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ABSTRACT

Background: Loss of corticomedullary differentiation (CMD) is a significant manifestation of renal parenchy-
mal disease and has been evaluated in clinical and non-clinical settings. However, little is known regarding its
prevalence and its predictors in the community. Demographic and epidemiological studies have shown aetiolog-
ic associations that also contribute to the rate of kidney disease progression and its outcome.

Methods: We conducted a community-based study on the prevalence, risk factors, and determinants of loss of
CMD in Ejigbo. Ethical approval was obtained from the ethical committee, and consent was received from all
participants. Anthropometry, blood pressure, and other clinical variables were also measured. Blood samples
were collected for serum creatinine, electrolytes, urea, uric acid, and lipids. A kidney ultrasound was performed.
Statistical analysis was performed using SPSS version 20.

Results: The prevalence of loss of CMD was 4.3% in the study population. The male-to-female ratio was 5:2.
Those with loss of CMD were taller, had smaller waist and hip circumferences, lower BMI, lower systolic blood
pressure, and pulse pressures. The prevalence of obesity was 25.4%, but no obese participant had loss of CMD.
Male gender and height correlated positively, while pulse pressure, BMI, waist, and hip circumferences correlat-
ed negatively with loss of CMD. The pulse pressure, BMI, total cholesterol, and male gender were independent
determinants of loss of CMD.

Conclusion: Men have an unduly high risk of developing loss of CMD. Overweight and obesity may be associ-
ated with a lower likelihood of loss of CMD in the general population.

Keywords: loss of corticomedullary differentiation, obesity, systolic blood pressure, body mass index, pulse
pressure, cholesterol
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1.0 INTRODUCTION

Loss of corticomedullary differentiation (CMD) is the
inability to distinguish between the kidney cortex and
medulla on diagnostic imaging such as ultrasound, and it
represents histological damage to the kidneys in acute
and chronic kidney conditions [1]. This damage could be
to the interstitial, vascular, and tubular structures of the
kidneys, and loss of CMD has been shown to correlate
with tubular atrophy and interstitial fibrosis in patients
with chronic kidney disease [1]. Kidney volume has also
been shown to generally reduce progressively in adults
with age, and the shrinking process accelerates in those
with chronic kidney disease [2]. People with suspected
kidney disease have shown a linear correlation of their
kidney ultrasound findings with their estimated glomeru-
lar filtration rates (eGFR) [3]. However, there is a paucity
of studies demonstrating the relationship between kidney
ultrasound characteristics and eGFR, as well as the deter-
minants of loss of CMD in the general population. We
therefore decided to evaluate the ultrasonographic kidney
characteristics of adults in a semi-urban community in
Southwestern Nigeria, to determine the prevalence of loss
of CMD, and correlate anthropometric, clinical, and la-
boratory variables with loss of CMD.

2.0 METHODOLOGY

This descriptive cross-sectional study was conducted at
Ejigbo, a semi-urban community in South-West Nigeria.
All participants who volunteered and presented for ab-
dominal ultrasonography were recruited into the study.
The study was done from August 2019 to September
2019. Using the Cochran formula, a minimum sample
size of 110 people was estimated for the study. The prev-
alence of loss of corticomedullary differentiation (21.4%)
in a previous study was used [3]. Power was set at 90%,
and a non-response rate of 10% was envisaged among the
participants and corrected for.

The study population was made up of people in the com-
munity. Participants 18 years and older, who gave in-
formed consent, were included in the study. Females who
were pregnant, persons with transplanted kidneys, soli-
tary kidneys, autosomal dominant polycystic kidney dis-
ease (ADPKD), and hydronephrosis were excluded from
the study.

2.1 Ethical Approval

The ethical approval was obtained from the Bowen Uni-

392

versity Teaching Hospital ethical review board. All par-
ticipants provided written informed consent before their
inclusion in the study. All guidelines per Helsinki's dec-
laration and good clinical practice guidelines were fol-
lowed.

2.2 Participant Assessment

Participant information was obtained using a standard
proforma containing questions on the demographic, socio
-economic status, and habits of the participants by the
investigators. High blood pressure was defined according
to the Seventh Joint National Committee guideline on
high blood pressure: A systolic blood pressure SBP> 140
mmHg and/or a diastolic blood pressure (DBP)> 90
mmHg or participants on anti-hypertensive medication
[4]. According to standard recommendations, blood pres-
sure (BP) was taken using sphygmomanometers with ap-
propriate cuff sizes [5]. Three BP readings were taken at
two-minute intervals, and the average reading was calcu-
lated. The average reading was used for statistical analy-
sis.

Neck circumference was measured with a non-stretchable
plastic tape to the nearest 0.1cm. Waist and hip circum-
ference were measured according to standard recommen-
dations [6]. Each participant had their weight (kg) meas-
ured using a standard hospital weighing scale. Partici-
pants were in light clothing without shoes and head co-
vers. Height in metres was measured against a graduated
height scale (stadiometer) with participants in an erect
position and unshod. The height was in metres (m). Body
mass index (BMI) was calculated from the weight and
height as follows: BMI = weight (kg)/Height’ (m?). Ve-
nous blood was collected for laboratory analysis of lipid
profile, packed cell volume, electrolytes, urea, creatinine,
uric acid, and random blood glucose. As regards dyslipi-
daemia, defining cut-off points were derived from the
American Heart Association recommendations as fol-
lows: Total cholesterol >5.2mmol/L, Triglycerides
>1.7mmol/L, Low-density lipoprotein >3.4mmol/L, and
High-density lipoprotein <0.9mmol/L [7]. Biochemical
analysis was done for blood glucose, serum urea, uric
acid, and serum creatinine with standard protocols. The
eGFR was calculated using the equation from the CKD-
EPI [8]. The 10-year cardiovascular risk was calculated
by Framingham’s 2008 cardiovascular risk score tool[9].

2.3 Renal Ultrasonography

A Consultant Radiologist did a kidney ultrasound scan
for participants using a mobile Carewell Healthcare ultra-
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sound machine (Carewell Healthcare, 2015, India),
equipped with a 3.5-megahertz convex probe.

Renal parenchymal status was determined using echo tex-
ture and size. Loss of corticomedullary differentiation
was defined sonographically as the state wherein the renal
medulla and cortex can no longer be seen as different
structures by an experienced sonographer.

The renal cortex was denoted as the area between the re-
nal capsule and the base of the pyramids (medulla), and it
appears as hypoechoic or isoechoic compared to the liver
(on the right) or the spleen (on the left) [1]. The renal me-
dulla was denoted as hypoechoic triangular structures be-
tween the cortex and the central echogenic sinus [1]. The
CMD was seen as the contrast between the echogenicity
of the cortex and the medulla [1]. Usually seen with a cor-
tex which is less echogenic than the liver/spleen and me-
dulla, which is hypoechoic, and is lost when this distinc-
tion is not seen [ 1].

The longitudinal diameter, width, and thickness of both
kidneys were assessed. Kidney volume was calculated
using the ellipsoid formula [10]:

Kidnevvolume = (=L =W =T) /6

L- longitudinal diameter, W- width diameter, and T-
Thickness diameter.

Body surface area (BSA) in metres® was calculated using
the DuBois formula [11]:

2.4 Data Management and Analysis

All data obtained were entered into a standard proforma.
Continuous variables were expressed as mean =+ standard
deviation [SD] while categorical variables were expressed
as count (percentages). Data analysis was done using the
IBM SPSS Statistics for Windows, Version 20.0.

The Shapiro-Wilks test was used to assess the normality
of the distribution of variables.

The means of continuous variables were compared using
the Student’s T-test for independent groups. For categori-
cal variables, Chi-square and/or Fisher’s exact test were
applied to test the equality of distributions between the
two groups. The demographic, anthropometric, and labor-
atory characteristics of participants were evaluated be-
tween those with and without loss of corticomedullary
differentiation using the independent T-test.

Pearson’s correlational analysis was done to determine
the relationship between these variables and outcomes of
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loss of corticomedullary differentiation. Variables that
correlated significantly were entered into a model to eval-
uate for independent determinants of loss of corticome-
dullary differentiation using binary logistic regression. A
two-tailed p-value of less than or equal to 0.05 was said to
be significant.

3.0 RESULTS

Two hundred and fifty-seven participants were presented
for the study, but only 188 participants had complete data
that were analysed. Eight people (4.3%) had a loss of
CMD, with men having a significantly higher burden of
loss of corticomedullary differentiation than women.
Those with loss of CMD also have lower BMI (p=0.018),
lower blood pressures (p=0.009), lower waist (p=0.038),
and hip circumferences (p=0.013). Those with hyperten-
sion had significantly less loss of CMD than those with-
out it (p=0.048). However, Diabetes mellitus was not dif-
ferent from those with and without loss of CMD
(p=0.564). Other details are seen in Table 1.

Table 1. Demographic and anthropometric variables in people in the Ejigbo

community with and without loss of corticomedullary differentiation

Variables Loss of Cortico- Preserved Cortico- p
medullary Differ-  medullary Differ- value
entiation (N=7) entiation (N=180)

Age 55.14+15.5 59.6+16.3 0.476

Sex: Male 5(71.4%) 51(28.2%) 0.026

Female 2(28.6%) 130(71.8%)

Weight 59.4+10.7 68.7+15.1 0.106

Height 166.9+6.5 159+8.9 0.022

Waist circumference 79.1+£8 88.9+12.3 0.038

Hip circumference 88.8+5.5 100.1£11.8 0.013

Body surface area 1.66+0.14 1.70£0.19 0.549

BMI(kg/m?) 21.3£3.5 27.3+6.6 0.018

WHR 0.89+0.05 0.89+0.08 0.993

Neck circumference 34.4+4.2 35.443.6 0.610

Systolic BP 112.9+12.1 134.9421.9 0.009

Diastolic BP 72.4+14.4 81+13.5 0.101

Pulse pressure 40.5+6.7 53.8+15.8 0.028

(mmHg)
BMI: Body mass index, WHR: Waist-hip ratio, BP: Blood pressure

The kidney dimensions were smaller in females than in
males in every domain assessed.

The left kidney was also larger than the right kidney, ex-
cept for the transverse diameter.

The length of the kidneys correlated positively with
eGFR, while the female sex correlated inversely with loss
of CMD. The kidney dimensions did not correlate with
the loss of CMD. Univariate analysis revealed that sex,
total cholesterol, height, BMI, systolic blood pressure,
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pulse pressure, and waist and hip circumference were
determinants of loss of CMD.

Table 2. Laboratory, electrocardiographic, and ultrasonographic variables

in those with loss of and preserved corticomedullary differentiation

Variables Loss of Cortico-  Preserved Cor- p
medullary Dif- ticomedullary value
ferentiation Differentiation
(N=7) (N=180)

Packed cell vol- 38.7+4.9 39.1£3.9 0.836

ume*

Serum Urea* 3.9+0.9 3.3+14 0.161

Serum Creatinine* 106.6+36.7 92.7+£29 0.358

Serum Uric acid* 0.47+0.3 0.36+0.41 0.425

Random blood 5.6£1.2 5.7£1.8 0.791

glucose*

Total cholesterol* 44412 5.2+1.8 0.101

Triglycerides* 1.02+0.7 1.09+0.8 0.813

HDL-cholesterol 1.5+0.4 1.6£0.7 0.763

LDL-cholesterol 2.3+1.2 3.1£1.5 0.173

Right kidney vol- 99.9+17.6 102.2+31.2 0.775

ume(cm®)

Left kidney volume  94.7+18 108.7£37.6 0.121

(cm’)

Liver span(cm) 146.6+£14.4 144.8+14.7 0.775

QTec 442.8+54.9 417.1+£38.9 0.151

SvitRys 2.8+1.8 3+1 0.597

Rav+Svs 1.93+1.2 1.49+0.7 0.198

R;+Si 1.241.1 1.2+0.7 0.954

PR interval 157+14.5 166.7+25.2 0.395

* Not normally distributed, HDL: high-density lipoprotein, LDL: low-
density lipoprotein, QT.: corrected QT

Table 3. Correlation of demographic and anthropometric variables with

loss of corticomedullary differentiation

Variables Correlation coefficient  p-value
Sex -0.179* 0.014
Age -0.040 0.586
Total cholesterol -0.127 0.116
LDL cholesterol -0.111 0.170
Heart rate -0.035 0.638
Height 0.171* 0.022
Body Mass Index -0.176* 0.018
Systolic BP -0.191* 0.009
Diastolic BP -0.121 0.101
Pulse pressure -0.162%* 0.028
Waist circumference -0.156* 0.038
Hip circumference -0.185* 0.013

* Statistically significant, LDL: Low-density lipoprotein, BP: Blood pressure

Table 4. Binary logistic regression showing the determinants of loss of

corticomedullary differentiation in the Ejigbo community

Variable Odd p value Confidence
Ratio interval
Waist circumference(cm) 1.155 0.193 0.930-1.434
Pulse pressure(mmHg) 0.864 0.014 0.769-0.971
Total cholesterol (mmol/L) 0.445 0.112 0.164-1.207
Body Mass Index (kg/mz) 0.553 0.025 0.330-0.928
Male gender 17.9 0.019 1.608-199.418

R2-Cox and Snell: 0.165; Nagelkerke: 0.509

In Table 2, the analysis of laboratory, electrocardiograph-
ic, and ultrasonographic variables in those with loss of
CMD compared to those with preserved CMD showed no
statistically significant difference. Univariate correlation
of demographic and anthropometric variables with loss of

CMD is shown in Table 3, with height, BMI, systolic
blood pressure, pulse pressure, waist and hip circumfer-
ence seen to be statistically significant. In the multivari-
ate analysis, the pulse pressure, total cholesterol, BMI,
and the male gender emerged as the independent predic-
tors of loss of CMD. Details are seen in Table 4.

4.0 DISCUSSION

Clinical findings such as obesity and anthropometry
measurement, kidney biopsy histological findings such as
glomerulosclerosis, tubular atrophy, interstitial infiltrates,
and fibrosis are known to correlate with an increase in
renal cortical echogenicity that heralds loss of corticome-
dullary differentiation [1,12]. Obesity is known to cause
glomerular hyperfiltration, glomerulomegaly, and, chron-
ically, has been known to be associated with glomerulo-
sclerosis [13]. Leptin levels are elevated in some obese
individuals with selective leptin resistance, stimulating
glomerular endothelial cell proliferation, transforming
growth factor-B1, and type IV collagen production [14].
However, Leptin also inhibits obesity [ 15]. Theoretically,
therefore, obesity, especially in those with hyperleptinae-
mia and associated leptin resistance, could predispose to
loss of CMD. However, in this study, those with loss of
CMD had lower BMI than those who did not. The preva-
lence of obesity was 25.4% in this study, of which none
had a loss of CMD. Findings from this study suggest that
being overweight or obese confers some protection from
loss of CMD. This may be another face of the obesity
paradox, wherein obese and overweight participants with
acute and chronic kidney disease have better survival
rates than non-obese participants [16, 17]. There have
been arguments that the lack of a holistic assessment of
the cardiovascular risk of both obese and their control
groups is responsible for these findings. However, studies
across various continents have reported the same find-
ings, having controlled for the presence of common car-
diovascular risk factors [17, 18]. In our study, hyperten-
sion and total cholesterol levels were higher in those with
preserved corticomedullary differentiation. None of the
people with loss of CMD had the metabolic syndrome.
This brings up the concept of metabolically healthy obe-
sity versus metabolically unhealthy obesity.

Panwar et al. [19] were able to show that obese partici-
pants without metabolic syndrome were at less risk of
developing kidney failure than those overweight or obese
with metabolic syndrome [19]. However, most of these
studies looked only at CKD as defined by eGFR but did
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not consider loss of CMD.

The cardiovascular vascular risk (as calculated by the
Framingham cardiovascular risk calculator) was higher
in those without loss of CMD, which may suggest that
the constellation of cardiovascular risk factors in those
without loss of CMD has accelerated their vascular dam-
age. This should cause arteriosclerosis, and in the kid-
neys, glomerulosclerosis, which, if significant enough,
should induce inflammation and trigger interstitial fibro-
sis, leading to loss of CMD, as seen on ultrasound. How-
ever, the overall Framingham cardiovascular risk score
was not significantly different between those with and
those without loss of CMD in this study, suggesting that
inflammation may not be a decisive factor in the patho-
physiology of loss of CMD.

Also, truncal obesity has been associated with adverse
cardiovascular outcomes [20]. Truncal obesity with its
associated increased visceral adipose tissue has been pos-
tulated to increase intra-abdominal pressure, enhance
sodium reabsorption, and induce hypertension [21].
However, though waist and hip circumference were less
in those with loss of CMD, the waist-hip ratio was essen-
tially the same in this study, suggesting that truncal obe-
sity is not a factor in determining loss of CMD in the
study population.

The relationship between obesity and kidney function
(the so-called reverse epidemiology theory) is mainly
anchored on the resultant higher cardiac output leading to
glomerular hyperfiltration that can lead to nephromegaly
(mainly cortex). Even with CKD, there has to be a pro-
gression through nephromegaly through normalization of
size (a process that can take years to decades), then the
final kidney size declines. Hence, until the later stages of
the cortical sparing conditions, the kidney dimension
commonly appears out of proportion (higher than) the
functional state (GFR) [21].

Cardiac cachexia has been well described, with heart fail-
ure participants developing an asthenic build as heart
failure progresses relentlessly [22]. This has been shown
to occur without concurrent endocrine or metabolic dis-
orders. Loss of CMD leads to proteinuria with loss of
both albumin and the low molecular weight proteins
(LMWPs), which causes protein (muscle) wasting
(sarcopenia) and cachexia [23]. The participants with
loss of CMD in this study may have developed sarcope-
nia as a result of chronic kidney disease.

Men are unduly predisposed to loss of CMD, having

more than 17-fold the odds of developing loss of CMD
as compared to women in this study. Similar conclusions
were arrived at by Wang et al, who used CT scans for
evaluating the kidneys [24]. They found that men were
more than half (54%; p <0.05) of those with loss of corti-
comedullary differentiation. Shivashankara et al. [3] also
found that the ratio of men to women with suspected loss
of corticomedullary differentiation was 2.04:1 [3]. Tes-
tosterone, particularly its excess, is toxic to the renal tu-
bules as it has been found to induce chronic apoptotic
changes, and this contributes to the documented higher
prevalence of CKD in men than women [25, 26].

Women generally have a higher occurrence of chronic
kidney disease than men (as defined by estimated glo-
merular filtration rate) [27]. However, a study of various
specific nephropathies has shown that men have a faster
decline in kidney function than women [28]. Using ultra-
sonography to evaluate the kidney may have some ad-
vantage over eGFR-based techniques as the former is
unidirectional and progressive, revealing the extent of
kidney damage, which may or may not be amenable to
reno-protective and kidney replacement therapies.

The kidney has been noted to increase progressively in
size from the late second decade up to the fourth and fifth
decades of life, after which it begins to decline with fur-
ther ageing in men [2]. Anatomically, the kidneys are
smaller in women than men [2]. This was upheld by this
study. Hypertension is an established risk factor due to
chronic kidney disease [29]. However, in this study, loss
of corticomedullary differentiation appears independent
of hypertension, as only two participants had hyperten-
sion (p=0.048). This may explain why the pulse pressure
was significantly lower in those with loss of CMD. Hy-
pertension is a major risk factor for chronic kidney dis-
ease in Sub-Saharan Africa, with 16% of those with
CKD having Hypertension [30]. A meta-analysis estimat-
ed the prevalence of CKD among Hypertensives at
23.1% in 2014 [31]. However, kidney disease has several
causes, like human immunodeficiency virus and Diabetes
Mellitus, which do not have to induce hypertension be-
fore causing chronic kidney failure. Not all of the risk
factors for kidney disease were screened for in this study,
and this may have been responsible for the lower blood
pressure and pulse pressure in those with loss of cortico-
medullary differentiation. Studies have shown increased
renal echogenicity correlates with chronic kidney disease
[32, 33]. However, these studies were largely restricted
to those with chronic kidney disease already diagnosed,
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unlike this study, which is a community survey of the
general population. Renal ultrasound has also been found
to be a very useful tool in localizing the kidneys and de-
scribing their structural and perfusion characteristics.

However, as a tool, renal ultrasound has been found to
contribute less than 50% to the definitive diagnosis of
kidney diseases [34]. The lack of finesse of renal ultra-
sound in accurately diagnosing specific kidney patholo-
gies is made up for by kidney biopsy, combined with
histochemical and immunological studies. The crudeness
of renal ultrasound becomes more apparent in the late
stages of chronic kidney disease, where chronic inflam-
mation, nephrosclerosis, and extensive renal parenchy-
mal fibrosis give similar sonological patterns in various
types of kidney disorders.

The dimensions of the kidney in terms of longitudinal
length have been shown to correlate negatively with se-
rum creatinine (and positively with eGFR) in participants
with established chronic kidney disease [32, 33]. This
study also showed that the eGFR correlated positively
with the length of both kidneys and the anteroposterior
diameter of the left kidney. In other words, the longer the
kidney, the higher the eGFR.

The prevalence of loss of CMD is 4.3% in the Ejigbo
community. Men have an unusually high risk of develop-
ing a loss of CMD. There is a paradoxical lower systolic
blood pressure and pulse pressure in participants than in
those without loss of CMD in the Ejigbo community.
There is also a lower mean total cholesterol, BMI, and
smaller hip and waist circumferences in those with loss
of CMD. Though 25.6% of the participants were obese,
none of them had a loss of CMD. The male sex, total
cholesterol, BMI, and pulse pressure were the independ-
ent determinants of loss of CMD in this study. Being
overweight (and even obese) appears to protect people
from loss of CMD in the general population. This is akin
to the obesity paradox recognized among internal physi-
cians, especially regarding obesity and survival from
chronic diseases. People who are underweight and even
normal in body weight are predisposed to loss of CMD.
Therefore, people would benefit from eating a balanced
diet in adequate quantities. One would be cautious in rec-
ommending being overweight as it has its attendant risk
factors. More studies may be required to elucidate this
enigma.

Limitations of the Study

Computed Tomography scan and Magnetic Resonance

Imaging of the kidneys are superior in defining their
structural characteristics and would have improved the
quality of this study. However, both are expensive and
relatively time-consuming, and the former involves expo-
sure to high quantities of radiation.
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