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ABSTRACT

Background: Muscular strength has been linked to increased risk of cardiovascular disease in the community population. The
aim of this systematic review and meta-analysis is to evaluate the association between weak handgrip strength (HGS) and
mortality risk in patients with coronary artery disease (CAD).

Methods: To carry out the meta-analysis, an extensive search was conducted on databases such as PubMed, Embase, Web of
Science, Cochrane Library, Wanfang, and CNKI to identify observational studies with longitudinal follow-up. Random-effects
models were used to combine the findings, taking into account the potential influence of heterogeneity.

Results: Eight observational studies involving 10 543 patients with CAD were included. During a mean follow-up duration of
20.4 months, 1327 (12.6%) patients died. Pooled results showed that weak HGS at baseline was associated with an increased risk
of all-cause mortality during follow-up (risk ratio [RR]: 1.95, 95% confidence interval: 1.50 to 2.55, p <0.001; I* = 62%).
Subgroup analysis suggested a stronger association between weak HGS and increased mortality in older patients with CAD as
compared to that of overall adult patients with CAD (RR: 3.01 vs. 1.60, p for subgroup difference = 0.004). Subgroup analyses
according to study location, design, subtype of CAD, follow-up duration, analytical model, and study quality scores showed
similar results (p for subgroup difference all > 0.05).

Conclusions: Weak HGS at baseline is associated with an increased risk of mortality in patients with CAD, particularly in older
patients with CAD.

1 | Background revascularization have significantly improved the prognosis of

patients with CAD, the incidences of heart failure and other

Despite the diagnostic and therapeutic advances in recent
decades, coronary artery disease (CAD) remains a leading cause
of morbidity and mortality globally [1]. Pathophysiologically,
CAD is characterized by atherosclerotic stenosis or occlusion of
the coronary artery, leading to ischemia and necrosis of the
myocardium [2, 3]. According to the clinical presentation, CAD
can be classified as acute coronary syndrome (ACS) [4] and
stable CAD [5]. Although effective treatments such as coronary

adverse cardiovascular events remain high in these patients,
leading to an overall increased mortality [6]. Accordingly, it is
important to determine clinical factors that are associated with
the poor prognosis of patients with CAD.

Chronic inflammation has been recognized as a key mechanism
during the pathogenesis and deterioration of CAD [7]. On the
other hand, persistent systemic inflammation also leads to
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reduction of peripheral muscular strength and mass, which is
known as sarcopenia [8]. Clinically, handgrip strength (HGS) is a
validated indicator of muscle strength in the adult population that
can be conveniently measured using a muscle strength dynamom-
eter [9, 10]. Accumulating evidence suggests that a reduction in
HGS may confer higher risk of cardiovascular diseases [11-14].
However, it has not yet been fully determined if weak HGS in
patients with CAD could predict a poor prognosis and previous
studies that have evaluated the association have reported
inconsistent results. Some of the previous studies showed that
weak HGS may be associated with an increased risk of mortality in
patients with CAD [15-20], while others did not show similar
results [21, 22]. Therefore, in this study, we performed a systematic
review and meta-analysis to evaluate the association between
weak HGS and mortality risk in patients with CAD.

2 | Materials and Methods

The research followed the Meta-analyses Of Observational
Studies in Epidemiology (MOOSE) guideline [23] during the
phases of planning, execution, and documentation.

2.1 | Inclusion and Exclusion Criteria of Studies

The development of inclusion criteria adhered to the PICOS
recommendations and aligned with the objective of the
meta-analysis.

P (patients): Patients with confirmed diagnosis of CAD,
regardless of the subtype.

I (exposure): Patients with weak HGS at baseline, which was
measured using a muscle strength dynamometer. The cutoff for
defining weak HGS was consistent with the criteria used among
the included original studies.

C (control): Patients with normal HGS at baseline.

O (outcomes): Incidence of all-cause mortality of patients with
CAD, as compared between patients with and without weak
HGS at baseline.

S (study design): Observational studies with longitudinal follow-
up, such as cohort studies, post-hoc analysis of clinical studies,
and nested case-control studies.

Literature reviews, editorials, meta-analyses, and studies that did
not involve patients with CAD, did not assess HGS as an exposure
variable, or did not report the outcome of mortality during follow-
up were excluded from the meta-analysis. In instances where there
was a duplication of patient populations, the study with the most
extensive sample size was incorporated into the meta-analysis.

2.2 | Search of Databases

Studies relevant to the objective of the meta-analysis were
identified by search of electronic databases, namely, PubMed,

Embase, Web of Science, Cochrane Library, Wanfang, and
China National Knowledge Infrastructure (CNKI), encompass-
ing the period from inception to October 8, 2023. Cochrane
Library was searched because the post-hoc analyses of clinical
trials that fit the aim of the meta-analysis could also be
included. The search strategy used relevant terms pertaining to
the subject matter of our investigation, aiming to identify
studies published within this timeframe, which included
(1) “handgrip” OR “hand strength” OR “muscle strength
dynamometer” OR “grip strength”; (2) “coronary artery
disease” OR “coronary heart disease” OR “ischemic heart
disease” OR “CAD” OR “CHD” OR “percutaneous coronary
intervention” OR “PCI” OR “acute myocardial infarction” OR
“AMI” OR “myocardial infarction” OR “MI” OR “STEMI” OR
“ST-Elevation” OR “non-ST segment elevation” OR “NSTEMI”
OR “ACS” OR “acute coronary syndrome”; and (3) “mortality”
OR “died” OR “death” OR “prognosis” OR “follow” OR “follow-
up” OR “prospective” OR “retrospective” OR “longitudinal” OR
“cohort” OR “incidence” OR “risk” OR “recurrence”. Only full-
length articles published in peer-reviewed journals in English or
Chinese were included. Gray literature (conference abstracts or
unpublished data) was not considered because it was generally
not peer-reviewed. Additionally, during our manual screening
process, we thoroughly examined the references cited in
relevant original and review articles to identify any potentially
relevant studies.

2.3 | Data Extraction and Quality Evaluation

Two authors conducted literature searches, collected data, and
assessed the quality of the studies separately. In instances where
inconsistencies arose, the authors engaged in discussions to
reach a consensus. The analysis of the studies involved
gathering data pertaining to study details, design attributes,
sample size, patient demographics, subtype of CAD, cutoff for
evaluating HGS, duration of follow-up, number of patients who
died during follow-up in each study, and potential confounding
factors adjusted when the association between HGS and
mortality of patients with CAD was analyzed. The quality of
the study was evaluated using the Newcastle-Ottawa Scale
(NOS) [24]. This scale assesses the quality of cohort studies
based on three dimensions: selection of study groups, compara-
bility of these groups, and ascertainment of the outcome of
interest. The NOS varied between one and nine stars, with a
higher star indicating better study quality.

2.4 | Statistics

Risk ratios (RRs) and their corresponding 95% confidence
intervals (CIs) were utilized as the variables to assess the
relationship between weak HGS and mortality risk of patients
with CAD. For studies that reported the hazard ratio (HR), HR
was directly considered as RR, while for studies that reported
the odds ratio (OR), data were converted into RR for the meta-
analysis as previously reported (RR = OR/([1 — pRef] + [pRef x
OR]), where pRef is the prevalence of the outcome in the
reference group (normal HGS group) [25]. In order to stabilize
and standardize the variance, a logarithmic transformation was
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implemented on the OR and its corresponding standard error in
each study [26]. The Cochrane Q test and the I* statistic [27]
were utilized to assess between-study heterogeneity. A value of
I? exceeding 50% signifies the existence of substantial heteroge-
neity among the studies. The random-effects model was used
for synthesizing the results, as it is acknowledged for its ability
to accommodate potential heterogeneity [28]. Sensitivity analy-
sis excluding one data set at a time was performed to evaluate
the robustness of the finding. Additionally, predefined subgroup
analysis was conducted to explore whether the results were
significantly affected by the age group of the patients (older or
overall adult patients), study country, design, subtype of CAD
(ACS or stable CAD), follow-up duration, analytic models
(univariate or multivariate), and quality scores of the study.
Publication bias was estimated using a funnel plot, which
involved visual assessments of symmetry, as well as Egger's
regression asymmetry test [29]. The statistical analyses were
conducted using RevMan (Version 5.1; Cochrane Collaboration,
Oxford, UK) and Stata software (Version 12.0; Stata
Corporation, College Station, TX).

3 | Results
3.1 | Database Search and Study Retrieval

Figure 1 illustrates the procedure used to conduct the literature
search and study retrieval. Initially, a total of 685 records were
acquired from the designated database, and subsequently,
147 duplicate entries were eliminated. Upon scrutinizing the
titles and abstracts, an additional 517 studies were excluded due
to their incompatibility with the objectives of the meta-analysis.
Following comprehensive evaluations of the full texts of
21 studies, 13 were excluded based on the rationales outlined
in Figure S1. Consequently, eight studies [15-22] were deemed
suitable for the subsequent meta-analysis.

3.2 | Study Characteristics

Overall, eight studies, including five prospective cohort studies
[15-19], two retrospective cohort studies [20, 22], and one post-
hoc analysis of clinical trial [21], were included in the meta-
analysis. The characteristic of the studies are summarized in
Table 1. These studies were conducted in the United States, Spain,
Canada, Austria, China, and Japan, and were published within
the timeframe of 2001 to 2023. Three studies included patients
with acute myocardial infarction or ACS only [16, 17, 21],
one study included patients with stable CAD only [18], while
another four studies included both ACS and stable CAD patients
[15, 19, 20, 22]. Four of the studies included patients with CAD
aged 65 years or older [16, 17, 21, 22|, while the other four studies
included overall adult patients with CAD [15, 18-20]. Cutoffs for
defining weak HGS also differed among the included studies. Six
studies had a cutoff of 26-32 kg for men and 18-25 kg for women
[15, 17, 19-22], while the other two studies compared HGS
between quartiles [16, 18]. The follow-up duration was 3-110
months (mean: 20.4 months), and 1327 (12.6%) patients died
during follow-up. A univariate analysis was carried out in two
studies [15, 17] when the association between HGS and mortality

of patients with CAD was analyzed, while for the other six studies
[16, 18-22], multivariate analysis was carried out. Potential
confounding factors such as age, sex, cardiovascular risk factors,
comorbidities, and treatments were adjusted in the multivariate
analysis. The NOS of these studies ranged from 6 to 9, indicating
their high quality (Table S1).

3.3 | Results of Meta-Analysis

Pooled results showed that weak HGS at baseline was
associated with an increased risk of all-cause mortality during
follow-up (RR: 1.95, 95% CI: 1.50 to 2.55, p <0.001; P =62%;
Figure 1A). Sensitivity analyses by excluding one study at a time
showed consistent results (RR: 1.63 to 1.93, p all <0.05).
Subgroup analysis suggested a stronger association between
weak HGS and increased mortality in older patients with CAD
(RR: 3.01, 95% CI: 2.08 to 4.37, p < 0.001; P =0%) as compared
to that of overall adult patients with CAD (RR: 1.60, 95% CI:
1.28 to 2.00, p <0.001; P = 43%; p for subgroup difference =
0.004; Figure 1B). Subgroup analyses according to study
location (p for subgroup difference =0.81; Figure 2A), study
design (p for subgroup difference = 0.38; Figure 2B), subtype of
CAD (p for subgroup difference = 0.31; Figure 3A), follow-up
duration (p for subgroup difference = 0.42; Figure 3B), analytic
model (p for subgroup difference = 0.73; Figure 4A), and study
quality scores (p for subgroup difference =0.42; Figure 4B)
showed similar results.

3.4 | Publication Bias

The funnel plots depicting the meta-analyses of the association
between weak HGS and the mortality risk of patients with CAD
are presented in Figure S2. Upon visual inspection, the plots
show symmetrical patterns, indicating minimal presence of
publication bias. Furthermore, the application of Egger's
regression tests yielded a p value of 0.18, further supporting
the notion of a low probability of publication bias.

4 | Discussion

In this systematic review and meta-analysis, we integrated the
evidence from eight longitudinal observational studies, and the
results showed that a decreased HGS at baseline was associated
with an increased risk of all-cause mortality in patients with
CAD. Further subgroup analysis according to the age group of
the patients showed that the association may be stronger in
older patients with CAD as compared to that in overall adult
patients with CAD. Finally, subgroup analyses according to
study location, design, subtype of CAD, follow-up duration,
analytic model, and study quality scores showed similar results.
Taken together, results of the meta-analysis indicate that
reduced muscular strength as evidenced by lower HGS at
baseline may be a risk factor of all-cause mortality in patients
with CAD, particularly for older patients.

To the best of our knowledge, this study may be the first meta-
analysis examining the correlation between HGS and the risk of
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Study or Subgroup log[Risk Ratio] SE Weight
Cook 2001 1.36097655 0.608544 4.1%
Sanchis 2014 0.33647224 0.111051 21.3%
Kaul 2019 1.2725656 0.992811 1.7%
Dodson 2020 0.65752 0.13577 19.9%
Larcher 2020 0.91629073 0.262536 12.9%
Xu 2022 0.22314355 0.175386 17.6%
Tobe 2023 1.29472717 0.309306 10.8%
Wang 2023 0.78390154 0.290343 11.6%
Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.07; Chi? = 18.44,df =7 (P = 0.01); I
Test for overall effect: Z = 4.94 (P < 0.00001)

Study or Subgroup log[Risk Ratio] SE Weight

1.2.1 Only older patients

Cook 2001 1.36097655 0.608544  4.1%
Larcher 2020 0.91629073 0.262536 12.9%
Tobe 2023 1.29472717 0.309306 10.8%
Subtotal (95% CI) 27.8%

Heterogeneity: Tau? = 0.00; Chiz = 1.07, df =2 (P = 0.59); I = 0%

Test for overall effect: Z = 5.80 (P < 0.00001)

1.2.2 Adult patients

Sanchis 2014 0.33647224 0.111051 21.3%
Kaul 2019 1.2725656 0.992811  1.7%
Dodson 2020 0.65752 0.13577 19.9%
Xu 2022 0.22314355 0.175386 17.6%
Wang 2023 0.78390154 0.290343 11.6%
Subtotal (95% CI) 72.2%

Heterogeneity: Tau? = 0.03; Chi2=7.06, df =4 (P = 0.13); I? = 43%

Test for overall effect: Z=4.14 (P < 0.0001)

Total (95% Cl) 100.0%
Heterogeneity: Tau? = 0.07; Chi2 = 18.44, df =7 (P = 0.01); I?
Test for overall effect: Z = 4.94 (P < 0.00001)

Test for subaroup differences: Chi2 = 8.16. df = 1 (P = 0.004).

FIGURE1 |

meta-analysis and (B) subgroup analysis according to age of the patients.

all-cause mortality in patients diagnosed with CAD. It is
important to acknowledge several methodological strengths
before interpreting the findings. First, a comprehensive search
was conducted across six widely utilized electronic databases to
identify relevant studies, resulting in the retrieval of current
literature investigating the potential prognostic significance of
HGS in CAD patients. Second, all included studies were
observational in nature and featured longitudinal follow-up,
thereby providing a longitudinal relationship between a lower
HGS and increased all-cause mortality in these patients. Third,
the sensitivity analyses conducted by systematically excluding
individual studies consistently yielded results that reinforce the
reliability and validity of the findings. Additionally, multiple
subgroup analyses were conducted to assess the relationship
between HGS and mortality in patients with CAD. The
consistent outcomes obtained from these subgroup analyses

Risk Ratio
IV. Random, 95% CI
3.90[1.18, 12.85]

Risk Ratio
IV, Random, 95% CI
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3.65[1.99, 6.69] ==
2.19[1.24, 3.87] —
1.95 [1.50, 2.55] L 2
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3.01 [2.08, 4.37] <&
1.40 [1.13, 1.74] -
3.57 [0.51, 24.99] —
1.93 [1.48, 2.52] -
1.25[0.89, 1.76] ™
2.19[1.24, 3.87] ——
1.60 [1.28, 2.00] ¢
1.95 [1.50, 2.55] 2
B8 — —
62% 005 02 1 5 20
2 = 87.8%

Forest plots for the meta-analysis regarding the association between weak HGS and mortality risk of patients with CAD. (A) Overall

further validate that the association remains unaffected by
various study characteristics.

The potential mechanisms underlying the association of weak
HGS and increased mortality risk in patients with CAD may be
multifactorial. First, in a previous cross-sectional study of
patients with ST-segment elevation myocardial infarction (STE-
MI), a reduced HGS at admission was independently correlated
with the severity of coronary lesions as evidenced by high
Gensini scores [30]. In addition, STEMI patients with weak HGS
had a higher incidence of no-reflow [30], suggesting that a
reduced HGS may be a marker of increased atherosclerotic
burden in these patients. In addition, weak HGS has been
incorporated as important components of sarcopenia [31] and
frailty [32], two established risk factors of poor prognosis of
patients with CAD, which may also partly explain the
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. TE relationship between a low HGS and increased risk of patients
Sl Eg o) £3 with CAD. Moreover, a low HGS has been related to endothelial
2 g =z 5 = R dysfunction and activated systematic inflammatory response, two
3 2zed, wEs. |2is Y ) e pAmmatory TESpOnse, i
T =E 3 8 == 8 = key elements involved in the deterioration of atherosclerosis
Slggl< A2EZ 8 i i i i
2 g ©9 o =3 5 S| = ; . [33, 34]. Finally, a reduced muscular strength is associated with
% g :j = g § g :% g 33 5 reduced functional capacity (peak oxygen consumption), deteri-
Bl @9 < § = én 22 orating symptoms of dyspnea, and increased risks of adverse
°>‘ % 5 f,’:n § :i § events such as falls, osteoporosis, and fracture, which all increase
gig the risk of mortality in patients with cardiovascular disease,
- 2 ?g g particularly for the older patients [35]. This may also be the
°cgz o §E g reason for the results of the subgroup analysis, showing a
2 '«3 pis " ) fg E| stronger relationship between low HGS and mortality risk in
i g3 E older patients with CAD. Further research is necessary to
Eg § elucidate the underlying mechanisms linking a low HGS and
s" g ’g % % | mortality in patients with CAD. However, the results of the meta-
g 'g = 3 gg E analysis provide support for the inclusion of HGS assessment in
= B g £% 2 risk stratification for the management of CAD patients. From a
£e 3 ,; % E clinical standpoint, measuring HGS in CAD patients is a
S "; g convenient, cost-effective, and replicable method, further bol-
o0 g2 £ stering its potential as a prognostic tool. Additionally, it is crucial
ag &b - EDS % to investigate whether interventions aimed at improving HGS
= S T/ éa 5 can effectively reduce mortality in this population. Studies are
g \g/ é = g g warranted in the future for further investigation.
) £857
a = g % gg This meta-analysis also has limitations. First, the numbers of
g ; H included studies and the sample size were small, and the results
N~ S = E should be validated in large-scale prospective studies. Moreover,
3 ) i % g 2 significantly heterogeneity was observed among the included
2% g studies. Although we performed a series of sensitivity and
o < a 2 % subgroup analyses, the source of the heterogeneity remains to
g ¥ N SE S be determined. In addition, the limited number of included
"é’ g) "2 studies did not allow us to perform meta-regression analysis to
. = f E % further evaluate the potential influencing factors. It should be
G ° fég noticed that the cutoffs for defining the weak HGS and the
s = é’) ~ < %ﬂ ““5’ potential confounding factors adjusted were variable among the
% £g included studies, which may potentially lead to heterogeneity.
“ 8 i é g Future studies are needed to determine the optimal cutoff of
°5 Q ES ° HGS for predicting the mortality risk in patients with CAD.
2 b= — g8 g Besides, the sole focus on weak HGS overlooks the importance
= ol §§ of examining the association of “normal” or strong HGS with
" § 2 5 all-cause mortality, especially in older patients. We were unable
2 » ::’ o\ E@g to determine if CAD patients with strong HGS had better
E § é’ f:g % T%E?: prognosis as compared to those with normal HGS, because
s g =1 : 2 g 5_,2 S none of the included studies had a group of patients with strong
,§ g ED % 1y §§ % HGS. However, two previous clinical studies showed that
E £ gn g % S & & exercise training that improved HGS in older patients with CAD
© Ol g % % was associated with improved exercise capacity as indicated by
g § & the findings of peak oxygen consumption in cardiopulmonary
2 g O ij;ﬁ exercise testing [36] and the 6-min walk test [37]. Since these
2 'g ~ g% B two parameters are closely related to the mortality risk of
@S EE g patients with CAD [38, 39], these findings may suggest that
o ;}f = enhancing HGS could improve the prognosis of patients with
o ‘8 = é S :, CAD. Studies are warranted for confirmation of the hypotheses.
§ s = SR~ In addition, this meta-analysis was based on study-level data
= S N % 9_,!; § rather than individual patient data. Therefore, the effects of
@ > EDE some study characteristics on the outcome could not be
_ 2 ‘§ E observed, such as sex of the patients, comorbidities, and
- E é % § cardiovascular therapies. Furthermore, although subgroup
i z 8o § ‘E" g analysis suggested similar results in studies with multivariate
z é g % %f analysis, we could not exclude the possibility that there are
= <@ residual unadjusted factors that may confound the association
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A Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
1.3.1 Asian
Xu 2022 0.22314355 0.175386 17.6% 1.251[0.89, 1.76] ™
Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] = -
Wang 2023 0.78390154 0.290343 11.6% 2.19[1.24, 3.87] T
Subtotal (95% CI) 40.0%  2.07[1.09, 3.95] @
Heterogeneity: Tau? = 0.26; Chi? = 9.92, df = 2 (P = 0.007); I> = 80%
Test for overall effect: Z =2.22 (P = 0.03)
1.3.2 Non-Asian
Cook 2001 1.36097655 0.608544 4.1% 3.90[1.18, 12.85] -
Sanchis 2014 0.33647224 0.111051 21.3% 1.40[1.13, 1.74] i
Kaul 2019 1.2725656 0.992811 1.7% 3.57 [0.51, 24.99] - -
Dodson 2020 0.65752 0.13577 19.9% 1.93[1.48, 2.52] -
Larcher 2020 0.91629073 0.262536 12.9% 2.50[1.49, 4.18] -
Subtotal (95% CI) 60.0% 1.90 [1.40, 2.56] L 2
Heterogeneity: Tau? = 0.05; Chi? = 8.51, df =4 (P = 0.07); I = 53%
Test for overall effect: Z=4.17 (P < 0.0001)
Total (95% Cl) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chi2 = 18.44, df = 7 (P = 0.01); I? = 62% 5 65 0’ 3 5 2*0
Test for overall effect: Z = 4.94 (P < 0.00001) ' ’
Test for subaroup differences: Chi2 = 0.06. df =1 (P =0.81). 2= 0%

B Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
1.4.1 Prospective
Cook 2001 1.36097655 0.608544 4.1% 3.90[1.18, 12.85]
Sanchis 2014 0.33647224 0.111051 21.3% 1.40 [1.13, 1.74] -
Dodson 2020 0.65752 0.13577 19.9% 1.93 [1.48, 2.52] el
Larcher 2020 0.91629073 0.262536 12.9% 2.50 [1.49, 4.18] -
Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] —
Subtotal (95% CI) 69.1% 2.15[1.52, 3.05] <&
Heterogeneity: Tau? = 0.10; Chi? = 13.76, df = 4 (P = 0.008); I>=71%
Test for overall effect: Z = 4.31 (P < 0.0001)
1.4.2 Retrospective or post-hoc
Kaul 2019 1.2725656 0.992811 1.7% 3.57 [0.51, 24.99] - -
Xu 2022 0.22314355 0.175386 17.6% 1.25[0.89, 1.76] ™
Wang 2023 0.78390154 0.290343 11.6% 2.19[1.24, 3.87] DGl
Subtotal (95% CI) 30.9% 1.64 [1.01, 2.69] o
Heterogeneity: Tau? = 0.08; Chiz = 3.54, df =2 (P = 0.17); > =43%
Test for overall effect: Z = 1.99 (P = 0.05)
Total (95% Cl) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chiz = 18.44, df = 7 (P = 0.01); I? = 62% ‘ ‘ ’ ‘
Test for overall effect: Z = 4.94 (P < 0.00001) 0.05 02 L 5 20
Test for subaroup differences: Chi2 = 0.77. df =1 (P = 0.38). I2 = 0%

FIGURE 2 | Forest plots for the subgroup analyses regarding the association between weak HGS and mortality risk of patients with CAD.

(A) Subgroup analysis according to study country and (B) subgroup analysis according to study design.

between HGS and mortality in CAD patients. For instance, a
diminished HGS has been correlated with inadequate nutri-
tional status and heightened inflammatory response, both of
which are linked to elevated mortality rates in patients
diagnosed with CAD [40, 41]. Thus, the relationship between
weakened HGS and heightened mortality risk in CAD patients

may be confounded by malnutrition and systemic inflamma-
tion. Finally, as a meta-analysis of observational studies, we
could not establish a causative relationship between reduced
HGS and increased risk of mortality in this patient population.
Clinical trials are needed to determine if improving HGS could
reduce the mortality risk in patients with CAD.
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Risk Ratio Risk Ratio

A Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.5.1 ACS only
Sanchis 2014 0.33647224 0.111051 21.3% 1.40[1.13, 1.74] -
Kaul 2019 1.2725656 0.992811 1.7% 3.57 [0.51, 24.99] ]
Dodson 2020 0.65752 0.13577 19.9% 1.93 [1.48, 2.52] -
Subtotal (95% CI) 43.0% 1.65 [1.24, 2.22] L 2

Heterogeneity: Tau? = 0.03; Chiz=4.01, df =2 (P = 0.13); I? = 50%
Test for overall effect: Z = 3.38 (P = 0.0007)

1.5.2 CCS only
Larcher 2020 0.91629073 0.262536 12.9% 2.50[1.49, 4.18] -
Subtotal (95% CI) 12.9% 2.50 [1.49, 4.18] <>

Heterogeneity: Not applicable
Test for overall effect: Z = 3.49 (P = 0.0005)

1.5.3 ACS and CCS

Cook 2001 1.36097655 0.608544  4.1%  3.90 [1.18, 12.85] —
Xu 2022 0.22314355 0.175386 17.6% 1.25[0.89, 1.76] ™

Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] -
Wang 2023 0.78390154 0.290343 11.6% 2.19[1.24, 3.87] ——
Subtotal (95% Cl) 44.1% 2.27 [1.26, 4.09] <>

Heterogeneity: Tau? = 0.25; Chi? = 11.62, df = 3 (P = 0.009); I* = 74%
Test for overall effect: Z = 2.74 (P = 0.006)

Total (95% CI) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chi? = 18.44, df =7 (P = 0.01); I? = 62%
Test for overall effect: Z = 4.94 (P < 0.00001)

Test for subaroup differences: Chi2=2.31. df =2 (P =0.31). 2= 13.5%

005 02 1 5 20

B Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.6.1 Within 12 months
Cook 2001 1.36097655 0.608544 4.1% 3.90[1.18, 12.85]

Dodson 2020 0.65752 0.13577 19.9% 1.93 [1.48, 2.52] -
Xu 2022 0.22314355 0.175386 17.6% 1.25[0.89, 1.76] ™
Subtotal (95% CI) 41.6% 1.73[1.12, 2.67] <&

Heterogeneity: Tau? = 0.09; Chi? = 5.80, df = 2 (P = 0.06); I> = 66%
Test for overall effect: Z = 2.49 (P = 0.01)

1.6.2 Over 12 months

Sanchis 2014 0.33647224 0.111051 21.3% 1.40 [1.13, 1.74] -
Kaul 2019 1.2725656 0.992811 1.7%  3.57 [0.51, 24.99] ]
Larcher 2020 0.91629073 0.262536 12.9% 2.50 [1.49, 4.18] ——
Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] —=—
Wang 2023 0.78390154 0.290343 11.6% 2.19 [1.24, 3.87] ——
Subtotal (95% Cl) 58.4% 2.22 [1.44, 3.43] &>

Heterogeneity: Tau? = 0.14; Chi? = 12.62, df =4 (P = 0.01); I> = 68%
Test for overall effect: Z = 3.62 (P = 0.0003)

Total (95% Cl) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chi? = 18.44, df = 7 (P = 0.01); 12 = 62% ’ ’ ; ’
Test for overall effect: Z = 4.94 (P < 0.00001) 0.05 02 ! ° 20
Test for subaroup differences: Chi2 = 0.64. df =1 (P = 0.42). 2= 0%

FIGURE 3 | Forest plots for the subgroup analyses regarding the association between weak HGS and mortality risk of patients with CAD.
(A) Subgroup analysis according to subtype of CAD and (B) subgroup analysis according to follow-up duration.
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A Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 Univariate
Cook 2001 1.36097655 0.608544  4.1% 3.90[1.18, 12.85]

Dodson 2020 0.65752 0.13577 19.9% 1.93 [1.48, 2.52] i
Subtotal (95% CI) 241%  2.14[1.32, 3.47] <>

Heterogeneity: Tau? = 0.05; Chi? =1.27,df =1 (P = 0.26); I? = 21%
Test for overall effect: Z = 3.07 (P = 0.002)

1.7.2 Multivariate analysis

Sanchis 2014 0.33647224 0.111051 21.3% 1.40 [1.13, 1.74] -

Kaul 2019 1.2725656 0.992811 1.7%  3.57 [0.51, 24.99] SN
Larcher 2020 0.91629073 0.262536 12.9% 2.50 [1.49, 4.18] ——

Xu 2022 0.22314355 0.175386 17.6% 1.25[0.89, 1.76] ™

Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] ——
Wang 2023 0.78390154 0.290343 11.6% 2.19[1.24, 3.87] ——
Subtotal (95% CI) 75.9% 1.93 [1.37, 2.71] L 2

Heterogeneity: Tau? = 0.10; Chi? = 15.24, df =5 (P = 0.009); I = 67%
Test for overall effect: Z = 3.76 (P = 0.0002)

Total (95% CI) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chi = 18.44, df =7 (P = 0.01); I = 62% : ;
Test for overall effect: Z = 4.94 (P < 0.00001) ’

Test for subarouo differences: Chi2=0.12. df =1 (P =0.73). 2= 0%

B Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.8.1 6-7
Cook 2001 1.36097655 0.608544 4.1% 3.90[1.18, 12.85]

Dodson 2020 0.65752 0.13577 19.9% 1.93[1.48, 2.52] -
Xu 2022 0.22314355 0.175386 17.6% 1.25[0.89, 1.76] ™
Subtotal (95% CI) 41.6% 1.73 [1.12, 2.67] <&

Heterogeneity: Tau? = 0.09; Chi? = 5.80, df = 2 (P = 0.06); I* = 66%
Test for overall effect: Z=2.49 (P =0.01)

1.8.2 89

Sanchis 2014 0.33647224 0.111051 21.3% 1.40 [1.13, 1.74] -

Kaul 2019 1.2725656 0.992811 1.7%  3.57 [0.51, 24.99] N e —
Larcher 2020 0.91629073 0.262536 12.9% 2.50 [1.49, 4.18] ——

Tobe 2023 1.29472717 0.309306 10.8% 3.65[1.99, 6.69] ——
Wang 2023 0.78390154 0.290343 11.6% 2.19[1.24, 3.87] ——
Subtotal (95% CI) 58.4% 2.22 [1.44, 3.43] 4

Heterogeneity: Tau? = 0.14; Chi2 = 12.62, df =4 (P = 0.01); 12 = 68%
Test for overall effect: Z = 3.62 (P = 0.0003)

Total (95% CI) 100.0% 1.95 [1.50, 2.55] 2
Heterogeneity: Tau? = 0.07; Chi = 18.44, df =7 (P = 0.01); I = 62% ’ ’

Test for overall effect: Z = 4.94 (P < 0.00001) 08 0.2 L 2 4
Test for subarouo differences: Chi2 = 0.64. df =1 (P = 0.42). 12=0%

FIGURE 4 | Forest plots for the subgroup analyses regarding the association between weak HGS and mortality risk of patients with CAD.
(A) Subgroup analysis according to analytic models and (B) subgroup analysis according to study quality scores.

5 | Conclusions prospective studies, in view of the convenience, noninvasive

nature, and repeatability of the methodology, measurement of
In conclusion, results of the meta-analysis indicate that weak HGS should be incorporated into the evaluation and manage-
HGS at baseline may be associated with an increased mortality ment of patients with CAD. It would also be interesting to
risk in patients with CAD, particularly in older patients. evaluate the influence of improving HGS on mortality risk in
Although these results should be validated in large-scale patients with CAD.
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