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Introduction: Previous research has examined the association between coffee
and tea consumption and non-alcoholic fatty liver disease (NAFLD). Preclinical
studies have indicated the potential hepatoprotective properties of cocoa/
chocolate. However, clinical research on the consumption of cocoa/chocolate
and soft drinks and their relation to NAFLD, particularly among individuals
with metabolic syndrome, is limited. This study primarily aimed to assess the
association between beverage consumption and NAFLD in these patients.

Methods: This cross-sectional study enrolled adult patients with metabolic
syndromevisited the Medicine Outpatient Departmentat Siriraj Hospital, Thailand,
from November 2011 to January 2013. The exclusion criteria were secondary
causes of hepatic steatosis, such as excessive alcohol use, viral hepatitis, or
drug-induced hepatitis. Participants completed a 23-item self-administered
questionnaire covering their beverage consumption habits, including type,
frequency, volume, duration, and additives in drinks, namely, coffee, tea, cocoa/
chocolate, and soft drinks. To ensure accurate responses, these questionnaires
were supplemented by face-to-face interviews. Ultrasonography was employed
early in the methodology to diagnose NAFLD. Univariable analyses were used
to compare the beverage consumption behaviors of participants with and
without NAFLD. Multivariable logistic regression was used to adjust for potential
confounders, including total beverage energy intake, age, anthropometric data,
laboratory results, and comorbidities.

Results: This study included 505 patients with metabolic syndrome. Of these,
341 (67.5%, 95%Cl: 63.2-71.6%) were diagnosed with NAFLD. The consumption
rates of coffee, cocoa/chocolate, and soft drinks were similar between the
two groups. However, tea consumption was significantly more common in
patients with NAFLD (68.3% vs. 51.8%, p < 0.001). The groups had no significant
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differences in caffeine intake or total energy intake from beverages. Notably,
daily intake of three or more cups of coffee was correlated with a reduced
prevalence of NAFLD, with an adjusted odds ratio of 0.35 (95%Cl: 0.14-0.89).

Conclusion: This study revealed that patients with metabolic syndrome,
irrespective of NAFLD status, exhibited similar patterns of beverage consumption.
While no definitive associations were identified between the intake of coffee, tea,
cocoa/chocolate, or soft drinks and NAFLD, a notable exception was observed.
A higher consumption of coffee (>3 cups daily) was associated with a lower

prevalence of NAFLD.

KEYWORDS

caffeine, cocoa, coffee, fibrosis, metabolic syndrome, non-alcoholic fatty liver disease,

steatosis, tea

1 Introduction

Non-alcoholic fatty liver disease (NAFLD) has emerged as a
significant global health concern affecting countless individuals. This
disease is characterized by excessive fat accumulation in the liver, which
accounts for more than 5% of the hepatic mass. It occurs in people who
have little or no alcohol consumption and who lack identifiable
secondary causes (1). Metabolic syndrome, which affects approximately
1 billion people worldwide (2), is closely linked with NAFLD. Metabolic
syndrome includes various disorders, such as type 2 diabetes mellitus,
hypertension, insulin resistance, and dyslipidemia. Managing NAFLD
primarily involves lifestyle changes. These changes include following a
nutritious diet, pursuing weight loss (essential for both lean and
non-lean individuals with NAFLD), and increasing physical activity (3,
4). The United States Food and Drug Administration has not approved
pharmacological treatments targeting NAFLD.

Recent guidelines from the American Association for the Study of
Liver Diseases (5) highlight the beneficial impact of coffee on NAFLD
and liver fibrosis, irrespective of caffeine content. Studies indicate
potential mortality benefits associated with coffee consumption (6, 7).
Coffee consumption is linked to reduced levels of liver enzymes, such
as gamma-glutamyl transpeptidase, serum alkaline phosphatase, and
alanine aminotransferase (ALT). Coffee consumption has also been
shown to be effective at mitigating hepatic steatosis and fibrosis and
reducing the risk of cirrhosis and hepatocellular carcinoma (8).
Separately, green tea may have protective effects against liver fibrosis
and NAFLD. These benefits are attributed to metabolic regulation,
antioxidative activity, anti-inflammatory, and antifibrotic effects of
green tea (9-11).

Moreover, preclinical studies have shown promising hepatoprotective
effects of cocoa. These are attributed to the antioxidative stress and anti-
inflammatory properties of components of cocoa such as caffeine,
chlorogenic acids, diterpenes (e.g., cafestol and kahweol), theobromine,
and polyphenols (12). Specifically, cocoa flavanols have been found to
enhance insulin sensitivity, while dark chocolate consumption has been
associated with a decrease in aspartate aminotransferase (AST) levels in
patients with NAFLD, suggesting its potential therapeutic value (13, 14).
Furthermore, polyphenols in cocoa have been reported to improve
endothelial function in patients with non-alcoholic steatohepatitis (15).
However, the exact mechanisms by which these beverages impact the
progression of NAFLD remain unclear.
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While food is the primary energy source, beverages also contribute
significantly to daily energy intake. Commonly consumed
non-alcoholic beverages such as tea, cocoa/chocolate, and soft drinks
are often ingested with added sweeteners. Despite the availability of
calorie-free alternatives, sugar remains the predominant sweetener,
making these beverages a notable energy source. Calorie intake has
been associated with body weight, suggesting that beverage
consumption may have different effects on liver fat accumulation in
individuals. However, the relationships between beverages other than
coffee (such as tea, cocoa/chocolate, and soft drinks) and NAFLD and
liver fibrosis have not been determined (16). The existing evidence is
mainly derived from preclinical and pilot studies, with limited
research conducted in humans, particularly individuals with metabolic
syndrome. Therefore, our study explored the association between
beverage consumption and NAFLD in patients with
metabolic syndrome.

2 Materials and methods
2.1 Participants and ethics approval

This cross-sectional study was conducted at Siriraj Hospital from
November 2011 to January 2013. The participants were male and
female adults aged older than 18years who were diagnosed with
metabolic syndrome. Participants were selected randomly through
their medical records at the internal medicine outpatient department.
The exclusion criteria applied prior to participation were weekly
ethanol consumption exceeding 21 drinks for males and 14 drinks for
females and secondary causes of hepatic steatosis, such as significant
alcohol consumption, viral hepatitis, or drug-induced liver conditions.
Of the initially identified individuals, 505 met the eligibility criteria
and consented to participate. These patients completed a
questionnaire; underwent an interview, a physical examination, and
blood tests; and were subjected to upper abdomen ultrasonography
and/or transient elastography.

2.1.1 Diagnosis of metabolic syndrome

Patients were prescreened for metabolic syndrome through their
medical records. The diagnoses of metabolic syndrome were based on
the National Cholesterol Education Program’s Adult Treatment Panel
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III (NCEP ATP III, 2001) and its 2004 modification. The core
diagnostic criterion was central obesity (defined as a waist
circumference of at least 90cm in Asian men or 80cm in Asian
women). Additionally, a patient had to meet at least two of the
following conditions: low high-density lipoprotein cholesterol
(HDL-c) levels (<40 mg/dL in men, <50 mg/dL in women); plasma
triglyceride levels >150 mg/dL or treatment for this condition; fasting
plasma glucose levels >100 mg/dL or treatment for elevated glucose;
and blood pressure>130/85mmHg or treatment for hypertension
(17, 18).

2.1.2 Ethics approval

The Siriraj Institutional Review Board authorized the research
protocol (approval number: 529/2011). Written consent was obtained
from each participant before they entered the study. This process
ensured that they understood the purpose and procedures of the study
and voluntarily agreed to participate.

2.2 Measurements

Participants in this study were asked to complete a questionnaire
about their beverage consumption. The questionnaire included images
of drinks commonly consumed in the Thai market and comprised 23
questions about the participants’ current drinking behaviors: beverage
types, frequency, duration, volume, and additives in coffee, tea, cocoa/
chocolate, and soft drinks (Supplementary material S1). For caffeine
and energy intake calculations, nutritional information from product
labels was used  (Supplementary  material  SI  and
Supplementary Table S1). When participants could not identify the
beverage brand, standard values from the United States Department
of Agriculture were applied.

Standardized methods were wused for upper abdomen
ultrasonography and/or transient elastography. Demographic data,
medical history, blood pressure, and physical measurements (weight,
height, waist circumference, and hip circumference) were recorded.
Body mass index (kg/m?*) was calculated using height and weight data
obtained during the physical examination. Venous blood samples were
collected after overnight fasting. All the data were collected within
+1month of the ultrasonography date. Most patients underwent

transient elastography within 1 month following ultrasonography.

2.3 Exposure: coffee, tea, cocoa/chocolate,
and soft drinks

In our analysis, the primary exposure data—comprising the
consumption of coffee, tea, cocoa/chocolate, and soft drinks—were
derived from self-administered questionnaires and confirmed through
individual interviews. Participants provided comprehensive details
about their beverage consumption habits, including the type or brand
consumed, the volume consumed daily and weekly, and any
sweeteners or additives used. This methodology was uniformly
applied across all beverage types, ensuring consistency in the data
collection. Our data analyses then focused on quantifying the total
consumption, caffeine content, and caloric intake of each beverage
utilizing the nutritional information provided on product labels.
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2.4 Outcomes: NAFLD and advanced liver
fibrosis

Participants underwent standardized ultrasonography to assess
the presence and severity of hepatic steatosis. Hepatic echogenicity
was quantified using the “bright liver score” to evaluate steatosis
severity. Two radiologists independently assigned scores to classify
participants based on their bright liver scores, with any discrepancies
resolved through consensus. A score of 0 denoted the absence of
NAFLD, while scores from 1 to 3 indicated its presence. Furthermore,
a subset of participants underwent transient elastography (FibroScan;
Echosens, Paris, France) for hepatic stiffness measurement, with
stiffness values exceeding 8 kPa indicating advanced liver fibrosis.

2.5 Statistical analysis

Descriptive statistics were used to analyze and report demographic
information. Categorical variables are presented as frequencies and
percentages. Continuous variables following a normal distribution are
expressed as means+standard deviations, and non-normally
distributed data are reported as medians (interquartile ranges [IQRs]).
Independent ¢ tests and Mann-Whitney U tests were used to compare
continuous variables between groups, while Fisher’s exact test was
used to assess proportional differences. These univariable analyses
examined the baseline characteristics and beverage consumption
patterns of individuals in the NAFLD and non-NAFLD cohorts.
Multivariable logistic regression models were used to calculate
adjusted odds ratios for NAFLD prevalence, correlating daily beverage
intake with that of participants with lower consumption (less than 1
cup per day). Adjustments were made for total daily energy intake
from beverages; age; waist circumference; the AST-to-ALT ratio; the
presence of impaired fasting glucose or diabetes mellitus; and serum
albumin, triglyceride, and HDL-c levels. value of p <0.05 indicated
statistical significance. All analyses were performed using Stata
Statistical Software, release 15.1 (StataCorp LLC, College Station,
TX, USA).

3 Results
3.1 Baseline characteristics

In this cohort study involving 505 patients with metabolic
syndrome, the mean age was 61 + 11 years, with females constituting
54% of the cohort. The mean waist circumference was 93+ 11 cm, and
the mean body mass index was 27.1 +4.5kg/m” A high prevalence of
comorbidities was observed: dyslipidemia, 95%; hypertension, 90%;
diabetes mellitus, 50%; and impaired fasting plasma glucose, 31%.
Laboratory assessments revealed a mean glucose level of 123 +41 mg/
dL, a mean glycated hemoglobin (HbAlc) level of 6.6%+1.2%, a
median triglyceride level of 120 mg/dL (IQR, 88-168), a mean HDL-c
level of 54 + 14 mg/dL, and a mean low-density lipoprotein cholesterol
level of 99 +33 mg/dL. The mean AST and ALT levels were 25+ 12 U/L
and 27 £20U/L, respectively, with 85% of patients displaying ALT
levels less than 40 U/L. The data, including medications used, are
detailed in Table 1.
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TABLE 1 Baseline and clinical characteristics of patients with and without non-alcoholic fatty liver disease.

10.3389/fnut.2024.1257969

Patient characteristic Mean +SD (n=505) Non-NAFLD (n =164) NAFLD (n =341) Value of p
Mean + SD Mean +SD
Age (years) 61+11 64.1+10.1 59.5+10.9 <0.001
Male sex, n (%) 230 (46) 79 (48.1) 151 (44.3) 0.411
Weight (kg) 69.9+13.8 65.2+12.1 72.1+14.0 <0.001
Height (cm) 160.4+8.3 159.8+8.8 160.7£8.1 0.290
Body mass index (kg/m?) 27.1+£4.5 254+4.0 27.9+4.6 <0.001
Waist circumference (cm) 93+11 89.1+10.6 95.0+£10.3 <0.001
Hip circumference (cm) 100+9 98.1+8.4 101.2+8.5 <0.001
Waist-to-hip ratio 0.9+0.1 0.91+0.08 0.94+0.07 <0.001
Systolic blood pressure (mmHg) 132+15 130.7+£14.2 133.0+14.6 0.094
Diastolic blood pressure (mmHg) 79+11 76.5+10.9 80.7+11.2 <0.001
Smoking, 7 (%) 41 (8) 21(12.8) 20 (5.9) 0.007
Underlying disease, 1 (%)
Impaired fasting plasma glucose 157 (31) 59 (36.0) 98 (28.7) 0.100
Diabetes mellitus 250 (50) 59 (36.0) 191 (56.0) <0.001
Hypertension 454 (90) 145 (88.4) 309 (90.6) 0.442
Dyslipidemia 480 (95) 156 (95.1) 324 (95.0) 0.958
Laboratory data
Aspartate transaminase (U/L) 249+12.1 22.2+9.5 26.1+13.0 <0.001
Alanine transaminase (U/L), median (IQR) 21.0 (16.0, 31.0) 17.0 (13.0, 22.0) 24.0 (17.0, 36.0) <0.001
AST/ALT ratio 1.1£0.4 1.3+0.4 1.0+£0.4 <0.001
Alkaline phosphatase (U/L) 71.6+24.4 73.6+27.4 70.7+22.7 0.207
Total bilirubin (mg/dL) 0.5+0.2 0.5+0.2 0.5+0.2 0.881
Direct bilirubin (mg/dL) 0.2+0.1 0.2+0.1 0.2+0.1 0.495
Albumin (g/dL) 4.4+0.3 43+0.3 4.5+0.3 <0.001
Globulin (g/dL) 33+04 33+04 33+04 0.899
GGT (U/L), median (IQR) 29.5(21.0, 49.0) 23.0 (18.0, 32.0) 35.0 (23.0, 57.0) <0.001
FPG (mg/dL) 123+41 112.9+34.2 127.9+43.2 <0.001
HbAlc (%) 6.6+1.2 63+1.1 6.8+1.2 <0.001
Total cholesterol (mg/dL) 180+37 179.7+£39.1 180.2+36.6 0.872
Triglyceride (mg/dL), median (IQR) 120 (88, 168) 101.5 (75.5, 138.0) 131.0 (97.0, 177.0) <0.001
HDL-c (mg/dL) 54+14 57.5+16.8 51.6+12.5 <0.001
LDL-c (mg/dL) 99+33 99.3+33.3 98.9+32.6 0.911
Hemoglobin (g/dL) 13.3£1.5 13.0x1.6 13.4x1.5 0.001
Platelet count (x 10°/L) 258.3+£68.4 249.0£66.9 262.9+£68.7 0.033
Medication data, n (%)
Metformin 193 (38.2) 34 (20.7) 159 (46.6) <0.001
Sulfonylureas 115 (22.8) 20(12.2) 95 (27.9) <0.001
Pioglitazone 25 (5.0) 6(3.7) 19 (5.6) 0.511
Insulin 33 (6.5) 11 (6.7) 22 (6.5) 1.000
DPP-4 inhibitors 10 (2.0) 1(0.6) 9(2.6) 0.178
Acarbose 4(0.8) 0 4(1.2) 0.309
ACEIs 175 (34.7) 65 (39.6) 110 (32.3) 0.111
Angiotensin receptor blockers 149 (29.5) 36 (22.0) 113 (33.1) 0.012
(Continued)
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TABLE 1 (Continued)
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Patient characteristic Mean +SD (n=505) Non-NAFLD (n =164) NAFLD (n = 341) Value of p
Mean + SD Mean + SD
Calcium channel blockers 209 (41.4) 71 (43.3) 138 (40.5) 0.564
Alpha blockers 68 (13.5) 27 (16.5) 41 (12.0) 0.210
Beta blockers 122 (24.2) 49 (29.9) 73 (21.4) 0.045
Diuretics 53 (10.5) 17 (10.4) 36 (10.6) 1.000
HMG-CoA reductase inhibitors 418 (82.8) 147 (89.6) 271 (79.5) 0.005
Fibrates 38 (7.5) 8(4.9) 30 (8.8) 0.149
Ezetimibe 11(2.2) 4(24) 7(2.1) 0.754
Vitamin E 24 (4.8) 4(2.4) 20 (5.9) 0.118
Vitamin B complex 35(6.9) 9 (5.5) 26 (7.6) 0.456
Aspirin 199 (39.4) 75 (45.7) 124 (36.4) 0.052

ACEISs, angiotensin-converting enzyme inhibitors; DPP-4, dipeptidyl peptidase-4; HDL-c, high-density lipoprotein cholesterol; HMG-CoA, hydroxy-methyl-glutaryl-coenzyme A;
IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease; SD, standard deviation.

Patients with NAFLD had a younger mean age than did those
without NAFLD (59.5+10.9 vs. 64.1+10.1years; p<0.001) and a
greater mean body mass index and waist circumference. The
prevalence of diabetes mellitus was markedly greater in the NAFLD
group (56% vs. 36%; p <0.001). Additionally, these patients exhibited
elevated AST (26.1+13.0vs. 22.2+9.5 U/L; p<0.001) and ALT levels,
with medians of 24.0 U/L (IQR, 17.0-36.0) versus 17.0 U/L (IQR,
13.0-22.0), respectively; p<0.001. Conversely, patients without
NAFLD exhibited better management of metabolic syndrome risk
factors. This was indicated by lower levels for fasting plasma glucose
(112.9£34.2 vs. 127.9+43.2mg/dL; p<0.001), HbAlc (6.3% +1.1%
vs. 6.8%+1.2%; p<0.001), and triglycerides (with a median of
101.5 mg/dL (IQR, 75.5-138.0) vs. 131.0 mg/dL (IQR, 97.0-177.0);
p<0.001), but a higher HDL-c level (57.5+16.8 vs. 51.6 £ 12.5 mg/dL;
p<0.001).
comorbidities. These findings are summarized in Table 1.

The medications used corresponded with their

3.2 NAFLD and beverage consumption

This study provided several insights into the relationship between
NAFLD and coffee, tea, cocoa/chocolate, and soft drink consumption.

The investigation of coffee consumption revealed no significant
differences between the NAFLD and non-NAFLD groups in terms of
both the proportion of coffee drinkers and the quantity consumed.
Specifically, for participants without NAFLD, the median caffeine
intake from coffee was 57.00 mg/day (IQR, 1.60-70.93), while it was
40.57mg/day (IQR, 3.80-57.00; p=0.366) for patients with
NAFLD. Additionally, the median caloric contribution from coffee
was similar between groups, with participants without NAFLD
consuming 5.0kcal/day (IQR, 0.7-59.8) and patients with NAFLD
consuming 5.0kcal/day (IQR, 1.4-37.5; p=0.564). Hence, our analysis
revealed no significant associations. Specifically, there were no links
between overall coffee consumption, the amount of caffeine intake,
and the energy derived from coffee in patients, regardless of their
NAFLD status.

Conversely, tea consumption patterns differed notably. A greater
proportion of tea consumption was observed in the NAFLD group
(68.3%) than in the non-NAFLD group (51.8%; p<0.001). The median
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caffeine intake from tea was substantially lower in participants without
NAFLD (0.28 mg/day; IQR, 0-5.87) than in those with NAFLD
(2.23mg/day; IQR, 0-11.20; p=0.002). Moreover, patients with
NAFLD obtained significantly more energy from tea (3.44kcal/day;
IQR, 0-25.02) than did their non-NAFLD counterparts (0.07 kcal/day;
IQR, 0-10.67; p<0.001). Furthermore, our detailed analysis revealed
that participants with NAFLD were more inclined to consume
sweetened tea than were those without NAFLD (44.0% vs. 30.5%;
p<0.004), and they tended to add greater quantities of sugar to their
homemade tea beverages.

In this study, the consumption patterns of cocoa/chocolate were
analyzed in patients with and without NAFLD. The median caffeine
intake from cocoa/chocolate in both cohorts was negligible at 0 mg/
day (IQR, 0-0). Energy consumption from cocoa/chocolate varied
slightly, with a median intake of Okcal/day (IQR, 0-10.51) in the
non-NAFLD group and 1.67 kcal/day (IQR, 0-11.02; p=0.447) in the
NAFLD group. However, these differences in caffeine and energy
intake were not statistically significant.

Soft drink consumption was prevalent in more than half of the
participants in the study cohort, yet no notable differences were
observed between patients with and without NAFLD. The daily intake
of soft drinks was comparable across both groups. In terms of caffeine
intake from soft drinks, individuals without NAFLD consumed a
median of 0.46 mg/day (IQR, 0-3.59), while those with NAFLD
consumed 0.82mg/day (IQR, 0-3.69; p=0.661). The median
energy intake from soft drinks was 3.74 kcal/day (IQR, 0-20.90) in the
non-NAFLD group and 4.52kcal/day (IQR, 0-16.04) in the
NAFLD group, with a value of p of 0.596, indicating no
significant difference.

Overall, the aggregate caffeine consumption from all beverage
types did not significantly differ between patients with and without
NAFLD. The two groups exhibited a median caffeine intake of
approximately 57 mg/day (57.00mg/day [IQR, 14.80-93.83] for
participants with NAFLD and 57.86 mg/day [IQR, 10.83-114.00] for
those without NAFLD). Similarly, the energy intake from all beverages
was analogous in both cohorts, with median values of 60.38 kcal/day
(IQR, 20.74-141.13) for patients with NAFLD and 56.86 kcal/day
(IQR, 20.07-140.79) for those without NAFLD (p=0.829). These
findings are detailed in Table 2.
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TABLE 2 Comparison of drinking behavior between patients with and without non-alcoholic fatty liver disease.

Non-NAFLD (n=164)
Mean + SD

Drinking behavior

NAFLD (n =341)
Mean +SD

Value of p

Coffee consumption, 1 (%) 129 (78.7) 275 (80.7) 0.635
Consuming black coffee, 1 (%) 82 (50.0) 175 (51.3) 0.849
Volume of coffee (ml/day) 250 (215, 250) 250 (250, 250) 0.831
Caffeine from coffee (mg/day) 57.0 (1.6, 70.9) 40.6 (3.8, 57.0) 0.366
Energy from coffee (kcal/day) 5.0 (0.7, 59.8) 5.0 (1.4,37.5) 0.564
Tea consumption, 1 (%) 85 (51.8) 233 (68.3) <0.001
Consuming black tea, 1 (%) 37 (22.6) 75 (22.0) 0.909
Volume of tea (ml/day) 250 (0, 250) 250 (0, 250) 0.003
Caffeine from tea (mg/day) 0.3 (0, 5.87) 2.2(0,11.2) 0.002
Energy from tea (kcal/day) 0.1 (0, 10.7) 3.4 (0, 25.0) <0.001
Cocoa/chocolate consumption, # (%) 77 (47.0) 177 (51.9) 0.342
Volume of cocoa/chocolate (ml/day) 0 (0, 250) 250, (0, 250) 0.232
Caffeine from cocoa/chocolate (mg/day) 0(0,0) 0 (0, 0) 0.044
Energy from cocoa/chocolate (kcal/day) 0 (0, 10.5) 1.67 (0, 11.0) 0.447
Soft drink consumption, 7 (%) 98 (59.8) 201 (58.9) 0.923
Volume of soft drink (ml/day) 250 (0, 250) 250 (0, 250) 0.974
Caffeine from soft drink (mg/day) 0.5(0, 3.6) 0.8 (0,3.7) 0.661
Energy from soft drink (kcal/day) 3.7 (0, 20.9) 4.5 (0, 16.0) 0.596
Total caffeine from all beverages (mg/day) 57.9 (10.8, 114.0) 57.0 (14.8,93.8) 0.604
Total energy from all beverages (kcal/day) 56.9 (20.1, 140.8) 60.4 (20.7, 141.1) 0.829

NAFLD, non-alcoholic fatty liver disease.

3.3 Advanced liver fibrosis and its
associated factors

Within the cohort of patients diagnosed with NAFLD and
advanced liver fibrosis, defined by liver stiffness measurements
>8kPa, no significant differences in age or sex were noted. Patients
with advanced liver fibrosis exhibited elevated liver enzyme levels,
with AST levels of 42.6+23.8 U/L versus 24.8+10.6 U/L in those
(p<0.001). The
aminotransferase levels in the advanced liver fibrosis group were
44.0 U/L (IQR, 25.0-59.0) versus 23.0 U/L (IQR, 18.0-34.0) in the
non-advanced liver fibrosis group (p<0.001), and the gamma-
glutamyl transferase levels were 59.0 U/L (IQR, 37.0-115.0) versus
33.0 U/L (IQR, 22.0-57.0) (p<0.001). In contrast, patients without
advanced liver fibrosis had better control of metabolic syndrome risk
factors, as evidenced by lower HbAlc levels (6.6%+1.0% vs.
7.0%+1.1%; p=0.014) and smaller waist circumferences
(93.3+£9.4cm vs. 97.2+10.6 cm; p=0.018), as detailed in Table 3.

without advanced liver fibrosis alanine

3.4 Advanced liver fibrosis and beverage
consumption

The study revealed no significant correlations between daily
beverage consumption (volume, energy intake, or caffeine intake) and
the presence of advanced liver fibrosis, as shown in Table 4.
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3.5 Prevalence of NAFLD and advanced
liver fibrosis in relation to beverage
consumption

Table 5 reveals that high coffee consumption (>3 cups daily) was
inversely related to NAFLD prevalence, with an adjusted odds ratio of
0.35 (95% CI: 0.14-0.89). However, the consumption of tea, cocoa/
chocolate, or soft drinks was not significantly associated with NAFLD
or advanced liver fibrosis prevalence (data not shown).

4 Discussion

Our study revealed that the baseline characteristics of patients
with NAFLD were associated with poor control of metabolic
syndrome indicators (HbAlc, fasting plasma glucose, triglycerides,
body mass index, and waist circumference). Interestingly, a substantial
intake of coffee, quantified as three or more cups daily, was negatively
correlated with the prevalence of NAFLD. However, this study
revealed no significant associations between NAFLD or advanced liver
fibrosis and consumption habits related to cocoa/chocolate and soft
drink consumption. The factors investigated were current drinking
status, beverage type, and the caffeine content and caloric contribution
of each beverage.

Notably, energy intake from tea consumption was significantly
greater among patients with NAFLD than among those without
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TABLE 3 Comparison of clinical characteristics between non-alcoholic fatty liver disease patients with and without advanced liver fibrosis.

Patient characteristic No advanced liver fibrosis Advanced liver fibrosis Value of p
(n=235) (n=39)
Mean + SD Mean + SD
Age (years) 58.8+10.1 61.8+£13.9 0.101
Male sex, n (%) 105 (46.7) 22 (56.4) 0.225
Weight (kg) 70.3+12.1 74.5+16.0 0.056
Height (cm) 160.6+7.9 161.7+9.8 0.414
Body mass index (kg/m?) 27.2+3.9 28.3+4.1 0.122
Waist circumference (cm) 93.3+9.4 97.2+10.6 0.018
Hip circumference (cm) 100.0£8.0 100.9+8.2 0.527
Waist-to-hip ratio 0.93+0.07 0.96+0.07 0.009
Systolic blood pressure (mmHg) 132.5+14.4 133.6+14.6 0.683
Diastolic blood pressure (mmHg) 80.5+10.6 79.6+£12.5 0.636
Smoking, 1 (%) 11 (4.7) 7 (18.0) 0.007
Underlying disease, 1 (%)
Impair fasting plasma glucose 72 (30.6) 7 (18.0) 0.048
Diabetes mellitus 117 (49.8) 28 (71.8) 0.134
Hypertension 212(90.2) 39 (100.0) 0.054
Dyslipidemia 223 (94.9) 38 (97.4) 0.701
Aspartate transaminase (U/L) 24.8+10.6 42.6+23.8 <0.001
Alanine transaminase (U/L), median (IQR) 23.0 (18.0, 34.0) 44.0 (25.0, 59.0) <0.001
AST/ALT ratio 0.97+0.33 1.04+0.44 0.244
Alkaline phosphatase (U/L) 70.9+£19.7 88.4+45.0 <0.001
Total bilirubin (mg/dL) 0.54+0.25 0.57£0.23 0.503
Direct bilirubin (mg/dL) 0.21+0.10 0.25+0.11 0.047
Albumin (g/dL) 4.4+0.3 4.4+04 0.786
Globulin (g/dL) 33+04 34+04 0.115
GGT (U/L), median (IQR) 33.0 (22.0, 57.0) 59.0 (37.0, 115.0) <0.001
FPG (mg/dL) 121.9+£39.7 130.1+£32.1 0.223
HbAlc (%) 6.6+1.0 7.0 1.1 0.014
Total cholesterol (mg/dL) 182.5+35.8 177.0£31.5 0.364
Triglyceride (mg/dL), median (IQR) 131.0 (97.0, 183.0) 128.0 (103.0, 154.0) 0.812
HDL-c (mg/dL) 523+12.7 49.6+11.8 0.227
LDL-c (mg/dL) 100.1+32.9 94.8+£27.6 0.338
Hemoglobin (g/dL) 13.5+14 13.4£1.6 0.615
Platelet count (x10°/L) 266.7 +68.5 233.1+64.1 0.005

HDL-c, high-density lipoprotein cholesterol; IQR, interquartile range; LDL-c, low-density lipoprotein cholesterol; SD, standard deviation.

NAFLD. Nevertheless, analysis of the total energy intake from all
beverage types revealed a non-significant disparity between the two
groups. This observation is particularly noteworthy in the context of
Thailand’s beverage culture, where high-calorie tea drinks, such as
sweetened tea and milk tea, are prevalent.

The significantly greater total caloric intake from tea among
patients with NAFLD could be attributed to the prevalent
consumption of high-calorie Thai beverages. These include Thai tea
and sugar-enhanced infused teas, which are highly popular and
typically contain substantial amounts of sugar, condensed milk, milk,
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and whipped cream per serving. A detailed analysis revealed
differences in consumption patterns. Participants with NAFLD
exhibited a greater propensity for consuming high-calorie teas, such
as Thai tea and sugar-added instant tea, than did those without
NAFLD (44.0% vs. 30.5%, p <0.004). Additionally, they tended to add
more sugar to their homemade tea. In contrast, participants without
NAFLD tended to consume unsweetened tea, which resulted in lower
caloric intake from tea.

Approximately half of our study participants were diagnosed with
diabetes mellitus. This comorbidity could potentially influence their
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TABLE 4 Comparison of drinking behavior between non-alcoholic fatty liver disease patients with and without advanced liver fibrosis.

Drinking behavior No advanced liver fibrosis Advanced liver fibrosis Value of p
(n=235) (n=39)
Mean + SD Mean + SD
Coffee consumption 190 (80.9) 28 (71.8) 0.202
Drinking black coffee, n (%) 123 (52.3) 19 (48.7) 0.731
Volume of coffee (ml/day) 250 (250, 250) 250 (0, 250) 0.330
Caffeine from coffee (mg/day) 40.7 (3.8, 57.0) 57.0 (0, 57.0) 0.851
Energy from coffee (kcal/day) 5.5(0.7,33.3) 5.0 (0,41.9) 0.672
Tea consumption 160 (68.1) 21 (53.9) 0.100
Drinking black tea, n (%) 53 (22.6) 9(23.1) 1.000
Volume of tea (ml/day) 250 (0, 250) 250 (0, 250) 0.108
Caffeine from tea (mg/day) 2.6 (0, 12.0) 1.2 (0, 12.0) 0.433
Energy from tea (kcal/day) 4.0 (0,29.39) 2.0 (0,37.25) 0.380
Cocoa/chocolate consumption 123 (52.3) 19 (48.7) 0.731
Volume of cocoa/chocolate (ml/day) 250 (0, 250) 0 (0, 250) 0.719
Caffeine from cocoa/chocolate (mg/day) 0(0,0) 0(0,0) 0.187
Energy from cocoa/chocolate (kcal/day) 1.7 (0, 12.6) 0 (0.0, 34.1) 0.627
Soft drink consumption 144 (61.3) 24 (61.5) 1.000
Volume of soft drink (ml/day) 250 (0, 250) 250 (0, 250) 0.863
Caffeine from soft drink (mg/day) 0.9 (0, 3.85) 0.9 (0,2.2) 0.351
Energy from soft drink (kcal/day) 5.5(0,18.1) 7.2(0,17.4) 0.887
Total caffeine from all beverages (mg/day) 57.0 (15.9, 96.3) 57.9 (13.7,114.0) 0.815
Total energy from all beverages (kcal/day) 62.3 (24.7, 150.0) 75.6 (10.5, 156.4) 0.793

TABLE 5 Prevalence of non-alcoholic fatty liver disease in relation to beverage consumption.

Cups/day n NAFLD prevalence n (%) Adjusted odds ratio* (95% ClI)
Coffee

0-<1 235 166 (70.6) Ref

1-2 239 158 (66.1) 0.77 (0.49, 1.20)

>3 31 17 (54.8) 0.35 (0.14, 0.89)
Tea

0-<1 412 273 (66.3) Ref

1-2 80 61 (76.3) 1.57 (0.84, 2.92)

>3 13 7 (53.9) 0.82 (0.21, 3.20)
Cocoa/chocolate

0-<1 447 302 (67.6) Ref

1-2 55 37 (67.3) 1.38 (0.69, 2.78)

>3 3 2(66.7) 2.81(0.23, 34.03)
Soft drinks

0-<1 450 301 (66.9) Ref

1-2 51 38 (74.5) 2.05 (0.96, 4.41)

>3 4 2 (50.0) 0.35 (0.04, 3.00)

CI, confidence interval; NAFLD, non-alcoholic fatty liver disease.
* The adjusted factors were total energy per day from beverages, age, waist circumference, aspartate aminotransferase-to-alanine aminotransferase ratio, impaired fasting glucose or diabetes
mellitus, albumin, triglycerides, and high-density lipoprotein cholesterol. Bold value refers to the statistically significant value (p <0.05).
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beverage preferences by leading them to avoid sugar-enhanced drinks.
Nonetheless, our analysis revealed a comparable proportion of
individuals consuming sugar-containing beverages among those with
and without diabetes mellitus (approximately 60% among coffee
consumers and 30% among tea drinkers). Additionally, we endeavored
to perform subgroup analyses to elucidate the differential impact of
sugar-added and non-sugar-added beverage consumption on NAFLD
prevalence. Regrettably, these analyses yielded no statistically
significant results, potentially due to confounding factors that were
not identified or controlled for in our study.

However, the literature consistently underscores the relationship
between the intake of sugar-rich beverages and an elevated risk of
NAFLD. Specifically, fructose, a prevalent sugar component, has been
implicated as a key factor in the development of NAFLD, and
numerous studies have linked its consumption to increased
inflammation and fibrosis (19-21). Additionally, a 2023 study by Sun
et al. substantiated a positive correlation between the consumption of
sugar-sweetened beverages and the fatty liver index, which represents
hepatic steatosis severity (22).

Multiple hypotheses posit that caffeinated beverages may
decelerate the progression of chronic liver disease. Preclinical
investigations have demonstrated that caffeine impedes liver steatosis
progression by restoring redox balance, suppressing TGF-f expression,
and inhibiting hepatic stellate cell activity, whereas polyphenols
exhibit antioxidative effects (23-25). Conversely, certain human
studies have not established a significant correlation between coffee
consumption and liver steatosis. This may be due to the impracticality
of consuming the high doses (6-7 cups of coffee daily) necessary to
mitigate liver steatosis in humans (26). The relationship between
coffee intake and NAFLD prevalence remains inconclusive, with
various studies presenting disparate results. The National Health and
Nutrition Examination Survey indicated a marginal decrease in the
prevalence of NAFLD with increased coffee consumption, but the
effect was minimal (27). Furthermore, a meta-analysis encompassing
six studies with 20,064 participants did not reveal a significant
association (12).

Additional longitudinal research is imperative to elucidate the
nexus between coffee and NAFLD. The 2023 guidelines from the
American Association for the Study of Liver Diseases suggest that
coffee consumption, irrespective of caffeine content, could
be advantageous. They recommend the intake of three or more cups
of coffee daily, barring contraindications, based on epidemiological
research and a meta-analysis associating such consumption with a
reduced risk of NAFLD and liver fibrosis (5, 28-31). Our findings
align with these guidelines, indicating an association between the
consumption of three or more cups of coffee daily and a lower
prevalence of NAFLD. However, our data also demonstrated that total
caffeine intake does not significantly vary between individuals with
and without NAFLD.

Our investigation has multiple strengths, particularly the
exhaustive collation of data regarding diverse beverage types. This
analysis included detailed consumption frequency and volume metrics
and included calculations of the caffeine content for each beverage
category. The primary basis of our analysis was grounded in self-
reported data, wherein participants meticulously detailed their
consumption patterns. This included specifying the type or brand of
beverages, the quantity consumed daily, the weekly frequency, and any
additional additives. The data were acquired through a meticulously
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designed self-administered questionnaire and were subsequently
corroborated via individual interviews.

Nevertheless, it is imperative to acknowledge the existing
ambiguity surrounding the relationship between non-coffee
beverages—such as tea, cocoa/chocolate, and soft drinks—and their
effects on NAFLD and liver fibrosis. Most of the current evidence
stems from preclinical studies, while research focused on humans,
especially those with metabolic syndrome, is relatively scarce. In
response, our study also aimed to address this gap by focusing on the
association of NAFLD and the consumption of non-coffee beverages
in patients with metabolic syndrome. Our conclusions are based on
an extensive compilation of data covering a range of beverages,
incorporating detailed information on consumption patterns and
caffeine levels.

Several limitations of our study warrant discussion. First, the
sample size was not directly calculated based on our primary objective.
Instead, the NAFLD population was derived from a cohort of patients
with metabolic syndrome who were part of a larger project
investigating the prevalence of NAFLD in patients at Siriraj Hospital,
Thailand. The participants were randomly selected from the internal
medicine outpatient department. Patients consented to complete a
questionnaire and undergo ultrasonography. The total sample size of
505 patients was deemed sufficient to discern a difference in the
NAFLD prevalence between those consuming >3 cups of coffee daily
and those with lower consumption (less than 1 cup per day).
Retrospectively calculating the sample size for this specific hypothesis
test yielded an estimated power of approximately 80%. However, the
relatively modest sample size constrained our ability to detect
advanced liver fibrosis, as only 39 patients were diagnosed with
advanced liver fibrosis. Future studies exploring the link between
beverage consumption and liver fibrosis would benefit from a
larger cohort.

Our investigation revealed no significant correlation between
beverage consumption behaviors and NAFLD or advanced liver
fibrosis prevalence. This outcome, however, was derived from a single
questionnaire administered once, potentially introducing bias,
particularly recall bias. Additionally, the questionnaire did not account
for brewing methods or drink varieties, factors that could influence
associations with NAFLD and its sequelae. The absence of pathological
confirmation of the disease (due to ethical considerations against
performing liver biopsies in this cohort) might also impact the results.
Nonetheless, the ultrasonography and transient elastography methods
employed in this study are valid non-invasive means of identifying
NAFLD and liver fibrosis.

Furthermore, our study did not assess total daily caloric intake, a
known confounding factor influencing NAFLD prevalence and its
progression. Accurately quantifying total caloric intake was impeded
by the heterogeneity of food types and the variability in daily
consumption, thus representing a significant limitation within this
research domain.

Given our study’s cross-sectional design, we cannot infer temporal
or causal relationships between beverage consumption and the
development of NAFLD or liver fibrosis. To address these limitations
and establish causality, further research is imperative. This includes
longitudinal studies, such as prospective cohort studies and rigorously
designed randomized controlled trials, which could provide more
definitive insights into the specific effects of different beverages on
NAFLD prevalence. Despite these limitations, our study contributes
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valuable information to the existing body of knowledge, particularly
in filling the research gap regarding beverage consumption and
NAFLD among patients with metabolic syndrome in Thailand.

5 Conclusion

Our investigation revealed no marked differences in drinking
behavior between patients with and without NAFLD. Our data did not
reveal clear associations between the consumption of coffee, tea,
cocoa/chocolate, or soft drinks and NAFLD or liver fibrosis in patients
with metabolic syndrome. However, an exception was observed for
high coffee consumption (three or more cups daily), which correlated
with a reduced prevalence of NAFLD.
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