

The global prevalence of chronic kidney disease (CKD) is in-
creasing and creating enormous socioeconomic burdens for
patients, families, society, and the health care system across
the globe. Data from the third National Health and Nutrition
Examination Survey (NHANES 1999–2004) suggest that
about 1 out of 8 adult Americans exhibit evidence of
CKD [1]. Comparable estimates have been reported in
Asia [2], Australia [3], and across Europe [4–6]. The lack
of national registries and limited representative national
surveys in developing countries make the estimation of the
burden of CKD in these countries difficult. However, the
risk factors for CKD are known to be just as prevalent in
many developing countries as in the developed countries.
Therefore, the burden of CKD in those developing countries
may be comparable to those of the developed countries.
In addition, developing countries exhibit a disproportionate
burden of infectious and environmental factors that broaden
the spectrum of CKD risk factors and is apt to increase CKD

burden. A greater understanding of CKD onset and progres-
sion among racial/ethnic minorities and socioeconomically
disadvantaged persons in the US may provide insights into
CKD burdens in similar populations globally.

The Kidney Disease Outcomes Quality Initiative
(KDOQI) guidelines by the National Kidney Foundation in
2002 defined CKD as functional and structural abnormalities
of the kidneys that persist for more than three months. This
widely publicized and generally accepted guidelines in-
cluded the presence of markers of kidney damage such as
albuminuria in the definition of CKD and established five
progressive stages based on a sustained reduction in the
estimated glomerular filtration rate (eGFR) with specific
evaluation and treatment recommendations [7]. (Table 1)
This expanded definition of CKD allows for the identification
of CKD in its earliest stages when the eGFR might still be
well within the normal limits and is critical to early detection
and treatment of CKD.

There is a dearth of population-based prevalence data on
the different stages of CKD across the globe. In the United
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Table 1: Stages of chronic kidney disease.

Stage Description eGFR (mL/min/1.73m2)
Prevalence estimates,

1988–1994
Prevalence estimates,

1999–2004

1
Slight kidney damage
with normal or
increased filtration

More than 90 1.7% (95% CI 1.3%–2.2%) 1.8% (95% CI 1.4%–2.3%)

2
Mild decrease in kidney
function

60–89 2.7% (95% CI 2.2%–3.2%) 3.2% (95% CI 2.6%–3.9%)

3
Moderate decrease in
kidney function

30–59 5.4% (95% CI 4.9%–6.0%) 7.7% (95% CI 7.0%–8.4%)

4
Severe decrease in
kidney function

15–29
0.21% (95% CI
0.15%–0.27%)

0.35% (95% CI
0.25%–0.45%)

Data from [1].

States (US), the National Health and Examination Survey
estimated that the prevalence of CKD stages from 1 to 4
increased from 10.0% (95% confidence interval [CI], 9.2%–
10.9%) in 1988–1994 to 13.1% (95% CI, 12.0%–14.1%) in
1999–2004 with a prevalence ratio of 1.3 (95% CI, 1.2–
1.4). The specific prevalence estimates for CKD stages 1
to 4 in 1988–1994 and 1999–2004 are as shown in Table 1
[1]. Although the CKD prevalence data across Europe are
comparable to those of the US, the progression of CKD to
treated end-stage renal disease (ESRD) is generally slower in
Europe than in the USA [8].

2. Risk Factors and Rate of Progression

The increasing prevalence of diabetes across the nations
is the greatest risk factor for CKD in the world. It has
been estimated that there would be 366 million adults with
diabetes worldwide by the year 2030 [9]. The prevalence
of diabetes in developing countries is rapidly approaching
that of developed countries. In Mexico, the prevalence
of diabetes is as high as 25% among 25 to 40-year-old
Mexicans [10]. The rising rates of diabetes in developing
countries will engender a disproportionate burden of CKD
in these disadvantaged populations. Diabetic nephropathy
is becoming increasingly recognized as the leading cause of
CKD in both the developed and many developing countries.
In fact, diabetic nephropathy accounts for 65% of the ESRD
in Puerto Rico [11] and is a common cause of ESRD in many
countries in Africa and the Middle East [12].

The onset and progression of CKD vary from one
etiology to another and from patient to patient, even with the
same etiology. Regardless of the etiology, established CKD
can accelerate its own course by inducing cardiovascular
(CV) disease and metabolic complications. The risk of this
CV disease and hence the rate of CKD progression is gener-
ally higher at stages 3–5 than at earlier stages of CKD [13].
The presence of multiple risk factors such as hypertension
and lipid disorders is also apt to promote an earlier onset
and a more rapid progression of CKD, and may explain
the fact that hypertension and diabetes account for two-
thirds of the ESRD in the United States [14]. Disadvantaged
populations, particularly in developing countries, frequently
exhibit multiple risk factors for CKD and harbor nontra-
ditional risk factors such as schistosomiasis, tuberculosis

and amyloidosis [15]. Environmental pollution, pesticides,
analgesic abuse, herbal medications, and unregulated food
additives also contribute to the disproportionate burden of
CKD in many disadvantaged populations worldwide [16].

The progression of CKD to ESRD has been reported to
be more rapid in the USA than in Europe. Within the USA
however, the prevalence of early CKD is comparable across
racial/ethnic categories but the progression of CKD to ESRD
is far more rapid among minority populations, with ESRD
rates nearly 4-fold higher among African Americans in com-
parison to US Whites, despite similar prevalence rates of early
CKD [17]. The rapid progression of CKD to ESRD among
minority populations in the USA is largely attributable
to higher prevalence and greater severity of diabetes and
hypertension, lower socioeconomic status, lesser access to
care, excess exposure to environmental toxins, and other
factors [18]. Compared with Whites, African Americans
have much higher rates and earlier onset of diabetes and
hypertension and exhibit greater rates of diabetic and hyper-
tensive complications such as CKD, stroke, and heart disease
[19]. In spite of the effectiveness of the control of serum
glucose and blood pressure levels to mitigate the progression
of diabetic nephropathy [20], the overall blood pressure
control remains unacceptably low ranging from 50% in the
USA [21] to about 64% in Canada [22]. The pathologic
synergy of hypertension with diabetes as well as the higher
rate of hypertension and the lower rate of blood pressure
control may contribute to the more rapid progression of
CKD to ESRD amongst African Americans. Given the high
prevalence of hypertension, particular attention to its control
is paramount for preventing CKD initiation and progression
(Figure 1).

Although the pathophysiologic basis for the variation
in the progression of CKD to ESRD across populations is
probably multifactorial and currently poorly understood,
it is becoming increasingly apparent that gene-based dif-
ferences in disease profile [23] may contribute to the
disproportionate burden of CKD across populations. A few
rare kidney diseases exhibit monogenic abnormalities with
Mendelian patterns of inheritance but genetic variations are
becoming increasingly associated with an increased risk of
developing common kidney diseases in population-based
genetic studies. Genome-wide admixture mapping studies
have recently revealed variations in the regions of MYH9 and
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Figure 1: Algorithm for a comprehensive approach to hypertension control in disadvantaged persons with chronic kidney disease (CKD).
SBP; systolic blood pressure; DBP; diastolic blood pressure; BB; beta blocker; ACEI; angiotensin converting enzyme inhibitor; ARB;
angiotensin receptor blocker; CV; cardiovascular; CCB; calcium channel blocker; eGFR; estimated glomerular filtration rate. Adapted from
Martins et al. [27].

APOL 1 on chromosome 22 that protect against a lethal form
of African sleeping sickness but are highly associated with an
increased risk of nondiabetic CKD [24] and may explain as
much as 70% of the differences in the rates of ESRD between
US Whites and African Americans [25]. In addition, genetic
differences have been known to modulate ethnic responses
to therapeutic agents and may contribute to differences in
CKD outcomes across racial and ethnic lines [26]. The
understanding of the epidemiologic, genetic, and socio-
cultural nuances of CKD among disadvantaged populations
worldwide will facilitate the development of appropriate
treatment strategies that will optimize the clinical outcomes
in these vulnerable populations.

3. Evaluation and Treatment

The earliest stage of CKD is characterized by the presence
of microalbuminuria and a normal eGFR. This subtle man-
ifestation of CKD has been associated with a 25- to 40-fold
increase in the risk for ESRD and carries comparable risks of
developing CV disease and ESRD as stage 3 CKD [28]. In an
analysis of persons with optimal and high-normal BP, there
was no significant difference in the risk of microalbuminuria
among Whites, but a trend toward increased risk of microal-
buminuria among Mexican Americans (OR 1.16; CI 0.90–
1.51), and a significantly increased risk of microalbuminuria
among African Americans (OR 1.30; CI 1.04–1.64) was
observed [29]. The greater risk of proteinuria exhibited by

Table 2: Cardiovascular disease risk factors associated with CKD
progression.

Modifiable

High blood pressure

Dyslipidemia (e.g., elevated LDL, decreased HDL)

Diabetes mellitus

Smoking

Overweight and obesity

Atherosclerosis

Coronary artery disease

Congestive heart failure

Unmodifiable

Age (≥ 65 years)

Family history of premature CVD

Male gender

Menopause

US racial ethnic minority status (African Americans,
American Indians, and Asian Americans)

Data from [7].

African Americans at any given level of increased BP may
contribute in part to the nearly fivefold greater increase in
the overall incidence of hypertension-related ESRD among
African Americans compared to Whites, as well as the more
than 15 times greater rates of hypertension-related ESRD for



4 International Journal of Nephrology

Table 3: Life style modifications for cardiovascular risk reduction.

Goals Lifestyle Modifications

Weight loss
Lose weight gradually by making permanent changes in daily diet for the entire family.
Initiate a 10 kcal per pound of body weight per day diet.
Set a reasonable weight loss goal (1-2 lb/week for first 3–6 months).

Dietary goals:
Low fat
Low sodium
High potassium
High calcium

Eat more broiled and steamed foods.
Eat more grains, fresh fruits, and vegetables.
Eat fewer fats and use healthier fats, such as olive oil.
Eat fewer processed foods, fast foods, and fried foods.
Read labels and pay attention to the sodium salt and fat content of foods.
Do not season foods with smoked meats, such as bacon and ham hocks.
If lactose intolerant, try lactose-free milk or yogurt, or drink calcium-fortified juices, or soy milk.

Physical fitness
Increase physical activity as part of the daily routine: e.g., if currently sedentary, get off the bus 6
blocks from home or walk in the evening with spouse, friend or group.
Gradually increase time spent at an enjoyable physical activity to 30–45 minutes 3–5 days/week.

Stress management
Learn stress reduction techniques and coping skills for specific stressors in the work and/or home
environment. Meditation, Relaxation, Yoga, Biofeedback, others.

Smoking cessation Stop smoking and advocate for a smoke-free environment

Alcohol moderation Drink no more than 2 beers, 1 glass of wine, or 1 shot of hard liquor per day (50% less for women).

Adapted from Martins DS and Norris KC. Hypertension treatment in African-American: Physiology is less important than sociology. Cleveland Clinic Journal
of Medicine. 2004; 71(9) 735-743.

young African-American men between the ages of 20 and 44
compared to their White counterparts [30].

Cardiovascular risk factors (Table 2) and the presence
of CV disease accelerate the progression of CKD and
confer additional risk of mortality [31]. Conversely, all
stages of CKD are associated with an increased risk for
CV death and complications [32]. A substantial portion of
the etiologic suppositions and therapeutic strategy in disad-
vantaged populations revolve around the important role of
the rennin-angiotensin system (RAS) in the modulation of
hypertension and the mediation of the hypertension-related
complications. The documented role of RAS as a facilitator
of the progression of CKD engendered the expectation of an
attenuated risk of hypertension-related end-organ damage
in populations with low-renin hypertension. But contrary to
this expectation, many African Americans with high rates of
sodium sensitivity and low plasma renin levels experience
more severe hypertension-related end-organ complications
such as proteinuria and cardiorenal disease [33]. The disso-
ciation of the circulating RAS from the intrarenal RAS has
been suggested as a probable mechanism for this unusual
experience based on the observation that upregulation of the
intrarenal RAS accompany renal interstitial inflammation
and oxidative stress in the kidneys and cardiovascular
tissues of salt-sensitive rats fed a high-salt diet [34]. Despite
the low circulating renin level, RAS blockade reversed
endothelial dysfunction, attenuated proteinuria, and reduced
renal injury independent of blood pressure changes in
animal models [35], making RAS inhibition a rational
therapeutic strategic option for low renin hypertension in
CKD, particularly in African Americans with CKD where
local RAS upregulation in the kidney could exacerbate both
diabetic and hypertensive CKD [27].

The effectiveness of this therapeutic strategy has been
demonstrated in the large prospective African Ameri-
can Study of Kidney Disease and Hypertension (AASK)

that examined the effects of two levels of blood-pressure
control (standard: ∼135–140/85–90 mmHg and intensive:
≤120/80 mmHg) and three classes of initial antihypertensive
therapy (Angiotensin Converting Enzyme [ACE] inhibitor,
beta blocker or calcium channel blocker) on the progres-
sion and outcomes of hypertensive renal disease, excluding
individuals with substantial proteinuria (>2.5 g per day),
diabetes, or other causes of CKD and established that the
development of ESRD, doubling of serum creatinine, or
death was less frequent in the ACE inhibitor group than
in the beta-blocker or calcium-channel-blocker groups [36].
Although there was no difference in the progression of CKD
between the blood pressure level groups in the original study,
a subsequent follow-up study demonstrated a potential
benefit of blood pressure less than 130/80 mmHg among the
participants with protein to creatinine excretion ratio greater
than 0.22 (hazard ratio, 0.73; P = 0.01) at baseline [37].

4. Secondary Prevention

The prevention of CKD has to be part of a comprehensive CV
disease prevention strategy to be affordable and cost-effective
particularly among disadvantaged populations. Many of the
risk factors for CV disease are behavioral and modifiable
(Table 3). The identification and communication of the risk
attributable to health beliefs and behaviors within the con-
text of overall CV disease burden and risk for CKD should
engage and encourage the patient to be proactive in risk
reduction strategies. The inclusion of additional culturally
appropriate healthcare professionals (e.g., a dietitian, phar-
macist, and social worker) and/or family members can be an
effective strategy to facilitate communication and reinforce
recommended therapeutic lifestyle changes. The KDOQI
Clinical Practice Guidelines on Hypertension and Antihy-
pertensive Agents in Chronic Kidney Disease recommend
initial antihypertensive therapy with an ACE inhibitor or an
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Angiotensin Receptor Blocker (ARB) for patients with CKD,
regardless of ethnicity recognizing that many will require
combination therapy with a diuretic [38]. The evaluation
of response to therapy should include not only checking
that blood pressure is less than the recommended target of
130/80 mmHg but assessing complications and monitoring
the change in the level of proteinuria, which is a powerful
predictor of progression of hypertensive kidney disease in
all patients at any given eGFR in all patients [39]. While
the cost effectiveness of screening the general population
with microalbuminuria is debatable, it is generally accepted
as reasonable to target individuals with cardiovascular risk
factors for CKD screening using microalbuminuria.

5. Conclusion

The management of CKD in disadvantaged populations
requires a comprehensive approach and a detailed atten-
tion to the prevailing socioeconomic and cultural factors
that often militate against optimum clinical outcomes in
these vulnerable persons. Lessons learned from racial/ethnic
minorities and socioeconomically disadvantaged persons in
the USA may provide insights into the care of similar
populations globally. It is our recommendation that the
initial evaluation of patients with CKD be broad enough to
uncover nontraditional risk factors for CKD and include a
comprehensive cardiovascular assessment. We reiterate that
the initial therapy for treating hypertension and/or protein-
uria in all patients with CKD comprise RAS inhibition with
diuretic, because this combination appears most effective
to achieve BP control and to confer additional cardiorenal
protection beyond that offered by blood-pressure control
alone. However, the overall treatment decision should be
guided by individual response, coexisting risk factors and
potential cultural/socioeconomic considerations such as
cost of medications and insurance coverage, which affect
adherence to both pharmacologic and nonpharmacologic
interventions.
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