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Abstract

The present study assessed whether cranberry supplementation influences liver enzyme activity, hepatic fat content,
and cardiometabolic risk parameters in patients diagnosed with non-alcoholic fatty liver disease (NAFLD). This
randomized, parallel-group clinical trial included 110 individuals diagnosed with NAFLD, who were assigned to
either a 144 mg cranberry supplement or a placebo for a duration of six months. The study primarily evaluated
effects on liver enzymes, glycemic control, and lipid metabolism. The trial involved 46 participants receiving the
supplement and 48 receiving placebo. Participants had an average age of 43.16 years (SD 11.08). Post-treatment
liver enzyme levels showed no notable differences between the two groups. In contrast, the supplementation group
exhibited significantly reduced average levels of total cholesterol (p < 0.001) and triglycerides (p = 0.01) compared
to the placebo group. At study completion, average insulin concentrations and HOMA-IR values were also
markedly lower in the group receiving cranberry supplementation than in the placebo group. Furthermore, a
significantly higher number of participants in the cranberry group achieved an improvement in liver steatosis grade
relative to the control group. The findings of this study indicate that cranberry supplementation may improve certain
lipid parameters, reduce insulin resistance, and positively influence hepatic steatosis in patients with NAFLD.
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Introduction

Nonalcoholic  fatty liver disease (NAFLD) is
characterized by an abnormal accumulation of fat in the
liver that occurs independently of alcohol consumption,
drug use, or viral hepatitis [1]. Globally, NAFLD affects
approximately one-quarter of the population, with

particularly high prevalence reported in Middle Eastern
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countries [2]. This condition is linked to multiple
comorbidities, including cardiovascular and kidney
diseases, highlighting its systemic impact [3].

Due to its growing health burden, considerable research
efforts have been directed toward identifying effective
strategies for NAFLD prevention and management [4]. A
range of approaches—including lifestyle interventions,
pharmacotherapy, vitamin supplementation,
phlebotomy, and procedures—has been
suggested for patients with NAFLD [5]. However, many
of these strategies demonstrate limited efficacy, and
invasive interventions, such as surgery, may carry
additional risks. Thus, safer and more effective
therapeutic options remain a priority.
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In recent years, interest has increased in the potential of
herbal therapies for NAFLD management [6]. Evidence
suggests that certain herbal treatments, particularly when
combined with lifestyle modification, may improve
clinical outcomes in NAFLD patients [6]. Cranberry
(Vaccinium macrocarpon), a fruit rich in polyphenolic
compounds, has shown promise in preclinical studies for
improving liver enzyme activity and reducing hepatic fat
accumulation [7-9]. Human studies have evaluated
cranberry in capsule form (240-1500 mg/day) [9-12] or
as juice (240-750 ml/day) [13-19] for effects on
cardiometabolic risk factors, producing mixed results.
Some trials have reported beneficial impacts on total
cholesterol LDL-C [11], (TC) [11], HDL-C [19], blood
pressure [15] and fasting plasma glucose (FPG) [16].
Conversely, a recent systematic review and meta-
analysis found that while cranberry supplementation
significantly reduced blood pressure and body weight in
patients with diabetes and metabolic syndrome, it had no
significant effect on glycemic indices or lipid profiles
[20]. To date, only one study has specifically investigated
cranberry supplementation in NAFLD patients [21].
Hormoznejad et al. administered 288 mg of cranberry
daily for three months, observing significant reductions
in alanine aminotransferase (ALT) and insulin levels
compared to placebo. However, the study’s short
duration highlighted the need for longer-term trials in this
population [21].

Given cranberry’s high antioxidant capacity and the role
of oxidative stress in NAFLD pathogenesis, we
hypothesized that cranberry supplementation combined
with a hypocaloric diet could improve liver function,
metabolic parameters, and hepatic steatosis. Therefore,
this clinical trial was conducted to evaluate the effects of
cranberry supplementation on serum liver enzymes,
hepatic fat content, and glycemic and lipid profiles in
patients with NAFLD.

Materials and Methods

Patient

This study was a triple-blind randomized and parallel-
designed controlled trial. Patients with a prior diagnosis
of NAFLD, referred to the liver disease clinic of Imam
Reza Educational Hospital, Tabriz, Iran, starting in
August 2020, were considered for enrollment. Diagnosis
was confirmed via liver ultrasonography by experienced
gastroenterologists. Eligible participants were adults
aged 18 years or older. Exclusion criteria included

pregnancy or breastfeeding, diabetes, other liver
disorders, heart, kidney or pulmonary failure, alcohol
consumption, and use of antioxidant or vitamin
supplements other than vitamin E.

A total of 110 participants were enrolled. Randomization
was performed using a computer-generated chart via
GraphPad QuickCalcs, and allocation was concealed
using sequentially numbered, sealed envelopes. A
researcher not involved in other aspects of the study
managed randomization. All participants received a
hypocaloric diet providing 500 kcal less than estimated
vitamin E and energy requirements supplementation.
Participants in the intervention group (n = 55) received a
daily cranberry capsule (144 mg), while those in the
placebo group (n = 55) received an identical placebo for
six months. Capsules were to be taken after lunch.
Participants received detailed instructions on trial
procedures and periodic follow-up phone calls to ensure
adherence.

Cranberry capsules and placebos were obtained from
Shari Company, Iran. Each cranberry capsule contained
144 mg Vaccinium macrocarpon (equivalent to 13 g
dried fruit), while placebos matched the base formulation
without active ingredients. Both were identically
packaged and labeled as A or B by a researcher
uninvolved in trial procedures. Patients,
assessors, and statisticians remained blinded to group
allocation.

outcome

All participants provided written informed consent. The
study protocol was approved by the Ethics Committee of
Tabriz University of Medical Sciences (Ethics code:
IR.TBZMED.REC.1399.090) and conducted according
to institutional ethical guidelines. The trial was registered
with the Iranian Registry of Clinical Trials (Identifier:
IRCT20200725048200N1; first registration date:
11.8.2020). Sample size calculations, based on previous
research assessing the effects of cranberry juice on
glycemic indices [15], assumed a two-sided significance
level of 5%, 80% power, and equal allocation, requiring
37 participants per group. To account for potential
dropouts, 55 participants were recruited per arm.

Measurements

Participants attended monthly follow-up visits during the
six-month intervention to monitor adherence to both the
supplementation regimen and recommended lifestyle
changes. Individuals who consumed over 80% of their
assigned capsules were considered compliant with the
intervention.
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Outcome assessment

The study’s primary outcomes included serum lipid
levels—total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C)—glycemic parameters
including fasting blood sugar (FBS) and insulin, as well
as liver enzymes, specifically alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP).

Anthropometric data, such as height and weight, were
measured at baseline and at the end of the study. Height
was recorded to the nearest 0.1 cm using a standard tape
measure, and weight was determined with a Seca digital
scale to the nearest 0.1 kg. Body mass index (BMI) was
then calculated as weight in kilograms divided by the
square of height in meters (kg/m?).

Following a 10-hour overnight fast, blood samples were
collected from all participants. Laboratory analyses were
carried out in the same facility using standardized
methods. Colorimetric assays (Parsazmoun, Tehran,
Iran) were employed to measure liver enzymes, TG, FBS,
HDL-C and TC, while serum insulin was quantified
using ELISA (Monobind, USA). LDL-C values were
calculated using the Friedewald equation. Insulin
resistance was estimated using the HOMA-IR formula as

described by Gayoso-Diz et al.. HOMA-IR = fasting
glucose (mmol/L) X fasting insulin (IU/mL) + 22.5.

Statistical analysis

Statistical analyses were conducted with SPSS version
16. The Kolmogorov-Smirnov test assessed the
distribution of continuous variables. Descriptive
statistics were presented as mean + SD for continuous
data and as frequency (percentage) for categorical data.
Within-group comparisons of pre- and post-intervention
measures were performed using paired-sample t-tests,
while between-group differences were analyzed with
independent t-tests or chi-square tests, as appropriate.
Post-intervention outcomes were also examined using
one-way ANCOVA, adjusting for sex, age, baseline
values and BMI. A two-sided p-value < 0.05 was
considered statistically significant.

Results and Discussion

Out of the 110 patients enrolled in the trial, nine
participants from the cranberry supplementation group
and seven from the placebo group did not complete the
study. Therefore, the final analysis included 94 patients:
48 in the placebo group and 46 in the cranberry group
(Figure 1).

Assessed for eligibility

| 110 Randomized

{n=150)
4-' Not eligible (n=22)
128 patients
recrulted
> Not consent to participate
(n=18)

v
Allocated to the
intervention group (n=55)

Lost to follow-up [n=3})
Loss to fallow-up (n=4)

Not taking tablets
regularly (n=3)

Use other drugs (n=2)

|

Allocated to the contrel
group (n=55}

Lost to follow-up (n=7)

Loss to follow-up [n=3)

Not taking tablets regularly
(n=3)

Statistical analysis
(n=46)

Statistical analysis (n=48)

Use ather drugs (n=1)

Figure 1. Flow diagram of participant recruitment and study analysis.
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obese. There were no significant differences in baseline
demographic or clinical characteristics between the
cranberry and placebo groups (Table 1).
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The participants had a mean (SD) age of 43.16 (11.08)
years, with 47.9% being male. Most of the study
population (76.6%) were classified as overweight or

Table 1. Baseline characteristics of study participants

Variable Cranberry Group (n =46) Placebo Group (n =48) p-value
Age (years, mean + SD) 43.20+11.30 43.13+10.98 0.97
Sex, n (%) male / female 22 (47.8%) / 24 (52.2%) 23 (47.9%) / 25 (52.1%) 0.99
Body Mass Index (BMI, kg/m?, mean + SD) 28.17+4.99 28.63 £4.15 0.63
Systolic Blood Pressure (SBP, mmHg, mean + SD) 127.39 + 24.61 124.85 +£23.20 0.60
Diastolic Blood Pressure (DBP, mmHg, mean + SD) 79.35+10.19 77.90 £9.05 0.46
Total Cholesterol (mg/dL, mean + SD) 209.8 £ 64.13 205.60 + 50.16 0.72
LDL Cholesterol (LDL-C, mg/dL, mean + SD) 144.13 £20.62 143.27 £20.02 0.83
HDL Cholesterol (HDL-C, mg/dL, mean + SD) 33.67+4.21 34.46 £5.00 0.41
Triglycerides (TG, mg/dL, mean + SD) 198.9 + 64.99 181.50 £ 57.79 0.17
Aspartate Aminotransferase (AST, IU/L, mean + 37.22 £13.51 41.17 £16.69 0.21

SD)

Alanine Aminotransferase (ALT, IU/L, mean £ SD) 42.74 £15.04 47.48 £18.35 0.17
Alkaline Phosphatase (ALP, IU/L, mean £ SD) 251.57 +32.89 248.08 +27.18 0.57
Fasting Blood Sugar (FBS, mg/dL, mean + SD) 105.22 +9.04 105.81 £9.08 0.75

Insulin (nU/mL, mean + SD) 10.38 £3.09 10.65 £3.02 0.67
HOMA-IR (mean + SD) 2.78 £0.99 2.84£0.98 0.74
Steatosis Grade, n (%)
Grade 1 13 (28.3%) 16 (33.3%) 0.80%*
Grade 2 28 (60.9%) 26 (54.2%)
Grade 3 5(10.9%) 6 (12.5%)

*p-value from independent t-test; **p-value from chi-square test

Systolic blood pressure (SBP); diastolic blood pressure
(DBP); low-density lipoprotein cholesterol (LDL-C);
high-density ~ lipoprotein  cholesterol ~ (HDL-C);
triglycerides (TG); alanine aminotransferase (ALT);
aspartate aminotransferase (AST); alkaline phosphatase
(ALP); fasting blood sugar (FBS); homeostatic model
assessment—insulin resistance (HOMA-IR).lipoprotein
cholesterol;  HDL-C:  high-density  lipoprotein
cholesterol; TG: triglycerides; AST: aspartate
aminotransferase; ALT: alanine aminotransferase; FBS:

fasting blood sugar; ALP: alkaline phosphatase; HOMA-
IR: homeostatic model assessment—insulin resistance.
Table 2 shows that liver enzyme levels decreased
significantly in the placebo group (p < 0.001). In contrast,
the intervention group experienced a significant decline
only in ALP. After controlling for age, sex, BMI, and
baseline values using ANCOVA, no significant
differences were observed between the two groups in
post-intervention liver enzyme levels.

Table 2. Mean values of anthropometric parameters, glycemic indices, lipid profile, and liver enzymes before and
after the study in both groups.

Cranberry Within- Placebo Group Within- Between-
. Cranberry Placebo Group
Variable Group (n=46) Group After Cranberry (n=48) After Placebo p- Group p-
Before P p-value* Before value*  value**
Body Mass Index (BMI,
oy alz; /m"Z)ex ( 28174499 2822506 032 2863415 2842+407 068 034
Systolic Blood Pressure o\ 1161 1268542501 022 1248542320 1247942425  0.89 0.37
(SBP, mmHg)

Diastolic Blood Pressure o oo\ 1019 797841021 025  77.90£905 78.65£932  0.07 0.62

(DBP, mmHg)

Alanine Aminotransferase

42.74 £ 15.04 .54 £16.
(ALT, IU/L) 7 5.04 395 6.95

0.18 4748 £1835 38.69+1420 <0.001 0.27
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Aspartate
Aminotransferase (AST, 3722+ 13.51 32.98+1433 005  41.17+16.69 31.98+12.48 <0.001 027
IU/L)
Alkaline Phosphatase
. + . . + . . . + . . + . <0. .
ALP. 1U1L) 251.57+32.80 2243345412 001  248.08+27.18 221.40+£47.19 <0.001  0.77
Total Cholesterol (mg/dL) 209.8=64.13 189.02+63.62 <0.001 205.60 % 50.16 20029+ 52.14 0.002  <0.001
LDL ChO:;Sgt/;r]:’)l (LDL-C, 41322062 133.9642071 <0.001 1432742002 1351741934 024 0.23
HDL Cholesterol (HDL-C,
Cholesterol (HDL-C, 43 7\ 421 3808484 <0001 3446£500 3804499 <0001  0.09
mg/dL)
Triglycerides (TG, mg/dL) 198.9 = 64.99 190.54+6522 <0.001 181.50=57.79 188.54+66.80 <0.001 0.0l
Fasting Bl;‘;‘/idi';gar (FBS, 105202004 98654870 0001  10581£9.08 10048=747 <0.001 028
Insulin (nU/mL) 1038+3.09 562204 <0001 1065+3.02 10.06+2.94 <0.001  <0.001
HOMA-IR 2784099  139+0.62  <0.001  2.84+098 251+085 <0001  <0.001
Liver Steatosis Grade, n
(%)
0.04# <0.001#
No steatosi 0 (0° 14 (30.49 0 (0° 0 (0° 0.001#
0 steatosis (0%) ( %) (overall) (0%) (0%) (overall)
Grade 1 13(283%) 18 (39.1%) 16(333%) 24 (50%)
Grade 2 28(60.9%) 13 (28.3%) 26 (542%) 20 (41.7%)
Grade 3 5 (10.9%) 1(2.2%) 6 (12.5%) 4(8.3%)

*Within-group P-values were calculated using paired t-tests;

**between-group comparisons were performed using ANCOVA, adjusted for sex, age, baseline values and BMI;

#chi-square test.

LDL-C, low-density lipoprotein cholesterol;SBP,
systolic blood pressure; DBP, diastolic blood pressure;
HDL-C, high-density lipoprotein cholesterol; TG,
triglycerides; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; FBS, fasting blood sugar;
ALP, alkaline phosphatase; HOMA-IR, homeostatic
model assessment—insulin  resistance. After the
intervention, the cranberry group showed significantly
lower total triglyceride (p = 0.01) and cholesterol (p <
0.001) levels compared with the placebo group, after
controlling for age, baseline values, sex, and BMI (Table
2).

90
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41.3
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30 26.1 23.9
20
8.7
10
0

changes in grade

Cranberry Group

M Liver fibrosis grades

Both groups exhibited reductions in glycemic measures
over time; however, ANCOVA indicated that post-
intervention insulin and HOMA-IR levels were notably
lower in the cranberry group than in the control group.
Figure 2 illustrates the changes in hepatic steatosis. A
greater proportion of participants in the cranberry group
experienced improvement in steatosis compared with the
placebo group (P < 0.01). Conversely, 8.7% of
individuals in the cranberry group showed a one-grade
increase in steatosis, while no increases occurred in the
control group; this difference did not reach statistical
significance (p = 0.06).

81.3

16.7

0 . 2.1

changes in grade
Placebo group

1 =m0 m-1 -2

Figure 2. Changes in hepatic steatosis grades in the two groups.
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This randomized controlled trial evaluated the effects of
cranberry  supplementation on  cardiometabolic
parameters and liver function in patients with NAFLD.
The findings indicate that cranberry intake led to greater
reductions in total cholesterol, triglycerides, insulin, and
HOMA-IR compared with the placebo. These results
regarding glycemic control are consistent with prior
research in NAFLD populations [21]. Hormoznejad et al.
reported that cranberry supplementation significantly
improved insulin sensitivity and HOMA-IR levels in
patients with NAFLD [21], and similar benefits have
been observed in individuals with type 2 diabetes [22].
Importantly, improvements in glycemic outcomes in this
study cannot be attributed to changes in body weight or
caloric intake, suggesting that cranberry may enhance
insulin sensitivity directly [23].

Both cranberry and placebo groups exhibited decreases
in fasting blood sugar (FBS). Although the cranberry
group showed a slightly larger reduction, this difference
did not reach statistical significance, which aligns with
previous studies [21]. Prior reports suggest that cranberry
may reduce blood glucose by delaying gastric absorption
or facilitating uptake into insulin-sensitive tissues [24].
Furthermore, vitamin E supplementation and calorie
restriction, both applied in this study, have been shown
to lower serum glucose [25, 26], likely explaining the
decrease observed in the placebo group.

Regarding lipid profile, cranberry supplementation was
associated with significant reductions in total cholesterol
and triglycerides relative to the control group. This
contrasts with some previous findings in NAFLD
patients [21], possibly due to differences in study
protocols. In the current study, participants received both
vitamin E and calorie restriction,
Hormoznejad et al.’s study, only dietary restriction was
applied. Animal studies suggest that vitamin E and
anthocyanins may work synergistically to reduce lipid
levels, and antioxidants in fruits have been linked to
improved lipid profiles in clinical trials [27]. Differences
in dosage and duration of cranberry supplementation may
also contribute to inconsistencies. Studies in type 2
diabetes populations have reported reductions in total
cholesterol but not triglycerides [11], while meta-
analyses on cranberry supplementation generally did not
observe significant effects on lipid parameters [20]. The
discrepancy between these results and our findings may
be partly due to population differences, as our study
specifically included NAFLD patients, unlike prior
studies focusing on diabetes or metabolic syndrome.

whereas in

The lipid-lowering effect observed may also relate to
cranberry’s polyphenols. Tannins, abundant in cranberry,
can increase hepatic cholesterol uptake [28] and enhance
intestinal excretion by binding bile acids [29, 30].

No significant between-group differences were found for
liver enzymes. The only previous human study in
NAFLD patients reported a reduction in ALT but not
AST or ALP following cranberry supplementation [21].
Animal studies support a hepatoprotective effect of
cranberry and anthocyanins [8, 9]. A likely reason for the
differences is dosage: this study used 144 mg/day,
whereas previous studies used higher doses, such as 288
mg/day [21].

Cranberry supplementation also improved hepatic
steatosis. Animal studies corroborate these effects,
showing decreased liver fat following cranberry or
anthocyanin administration [8, 9, 23, 31, 32]. One
potential mechanism is Pterostilbene, a compound in
cranberry, which activates PPAR-a, promoting fatty acid
B-oxidation, reducing hepatic triglycerides, and lowering
circulating lipid levels [33]. In our study, four patients in
the cranberry group experienced an increase in steatosis
grade, which could be influenced by uncontrolled factors
such as genetic predispositions, diet composition, or
unreported alcohol consumption [34].

The study has limitations. We did not measure
inflammatory or oxidative stress markers, and hepatic
steatosis was assessed using ultrasonography rather than
histology; while liver biopsy is the gold standard,
ultrasound remains a practical, non-invasive method for
NAFLD assessment [35]. Additionally, not all
confounding factors, including genetic variants and
detailed nutrient intake, were controlled, which could
have affected the results.

Conclusion

In summary, this study suggests that cranberry
supplementation may improve certain lipid parameters,
reduce insulin resistance, and alleviate hepatic steatosis
in patients with NAFLD. Nonetheless, due to the study’s
limitations, including sample size and the method used to
evaluate liver fat, further long-term research with larger
cohorts and more precise measures of hepatic steatosis is
warranted to validate these preliminary findings.
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