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Abstract

Background: Statin therapy is associated with an increased risk of new-onset diabetes (NOD), possibly due to a reduction in coenzyme
Q10 (CoQ10) levels as a result of statin use. This study aimed to investigate the relationship between exogenous CoQ10 supplementa-
tion and the development of NOD.Methods: This study included 4394 participants from the National Health and Nutrition Examination
Survey (NHANES). Baseline characteristics were compared between those with and without NOD and between those with and without
CoQ10. Univariate logistic regression was performed to identify factors associated with NOD. Two models were used for confound-
ing factors, including demographics and various covariates. Multifactor logistic regression further assessed the association between
CoQ10 supplementation and NOD. Additionally, restricted cubic spline (RCS) analysis was conducted to evaluate the potential nonlin-
ear relationship between daily CoQ10 dose and NOD. Results: Univariate logistic regression showed an association between CoQ10
supplementation and a reduced risk of NOD (odds ratio [OR] = 0.323, 95% confidence interval [CI] 0.157–0.668, p = 0.003), which
remained significant after adjustments in model 1 (OR = 0.344, 95% CI 0.160–0.737, p = 0.006) and model 2 (OR = 0.232, 95% CI
0.057–0.942, p = 0.041). There was no evidence of a linear association between daily CoQ10 dose and NOD in logistic regression
analysis (OR = 0.999, 95% CI 0.994–1.004, p = 0.720), and no evidence of a nonlinear correlation in the RCS analysis (p > 0.05).
Conclusions: CoQ10 supplementation in individuals taking statins was associated with a reduced risk of NOD, and this association was
independent of the CoQ10 dose.
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1. Introduction
Cardiovascular Disease (CVD) is one of the leading

causes of death and disability among adults worldwide,
with hyperlipidemia playing a significant role in its de-
velopment [1]. Statin therapy offers clear benefits, in-
cluding reducing lipid levels, slowing the progression of
atherosclerosis, decreasing cardiovascular events, and is
generally regarded as safe and well-tolerated [2]. However,
it is essential to recognize that numerous studies and meta-
analyses have confirmed the potential risk of statin use
in increasing the incidence of new-onset diabetes (NOD)
[3–7]. While the adverse effects of statin-mediated NOD
are outweighed by the benefits of statin medications, NOD
may negatively impact medication adherence among statin
users. The mechanism underlying this population may be
related to coenzyme Q10 (CoQ10) [8].

Coenzyme Q10, also known as ubiquinone, is a
lipophilic compound that functions similarly to a vitamin
and is synthesized endogenously from tyrosine in the hu-
man body [9]. CoQ10 acts as a lipophilic antioxidant by
neutralizing free radicals, inhibiting lipid peroxidation of
biomembranes, and protecting mitochondrial proteins and
DNA from oxidative damage [10,11]. Additionally, CoQ10
binds to the inner mitochondrial membrane, participating in

the electron transport chain and oxidative phosphorylation,
playing a crucial role in cellular energy synthesis by gener-
ating adenosine triphosphate (ATP) [12].

However, factors such as genetics, aging, and statin
therapy can decrease its physiological concentration [9,13].
Notably, low-density lipoprotein (LDL) serves as the pri-
mary carrier of CoQ10 in circulation, and is reduced by
statin therapy, which may lead to decreased circulating lev-
els of CoQ10 [13]. Furthermore, statins inhibit the syn-
thesis of CoQ10. Insufficient CoQ10 can induce mito-
chondrial oxidative stress, leading to beta-cell apoptosis,
reduced insulin sensitivity, and ultimately manifesting as
NOD or poor blood glucose control [9,14,15]. Therefore,
we hypothesize that appropriate CoQ10 supplementation
may help reduce the risk of NOD in individuals taking statin
medications.

Previous studies have confirmed that CoQ10 is associ-
ated with a reduction of NOD in mice [16,17], but relevant
studies in human population are limited [18,19]. This study
aimed to investigate whether CoQ10 supplementation has
a protective effect against new-onset diabetes in a statin-
taking population and to explore the dose-response relation-
ship. This will directly address the current research gap and
provide insights for future studies targeting NOD.
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2. Methods
2.1 Study Population

We used data from participants in the National Health
and Nutrition Examination Survey (NHANES), a well-
established series of repeated cross-sectional surveys con-
ducted in the United States. These surveys employ mul-
tistage probabilistic sampling strategies to select partici-
pants, including, where appropriate, oversampling of spe-
cific population segments [20]. The underlying protocol
was approved by the research ethics review board of the
National Center for Health Statistics (NCHS) [20]. The
NHANES database is a publicly accessible resource, and
all participants signed informed consent forms. The project
underwent an ethical review, as detailed in the supplemen-
tary materials. For this study, we utilized NHANES data
spanning from 1999 to 2018, selecting individuals who
were taking statins, those without diabetes, and individu-
als with a confirmed diagnosis of diabetes and documented
time of statin initiation, while excluding participants with a
confirmed diagnosis of cancer. We identified the diagnosis
of diabetes occurring after statin use as NOD.

2.2 Covariate Processing
We included indicators potentially related to NOD, en-

compassing participants’ demographic information such as
age, sex, race, poverty income ratio (PIR), educational at-
tainment (EDU), physical measurements (body mass index
[BMI], waist circumference, blood pressure, physical activ-
ity, smoking status, alcohol consumption), medical history
(hypertension, cardiovascular disease, heart failure, liver
or kidney dysfunction), and laboratory parameters: triglyc-
eride (TG), total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), plasma glucose, hemoglobin A1c (HbA1c), esti-
mated glomerular filtration rate (eGFR). Regarding CoQ10,
we incorporated the following variables: CoQ10 (CoQ10
administration over the past 30 days), CoQ10 daily dosage
(average daily intake of CoQ10 over the past 30 days, in
mg), CoQ10 daily dosage per kilogram of body weight (av-
erage daily intake of CoQ10 per kilogram of body weight
over the past 30 days, in mg/kg), CoQ10 daily dosage per
body surface area (average daily intake of CoQ10 per body
surface area over the past 30 days, in mg/m2). The instru-
ments and methods used for the laboratory tests and the
rules for calculating the indicators used in this document
are described in the supplementary documents.

A total of 4394 collected samples were included in the
study for analysis. As NHANES employs a probability-
based sampling approach, intricate adjustments like sample
weights, strata, and primary sampling units were used to
handle the complex survey design, including oversampling,
non-response, and post-stratification. All statistical analy-
ses considered the NHANES database’s intricate sampling
design. Non-normally distributed continuous variables are
presented as median (Q25, Q75). The Wilcoxon rank-sum

test was used to contrast two data sets while the Kruskal-
Wallis test was used to compare multiple sets. Categori-
cal variables are shown as absolute values (percentages).
Pearson’s chi-squared test examines non-ordered variables,
theWilcoxon rank-sum test compares ordinal variables, and
the Kruskal-Wallis test compares multiple groups of ordinal
variables. Analyses were conducted using R version 4.3.0
(R Foundation for Statistical Computing, Vienna, Austria),
with significance set at p < 0.05 (two-sided). Univariate
and multivariate logistics regression analyses and restricted
cubic spline (RCS) analysis were conducted, adjusting for
confounders in two models. Model 1 included age, sex,
race, poverty index, and educational attainment. Model 2
added adjustments for medical history factors (hyperten-
sion, CVD, heart failure) and variables (waist circumfer-
ence, LDL-C, and age when began to take statin) in the en-
tire study. These two models were based on established
methodologies outlined in prior studies as well as the sta-
tistical analyses presented in this study.

3. Results
3.1 Characteristics of the Study Participants

This study ultimately included 4394 participants from
NHANES 1999–2018 who met the inclusion and exclusion
criteria. The median follow-up duration was 86.00 (46.00,
135.00) months. The specific screening process is outlined
in Fig. 1.

The baseline characteristics of participants with and
without NOD are summarized in Table 1. The mean age of
the study population was 62.00 (54.00, 70.00) years, with
females comprising 47% of the total sample. Among in-
dividuals on statin therapy, 276 (6.6%) developed NOD.
This subgroup was characterized by older age (p = 0.010), a
higher proportion of males (p = 0.007), and a greater preva-
lence of pre-existing conditions such as hypertension (p <

0.001), coronary heart disease (p< 0.001), and heart failure
(p = 0.001). Additionally, they had larger waist circumfer-
ence (p = 0.004), higher triglyceride levels (p = 0.042), and
lower TC (p < 0.001), LDL-C (p < 0.001), and HDL-C
levels (p < 0.001). Notably, those who developed NOD
started statin therapy at a younger age (p < 0.001) and had
a higher mortality rate associated with diabetes (p = 0.006).
It is also significant that fewer participants in this subgroup
took CoQ10 (p = 0.001), and the proportion taking a daily
CoQ10 dose exceeding 30 mg was similarly lower (p =
0.001). However, there were no statistically significant dif-
ferences in CoQ10 dosage between the two groups, whether
assessed as daily intake or adjusted for body weight and
body surface area.

Table 2 presents a comparison of baseline characteris-
tics between individuals who took CoQ10 and those who
did not. In this study, 127 participants (3.8%) reported
CoQ10 supplementation. This subgroup was distinguished
by significantly higher socioeconomic status (p< 0.001), a
greater proportion with higher educational attainment (p <
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Fig. 1. Screening and selection process for study participants fromNHANES.NHANES, National Health and Nutrition Examination
Survey.

0.001), a lower prevalence of diabetes (p = 0.003), reduced
HbA1c levels (p = 0.032), a later age of diabetes onset (p
= 0.010), and a lower incidence of NOD following statin
therapy (p = 0.001). For a more detailed comparison of the
two cohorts, refer to Supplementary Table 1.

3.2 Association of CoQ10 with New-onset Diabetes
We conducted one-way logistic regression to identify

the factors associated with NOD. The statistically signifi-
cant indicators, along with their corresponding odds ratios
(OR) and 95% confidence intervals (CI) are presented in
Table 3. The complete results of the one-way logistic re-
gression can be found in Supplementary Table 2. No-
tably, CoQ10 use (p = 0.003) was significantly associated
with NOD. However, the specific dosage of CoQ10 did not
demonstrate a linear correlation with the incidence of NOD.

Based on the aforementioned results, we developed
two models to correct for confounding factors and con-
ducted multifactor logistic regression. The specific regres-
sion values are shown in Supplementary Table 3. To il-
lustrate the role of CoQ10 more clearly, we included it
in a forest plot (Fig. 2). A post hoc power analysis of
the weighted statistics yielded a power value of 1.0. We
also employed the variance inflation factor to assess multi-
collinearity among the covariates in the logistic regression,
with the results detailed in Supplementary Table 4.

3.3 Association of CoQ10 Daily Dosage with New-onset
Diabetes

The RCS analysis (Fig. 3) did not find a nonlinear cor-
relation between CoQ10 daily dose and NOD. This lack
of correlation persisted even after multiple modeling ad-
justments. Further investigated the relationship between
daily CoQ10 dose per unit of body weight and per unit of
body surface area with NOD was conducted using RCS
(Supplementary Fig. 1). These analyses also demon-
strated no statistically significant nonlinear correlation (p
> 0.05).

3.4 Sensitivity Testing

In our further analysis, we explored the interaction
between CoQ10 and various factors, including age, BMI,
CVD, waist circumference, hypertension, heart failure, and
LDL-C. The results are presented in Supplementary Ta-
ble 5. Notably, the data suggested an interaction between
CoQ10 and the incidence of NOD, specifically with heart
failure. However, due to the limited number of participants,
subgroup analyses were not feasible. To overcome this lim-
itation, we implemented propensity score matching based
on demographic characteristics, including age, sex, race,
PIR, and educational attainment. After matching, CoQ10’s
impact on NOD was reevaluated using multifactorial logis-
tic regression. A 1:1 matching for CoQ10 users versus non-
users yielded an OR of 0.061 (95% CI: 0.006–0.336, p =
0.006), indicating a significant protective effect of CoQ10.
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Table 1. Comparison of baseline characteristics for participants with and without NOD.
Characteristic Overall Non-diabetes after statin Diabetes after statin p value

Individuals n (N) 4291 (15,582,680) 4015 (14,558,118) 276 (1,024,562) -
Age (years) 62.00 (54.00, 70.00) 62.00 (54.00, 70.00) 64.00 (56.00, 72.00) 0.010
Sex (female) 2038 (47%) 1927 (48%) 111 (40%) 0.007
Race 0.233

Non-hispanic white 1931 (45%) 1802 (45%) 129 (47%)
Non-hispanic black 954 (22%) 895 (22%) 59 (21%)
Mexican american 611 (14%) 584 (15%) 27 (9.8%)
Other/multiracial 422 (9.8%) 382 (9.5%) 40 (14%)
Other hispanic 373 (8.7%) 352 (8.8%) 21 (7.6%)

PIR 3.07 (1.61, 5.00) 3.05 (1.60, 5.00) 3.43 (1.69, 5.00) 0.276
Educational attainment 0.345

Below high school 700 (16%) 659 (16%) 41 (15%)
High school 1671 (39%) 1562 (39%) 109 (39%)
Above high school 1918 (45%) 1792 (45%) 126 (46%)

Hypertension 3248 (77%) 3011 (76%) 237 (86%) <0.001
CVD 705 (17%) 626 (16%) 79 (29%) <0.001
Heart failure 471 (11%) 427 (11%) 44 (16%) 0.001
Smoking status 0.269

Never smoker 2057 (48%) 1935 (48%) 122 (44%)
Former smoker 1598 (37%) 1472 (37%) 126 (46%)
Current smoker 636 (15%) 608 (15%) 28 (10%)

Alcohol intake <0.001
Non-drinker 556 (19%) 532 (19%) 24 (13%)
Former drinker 222 (7.5%) 200 (7.2%) 22 (12%)
Drinker 2189 (74%) 2045 (74%) 144 (76%)

Physical activity 78,240.00 (0.00, 283,518.15) 78,240.00 (0.00, 284,207.72) 76,047.74 (0.00, 273,798.43) 0.578
BMI (kg/m2) 29.78 (26.20, 34.50) 29.70 (26.14, 34.45) 31.07 (26.98, 35.10) 0.160
Waist circumference (cm) 105.20 (95.20, 116.00) 104.83 (95.00, 115.70) 109.20 (99.02, 118.17) 0.004
HbA1c (%) 5.80 (5.50, 6.30) 5.70 (5.40, 6.20) 6.70 (6.30, 7.10) <0.001
TG (mmol/L) 1.39 (0.96, 1.98) 1.38 (0.96, 1.96) 1.59 (1.14, 2.07) 0.042
TC (mmol/L) 4.55 (3.93, 5.22) 4.60 (3.98, 5.22) 3.97 (3.59, 4.94) <0.001
LDL-C (mmol/L) 2.48 (1.97, 3.00) 2.51 (1.99, 3.00) 2.07 (1.63, 2.54) <0.001
HDL-C (mmol/L) 1.32 (1.09, 1.58) 1.32 (1.09, 1.60) 1.16 (1.06, 1.29) <0.001
eGFR (mL/min) 172.90 (141.00, 202.82) 172.96 (141.29, 202.96) 168.35 (135.37, 194.61) 0.228
Age when first taking statin 58.00 (50.00, 66.00) 58.00 (50.00, 66.00) 53.00 (49.00, 61.00) <0.001
CoQ10 127 (3.0%) 122 (3.0%) 5 (1.8%) 0.001
CoQ10 daily dosage (mg) 50.00 (21.00, 100.00) 50.00 (21.72, 100.00) 45.19 (7.45, 101.75) 0.604
CoQ10 daily dosage per kilogram
of body weight (mg/kg)

17.00 (6.48, 41.70) 16.88 (6.50, 41.63) 13.06 (2.15, 28.95) 0.889

CoQ10 daily dosage per body
surface area (mg/m2)

723.02 (289.45, 1613.47) 721.79 (313.34, 1613.12) 588.69 (98.49, 1301.59) >0.978

All-cause mortality 1089 (25%) 1014 (25%) 75 (27%) 0.766
Cardiovascular mortality 342 (8.0%) 312 (7.8%) 30 (11%) 0.202
Cancer-related mortality 166 (3.9%) 157 (3.9%) 9 (3.3%) >0.904
Diabetes-related mortality 228 (5.3%) 203 (5.1%) 25 (9.1%) 0.006
Survival length (months) 86.00 (46.00, 135.00) 89.00 (47.00, 138.00) 62.00 (36.00, 100.00) <0.001
BMI, body mass index; CoQ10, coenzyme Q10; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin
A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PIR, poverty income ratio; TC, total cholesterol;
TG, triglycerides; NOD, new-onset diabetes. n represents the number of participants in the study sample, while N represents the weighted
number of participants based onNHANES sampling principles. Continuous variables are presented asmedian (Q25, Q75). Categorical variables
are presented as numbers (percentages).
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Table 2. Comparison of baseline characteristics between participants taking CoQ10 and those not taking CoQ10.
Characteristic Non-CoQ10 Taking CoQ10 p value

Individuals n (N) 4164 (14,990,114) 127 (592,567) -
Age (years) 62.00 (54.00, 70.00) 65.41 (57.00, 71.00) 0.075
Sex (female) 1972 (47%) 66 (52%) 0.2
PIR 3.04 (1.58, 5.00) 4.30 (2.50, 5.00) <0.001
Educational attainment <0.001

Below high school 695 (17%) 5 (3.9%)
High school 1627 (39%) 44 (35%)
Above high school 1840 (44%) 78 (61%)

Diabetes 2404 (58%) 57 (45%) 0.003
HbA1c (%) 5.80 (5.50, 6.30) 5.70 (5.43, 5.90) 0.032
Age when first diagnosed with diabetes 50.00 (40.00, 59.00) 55.01 (50.00, 60.00) 0.010
New onset diabetes after statin use 271 (6.5%) 5 (3.9%) 0.001
n represents the number of participants in the study sample, while N represents the weighted number
of participants based on NHANES sampling principles. Continuous variables are presented as median
(Q25, Q75). Categorical variables are presented as numbers (percentages).

Fig. 2. Forest plot of multifactorial logistic regression results of CoQ10 and NOD. Model 1 adjusts for age, sex, race, PIR, and
educational attainment. Model 2 further adjusts for hypertension, CVD, heart failure, waist circumference, LDL-C, and the age at which
statin therapy was initiated; OR, odds ratio.

A similar protective effect was observed in the 1:2 match-
ing, which yielded an OR of 0.197 (95%CI: 0.051–0.610, p
= 0.010). Both sensitivity test results were consistent with
the conclusions of this study.

4. Discussion

This study retrospectively included a total of 4394 pa-
tients from the NHANES database spanning the years 1999
to 2018, with a median follow-up duration of 86.00 (46.00,
135.00) months. The key finding is that among patients tak-
ing statin medications, the simultaneous co-administration
of CoQ10 is associated with a reduction in NOD. This cor-
relation remained significant even after adjusting for vari-
ous confounding factors (p < 0.05). Further analyses con-

firmed that the observed correlation and protective effect is
independent of the dosage of CoQ10 supplementation.

While statin therapies are widely utilized in clinical
practice, multiple studies have confirmed their associa-
tion with NOD risk [3–5,21–23], which may be related to
CoQ10 deficiency. Research has demonstrated that statin
drugs can decrease CoQ10 levels in the blood by 16%
to 54% [24]. Two possible mechanisms contribute to the
statin-induced reduction in CoQ10. Firstly, statin treat-
ment inhibits the production of mevalonate, an intermediate
in CoQ10 synthesis. Secondly, statin drugs lower LDL-
C levels, potentially impacting CoQ10 transport. Exter-
nal supplementation of CoQ10 has been shown to elevate
the levels of CoQ10 in the blood of patients undergoing
statin therapy [24,25]. Additionally, CoQ10 deficiencies
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Table 3. Results of univariate logistic regression identifying factors associated with NOD.
Characteristic OR 95% CI p value

Age (years) 1.019 1.006, 1.031 0.003
Sex (male) 1.657 1.147, 2.394 0.007
Race

Mexican american — —
Other hispanic 1.899 0.837, 4.310 0.124
Non-hispanic white 2.033 1.199, 3.449 0.009
Non-hispanic black 1.832 1.050, 3.196 0.033
Other/multiracial 2.537 1.459, 4.412 0.001

PIR 1.053 0.948, 1.170 0.331
Educational attainment

Below high school — —
High school 1.150 0.730, 1.810 0.545
Above high school 1.287 0.829, 1.998 0.259

Hypertension 2.842 1.554, 5.197 <0.001
CVD 2.344 1.443, 3.809 <0.001
Heart failure 2.124 1.343, 3.361 0.001
Waist circumference (cm) 1.015 1.006, 1.025 0.002
TG (mmol/L) 1.054 0.985, 1.128 0.124
TC (mmol/L) 0.621 0.502, 0.767 <0.001
LDL-C (mmol/L) 0.591 0.433, 0.807 0.001
HDL-C (mmol/L) 0.179 0.084, 0.383 <0.001
eGFR (mL/min) 0.998 0.995, 1.001 0.207
Age when first taking statin 0.971 0.959, 0.984 <0.001
CoQ10 0.323 0.157, 0.668 0.003
CoQ10 daily dosage (mg) 0.999 0.994, 1.004 0.720
CoQ10 daily dosage per kilogram of body weight (mg/kg) 0.991 0.973, 1.010 0.341
CoQ10 daily dosage per body surface area (mg/m2) 1.000 0.999, 1.000 0.456

Fig. 3. Restricted cubic spline (RCS) plot of the relationship between CoQ10 daily dose and new-onset diabetes. (A) RCS curves
of the correlation between CoQ10 daily dose and new-onset diabetes were shown, (B) RCS curves of the correlation between CoQ10
daily dose and new-onset diabetes under Model 1 adjustment, and (C) RCS curves of the correlation between CoQ10 daily dose and
new-onset diabetes under Model 2 adjustment. The red lines represent odds ratios and shading indicates 95% confidence intervals. New
onset diabetes was derived via logistics regression using RCS, with adjustments made in model 1 and model 2. Model 1 accounts for age,
sex, race, PIR, and educational attainment. Model 2 further adjusts for hypertension, CVD, heart failure, waist circumference, LDL-C,
and the age at which statin therapy was initiated.

can lead to impaired mitochondrial function and reduced
antioxidant capacity, further decreasing insulin secretion
and sensitivity, which may contribute to NOD develop-

ment [25,26]. Exogenous supplementation with CoQ10
may ameliorate this process [16]. In addition, studies have
confirmed that supplementation with CoQ10 improves mi-
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tochondrial metabolism, which plays a crucial role in the
pathogenesis of diabetes mellitus [19,27].

Therefore, we hypothesized that exogenous supple-
mentation with CoQ10 might help reduce the occurrence
of NOD in those taking statins [28]. In previous animal
experiments, Lorza-Gil et al. [16] found that pravastatin-
treated hypercholesterolemic LDL receptor knockout mice
exhibited decreased insulin secretion, increased islet cell
death, and increased oxidative stress. Initiating dietary
supplementation of CoQ10 in these mice reversed fast-
ing hyperglycemia, improved glucose tolerance (by 20%),
enhanced insulin sensitivity (by >2-fold), and fully re-
stored the damage caused by pravastatin-impaired pan-
creatic glucose-stimulated insulin secretion by 40% [16].
Subsequent in vitro experiments also confirmed that co-
treatment of insulin-secreting INS1E cells with CoQ10 pro-
tected the cells from pravastatin-induced cell death and
oxidative stress. Simvastatin and atorvastatin were even
more effective (10- to 15-fold) in inducing dose-dependent
INS1E cell death, which was also mitigated by CoQ10
co-treatment [16]. This study demonstrated that statins
impair β-cell redox homeostasis, function, and viability
while CoQ10 supplementation protects against the deleteri-
ous effects of statins on pancreatic endocrine secretion [16].
However, limited clinical studies have been conducted on
the effect of exogenous CoQ10 supplementation on statin-
induced NOD. The 2019 LIFESTAT study, which included
people using simvastatin for primary prevention, found that
the insulin secretory capacity was unaltered by supplemen-
tation with CoQ10 (400 mg/day). Although insulin sensi-
tivity remained unchanged, hepatic insulin sensitivity was
elevated [29]. Besides, several studies have confirmed that
CoQ10 supplementation can reduce glucose and HbA1c
levels [25,26,30–32].

Given the limited number of studies investigating
CoQ10 supplementation in the context of NOD among
statin-using populations, we must refer to related studies
for insights into CoQ10 dosage. In statin-related studies,
Fedacko et al. [33] found significant improvement in statin-
related myopathy with a CoQ10 dosage of 200 mg/day
over three months. Similarly, another study demonstrated
that CoQ10 supplementation (240 mg/d for 22 months)
markedly reduced the incidence of statin-related fatigue
(from 84% to 16%) and myalgia (from 58% to 6%) [34].
Additionally, several studies have shown that CoQ10 sup-
plementation at a dose of 150 mg/day or 200 mg/day for
three months significantly improves fasting blood glucose
and HbA1c levels [30–32]. This study found no statisti-
cally significant correlation between CoQ10 dosage and the
incidence of NOD. We attribute this finding to several fac-
tors: (1) The retrospective design of this study posed several
limitations, particularly with the small number of partici-
pants taking CoQ10 and the broad range of CoQ10 dosages,
which may have obscured statistical differences. (2) The
study relied on the average CoQ10 dose taken in the past

month, which may not accurately reflect the total CoQ10
exposure over the entire period of statin therapy. We rec-
ommend future well-designed randomized controlled trials
to explore the dose-response relationship between CoQ10
and NOD in statin users. Identifying the optimal dosage
would provide a practical and effective means to prevent
NOD in this population. A key strength of this study is
that this is the first to leverage the NHANES database to
investigate the association between exogenous CoQ10 sup-
plementation and NOD in a statin-using population. The
NHANES database’s robust sampling methodology, com-
bined with the appropriate use of statistical weighting, al-
lows the findings of this study to extend beyond the sampled
cohort, and to be generalized to the entire U.S. population
using statins. This broad generalizability enhances the sen-
sitivity and reliability of the study’s conclusions, making its
findings particularly valuable for public health applications.

Despite the aforementioned strengths, this study does
have notable limitation. As a retrospective study, it is in-
herently constrained by the reliance on observational data,
making it difficult to establish causality between CoQ10
supplementation and NOD—we can only infer a correla-
tion. Furthermore, the small sample size of participants
taking CoQ10, compared to those who were not, may
have increased the margin of error in the statistical anal-
ysis of CoQ10’s effects. Additionally, several continuous
variables in the analysis do not follow a normal distribu-
tion. This deviation necessitated the use of non-parametric
tests, reducing the statistical power of some comparisons.
Another limitation is the lack of data on the total dura-
tion of CoQ10 administration and serum CoQ10 concen-
trations, which could have provided more precise insights
into CoQ10’s role. These limitations are common in retro-
spective analyses, and we hope that well-designed random-
ized controlled trials in the future will further explore the
qualitative and quantitative relationships between CoQ10
supplementation and NOD risk in statin users.

The opportunity presented by this study is its sugges-
tion of a potentially effective approach for preventing NOD
in individuals who require statin therapy, but are concerned
about the risk of developing NOD. This could enable more
patients to benefit from the cardiovascular protective ef-
fects of statins without fear of adverse metabolic effects.
Additionally, this research sets a foundation for future ran-
domized controlled trials to further investigate the dose-
response relationship between CoQ10 supplementation and
NOD, providing a clear direction for subsequent studies.

5. Conclusions
In individuals taking statins, CoQ10 supplementation

is associated with a reduced risk of developing NOD. This
relationship remains statistically significant even after ad-
justing for confounding factors (p < 0.05). Interestingly,
the effect of CoQ10 on reducing NOD risk does not appear
to be influenced by the dosage of CoQ10.
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