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Abstract

with the control group.

Background: We aimed to evaluate the effect of cranberry supplementation on serum liver enzymes, hepatic steato-
sis, and cardiometabolic risk factors in patients with non-alcoholic fatty liver (NAFLD).

Methods: In the present parallel-designed randomized controlled clinical trial, 110 patients with NAFLD were
enrolled. The patients were randomized to receive 144 mg cranberry capsule or placebo for 6 months. The primary
efficacy of the treatment was lipid profile, glycemic measurements, and liver enzyme levels.

Results: The data were reported for 46 in the supplementation group and 48 in the placebo group. The patient’s
mean (SD) age was 43.16 (11.08) years. No significant differences between groups were observed regarding the
post-intervention level of liver enzyme. The mean after-intervention levels of total cholesterol (p < 0.001) and triglyc-
eride (p=0.01) were significantly lower in the intervention group compared with the placebo group. At the end of
the study, the mean insulin and HOMA-IR levels were significantly lower in the cranberry group compared with the
placebo group. Significantly more patients in the cranberry group experienced a decrease in steatosis level compared

Conclusion: The results of the present study showed that cranberry supplementation had a positive effect on some
lipid profiles, insulin resistance, and hepatic steatosis in patients with NAFLD.

Trial registration: IRCT20200725048200N1; first registration date: 11.8.2020.
Keywords: Cranberry, NAFLD, Cardiometabolic, Liver enzymes

Background

Nonalcoholic fatty liver disease (NAFLD) is defined by
excessive accumulation of lipids in the liver, which is not
induced by alcohol intake, drug use, or viral hepatitis [1].
The NAFLD prevalence was reported as 25.24% world-
wide, with a high prevalence in the Middle East countries
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[2]. NAFLD is related to other diseases such as kidney
and cardiovascular diseases representing the effects of
this disease on the body [3].

Considering the burden of NAFLD, researchers have
mainly focused on examining new and effective meth-
ods for the prevention and treatment of this disease [4].
Different disease management options such as lifestyle
interventions, drug and vitamin supplements therapy,
phlebotomy, and surgical interventions were suggested
to accomplish on NAFLD patients [5]. However, the
majority of these procedures are ineffective and some
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methods like various types of surgeries are invasive and
can be associated with other complications. Therefore,
better methods and medication had to be investigated for
NAFLD treatment.

Nowadays, an increasing number of studies have
focused on the efficacy of herbal medicine in NAFLD
patients [6]. Some studies showed the positive effect of
herbal medication along with lifestyle modification in
patients with NAFLD [6]. Cranberry (Vaccinium macro-
carpon) is a fruit with high content of different polyphe-
nols [7]. Different animal studies showed the promising
effect of cranberry on liver enzymes and hepatic stea-
tosis [8, 9]. Moreover, various human studies have
also focused on the effect of Cranberry capsules (240—
1500 mg/day) [9-12] and Cranberry juice (240-750 ml/
days) [13-19] on cardiometabolic risk factors and pro-
viding mixed results. Some studies reported the protec-
tive effect of cranberry on TC [11], LDL-C [11], HDL-C
[19], FPG [16], and blood pressure [15]. However, the
results of a recent systematic review and meta-analy-
sis study concluded that cranberry supplementation
has significantly positive effects on blood pressure and
weight loss in patients with diabetes, and metabolic
syndrome. However, no favorable effect was observed
on glycemic measurements and lipid profile [20]. To
the best of our knowledge, so far, only one study has
assessed the effect of cranberry in patients with NAFLD
[21]. Hormoznejad et al. have assessed the effect of
288mg of cranberry supplementation for 3 months
on cardiometabolic risk factors and steatosis grade in
patients with NAFLD and showed a significantly greater
reduction of alanine aminotransferase (ALT) and insu-
lin in the cranberry group than in the placebo group.
The intervention duration in this study was limited and
they recommended long-term clinical trials in NAFLD
patients [21].

Considering the high antioxidant capacity of cranberry
and owing to the involvement of oxidative stress in the
pathogenesis of NAFLD, we postulated that a hypoca-
loric diet along with cranberry supplementation maybe
effective in the management of NAFLD. Due to the lack
of studies in this regard, in the present clinical trial, we
evaluated the effect of cranberry supplementation on
serum liver enzymes, hepatic steatosis, and glycemic and
lipid profiles in patients with NAFLD.

Methods

Patients

In the present parallel-designed triple-blind rand-
omized controlled clinical trial, the previously diag-
nosed patients with NAFLD who were referred to the
liver disease clinic of Imam Reza educational hospi-
tal, Tabriz, Iran from august 2020 were enrolled. The
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patients were diagnosed based on liver ultrasonography
previously by expert gastroenterologists. Adult patients
aged more than 18years were included. The pregnant
and breastfeeding patients, the patients with diabetes,
other liver diseases, heart, renal and pulmonary failure,
patients with alcohol intake, and the ones who used
antioxidant and vitamin supplements other than vita-
min E were ineligible.

One hundred and ten patients with NAFLD partici-
pated in the present trial. Simple randomization was
done using a computer-generated randomization chart
by the GraphPad QuickCalcs tool. A sequentially num-
bered sealed envelope was used to randomize partici-
pants into two groups. A researcher who did not play
any role in the other part of the investigation developed
the randomization chart and assigned the patients into
the intervention groups. All participants who have
received a hypocaloric diet of 500 kcal less per day than
estimated energy requirements and vitamin E supple-
ment. The patients in the intervention group (n=55)
received a single capsule of cranberry (144 mg) and the
patients in the placebo group (n=55) received the pla-
cebo for 6 months. The patients were advised to take the
capsules after lunch. To increase the patients’ compli-
ance to intervention, participants were fully informed
regarding the trial before the initiation of interventions.
Moreover, the pre-planned telephone call was under-
taken to answer questions and address any issues that
arise.

Cranberry, and placebo were purchased from Shari
Company, Iran. The cranberry capsule includes 144 mg
Vaccinium macrocarpon (equal to 13g dried cranberry
fruit). The placebo includes the same base formula with-
out the active ingredient. Cranberry and placebo were
the same, labeled as A and B, and ordered by a researcher
who was not involved in other parts of the clinical trial.
The patients, the outcome assessor, and the statistician
were blind to group assignment.

All participants have signed full written consent.
The ethics committee of Tabriz University of Medi-
cal Sciences approved the study protocol (Ethics code:
IRTBZMED.REC.1399.090). The study was carried
out in accordance with the ethical guidelines of Tabriz
University of medical sciences. The trial was regis-
tered at the Iranian registry of clinical trials (Identifier
NO. IRCT20200725048200N1; first registration date:
11.8.2020).

The sample size was calculated using G-power soft-
ware based on the result of a previous study [15] about
the effect of cranberry juice on the glycemic indices
and by the presumption of a two-sided significance
level of 5% and power of 80% with equal allocation to
the two arms that necessitate a sample size of 37 in
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each group. To allow for dropouts, 55 patients were
recruited.

Measurements

The participants were visited every month during the
intervention. In all visits, compliance with the interven-
tion and lifestyle modifications were checked. If par-
ticipants consume >80% of their prescribed medication
were considered compliant.

Evaluation of the therapeutic efficacy
The primary endpoints were lipid profile [total cho-
lesterol (TC), triglyceride (TG), high-density lipopro-
tein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C)], glycemic measurements [fasting
blood sugar (FBS), and insulin level], liver enzymes
[alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), alkaline phosphatase (ALP)] levels.
Anthropometric characteristics, including weight,
and height were measured at the beginning and end of
the study. Height was measured to the nearest 0.1cm
using a tape measure. Weight was measured using a
Seca weighing scale to the nearest 0.1kg. BMI was also
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calculated as weight in kilograms (kg)/height in meters
squared (m?).

After 10-h fasting, a blood sample was obtained. All
measurements were done in the same laboratory and
using the same procedures. The colorimetric method
(Parsazmoun, Tehran, Iran) was used for measur-
ing liver enzymes, FBS, TG, TC, and HDL-C levels.
ELISA method (Monobind, USA) was used for meas-
uring serum insulin level. The concentration of LDL-C
was calculated using the Friedewald formula and the
homeostatic model assessment insulin resistance index
(HOMA-IR) was calculated according to Gayoso-Diz
et al. formula: HOMA-IR =fasting glucose (mmol/l)*
fasting insulin (1U/mL)/ 22.5.

Statistical analysis

SPSS version 16 was used for statistical analysis. Kol-
mogorov-smirnov test was used for assessing data
distribution. Mean and standard deviations (SD) were
used for reporting the continuous variables and fre-
quency and percentage were used for reporting cat-
egorical data. A paired sample t-test was used for
comparison of the before- and after-intervention values
in each group. For between-group comparisons, the
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chi-square test and independent t-test were used where
appropriate. For comparison of the post-intervention
values adjusted for age, sex, BMI, and baseline values,
a one-way analysis of covariance (ANCOVA) was used.
A p-value of less than 0.05 was considered significant.

Results

From a total of 110 patients with NAFLD, nine patients
in the intervention group and seven patients in the con-
trol group were lost to follow-up. The data were stated
for 94 patients (46 in the cranberry group and 48 in the
placebo group) (Fig. 1).

The mean (SD) age of the participants was 43.16 (11.08)
years, 47.9% of them were male, and 76.6% of them were
overweight or obese. The baseline demographic and
clinical characteristics were not significantly different
between the two groups (Table 1).

As shown in Table 2, the mean liver enzyme levels were
significantly decreased in the placebo group (p<0.001),
however, in the intervention group, there was a signifi-
cant reduction in only the ALP levels. The results of the
ANCOVA test showed that there were no significant dif-
ferences between groups regarding the after-intervention
level of liver enzymes after adjusting for age, sex, BMI,
and baseline values.

Table 1 the baseline characteristics of participants

In the term of lipid profile measurements, the mean
after-intervention levels of total cholesterol (» <0.001) and
triglyceride (p =0.01) were significantly lower in the inter-
vention group compared with the placebo group after
adjusting for baseline values, age, sex, BMI and baseline
values (Table 2).

The mean level of glycemic indices was significantly
decreased in both groups. However, the results of the
ANCOVA test indicated that that at the end of the inter-
vention, the mean insulin, and HOMA-IR levels were
significantly lower in the cranberry group compared with
the placebo group.

The changes in hepatic steatosis grade are shown in
Fig. 2. Significantly more patients in the cranberry group
experienced a decrease in steatosis level compared with
the control group (P <0.01). Moreover, 8.7% of patients
in the cranberry group experienced a one-point increase
in steatosis level and the steatosis level did not increase in
any patients in the control group, however, the differences
were not statistically significant between groups (p =0.06).

Discussion

This RCT assessed the effect of cranberry supplementa-
tion on cardiometabolic risk factors and liver function
tests in patients with NAFLD. The results showed that

Variables Cranberry group (n =46) Placebo group (n =48) p-value *
Age (years) 432041130 43.134+£10.98 0.97
Sex n (%) male/female 22 (47.8)/ 24 (52.2) 23(47.9)/ 25 (52.1) 0.99
BMI (kg/m?) 28.17+£499 2863+4.15 0.63
SBP (mmHg) 127.394+24.61 124.85423.20 0.60
DBP (mmHg) 79354+10.19 77.90+9.05 046
Total cholesterol (mg/dL) 209.8+64.13 205.60+£50.16 0.72
LDL-C (mg/dL) 144.13 +£20.62 143.27 +£20.02 0.83
HDL-C (mg/dL) 33.67£4.21 3446 +£5.00 041
TG (mg/dL) 198.9+£64.99 181.50+57.79 0.17
AST (IU/L) 3722+£1351 4117 +£16.69 0.21
ALT (IU/L) 42744+15.04 474841835 0.17
ALP (IU/L) 251.574+32.89 248.08+27.18 0.57
FBS (mg/dL) 105.22£9.04 105.81£9.08 0.75
Insulin (u/mL) 10.38£3.09 10.65£3.02 0.67
HOMA-IR 2.78+0.99 2.84+0.98 0.74
Steatosis grade n (%)

Grade 1 13(283) 16 (33.3) 0.8**

Grade 2 28 (60.9) 26 (54.2)

Grade 3 5(10.9) 6(12.5)

*p-value of independent t-test **p-value of chi-square test

SBP systolic blood pressure, DBP diastolic blood pressure, LDL-C low-density lipoprotein-cholesterol, HDL-C High-density lipoprotein-cholesterol, TG triglyceride,
AST alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, FBS fasting blood sugar, HOMA-IR Homeostatic model assessment-insulin

resistance
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Variable Cranberry group (n =46) p-value* Placebo group (n =48) p-value*  p-value**
Before After Before After
BMI (kg/m?) 28.17+£4.99 28.2245.06 0.32 2863+4.15 284244.07 0.68 034
SBP 1273942461 126.85425.01 0.22 124.85423.20 1247942425 0.89 0.37
DBP 7935+£10.19 79.78+10.21 0.25 77.90+9.05 78.65+£932 0.07 062
Liver enzymes
ALT 42.74£15.04 39.54+£16.95 0.18 4748418.35 38.69+14.20 <0.001 0.27
AST 372241351 329841433 0.05 41.17+16.69 31.98+1248 <0.001 0.27
ALP 251.57+£32.89 2243345412 0.01 248.08427.18 22140£47.19 <0.001 0.77
Lipid profile measurements
Total cholesterol 209.8+64.13 189.02 +£63.62 <0.001 205.60£50.16 200.29452.14 0.002 <0.001
LDL-C 144.13+£20.62 133.964+20.71 <0.001 143.27 +£20.02 135.17+£19.34 0.24 023
HDL-C 33.67+4.21 38.28+4.84 <0.001 34.46 +5.00 380+£4.99 <0.001 0.09
TG 198.9+£64.99 190.54 £ 65.22 <0.001 181.504+57.79 188.54£66.80 <0.001 0.01
Glycemic measurements
FBS 105.224+9.04 98.65£8.70 0.001 105.814+9.08 100481747 <0.001 0.28
Insulin 10.38+3.09 5.62+2.04 <0.001 10.6543.02 10.06 +2.94 <0.001 <0.001
HOMA-IR 2.784+0.99 1.394+062 <0.001 2.84+0.98 251+085 <0.001 <0.001
Steatosis grade n (%)
No steatosis 0 4(304) 0.04# 0 0 <0.001#  0.001#
Grade 1 13 (28.3) 8(39.1) 16 (33.3) 24 (50)
Grade 2 28 (60.9) 3(283) 26 (54.2) 20(41.7)
Grade 3 5(10.9) (2 2) 6(12.5) 4(83)

* Within-group comparisons, P-value of paired t-test

** Between-group comparisons; p-value of ANCOVA adjusted for age, sex, and baseline values

# p-value of chi-square test

SBP systolic blood pressure, DBP diastolic blood pressure, LDL-C low-density lipoprotein-cholesterol, HDL-C High-density lipoprotein-cholesterol, TG triglyceride,
AST alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase, FBS fasting blood sugar, HOMA-IR Homeostatic model assessment-insulin

resistance

in the term of cardiometabolic risk factors, the mean
reduction in total cholesterol, triglyceride, insulin, and
HOMA-IR levels in the cranberry group was significantly
higher compared with the placebo group. The effect of
cranberry supplementation of glycemic measurements
was in agreement with the result of a previous study in
patients with NAFLD [21]. Hormoznejad et al. in patients
with NAFLD showed that cranberry supplementation
had a significant positive effect on insulin and HOMA-
IR levels in patients with NAFLD [21]. In studies with
patients with type 2 diabetes, the positive effect of cran-
berry supplementation on insulin levels, and HOMA-IR
have been shown [22]. The favorable effect of cranberry
on insulin sensitivity reported in this study cannot be
related to variations in energy and, bodyweight since no
changes were observed in these variables between the
two groups. The positive effect of cranberry on glycemic
measurement may be because of the improved insulin
sensitivity [23].

The result of this study indicated that the mean serum
FBS was significantly decreased in both groups. Although
the mean decrease in serum FBS was higher in the cran-
berry group compared with the placebo group, the dif-
ferences were not statistically significant. This finding
is in line with the result of a previous study [21]. Some
previous studies reported a significant decrease in serum
glucose level by cranberry consumption [16, 24, 25]. The
observed decrease in FBS in the cranberry group may
partly because of the effect of cranberry on a delay in
the gastric uptake of glucose or distribution of glucose to
insulin-sensitive tissues [24]. Moreover, studies indicated
that vitamin E and calorie restriction had a favorable
effect on serum glucose levels [26, 27]. So, the signifi-
cant decrease in serum FBS in the placebo group may be
explained by the consumption of vitamin E and restric-
tion of daily calories.

In the present study, we also observed significant dif-
ferences in changes in TC and TG levels in the cranberry
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group compared with the placebo group. This finding
is opposed to the result of a previous study in NAFLD
patients [21]. This discrepancy may be partly related to
differences in the intervention types between the two
studies. The patients in the present study received vita-
min E and energy restriction as routine treatments,
however, in Hormoznejad et al. study the patients only
received energy restriction as a routine treatment. A
previous study on animal models showed the synergistic
antioxidant effect of vitamin E and anthocyanins. Anti-
oxidants in fruits had a lipid-lowering effect in a previous
clinical trial [28]. Moreover, the duration, and supple-
ment dosage were different in the two studies. In patients
with type two diabetes, Lee et al. also showed a positive
effect of cranberry supplementation on total cholesterol
levels but not triglyceride levels [11]. A systematic review
and meta-analysis study that reviewed the effect of cran-
berry supplementation on cardiometabolic risk factors
also did not observe the significant effect of cranberry
on lipid profile [20]. Our findings were inconsistent with
the results of this meta-analysis that may be partly owing
to the differences in including populations. We included
the patients with NAFLD, however, none of the included
studies in the meta-analysis involved the NAFLD patients
and mostly studies the patients with type 2 diabetes or
metabolic syndrome.

The observed positive effect of cranberry supple-
mentation on lipid profile in the present study may be

somewhat due to the polyphenol content of cranberry.
Studies have indicated high content of tannins in cran-
berry increases the uptake of cholesterol in the liver [29].
Moreover, tannins may increase the excretion of choles-
terol by binding to the bile acids in the intestine [30, 31].

We did not observe significant differences between
the cranberry and placebo groups in terms of changes in
liver enzyme levels. The only human study that assessed
the effect of cranberry supplementation in patients with
NAFLD reported significant differences between cran-
berry and placebo groups regarding changes in ALT
level but not AST and ALP levels [21]. Faheem et al.
also showed the effect of cranberry on decreasing liver
enzymes level in rat models [8]. Other studies in fat mod-
els also indicated the promising effect of anthocyanins
on liver enzyme levels [9]. A plausible explanation for
the observed discrepancy between the results might be
related to the differences in cranberry doses used in these
studies. In the present study, we used the dose of 144 mg/
day, however, Hormoznejad et al. used higher doses of
cranberry (288 mg/day).

We observed significant differences between the two
groups regarding changes in hepatic steatosis status.
In an animal study, Anhe et al. also reported significant
changes in steatosis status following cranberry supple-
mentation [23]. Hormoznejad et al. also reported a sig-
nificant reduction in hepatic steatosis in both cranberry
and placebo groups [21]. The probable explanation for
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the positive effect of cranberry on hepatic steatosis may
be related to the activation of PPAR-a by Pterostilbene, a
stilbenoid found in cranberry. The activation of PPAR- a
modulates pathways controlling the increased fatty acid
B-oxidation and decreased triglyceride content in the
liver and lowers plasma lipid levels in animal models [32].
Moreover, studies indicated that anthocyanins found in
cranberry had a positive effect on liver steatosis in animal
models [8, 9, 33, 34]. In the present study, the grade of
steatosis was increased in four patients in the cranberry
group. We postulated that other factors that were not
controlled in the present study such as genetic variations,
consumption of fructose, monounsaturated fatty acids,
and trans-fatty acids may aggravate NAFLD, or alcohol
use may responsible for this observation [35]. Although
none of the patients in the present study reported the
consumption of alcohol, however as alcohol consump-
tion is illegal in Iran, most patients did not report the real
amount of alcohol consumption.

The results of the present study should be interpreted
considering the potential limitations of the study. We
did not measure serum inflammatory and oxidative indi-
ces. Moreover, we assessed the steatosis status using the
ultra-sonographic examination. Although histological
assessment is the best way of assessing hepatic steatosis
since liver biopsy is an invasive procedure we used ultra-
sound technique as an appropriate method for monitor-
ing NAFLD [36].

Moreover, we did not control all confounders such
as genetic polymorphism and nutrient intake that may
affect the findings.

Conclusion

In conclusion, the results of the present study showed that
cranberry supplementation had a positive effect on some
lipid profiles, insulin resistance, and hepatic steatosis in
patients with NAFLD. However, considering the limita-
tions of the study, more long-term studies with larger
sample size and more valid methods of assessing hepatic
steatosis are needed to confirm these preliminary results.
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