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Abstract

Helicobacter pylori infection is a major global public health problem. Although H. pylori eradication has been
shown to reduce the incidence of gastric cancer, increasing resistance to standard antibiotic therapy decreases treatment
success rates. Zingiber officinale var. Rubrum contains active compounds with anti-inflammatory and antioxidant thus
potential as an adjuvant for inhibiting H. pylori. This study aimed to demonstrate and verify the effect of ZOR extract
therapy on the inhibiting of H. pylori in patients with chronic gastritis. Study parameters included TNF-a, IL-6, IL-1p,
MDA, and quality of life based on the SF-NDI. A randomized controlled trial with a pre-post test was conducted from
July 2024 to June 2025 at Sebelas Maret University Hospital, Sukoharjo. Thirty patients with chronic ulcers due to H.
pylori infection were divided equally into 3 groups: A positive control standard eradication therapy, treatment 1 with the
addition of 500 mg ZOR capsules, and treatment 2 with the addition of 1 g ZOR capsules. The intervention lasted for 2
weeks. Parameters evaluated before and after the intervention included serum levels of TNF-a, IL-6, IL-1p, MDA, and
quality of life using the SF-NDI. Statistical analysis used ANOVA/Kruskal Wallis test with a significance level of p <
0.05. ZOR supplementation at doses of 500 mg and 1 g reduced TNF-a levels. Administration of 1 g ZOR also reduced
IL-6 and IL-1B levels between groups. The reduction in MDA was not significant. Quality of life scores were found
primarily in the 500 mg and 1 g ZOR groups, with significant results p < 0.05. Zingiber officinale var. Rubrum
supplementation can be applied as an adjuvant in H. pylori eradication therapy, potentially providing anti-inflammatory
and antioxidant effects thus improving quality of life in patients with chronic gastric ulcers caused by H. pylori infection.
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Introduction

Helicobacter pylori (H. pylori) infection remains a
public health problem worldwide. A global systematic
review conducted by Hooi et al. [1] showed that in 2015,
approximately 4.4 billion people worldwide were

estimated to be positive for H. pylori infection.

Although the total prevalence of H. pylori in Indonesia
is low, the distribution of H. pylori sufferers is
unbalanced between Eastern Indonesia and Western
Indonesia 59.4% vs. 40.6% per year 2014 - 2017 with
the highest contributor being East Nusa Tenggara 51.4%

[2]. The incidence of H. pylori in Indonesia across all
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age groups was evaluated in 2022, showing that in the 3
- 11 year old age group, H. pylori patients were 16.7%.
An increase in the incidence of H. pylori was also
reported in the Jakarta area from 2010 to 2021, with the
number of H. pylori patients reaching 19.74% [3].

Helicobacter pylori infection is associated with
gastritis, peptic ulcers, gastric ulcers, and gastric
carcinoma [4]. Changing resistance patterns, with
therapeutic implications, and new knowledge regarding
indications for pathogen eradication, make medical
management of H. pylori a dynamic process that
requires regular reassessment [5]. The World Health
Organization reported in 2017 that H. pylori is among
the 12 most antibiotic-resistant bacterial families. This
increase in antibiotic resistance has led to an increased
incidence of gastric cancer. Initially, treatment for this
bacterial infection showed a success rate of > 90%.
However, after 20 years of treatment, antibiotic
resistance emerged, including to clarithromycin and
metronidazole, the mainstays of H. pylori treatment [6].

Zingiber officinale var. Rubrum (ZOR) is
considered to have roles as a gastrointestinal protectant,
antimicrobial, antioxidant, anti-inflammatory, anti-
cancer, and immunomodulator through active
substances including 6-shogaol, 6-gingerol,
gingererone, ginger oleoresin, and propanoids [7]. Anti-
inflammatory effects through several cellular pathways
such as inhibition of 5’-adenosine monophosphate-
activated protein kinase, nuclear factor-kappa betha
(NF-kB), and activation of the activator protein-1
pathway leading to inhibition of proinflammatory
cytokines such as interluekin (IL)-1p, IL-6, IL-8, IL-12,
interferon, and tumour necrosis factor-alpha (TNF-a).
Furthermore, red ginger is able to inhibit the release of
nitric oxide (NO), cyclooxygenase-2 (COX-2) activity,
and inducible nitric oxide synthase (iNOS) which is
characterized by improving oxidative stress conditions
or reducing malondialdehyde MDA [8]. Previous
experimental research with a gastric ulcer model in rats
showed that Zingiber officinale has an anti-ulcerative
effect that improves the clinical condition of patients [9].
Therefore, this study aims to analyze the adjuvant
potential of Zingiber officinale var. Rubrum in chronic
gastritis patients with H. pylori infection through
evaluation parameters of TNF-a, IL-6, IL-1B, MDA, and
quality of life based on the Short-Form Nepean
Dyspepsia Index (SF-NDI).

Materials and methods

This study was an experimental pre-post test labor-
atory. Laboratory sampling was carried out at Sebelas
Maret University Hospital, Sukorharjo from July to De-
cember 2024. This research has obtained ethical
approval from the Research Ethics Committee, Faculty
of Medicine, Sebelas Maret University (protocol ID
177/01/08/2024, No. 205/UN27.06.11/KEP/EC/2024).

Subject

A total of 30 patients were selected by purposive
sampling, aged 18 - 70 years with a diagnosis of mild
and moderate chronic gastritis H. pylori +. This study
did not involve pregnant/lactating individuals, allergies
to standard H. pylori management, and patients who did
not have post-treatment control were excluded from the
study subjects. Diagnosis of H. pylori is confirmed by
histopathology  evaluation by pathologist and
gastroscopy by internist. The number of samples is
determined based on Cohen's f formula for > 3 groups,
with the formula A = f2xN where A is the non-centrality
parameter, N is the total sample, and f is Cohen’s f
(effect size). Taking 10 samples per group was carried
out with the assumption of a large effect value of f =
0.40 (oo = 0.05 and the number of groups was 3) so an N
value of 30 was obtained. Thus, a value of A = 4.8 was
obtained so using 30 subjects in total or 10 subjects per
group was considered sufficient to detect large
differences in this research design pre-post
measurement. The low sample size associated with this
study was only designed as an initial intervention study
to explore biological effects and the results may form

the basis for future large-scale trials.

Grouping

Thirty patients were grouped into a positive
control group (K+) consisting of 10 patients with
standard H. pylori therapy, treatment group 1 (P1)
consisting of 10 patients with standard H. pylori therapy
and administration of ZOR extract at a dose of 1x500
mg, and treatment group 2 (P2) consisting of 10 patients
with standard H. pylori therapy and administration of
ZOR extract at a dose of 1x1 g (Figure 1). Subject were
randomly allocated into 3 groups using a computer-
generated random sequence (Microsoft excel RAND)
function prepared by independent assistants. Capsule of
ZOR and placebo were coded to conceal treatment
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identity, and all investigators were blinded to group
allocation until data analysis was completed.

Intervention

Standard therapy for H. pylori consists of a
double-dose proton pump inhibitor PPI lansoprazole 30
mg twice a day, combined with clarithromycin 500 mg
twice a day, and amoxicillin 1 g twice a day for 14 days.
Zingiber officinale var. Rubrum extract was
administered in capsule form dose 500 mg and obtained
from the Herbal Medicine Scientification Clinic of the
Tawangmangu Center for Research and Development of
Medicinal Plants and Traditional Medicines under the
supervision of the Indonesia Ministry of Health
(Number: TL.02.04/D.X1.6/24934.1182/2024). The
choice of 14 days is in accordance with the national
guidelines in force in Indonesia where standard H. pylori
eradication therapy can be carried out by administering
PPI triple therapy combination therapy (PAC: PPI,
Amoxicillin, and Clarithromycin) as the first line for a
duration of 14 days. The Indonesian consensus aligns
with the American College of Gastroenterology
guidelines which provide a duration of triple or
quadriple therapy for 14 days [10,11].

The study was conducted by selecting research
subjects according to the criteria and then randomizing
them into 3 groups. Prior to the intervention, all patients
underwent blood sampling to check blood serum
parameters and underwent a pre-intervention SF-NDI
evaluation. The intervention consisted of standard
therapy, either with or without ZOR at a dose of 500 mg
or 1 g, for 14 days. After 14 days, repeat blood sampling
and SF-NDI testing were performed. The selection of
doses of 500 mg/day and 1 g/day in this study was based
on previous literature studies. Preclinical studies in
experimental animals showed that ZOR doses up to 800
mg/kgBW in musculus showed toxic effects.[12]
Human studies have shown the use of ginger powder
doses of 3 g per day without any complication [13,14].
In this study, we focused on abdominal effects, where
ZOR extract doses of 0.3 - 2 g/day showed mimetic
effects by inhibiting HT3. The Food and Drug
Administration (FDA) has designated ginger as a dietary

supplement, with consumption of no more than 6 g/day
causing gastric irritation and loss of protective effects on
the gastric mucosa [13-15]. The use of a dose of 500
mg/day is considered to meet the minimum clinical
limit, while a dose of 1 g/day is thought to be the optimal
dose for abdominal cases, considering that in this study
we have tried a dose of 3 g/day and found that patients
complained of discomfort, especially excessive
heartburn. Doses of 500 mg/day and 1 g/day, we hope to
have a good effect on the abdomen but minimal side
effects and remain within the safe dose according to the
FDA.

We monitor all patients regarding their level of
compliance with ZOR supplementation consumption
through daily blank tables and we confirm this by
telephone every 2 - 3 days so that all patients described
in the research results are confirmed to have a 100%
level of compliance with ZOR supplement consumption.
We also make sure patient did not consume any
medication/other supplementation during period of

study.

Outcome

Venous blood samples were taken from the study
subjects for serological TNF-a, IL-6, IL-1p, and MDA
using the ELISA method (https://www.elab-
science.com/). Quality of life data collection based on
the SF-NDI was carried out directly on the patients.
Form were using Bahasa Indonesia and has been
validated [16].

Statistical analysis

Researchers conducted statistical analysis using
Statistical Package for Social Sciences SPSS version 24
for Windows. Quantitative data on pro TNF-a, IL-6, IL-
1B, MDA, and quality of life were conducted normality
tests. Statistical tests were conducted using ANOVA
test/Kruskal Wallis test followed by Tukey HSD post
hoc test/Dunn test. Statistical tests to find the
significance of differences in 1 group used paired simple
T test/Wiloxon test. Statistical results p < 0.05 were
considered significant.
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Figure 1 Flowchart consort.

Results and discussion

Analysis of the primary outcomes demonstrates
notable trends in the modulation of inflammatory
cytokines, oxidative stress markers, and dyspepsia
symptom scores across all study groups (Table 1).
Baseline values of risk factors for research subjects are
presented in Table S1. For the parameters TNF-a, IL-6,
IL-1pB, the Shapiro-Wilk normality test (p < 0.05) and
Levene's homogeneity test (p > 0.05) were obtained in
both the pre-intervention and post-intervention groups
so that the third parameter was continued with a non-
parametric test. For the MDA parameters for groups K+
and P1, the results of the Shapiro-Wilk normality test
were obtained (p <0.05) and Levene’s homogeneity test
(p > 0.05), so the test was continued with a non-
parametric test, while for the MDA parameters of group
P2, the results of the Shapiro-Wilk normality test were
obtained (Ppre = 0.424; ppost = 0.548) and Levene’s
homogeneity test (p > 0.05) so that the test continues
with parametric testing. For the SF-NDI parameters, the
Shapiro-Wilk normality test results were obtained (p <
0.05) in the pre-intervention K+ and P2 groups and post-

intervention P1 with Levene’s homogeneity test results
(p > 0.05) (Table S2).

TNF-a levels exhibited slight reductions in both
the 500mg (P1) and 1g (P2) ZOR groups after
treatment, although these changes were not statistically
significant (p >0.05) (Figure 2). This mild reduction
may indicate partial attenuation of systemic
inflammation following adjunctive ZOR therapy. In
contrast, IL-6 levels demonstrated a statistically
significant increase within the 500mg ZOR group
(»=0.037), while the 1 g ZOR group also showed a
trend toward lower IL-6 values (p=0.015 among
groups),
anti-inflammatory effect (Figure 3). Similarly, IL-1P

suggesting a dose-dependent
concentrations declined significantly within the 1 g ZOR
group (p =0.005), reinforcing the ability of higher-dose
ZOR supplementation to suppress pro-inflammatory
cytokine activity more effectively (Figure 4).
Regarding oxidative stress, MDA levels decreased
notably in the 500 mg group (p=0.009), indicating
reduced lipid peroxidation and improved redox balance,
whereas no significant change was observed in the
control or 1 g groups (Figure 5). These findings imply
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that the antioxidant effects of ZOR may be more
prominent at moderate doses, potentially reflecting
different optimal thresholds for anti-oxidative and
anti-inflammatory actions. Clinically, the total SF-NDI
scores significantly improved across all groups (Tables
1 and 2; Figure 6), reflecting better quality of life
following therapy. For subdomain analysis are present
in Table S4. which show each domain significantly
improved after intervention all across the group. The
most substantial improvements occurred in participants

lg ZOR,
to post-intervention

receiving either 500 mg or showing
statistically

reductions (p <0.05). This improvement corroborates

significant pre-
laboratory findings, suggesting that symptom relief
aligns with the observed reduction of systemic and
gastric inflammation. The p-value between groups
showed for TNF-a (p = 0.485), IL-6 (p = 0.100), IL-1B
(p = 0.044), MDA (p = 0.315), and SF-NDI (p < 0.001).
The IL-18 and SF-NDI parameters were followed up
with a post hoc test (Table S3).

Table 1 Primary outcome: TNF-a, IL-6, IL-18, MDA and SF-NDI.

Pre Intervention Post Intervention Delta (A) L P
Parameter p within among
Group Mean = SD Min — Max Median Post Mean = SD Min — Max Median Mean £ SD group group
K+ 168.44 + 125.51 87.19 — 482.93 116.70 170.80 + 132.29 87.71 - 471.13 113.88 2.36 +£27.02 0.721° 0.439°
TNF-a (ng/L) Pl 194.90 +213.04 27.71 - 678.49 111.83 162.83 + 188.63 24.27-592.78 77.89 32.06 = 63.73 0.203> 0.235°
P2 168.40 + 80.00 87.92 - 357.23 138.12 166.00 + 80.68 85.52 -354.83 135.72 2.40 +0.00 0.114° 0.9532
K+ 82.59 £ 81.71 29.22 -267.29 50.86 80.49 = 70.67 34.95-218.59 48.79 2.10 £ 19.00 0.646° 0.088
IL-6 (ng/L) Pl 105.26 £ 111.44 26.57 - 335.09 44.18 129.35 + 138.64 13.66 — 428.34 60.26 24.09 £31.62 0.037° 0.178
P2 82.51+21.97 60.00 — 122.99 76.80 80.59 +25.75 57.82-121.88 69.33 1.92 +£9.85 0.093° 0.015*
IL-1p K+ 855.16 £ 1018.45 280.27 —2958.31 391.22 734.32 = 642.66 291.33 -2,257.22 500.22 120.83 + 480.34 0.799° 0.0742
(pe/mL) P1 1,014.33 £ 1,154.63 222.32 - 3494.74 399.80 1021.01 +1177.31 92.57-3,723.30 478.59 6.67 + 328.66 0.646° 0.081*
P2 855.76 £ 325.37 634.65 — 1740.50 746.15 734.19 +322.81 563.71 — 1,646.41 634.80 121.57 + 63.99 0.005° 0.0532
MDA K+ 14.64 £ 11.79 4.56 -41.00 9.89 13.88+11.74 4.85-36.42 8.60 0.75+4.78 0.575> 0.388
(nmol/mL) P1 23.27 +27.80 2.87-78.13 9.36 15.64 +19.12 3.39-60.55 8.24 7.63 +19.30 0.009° 0.15%9
P2 14.60 = 3.89 6.47-21.21 15.55 13.89 +2.89 10.39-19.17 13.98 0.71+1.93 0.271¢ 0.5722
SF-NDI K+ 3.65+0.99 1.00 - 5.00 4.00 1.90£0.75 1.00 - 4.00 2.00) 1.75+1.24 0.005> 0.005*
(Score Total) P1 3.31+0.92 1.00 - 5.00 3.00 2.05 +0.68 1.00 - 4.00 2.00 1.37 £ 0.96 <0.001¢ 0.2122
P2 3.42+0.63 1.00 - 5.00 3.00 2.05+0.72 1.00 - 4.00 2.00 1.26+1.14 0.005> 0.163*

Note: TNF-a (tumor necrosis factor alfa); IL-6 (interleukin-6); IL-1p (interleukin-1 beta); MDA (malondialdehyde); SF-NDI (Short-Form Nepean
Dyspepsia Index); K+ (positive control group, treated with H. pylori eradication standard therapy); P1 (treatment group 1, treated with H. pylori
eradication standard therapy and ZOR extract dose 1x500 mg); P2 (treatment group 1, treated with H. pylori eradication standard therapy and ZOR
extract dose 1x1 g);* = Kruskall-Wallis Test; * = Wilcoxon Test; ¢ = paired T Test.
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Figure 2 TNF-a level. In ZOR, the 500 mg dose and the 1 g dose showed insignificant suppression of TNF-a values.

Note: TNF-a (tumor necrosis factor-alpha); ng/L (nanogram/liter); p (significant value); * (p<0,05); K+ (positive control
group, treated with H. pylori eradication standard therapy); P1 (treatment group 1, treated with H. pylori eradication
standard therapy and ZOR extract dose 1x500 mg); P2 (treatment group 1, treated with H. pylori eradication standard

therapy and ZOR extract dose 1x1 g)



Trends Sci. 2026; 23(7): 12656 6 of 20

IL-6 (ng/L)
140 129 25: b

120

p=0.646 105.2
p=0,093

82.5%0.49 82.5k0 59

K+ Pl P2

Figure 3 IL-6 level. At a dose of 1 g ZOR, IL-6 suppression was observed. Note: IL-6 (interleukin-six); ng/L
(nanogram/liter); p (significant value); * (p<0,05); K+ (positive control group, treated with H. pylori eradication standard
therapy); P1 (treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x500 mg); P2
(treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x1 g)

IL-1p (pg/mL)

1200 p=0,646
1000 p=0.799 1014,33  1021,01 p=0,005*
855,16 855,76 |

800 34,19
600

400

200

0
K+ P1 P2

Figure 4 IL-1p level. At a dose of 1 g ZOR, IL-1p suppression was observed. Note: IL-1f (interleukin-one betha); pg/mL
(pico/millliter); p (significant value); * (p<0,05); K+ (positive control group, treated with H. pylori eradication standard
therapy); P1 (treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x500 mg); P2
(treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x1 g)
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MDA (nmol/mL)

25 p=0,009*
23.27
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p=0.575 p=0271
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15 1 13,89

2,64

3.88
10
s
0

|—|
K+ PI »
Figure 5 MDA level. In ZOR, the 500 mg dose and the 1 g dose showed suppression of MDA values, significant at lower
dose. Note: MDA (malondialdehyde); nmol/mL (nanomole/milliliter); p (significant value); * (p<0,05); K+ (positive
control group, treated with H. pylori eradication standard therapy); P1 (treatment group 1, treated with H. pylori
eradication standard therapy and ZOR extract dose 1x500 mg); P2 (treatment group 1, treated with H. pylori eradication
standard therapy and ZOR extract dose 1x1 g)

Table 2 Short-form Nepean dyspepsia index.

SF-NDI Score

Mean + SD Per Question
(Maximal - Minimal)
Group (Median)
K+ P1 P2
Pre Post A Pre Post A Pre Post A

P1. Emotional disturbance due to 3.80+0.78 2.20+0.42 1.60+0.84 3.80+0.42 2.40+0.51 1.40 +0.51 3.40 +1.07 2.30 +0.67 1.10+0.87
stomach discomfort over the past (2-5) (2-3) (3-4) 2-3) 2-5) (1-3)
2 months “) ?2) 3) ?2) “) )
P2. Feeling tense, frustrated, or 3.90 +0.87 2.10+0.56 1.80+0.78  3.80+0.42  2.40+0.51 1.40 +0.51 3.50 +1.08 2.30 +0.67 1.20+ 091
upset due to stomach symptoms (2-5) (1-3) (3-4) 2-3) 2-5) (1-3)
over the past 2 weeks “4) 2) 3.5) 2) “4) 2)
P3. Interference of stomach 3.90 +0.87 2.30+0.82 1.60+0.69  3.20+0.42  2.00+0.66 1.20+0.42 3.30£0.94 2.00 + 0.66 1.30 +£0.67
discomfort with doing enjoyable 2-5) (1-4) (3-4) (1-3) 2-5) (1-3)
activities over the past 2 weeks “4) 2) 3) 2) 3) ?2)
P4. Reduced enjoyment of 3.90 +0.87 2.30+0.82 1.60+0.69  3.20+0.42  2.00+0.66 1.20+0.42 3.30+0.94 2.00 + 0.66 1.30+0.67
favorite activities due to stomach 2-5) 1-4 3-4) (1-3) 2-5) (1-3)
symptoms over the past 2 weeks 4) 2) 3) 2) 3) 2)
P5. Difficulty eating or drinking 3.60 +0.84 1.80+0.78 1.80+0.78  3.40+0.51 1.90 +0.99 1.50 +0.70 3.40 + 0.69 2.40 + 0.69 1.00 + 0.66
comfortably because of stomach 2-5) (1-3) 3-4) 1-4) 2-4) 2-4
problems over the past 2 weeks 4) 2) 3.5) 2) 3) 2)
P6. Reduced enjoyment of eating 3.70 £ 0.67 1.90 +0.73 1.80+0.78  3.40+0.51 1.90 +0.99 1.50 +0.70 3.40 + 0.69 2.40 + 0.69 1.00+0.21
or drinking because of stomach (3-5) (1-3) 3-4) 1-4) 2-4) 2-4
discomfort over the past 2 weeks 4) 2) 3.5) 2) 3) 2)
P7. Frequent worry about 3.50+1.26 1.60 + 0.96 1.90+1.37  3.20+0.63 1.90 + 0.56 1.30+£0.48 3.10+1.10 1.40 £ 0.51 1.70 £ 0.94
experiencing stomach problems (1-5) (1-3) 2-4) (1-3) 2-5) (1-2)
over the past 2 weeks 4) (1) 3) (1) 3) 2)
P8. Thinking that stomach 2.80+1.54 1.20+0.63 1.60+1.50 2.60+0.69 1.40+0.51 1.20+0.63 2.90 +1.37 1.30+0.48 1.60 +1.26
symptoms could be caused by a 1-5) (1-3) (1-3) 1-2) (1-5) (1-2)

) (1) ) (1) 3) (1)
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SF-NDI Score
Mean + SD Per Question
(Maximal - Minimal)

Group (Median)
K+ P1 P2
Pre Post A Pre Post A Pre Post A

serious illness over the past 2
weeks
P9. Difficulty performing work or 3.70 £ 0.94 1.80 £ 0.63 1.90+£1.19  3.80+0.63  2.30+0.67 1.50+0.52 3.40 £ 0.69 2.20+0.42 1.20 +0.63
study activities because of (2-5) (1-3) (3-5) 2-4) 2-4) 2-3)
stomach discomfort over the past “) ?2) 3.5) ?2) “) )
2 weeks
P10. Decreased enjoyment of 3.70 + 0.94 1.80 +0.63 1.90+1.19 3.80+0.63 2.30+0.67 1.50 +£0.52 3.40 £0.69 2.20 +0.42 1.20 +0.63
work or study because of stomach 2-5) (1-3) (3-5) 2-4 2-4) 2-3)
problems over the past 2 weeks “) 2) (3.5) 2) “) )

Note: P1 (treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x500 mg); P2 (treatment group

1, treated with H. pylori eradication standard therapy and ZOR extract dose 1x1 g).

p =0,005*
3,65

3,5

=)

K+

p=<0,001*

SF-NDI

p=0,005*

342

331
3
2.5
2,05 2,05
19
L5
L
0,5
Pl P2

Figure 6 SF-NDI score. In ZOR, the 500 mg dose and the 1 g dose showed significant improvement of SF-NDI. Note:

SFNDI (Short-form Nepean dyspepsia index); p (significant value); * (p<0,05); K+ (positive control group, treated with

H. pylori eradication standard therapy); P1 (treatment group 1, treated with H. pylori eradication standard therapy and

ZOR extract dose 1x500 mg); P2 (treatment group 1, treated with H. pylori eradication standard therapy and ZOR extract

dose 1x1 g)

Tumor necrosis factor-a

Elevated pre-intervention TNF-o levels are
associated with local and systemic H. pylori infection.
H. pylori infection can activate pattern recognition
receptors, such as TLRs, on gastric epithelial and
immune cells, leading to activation of the NF-«xB
signaling pathway. Furthermore, heat shock protein
(HSP) virulence factors directly induce TNF-a [17-20].
The effectiveness of Zingiber officinale var. Rubrum on
TNF-0 is attributed to 6-shogaol, 6-gingerol, and
Zingerone. Studies have reported that the metabolite 6-

shogaol is the most potent TNF-a inhibitor due to its a,[3-

unsaturated carbonyl group. The metabolite 6-gingerol
supports TNF-a suppression through suppression of the
JNK pathway [21,22]. Another metabolite is Zingerone
which plays a role in modulating Nuclear Factor
Erythroid 2-Related Factor 2/Heme Oxygenase-1
(NRF2/HO-1) signals which reduce TNF-a transcription
[23]. The mechanism of TNF-a suppression in the NF-
kB pathway is caused by the blockade of 6-sgoahol and
6-gingerol on IkB kinase (IKK) causing prevention of
IkBa degradation and “trapping” NF-xB in the
TNF-a gene

transcription and the secretion of other proteins [23-26].

cytoplasm. This condition prevents



Trends Sci. 2026; 23(7): 12656

9 0f20

The decrease in TNF-a transcription is supported by the
role of Z officinale as a PPARy agonist [22,27].
Zingiber officinale modulation of the MAPK pathway is
due to inhibition of ERK, JNK, and p38 phosphorylation
by 6-shoagol. Suppression of MAPK signaling leads to
decreased stability and translation of TNF-o mRNA
[24]. The metabolite 6-shogaol can activate NRF-2,
which increases HO-1, thereby suppressing ROS. This
reduction in ROS contributes to improved inflammatory
conditions, including reduced TNF-a levels [23]. Other
findings indicate that 6-shoagol can inhibit the NLRP3
inflammasome, thereby suppressing TNF-a
amplification [25].

A study by Amanda et al. [25] on the experimental
oral administration of ZOR at doses of 100 mg/kgBW,
200 mg/kgBW, and 400 mg/kgBW for 14 days in a
Pfizer-inducing mouse model (0.1 mL) showed a
decrease in TNF-a levels (p < 0.05), with the best dose
being 100 mg/kgBW [28]. Song et al. [26] reported a
decrease in TNF-o mRNA concentration when given
GGEO3 (steamed ginger extract) at doses of 50, 100 and
200 pg/mL in gastritis caused by H. pylori [29]. Gaus et
al. [27] reported that giving H. pylori at a dose of 100
mg/kgBW for 3 weeks before H. pylori induction and 6
weeks after H. pylori induction in mice showed
inhibition of COX-2 and NF-kp which suppressed TNF-
a production with a 50% inhibitory concentration (IC50)
of 837 pg/mL [30]. Zhong et al. [28] reported the
alignment of TNF-a suppression in a preclinical study in
the form of ginger juice administration as a
gastroprotectant in a mouse model of gastric ulcer
induction. The gastroprotective effect was shown by a
decrease in TNF-a (pg/mL) sequentially for the healthy
control group, placebo group, 150 g fresh ginger juice
group, 150 g fresh ginger boiled juice group, and 50 g
dried ginger juice group by 57.70 + 7.77, 63.90 + 6.42,
55.75 + 8.14, 61.35 + 5.87 and 67.04 + 6.27 [31].
Another study by Saiah et al. [29] reported the
gastroprotective effect of Z officinale on the
administration of active metabolites of Z. officinale,
namely butanol fractions at doses of 25, 50 and 100
mg/kgBW  which were able to reduce TNF-a
concentrations (pg/ml) by 96.78 +£3.02,91.06 £2.71 and
62.41 + 3.32, respectively [32]. A systematic review by
Morvaridzadeh et al. (2020) reported a significant
decrease in TNF-a after Z. officinale administration
(SMD: —0.85, 95% CI: —1.48, —0.21, I>= 89.4%) [33].

Interleukin-6

The pathway of increased proinflammatory
cytokine IL-6 in H. pylori infection is analogous to the
increase in proinflammatory cytokine TNF-a, namely in
the NF-x pathway. H. pylori infection stimulates
gastric epithelial cells and immune cells such as
macrophages to produce IL-6 primarily through the
activation of several intracellular signaling pathways.
Key bacterial virulence factors such as cag
pathogenicity island (cagPAl) and outer inflammatory
protein A (OipA) strongly induce IL-6 gene expression.
These factors activate the MAPK pathway (ERK, JNK,
p38), which, together with transcription factors (NF-kB,
AP-1, CRE, C/EBP), increases IL-6 transcription.
Further studies have shown that H. pylori also triggers
STAT3 activation and a positive feedback loop between
epithelial cells (GES-1) and monocytes (THP-1), which
amplifies IL-6 production in both cell populations.
Interleukin-6 plays a role in maintaining local
inflammation, immune cell recruitment, and gastric
mucosal survival/inflammation during infection [19,34-
36]. Helicobacter  pylori  eradication therapy
successfully eliminates bacterial stimuli, halting the
activation of MAPK, NF-kB, and STAT3 signaling in
gastric epithelial and immune cells. This process leads
to a rapid downregulation of IL-6 gene transcription and
decreased cytokine secretion. As inflammation and
immune cell infiltration subside due to bacterial
clearance, local and systemic IL-6 levels decrease
significantly, reflecting the attenuation of pro-
inflammatory signals and the restoration of gastric
mucosal homeostasis [19,34-36].

Yulma et al. [34] showed that administration of
ZOR at doses of 100, 200 and 400 mg/kgBW in mice
induced with Pfizer showed a decrease in IL-6
concentrations (p < 0.05). A study by Yulma et al. [37]
reported the best reduction in IL-6 at a dose of 100
mg/kgBW. Gaus et al. [27] reported that administering
Z. officinale to H. pylori-induced mice at a dose of 100
mg/kgBW 3 weeks before and 6 weeks after induction
was able to reduce the IC50 of IL-6 by 7.7 ng/mL [30].
Song et al. [26] reported IL-6 inhibition through the NF-
kB pathway upon administration of GGEO3 at doses of
50, 100 and 200 pg/mL [29]. Hefni et al. [18] reported
that administering Z. officinale var. Rubrum extract to
mice was able to reduce serum IL-6 concentrations

within 14 days of administration through suppression of
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the NF-«xB pathway [21]. Zehsaz et al. [35] reported that
in individuals with oxidative stress induction,
administration of Z. officinale at a dose of 3x500 mg
daily for 6 weeks was able to reduce IL-6 by 17.5% (p <
0.01) [38].

In the 500 mg ZOR dose group, IL-6 levels
actually increased after the intervention. Interleukin-6
suppression after Z. officinale supplementation still
shows varying results. Morvaridzadeh et al. [30]
reported that IL-6 suppression by Z. officinale did not
show significant clinical effectiveness (SMD: —0.45,
95% CI: —1.29, 0.38, 1= 89.2%) [33]. The increase in
IL-6 upon administration of ZOR can also be explained
by the fact that IL-6 acts as both an anti-inflammatory
and pro-inflammatory cytokine. The increase in IL-6
upon ZOR administration can be hypothesized as a
mechanism for IL-6 as an anti-inflammatory agent
which  increases  following  improvement in
inflammatory conditions after ZOR supplementation.
As an anti-inflammatory agent, IL-6 works by
upregulating anti-inflammatory mediators such as IL-1
receptor antagonist (IL-1ra) and IL-10, both of which
suppress the action of major pro-inflammatory
cytokines, such as TNF-o and IL-1pB. In response to
physiological stress or exercise, a transient increase in
IL-6 from muscle acts as a signal to trigger systemic
anti-inflammatory pathways and increase production of
counter-regulators [39,40].

Interleukin-1§

Similar to the induction parameters of the pro-
inflammatory cytokines TNF-o and IL-6, the IL-1p
induction pathway in H. pylori infection is similar.
Helicobacter pylori stimulates pro-IL-1p production,
which requires cleavage by the NLRP3 inflammasome.
Activation occurs through multiple mechanisms,
including the generation of reactive oxygen species,
potassium efflux, lysosome destabilization, and the
release of extracellular ATP. Furthermore, H. pylori
pathogenic factors, particularly CagA and VacA,
activate toll-like receptor 4 (TLR4) and NF-«kB, which
promote IL-1B mRNA transcription. Furthermore,
polymorphisms capable of increasing IL-1f production
are associated with a higher risk of gastric cancer and
more severe gastritis, suggesting IL-1B as a central

inflammatory mediator in H. pylori infection [36,41].

The role of Z. officinale in suppressing IL-1f is
demonstrated by the roles of 6-gingerol, 6-shogaol, and
Zingerone. The 6-gingerol metabolite is able to suppress
IL-1P through inhibition of the ERK and p38 MAPK
pathways [42]. The 6-shogaol metabolite is able to
suppress endothelial inflammation through inhibition of
IL-1B by blocking NF-kB translocation by 35% and
reducing the expression of adhesion molecules
including ICAM-1, VCAM-1, and E-selectin [43]. The
role of Zingerone in inhibiting IL-1B is through
inhibition of TLR2/4 and activation of MAPK2.
Zingerone also works by disrupting the assembly of the
Absent in Melanoma 2 (AIM2) inflammasome, reducing
the formation of ASC protein specks, and caspse-1
activation [44]. The anti-inflammatory effect synergizes
with the antioxidant effect. The metabolite 6-shoagol
induces HO-1 via the p38 MAPK pathway, which
enhances antioxidant defenses and decreases IL-1p. The
metabolite zingerone can activate Nrf2/HO-1, which
regulates oxidative stress, triggering the release of IL-1J3
[23,44-46].

A study by Zehsaz et al. [35] reported in men
induced by endurance running training for 6 weeks
followed by administration of Z. officinale capsules at a
dose of 3x500 mg daily for 6 weeks showed a significant
(»p < 0.01) decrease in IL-1B in the Z. officinale
intervention group by 18.95% [38]. A study by Gaus et
al. [27] found that administering Z. officinale at a dose
of 100 mg/kgBW 3 weeks before and 6 weeks after
induction reduced the IC50 of IL-1B by 3.89 pg/mL
[30]. A study in rheumatoid arthritis (RA) patients given
1.5 g of Z. officinale per day showed a decrease in IL-1
mRNA (p =0.021) and TNF-a mRNA (p = 0.093) [47].

After the ZOR 500 mg intervention, there was an
increase in pro-inflammatory cytokines, indicating that
ZOR supplementation was influenced by dose. Studies
on herbal-based treatments have found that low doses
can sometimes act as partial agonists or fail to suppress
the signal completely, resulting in uncontrolled or even
worsened  proinflammatory  responses.  Natural
compounds, including Z. officinale, can exhibit a “J or
U shape” hormetic effect, whereby low doses can trigger
cell signaling or mild stress, briefly increasing
proinflammatory gene expression before suppression
occurs at adequate concentrations. Hormetic phenomena
(or hormesis) describe a biphasic biological response to

a substance or stressor, where low doses are beneficial
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or stimulatory while higher doses are harmful or
inhibitory. Hormesis is a dose—response pattern in which
exposure to a low dose of a potentially harmful agent
activates adaptive responses that improve function or
survival, whereas higher doses cause toxicity or
inhibition [39,48-50].

At lower concentrations, Z. officinale compounds
may affect immune cell subsets or the
microenvironment differently, resulting in variable or
even paradoxical cytokine trends, especially if anti-
inflammatory pathways such as NRF2/HO-1 activation
are not strongly activated. Zingiber officinale's complex
phytochemicals act in multiple pathways, such as NF-
kB inhibition, requiring higher doses to have an effect,
while at low doses, other mechanisms such as MAPK or
TLR signaling may temporarily dominate, leading to
incomplete or inconsistent cytokine suppression [39,48-
50].

The hypothesis reports that herbal
supplementation with antioxidant content has pro-
oxidant properties at certain doses. Studies report that
the content of asobic acid, vitamin E, and polyphenols
are pro-oxidant at certain doses, especially if the
presence of metal (iron) is known to cause oxidative
stress induction [51]. Studies report that grape seed
extract as an antioxidant agent is able to suppress
increases in ROS and NOX4 at certain doses due to the
prooxidant properties of its polyphenol groups [52].
Cellular studies on vitamin E analogues show a
transition of antioxidant effects towards prooxidants as
indicated by an increase in ROS parameters and
apoptosis/necrosis parameters [53,54]. The transition
process of antioxidants to prooxidants is based on the
Fe** to Fe?* transition mechanism which plays a role in
the Fenton reaction which induces ROS and oxidative
stress [51,54].

Malondialdehyde

Implementation of H. pylori eradication therapy
will essentially eliminate the underlying stimulus for
inflammatory cell infiltration and ROS formation.
Direct resolution of the infection will suppress
proinflammatory cytokines and ROS production.
Furthermore, the gastric antioxidant system (e.g.,
glutathione and ascorbic acid) will recover, further
suppressing lipid peroxidation and normalizing MDA
levels [55]. Z. officinale secondary metabolites that act

as antioxidants are primarily 6-gingerol, 6-shogaol,
zingerone, and 6-paradol. Direct ROS elimination is
mediated by 6-gingerol and 6-shogaol by neutralizing
ROS through a Michael’s addiction reaction that
prevents lipid peroxidation [56], [57]. Zingerone, on the
other hand, is capable of degrading free radicals through
radiolysis and inhibiting the source of ROS, namely
xanthine oxidase [58]. The mechanism of endogenous
antioxidant enhancement by Z. officinale is mediated by
6-shogaol and Zingerone, which activate Nrf2, which
increases HO-1, increasing the synthesis of superoxide
dismutase (SOD), catalase (CAT), and glutathione
(GSH), which suppresses MDA [58,59].

Endogenous antioxidant enhancement by 6-
gingerol occurs through a mitochondrial protection
mechanism by maintaining mitochondrial membrane
potential and lysosomal integrity. This protective
mechanism prevents DNA damage by ROS, as indicated
by a decrease in MDA [56,57]. The next pathway is
through inhibition of the prooxidant pathway, played by
6-shogaol through LOX-1 blockade and Zingerone
through metal chelation [60,61]. Metal chelation
prevents the Fenton reaction, which produces hydroxyl
radicals. The antioxidant mechanism of Z. officinale in
suppressing MDA levels synergizes with anti-
inflammatory processes [61]. The metabolite 6-paradol
is able to suppress TNF-o/IL-6 levels, which indirectly
reduces oxidative stress, indicated by decreased MDA
levels. In this study, ZOR at dose 500 mg show better
result than 1 gr. It can be hypothesized that the optimal
dose of ZOR as an antioxidant is 500 mg. If the dose is
increased, it will become a prooxidant, thereby
suppressing endogenous antioxidant [62].

Oboh et al. [57] reported that Z. officinale var.
Rubrum intervention in rats with brain lipid peroxidation
demonstrated an increasing level of MDA inhibition
with dose. Ata dose of 0.78 mg/mL, the MDA value was
89.29%, while at a dose of 3.13 mg/mL, the MDA value
was 16.97% [60]. Saiah et al. [29] in a gastric ulceration
model showed an improvement in MDA after
administration of the active metabolite of Z. officinale
butanol fraction at doses of 25, 50 and 100 mg/kgBW
with MDA values of 10.63 +£0.27, 10.32 £ 0.24 and 4.94
+0.07, respectively [32]. Baiubon ef al. [60] was similar
to the Saiah et al. [29] study model. reported an
improvement in MDA levels when given Z. simaoense
extract at a dose of 30 mg/kgBW with MDA levels of
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0.98 £ 0.07 which was lower than the placebo group
(1.42 £ 0.15) and the standard therapy group (1.04 +
0.10) [63].

Quality of life: SF-NDI

Similar results were found by Mestrovic ef al. [61]
who demonstrated improvements in quality of life after
H. pylori eradication therapy using the Gastrointestinal
Symptom Rating Scale (pre vs. post = 23 vs. 19, p <
0.001) in the domains of abdominal pain, reflux
symptoms, and maldigestion [64]. The mechanism of
action of H. pylori eradication therapy is as previously
described. The third regimen works by directly
eliminating H. pylori, which is able to block or interrupt
pathological processes, including infection,
inflammation, and oxidative stress, thus improving
clinical manifestations in patients. Amoxicillin is able to
lyse the H. pylori cell wall through binding to penicillin-
binding proteins. Administration of lansoprazole by
increasing gastric pH causes amoxicillin to work more
effectively in a low-acid environment. Lansoprazole not
only increases the stability and effectiveness of
amoxicillin but also allows H. pylori to replicate,
making it more susceptible to antibiotic action. Higher
pH levels enhance the absorption and bioavailability of
antibiotics in gastric fluid, increasing antimicrobial
potency, and helping to eradicate biofilm-forming
bacteria. Like amoxicillin, clarithromycin works by
inhibiting bacterial protein synthesis by binding to the
50S ribosomal subunit in H. pylori, resulting in a
reduced bacterial load. H. pylori eradication manifests
as mucosal healing, symptom improvement, and
reduced inflammation, which collectively restore
normal gastrointestinal function [65-67].

Zingiber officinale acts as an antiemetic and
antinausea agent by suppressing M1, M3, and M3
cholinergic receptors, as well as 5-HT3/5-HT4
(hydroxytryptamine) receptors [68]. In vitro studies
have shown that 6-shogaol, 6-gingerol, and zingerone
inhibit vagal afferent neuron signal transmission by
suppressing 5-HT receptors, with 6-shogaol being the
best suppressor [68,69]. Gingerol is also thought to have
effects similar to ondansetron, through suppression of
substance P and neurokinin 1 receptors (NK1R) [68,70].
Zingiber officinale plays a role in gastric emptying in
dyspepsia patients through its carminative effect, which

is a warming sensation on the lower esophageal

sphincter to relieve symptoms of postprandial bloating
due to belching, flatulence, and decreased contraction
rate [71]. This effect is created by Z. officinale by
reducing pressure and peptic cramps in the LES.
Reduction of nausea and vomiting sensations has also
been described in the administration of Z. officinale to
patients with liver disorders, through suppression of
liver inflammation with a decrease in pro-inflammatory
cytokines and ROS markers [68,70,72,73].

The study had several limitations. The primary
constraints were the relatively small sample size and the
absence of antibiotic resistance testing, which limits the
ability to interpret treatment response variability.
Additionally, no phenotypic or genotypic analysis of H.
pylori strains was performed, the study lacked a negative
control group (H. pylori), and absence of
chromatographic profiling to confirm the concentration
of active metabolites. Future investigations should
include a larger number of participants, incorporate
antibiotic susceptibility profiling, and apply rigorous
control of potential confounding  variables.
Recommendation to do chromatographic profiling to
identify the active metabolites in ZOR. The use of
quantitative biomarker analyses such as flow cytometry
or qPCR and long-term follow-up assessments is also
recommended to better evaluate recurrence rates and the

sustained therapeutic effects of the intervention.

Conclusions

ZOR supplementation at doses of 500 mg and 1 g
demonstrated notable biological and clinical effects in
H.  pylori-associated  chronic  gastritis. =~ More
prominently, the 1g ZOR dose exerted additional
benefits, producing measurable decreases in IL-6 and
IL-1pB levels when compared across groups, indicating
that higher-dose supplementation may more effectively
suppress  pro-inflammatory  cytokine production.
Although MDA values, a marker of lipid peroxidation,
showed a mild reduction following intervention, the
difference did not reach statistical significance,
implying that antioxidant effects may require longer
administration periods or larger sample sizes to be
clinically evident. From a clinical standpoint,
improvements in quality of life, as assessed by total
SF-NDI scores, were most evident in subjects receiving
both the 500mg and 1g ZOR formulations.
Collectively, these findings suggest that ZOR extract,
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when integrated with standard H. pylori eradication
therapy, has the potential to reduce inflammatory
biomarkers and enhance patient-perceived well-being,
with the 1g dosage offering broader cytokine
modulation. The conclusion from this study should
corresponded with various limitations of this study, the
main ones being the lack of direct quantification of H.
pylori by culture or PCR and the absence of antibiotic
resistance testing, caution should also be exercised
given the small sample size and uncontrolled
confounders.
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Table S1 Baseline patient risk factor of H. pylori.
Parameter Frequency (n) / Percentage (%) p
Alcohol Consumption 0.749*
None 26 (86.7%)
Present 4 (13.3%)
Smoking History 0.427¢
Never 24 (80.0%)
Active Smoker 5 (16.7%)
Passive Smoker 1 (3.3%)
Comorbidities 0.6212
None 21 (70.0%)
Present 9 (30.0%)
Medication Use 0.5812
None 17 (56.7%)
Present 13 (43.3%)
Source of Drinking Water 0.3632

Bottled / Mineral Water
Well / Boiled Water
Mixed

10 (33.3%)
17 (56.7%)
3 (10.0%)

Note: *Chi Square test. For all patients, comorbidities were dominated by hypertension and consumption of hypertension

medication which was deemed not to have a good interaction with standard H. pylori therapy and ZOR supplementation.

Table S2 Normality test and homogenity test across all parameter.

p-value TNF-a

Group Subjects Normality Test*  Homogenity Test" Pre Post
Pre Post
K+ 10 <0.001 <0.001 0.304 0.659
P1 10 0.007 0.003
P2 10 0.021 <0.001
p-value IL-6
Normality Test®  Homogenity Test"
Pre Post
K+ 10 <0.001 <0.001 0.341 0.178
P1 10 0.001 0.005
P2 10 0.201 0.016
p-value IL-18
Normality Test*  Homogenity Test"
Pre Post
K+ 10 <0.001 <0.001 0.419 0.201
P1 10 0.001 0.003
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P2 10 <0.001 <0.001
p-value MDA
Normality Test®  Homogenity Test"
Pre Post
K+ 10 0.007 0.004 0.103 0.245
P1 10 0.003 0.001
P2 10 0.424 0.548
p-value SF-NDI
Normality Test®  Homogenity Test"
Pre Post
K+ 10 0.002 0.364 0.587 0.306
P1 10 0.055 0.135
P2 10 0.010 0.015
Note: *Shapiro-Wilk; *Levene’s
Table S3 Post Hoc Dunn test.
Group Group p-value p-value SF-
IL-1p NDI
K+ Pre-intervention P1 Pre-intervention 0.720 <0.001*
P2 Pre-intervention 0.089 0.379
K+ Post-intervention 0.609 <0.001*
P1 Post-intervention 0.609 0.170
P2 Post-intervention 0.063 <0.001*
P1 Pre-intervention P2 Pre-intervention 0.017" <0.001*
K+ Post-intervention 0.878 0.542
P1 Post-intervention 0.878 <0.001*
P2 Post-intervention 0.134 0.472
P2 Pre-intervention K+ Post-intervention 0.025" <0.001*
P1 Post-intervention 0.025" 0.621
P2 Post-intervention 0.370 0.001*
K+ Post-intervention P1 Post-intervention 1.000 0.002*
P2 Post-intervention 0.179 0.913
P1 Post-intervention P2 Post-intervention 0.179 0.003*

Note: * (significant, p < 0.05)
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Table S4 SF-NDI subdomain evaluation.
SF-NDI Subdomain Group Time Mean + SD Min — Max Median P
Pre 3.85+£0.58 2-5 4.0
K+ 0.001
Post 2.15+£0.35 1-3 2.0
Pre 3.80+£0.30 3-4 3.5
Tension/anxiety (P1 - P2) Pl 0.001
Post 2.40+0.36 2-3 2.0
Pre 3.45+£0.76 2-5 4.0
P2 0.001
Post 2.30+£0.47 1-3 2.0
Pre 3.90 +0.62 2-5 4.0
K+ 0.001
Post 2.30+£0.58 1-4 2.0
Pre 3.20+£0.30 3-4 3.0
Activities (P3 - P4) P1 0.001
Post 2.00 £0.47 1-3 2.0
Pre 3.30 £ 0.66 2-5 3.0
P2 <0.001
Post 2.00 £ 0.47 1-3 2.0
Pre 3.65+0.54 2-5 4.0
K+ 0.001
Post 1.85+0.53 1-3 2.0
Pre 3.40+0.36 3-4 3.5
Eating/drinking (PS5 - P6) P1 0.001
Post 1.90 £0.70 1-4 2.0
Pre 3.40+0.49 2-4 3.0
P2 <0.001
Post 2.40+0.49 2-4 2.0
Pre 3.15+£0.99 1-5 3.0
K+ 0.001
Post 1.40+0.57 1-3 1.0
Pre 2.90 £ 0.47 1-4 2.5
Illness concern (P7 - P8) P1 0.001
Post 1.65+0.38 1-2 1.0
Pre 3.00 +£0.88 1-5 3.0
P2 0.001
Post 1.35+£0.35 1-2 1.0
Pre 3.70 £ 0.66 2-5 4.0
K+ 0.001
Post 1.80 £ 0.45 1-3 2.0
Pre 3.80+£0.45 3-5 3.5
Work/study (P9 - P10) P1 0.001
Post 2.30 £ 0.47 2-4 2.0
Pre 3.40+0.49 2-4 4.0
P2 <0.001
Post 2.20+0.30 2-3 2.0

Note: ?Pair T Test



