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ABSTRACT

Background: This study investigates the relationship between non-alcoholic fatty liver disease (NAFLD) and type 2
diabetes, focusing on the associated macrovascular and microvascular complications. The aim is to assess the impact of
the temporal sequence of these conditions on patient outcomes.

Methods: An observational study was conducted over three months (October 2023 to December 2023) at Katihar
Medical College, enrolling 91 patients diagnosed with type 2 diabetes and NAFLD. Participants were grouped based on
the duration of NAFLD and type 2 diabetes, and a range of clinical, laboratory, and diagnostic assessments were
conducted to evaluate macrovascular and microvascular complications. Statistical analyses were performed to compare
the groups.

Results: The study found that Group C had significantly higher BMI, WHR, triglycerides, ALT, AST, y-GT, and uric
acid levels compared to Groups A and B. The prevalence of CAD and hypertension was significantly higher in Group
C. Group B had a longer NAFLD duration and higher ALT and AST levels than Group A. These findings suggest a
strong association between metabolic dysfunction, NAFLD, and diabetic complications.

Conclusion: The study concludes that the temporal sequence of NAFLD and type 2 diabetes significantly influences
the prevalence of macrovascular complications, particularly coronary artery disease and hypertension, in affected
patients.

Keywords: NAFLD, Type 2 diabetes, Coronary artery disease, Hypertension, Microvascular complications, Diabetic
retinopathy

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is defined by
the buildup of fat within the liver in the absence of
significant alcohol intake.! Epidemiological research
highlights that NAFLD has become a notable public health
issue in China and various regions of Asia.>™

This condition includes a range of liver abnormalities,
from basic fat accumulation (steatosis) to inflammation
(steatohepatitis), damage to hepatocytes, fibrosis, and, in
more severe instances, advancement to cirrhosis or
hepatocellular carcinoma. NAFLD is notably common in
individuals diagnosed with type 2 diabetes mellitus

(T2DM), impacting an estimated 50—75% of those living
with this condition.®’ Furthermore, a multitude of research
endeavours have demonstrated a prominent relationship
between NAFLD and T2DM.*!! Studies indicate that
NAFLD functions as a significant predictor of
complications related to T2DM. Research suggests that
NAFLD might be involved in increasing the risk of chronic
kidney disease and cardiovascular disease.!? Cross-
sectional studies have illustrated a significant correlation
between NAFLD and elevated carotid intima-media
thickness, as well as an increased coronary artery calcium
score, both of which serve as indicators of cardiovascular
risk.!316 Furthermore, there is a connection between
NAFLD and the onset of early left ventricular diastolic
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dysfunction, as well as diminished myocardial perfusion,
in individuals diagnosed with T2DM.!” The condition is
likewise linked to an increased prevalence and incidence
of chronic kidney disease in individuals with T2DM. '8

Numerous investigations into the association between
NAFLD and diabetic complications have yet to clarify the
temporal order of disease manifestation. The relationship
between NAFLD in individuals with pre-existing T2DM
and underlying metabolic syndrome risk factors is still
ambiguous.

It is also uncertain whether NAFLD that occurs prior to the
onset of T2DM indicates a longer duration of diabetes and
its related complications. This study seeks to explore the
variations in complications that arise depending on
whether NAFLD manifests in individuals who already
have T2DM or whether T2DM develops in individuals
with a prior diagnosis of NAFLD.

METHODS
Study design

This observational study took place over three months
(October 2023 to December 2023), at Katihar Medical
College, Katihar, Bihar, India. A total of 91 patients were
retrospectively recruited for the study. Ethical approval
was obtained, and the study was carried out as per the
standard protocols.

Study participants

The study included individuals who either abstained from
alcohol or had an ethanol intake of <20 g/day. Patients with
a history of chronic liver disease or those testing positive
for hepatitis B or C were excluded.

Furthermore, individuals diagnosed with NAFLD had not
received any prior medical treatment aimed at preventing
liver injury before their inclusion in the study. The
treatment plans for T2DM, hypertension, coronary artery
disease (CAD), and other internal conditions were
determined in accordance with the best clinical interests of
the patients.

Patient grouping and diagnostic criteria

Participants were divided into three distinct groups as per
their NAFLD status, as determined through abdominal
ultrasonography, alongside the duration of their T2DM.
Group A

Patients diagnosed with T2DM.

Group B

Patients whose T2DM had been present longer than their
NAFLD diagnosis.

Group C

Patients who were diagnosed with NAFLD before the
onset of T2DM.

All  patients underwent comprehensive clinical
evaluations, including electrocardiograms, blood pressure
measurements, and physical examinations such as Doppler
ultrasound, electrophysiology assessments, fundoscopy,
and cardiac computed tomography. Additionally, a
detailed medical history was recorded for all participants.

Laboratory assessments

A series of laboratory investigations were conducted,
including fasting blood glucose, glycated haemoglobin
(HbAlc), and an oral glucose tolerance test. Liver and
renal function tests were performed, along with lipid
profile assessments and urinary albumin excretion tests.
These biochemical evaluations provided essential insights
into the metabolic and organ function status of the
participants.

Assessment of diabetic complications
Macrovascular complications

The study examined macrovascular complications in
individuals diagnosed with diabetes, with particular
emphasis on CAD and hypertension. CAD was diagnosed
upon the identification of stenosis exceeding 50% in
significant coronary vessels, which include the left main,
left anterior descending, left circumflex, and right
coronary arteries, as confirmed through cardiac computed
tomography.

Hypertension is characterised by a systolic blood pressure
of 140 mmHg or higher and/or a diastolic pressure of 90
mmHg or higher. Measurements should be obtained while
the individual is seated, |utilising a mercury
sphygmomanometer, and must be recorded on no fewer
than three distinct occasions.

Microvascular complications

Microvascular complications evaluated included diabetic
nephropathy, retinopathy, and peripheral neuropathy.
Nephropathy was characterized by sustained protein
presence in the urine across three successive assessments
within a 12-month period.

Retinopathy was identified through signs such as retinal
bleeding, lipid deposits, or swelling in the macula.
Peripheral neuropathy was determined based on clinical
features like ongoing numbness, tingling sensations,
decreased perception of vibration, or the absence of
reflexes in the knees or ankles.
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Statistical analysis

Continuous variables were presented as meantstandard
deviation, while categorical variables were expressed as
percentages. Comparisons between groups were
performed using the student’s t-test for continuous
variables.

RESULTS

The clinical and laboratory characteristics of the patients
are shown in Table 1. The mean age of participants across
the three groups was comparable, with group A having an
average age of 55.7+11.5 years, Group B at 50.8+£9.5
years, and group C at 51.5+10.6 years. The proportion of
male participants was highest in group C (63.2%),
followed by group A (54.1%) and group B (50.4%).
Smoking prevalence was also greatest in group C (49.6%),
with lower percentages in group A (42.5%) and Group B
(40.7%).

Family history of T2DM was most frequently reported in
group B (70.7%) and group C (63.2%), whereas group A

had a slightly lower prevalence (51.6%). Similarly, a
family history of hypertension was highest in group C
(37.3%), compared to 28.0% in group A and 27.8% in
group B. Coronary artery disease history showed minimal
variation, with rates of 22.9% in group B, 15.0% in group
C, and 14.9% in group A. Regarding metabolic
parameters, BMI and waist-to-hip ratio (WHR) were
significantly higher in groups B and C compared to group
A.

The mean duration of diabetes was longest in group A
(9.747.7 years), followed by group B (8.3£5.8 years) and
Group C (5.045.2 years). Conversely, NAFLD duration
was longest in Group B (10.1£7.0 years) compared to
group C (3.1+4.0 years). Biochemical markers revealed
notable differences in lipid and liver enzyme levels.

Triglyceride levels were significantly elevated in groups B
and C compared to group A. Alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) levels were
higher in Group B, whereas gamma-glutamyl transferase
(y-GT) was markedly increased in both groups B and C
relative to group A (Table 1).

Table 1: Clinical and laboratory characteristics of study participants.

| Variables Group A (n=30) Group B (n=31) Group
Age (in years) 55.7£11.5 50.849.5 51.5£10.6
Percentage of men 54.1 50.4 63.2
Percentage of patient with smoking history 42.5 40.7 49.6
Percentage of patients with family history of
T2DM 51.6 70.7 63.2
Hypertension 28.0 27.8 373
CAD 14.9 22.9 15.0
Duration (in years)
T2DM 9.7£7.7 8.3£5.8 5.0+£5.2¢
NAFLD 3.1+4.0 10.1+7.0 -
Clinical parameters
Systolic blood pressure (mmHg) 125.3+15.7 128.2+12.4 130.0+14.2
Diastolic blood pressure (mmHg) 74.0£12.6 79.2+7.4 79.8+8.5
Body mass index (kg/m?) 23.8+£3.8 27.943.6 28.8+3.5
Waist-to-hip ratio 0.85+0.05 0.94 +0.03 0.94+0.04
Blood glucose (mmol/l) 8.1£2.4 8.842.3 8.242.3
Glycated haemoglobin (HbAlc) (%) 8.242.5 8.0 £1.7 8.042.1
Triglycerides (millimoles per liter) 1.5+0.6 2.6+2.1 2.4+£1.6
Total cholesterol (millimoles per liter) 5.6£0.9 6.0£1.3 5.9+1.0
High-density lipoprotein cholesterol (millimoles per liter) ~ 2.2+0.3 2.2+0.2 2.2+0.2
Low-density lipoprotein cholesterol (millimoles per liter) 3.9+0.7 4.2+0.9 4.0+0.8
Alanine aminotransferase (units per liter) 16.2+8.0 26.2+12.5 16.248.0
Aspartate aminotransferase (units per liter) 15.7£5.1 24.6+15.7 23.6+19.2
I'-glutamyl transferase (units per liter) 21.4+18.8 38.3£28.9 47.2+38.0
Blood urea nitrogen (millimoles per liter) 5.9+2.1 5.2+1.3 5.5+1.5
Creatinine (micromoles per liter) 64.4+28.3 61.8+14.7 65.3+14.8
Creatinine clearance rate 115.3£36.4 116.9+£22.6 111.4+28.7
Uric acid (micromoles per liter) 267.3+81.8 311.9+78.4 333.4+104.0
Urinary microalbumin (milligrams per 24 hours) 42.1+£70.8 55.9+79.5 34.54+59.1
Urinary total protein (grams per 24 hours) 0.19+0.36 0.24+0.45 0.16+0.18
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Table 2: Incidence of diabetic complications among study participants.

Group CAD (% Hypertension (%
A (n=30) 25 28
B (n=31) 23 28
C (n=30) 40 48

The incidence of diabetic complications among the study
participants. CAD was more prevalent in group C (40%)
compared to groups A (25%) and B (23%). Similarly,
hypertension was reported in 48% of patients in Group C,
significantly higher than the rates in groups A and B (28%
each). Diabetic retinopathy (DR) was most frequently
observed in group B (31%), followed by group A (26%)
and group C (23%). Diabetic nephropathy (DN) occurred
in 20% of patients in group B, 19% in Group A, and 17%
in Group C, showing minimal variation. However, diabetic
peripheral neuropathy (DPN) was significantly more
common in group A (45%), followed by group B (35%)
and group C (32%) (Table 2).

DISCUSSION

This research indicates that individuals diagnosed with
both NAFLD and T2DM demonstrate a greater occurrence
of significant CAD and hypertension when contrasted with
those who have type 2 diabetes followed by NAFLD, as
well as those who have type 2 diabetes in isolation. This
indicates that the existence of diabetes among patients with
NAFLD serves as a significant predictor of macrovascular
complications, including CAD and hypertension. NAFLD
is a prevalent condition intricately connected to metabolic
syndrome and its various components, such as insulin
resistance, hypertension, and diabetes mellitus among
others. Prior research has demonstrated a reciprocal
association between NAFLD and T2DM, revealing that
NAFLD may facilitate the onset of diabetes while also
serving as an independent risk factor for CAD.! The
current results are consistent with earlier studies,
indicating that both groups with NAFLD and diabetes
displayed higher levels of BMI, waist-to-hip ratio,
triglycerides, ALT, AST, and y-GT when compared to the
group with diabetes alone.??? Interestingly, the levels of
uric acid were found to be the highest in the group with
NAFLD and T2DM, supporting the results of a Chinese
cross-sectional study that established a significant
association between increased uric acid and NAFLD.?

The research revealed that 67.5% of patients with diabetes
were diagnosed with NAFLD, aligning with earlier
findings that suggest a prevalence of NAFLD ranging from
50% to 75% in individuals with diabetes.®” An essential
component of this study involved elucidating the temporal
relationship of NAFLD with T2DM. These revealed that
in 56.6% of patients presenting with both conditions,
NAFLD emerged prior to the onset of diabetes, whereas in
43.4% of cases, diabetes was established before the

DR (% DN (% DPN (%
26 19 45
31 20 35
23 17 32

development of NAFLD. This distinction holds significant
importance, as it has not been thoroughly examined in
prior studies. The research further indicated that the
presence of diabetes alongside NAFLD correlated with a
diabetes duration surpassing eight years, while the
combination of NAFLD with diabetes was associated with
an extended NAFLD duration exceeding ten years. Given
that NAFLD and atherosclerosis share common risk
factors such as obesity, diabetes, and hypertension, the
discrepancies in disease duration could play a significant
role in influencing diverse health outcomes.?* The research
provides additional evidence aligning with earlier findings
that NAFLD serves as a predictor for cardiovascular
events.?* The build-up of fatty liver results in a rise in the
free fatty acids, which in turn initiates low-grade
inflammation and the progression of CAD.? Furthermore,
NAFLD intensifies cardiovascular risk through its role in
promoting  insulin  resistance and  atherogenic
dyslipidaemia.'®*  The increased occurrence  of
dyslipidaemia and insulin resistance noted in the NAFLD
with diabetes cohort highlights their heightened risk for
coronary artery disease.’® The research additionally
revealed a greater occurrence of hypertension within the
NAFLD group that also had diabetes, in contrast to the
other two groups examined. This study is in agreement
with earlier investigations that indicate even modest
elevations in systolic blood pressure can heighten the risk
of NAFLD.? Furthermore, managing hypertension in non-
obese populations may play a vital role in preventing or
mitigating the progression of NAFLD.?8

Furthermore, research has indicated a correlation of the
onset of fatty liver with the progression of hypertension.?’
A variety of mechanisms could elucidate this relationship,
one of which is insulin resistance, which aids in disrupting
blood pressure regulation among patients with NAFLD.3°
The dysregulation of the renin—angiotensin system in
NAFLD may exacerbate hypertension through the
promotion of hepatic inflammation and fibrosis.?!
Moreover, the fatty liver index has been proposed as an
effective instrument for identifying patients with NAFLD
who are at an elevated risk of developing hypertension.>?
The results underscore the importance of conducting
diabetes screening among patients with NAFLD to
pinpoint individuals who may be at heightened risk for
cardiovascular disease and hypertension. Notably, the
group with NAFLD and diabetes exhibited a reduced
prevalence of diabetic peripheral neuropathy and
retinopathy in comparison to the other groups, which may
be attributed to their shorter duration of diabetes. A decline
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in diabetic nephropathy was noted within this group;
however, the variations did not reach statistical
significance. Earlier research has indicated a negative
correlation between non-alcoholic fatty liver disease
(NAFLD) and complications associated with diabetes,
including retinopathy, neuropathy, and nephropathy.™
Similarly, research from Korea found that NAFLD was
negatively associated with diabetic retinopathy and
nephropathy but not with neuropathy.>*

Nonetheless, additional research has associated NAFLD
with an increased occurrence of chronic kidney disease
and severe diabetic retinopathy.>® The discrepancies
observed in the results could be attributed to variations in
the study populations, particularly the differences in
glycated haemoglobin levels among the groups involved.
Since earlier studies did not account for the sequence of
the relationship between these two ailments, the
discrepancies in the results could partly be explained by
this factor. Increasing the sample size in subsequent
studies may yield additional confirmation of these
findings. This study highlights significant differences in
clinical, laboratory, and metabolic characteristics among
the three patient groups, with group B and C exhibiting
higher BMI, WHR, and lipid levels compared to group A.
Notably, group C demonstrated a higher prevalence of
cardiovascular diseases and hypertension, while Group B
had a longer duration of NAFLD. The findings underscore
the need for targeted interventions for metabolic
management, especially in patients with prolonged
comorbidities such as diabetes and NAFLD. Further
investigations are required to examine the long-term
impact of these metabolic alterations on the manifestation
of diabetic complications.

This study is limited by its cross-sectional design, which
restricts the ability to establish causal relationships
between NAFLD and T2DM. The relatively small sample
size may limit the generalizability of the findings, and the
reliance on ultrasound for diagnosing NAFLD instead of
histopathological confirmation may introduce diagnostic
inaccuracies. Furthermore, potential confounding factors
such as physical activity, diet, and medication use were not
fully accounted for. Future research with larger,
longitudinal cohorts and more precise diagnostic tools is
recommended to validate these findings and clarify the
temporal and causal associations.

CONCLUSION

This study highlights a complex and variable relationship
between non-alcoholic fatty liver disease (NAFLD) and
type 2 diabetes mellitus (T2DM), with the sequence of
disease onset influencing the prevalence of associated
macrovascular and microvascular complications. Patients
with NAFLD preceding T2DM exhibited a higher
prevalence of coronary artery disease and hypertension,
whereas those with longstanding T2DM showed a greater
burden of diabetic peripheral neuropathy. The findings

suggest that the temporal relationship between NAFLD
and T2DM may significantly impact disease progression
and complication profiles. To mitigate these risks, early
screening and integrated management strategies targeting
both hepatic and glycemic health are recommended.
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