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ABSTRACT

Introduction and Aim: Autonomic dysfunction is found in chronic liver disease, and presence of it increases the
risk of mortality. High level of liver enzymes predicts liver disease and cardiovascular event. The present study
was conducted to compare the cardiovascular autonomic function between patients with alcoholic-fatty liver
disease (AFLD) and non-alcoholic fatty liver disease (NAFLD) using heart rate variability (HRV) indices and to
see if any correlation exists between HRV and liver enzymes.

Materials and Methods: Study population included 60 patients with fatty liver disease (30 AFLD and 30 NAFLD)
and 30 healthy controls. HRV analysis was done using the Lab Chart Prov8.1.13 with HRV module version 2.0.
Time-domain and frequency-domain were estimated. Statistical analysis was done by using Student’s t test and
Spearman’s rho correlation test.

Results: The SDRR, LF and HF were significantly decreased in patients with fatty liver disease when compared to
controls. The SDRR, RMSSD, LF, HF and LF/HF ratio of patients with AFLD when compared to patients with
NAFLD showed no statistically significant differences. There was a negative significant correlation between the
value of GGT with SDRR, LF and HF in patients with AFLD.

Conclusion: Fatty liver disease is associated with reduced HRV. There is no significant difference in HRV indices
between patients with AFLD and NAFLD. The greater the liver disease severity, the greater is the HRV
impairment. Hence, assessment of autonomic function should be given due importance in fatty liver disease.
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INTRODUCTION observed lowest HRV value in alcoholic liver
- . . . . cirrhosis patients. Another study by Liu et al., (6)
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shown that miflion people are having heart rate variability (HRV) indices. All the HRV

chronic liver disease with a mortality rate of 2
million deaths per year (1). The estimated worldwide
prevalence of alcoholic liver disease (ALD) is 8.5%
with the highest prevalence (around 12%) observed
in Europe and the United States while that of non-
alcoholic fatty liver disease (NAFLD) is 25% with
the highest prevalence (17% to 46%) found in
western countries (2,3).

indices were significantly decreased in NAFLD (6).
Previous studies have shown that the prevalence of
autonomic dysfunction was in comparable frequency
between alcoholic-related and non-alcoholic related
liver disease when assessed using cardiovascular
reflex tests (7-9). Additionally, Fleckenstien et al.,
(7) reported presence of autonomic dysfunction in
liver disease increases the risk of mortality by 5-fold.

Chronic liver disease is associated with various
haemo-circulatory disturbances such as impairment
of cardiovascular autonomic reactivity which is
characterized with resting tachycardia, relative
hypotension, and diminished vascular resistance (4).
Negru et al., (5) evaluate autonomic dysfunction by
using 24-hour ECG monitoring of heart rate
variability (HRV) parameters in liver cirrhosis
patients and concluded that liver cirrhosis was
associated with reduced HRV parameters. They also

Liver enzymes such as y-glutamyltransferase (GGT),
alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) were elevated in plasma and
are used as markers of hepatic dysfunction due to
numerous disease conditions including non-alcoholic
fatty liver disease (NAFLD; 10). In a cohort study by
Lee et al., (11) elevated aminotransferase level was
found associated with liver, cardiovascular and all-
cause mortality. Fraser et al., (12) also reported a
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meta-analysis exploring the association of GGT and
ALT with incident CHD, stroke, and a combined
outcomes in the British Women's Heart and Health
study. They found that GGT but not ALT was found
associated with the incident cardiovascular events
independently of alcohol intake.

Previous studies on autonomic function were done in
patients with cirrhotic liver disease and most of the
comparison between alcoholic-related and non-
alcoholic related were using Classic cardiovascular
reflex tests. But the present study was conducted to
compare the autonomic function between patients
with alcoholic fatty liver disease (AFLD) and
NAFLD by using short-term HRV and also to see if
any correlation exists between HRV indices and liver
enzymes (ALT, AST and GGT).

MATERIALS AND METHODS

The study was conducted on 60 patients with fatty
liver disease (30 alcoholic fatty liver disease and 30
non-alcoholic fatty liver disease) with age ranged
from 31-50 years and were recruited from Out-
patient Department of Medicine, Jawaharlal Nehru
Institute of Medical Sciences, INIMS. There were 7
males and 23 females in patients with NAFLD. In
alcoholic fatty liver disease, only males were present
since alcoholic females do not attend OPD due to
social stigma/ culture. Inclusion criteria for AFLD
included patients who had a significant history of
alcohol consumption exceeding 210g/week in males
and 140gm/week in females for the last 2 year and
ultrasound showing fatty liver whereas patients with
no history of alcohol consumption and ultrasound
showing fatty liver were taken for NAFLD.
Exclusion criteria included patients with history of
hepatitis, diabetes mellitus, thyroid disorders, heart
disease or who were using drugs which can affect
HRV (eg., phenytoin, amiodarone, propranolol,
methyldopa etc.,).

Thirty healthy controls (11 males and 19 females;
aged from 32-48 years) were recruited from the staff
of the Institute. Controls were healthy as reported by
history, physical examination, and none of them had
consumed alcohol or were on medications (self-
reported).

The study was carried out after taking clearance from
the Institutional Ethics Committee (IEC number:
112(5)) of JNIMS. Prior to participation for the
study, the purpose of the study was explained to all
the subjects and informed written consent was taken.

Liver function test analysis

Venous blood samples for all the patients were taken
in the morning after an overnight fast of more than 10
hours. Total bilirubin  (Azobilirunin/dyphyline
method), direct bilirubin (Dual WL
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Spectophotometric  method), indirect  bilirubin
(Calculated), AST (Kinetic with Pyridoxal-5
phosphate method), ALT ((Kinetic with Pyridoxal-5
phosphate method), GGT (LY -Glutamyl 3 Carboxy 4
Nitroanilide Substrate method), Alkaline phosphatase
(ALP) (pNNP/AMP buffer method), total protein
(Biuret; alkaline cupric sulphate method), albumin
(Bromocresol green dye binding method), globulin
(Calculated) levels were estimated.

All the subjects were asked to come to Autonomic
Laboratory, Department of Physiology, JNIMS. Body
weight and height were assessed by using a
standardized weighing machine and height scale.
Body mass index (BMI) was calculated by Quetlet
index: Wt (Kg) / Ht (m?). The recording of heart rate
variability was done between 9:00 am and 12.00
noon in a controlled ambient temperature of 23° to
25°C. The subject was asked to lie down on the
couch where electrodes for lead 1l ECG acquisition
by Labchart Prov8.1.13 (AD Instruments, Australia)
were attached. A 5-minute lead 1l ECG (sampling
rate 1KHz) was recorded after taking rest for 10
minutes. The subjects were instructed to breathe
regularly and calmly with normal breathing rate of
12-16 breaths per minute and stay awake to prevent
artefacts in the recording. The ECG signal was kept
by data acquisition software (Lab Chart Prov8.1.13)
with HRV module version 2.0; (AD Instruments,
Australia) using PowerLab 26T (AD Instruments,
Australia). “R” waves were detected, and artefact-
free signals were kept. Then, time-domain and
frequency-domain components of HRV were
analyzed using Lomb Scargle Periodogram. Time
domain components of HRV are SDRR (standard
deviation of interbeat interval for all sinus beats) and
RMSSD (square root of the mean squares differences
between adjacent RR intervals) which denote overall
HRV and vagal activity respectively. Under
frequency-domain, low frequency (LF: 0.04-0.15Hz)
and high frequency (HF: 0.15-0.40Hz) power in
absolute values of power (ms?) and LF/HF ratio were
calculated. The high frequency power denotes
parasympathetic activity, low frequency denotes
combination of sympathetic and parasympathetic
input while LF/HF ratio indicates sympathovagal
balance.

Statistical analysis

The data were entered in MS Excel and Statistical
Package for Social Sciences (SPSS) version 23. The
statistical analysis was done by applying descriptive
statistics i.e., mean £ S.D. Comparison of HRV
indices between patients with AFLD and NAFLD
was done by using Student’s t test. Correlation of
HRV indices and liver enzymes (AST, ALT, GGT) in
patients with AFLD and NAFLD was made by using
Spearman’s rho correlation test and ‘p’ value of less
than 0.05 was considered significant.
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RESULTS

Table 1 shows the demographic profile of controls
and patients with fatty liver disease. The mean age,
weight, height and BMI showed no significant
differences between controls and patients with AFLD
and also with NAFLD. There was no significant
difference in demographic profile between patients
with AFLD and NAFLD.

Table 2 shows the distribution of liver function test
of all the subjects. The mean values of liver enzymes
were significantly higher in both patients with fatty
liver disease (AFLD and NAFLD) when compared
with the controls. However, there were no significant
differences between the patients with AFLD and
NAFLD.

Table 1: Demographic profile of all subjects

Variables Controls (n=30) | AFLD (n=30) NAFLD (n=30)
Age (years) 41.16 £3.7 43.36 £5.24 43.26 £5.29
Weight (Kg) 65.03 £9.51 64.67 £9.86 65.10 £8.91
Height (cm) 158.76 £ 9.22 157.16 £ 4.28 155.23 +4.31
BMI (kg/m?) 2591 +3.01 26.15 + 3.65 26.99 £ 3.37

n: number of patients; BMI: Body mass index.

Table 2: Distribution of liver function test of all subjects.

Variables C(‘r)]f;tsfg)'s AFLD (n=30) | NAFLD (n=30)
Total protein (g/dI) 7.33+0.63 7.08 +0.48 7.28+0.37
Albumin (g/dl) 3.90 +0.42 3.76+0.2 3.86+0.25
Globulin (g/d) 3.43 £ 0.45 3.29 +0.28 3421021
AJG ratio 112 +0.19 114 +0.09 1132010
AST (unit/L) 2596+580 | 554205+ | 4342219
ALT (unit/L) 2086+1658 | 50.56+2750¢ | o028 £33.30°
GGT (unit/L) 3003+1643 | 67.33+27.83% | 4393+10.8%
Total bilirubin (mg/dl) 0.76 £ 0.25 0.81+0.24 0.78+0.21
Indirect bilirubin (mg/dty | Ot *0-1 0.47£0.12 0.46 £ 0.15
Direct bilirubin (mg/d) 0.25+0.16 0.33+0.21 0.31+0.09
:(Mkz:/lin)e phosphatase | 136.8 +54.37 | 168.66 +50.72% | 161.33 +36.78"
unit/L

n: number of patients; p*< 0.05: controls and AFLD; p*< 0.05: controls and NAFLD;
AJ/G: Albumin /globulin ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
GGT: Gamma-glutamyltransferase.
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Table 3: Basal blood pressure and basal heart rate of all subjects.

Variables Controls (n=30) | AFLD (n=30) NAFLD (n=30)
SBP (mmHg) 125.80 + 7.98 12753 +11.08 | 123.56 +10.52
DBP (mmHg) 81.6 +3.90 84.43 +8.50 81.43 £ 8.44
HR (b/m) 80.5 + 6.88 74.49 +10.11 76.57 + 8.86

n: number of patients; SBP: Systolic blood pressure; DBP: Diastolic
blood pressure; HR: Heart rate; b/m: beats/minute.

Table 4: Comparison of time domain and frequency domain of HRV in Controls vs patients with AFLD,
controls vs patients with NAFLD and patients with AFLD vs patients with NAFLD

Variables Controls (n=30) | AFLD (n=30) NAFLD (n=30)
LF (ms?) 439.2 +£305.74 266.1 £ 1576 * 312.7 +142.28*
HF (ms?) 276.4 £217.04 175.7 £ 163.57* 187.24 + 86.06"
LF/HF ratio 1.78 £0.76 1.82 £ 0.67 1.95+1.31
SDRR (ms?) 36.73 + 11.58 27.55 + 7.09* 25.58 + 5.08"
RMSSD (ms?) 23.88£7.70 21.07 £7.42 21.67 £8.74

n: number of patients; p*< 0.05: controls and AFLD; p*< 0.05: controls and NAFLD; LF:
low frequency; HF: high frequency; LF/HF: ratio of low frequency to high frequency;
SDRR: standard deviation of interbeat intervals for all sinus beats; RMSSD: square root
of the mean square’s differences between adjacent RR intervals.

Table 3 shows basal blood pressure and basal heart
rate of controls and patients with fatty liver disease.
The basal BP and basal HR showed no statistically
significant differences between the controls and
patients with fatty liver disease and also between
patients with AFLD and NAFLD.

Table 4 shows comparison of HRV indices between
the controls and patients with fatty liver disease. The
mean values of SDRR, LF and HF were significantly
decreased in both patients with AFLD and NAFLD
compared with the controls. However, the mean
values of HRV indices of patients with AFLD when

compared to patients with NAFLD showed no
statistically significant differences.

Table 5 shows correlation between the HRV indices
and liver enzymes (ALT, AST, GGT) in patients with
AFLD patients. There was a negative significant
correlation between the value of GGT with SDRR,
LF and HF in patients with AFLD.

Table 6 shows correlation between the HRV indices
and liver enzymes (ALT, AST, GGT) in patients with
NAFLD. No statistically significant correlation was
observed.

Table 5: Correlation between the HRV indices and liver enzymes in patients with AFLD

. AST ALT GGT
Variables Correlation p-value | Correlation p-value | Correlation p-value
coefficient (r) coefficient (r) coefficient (r)
LF -0.043 0.821 -0.111 0.557 -0.374 0.042*
HF -0.235 0.212 -0.159 0.402 -0.384 0.036*
LF/HF 0.329 0.076 0.132 0.487 0.294 0.15
SDRR -0.209 0.269 -0.112 0.557 -0.554 0.002*
RMSSD 0.099 0.602 -0.095 0.616 -0.271 0.148

p* < 0.05; LF: low frequency; HF: high frequency; LF/HF: ratio of low frequency to high
frequency; SDRR: standard deviation of interbeat intervals for all sinus beats; RMSSD: square
root of the mean square’s differences between adjacent RR intervals; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.
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Table 6: Correlation between the HRV indices and liver enzymes in patients with NAFLD

AST ALT GGT
Variables | Correlation p-value | Correlation p-value | Correlation | p-value
coefficient (r) coefficient (r) coefficient(r)
LF -0.142 0.45 -0.0820 0.66 0.008 0.96
HF -0.294 0.115 -0.292 0.117 -0.179 0.344
LF/HF 0.269 0.151 0.306 0.100 0.262 0.162
SDRR -0.266 0.155 -0.076 0.688 -0.131 0.489
RMSSD -0.162 0.391 -0.070 0.715 -0.055 0.772

LF: low frequency; HF: high frequency; LF/HF: ratio of low frequency to high frequency; SDRR:
standard deviation of interbeat intervals for all sinus beats; RMSSD: square root of the mean
square’s differences between adjacent RR intervals; AST: Aspartate aminotransferase.

ALT: Alanine aminotransferase; GGT: Gamma-glutamyltransferase.

DISCUSSION

In the present study, the time domain, SDRR, which
is the indicator of overall function of autonomic
activity was reduced in both the patients with AFLD
and NAFLD as compared to controls. It was also
observed that there was significantly reduced LF and
HF of frequency domain of HRV in both patients
with AFLD and NAFLD, when compared with the
controls except for LF/HF ratio suggesting
impairment of parasympathetic and sympathetic
activity. Similar findings were reported by Coelho et
al., (13) which showed a severe reduction of SDNN
and pNN50 in cirrhotic patients when compared to
healthy volunteers. It also observed a marked
decrease in average total power, with reduction of all
components (VLF, LF, HF) except for LF/HF ratio
(13). Similarly, a significant decrease in LF and HF
in patients with liver cirrhosis when compared to
normal group has been reported. However, the
LF/HF ratio was found to be increased in the patients
with liver cirrhosis (14).

Milovanovic et al., (15) reported that 16 out of 25
patients with alcoholic cirrhosis admitted to
Department of Gastroenterology of Clinical and
Hospital Center “Bezanijska Kosa” had at least one
or more abnormal parasympathetic function test. All
the spectral components (VLF, LF, HF) detected by
short-term spectral analysis were significantly lower
when compared to controls (15). Similar results were
also reported in patients with NAFLD. Evaluation of
autonomic function by HRV index in patients with
NAFLD showed that all the HRV indices were
significantly decreased in NAFLD (6,16).

Our study showed no significant differences in HRV
indices between patients with AFLD and NAFLD.
Similar findings were reported earlier. Assessment of
autonomic neuropathy was done in 60 patients with
well-preserved  hepatic ~ function;  autonomic
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dysfunction was equally seen in patients with
alcohol-related (47%) and non-alcohol related (44%)
liver disease (8). Similarly, study on 64 patients with
biopsy-proven liver disease (22 with alcoholic liver
disease and 42 with non-alcoholic liver disease) and
29 age-matched  controls also  detected
parasympathetic neuropathy in 45% of patients with
alcoholic liver disease and 43% with non-alcoholic
liver disease, which indicated that autonomic
dysfunction was present in comparable frequency
between the patients with alcoholic and non-alcoholic
liver disease, suggesting that neurological defect
might be a result of disturbed liver function (9).

We also observed a significant inverse relation
between the HRV indices (LF, HF, SDRR) and
serum GGT level in patients with ALD. This finding
showed that higher the level of serum GGT lower the
values of HRV indices, which may suggest that the
more severe the liver damage, greater is the
impairment of autonomic function. Earlier studies
have shown increased GGT as strong predictor of

fatty liver (17) and related with incident
cardiovascular events, independent of alcoholic
intake (12).

Negru et al., (5) evaluated the correlations between
HRV parameters and liver cirrhosis severity and
found that the severity of liver disease was associated
with greater impairment of HRV. Amaral et al., (18)
conducted a systematic review on cardiac autonomic
modulation using HRV in non-alcoholic cirrhosis and
observed an inverse association between HRV and
the stages of liver cirrhosis. However, study by
Gonzalez-Reimers et al., (19) on 33 patients (20
cirrhotics and 13 non-cirrhotics) found a weak
correlation between liver function impairment and
both autonomic and peripheral neuropathy. Similarly,
Thuluvath and Triger (17) reported that there was no
strong correlation between severity of liver damage
and the autonomic dysfunction in patients with well-
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preserved liver function. Our study also observed no
significant correlation between the HRV indices and
liver enzymes (ALT, AST, GGT) in patients with
NAFLD.

The exact mechanism underlying the association
between fatty liver disease and autonomic
dysfunction is not known. However, previous study
had reported that plasma concentrations of
angiotensin Il are raised in patients with CLD and
correlate with disease severity (20). It has been
shown that infusion of angiotensin Il causes a
decrease in HRV and reduction in vagal discharge to
heart which can be improved with the administration
of captopril (21). Also, study by Matsuzaka et al.,
(22) showed that there is association of fatty liver
with insulin resistance. In another study Houghton et
al., (23) has also observed that insulin resistance was
significantly associated with reduced heart rate
variability indicating increased sympathetic and
decreased parasympathetic activity.

Ziegler et al., (24) found strong associations of both
lower cardiovagal tone and baroreceptor sensitivity
(BRS) with increased hepatic fat content. They also
reported inverse association between liver fat content
and several vagus modulated HRV indices as well as
lower BRS. The hepatoportal vagal sensing of lipids
may play a role in the pathophysiology of metabolic
abnormalities such as hepatic insulin resistance apart
from reflex regulation of feeding behavior (25).
Elevated levels of free fatty acids in the portal vein
decrease insulin clearance by the liver and those who
display a better ability to clear fat from the liver
would be at lower risk of developing hepatic
complication. Therefore, preserved vagal activity
could be protective in the context of hepatic fat
accumulation.

The vagus nerve plays an important role in the
regulation of metabolic homeostasis and cholinergic
signaling, which is efferent vagus nerve mediated,
controls immune function and pro-inflammatory
response via the inflammatory reflex. It has been
indicated that a complex interplay between
subclinical inflammation (26), insulin resistance (27)
and hepatic steatosis, driven by incipient
inflammatory  changes makes a substantial
contribution to the early development of
parasympathetic cardiac autonomic neuropathy
(CAN). Therefore, it could be deduced from the
above studies that angiotensin Il, subclinical
inflammation, and insulin resistance may contribute
to autonomic disturbances in individuals with
excessive liver fat.

CONCLUSION

Fatty liver disease is associated with significantly
reduced HRV. No significant difference in HRV
indices has been observed between AFLD and
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NAFLD. The greater the liver disease severity, the
greater the HRV impairment has been shown by
inverse relation between GGT and HRV indices.
Reduced HRV and increased serum GGT have been
documented to be associated with cardiovascular
events and poor prognosis. Hence, assessment of
autonomic function should be given due importance
in the management of fatty liver disease with a view
to help in improving the prognosis.
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