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Previous studies have shown beneficial effects of coenzyme Q10 (CoQ10) supplementation on blood pressure (BP). However, the optimal intake
of CoQ10 for BP regulation in patients with cardiometabolic disorders is unknown, and its effect on circulating CoQ10 is also unclear. We aimed to
assess the dose-response relation between CoQ10 and BP, and quantify the effect of CoQ10 supplementation on the concentration of circulating
CoQ10 by synthesizing available evidence from randomized controlled trials (RCTs). A comprehensive literature search was performed in 3 databases
(PubMed/MEDLINE, Embase, and Cochrane Library) to 21 March, 2022. A novel 1-stage restricted cubic spline regression model was used to evaluate
the nonlinear dose-response relation between CoQ10 and BP. Twenty-six studies comprising 1831 subjects were included in our meta-analysis.
CoQ10 supplementation significantly reduced systolic blood pressure (SBP) (—4.77 mmHg, 95% Cl: —6.57, —2.97) in patients with cardiometabolic
diseases; this reduction was accompanied by a 1.62 (95% Cl: 1.26, 1.97) ug/mL elevation of circulating CoQ10 compared with the control group.
Subgroup analyses revealed that the effects of reducing SBP were more pronounced in patients with diabetes and dyslipidemia and in studies with
longer durations (>12 wk). Importantly, a U-shaped dose-response relation was observed between CoQ10 supplementation and SBP level, with an
approximate dose of 100-200 mg/d largely reducing SBP (x? = 10.84, Pronlinearity = 0:004). The quality of evidence was rated as moderate, low, and
very low for SBP, diastolic blood pressure (DBP), and circulating CoQ10 according to the Grading of Recommendations, Assessment, Development,
and Evaluation approach (GRADE), respectively. The current finding demonstrated that the clinically beneficial effects of CoQ10 supplementation
may be attributed to the reduction in SBP, and 100-200 mg/d of CoQ10 supplementation may achieve the greatest benefit on SBP in patients with
cardiometabolic diseases. This study was registered on PROSPERO as CRD42021252933. Adv Nutr 2022;13:2180-2194.

Statement of Significance: This systematic review and meta-analysis provided a recommended dose of 100-200 mg/d to achieve the
greatest benefit in the regulation of blood pressure in patients with cardiometabolic diseases.
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Introduction

Cardiometabolic disorders, such as CVDs, type 2 diabetes,
and metabolic syndrome (MetS), are the leading causes
of death globally (1). As one of the modifiable risks for
cardiometabolic disorders, high blood pressure (BP) is
associated with the strongest evidence for causation and
it has a high prevalence of exposure affecting 31.1% of
adults (1.39 billion) worldwide (2-4). Therefore, it is of
great significance for patients with cardiometabolic disorders
to reduce morbidity and mortality by reducing high BP
(5). Numerous clinical medications are applied for the
treatment of high BP. However, long-term use of medications
exerts harmful effects, including renal or cardiac dysfunc-
tion, cough, and depression (6). Therefore, supplementary
nutritional strategies have been taken into account as a
common approach for the control and/or early prevention of
hypertension (6, 7).

Coenzyme Q10 (CoQ10), also known as ubiquinone in
nature, is a lipid-soluble molecule derived mainly from
endogenous synthesis. CoQ10 plays an essential role in
the electron-transport chain of mitochondrial oxidative
phosphorylation (8). CoQ10 has also received attention
for its essential role in energy metabolism and antioxidant
protection (9). However, there is evidence that CoQ10 defi-
ciency has been implicated in patients with cardiometabolic
disorders (10). As a nutritional supplement, a number of
small and short-term randomized controlled trials (RCTs)
have suggested that CoQ10 supplementation has beneficial
effects on BP (11-13), although the optimal intake was
unclear. A previous meta-analysis with an insufficient sample
size of 50 participants of 2 RCTs demonstrated that CoQ10
did not have any effects on either systolic blood pressure
(SBP) or diastolic blood pressure (DBP) (14). Another
meta-analysis of RCTs published in recent years reviewed
17 trials with a total of 684 participants and showed
that CoQ10 supplementation significantly decreased SBP in
people with metabolic diseases (15). Similarly, the previous
meta-analysis lacked an analysis of the optimal intake of
CoQ10 supplementation for the daily recommendation.
In addition, the efficacy of CoQl0 supplementation on
circulating CoQ10 warrants further evaluation. Further-
more, limited information on evidence quality and evidence
certainty also warrants further evaluation to ascertain the
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potential clinical translatability of CoQ10 supplementation.
Therefore, considering all the above-mentioned points, a
comprehensive update of previous systematic reviews and
meta-analyses is needed.

To provide healthy food choices for daily recommen-
dation in patients with cardiometabolic disorders, we ex-
amined the efficacy of CoQ10 supplementation for BP and
circulating CoQ10 via a systematic review and meta-analysis
of available RCTs. Furthermore, we assessed a novel dose-
response relation to determine the effective dose of CoQ10
supplementation on attenuating BP (16) and evaluated the
certainty of the evidence using the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
approach.

Methods

This systematic review was performed according to PRISMA
and has been registered on PROSPERO as CRD42021252933
(17).

Literature search

We conducted a systematic search of online databases
(PubMed/MEDLINE, Embase, and Cochrane Library)
through to 21 March, 2022, for reports of RCTs that had
tested the effect of CoQ10 on BP. We used “Coenzyme Q10”
and “blood pressure” as key terms. Detailed search strategies
are reported in Supplemental Table 1. We also checked the
reference lists of articles, related reviews, and meta-analyses
to avoid omitting publications. Title and abstract screening
and subsequent full-text evaluation were performed in
duplicate by 2 authors (DZ and YL). A third author (ML)
helped to resolve differences. The process of study selection
is shown in Supplemental Figure 1.

Eligibility criteria

Studies with the following conditions were included in this
meta-analysis: 1) Had accessible full articles published in
English, 2) were RCTs with parallel or crossover designs,
and 3) performed on individuals aged >18 y with car-
diometabolic disorders, including CVDs, diabetes, MetS,
dyslipidemia, hypertension, and obesity (these patients are
regularly prescribed medications or no medication), 4)
reported one of the following measures: SBP or DBP, and
5) had an appropriate controlled design (if CoQ10 was
administered as an adjunct to another drug/supplement, the
control group had to receive the same drug/supplement).

Exclusion criteria

Studies with one of the following conditions were excluded:
1) animal experiments, 2) studies that did not provide
sufficient information for the outcomes of interest, 3) the
duration of intervention was <2 wk, and 4) nonoriginal
research (reviews, editorials, or commentaries), abstracts,
unpublished studies, and duplicated studies.
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Data extraction

Data extraction was independently carried out by 2 inves-
tigators (YL and DZ), and any discrepancy was resolved by
the third investigator. We extracted the following data from
the included studies: First author name, publication year,
country, age and sex of participants, health status, sample
size, study design (crossover or parallel), duration, inter-
vention type or dosage of CoQ10 intervention, medication
contamination, whether the study received industry funding
and whether the detection of circulating CoQ10, SBP, or DBP
showed differences between intervention and control groups,
along with the SD at the end of the intervention periods.

Quality assessment

The Cochrane risk-of-bias tool was used to evaluate bias in
studies, including domains of random sequence generation,
allocation concealment, blinding of participants and re-
searchers, blinding of outcome assessment, incomplete out-
come data, and selective reporting. Other biases, including
comparisons of baseline, were also assessed. Consequently,
terms including “Low,” “High,” or “Unclear” were used to
classify each domain of study bias (18). Two reviewers (DZ
and SD) independently evaluated biases. Disagreements on
the risk-of-bias ratings were resolved through discussion and
adjudication by a third investigator (ZL).

Data synthesis and analysis

To evaluate the overall effects of CoQ10 supplementation
on BP, we compared the mean changes in SBP or DBP
between the CoQ10 treatment group and placebo groups
after intervention by calculating weighted mean differences
(WMDs) and 95% Cls using a random-effects meta-analysis
model (19). We also estimated WMDs for circulating
CoQ10 concentrations to assess the effectiveness of CoQ10
supplementation on CoQ10 status.

When mean changes were not reported (e.g., only the
mean BP values at baseline and again at postintervention
were noted in the study), the following formula was used to
derive such changes: Mean change = final postintervention
BP value - baseline value for the same; and subsequently,
changes in SDs were calculated using the following formula:

SDChange = square root [(SDbaseIine)2 + (SDpostintervention)2
—(2R X SDpaseline X SDpostintervention)] (1)

The best correlation coefficient (R) for each parameter
was estimated from studies in which mean £ SD changes
were reported. Additionally, the standard error of the mean
(SEM) was transformed to SD using the following formula:
SD =SEM x /n (n = number of participants in each group).

Heterogeneity was evaluated through the Cochran (Q)
and I-squared tests (I%). The percentages of I? at ~25%, 50%,
and 75% indicate low, medium, and high heterogeneity, re-
spectively. Given the existing heterogeneity between studies,
when I exceeded 50% or P <0.05, the random-effect model
was used; otherwise, the fixed-effect model was applied. To
discern the potential sources of heterogeneity, we carried
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out stratified analyses based on health status, study design,
duration of intervention, the dosage of CoQ10, and type of
control. Several exploratory subgroup analyses of moderators
(i.e., mean age, baseline BP and CoQ10, medication and sup-
plementation contamination, and whether the study received
industry funding) were also conducted to explore study
protocols. In a sensitivity analysis, we excluded trials at high
risk-of-bias to access the effects of CoQ10 supplementation
on BP. Finally, a 1-stage restricted cubic spline regression
model analysis was performed to assess the possible dose-
response relation of CoQ10 supplementation and BP (16,
20). When 10 or more trial comparisons were available,
publication bias was investigated by inspection of contour-
enhanced funnel plots (21) and Begg’s test (at P <0.05) (22). If
publication bias was suspected, the Duval and Tweedie trim-
and-fill method was utilized to adjust for any omissions and
potential bias (23).

Statistical analyses were conducted using STATA software,
version 16.0 (Stata Corp), and R software, version 4.1.1 (http:
/lwww.r-project.org/). A P value of <0.05 was considered to
represent statistical significance.

Certainty assessment

GRADEpro GDT software (24) was used to assess the
certainty of evidence according to the GRADE guidelines
(gradeworkinggroup.org) for primary outcomes based on
areas of study design, risk of bias, inconsistency, indirectness,
imprecision, and other considerations, such as publication
bias, effect size, and potential confounding (25, 26).

Results

Flow and characteristics of the included studies

We screened 1425 titles or abstracts. The review flow diagram
is shown in Supplemental Figure 1. Of these, 26 trials (11-
13, 27-50) reported the effect of CoQ10 on SBP comprising
29 arms and DBP comprising 26 arms, and the main
characteristics of the included studies are shown in Table 1.
These publications were dated between 1997 and 2021 and
were conducted in Denmark (4 trials), Australia (4 trials),
Finland (1 trial), Iran (4 trials), Iraq (2 trials), Singapore (1
trial), Mexico (1 trial), New Zealand (1 trial), India (1 trial),
Japan (1 trial), China (2 trials), Slovakia (1 trial), America
(1 trial), Korea (1 trial), and Europe (1 trial). Twenty-three
studies were designed as parallel studies, with the remaining
3 as crossover designs. The study duration ranged from 1 to
24 mo with sample sizes between 24 and 420 participants.
Participants’ ages ranged from 28 to 68 y. Studies included
RCTs across health conditions, including diabetes, MetS,
CVD, dyslipidemia, hypertension, and obesity. Although the
majority of investigations enrolled both sexes, only 2 studies
exclusively utilized female participants. Among them, 16
studies also measured circulating CoQ10.

Effect of CoQ10 supplementation on SBP
In total, 26 eligible studies (27) with 29 treatment arms
including a total of 1831 participants, examined the effect
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Treatment Control WMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Andersen et al. 1997 (27) 17  -06 20.08 17 4 15.05 -460[-16.53, 7.33] 1.81
Chew et al. 2008 | (28) 14 11 1139 15 -02 11.25 -0.90[ -9.14, 7.34] 3.10
Chew et al. 2008 I (28) 10 -04 1274 15 02 974 -060[ -9.41, 821 284
Eriksson et al. 1999 (29) 12 5 5231 11 -4 98.89 -1.00 [-64.85, 62.85] 0.08
Gholami et al. 2019 (30) 35 -84 1414 35 06 1657 - -9.00[-16.22, -1.78] 3.66
Hamilton et al. 2009 (31) 23 1 959 23 -4 1439 3.00[ -4.07, 10.07] 3.75
Henriksen et al. 1999 (32) 17  -05 263 17 4 332 -450[ -6.51, -2.49] 8.00
Lim et al. 2008 (33) 40 2 114 40 -2 131 0.00[ -5.33, 5.33] 4.99
Rodriguez-Carrizalez et al. 2016 (34) 20 1 8056 20 1.1 10.46 -0.10[-35.70, 3550] 0.25
Zarei et al. 2018 (12) 34 -84 1414 34 12 16.04 - -9.60[-16.79, -2.41] 3.68
Young et al. 2012 (35) 30 -02 1458 30 1.4 14417 -1.60[ -8.88, 568] 3.62
Hodgson et al. 2002 | (13) 19  -44 1595 18 04 1891 -4.80[-16.05, 6.45] 1.99
Hodgson et al. 2002 11 (13) 19 -39 1656 18 1.2 16.37 -510[-15.72, 552] 217
Singh et al. 2018 (36) 27 57 1293 28 -05 16.35 6.20[ -1.61, 14.01] 3.32
Playford et al. 2003 | (37) 18 -44 1552 17 0.4 1838 -4.80[-16.05, 6.45] 1.99
Playford et al. 2003 Il (37) 20 -33 1699 18 12 16.37 -450[-15.13, 6.13] 217
Kamikawa et al. 1985 (38) 12 3 2066 12 1 2261 2.00[-15.33, 19.33] 0.96
Dai et al.2011 (39) 28 -3 12 28 -7 12 400[ -2.29, 10.29] 4.26
Mortensen et al. 2014 (40) 202 0 18 218 0o 16 0.00[ -3.25, 3.25] 6.89
Kuhlman et al. 2019 (41) 18 1 153 17 -2 1649 3.00[ -7.53, 13.53] 2.20
Mohseni et al. 2014 (42) 26 -1223 131 26 -3 126 [ | -9.23[ -9.93, -8.53] 8.77
Toth et al. 2017 (45) 35 -16.95 20.09 35 -15.01 20.13 -1.94[-11.36, 7.48] 259
Zhang et al. 2018 (11) 51 -934 1897 50 -2.78 16.31 -6.56[-13.47, 0.35] 3.85
Burke et al. 2001 (44) 39 -17.8 4167 32 -17 3125 —a -16.10[-33.56, 1.36] 0.95
Lee et al. 2011 (43) 17 06 1387 19 -12 1165 - 1.80[ -6.54, 10.14] 3.06
Sedeh, 2018 (46) 34 -185 1319 34 72 1125 = -2570[-31.53, -19.87] 4.60
Yasser, et al. 2021 (47) 28 97 176 24 24 163 - -1210[-21.38, -2.82] 2.64
Mortensen, et al. 2019 (48) 40 0 21 45 3 19.52 -3.00[-11.62, 562] 2.93
Dawood, et al. 2021 (49) 25 1523 052 25 -49 0.15 .T -10.33[-10.54, -10.12] 8.88
overall } -4.77[ -6.57, -2.97)
Heterogeneity: T = 9.49, I’ = 86.66%, H' = 7.49
Test of 8 = 6 Q(28) = 209.86, P = 0.00
Test of § = 0: z = -5.20, P=0.00

Random-effects DerSimonian-Laird model

FIGURE 1

=50 0 50 100

Forest plot detailing WMD and 95% Cls for the effect of CoQ10 supplementation on systolic blood pressure in patients with

cardiometabolic disorders. The green diamond at the bottom of each chart is the amount of overall effect size estimates in the
random-effects meta-analysis. The size of each blue box reflects the relative weight apportioned to the study in the meta-analysis. The
horizontal line across each blue box reflects the 95% Cls of the study. CoQ10, coenzyme Q10; WMD, weighted mean difference.

of CoQ10 supplementation intake on SBP. Combining their
findings, we found that SBP was significantly reduced by
—4.77 mmHg (95% CI: —6.57, —2.97) compared to the
control group, with significant between-study heterogeneity
(Figure 1). The subgroup analysis conducted on participants’
health status revealed a significant reduction in SBP in
patients with diabetes and dyslipidemia, but not in CVD
and MetS subjects. In addition, subgroup analysis with
no medication or supplementation contamination, parallel
study design, duration >12 wk, CoQ10 dose <200 mg/d,
CoQl10 as a single supplementation, and the study not

receiving industry funding showed a greater reduction in the
levels of SBP (Table 2).

Effects of CoQ10 supplementation on DBP

The impact of CoQ10 supplementation on DBP was assessed
in 24 trials with 26 treatment arms including 1734 partic-
ipants. The pooled results showed no significant reduction
in DBP following CoQ10 supplementation (—1.67 mmHg,
95% CI: —4.30, 0.96), with considerable between-study het-
erogeneity (Figure 2). Subgroup analysis revealed that health
conditions, study design, duration, CoQ10 dosage, whether

Dose-response effect of CoQ10 on blood pressure 2185
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P for between
subgroup
heterogeneity?

0.630

2

P heterogeneity
<0.001

P, %

90.30
99.41

Pdifference
0.132
0411

—2.14(—491,064)
—2.08(—7.04,2.388)

No. of trials WMD (95% CI)

<200 mg/d
mg/d

>200 and <300

(Continued)

TABLE 2
Group
CoQ10 dosage

CoQ10 was a single supplement, and whether the stud-
ies received industry funding explained this heterogeneity

o o o
§ g g (Table 2).
Effect of CoQ10 supplementation on circulating CoQ10
The impact of CoQl0 supplementation on circulating
CoQ10 was assessed in 16 trials with 19 treatment arms
including 983 participants. Compared with the placebo
SSsssss=s groups, circulating CoQ10 concentrations were elevated by
2z2g22ae 1.44 pg/mL (95% CI: 1.21, 1.66) (Supplemental Figure
vy = 2). These effects were generally consistent across different
& subgroups (Supplemental Table 2).
£
%é Dose-response association between CoQ10
&hITE8RIC| s supplementation and BP
BR388&5|L In the dose-response meta-analysis, a U-shaped relation
3 between CoQl0 intervention dose and the level of SBP
B was observed (Figure 3). Specifically, a CoQ10 dose of
% 100-200 mg/d had better efficacy in decreasing SBP, but
senexgQ g not DBP (x? = 14.62, Pyonlineariy = 0.004; x? = 3.08,
55388385 ¢2 Pronlinearity = 0.214, respectively).
E
g Sensitivity analysis
& 5} To explore the impact of a high bias risk study on the
¥R gl ®IS § overall effect size, we omitted 5 studies that contained
::\ : : g :‘ g 2 g high bias from the analysis (30, 31, 36, 45, 48). We found
Igocegge no change in the overall effect sizes of SBP and DBP.
:' Nv' @Vl vv' Nv' ,\vl D% However, we found a significant reduction in DBP in younger
3 $ gl gl % $ 3 patients (age <50 y) or patients with lower baseline DBP

(baseline DBP <80 mmHg) (Supplemental Table 3). Ad-
ditionally, the dose-response analysis yielded similar results
to those generated using the entire dataset (x? = 16.46,
Pronlinearity <0.001 for SBP; x? = 1.61, Pyonlincarity = 0.446
for DBP, respectively) (Supplemental Figure 3). In addi-
tion, a sensitivity analysis found a similar dose-response
relation between CoQI0 supplementation and SBP and
DBP (x? = 14.64, Phonlinearity <0.001 for SBP; x? = 3.68,
Pronlinearity = 1.59 DBP, respectively) in the subgroup where
CoQ10 was a single supplement (28, 36, 37, 44, 45, 48, 49)

when the percentages of ¥ >50% or P,

difference

2 (Supplemental Figure 4).
282828
" Publication bias

Visual inspection of the contour-enhanced funnel plot
indicated no evidence of asymmetry in the effects of CoQ10
supplementation on BP (Supplemental Figure 5A, B).
These observations were approved by the use of Begg’s
regression tests for SBP and DBP (Ppeggs >0.05). The in-
verted funnel of circulating CoQ10 was asymmetric on the
left and right sides (Ppeggs <0.001) (Supplemental Figure
5C). Trim-and-fill estimates found that 5 imputed studies
fell in the dark gray region of P >0.1, indicating that there
may be unpublished documents that are not statistically
significant, which may lead to publication bias. Hence, it is
plausible that publication bias is the cause of the observed
asymmetry in this funnel plot. However, sensitivity analysis
found that 5 imputed studies did not change the overall

>Supplementation contamination represented the consumption of CoQ10, vitamins, and antioxidants supplementation before entering or during the current study.

“Medication contamination represented taking antidiabetic, antihypertensive or hypolipidemic drugs before entering or during the current study.
CoQ10, coenzyme Q10; DBP, diastolic blood pressure; MetS, metabolic syndrome; SBP, systolic blood pressure; WMD, weighted mean difference.

CoQ10 as a single supplementation

' DerSimonian-Laird random effect model was used to calculate the effect size and P
2Cochrane Q test was used to detect the heterogeneity between studies.
3Cochrane Q test was used to detect subgroup heterogeneity.

Supplementation contamination®
Received industry funding?
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Treatment Control WMD Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Andersen et al. 1997 (27) 17 1.1 1057 17 43 664 -3.20[-9.13, 273] 3.75
Chew et al. 2008 | (28) 14 19 711 15 -09 7 -1.00 [-6.14, 414] 3.94
Chew et al. 2008 Il (28) 10 -12 827 15 06 10.78 -1.80[-9.70, 6.10] 3.27
Eriksson et al. 1999 (29) 12 -1 296 1 2 41.56 - -3.00[-32.29, 26.29] 0.69
Gholami et al. 2019 (30) 35 -56 071 35 0.6 .6 [ | -6.20[-6.51, -5.89] 4.64
Hamilton et al. 2009 (31) 23 1 48 23 -2 48 3.00[ 0.23, 5771 4.41
Henriksen et al. 1999 (32) 17 11 214 17 42 173 -3.10[-4.41, -1.79] 4.59
Lim et al. 2008 (33) 40 0 755 40 0 755 0.00[-3.31, 331 432
Rodriguez-Carrizalez et al. 2016 (34) 20 -7.3 4354 20 1.1 7.76 -8.40[-27.78, 10.98] 1.32
Zarei et al. 2018 (12) 34 51 732 34 06 664 » -570[-9.02, -2.38] 4.32
Young et al. 2012 (35) 30 0 96 30 22 931 -220[-6.99, 259] 4.02
Hodgson et al. 2002 | (13) 19 17 72 18 14 793 -310[-798, 1.78] 4.00
Hodgson et al. 2002 11 (13) 19 -03 959 18 27 979 -3.00[-9.25, 325] 368
Singh et al. 2018 (36) 27 66 904 28 49 969 1.70[-3.26, 6.66] 3.98
Dai et al.2011 (39) 28 0 8 28 -4 9 4.00[-0.46, 8.46] 4.09
Mortensen et al. 2014 (40) 202 -2 985 218 0 1 -2.00[-4.00, 0.00] 452
Kuhiman et al. 2019 (41) 18 1 849 17 -3 825 - 400[-1.55 ~ 9.55] 3.85
Mohseni et al. 2014 (42) 26 -797 1.06 26 -17.23 .84 [ ] 926[ 874, 978 463
Toth et al. 2017 (45) 35 606 903 35 216 997 - -8.22[-1268, -3.76] 4.10
Zhang et al. 2018 (11) 51 -714 1305 50 -1.66 9.62 : X -548[-9.96, -1.00] 4.09
Burke et al. 2001 (44) 39 -26 1571 32 -0.5 1563 -210[-943, 523] 3.41
Lee et al. 2011 (43) 17 0 936 19 -14 965 t 140([-4.83, 7.63] 3.68
Sedeh et al. 2018 (46) 34 55 944 34 4 844 . 3 9.50[ 524, 13.76] 4.14
Yasser et al. 2021 (47) 28 -13.3 109 24 29 93 - --16.20[-21.76, -10.64] 3.84
Mortensen et al. 2019 (48) 40 -3 1054 45 1 1 E | -400[-8.59, 0.59] 4.07
Dawood et al. 2021 (49) 25 -721 067 25 -288 33 B -433[-462, -4.04] 464
Overall ¢ -167[-4.30, 0.96]
Heterogeneity: T° = 38.80, I* = 99.09%, H’ = 109.52
Test of 6i = 8;: Q(25) = 2738.06, P = 0.00
Testof6=0:z=-1.24,P=0.21

-4IO -2'0 0 2‘0

Random-effects DerSimonian-Laird model

FIGURE 2 Forest plot detailing WMD and 95% Cls for the effect of CoQ10 supplementation on diastolic blood pressure in patients with
cardiometabolic disorders. The green diamond at the bottom of each chart is the amount of overall effect size estimates in the
random-effects meta-analysis. The size of each blue box reflects the relative weight apportioned to the study in the meta-analysis. The
horizontal line across each blue box reflects the 95% Cls of the study. CoQ10, coenzyme Q10; WMD, weighted mean difference.

result of CoQ10 supplementation on circulating CoQ10
(Supplemental Figure 6).

Quality assessment and grading of evidence

The quality assessment outcomes of the included studies are
detailed in Supplemental Figure 7. The GRADE protocol
was used to assess the certainty of the evidence (Table
3). Accordingly, studies investigating the effect of CoQ10
supplementation on SBP and DBP were regarded as mod-
erate and low quality, respectively, due to the moderate
heterogeneity between studies and relatively small sample
size. The evidence for circulating CoQ10 was graded as

2188 Zhaoetal.

very low due to inconsistencies or evidence of publication
bias.

Discussion

In the present systematic review and dose-response meta-
analysis, we summarized available records from 26 RCTs
that examined the effects of CoQ10 supplementation on
BP in patients with cardiometabolic disorders. Accordingly,
our findings revealed that CoQl0 supplementation can
significantly reduce SBP accompanied by the elevation
of circulating CoQ10 concentrations. Subgroup analyses
portrayed a greater reduction in SBP in patients with diabetes
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FIGURE 3 Dose-response effect of CoQ10 supplementation on (A) systolic blood pressure and (B) diastolic blood pressure. The average
curve (green solid line) with 95% confidence limits (red dotted lines) was estimated with a 1-stage random-effects restricted cubic spline
model, using 0 mg/d as a reference. CoQ10, coenzyme Q10; DBP, diastolic blood pressure; SBP, systolic blood pressure.

and dyslipidemia, or a longer intervention duration (>12
wk). Moreover, we found a novel U-shaped dose-response
relation between the intake of CoQ10 supplementation and
SBP.

Our present results, which are based largely on small and
short-term RCTs, showed that CoQ10 supplementation sig-
nificantly decreased SBP accompanied by elevated circulating
CoQ10 concentrations in patients with cardiometabolic
disorders, and the mean decrease in SBP was —4.77 mmHg.
Although the overall reduction in SBP was modest in this
study from an individual perspective, of note, even minor
reductions in BP can yield significant reductions in CVD risk
at the population level (50). A recent meta-analysis reported
that a SBP reduction of 5 mmHg by pharmacotherapy
reduced CVD events by 10% (52). These findings were
also supported by a prior systematic review (15) of 17
RCTs involving 684 participants that found a reduction in
SBP [standardized mean difference (SMD): —0.30, 95% CI:
—0.52, —0.08] but not DBP (SMD: —0.08; 95% CI: —0.46,
0.29) with CoQ10 in patients with metabolic diseases. Given
the moderate level of evidence certainty for SBP findings,
the clinically beneficial effects of CoQ10 supplementation in
people with cardiometabolic disorders may be attributed to
the reduction in SBP.

Subgroup analysis showed that CoQl0 supplementa-
tion was more effective in reducing SBP in patients
with dyslipidemia (—6.71 mmHg) than in all participants
(—4.77 mmHg) in our study. Indeed, possible reasons may be
the decrease in endogenous CoQ10 content in patients with
dyslipidemia who were treated with cholesterol-lowering
drugs (52-54), and circulating CoQ10 significantly increased
after CoQ10 supplementation. It has been proposed that
patients with lower circulating CoQ10 concentrations may
have a better antihypertensive response to CoQ10 supple-
mentation (55). In addition, previous studies have shown that
the concentration of circulating CoQ10 in type 2 diabetes
is lower (0.40-1.91 pumol/L CoQI10 in serum) (53, 56).

Interestingly, our subgroup analysis also found that CoQ10
was more effective in reducing SBP when taking CoQ10
in patients with diabetes (—5.80 mmHg). This is consistent
with a prior systematic review that found a significant effect
of CoQ10 supplementation on reducing SBP in a subgroup
analysis of patients with type 2 diabetes (15). Therefore,
CoQ10 supplementation may achieve more health benefits
in patients with dyslipidemia or diabetes.

Furthermore, subgroup analysis also indicated that inter-
ventions with longer durations demonstrated larger reduc-
tions in SBP, as compared to those with shorter durations.
This might be partially due to the time that is needed to
reach the threshold of lowering SBP. Concordant with the
findings of the subgroup analysis on SBP in this study, several
clinical trials have shown the beneficial effects of CoQ10 with
long-duration administration. CoQ10 supplementation for
2 y improved heart function and reduced cardiovascular-
related mortality by 43% in heart failure patients, of note, 10%
of whom had type 2 diabetes (40). Similarly, in the KISEL-10
study, supplementation with 200 mg/d CoQ10 and 200 ug/d
selenium for 5 y reduced cardiovascular mortality by 53% in
elderly subjects, 20% of whom had diabetes (57). A longer du-
ration of CoQ10 consumption also had antioxidant (58) and
anti-inflammation (59) properties, compared with a short
duration. Given that CoQ10 is easy to obtain and can be used
as an attractive option for long-term use, this will achieve
a greater effect on the SBP of patients with cardiometabolic
disorders. Meanwhile, a larger effect of lowering SBP was
experienced in patients with cardiometabolic disorders who
did not take medications, and there was still a significant
effect in patients currently undergoing pharmacological
therapy. This may be attributed to medication contamination
that may partly mask the benefits of CoQ10 supplementation
on SBP. In addition, SBP-lowering effects are also valid in
subgroups of both administrated supplementation and not.
These results suggested that CoQ10 as a single or add-
on supplementation may be beneficial for attenuating BP

Dose-response effect of CoQ10 on blood pressure 2189
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and reducing risk factors in patients with cardiometabolic
disorders.

Importantly, by using a new “1-stage” model that allows
for the inclusion of trials with only 2 levels of exposure,
as is the case for most RCTs (16, 20), we conducted a
dose-response meta-analysis to investigate the threshold of
CoQ10 supplementation on the level of BP and showed a
“U” shape relation between CoQ10 supplementation and BP.
The previous meta-analysis only used the traditional forest
plot to examine the overall effect size without examining
its dose-response relation (60). Tabrizi et al. (15) attempted
to assess the relation between CoQ10 and BP in clinical
studies, but they were unable to fully characterize it because
they only used forest plots, thus being unable to smoothly
shape the relation between CoQ10 intake and BP over the
entire range of exposure. In addition, the disappearance of
the SBP control effect of high dose CoQ10 may be due to a
decrease in the intestinal absorption and utilization process
(61). CoQ10isalipophilic compound, and absorption occurs
in the gastrointestinal tract via a complex active transport
process. A nonlinear or zero-order absorption process has
been found, suggesting that CoQ10 plasma concentration
decreases as the dosage is increased (62). However, it should
be noted that only 4 studies in this review used doses
>400 mg/d. Thus, the relative lack of RCTs with higher
CoQ10 doses limited the power to make a conclusion in
the higher range of CoQl0 supplementation. Although a
previous study indicated that CoQ10 appears to be well
tolerated in dosages of <1200 mg/d in adults with long-
term use (63), it seems that 100-200 mg/d is sufficient to
beneficially attenuate SBP in patients with cardiometabolic
disorders according to our present dose-response meta-
analysis.

Several mechanisms have been proposed to explain the
hypotensive effects of CoQ10. One of the most important
mechanisms may be related to its antioxidant properties
(10). Although oxidative stress reduces NO availability
resulting in vasoconstriction that leads to elevated BP,
CoQ10 supplementation may enhance antioxidant capacity
and improve NO bioavailability exerting a direct beneficial
effect on the endothelium (64, 65). A meta-analysis of 5
RCTs including 194 patients found that CoQ10 improved
endothelial function, as assessed by flow-mediated dilatation
(66). Another mechanism involves CoQ10 exerting an
angiotensin effect upon sodium retention and decreasing
the concentration of aldosterone, thus inhibiting BP levels
(67). Alternatively, CoQ10 may boost the production of
prostacyclin, a potent vasodilator, and enhance the sensitivity
of arterial smooth muscles to prostacyclin (68). Further
mechanisms that may contribute to the reduction of BP
are the hypoglycemic and hypolipidemic effects of CoQ10
supplementation, as elevated blood glucose and lipid con-
centrations are well known to depress endothelial function
via a cascade of pathophysiological events that result in the
development and progression of cardiometabolic disorders.
Moreover, the effects of CoQ10 on BP are also related to
its anti-inflammatory abilities. Animal models have shown

that CoQ10 supplementation can balance pro- and anti-
inflammatory cytokines (69).

A previous study showed that a number of foods provide
an exogenous source of CoQ10, but the CoQl0 content
varies in different types of foods. Specifically, CoQ10 con-
centrations of various meats are higher than those of plant-
derived foods such as grains, fruits, and vegetables. The
highest CoQ10 concentration was found in beef heart (over
100 mg/kg), where the CoQ10 intake reached 100 mg/d when
< ~1 kg per day of beef heart was consumed. Although
beef heart is the most abundant source of CoQI10, it is not
used as a daily food in some parts of the world. Other
daily CoQ10-rich food products, such as sardines (5.1-
64.3 mg/kg), beef (16.1-36.5 mg/kg), poultry meat (14-
21 mg/kg), or peanuts (26.7 mg/kg), could substantially in-
crease the total amount of CoQ10 (70). However, the extent
to which dietary consumption of CoQ10 correlates to tissue
CoQ10 concentrations is unclear. A study showed that
CoQ10 intake in the daily diet is relatively low, and the
average dietary intake of CoQ10 is only 3-6 mg/d (70);
therefore, CoQ10 intake from the daily diet might be far from
100 mg/d. The human body can biosynthesize CoQ10, but
its deficiency has also been observed in various pathological
conditions, such as cardiometabolic disorders (10); thus, the
intake of food with adequate CoQ10 is necessary. Additional
supplementation may be necessary to improve circulating
CoQ10 concentrations and attenuate SBP in patients with
cardiometabolic disorders.

Strengths and limitations

This present study has several strengths. First, our study
clarified the association between CoQl0 supplementation
and BP in patients with cardiometabolic disorders via a
systematic review and meta-analysis of updated studies.
Moreover, we first conducted a novel 1-stage restricted cubic
spline regression model based on 2-arm comparisons of the
CoQ10 clinical trial to determine the dose-response effect
of CoQ10 on BP in patients with cardiometabolic disorders
and quantify its effect on the concentration of circulating
CoQ10. However, several limitations merit consideration.
First, most studies in this review involved the simultaneous
use of diabetes treatment, and some studies permitted
the use of hypotensive drugs and lipid-lowering drugs.
Therefore, we cannot draw any clear conclusions regarding
the efficacy of CoQ10 as a stand-alone therapeutic agent
for cardiometabolic disorder management. Second, due to
fewer clinical trials investigating the relation between CoQ10
supplementation and BP in patients with diabetes and
dyslipidemia, we were unable to conduct restricted cubic
spline regression to depict its dose response. Third, although
publication bias was found for the effect on circulating
CoQ10, trim-and-fill analyses showed the result is robust
to additional imputed trial comparisons. Finally, the studies
included were predominantly short term (<6 mo), had a
relatively small participant number (n <100), and lacked
relatively higher doses (doses >300 mg/d) and most of the
studies lacked justification of sample size or did not report
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either the detailed method of blinding or the evaluation of the
successfulness of blinding. Therefore, the current evaluation
of this meta-analysis via the GRADE approach is only
medium to very low quality. Further larger sample sizes and
longer supplementation period studies with strict designs
are required to confirm the beneficial effects of CoQ10
supplementation on BP in patients with cardiometabolic
disorders.

Conclusions

Our findings suggest that CoQ10 supplementation may be
potentially effective for clinically reducing BP in patients with
cardiometabolic disorders, and these effects are more pro-
nounced in people with diabetes or dyslipidemia. Moreover,
taking 100-200 mg/d CoQ10 supplementation is recom-
mended for attenuating SBP in patients with cardiometabolic
disorders. To further determine the exact recommended
intake of CoQ10 for lowering BP, we are also designing a
clinical trial with different doses of CoQ10 intervention and
are preparing to carry out this study in the near future.
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