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Abstract: Background: Coenzyme Q10 (CoQ10) has antioxidant and
mitochondrial functions, but its effects on hepatic steatosis and
systemic inflammation in metabolic dysfunction—associated steatotic
liver disease (MASLD) remain uncertain. Objective: To estimate the
effect of CoQ10 supplementation, compared with placebo, on hepatic
steatosis (controlled attenuation parameter, CAP) and systemic
inflammatory biomarkers in adults with MASLD. Methods: A 24-
week, 1:1 randomized, double-blind, placebo-controlled trial was
conducted at Allama Igbal Medical College / Jinnah Hospital, Lahore,
after approval from the institutional ethics review board, in 116
participants (58 per group). The primary endpoint was CAP at week
24, analyzed by baseline-adjusted linear regression (ANCOVA) with
diabetes as a prespecified covariate and HC3 robust standard errors.
hs-CRP, IL-6 and TNF-o were analyzed on the log scale with
Benjamini—Hochberg false-discovery-rate (FDR) adjustment. Weight
trajectory was examined with a random-intercept linear mixed model.
All analyses were complete-case and exploratory. Results: Week-24
CAP was observed for 97/116 participants (47 CoQ10, 50 placebo).
The adjusted CoQ10-minus-placebo CAP difference was —6.53 dB/m
(95% CI —18.66 to 5.61; p=0.292). Unadjusted CAP change was
—15.09 £ 26.31 dB/m with CoQ10 and —8.30 + 33.00 dB/m with
placebo (Welch p=0.264). Exploratory adjusted geometric-mean ratios
favored CoQ10 for hs-CRP (0.77, 95% CI 0.67-0.89; FDR q=0.0009),
IL-6 (0.88, 0.78-0.98; =0.025) and TNF-a (0.87, 0.80-0.95;
0=0.0016). The week-24 weight interaction was —0.20 kg (p=0.580).
Adverse-event rates were similar. Conclusions: The primary CAP
result was imprecise and not statistically significant, so these data do
not support a steatosis effect of CoQ10. The favorable inflammatory-
marker pattern is hypothesis-generating only and requires
confirmation in larger, adequately powered trials.

Keywords: coenzyme Q10; MASLD; hepatic steatosis; controlled
attenuation parameter; inflammation; randomized trial

©2025 European Journal of Clinical Pharmacy;Volume:7:Issue:1JAll Rights Reserved



https://farmclin.com/

How to Cite: Arshad M, Khalil S, Shoaib AM, Ul Ain SQ, Sheikh MU, Tariq MA. Effects of coenzyme Q10
supplementation on hepatic steatosis and systemic inflammatory biomarkers in metabolic dysfunction—
associated steatotic liver disease: a randomized placebo-controlled trial. European Journal of Clinical

Pharmacy. 2025. 7(1) 11039-11046

This is an open access journal, and articles are
distributed under the terms of the Creative
CommonsAttribution-Noncommercial-Share ~ Alike
4.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as
appropriate credit is given and the new creations are
licensed under the identical terms.

INTRODUCTION

Metabolic dysfunction—associated steatotic liver
disease (MASLD), formerly known as non-alcoholic
fatty liver disease (NAFLD) [1], is now the most
common chronic liver condition worldwide. Pooled
estimates place its prevalence at roughly 30% to more
than one-third of adults [2,3], and modelling studies
suggest that the burden will keep rising with the global
epidemics of obesity and type 2 diabetes, from about
39% of adults in 2020 to a forecast 56% by 2040 [4].
The disease spans a spectrum from simple steatosis to
steatohepatitis, fibrosis, cirrhosis and hepatocellular
carcinoma, and it is therefore a growing driver of liver-
related morbidity, transplantation and healthcare cost
[2-4].

The change in nomenclature was made through a
multisociety Delphi consensus that replaced the
exclusionary term ‘“non-alcoholic” and potentially
stigmatizing language with a positive diagnosis:
hepatic steatosis accompanied by at least one of five
cardiometabolic risk factors [1]. This built on the
earlier proposal for metabolic dysfunction—associated
fatty liver disease (MAFLD), which similarly defined
the condition by steatosis together with overweight or
obesity, type 2 diabetes or evidence of metabolic
dysregulation [5]. Both frameworks reflect the same
underlying idea, that fatty liver in most patients is a
hepatic expression of systemic metabolic disease
rather than an isolated hepatic disorder.

This systemic view has clinical consequences.
MASLD is associated with cardiovascular disease,
chronic kidney disease, type 2 diabetes and several
extrahepatic malignancies, and cardiovascular events
are a leading cause of death in affected patients [6,7].
Its pathogenesis is best described by a multiple
parallel-hits model in which insulin resistance,
adipose tissue dysfunction, lipotoxicity, gut-liver axis
perturbation, mitochondrial  dysfunction and
oxidative stress converge to activate innate immune
responses and low-grade systemic inflammation [8,9].
These mechanisms are not confined to the liver, which
is why circulating inflammatory mediators such as C-

reactive protein, interleukin-6 and tumor necrosis
factor-a are commonly studied as accessible markers
of the inflammatory burden in this population [8,9].
Persistent low-grade inflammation links hepatic fat
accumulation with insulin resistance, atherogenesis
and progression from steatosis to steatohepatitis, and
has therefore been proposed as a modifiable
intermediate pathway [8,9]. If an inexpensive
supplement could dampen this process, it might
reduce cardiometabolic risk even when its effect on
liver fat itself is modest. Conversely, circulating
markers might change without any change in
steatosis. Such discordance between outcomes is
plausible given the multi-organ origin of systemic
inflammation [6—9], and trials must be able to detect
and report it transparently rather than emphasize
whichever result is favorable.

Treatment options have expanded in recent years but
remain limited. Resmetirom, a liver-directed thyroid
hormone receptor-f agonist, improved histological
endpoints in a phase 3 trial of patients with
steatohepatitis and fibrosis [10], and the glucagon-like
peptide-1 receptor agonist semaglutide improved
steatohepatitis resolution in a phase 2 trial [11] and,
more recently, in the phase 3 ESSENCE trial [12].
These advances are important, but they have been
established in biopsy-defined steatohepatitis with
fibrosis, are expensive, and are not available to many
patients, particularly in low- and middle-income
settings. Current guidelines therefore continue to
prioritize lifestyle modification, weight reduction and
optimal management of cardiometabolic
comorbidities for the large majority of patients [13—
15]. Safe, inexpensive adjunctive agents that target the
shared mechanisms of oxidative stress and
inflammation remain of considerable interest. Weight
loss is the best-established driver of histological
improvement, so any adjunct must also be evaluated
alongside changes in body weight [11-15].

Coenzyme Q10 (CoQ10, ubiquinone) is a lipid-
soluble molecule that is synthesized endogenously
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and also obtained from the diet and supplements. It
functions as an electron carrier in the mitochondrial
respiratory chain and, in its reduced form, as a
membrane antioxidant [16,17]. Because
mitochondrial dysfunction and oxidative injury are
central to the pathogenesis of MASLD,
supplementation has been proposed as a way to
improve hepatocellular bioenergetics and reduce
inflammatory signalling [16,17]. A meta-analysis of
randomized controlled trials in individuals with
metabolic  syndrome reported that CoQI10
supplementation lowered inflammatory markers and
lipid peroxidation relative to placebo, with signals of
improved glucose control and liver function [18].
However, the trials included in that analysis were
small and heterogeneous, they were not designed
around hepatic steatosis as the primary outcome, and
objective imaging-based measures of liver fat were
rarely reported.

The inherited and acquired disorders of CoQ10
biosynthesis described in the literature illustrate how
dependent mitochondrial function and cellular redox
balance are on adequate tissue levels of this molecule
[16,17]. Whether oral supplementation in a common,
multifactorial condition such as MASLD can
reproduce a physiological benefit is a separate and
unresolved question, because absorption of this highly
lipophilic compound is variable and tissue uptake in
the liver has not been well characterized in humans.
Hepatic steatosis can be quantified non-invasively by
the controlled attenuation parameter (CAP) obtained
during vibration-controlled transient elastography.
CAP is widely available, inexpensive and suitable for
repeated measurement, which makes it attractive for
trials in resource-limited settings, although it is less
precise than magnetic resonance imaging proton
density fat fraction (MRI-PDFF) and shows
appreciable measurement variability [19]. These
properties mean that results for CAP must be
interpreted with caution and with attention to the
width of confidence intervals, rather than to statistical
significance alone.

Regulatory trials of steatohepatitis therapies rely on
histology as the principal endpoint [10-12], but liver
biopsy is invasive, costly and impractical for the small,
pragmatic studies in which supplements such as
CoQ10 are most likely to be tested. Non-invasive
endpoints therefore play a central role in early-phase
evidence, with the understanding that their results are
hypothesis-generating and must be confirmed in
larger, adequately powered studies using more
definitive measures.

To our knowledge, evidence from randomized trials
that addresses both CAP-assessed steatosis and a
panel of systemic inflammatory markers in patients

with MASLD is scarce, particularly from South Asia,
where the burden of metabolic disease is high. We
therefore conducted a 24-week, randomized, double-
blind, placebo-controlled trial in adults with MASLD.
The primary aim was to estimate the effect of CoQ10
supplementation, compared with placebo, on CAP at
week 24. Secondary and exploratory aims were to
estimate its effects on hs-CRP, interleukin-6 and
tumor necrosis factor-a, and to describe changes in
body weight, laboratory variables and adverse events.
The trial is reported in accordance with the
CONSORT 2025 statement [20].

MATERIALS AND METHODS

This was a 24-week, 1:1 parallel-group, placebo-
controlled randomized trial of 116 participants (58 per
arm), conducted in the Department of Internal
Medicine, Jinnah Hospital, Lahore, between
December 2024 and August 2025. The study was
conducted after approval from the Ethics Review
Board of Allama Igbal Medical College / Jinnah
Hospital, and written informed consent was obtained
from all participants. The trial was not registered in a
public trial registry; it received institutional ethics
approval only. Participants were randomly allocated
1:1 to CoQ10 or placebo using a computer-generated
random number sequence. The trial was double-blind
and allocation was concealed using sequentially
numbered, opaque, sealed envelopes (SNOSE).
Participants and outcome assessors were blinded to
allocation.

Adults (=18 years) attending the Department of
Internal Medicine were eligible if they had MASLD,
defined as hepatic steatosis on transient elastography
(CAP >248 dB/m) with at least one cardiometabolic
risk factor [1]. Exclusion criteria were significant
alcohol intake (above 140 g/week in women or 210
g/week in men), viral hepatitis or other chronic liver
disease, decompensated cirrhosis, pregnancy or
lactation, current use of CoQ10 or other antioxidant
supplements, anticoagulant therapy, severe renal
impairment, malignancy, and known hypersensitivity
to the study product. Participants received ubiquinone
(CoQ10) 200 mg once daily or a placebo pill identical
in appearance for 24 weeks. Adherence was recorded
as a percentage.

The primary outcome was CAP (dB/m) at week 24.
Exploratory outcomes were log-transformed hs-CRP,
IL-6 and TNF-a at week 24, and descriptive liver-
enzyme, glycemic, lipid and liver-stiffness (LSM)
measures. Body weight was recorded at baseline,
week 12 and week 24. Adverse events were self-
reported by participants and were not clinically
adjudicated.
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The primary analysis was ANCOVA of week-24 CAP
on treatment, baseline CAP and diabetes status
(prespecified), with HC3 heteroskedasticity-robust
standard errors; an unadjusted Welch t-test of change
was secondary. Inflammatory markers were analyzed
by log-ANCOVA with baseline adjustment and HC3
errors, reported as CoQ10/placebo geometric-mean
ratios; p-values were corrected across the three
markers by Benjamini-Hochberg FDR (g<0.05
considered supportive). Weight was analyzed with a
random-intercept linear mixed model with treatment-

by-visit interaction. All analyses were complete-case,
without imputation, and two-sided. No formal testing
was applied to descriptive laboratory variables. The
sample of 116 participants (58 per group) was a
sample of convenience and was not powered to detect
small effects; all analyses are therefore exploratory.
Analyses were performed in IBM SPSS Statistics,
version 27 (IBM Corp., Armonk, NY, USA).

RESULT

All 116 participants carried allocation labels (58 per arm). Week-12 assessments were recorded for 55 CoQ10 and 56
placebo participants, and week-24 observations were available for 47 and 50 (Figure 1). These are availability counts,
not verified dropout or adherence. Groups were broadly similar at baseline, with modest numerical differences in

age, CAP and diabetes prevalence (Table 1).

Table 1. Baseline characteristics (mean = SD unless stated).

Characteristic Co0Q10 (n=58) Placebo (n=58)
Age, years 43.9 + 10.1 46.1 + 12.1
Sex, male / female 34/ 24 29/ 29
Weight, kg 85.2+14.8 86.1 £12.0
BMI, kg/m? 31.3+4.2 31.8+ 3.6
Waist circumference, cm 100.5 £ 12.2 101.9 £9.7
Diabetes, n (%) 27 (46.6%) 24 (41.4%)
Hypertension, n (%) 19 (32.8%) 21 (36.2%)
Dyslipidemia, n (%) 35 (60.3%) 37 (63.8%)
CAP, dB/m 323.6+354 314.9 + 30.5
LSM, kPa 7.7+1.9 7.6 1.8
ALT,U/L 51.3+18.2 49.5+16.9
AST,U/L 41.6 £ 159 36.5+14.9
GGT, U/L 54.7+21.0 56.0+17.7
Glucose, mg/dL 119.7 £ 23.5 1152+ 19.6
HbAlc, % 62x1.0 62x1.0
Total cholesterol, mg/dL 200.5 *+ 39.7 203.9 £ 33.3
LDL-C, mg/dL 127.8 £ 27.5 128.0 £ 26.3
HDL-C, mg/dL 47.6 £ 8.4 47.7+8.4
Triglycerides, mg/dL 194.8 £ 80.1 1859 £ 71.7
hs-CRP, mg/L 3419 32t1.6
IL-6, pg/mL 45%1.5 46*14
TNF-a, pg/mL 11.9+£29 11.6 £3.2
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Randomized (n=116)

/\,

Placebo (n=58)

CoQ10 (n=58)

l l

Week-12 data (n=55)

Week-12 data (n=56)

l

l

Week-24 CAP (n=47)
analysed, complete case

Week-24 CAP (n=50)
analysed, complete case

Counts reflect data availability, not verified dropout.

Figure 1. Participant flow (116 randomized; 111 with week-12 data; 97 with week-24 CAP).

The baseline-adjusted treatment coefficient was —6.53 dB/m (95% CI —18.66 to 5.61; p=0.292), indicating no
statistically significant between-arm difference (Table 2). The interval is compatible with both a potentially relevant
improvement and a small adverse difference. Observed CAP change was —15.09 + 26.31 dB/m among 47 CoQ10
participants and —8.30 = 33.00 dB/m among 50 placebo participants (Welch p=0.264; Figure 2).

Table 2. CAP (dB/m) and unadjusted change among participants with observed week-24 outcomes. Baseline is
calculated over all 58 participants per arm; week-24 CAP and change describe complete cases. The main effect comes
from adjusted ANCOVA, not within-arm comparisons.

Group Week-24n | Baseline CAP (all n=58) | Week-24 CAP Observed change
CoQ10 47 323.6+354 309.0 +44.9 —15.09 + 26.31
Placebo 50 314.9 = 30.5 306.7 £ 42.5 —8.30 £ 33.00
A Change to week 24 B Group-mean CAP
Welch p=0.264 T —e— CoQl0

204 Adjusted diff —6.53 (—~18.66 to 5.41 32251

Placebo

w
~
o
o

10

0
-10 -

-204

317.51

CAP, dB/m (group mean)

w w w
=1 = =1
o g w
=] n o

-304

Change in CAP, dB/m (mean + SD)

307.54

—40 4 41 L

CoQ10 Placebo Baseline Week 24

(n=47) (n=50)

Figure 2. CAP outcomes. (A) Mean change from baseline to week 24 (£ SD). (B) Group-mean CAP at baseline and
week 24.

All three markers showed smaller adjusted week-24 values with CoQ10, with FDR q<0.05 (Table 3; Figure 3). These
are relative differences in systemic markers; they do not establish hepatic inflammation or clinical benefit and cannot
override the non-significant primary endpoint.
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Table 3. Inflammatory biomarker models (n=97 complete cases; mean * SD). Adjusted ratios are CoQ10/placebo
geometric-mean ratios from log-ANCOVA with baseline adjustment and HC3 robust SEs; FDR q by Benjamini—
Hochberg across three tests.

Marker CoQ10 wk | CoQ10 wk Placebo Placebo Adj. ratio (95% CI) P FDR q
0 24 wk 0 wk 24

hs-CRP, 348 +2.05/3.02+£298|3.24+1.57 3.32+1.85|0.768 (0.665-0.886) 0.0003 0.0009
mg/L
IL-6, pg/mL [4.40 £ 1.39 | 3.80 £ 1.81 | 4.67 £ 1.41  4.68 £ 2.26 | 0.875 (0.779-0.983) 0.0247 0.0247
TNF-a, 11.97 +10.65 +11.96 +112.26 +10.872 (0.804-0.947) 0.0011 0.0016
pg/mL 2.87 3.36 3.19 4.67

hs-CRP —_— 0.768 (0.665-0.886); q=0.0009

IL-6 1 _— 0.875 (0.779-0.983); q=0.0247
TNF-a A —— : 0.872 (0.804-0.947); q=0.0016
06 07 08 09 10 11 12 13 14 15

Adjusted geometric-mean ratio, CoQ10/placebo (<1 favours CoQ10)

Figure 3. Forest plot of adjusted geometric-mean ratios (values below 1 favor CoQ10).
Table 4 gives descriptive complete-case trajectories. No formal between-group testing or multiplicity adjustment was
applied, so the patterns are descriptive only.

Variable
ALT,U/L
AST,U/L
GGT, U/L

Glucose, mg/dL

HbAlc, %

Table 4. Approximate group means among complete cases.

Total cholesterol, mg/dL

LDL-C, mg/dL
HDL-C, mg/dL

Triglycerides, mg/dL

LSM, kPa

CoQ10 (baseline — week 24)

51.3 = ~39.6
41.6 —» ~34.2
54.7 — ~48.5
119.7 - ~112.4
6.2 — ~6.1
200.5 — ~188.7
127.8 —» ~122.4
47.6 — ~48.9
194.8 — ~168.3
77— ~74

49.5 —» ~42.8
36.5 — ~32.1
56.0 — ~50.2
115.2 — ~109.8
6.2 — ~6.1
203.9 — ~200.1
128.0 — ~124.5
47.7 — ~48.5
1859 — ~175.2
76— ~73

Placebo (baseline — week 24)

The mixed model included 324 weight observations from 116 participants. The CoQ10-by-week-24 interaction was
—0.20 kg (p=0.580) and the week-12 interaction was not significant (p=0.829), giving no evidence of a differential
weight trajectory. Mean adherence was high and similar (CoQ10 89.3%, placebo 89.0%). Adverse events are
summarized in Table 5.
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Table 5. Adverse events, adherence and follow-up completeness.

Event / variable

Any adverse event

Serious adverse event 0 (0.0%)
Medication change 5 (8.6%)
Mean adherence, % 89.3
Week-12 observed, n 55
‘Week-24 observed, n 47

DISCUSSION

In this trial, CoQ10 did not produce a statistically
significant change in CAP at week 24. The adjusted
difference of —6.53 dB/m had a wide interval (—18.66
to 5.61) that includes both no effect and a modest
benefit, so the data are inconclusive rather than
evidence of absence. In contrast, hs-CRP, IL-6 and
TNF-a were 13-23% lower with CoQ10 after FDR
correction, a pattern consistent with prior meta-
analytic findings in metabolic syndrome [18].

Lower systemic inflammatory markers without a clear
steatosis change are biologically plausible, since
inflammation is shaped by adipose tissue, the gut and
other organs as well as the liver [6,8,9]. They are also
compatible with chance, outcome selection or
imbalance after complete-case attrition. Markers are
surrogates; they do not demonstrate histological or
clinical benefit, a distinction highlighted by phase 3
trials that rely on biopsy-defined endpoints [10-12].
The primary result governs the conclusion, and the
biomarker findings are hypothesis-generating.

CAP is reproducible but has appreciable within-
patient variability and is less accurate than MRI-
PDFF for detecting change [19]. The observed change
SDs (26-33 dB/m) mean a trial of this size had limited
power for modest effects. Future work could use MRI-
PDFF or histology [13,14].

No differential weight trajectory was seen, arguing
against weight loss as an explanation for any effect.
Adverse-event rates were similar, but they were self-
reported and the trial was not designed to assess
safety.

Strengths include a prespecified primary model,
robust standard errors, multiplicity control and
transparent reporting. Limitations: (i) a modest
sample size, so estimates are imprecise; (ii) complete-
case analysis with 16% missing week-24 CAP
(19/116) risks bias if missingness is informative; (iii)

CoQ10 (n=58)
6 (10.3%)

Placebo (n=58)
6 (10.3%)
1(1.7%)
3(5.2%)

89.0

56

50

the sample of 116 was one of convenience and was not
powered to detect small effects on CAP; (iv)
exploratory inflammatory outcomes and descriptive
labs carry no confirmatory weight; (v) adverse events
were self-reported and not clinically adjudicated; (vi)
single-centre design with a short 24-week follow-up;
(vii) the trial was not prospectively registered, so
selective-reporting bias cannot be excluded.

CONCLUSION

The primary CAP result was imprecise and non-
significant, so these data do not support a steatosis
effect of CoQ10. The favorable inflammatory pattern
is hypothesis-generating only. Larger, adequately
powered trials with MRI-PDFF or histological
endpoints are needed before any clinical
recommendation.
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