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Abstract

Background: The influence of diabetes on the mortality and risk of implantable cardioverter defibrillator (ICD)
therapies is still controversial, and a comprehensive assessment is lacking. We performed this systematic review and
meta-analysis to address this controversy.

Methods: We systematically searched the PubMed, Embase, Web of Science and Cochrane Library databases to col-
lect relevant literature. Fixed and random effects models were used to estimate the hazard ratio (HR) with 95% Cls.

Results: Thirty-six articles reporting on 162,780 ICD recipients were included in this analysis. Compared with nondia-
betic ICD recipients, diabetic ICD recipients had higher all-cause mortality (HR=1.45, 95% Cl 1.36-1.55). The subgroup
analysis showed that secondary prevention patients with diabetes may suffer a higher risk of all-cause mortality
(HR=1.89, 95% Cl 1.56-2.28) (for subgroup analysis, P=0.03). Cardiac mortality was also higher in ICD recipients

with diabetes (HR=1.68, 95% Cl 1.35-2.08). However, diabetes had no significant effect on the risks of ICD therapies,
including appropriate or inappropriate therapy, appropriate or inappropriate shock and appropriate anti-tachycardia

diabetes patients are limited.

pacing (ATP). Diabetes was associated with a decreased risk of inappropriate ATP (HR=0.56, 95% Cl 0.39-0.79).

Conclusion: Diabetes is associated with an increased risk of mortality in ICD recipients, especially in the second-
ary prevention patients, but does not significantly influence the risks of ICD therapies, indicating that the increased
mortality of ICD recipients with diabetes may not be caused by arrhythmias. The survival benefits of ICD treatment in
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Introduction

According to the latest data released by the Interna-
tional Diabetes Federation, the number of adult diabetic
patients worldwide reached 537 million in 2021, and
approximately 6.7 million people died of diabetes or dia-
betic complications, accounting for 12.2% of all-cause
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mortality [1]. Patients with diabetes have a higher risk
of cardiovascular disease and mortality [2]. Heart fail-
ure (HF) is an end-stage clinical manifestation of organic
heart disease and has become a major public health prob-
lem worldwide.

The prevalence of diabetes is 24% in chronic HF
patients and up to 40% in hospitalized HF patients. Stud-
ies have shown that diabetes is an independent predic-
tor of sudden cardiac death (SCD) in patients with HF
and is associated with an increased risk of mortality [3,
4]. For example, in postinfarction patients, the mortality
in the diabetic group was higher than that in the non-
diabetic group [5]. It has been proven that implantable
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cardioverter defibrillator (ICD) can effectively prevent
SCD and terminate malignant arrhythmias such as per-
sistent ventricular tachycardia and ventricular fibril-
lation. Because of this unique property, ICD has been
recommended as a class I recommendation to prevent
SCD in patients with ischemic and nonischemic HF in
current guideline [6]. Since diabetes generates a higher
risk of SCD in HF patients, ICD implantation would be
expected to have additional survival benefits.

To date, the influence of diabetes on the mortality and
risk of ICD therapy is still controversial, and a compre-
hensive assessment is lacking. We performed this system-
atic review and meta-analysis to address this controversy.

Methods

This article was prepared according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) guidelines [7].

Search strategy

The meta-analysis was conducted according to the
PRISMA guidelines. Two authors (H.-L.L and W.Z.)
systematically searched the PubMed, Embase and
Cochrane Library from through February 28, 2022 for
relevant articles published in English. The search strat-
egy was as follows: [(Diabetes Mellitus) OR (Diabetes)]
AND (“Defibrillators, Implantable” OR “Implantable
Defibrillators” OR “Implantable Defibrillator” OR “Car-
dioverter-Defibrillators, Implantable” OR “Implant-
able  Cardioverter-Defibrillator” OR  “Implantable
Cardioverter Defibrillators” OR “Defibrillator, Implant-
able”). Endnote X8 was used to manage the articles. The
articles were independently selected by two authors (H.-
L.L and J.-Z.H). After the title and abstract were reviewed
and the off-topic articles were excluded, the full text of
the remaining articles was screened against the inclusion
criteria. Disagreements were resolved by discussion.

Selection criteria

The studies were included if (1) the articles were pub-
lished in English with available full texts; (2) the studies
reported the mortality or risk of ICD therapy and (3) the
studies provided the hazard ratio (HR), odds ratio (OR)
or risk ratio (RR) as well as their corresponding 95% con-
fidence intervals (ClIs).

We excluded studies if (1) the articles were of certain
types, such as reviews, meta-analyses, notes, and case
reports; (2) the studies contained overlapping study pop-
ulations or (3) the full text could not be found.

Data extraction and quality assessment
Two reviewers (H.-L.L and W.Z.) independently
extracted data from the included studies using a standard
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data extraction process. The following information was
extracted from the articles: author’s name, publication
year, study design, region of study, time frame, sam-
ple size, follow-up duration, age, sex ratio, region, time
frame, left ventricular ejection fraction (LVEF), QRS
duration, primary disease, prevention types, device
implantation and outcomes.

The quality of the included studies was assessed inde-
pendently by two reviewers (H.-L.L and J.-Z.H) using the
Newcastle—Ottawa Scale (NOS). Each study was scored
independently based on selection, comparability and out-
come. We considered the article to be of high quality if
it had a NOS score greater than 6. Disagreements were
resolved by consensus.

Outcomes and subgroups

The primary outcome was mortality in diabetic and non-
diabetic ICD recipients, which was divided into all-cause
mortality and cardiac mortality. A subgroup analysis of
all-cause mortality was further performed by separat-
ing patients into ICD recipients for primary prevention,
ICD recipients for secondary prevention and ICD recipi-
ents for primary or secondary prevention. The second-
ary outcome was the risk of ICD therapies in diabetic
and nondiabetic ICD recipients, which was divided into
appropriate therapy, inappropriate therapy, appropriate
shock, inappropriate shock, appropriate anti-tachycardia
pacing (ATP) and inappropriate ATP.

Statistical analysis

Review Manager 5.3 (Cochrane Collaboration, Copenha-
gen, Denmark) was used to perform the meta-analysis.
A sensitivity analysis was conducted to test the effect of
individual studies using STATA version 12 (Stata Corpo-
ration, College Station, TX, USA). The natural logarithm
of the hazard ratios (HRs) and its standard error (SElog
HRs) were calculated. Heterogeneity was evaluated using
chi-squared and I-squared tests. We considered there
was substantial heterogeneity when I? >50%, and the ran-
dom-effects model was used, otherwise, the fixed-effects
model was used. Funnel plots as well as Begg and Egger
test were drawn to evaluate the publication bias risk.

Results

Study selection and study characteristics

We identified 1100 articles through electronic retrieval
strategies. Of these, 255 were duplicates, and 703 were
excluded because the articles did not meet the inclusion
criteria. Of 142 articles screened for eligibility, 57 stud-
ies were unwanted publication types, 41 articles were off-
topic, 6 studies had overlapping study populations, and 2
studies were not published in English. Finally, 36 studies
[8-43] of 162,780 ICD recipients were included in the
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meta-analysis. The flow diagram of the literature inclu-
sion process is shown in Fig. 1. Table 1 provides the main
characteristics of the included studies, in addition to the
regular index, including sample size, follow-up duration,
region, time frame, age, sex ratio, LVEF, QRS duration,
primary disease, device implantation, prevention types
and outcomes. The quality of the included studies was
assessed using the NOS, with an average NOS score of
7.55; the details of the quality assessment are shown in
Table 2.

Increased mortality in ICD recipients with diabetes

In the included studies, 33 studies of 159,290 ICD recipi-
ents reported data for the association between diabetes
and risk of all-cause mortality. A random effects model
was used due to the existence of heterogeneity (I*=72%,
P=0.001), and the results showed that diabetes was asso-
ciated with an increased risk of all-cause mortality in
ICD recipients (HR=1.45, 95% CI 1.36-1.55) (Fig. 2A).
Data in 4 studies [10, 14, 29, 31] were available for car-
diac mortality. The pooled data found an increased risk
of cardiac mortality in ICD recipients with diabetes
(HR=1.68, 95% CI 1.35-2.08, I*=0%), shown in Fig. 2B.
For the all-cause mortality outcome, funnel plots showed
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no significant publication bias (Additional file 1: Fig.
S1). Furthermore, Begg and Egger tests also suggested
no publication bias (all P>0.1). Sensitivity analysis con-
firmed that the results did not change after removing
individual studies (Additional file 1: Fig. S2).

Subgroup analysis of prevention types

We performed a subgroup analysis of prevention type by
separating the ICD recipients into 3 groups: ICD recipi-
ents with primary prevention, with secondary preven-
tion and with primary or secondary prevention. Figure 3
shows that diabetes was associated with an increased
risk of all-cause mortality in all 3 groups. The increase of
all-cause mortality varied between the above groups (for
subgroup analysis, P=0.03), and that secondary preven-
tion patients with diabetes may suffer a higher risk of all-
cause mortality (HR =1.89, 95% CI 1.56-2.28).

No significant effect on ICD therapy, shock and appropriate
ATP, but a decreased risk of inappropriate ATP

In the 36 included articles, 5 studies [31-34, 39]
reported appropriate therapy, 3 studies [31, 33, 39]
reported inappropriate therapy, 5 studies [15, 24, 33,
36, 39] reported appropriate shock, 2 studies [33, 39]
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Fig. 1 Flow diagram of the study selection process
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Table 2 NOS items scores

Study Selection Comparability Outcome Scores

Bilchick 2012 3
Borleffs 2009 4
Briongos 2019 4
Chao 2014 3
Coleman 2008 3
Cygankiewicz 2009 3
Denollet 2012 3
Desai 2009 4
Echouffo 2016 3
Eckart 2006 3
Exner 2001 3
Fumagalli 2014 3
Hager 2010 3
Hess 2014 4
Ho 2005 4
Jahangir 2017 3
Junttila 2020 3
Lee 2007 3
Lee.D 2015 4
Morani 2013 4
Morani 2018 3
Perkiomaki 2015 3
Rogstad 2018 3
Rorth 2019 4
Ruwald 2013 3
Ruwald 2016 3
Santangelo 2020 3
Seegers 2016 4
Sjéblom 2016 3
Stein 2009 4
Steiner 2016 3
Vandenberk 2016 3
Wasiak 2020 3
Wilson 2017 3
Winkler 2019 3
Zhang 2014 3

N — — s N — s s s s NN NN — NN — N s s s N 2 NN — NN s s NN
w W W W w w N W W W W w W w w wwwwwwhNhN W W wwNh W wNo wwwww w
O NN N 00 N N NN 00N N 00 WO 00 00 N 00 0o 00NN N 00 N N 00 NN 00 0o O 0 0N 0 WO 0o

Average score: 7.55

reported inappropriate shock, ATP and inappropriate
ATP. Forest plots showed that diabetes had nonsig-
nificant relationship with the risk of appropriate ther-
apy (HR=1.10, 95% CI 0.93-1.31, >=53%) (Fig. 4A),
inappropriate therapy (HR=0.79, 95% CI 0.45—1.39,
1>=67%) (Fig. 4B), appropriate shock (HR=0.95, 95%
CI 0.70-1.29, I>=69%) (Fig. 4C) and inappropriate
shock (HR=1.04, 95% CI 0.69-1.56, I>=0%) (Fig. 4D)
in ICD recipients. Meanwhile, no statistically signifi-
cant difference was found between diabetes and the
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risk of ATP (HR=1.36, 95% CI 0.97-1.91, I*’=51%)
(Fig. 4E) in ICD recipients. However, Fig. 4F shows that
diabetes was associated with a decreased risk of inap-
propriate ATP (HR =0.56, 95% CI 0.39-0.79, I2= 0%).

Discussion

The present study systematically and comprehensively
reviewed the current available literature, including 36
publications with 162,780 ICD recipients, to assess the
potential influence of diabetes on the mortality and risk
of ICD therapy. Not as we expected, the meta-analysis
indicated that in ICD recipients, diabetes was associ-
ated with an increased risk of both all-cause mortality
and cardiac mortality, and secondary prevention patients
with diabetes may suffer a higher risk of all-cause mortal-
ity. Another important discovery was that there were no
nonsignificant differences in the proportion of ICD ther-
apies (appropriate therapy, inappropriate therapy, appro-
priate shock, inappropriate shock and appropriate ATP)
between diabetes patients and non-diabetes patients.
However, diabetes was associated with a reduced risk of
inappropriate ATP. To the best of our knowledge, this
study is the first systematic review and meta-analysis
to comprehensively assess the cumulative evidence of
diabetes associated with mortality and the risk of ICD
therapy in ICD recipients. Although there were no ran-
domized controlled trials due to the particularity of
the study design, according to the quality evaluation of
the NOS, all of the included studies were of high qual-
ity. Sensitivity analysis also showed that the results were
not affected by any individual studies. The above factors
show the robustness of the results.

There is a high proportion of diabetes in HF patients,
especially in hospitalized HF patients, and diabetes has
been found to be an independent predictor of SCD in
HF patients [3, 4]. On the other hand, ICD is an effective
method of SCD prevention in patients with HF [6]. Based
on the above theory, it can be deduced that diabetes ICD
recipients with HF should receive more survival benefits
than nondiabetic recipients. However, our pooled results
showed that in ICD recipients, diabetes also significantly
increased the risk of all-cause mortality and cardiac
mortality, especially for patients with ICD implanta-
tion for secondary prevention. This result indicates that
even with ICD implantation, diabetic patients still have a
higher mortality than nondiabetic patients of all-cause or
the cardiac mortality, which is consistent with other stud-
ies [8, 38, 39]. How to explain the increased mortality of
diabetic ICD recipients is a key question. Our following
work regarding whether diabetic patients have the higher
risk of ICD therapies is very important to address this
question, because both inappropriate and appropriate
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(A) All-cause mortallty Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% ClI 1V, Random, 95% ClI
Bilchick 2012 0.3576744 0.024995 6.2% 1.43 [1.36, 1.50] -

Borleffs 2009 0.4946962 0.2479919  1.5% 1.64 [1.01, 2.67]

Briongos 2019 0.6931472  0.2216933 1.8% 2.00 [1.30, 3.09]

Chao 2014 0.6951452 0.3105995 1.0% 2.00[1.09, 3.68]

Coleman 2008 0.3074847 0.1210882 3.6% 1.36 [1.07, 1.72] -
Cygankiewicz 2009 0.3074847 0.1240374 3.5% 1.36 [1.07, 1.73] -
Denollet 2012 0.5596158 0.2448408 1.5% 1.75[1.08, 2.83]

Echouffo 2016 0.19062036 0.03153417 6.1% 1.21[1.14, 1.29] -

Eckart 2006 0.0953102 0.1261257 3.5% 1.10 [0.86, 1.41] I R

Exner 2001 0.6931472 0.2133286 1.9% 2.00[1.32, 3.04]

Fumagalli 2014 0.2926696 0.1174808 3.7% 1.34 [1.06, 1.69] -
Hager 2010 0.3074847  0.1499456  2.9% 1.36 [1.01, 1.82]

Hess 2014 0.3220835 0.0259021 6.2% 1.38 [1.31, 1.45] -

Ho 2005 -0.200893 0.3120862 1.0% 0.82[0.44, 1.51] -
Jahangir 2017 0.6981347  0.2208691 1.8% 2.01[1.30, 3.10]

Junttila 2020 0.2623643 0.0822209 4.7% 1.30 [1.11, 1.53] -

Lee 2007 0.3715636  0.0941315  4.4% 1.45[1.21, 1.74] -

Lee 2015 0.3784364 0.1298608 3.4% 1.46 [1.13, 1.88]

Morani 2013 0.2468601 0.2571563 1.4% 1.28[0.77, 2.12] -
Morani 2018 0.3001046  0.1929403 2.2% 1.35[0.92, 1.97] N

Rogstad 2018 -0.13926207 0.07935087 4.8% 0.87 [0.74, 1.02] ]

Rorth 2019 0.2231436  0.1493353 2.9% 1.25[0.93, 1.68] N
Ruwald 2016 -Primary 1.0647107 0.1460508 3.0% 2.90 [2.18, 3.86] -
Ruwald 2016-Secondary 0.6418539 0.1303127 3.4% 1.90 [1.47, 2.45] -
Santangelo 2020 0.3506569 0.2524504 1.5% 1.42[0.87, 2.33] ]

Seegers 2016 0.4618454 0.1181963 3.7% 1.59 [1.26, 2.00] -
Sjoblom 2016 0.5306283 0.1659662 2.6% 1.70 [1.28, 2.35] -
Stein 2009 0.5766134 0.149519 2.9% 1.78 [1.33, 2.39]

Steiner 2016 0.3987761 0.2456654 1.5% 1.49[0.92, 2.41] T

Vandenberk 2016 0.7085283 0.1775339 2.4% 2.03[1.43, 2.88]

Wasiak 2020 0.4121097 0.1041254 41% 1.51[1.23, 1.85] -
Wilson 2017 0.1310283 0.2466033 1.5% 1.14[0.70, 1.85] ]

Winkler 2019 0.3947411  0.1910364  2.2% 1.48 [1.02, 2.16]

Zhang 2014 0.62593843 0.28420116 1.2% 1.87 [1.07, 3.26]

Total (95% CI) 100.0% 1.45 [1.36, 1.55] ’
Heterogeneity: Tau? = 0.02; Chi? = 117.46, df = 33 (P < 0.00001); I2 = 72% 0'5 0’7 j 1*5 2
Test for overall effect: Z = 10.76 (P < 0.00001) ’ ’

(B) Cardiac mortallty Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight 1V, Fixed, 95% CI IV, Fixed, 95% ClI
Briongos 2019 0.5306283 0.2559444 18.2%  1.70 [1.03, 2.81] —
Denollet 2012 0.5306283 0.2932104 13.9% 1.70[0.96, 3.02] T
Perkiomaki 2015 0.5822156 0.2090047 27.3% 1.79[1.19, 2.70] - &
Rorth 2019 0.463734 0.1711667 40.7% 1.59[1.14, 2.22] —
Total (95% Cl) 100.0% 1.68 [1.35, 2.08] -
Heterogeneity: Chiz = 0.20, df = 3 (P = 0.98); I = 0% ’0 5 0’5 ] 2 5’
Test for overall effect: Z = 4.74 (P < 0.00001) ’ :

Fig. 2 The influence of diabetes on all-cause mortality (A) and cardiac mortality (B) in ICD recipients compared with non-diabetes. ICD implantable
cardioverter-defibrillator

ICD therapies are associated with an increased risk of
subsequent death [44—46].

ICD therapies mainly include shock and ATP. Sev-
eral previous studies showed different results regarding
whether diabetes increases the risk of ICD therapies.
Steiner et al. showed that diabetes was not associated
with an increased risk of appropriate or inappropri-
ate ICD therapies [31, 32, 39]. However, Ruwald et al.
found that patients with diabetes had a 58% increased

risk of appropriate therapy and a 46% decreased risk of
inappropriate therapy [33] For ICD shock and ATP, the
conclusions are also not consistent [15, 24, 33, 39]. Our
cumulative meta-analysis showed that diabetes ICD
recipients do not have a higher risk of ICD therapies,
including appropriate therapy, inappropriate therapy,
appropriate shock, inappropriate shock and appropri-
ate ATP, than nondiabetic ICD recipients. This means
that the higher mortality in diabetic ICD recipients is
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Heterogeneity: Tau? = 0.01; Chi? = 53.16, df = 14 (P < 0.00001); I> = 74%
Test for overall effect: Z = 8.92 (P < 0.00001)

2.Secondary prevention

Borleffs 2009 0.49469624 0.24799187  1.5%
Chao 2014 0.69514518 0.31059948  1.0%
Exner 2001 0.69314718 0.21332858  1.9%
Ruwald 2016-Secondary 0.64185389 0.13031266  3.4%
Subtotal (95% Cl) 7.8%

Heterogeneity: Tau? = 0.00; Chi? = 0.43, df = 3 (P = 0.93); I? = 0%
Test for overall effect: Z =6.59 (P < 0.00001)

3. Primary or secondary prevention

Coleman 2008 0.3074847 0.12108817  3.6%
Denollet 2012 0.55961579 0.24484078 1.5%
Eckart 2006 0.09531018 0.12612566  3.5%
Fumagalli 2014 0.29266961 0.11748084  3.7%
Ho 2005 -0.20089294 0.3120862  1.0%
Jahangir 2017 0.69813472 0.22086909 1.8%
Lee 2007 0.37156356 0.09413149  4.4%
Morani 2013 0.24686008 0.2571563  1.4%
Morani 2018 0.30010459 0.19294033  2.2%
Rogstad 2018 -0.13926207 0.07935087  4.8%
Seegers 2016 0.46184544 0.11819625  3.7%
Stein 2009 0.57661336 0.14951899  2.9%
Steiner 2016 0.39877612 0.2456654  1.5%
Vandenberk 2016 0.70852828 0.17753385  2.4%
Winkler 2019 0.39474114 0.19103638  2.2%
Subtotal (95% CI) 40.6%

Heterogeneity: Tau? = 0.05; Chi? = 50.90, df = 14 (P < 0.00001); I? = 72%
Test for overall effect: Z = 4.45 (P < 0.00001)

Total (95% ClI) 100.0%
Heterogeneity: Tau? = 0.02; Chi? = 117.46, df = 33 (P < 0.00001); I*? = 72%
Test for overall effect: Z = 10.76 (P < 0.00001)

Test for subaroup differences: Chi? = 7.34. df =2 (P = 0.03). I? = 72.8%

secondary prevention and primary or secondary prevention

Hazard Ratio Hazard Ratio

Hazard Rati E_Weight IV, Random, 95% CI IV, Random, 95% CI
1. Primary prevention
Bilchick 2012 0.35767444 0.024995 6.2% 1.43[1.36, 1.50] -
Borleffs 2009 0.69314718 0.22169333 1.8% 2.00[1.30, 3.09]
Cygankiewicz 2009 0.3074847 0.12403736 3.5% 1.36 [1.07, 1.73] -
Echouffo 2016 0.19062036 0.03153417 6.1% 1.21[1.14, 1.29] -
Hager 2010 0.3074847 0.14994558  2.9% 1.36 [1.01, 1.82] -
Hess 2014 0.3220835 0.02590215 6.2% 1.38 [1.31, 1.45] -
Junttila 2020 0.26236426 0.08222093 4.7% 1.30 [1.11, 1.53] -
Lee 2015 0.37843644 0.12986075 3.4% 1.46 [1.13, 1.88] -
Rorth 2019 0.22314355 0.14933529  2.9% 1.25[0.93, 1.68] T
Ruwald 2016 -Primary 1.06471074 0.14605081 3.0% 2.90 [2.18, 3.86] _—
Santangelo 2020 0.35065687 0.25245042 1.5% 1.42[0.87, 2.33] -1
Sjoblom 2016 0.53062825 0.16596622  2.6% 1.70 [1.23, 2.35] -
Wasiak 2020 0.41210965 0.10412538  4.1% 1.51[1.23, 1.85] -
Wilson 2017 0.13102826 0.24660325 1.5% 1.14[0.70, 1.85] -
Zhang 2014 0.62593843 0.28420116 1.2% 1.87 [1.07, 3.26]
Subtotal (95% Cl) 51.6% 1.44 [1.33, 1.56] <

Fig. 3 Subgroup analysis of the increased all-cause mortality caused by diabetes in ICD recipients, stratified according to primary prevention,

1.64 [1.01, 2.67]
2.00 [1.09, 3.68]
2.00 [1.32, 3.04]
1.90 [1.47, 2.45]
1.89 [1.56, 2.28]

v

1.36 [1.07, 1.72]
1.75[1.08, 2.83]
1.10 [0.86, 1.41] —
1.34 [1.06, 1.69]
0.82[0.44, 1.51]
2.01[1.30, 3.10]
1.45[1.21, 1.74]
1.28[0.77, 2.12]
1.35[0.92, 1.97]
0.87 [0.74, 1.02] —
1.59 [1.26, 2.00]
1.78[1.33, 2.39]
1.49[0.92, 2.41]
2.03 [1.43, 2.88]
1.48[1.02, 2.16]
1.40 [1.21, 1.62]

Ay

1.45 [1.36, 1.55]

0.5 0.7 1 . 2
Favours [experimental] Favours [control]

-
(9]

not caused by ventricular arrhythmias or ICD therapies.
Therefore, a possible reason for the increased mortality
in diabetes recipients may be the comorbidities related
to diabetes, independent of the effects of ICD therapy
[24]. Our study found that diabetes was associated with
a reduced risk of inappropriate ATP. The underlying

mechanism for this phenomenon is not clear, and the
possible reasons are that diabetic patients are less likely
to experience exercise-induced sinus tachycardia due to
reduced activity, and their cardiovascular reflexes are
reduced due to autonomic nervous dysfunction and neu-
ropathy [33].
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pacing

(A) Appropriate Therapy
Hazard Ratio

a Rauo e N

Q ) tiele az4a andaom 0
Rorth 2019 0.494696 0.317085  6.1% 1.64 [0.88, 3.05]
Ruwald 2013 0.457425 0.154031 16.3% 1.58 [1.17, 2.14]
Ruwald 2016 -Primary -0.10536  0.1282 19.3% 0.90 [0.70, 1.16)
Ruwald 2016-Secondary 0 0.103435 22.6% 1.00 [0.82, 1.22]
Steiner 2016 0.067659 0.161664 15.4% 1.07 [0.78, 1.47)
Winkler 2019 001784 0.12018 20.3% 1.02 [0.80, 1.29]
Total (95% Cl) 100.0% 1.10 [0.93, 1.31]

Hazard Ratio

—_—
—_—
——
—_——

—
.
1

Heterogeneity: Tau? = 0.02; Chiz = 10.64, df = 5 (P = 0.06); I* = 53% ofs 07 15 2
Test for overall effect: Z=1.13 (P = 0.26)
(B) Inappropriate Therapy
Hazard Ratio Hazard Ratio
_Study or Subgroup  log[Hazard Ratio]  SE Weight IV, Random, 95% Cl IV, Random, 95%Cl
Rorth 2019 0.548121 0.432365 23.8% 1.73[0.74, 4.04] I
Ruwald 2013 -0.61619 0.196711 41.2% 0.54 [0.37, 0.79) —
Steiner 2016 -0.3285 0.274111 35.0% 0.72[0.42, 1.23] — &
Total (95% Cl) 100.0% 0.79 [0.45, 1.39] *

Heterogeneity: Tau? = 0.16; Chi? = 6.08, df =2 (P = 0.05); I = 67%

Test for overall effect: Z = 0.82 (P = 0.41) 01 02 05 1 2 5 10
(C) Appropriate Shock
Hazard Ratio Hazard Ratio
_Study or Subgroup  log[Hazard Ratio] ~ SE Weight IV, Random, 95% Cl IV, Random, 95%Cl
Desai 2009 -1.0818  0.5009  7.6% 0.34[0.13, 0.90)
Junttila 2020 -0.261365 0.1097909 28.1% 0.77 [0.62, 0.95) =
Ruwald 2013 0.4824261 0.2421938 18.4% 1.62[1.01, 2.60) =
Seegers 2016 0.0079682 0.1407024 25.8% 1.01[0.77, 1.33) —
Steiner 2016 0.0676586 0.2171865 20.1% 1.07 [0.70, 1.64) B
Total (95% Cl) 100.0%  0.95[0.70, 1.29] *
Heterogeneity: Tau? = 0.08; Chi = 12.95, df = 4 (P = 0.01); I* = 69% 0’2 0’5 ; 2 5
Test for overall effect: Z=0.32 (P = 0.75) ’
(D) Inapproprlate Shock Hazard Ratio Hazard Ratio
Study or Subaroup _log[Hazard Ratio] SE_Weight IV, Fixed. 95% CI IV, Fi 5% ClI
Ruwald 2013 0.223144 0281437 555% 1.25[0.72, 2.17)
Steiner 2016 -0.19845 0.314564 44.5%  0.82[0.44, 1.52]
Total (95% Cl) 100.0% 1.04 [0.69, 1.56]
Heterogeneity: Chiz = 1.00, df = 1 (P = 0.32); I = 0% t t 1 t t
Test for overall effect: Z = 0.17 (P = 0.86) 02 05 1 2 5
(E) Appropriate ATP
Hazard Ratio Hazard Ratio
_Study or Subgroup  log[Hazard Ratio] ~ SE Weight 1V, Random, 95% CI IV, R: 9
Ruwald 2013 0.4700036 0.1599229 53.3% 1.60 [1.17, 2.19) ——
Steiner 2016 0.1222176 0.1832011  46.7% 1.13[0.79, 1.62)
Total (95% Cl) 100.0% 1.36 [0.97, 1.91]
Heterogeneity: Tau? = 0.03; Chiz = 2.05, df = 1 (P = 0.15); 12 = 51% 0"2 0*5 b ; g
Test for overall effect: Z = 1.77 (P = 0.08) )
(F) Inappropnate ATP Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Ruwald 2013 -0.63488 0.200492 79.5%  0.53[0.36, 0.79] = N
Steiner 2016 -0.40048 0.395311 20.5% 0.67 [0.31, 1.45) —
Total (95% Cl) 100.0%  0.56 [0.39, 0.79] <>
Heterogeneity: Chiz = 0.28, df = 1 (P = 0.60); I = 0% 0 ’05 0’2 ; 5 2‘0

Test for overall effect: Z = 3.28 (P = 0.001)

Fig. 4 The influence of diabetes on appropriate therapy (A), inappropriate therapy (B), appropriate shock (C), inappropriate shock (D), appropriate
ATP (E) and inappropriate ATP (F) in ICD recipients compared with non-diabetes. ICD implantable cardioverter-defibrillator ATP anti-tachycardia
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Our results show that diabetes is significantly associ-
ated with an increased risk of mortality in ICD recipi-
ents. On the other hand, diabetes has no effect on the risk
of ICD therapies. This suggests that the increased risk of
mortality caused by diabetes in ICD recipients may be
due to adverse pathophysiological changes and related
complications caused by diabetes itself rather than
arrhythmias.

Our results showed that the all-cause mortality of sec-
ondary prevention patients with diabetes was higher than
diabetic primary prevention patients. A study suggested
that secondary prevention patients have a higher risk of
death than primary prevention patients [47], which is
consistent with our finding. The results indicated that
secondary prevention patients may have a vulnerable
myocardium resulting from more risk factors, therefore,
the vulnerable myocardium may be more likely to be
damaged by diabetic complications, resulting in a higher
risk of mortality. In addition, the survival benefits of
ICD treatment for diabetes recipients are limited. ICD is
effective in treating ventricular tachyarrhythmias; how-
ever, HF patients with diabetes may be at increased risk
of mortality through mechanisms other than arrhythmias
that can be treated by ICD. Our results also suggest that
for these diabetes ICD recipients, more aggressive treat-
ment should be applied to treat the adverse pathophysi-
ological changes and complications caused by diabetes,
rather than just focusing on the treatment of arrhyth-
mias. For example, many anti-diabetic medications have
been shown to improve the prognosis of diabetic patients
with HF. For example, dapagliflozin, a sodium-glucose
cotransporter 2 inhibitor, can significantly reduce cardiac
and all-cause mortality in diabetic patients with HF [48].
Real-world studies have shown that metformin also sig-
nificantly reduces mortality in diabetic patients with HF
[49].

Our research has several advantages. First, to the best
of our knowledge, this is the first systematic review and
meta-analysis to comprehensively assess the cumula-
tive evidence of diabetes associated with mortality and
the risk of ICD therapy in ICD recipients. Second, we
strictly followed the PRISMA guidelines to carry out
this study. Third, all of the included studies were of high
quality, and sensitivity analysis also showed the robust-
ness of the results. Finally, such a large sample (36 stud-
ies containing 162,780 patients) can ensure the reliability
of the study results. However, several limitations should
be considered. First, due to the particularity of the study
design, no randomized controlled trials were included.
Second, there was relatively high heterogeneity among
the included articles, such as in the outcomes of all-
cause mortality, appropriate and inappropriate therapy,
appropriate shock and ATP, which may mainly due to
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the individual characteristics of each included studies.
Hence, we tried several ways to reduce the impact of het-
erogeneity on the results, including using random effects
models, performing sensitivity analysis and subgroup
analysis. Third, although most of the included studies
adjusted for a range of confounding variables, we could
not rule out an effect of residual confounding variables
on the results, which may also account for the heteroge-
neity existence in the outcomes above.

Conclusions

In summary, our study shows that diabetes is associated
with an increased risk of mortality in ICD recipients,
especially in the secondary prevention patients, but dia-
betes has no significant effect on the risks of ICD thera-
pies. These results indicate that the increased mortality
of ICD recipients with diabetes may not be caused by
arrhythmias. The survival benefits of ICD treatment for
diabetic ICD recipients are limited, and more aggressive
treatment should be sought to reduce mortality.
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