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ABSTRACT

Background and Objectives: Metabolic syndrome, a complex cluster of metabolic disturbances, has become a
global health concern due to its association with increased cardiovascular risks and organ-related disorders.
Non-alcoholic fatty liver disease (NAFLD) and chronic kidney disease (CKD) are two significant conditions
closely linked to metabolic syndrome, reflecting potential shared pathophysiological mechanisms. Ultrasonogra-
phy has emerged as a vital tool for non-invasive assessment of NAFLD and CKD within the context of metabolic
syndrome. To find the sonographic association of non — alcoholic fatty liver disease with chronic kidney disease
in patients with metabolic syndrome methodology.

METHODOLOGY: This descriptive study was performed at Sharif city hospital, Lahore. Total 210 participants,
age 18-80 years comprising 107 (51%) males and 103 (49%) females were scanned. The study included CKD and
NAFLD patients having metabolic syndrome and patients having any other liver or kidney disease related to
metabolic syndrome were excluded.

RESULTS: The study revealed significant associations between diabetes and CKD, as well as between hyperten-
sion and stages of CKD. However, no significant associations were observed between diabetes and fatty liver
grading, hypertension and fatty liver grading, or obesity and stages of CKD. Similarly, no significant associations
were found between obese/non-obese status and fatty liver disease or chronic kidney disease.

CONCLUSION: In conclusion, this study contributes valuable insights into the complex interplay of metabolic
syndrome, NAFLD, and CKD. The significant associations observed highlight the need for comprehensive
assessment and management of these conditions to reduce their individual and collective burden on global health-
care systems.
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INTRODUCTION

Metabolic syndrome, a multifaceted cluster of meta-
bolic disturbances, has risen to epidemic proportions
globally, warranting significant attention from the
medical community. The syndrome's intricate inter-
play of central obesity, insulin resistance, dyslipid-
emia, and hypertension not only heighten the risk of
cardiovascular diseases but also influences the devel-
opment of specific organ-related disorders. Two such
prominent conditions are non-alcoholic fatty liver
disease (NAFLD) and chronic kidney disease (CKD),
both closely associated with metabolic syndrome,
offering a window into potential shared pathophysio-
logical mechanisms and clinical implications.

NAFLD, characterized by lipid accumulation within
hepatocytes, stands as the most prevalent chronic liver
ailment across the world [1]. Concurrently, CKD,
characterized by a gradual loss of kidney function,
poses a formidable global health challenge with its
escalating incidence [2]. The intricate ties between
NAFLD, CKD, and metabolic syndrome weave a
complex narrative of interconnected factors that propel
disease progression.

In the realm of non-invasive diagnostic tools, medical
imaging techniques, particularly ultrasonography,
have emerged as indispensable assets for assessing
NAFLD and CKD. Ultrasonography enables the visu-
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alization of hepatic steatosis and renal anomalies,
offering pivotal insights into disease severity and
advancement [3]. Moreover, it empowers clinicians to
monitor alterations in liver and kidney structure, thus
facilitating the evaluation of treatment effectiveness
and patient well-being [4].

This article embarks on an exploration of the sono-
graphic relationships between NAFLD and CKD in
conjunction with metabolic syndrome. By meticulous-
ly surveying contemporary research and pertinent
literature, we endeavor to unravel the intricate connec-
tions among these entities and their shared underlying
mechanisms [5][6]. Furthermore, we will underscore
the significance of early-stage identification through
ultrasonographic evaluations, accentuating its pivotal
role in steering therapeutic modalities and augmenting
patient care [7].

The role of medical imaging, particularly sonography,
in the assessment of NAFLD and CKD within the
context of metabolic syndrome has witnessed remark-
able advancements.[6] Ultrasonography, with its
non-invasive nature and ability to provide real-time
imaging of liver and kidney structures, has become an
indispensable tool for early detection, risk stratifica-
tion, and monitoring of these conditions [8]. The Sono-
graphic Association of Non-Alcoholic Fatty Liver
Disease and Chronic Kidney Disease with Metabolic
Syndrome forms a critical nexus that demands com-
prehensive exploration.

Earlier studies were inconclusive of the association of
CKD and NAFLD and required more research to be
done in order to achieve definite results. Advances in
technology help us to determine the risks of having
CKD and NAFLD in patients with metabolic
syndrome. It can help us to treat these conditions
timely without them having to get complicated. The
aim of our study is to determine the factors that closely
link these three conditions together so that they can
either be avoided or managed.

METHODOLOGY

Study Design: This cross-sectional study aimed to
investigate the sonographic association of non-alco-
holic fatty liver disease (NAFLD) and chronic kidney
disease (CKD) with metabolic syndrome. Total 210
participants, age range from 22 to 80 years, out of
which 103 (49.0%) were female, and 107 (51.0%)
were male.

Inclusion Criteria:

Group 1: patients having metabolic syndrome and
CKD
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Group 2: patients having metabolic syndrome and
NAFLD
Group 3: patients having only metabolic syndrome
Exclusion Criteria
Patients having any other liver or kidney disease relat-
ed to metabolic syndrome
Data Collection
Clinical data were collected Department of Radiology,
Sharif City Hospital, Lahore, including age, gender,
presence of diabetes, hypertension, and obesity, as
well as ultrasonography findings for NAFLD and
CKD staging using a Toshiba Xario 100 with convex
probe having frequency of 2-5 MHz by experienced
sonographers
Statistical Analysis
Statistical analysis was conducted using SPSS
software. Descriptive statistics were used to summa-
rize participant characteristics. Cross-tabulations and
Chi-square tests were performed to assess associations
between NAFLD, CKD, metabolic syndrome compo-
nents, and their respective stages. A p-value <0.05 was
considered statistically significant.

RESULTS
In table.1 out of 210 participants, 106 (50.5%) were
non diabetes, while 104 (49.5%) were diabetes. 116
(55.2%) were non hypertensive, while 94 (44.8%)
were hypertension. 101 (48.1%) were non obese, while
109 (51.9%) were Obese. 2 of them (1.0%) did not
have Fatty Liver Disease, while 208 (99.0%), had
Fatty Liver Disease. 124 (59.0%) did not had chronic
kidney disease, while 86 (41.0%) had chronic kidney

disease.
Table 1: Descriptive statistics.

Frequency

Diabetes Hypertension Obesity NAFLD CKD

No 106 (50.5 %)
Yes 104 (49.5 %)
Total 210 (100 %)

In Table 2 out of 124 participants without Fatty Liver
Disease and 86 participants with Fatty Liver Disease.
Among the observers with Fatty Liver Disease, 84 of
them have chronic kidney disease, while 2 do not.
There was no statistically significant association
between Fatty Liver Disease and Chronic Kidney
Disease (Chi-Square =2.911, p = 0.088).

Table 2: Association of fatty liver and
chronic kidney disease.

Chronic Kidney Disease Total
No Yes

0 2 2
Fatty Liver 0.0% 100.0% 100.0%
Disease 124 84 208
59.6% 40.4% 100.0% 0.167
124 86 210
59.0% 41.0% 100.0%

116 (55.2 %)
94 (44.8 %)

101 (48.1 %)
109 (51.9 %)

2(1%)
208 (99 %)

124 (59 %)
86 (41 %)

P-value

Total
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Table 3 shows the relationship between Fatty Liver
Grading and Stages of Chronic Kidney Disease among
the 210 participants. 2 had Fatty Liver Grading "0", in
Stage 1 of chronic kidney disease. 53 had Fatty Liver
Grading "1" in Stage 0, whereas 15 participants in
Stage 1, and 1 participant in Stage 2 of chronic kidney
disease. Fatty Liver Grading "2", there are 55 partici-
pants in Stage 0, 24 participants in Stage 1, and 13
participants in Stage 2 of chronic kidney disease. Fatty
Liver Grading "3", there are 17 participants in Stage 0,
17 participants in Stage 1, and 13 participants in Stage
2 of chronic kidney disease. A significant association
was found between Fatty Liver Grading and Stages of
Chronic Kidney Disease (Chi-Square = 30.309, p <

0.001).

Table 3: Association of fatty liver grading and
stages of chronic kidney disease.

Stages of Chronic Kidney Disease Total P-Value
0 1 2
[ 0 0 2 0 2
0.0% 100.0% 0.0% 100.0%
l 1 53 15 1 69
76.8% 21.7% 1.4% 100.0%
Fatty Liver Grading
| R 55 24 13 92 0.000
‘ 59.8% 26.1% 14.1% 100.0%
| R 17 17 13 47
‘ 36.2% 36.2% 27.7% 100.0%
Total 125 58 27 210
59.5% 27.6% 12.9% 100.0%

In table.4 out of the 106 non-diabetic participants, 74
(69.8%) had stage "0", 24 (22.6%) had stage "1", and 8
(7.5%) had stage "2" chronic kidney disease stage.
Similarly, out of the 104 Diabetes participants, 51
(49.0%) had stage "0", 34 (32.7%) had stage "1", and
19 (18.3%) had stage "2" chronic kidney disease stage.
A significant association was found between Stages of
Chronic Kidney Disease and Diabetes (Chi-Square =
10.420, p = 0.005).

.
Table 4: Associa
Stages of Chronic Kidney Disease Total | P-Value
0 1 2
‘ 74 24 8 106
No
. 69.8% 22.6% 7.5% | 100.0%
Diabetes 51 34 19 104 0.005
Yes
‘ 49.0% 32.7% 18.3% | 100.0%
125 58 27 210
Total 59.5% 27.6% | 129% | 100.0%

In table 5 out of the 106 non-diabetes participants, 2
(1.9%) had Grade "0", 39 (36.8%) had Grade "1", 48
(45.3%) had Grade "2", and 17 (16.0%) had Grade "3"
Fatty Liver. Similarly, out of the 104 Diabetes partici-
pants, 30 (28.8%) had Grade "1", 44 of them (42.3%)
had Grade "2", 30 (28.8%) had Grade "3" and none of
them had Grade "0" Fatty Liver. No significant associ-
ation was found between Fatty Liver Grading and

Diabetes (Chi-Square = 6.925, p = 0.074).
Table 5:Associaion of diabetes with fatty liver grading

Fatty Liver Grading Total ‘ P-Value

0 1 [ 2 3 ‘

No 2 39 43 17 106
Ipiabetes 1.9% 36.8% | 45.3% 16.0% 100.0%
Yes 0 30 44 30 104
0.0% 28.8% 423% 28.8% 100.0% 0.074
Total 2 69 92 47 210
1.0% 329% | 43.8% | 224% 100.0%
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In table 6, out of the 116 non-Hypertensive partici-
pants, 85 (73.3%) had stage "0", 24 (20.7%) had stage
"1", and 7 (6.0%) had stage "2" chronic kidney
disease. Similarly, out of the 94 Hypertensive partici-
pants 40 (42.6%) had stage "0", 34 (36.2%) had stage
"1", and 20 (21.3%) had stage "2". A significant asso-
ciation was found between Stages of Chronic Kidney
Disease and Hypertension (Chi-Square = 22.121, p <
0.001).

Table 6: Association of Hypertension with stages
of chronic kidney disease

Stages of Chronic Kidney Disease
0 1 2

Total P-
Value
85
73.3%
40
42.6%
125
59.5%

24 7
20.7% 6.0%

116
100.0%
94
100.0%
210
100.0%

000

In table 7 out of the 116 non-Hypertensive partici-
pants, 2 (1.7%) had Grade "0", 43 (37.1%) had Grade
"1", 49 (42.2%) had Grade "2", and 22 (19.0%) had
Grade "3" Fatty Liver. Similarly, out of the 94 Hyper-
tensive participants, none of them had Grade "0", 26
(27.7%) had Grade "1", 43 (45.7%) had Grade "2", and
25 (26.6%) had Grade "3" Fatty Liver. No significant
association was found between Fatty Liver Grading
and Hypertension (Chi-Square = 4.516, p = 0.211).

Table 7: Hypertensive participants

Fatty Liver Grading

[Total

100
2
1.7%

1.00

2.00
49
42.2%

3.00
22
19.0%

116
100.0%

IHypertension

0
.0%

43
145.7%

25
26.6%

94
100.0%

Total

2

92

@47

210

1.0%

43.8%

22.4%

100.0%

(Chi-Square Tests

alue

|Asymp. Sig. (2-sided)

Pearson Chi-Square

#4.516"

3

211

Likelihood Ratio
IN of Valid Cases

5.279
210

3
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In table 8 out of 101 Non-Obese participants, 65
(64.4%) had Stages "0", 24 (23.8%) had Stages "1",
and 12 (11.9%) had Stages "2" Chronic Kidney
Disease. Similarly, out of 109 Obese participants, 60
(55.0%) had Stages "0", 34 (31.2%) had Stages "1",
and 15 (13.8%) had Stages "2" chronic kidney disease.
No significant association was found between Stages
of Chronic Kidney Disease and Obesity/Non-Obesity
(Chi-Square = 1.956, p = 0.376).

Table 8: Association of obesity with stages

of chronic kidney disease
Stages of Chronic Kidney Disease

tP-Value

1.00
24
23.8%
34
31.2%

2.00

INon-obese

Obese 0.376

In table 9 out of the 101 non-Obese participants, 2
(2.0%) had Grade "0", 53 (52.5%) had Grade "1", 35
(34.7%) had Grade "2", and 11 (10.9%) had Grade "3"
Fatty Liver. Similarly, out of 109 Obese participants,
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(Chi-Square = 6.925, p = 0.074). This finding contrasts
with some previous studies that have reported a stronger
association between diabetes and NAFLD [13]. Howev-
er, the complex interplay of genetic, environmental, and
metabolic factors may contribute to variations in these
associations across different populations.

Intriguingly, our study unveiled a notable association
between fatty liver grading and stages of CKD
(Chi-Square = 30.309, p < 0.001). This finding high-
lights a potential shared pathophysiology underlying
NAFLD and CKD, possibly related to systemic inflam-
mation, oxidative stress, and insulin resistance[14][15].
These results align with prior research that has also
suggested a significant association between NAFLD
and CKDJ[16].

CONCLUSION

Our findings demonstrate significant associations was
found between diabetes and CKD, as well as between
hypertension and stages of CKD. However, no signifi-
cant associations were observed between diabetes and
fatty liver grading, hypertension and fatty liver grading,
or obesity and stages of CKD. Furthermore, no associa-
tions were found between obese/non-obese status and

fatty liver disease or chronic kidney disease.
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