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Abstract: A total sample size consists of 150 Diabetic male patients have been investigated by ultrasound system General Electric
using gray-scale B-mode imaging with curvilinear transducer 3 MHz to assess the impact of diabetes in kidney morphology and it is
distribution in Sudan. The collected data were the patient age, height, weight, kidneys size, ultrasound findings of involved kidneys, and
duration of diabetes and residence region. The analyzed data showed that: the diabetes has been as endemic disease in central Sudan
(Khartoum & Jazeera) representing 55% and in the west of Sudan representing 38%. The BMI of diabetic patients have been
significantly (R?=0.6) decreasing following aging. The kidney size increases significantly as R*= 0.75 and 0.6 for left and right kidney
respectively and their correlation fitted in the following equations: y = 3.95x + 27.26 and y = 2.41x + 35.12 for the left and right kidney
respectively. The impact of duration was a reduction in size significantly as R?= 0.61 and 0.55 with a correlation fitted in the following
equations: y = -2.22x + 139.9 and y = -1.51x + 96.59 for the left and right kidney respectively. The mean kidney length was enlarged
(14.5 cm) and enlarged renal cortex in the range of 2-2.3 cm, enlarged Kidneys size were 92.4 + 11.7 and 121 + 17.1 for the right and left
kidney respectively and atrophied medulla while in late case the kidney is more echogenic, atrophied size with loss of corticomedullary

differentiation.
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1. Introduction

Diabetes mellitus is a syndrome of impaired carbohydrates,
fat and protein metabolism caused by either lack of insulin
secretion or decreased sensitivity of the tissue to insulin.
There are two general typed of diabetes mellitus; typel
diabetes, also called Non-Insulin Dependent Diabetes
Mellitus (NIDDM), is caused by lack of insulin secretion
and diabetes type 2, also called Insulin Dependent Diabetes
Mellitus (IDDM), is caused be decreased sensitivity of target
tissue to metabolic effect of insulin. This reduced sensitivity
to insulin is called insulin resistance. In both types of
diabetes mellitus, metabolism of all foodstuffs is altered.
Basic effect of insulin lack or insulin resistance on glucose
metabolism is to prevent the efficient uptake and utilization
of glucose by most cells of the body, except those of the
brain. As a result, blood glucose concentration increases, cell
utilization of glucose falls increasingly lower, and utilization
of fats and proteins increases [1]. Also the chronic
hyperglycemia of diabetes is associated with long-term
damage, dysfunction, and failure of different organs,
especially the eyes, kidneys, nerves, heart and blood vessels
[2]. About 347 million people worldwide have diabetes [3].
In 2004, an estimated 3.4 million people died from
consequences of high fasting blood sugar [4]. More than
80% of diabetes deaths occur in low- and middle-income
countries [5], and the amazing foresee future is the state of
WHO projects that expecting diabetes will be the 7th leading
cause of death in 2030 [6]. Also the Diabetes increases the
risk of heart disease and stroke, 50% of people with diabetes
die of cardiovascular disease (primarily heart disease and
stroke [7]. It could be combined with reduced blood flow;
neuropathy, in the foot increases the chance of foot ulcers,

infection and eventual need for limb amputation. Moreover a
Diabetic retinopathy is an important cause of blindness, and
occurs as a result of long-term accumulated damage to the
small blood vessels in the retina and about one percent of
global blindness can be attributed to diabetes [8], as well it
could lead to kidney failure [6] and consider as the overall
risk of dying among people with diabetes relative to healthy
ones [9]. Also it has been one of the most common non-
communicable diseases globally and represents the fourth or
fifth leading cause of death in most high-income countries
and there is substantial evidence that it is epidemic in many
low and middle income countries. The consequences of
diabetes such as coronary artery and peripheral vascular
disease, stroke, diabetic neuropathy, amputations, renal
failure, reduced life expectancy and enormous health costs
for virtually every society have been increasing notable [1].

An increase in body fat is generally associated with an
increase in risk of metabolic diseases such as type 2 diabetes
mellitus, hypertension and dyslipidaemia [10]. Body mass
index (BMI) criteria are currently the primary focus in
obesity treatment recommendations, with different treatment
cutoff points based upon the presence or absence of obesity-
related comorbid disease [10].

Renal length and volume measurements are clinically
relevant, serving as surrogates for renal functional reserve,
and are used frequently as the basis for making clinical
decisions. Serial measurements also can provide information
regarding disease progression or stability. A number of
reports have described ultrasonography measurement of
renal length and volume in the healthy Western population,
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[11, 12], but there are scant data regarding MR measurement
of renal dimensions in adults.

60 .
The kidney size of a patient is a valuable diagnostic ®
parameter in urological and nephrologic practice, while the 2 907 55
leading anatomy text describes the adult kidney as 12 cm E 40 S—
long, 6 cm wide and 3 cm deep [13], further review of the = 28
literature shows that the renal size varies with age, gender, % 30 7
body mass index, pregnancy and comorbid conditions. Renal & g |
size may be an indicator for the loss of kidney mass and g -
therefore, kidney function [14, 15]. It is valuable in £ 10 4 3
monitoring unilateral kidney disease through comparison E - __.,—6—87
with the other, compensatory increased side [16]. As well, an o ‘ ‘ ‘ '
increased BMI (25 kg/m?) has been associated with West Cent North  South
increased prevalence of diabetes mellitus, hypertension and Sudan Sudan Sudan — Sudan
dyslipidaemia [10]. The impact of diabetes in renal system Sudan Regions

also could be appeared as a change in cortical echogenesity Figure 1: Shows the sample of diabetes distribution in the
and thickness in case of diabetic nephropathy relative to regions of Sudan in 2010

normal ones that have been mentioned by Benjamin et al,
[17] in which they found that: the kidney lengths were 12.4
+0.9 cm for men and 11.6+ 1.1 cm for women, and kidney

volumes were 202 = 36 ml for men and 154 = 33 ml for

women.
oo 4 i V=-0.327X + 38.16
4 R2 = 0.624

2. Method ~ 0 oo 0.624
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A total sample size consists of 150 Diabetic male patients £ 257

have been investigated by ultrasound system General ff

Electric. The examinations were done using gray-scale B- = 20 o

mode imaging with curvilinear transducer 3 MHz for the =

patients who have been referred for renal system scanning. 15 1

Their average ages were 46.9+ 8.8 years old. The aim of
selecting this sample was to assess the distribution of ‘o . . . . . .
diabetes in Sudanese male and the impact of diabetes in renal

morphology. The scanning was performed from posterior- 33 38 4 48 5B 58 63
lateral direction for obese patient and anterio-lateral Age in years

direction for thin patients. The collected data was: patient
age, height, weight, kidneys size, ultrasound findings of
involved kidneys, duration of diabetes and residence region.

Figure 2: shows the correlation between age in yeas and
BMI in (Kg/m?)

The kidneys sizes were calculated from the multiplication of
width and length. Then the collected data has been analyzed 180 -
in form of bar% and correlation of scatter plot. 160 | Y7 398X+ 2726
140
3. Results 120
% 100 -
The following results shows the analysis of diabetic impact = g0 -
on renal morphology in Sudanese sample and the regional 2 4
distribution of diabetes in Sudan, as Figure (1) shows the g 40 4 y= 2411543512 P —
sample of diabetes distribution in the regions of Sudan 2 a R: = 0.600 e Votmme L E
during 2010, Figure (2) shows the correlation between age in 0 . .
yeas and BMI in (Kg/m?), Figure (3) shows the correlation 15 0 he 20 .5
between BMI in (Kg/m?) and kidney size in cm, Figure (4) ’ - BM;'('I- o
. . . . Kg/m?)
shows the correlation between duration in years and kidney
size in cm and Figure (5) shows the sonographic appearance Figure 3: shows the correlation between BMI in (Kg/m?)
of diabetes impact in renal morphology. and kidney size in cm
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Figure 4: shows the correlation between duration in years
and kidney size in cm

Figure 5: shows the sonographic appearance of diabetes
impact in renal morphology i.e. (a) cortex enlargement and
atrophied medulla and the renal enlargement greater than
14.5 cm, (b) late case in which the kidney is more echogenic
with loss of cortico-medullary differentiation, the patient

requiring dialysis or kidney transplantation.
4. Discussion

Figure 1 shows the sample of diabetes distribution in the
regions of Sudan in 2010. It reveals that: the most endemic
sector was the central of Sudan taking a 55% relative to
other sectors, such high incidence could be ascribed to:
intake of high unrefined carbohydrates and fat, populated
sector and lifestyle.. Also the frequency has been observed
highly in Western of Sudan taking a 38% which could be
ascribed to ongoing economic deterioration in Western
Sudan, the difficulties faced by people in accessing modern
health facilities and the shortage of anti-diabetes drugs
further reinforce the role of traditional systems of healing
[18] .

Figure 2 shows the correlation between age in yeas and BMI
in (Kg/m?), it reveals that the BMI decreases in a linear form
following the aging among diabetic patients and its relation
could be fitted in the following equations: y = -0.33x + 38.16
, Where y refers to BMI and x refers to age in years. Such
correlation is significant as R? = 0.6, the decreasing
phenomena could be ascribed to the decreasing of function
which in turn influenced by a reduction in nitric oxide
production (a potent vasodilator) in tissues [19]. In addition,
there is a reduction in beta adrenergic receptor sensitivity
associated with the aging process [20] which in turn
reducing the ability of the sympathetic nervous system to
respond to stress [21]; however this result is reversed to

normal relation between BMI and aging as mention by
Forbes et al, [22]. Also failure to use glucose for energy
leads to increased utilization and decreased storage of
proteins as well as fats. There for a person with untreated
diabetes mellitus suffers rapid weight loss and asthenia (lack
of energy) despite eating large amounts of food
(polyphagia).  Without treatment, these  metabolic
abnormalities can cause severe wasting of the body tissues
and death within a few weeks [1].

Figure 3 shows the correlation between BMI in (Kg/m?) and
kidney size in cm, it shows that: the Kidneys size increases
following the BMI increment among diabetic patients in a
form of linear relationship fitted in equations: y = 3.95x +
27.26 and y = 2.41x + 35.12 for the left and right kidney
respectively, such correlation is so significant as R* = 0.75
and 0.60 respectively. Same correlation has been obtained by
Raza et al, [23]. The study also reveals that: the left kidney is
bigger than the right one as mentioned by Odita and
Ugbodaga, [24] and Mario et al, [25]. The increment of
kidneys size or hypertrophy could be ascribed to sort of
physiological compensation to meet the high filtrated
components from the blood stream.

Figure 4 shows the correlation between duration of diabetes
in years and kidney size in cm. it reveals that the kidneys
size has been decreases following the duration of the disease
(diabetes) in a linear form fitted in equations: y = -2.22x +
139.3 and y = -1.51x + 96.59 for the left and right kidney
respectively with significant correlation as R?> = 0.61 and
0.55 respectively. However the renal hypertrophy has been
observed during the early stage only and gradual reduction
in size following the long duration. In this realm, Inomata,
[26] and Vincent et al, [27], stated that: in humans diabetic;
renal hypertrophy can persist for several years despite good
glucose control; which could be ascribed to the
compensation of the kidney to clear threefold incidence of
micro-albumin urea and almost threefold faster decline in
GFR during the 9 years [28]. Other investigators have
related an increase in Kkidney size with an increased
glomerular filtration rate in early stage diabetes mellitus
while size shrinking occur in late stages which is consider as
a main mark for renal failure.

Figure 5: shows the sonographic appearance of diabetes
impact in renal morphology. In which the mean kidney
length was 14.5 cm, an enlarged renal cortex in the range of
2-2.3 cm and atrophied medulla (a), and (b) late case in
which the kidney is more echogenic with loss of
corticomedullary differentiation, the patient requiring
dialysis or kidney transplantation. Also the mean renal
enlarged size was 92.4 + 11.7 and 121 + 17.1 for the right
and left kidney respectively. Such results are relative to
common normal cases that showed a renal cortex thickness
of 1.0 — 1.6 cm and a kidney length of 9.2 — 10.8 cm as
mentioned by Adibi, et al, [29] and Michael et al, [30] who
found that: the mean cortical thickness was 5.9 mm (range,
3.2-11.0 mm) and the mean kidney length was 10 cm (7.2—
12.4 cm).

5. Conclusions
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The ultrasound scanning has been as best choice for
abdominal diagnosis and diseases assessment, hence it
reveals that: the diabetes has direct impact in kidney
morphology in view of renal volume enlargement and
cortical thickening in early stage then atrophied and became
echogenic in late stage. Also there is significant correlation
between kidney size and the BMI and diabetic duration.
Such finding could be utilized successfully to assess the
diabetes severity and stage as well as to determine the
treatment model.
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