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The association of diabetes mellitus (DM) with cardiac resynchronization therapy (CRT)
response and cardiovascular outcomes in Asian patients with heart failure (HF) is unclear.
This study aims to investigate the effects of DM on CRT response and cardiovascular out-
comes in Asian HF patients. Consecutive Asian HF patients receiving CRT were enrolled
in the Prospective Evaluation of Asian with CRT for Heart Failure (PEACH) study from
2011 to 2017. CRT response and super-response were defined as decrease in end-systolic
volume index >15% and >30%, respectively. Primary endpoint was time to composite of
HF-hospitalization and all-cause mortality. Among 161 patients followed for 3.3 +
1.5 years (age 66.7 + 11.2 years, 22% females, mean QRS duration 154.3 + 22.4 ms,
83 % left bundle branch block), 84 (52%) were CRT responders and 57 (35% ) were super-
responders. Of 82 (51%) patients with DM (100% type 2, mean HbAlc 7.3 + 1.9%),
35 (43%) were responders. DM attenuated reverse remodeling (CRT response: AOR 0.44,
95% confidence interval [CI] 0.20 to 0.98, p < 0.05; super-response: AOR 0.42, 95% CI
0.18 to 0.97, p <0.05), and DM increased HF-hospitalization and all-cause mortality (AHR
1.68, 95% CI 1.00 to 2.82, p =0.05). The extent of CRT-response correlates with higher
event-free survival (CRT response: AHR 0.5, 95% CI 0.30 to 0.81, p=0.005; super-
response: AHR 0.27, 95% CI 0.14 to 0.52, p < 0.001). In conclusion, the extent of reverse
remodeling post-CRT is the strongest predictor of event free survival. However, DM is
detrimental to the CRT recipient by attenuating reverse remodeling, inducing end organ
dysfunction and is independently associated with worsened clinical outcomes among Asian

HF patients. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:899—906)

Diabetes mellitus (DM) and heart failure (HF) often
coexist and exert a significant burden on healthcare sys-
tems. The global prevalence of DM is expected to rise to
4.4% in 2030, whereas HF is a growing epidemic with a
reported prevalence of more than 23 million worldwide.”
These major public health issues are likely to become more
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prominent, especially in Asia, as it transitions into an age-
ing population.” Among patients with symptomatic heart
failure and broad QRS, cardiac resynchronization therapy
(CRT) is an established therapeutic modality in improving
survival® through its ability to reverse left ventricular (LV)
remodelling.”® Although CRT response can be seen early
as three months,” up to a third of patients remain as non-res-
ponders.® The impact of DM on left ventricular (LV) func-
tion and dimensions have previously been described,” with
DM conferring a poorer prognosis among HF patients with
CRT.'O!! However, the effect of DM on LV reverse remod-
eling has been inconsistent,'”'” and Asian patients are not
well represented in large CRT trials. This is particularly
pertinent given that DM is 3-fold more common among
Southeast Asian patients with HF compared with whites.""
This study aimed to determine CRT response rates in a
cohort of Asian HF patients, and investigates the relation
between DM with CRT response and clinical outcomes.

Methods

The Prospective Evaluation of Asian with CRT for Heart
Failure (PEACH) study is a prospectively designed, single
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center, observational study of Asian HF patients (Clinical-
Trials.gov Identifier: NCT02814942). Consecutive Asian
HF patients receiving CRT at an academic medical center
were enrolled in the study from 2011 to 2017. Only patients
who fulfilled contemporary HF guidelines for CRT and
who had paired echocardiograms pre- and post-CRT were
included in the study.” This included patients with New
York Heart Association (NYHA) functional class II to III,
QRS duration (QRSd) >120 ms and left ventricular ejection
fraction (LVEF) <35%. The decision to combine CRT with
an implantable cardioverter defibrillator (CRT-D) was
based on the same international consensus. All patients
were above 21 years of age and were able to provide
informed consent. The study was performed in accordance
with the Helsinki’s declaration and approved by the
National Healthcare Group Domain Specific Review Board,
Singapore.

Patients were assessed at recruitment (index admission
for CRT implantation) and followed-up every 6 months in
clinic. Baseline demographics, clinical profile and use of
guidelines-directed medical therapy were recorded using a
comprehensive electronic medical records system (CPSS2,
iHIS, Singapore). DM was defined as the presence of a pre-
vious diagnosis (fasting plasma glucose >7 mmol/L or ran-
dom plasma glucose >11.1 mmol/L or HbAlc >6.5%) and/
or treatment with antidiabetic medications. The presence of
chronic kidney disease (CKD) was defined as estimated
glomerular filtration rate of <60 ml/min/1.73m?. Standard
12-lead electrocardiograms (ECG) were performed and
interpreted by experienced electrophysiologists. Serum NT-
proBNP levels were drawn on the day of CRT-implantation
and repeated during follow-up.

PA ERECT

Interventricular lead distance was obtained as a compos-
ite of left ventricular (L'V) and right ventricular (RV) lead
tip separation distance on posteroanterior (x, cm) and lat-
eral (Y, cm) chest X-rays (CXR) performed on the first
postimplant day (Figure 1). The composite LV-RV lead
separation distance was then derived by the formula: LV-
RV lead separation distance (cm)=«/ (X2+Y2). LV leads
implanted were either bipolar or quadripolar in configura-
tion. The LV lead placement was dependent on the avail-
ability of suitable target veins and whenever possible,
placed in a lateral vein with electrodes in a nonapical posi-
tion. Device interrogation on routine follow-up was evalu-
ated to assess the percentage duration of biventricular
pacing (BVP) and presence of atrial fibrillation (AF). The
latter was confirmed by inspection of device electrograms
showing irregular atrial activation >220 beats per minute
and lasting for >6 minutes. Occurrence of ventricular
arrhythmias and application of any implantable cardiac
defibrillator (ICD) therapy was also recorded.

Transthoracic echocardiograms were performed in our
institutional echocardiography core laboratory pre-CRT and
in 6 to 24 months after CRT-implantation. LVEF, left ventric-
ular end-systolic (LVESD) and end-diastolic (LVEDD)
dimensions, end-systolic volume index (LVESVI), and LV
mass index (LVMI) were measured and classified in accor-
dance with the American and European echocardiography
imaging guidelines."”

CRT response and super-response were defined as
decrease in LVESVI >15% and >30%, respectively.
Although a variety of echocardiographic parameters have
been used in the definition of CRT response, these values
have been validated as acceptable thresholds of reverse

Endse

Figure 1. Interventricular lead separation distances obtained from posteroanterior and lateral chest X-rays.
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remodeling.'®'” The primary outcome of this study was a

composite of HF-hospitalization or all-cause mortality.
Patients in the study were followed from date of CRT
implantation to either death or time of drafting this manu-
script (April 2019).

Exploratory analyses were performed with Chi-square
and independent ¢ tests, depending on the nature of data. To
ascertain how the identified predictors were associated with
CRT response, a confirmatory analysis was performed with
the generalized structural equation model (gSEM). Optimal
cut-off for QRSd for CRT response was determined with
respect to sensitivity and specificity. The Binomial and
Weibull distributions were applied for analyzing binary and
time-to-event outcomes, respectively. A backward elimina-
tion model selection procedure incorporated (removal prob-
ability >0.05). All statistical tests were performed at 5%
level of significance with Stata MP V14 (Stata Corporation,
Texas).

Results

Among 271 patients in the PEACH registry, 161 patients
met the inclusion criteria (Figure 2) and were included in
this analysis (mean follow-up of 3.3 + 1.5 years, age 66.7
=+ 11.2 years, 22% females, mean QRSd 154.3 + 22.4 ms,
83% left bundle branch block [LBBB], 30% nonischemic
cardiomyopathy, LVEF 26.3 £ 7.9%).

CRT response was achieved in 84 (52%) patients, of
which 57 (35% of total cohort) were super-responders.
Compared with nonresponders, responders were more
likely to have LBBB (89% vs 75%, p=0.02) and BVP
>98% (67% vs 47%, p=0.01). Responders and super-res-
ponders were also more likely to be nondiabetic (Respond-
ers: 49 [62%] without DM vs 35 [43%] DM, p=0.01;

271 patients in
PEACH registry

161 patients

included in study

VAN

Super-responders: 36 [46%] without DM vs 21 [26%] DM,
p=0.008). Baseline characteristics of diabetic and nondia-
betic patients are shown in Table 1. During follow-up, res-
ponders had lower median NT-proBNP (1480 pg/mL vs
3630 pg/mL, p=0.02), LVEDD (56.1 & 9.2 mm vs 65.3 &+
9.3 mm, p <0.001), LVESD (43.6 &+ 10.4 mm vs 56.4 +
10.8 mm, p <0.001), LVESVI (54.2 + 30.9 mL/m?* vs 94.1
+ 41.7 mL/m?, p <0.001) and higher LVEF (37.4 + 13.0%
vs 26.4 £+ 10.9%, p <0.001) after CRT-implantation com-
pared with nonresponders. LBBB and BVP percentage
>98% independently predicted CRT response, whereas
QRSd >150 ms and BVP >98% predicted super-response
(Table 2). Increasing interventricular lead distance, how-
ever, was consistently associated with a reduction in CRT
response. When assessed in quartiles, only patients with the
highest quartile of inter-lead distances demonstrated an
attenuated CRT response. Interventricular lead distance
ranged from 4.48 cm to 17.18 cm, with the highest quartile
consisting of a higher proportion of diabetic nonresponders
(Table 3). A positive correlation was seen between interlead
distance and LVESVI pre-CRT implantation (r=0.2, p
<0.01). Females, nonischemic cardiomyopathy and type of
LV lead (quadripolar vs bipolar) were however not associ-
ated with CRT response.

There were 82 (51%) patients with DM (mean HbAlc
8.0 £ 2.1%, mean duration 7.6 £ 4.6 years), among which
35 (43%) achieved CRT-response. Interestingly, of the 35
diabetic responders, 32 (91% of diabetic responders) were
super-responders. Of those receiving antidiabetic medica-
tions, (26 [32%] on insulin, 64 [78%] on oral hypoglycemic
agents (OHGA): 45 [55%] metformin, 37 [45%] sulfonyl-
urea, 8 [10%] dipeptidyl-peptidase-4 inhibitor, 1 (1%)
sodium-glucose-cotransporter-2 inhibitor), 12 (15%) were
on combination therapy of insulin and OHGA and 21

2 patients turned off pacing

20 patients did not fulfill CRT-implantation criteria

61 patients did not have repeat echocardiograms

27 patients died within 6 months of CRT-implantation

77 Non-responders

84 Responders

N /N

104 Non-super responders

57 Super responders

Figure 2. Enrollment and inclusion of patients with CRT in the PEACH study. CRT = cardiac resynchronization therapy; PEACH = Prospective Evaluation

of Asian with Cardiac resynchronization therapy for Heart failure.
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Comparison of baseline characteristics between patients with heart failure with and without diabetes mellitus

Diabetes Mellitus

Variable All YES NO p Value
(n=82) (n=179)
Age (years) 66.7+11.2 68.4+9.3 649 +12.8 0.07
Women 35 (22%) 18 (22%) 17 (22%) 0.95
Chinese 104 (65%) 50 (61%) 54 (68%) 0.78
Malay 28 (17%) 15 (18%) 13 (16%)
Indian 24 (15%) 14 (17%) 19 (13%)
Other 5(3%) 3 (4%) 2 (3%)
QRS duration pre (ms) 1543 £22.4 152.0 £ 21.0 156.8 £23.7 0.22
Left bundle branch block 133 (83%) 67 (82%) 66 (84%) 0.76
Angiotensin converting enzyme-inhibitor/ 130 (81%) 67 (82%) 63 (80%) 0.75
angiotensin II receptor blocker/angiotensin
receptor-neprilysin inhibitor
Beta-blocker 151 (94%) 77 (94%) 74 (94%) 0.95
Spironolactone 69 (43%) 33 (40%) 36 (46%) 0.5
Non-ischemic cardiomyopathy 48 (30%) 16 (20%) 32 (41%) 0.004
Chronic kidney disease 71 (44%) 49 (60%) 22 (28%) <0.001
Neuropathy 3 (2%) 3 (4%) 0(0%) 0.09
Retinopathy 9 (6%) 9(11%) 0 (0%) 0.002
Stroke 22 (14%) 10 (12%) 12 (15%) 0.58
Peripheral vascular disease 13 (8%) 12 (15%) 1 (1%) 0.002
HbAlc (%) 73+£19 8.0+2.1 6.1 £0.8 <0.001
Cardiac resynchronization therapy-defibrillator 131 (81%) 65 (80%) 66 (84%) 0.49
Defibrillator therapy 31 (19%) 10 (12%) 21 (27%) 0.02
Biventricular pacing percentage >98% 91 (57%) 47 (58%) 44 (56%) 0.84
New atrial fibrillation 67 (42%) 37 (45%) 30 (38%) 0.36
Type of left ventricular lead [quadripolar] 116 (72%) 61 (74%) 55 (70%) 0.5
Lead separation distance (cm) 10.7 £2.3 109 £2.2 10.5£23 0.12
NT-proBNP* pre (pg/mL) 2210 3355 1820 0.22
(1040, 5910) (1025, 6685) (1060, 4370)
NT-proBNP* post (pg/mL) 2150 3684 1499 0.005
(620, 6840) (858, 9150) (529, 3280)
Left ventricular ejection fraction pre (%) 263+79 26.1 +£7.4 26.5+ 8.4 0.65
Left ventricular ejection fraction post (%) 322+13.2 309 £ 12.5 335+ 139 0.21
Left ventricular end systolic volume index pre (mL/m?) 87.0£38.4 83.7+£36.0 90.3 £40.7 0.38
Left ventricular end systolic volume index post (mL/m?) 73.3 £41.5 74.8 +37.6 71.7+454 0.19
Left ventricular mass index pre (g/m2) 150.9 +47.5 152.0 £45.8 149.8 +49.4 0.68
Left ventricular mass index post (g/m?) 1427 £ 46.9 146.4 £51.0 139.0 £42.2 0.46
Cardiac resynchronization therapy response 84 (52%) 35 (43%) 49 (62%) 0.01
Cardiac resynchronization therapy super-response 57 (35%) 32 (27%) 36 (46%) 0.008
Heart failure-hospitalization 71 (44%) 55 (54%) 27 (34%) 0.01
All-cause mortality 51 (32%) 29 (35%) 22 (29%) 0.31
Composite event' 82 (51%) 50 (61%) 32 (41%) 0.009

* Expressed as median (interquartile range).

fComposite event of heart failure-hospitalization or all-cause mortality

(26%) on two or more OHGAs. Diabetic patients were more
likely to have ischemic heart disease (80% vs 59%,
p=0.004), CKD, retinopathy, and peripheral vascular dis-
ease. However, LV dimensions and LVMI were similar in
the presence or absence of DM. Diabetic patients were at
least 56% less likely to achieve reverse remodeling with
CRT. Diabetic nonresponders had a higher baseline HbAlc
than responders (8.5 £ 2.3% vs 7.4 £+ 1.6%, p=0.02), and
a larger proportion in the highest quartile of lead separation
(B38% vs 14%). However, insulin use (23% vs 38%,
p=0.14), duration of DM (7.7 + 4.2 vs 7.5 &+ 5.0 years,
p=0.69) and mean LVMI (154.1 &+ 42.9 vs 150.3 £ 48.5,
p=0.43) did not differ between diabetic responders and
diabetic nonresponders, respectively.

There were 71 HF-hospitalizations and 51 all-cause
deaths during follow-up. The primary outcome of HF-hos-
pitalization or all-cause mortality occurred in 82 patients
(61% DM vs 41% without DM, p <0.01).

The overall primary endpoint occurred more fre-
quently in diabetic subjects (hazard ratio [HR] 2.29,
95% CI 1.22 to 4.31), with Kaplan-Meier curves show-
ing a significant difference between diabetics and non-
diabetics on follow-up (Figure 3). When adjusted for
patient demographics, clinical covariates, guideline-
directed medical therapy, recorded ICD therapies and
AF on device interrogations, and CRT response, DM
was associated with a 68% increase in primary outcome
(Table 4). Similarly, CKD was independently associated
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Table 2
Predictors of cardiac resynchronization therapy-response and super-response
Cardiac resynchronization therapy-response Super-response
Adjusted odds ratio 95% CI p Value Adjusted odds ratio 95% CI p Value

Age 1.01 0.98-1.05 0.54 1.01 0.97-1.05 0.6
Female 1.14 0.43-3.05 0.79 2.53 0.94-6.82 0.07
QRS >150 ms 2.15 0.98-4.70 0.06 2.98 1.245-7.09 0.01
Left bundle branch block 3.28 1.24-8.69 0.02 2.11 0.71-6.28 0.18
Non-ischemic cardiomyopathy 1.69 0.62-4.59 0.30 1.01 0.38-2.70 0.99
Diabetes mellitus 0.44 0.20-0.98 0.045 0.42 0.18-0.97 0.04
Chronic kidney disease 0.8 0.35-1.83 0.60 0.49 0.20-1.22 0.12
Lead quartiles™

2nd 0.72 0.25-2.12 0.55 0.78 0.27-2.26 0.65

3rd 0.51 0.18-1.49 0.54 0.76 0.26-2.27 0.63

4th 0.27 0.09-0.77 0.02 0.23 0.07-0.79 0.02
Type of leads' 0.9 0.38-2.13 0.82 1.65 0.67-4.06 0.28
Biventricular pacing percentage >98% 2.23 1.04-4.81 0.04 2.83 1.23-6.52 0.01

* Compared with first quartile.
" Quadripolar vs bipolar.

Table 3
Distribution of lead quartiles with and without diabetes
Lead quartiles Without diabetes (n = 79) Diabetic responders (n = 35) Diabetic non-responders (n=47)
1st: 4.48-9.04 cm 22 (28%) 10 (29%) 10 (21%)
2nd: 9.20-10.77 cm 25 (32%) 8 (23%) 8 (17%)
3rd: 10.78-12.14 cm 17 21%) 11 (35%) 11 (23%)
4th: 12.23-17.18 cm 15 (19%) 5 (14%) 18 (38%)
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Figure 3. Kaplan-Meier curves of the association of diabetes with primary outcome of composite event of HF-hospitalization or all-cause mortality. CRT =
cardiac resynchronization therapy; HF = heart failure.
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Table 4
Predictors of composite events of heart failure-hospitalization or all-cause mortality
Adjusted hazard ratio 95% CI p Value Adjusted hazard ratio 95% CI p Value

Cardiac resynchronization therapy-response* 0.5 0.30-0.81 0.005
Cardiac resynchronization therapy super-response’ 0.27 0.14-0.52 <0.001
Age 0.99 0.97-1.02 0.47 0.99 0.97-1.02 0.54
Female 0.68 0.35-1.33 0.26 0.83 0.42-1.63 0.58
Left bundle branch block 0.71 0.41-1.24 0.23 0.65 0.37-1.16 0.15
Non-ischemic cardiomyopathy 1.14 0.61-2.14 0.67 1.09 0.58-2.06 0.79
Diabetes mellitus 1.68 1.00-2.82 0.05 1.58 0.94-2.66 0.08
Chronic kidney disease 2.6 1.56-4.33 <0.001 2.48 1.47-4.19 0.001
Angiotensin converting enzyme-inhibitor/ 0.7 0.41-1.21 0.20 0.62 0.36-1.06 0.08

angiotensin II receptor blocker/angiotensin

receptor-neprilysin inhibitor
Beta-blocker 0.77 0.30-1.97 0.58 0.84 0.32-2.17 0.72
Any defibrillator therapy 1.4 0.82-2.39 0.22 1.37 0.81-2.34 0.24
Any new atrial fibrillation 0.69 0.44-1.09 0.11 0.67 0.42-1.05 0.08

* Reduction in end-systolic volume index by >15%.
"Reduction in end-systolic volume index by >30%.
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Number at risk ollow-up days
No response 77 58 44 41 37 32 27
CRT response 27 23 21 19 16 14 11
Super response 57 54 51 49 47 42 38
————— No response CRT response

m— = = Super response

Figure 4. Kaplan-Meier curves of the association of CRT response and super-response with primary outcome of composite event of HF-hospitalization and

all-cause mortality. CRT = cardiac resynchronization therapy; HF = heart failure.

with poorer outcomes, with 2.5 times higher likelihood
of composite events. CRT-response (HR 0.27, 95% CI
0.14 to 0.51) and super-response (HR 0.13, 95% CI 0.06
to 0.28) were both associated with reduced composite
events compared with nonresponse, demonstrated in

Kaplan-Meier survival curves (Figure 4). On multivari-
able adjustment, the degree of CRT-response indepen-
dently predicted better outcomes, with CRT response
showing a 50% reduction, whereas super-response dis-
played a 73% reduction in composite events (Table 4).
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Discussion

This study demonstrated an echocardiographic CRT
response and super-response rate of 52% and 35% in Asian
HF patients with the degree of CRT response being a
strong, independent predictor of increased event free sur-
vival. QRSd >150 ms, LBBB and BVP >98% were associ-
ated with CRT response. Patients with the widest lead
separation were less likely to respond. DM is detrimental to
CRT recipients by first, diminishing reverse remodeling,
second as an independent predictor of HF-hospitalizations
and death and finally by increasing microvascular and mac-
rovascular complications.

Compared with studies utilizing the same CRT response
definition, our response rate (52%) closely resembles West-
ern HF cohorts (51% to 56%).°'° Previous Asian CRT
series were however often smaller with varying definitions
of CRT response.'®' Other important considerations when
comparing response to CRT in different HF populations are
that Asian patients were 3 times more likely to have DM
than whites, with the highest prevalence of DM amongst
Southeast Asian patients.”'* Given the direct impact of DM
on CRT response, differences in CRT response rates
between different HF populations may be in part due to the
varying prevalence of DM.

The impact of DM on CRT response remains inconsis-
tent in the literature.'”'***~** We demonstrated that Asian
HF patients with DM were less likely to achieve reverse
remodeling compared with nondiabetic patients, which may
in part be due to the significantly higher proportion of ische-
mic heart disease in our population (80%) of diabetic
patients compared with previous Western cohorts (50% to
70%)."%1>1%1% Although Hoke et al. found that insulin use
reduced CRT-response,l“ we did not find a difference in
CRT response with insulin use, in keeping with other
studies.' > Insulin therapy has been suggested to be a mea-
sure of disease chronicity and DM control, but we did not
observe differences in insulin use and duration of DM
among diabetic responders and nonresponders. Instead, we
found that baseline HbAlc levels were significantly higher
among diabetic nonresponders, reflecting that nonrespond-
ers more likely had suboptimal glycemic control regardless
of insulin use. Shah et al. found that patients with HbAlc
<7.0% had higher event free survival in the first 90 days
but not at 2-year follow-up, suggesting an interaction
between postoperative response and peri-implantation
HbAlc.” It is highly plausible that better glycemic control
could improve CRT response in DM, which should be
tested prospectively.

Intuitively, lead positioning with maximal lead separa-
tion should improve interventricular synchrony, based on
studies that showed greater benefits with lateral or postero-
lateral lead placement and greater RV/LV lead separa-
tion.”*?’ Unlike previous studies, lead separation in our
cohort was strongly associated with reduced CRT-response,
but seen only in the highest quartile of interlead distance,
which also had a correspondingly highest baseline
LVESVI. These observations suggest that as the LV dilates
progressively, it may reach a threshold where it becomes
too stretched to undergo CRT-induced reverse remodeling.
Interestingly, a larger proportion of patients in the highest

quartile of lead separation were diabetic nonresponders,
suggesting a possible role in this subgroup of patients.

The association of DM with long-term survival has been
conflicting' "' '#**** with some studies suggesting the use of
insulin rather than the diagnosis of DM predictive of poorer
outcomes.'"'*** Higher mortality rates observed with insulin
were attributed to hypoglycemic episodes and increased
microvascular and macrovascular complications as a conse-
quence of disease chronicity and severity in patients receiving
insulin.'"** LVESV reduction as a marker of reverse remod-
eling was the best predictor of long-term survival amongst
other clinical and echocardiographic parameters.” The extent
of LVESV reduction correlated with increased likelihood of
event-free survival in our study, with super-responders 73%
less likely to have a primary event. By limiting the extent of
reverse remodeling, DM may further contribute indirectly to
adverse outcomes in addition to its intrinsic prognostic risk
among HF patients.

The prevalence of CKD was twice higher with DM, along
with other DM-associated microvascular and macrovascular
complications. The REVERSE study reported a smaller mag-
nitude of CRT response among patients with CKD and poorer
prognosis with CKD in HF,” whereas a large real-world reg-
istry of CKD patients showed reduced mortality and HF-hos-
pitalizations with CRT.” To the contrary, CKD did not
diminish CRT response in our cohort, but is a competing
cause of mortality and HF-hospitalizations as shown, with the
risk of death correlating with worsening renal impairment.
These observations would imply that whilst CKD patients
still benefit from CRT, CKD may attenuate the clinical and
probably cost-effectiveness of CRT.

There were several limitations to our study. The small
sample size may have rendered the study underpowered to
detect statistical differences in individual endpoints of the
primary outcome. Less objective clinical endpoints such as
NYHA status and 6-minute walk distance were not evalu-
ated in this study. All-cause mortality was chosen rather
than cardiovascular mortality as part of the composite end-
point as there is a very low rate of patients undergoing
postmortem examination due to cultural barriers in
Singapore. Hence, determination of the cause of death may
be imprecise.

Taken in conjunction, the presence of DM is detrimental
to the CRT recipient in several ways: first, by limiting the
extent of reverse remodeling after CRT implantation; sec-
ond, causing renal impairment which is an independent pre-
dictor of adverse outcomes; third through the increased
incidence of microvascular and macrovascular complica-
tions and last, as an independent predictor of HF-hospital-
izations and reduced survival.

Disclosures

The authors have no conflicts of interest to disclose.
Acknowledgments

The authors thank the sonographers, technicians, nurses
and staff at the Cardiovascular Research Institute, National
University Heart Centre, Singapore, for their technical and
clinical support.



906

1.

[SSIN NS}

10.

11.

12.

13.

14.

15.

The American Journal of Cardiology (www.ajconline.org)

Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of
diabetes: estimates for the year 2000 and projections for 2030. Diabe-
tes Care 2004;27:1047-1053.

. Roger VL. Epidemiology of heart failure. Circ Res 2013;113:646-659.
. Lam CS, Teng TK, Tay WT, Anand I, Zhang S, Shimizu W, Narasim-

han C, Park SW, Yu CM, Ngarmukos T, Omar R, Reyes EB, Siswanto
BB, Hung CL, Ling LH, Yap J, MacDonald M, Richards AM.
Regional and ethnic differences among patients with heart failure in
Asia: the Asian sudden cardiac death in heart failure registry. Eur
Heart J 2016;37:3141-3153.

. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA 3rd, Freedman

RA, Gettes LS, Gillinov AM, Gregoratos G, Hammill SC, Hayes DL,
Hlatky MA, Newby LK, Page RL, Schoenfeld MH, Silka MJ, Steven-
son LW, Sweeney MO, Tracy CM, Epstein AE, Darbar D, DiMarco
JP, Dunbar SB, Estes NA 3rd, Ferguson TB Jr, Hammill SC, Karasik
PE, Link MS, Marine JE, Schoenfeld MH, Shanker AJ, Silka MJ, Ste-
venson LW, Stevenson WG, Varosy PD. American College of Cardi-
ology Foundation. American Heart Association Task Force on
Practice Guidelines. Heart Rhythm Society. 2012 ACCF/AHA/HRS
focused update incorporated into the ACCF/AHA/HRS 2008 guide-
lines for device-based therapy of cardiac rhythm abnormalities: a
report of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines and the Heart
Rhythm Society. J Am Coll Cardiol 2013;61:6-75.

. Yu CM, Bleeker GB, Fung JW, Schalij MJ, Zhang Q, van der Wall

EE, Chan YS, Kong SL, Bax JJ. Left ventricular reverse remodeling
but not clinical improvement predicts long-term survival after cardiac
resynchronization therapy. Circulation 2005;112:1580-1586.

. Foxley PW, Chalil S, Khadjooi K, Irwin N, Smith RE, Leyva F. Left

ventricular reverse remodeling, long-term clinical outcome, and mode
of death after cardiac resynchronization therapy. Eur J Heart Fail
2011;13:43-51.

. Cleland JG, Daubert JC, Erdmann E, Freemantle N, Gras D, Kappen-

berger L, Tavazzi L, Cardiac Resynchronization-Heart Failure (CARE-
HF) Study Investigators. The effect of cardiac resynchronization on mor-
bidity and mortality in heart failure. N Engl J Med 2005;352:1539-1549.

. Diaz-Infante E, Mont L, Leal J, Garcia-Bolao I, Fernandez-Lozano I,

Hernandez-Madrid A, Pérez-Castellano N, Sitges M, Pavon-Jiménez
R, Barba J, Cavero MA, Moya JL, Pérez-Isla L, Brugada J, SCARS
Investigators. Predictors of lack of response to resynchronization ther-
apy. Am J Cardiol 2005;95:1436-1440.

. Walker AM, Patel PA, Rajwani A, Groves D, Denby C, Kearney L,

Sapsford RJ, Witte KK, Kearney MT, Cubbon RM. Diabetes mellitus
is associated with adverse structural and functional cardiac remodel-
ling in chronic heart failure with reduced ejection fraction. Diab Vasc
Dis Res 2016;13:331-340.

Echouffo-Tcheugui JB, Masoudi FA, Bao H, Spatz ES, Fonarow GC.
Diabetes mellitus and outcomes of cardiac resynchronization with
implantable cardioverter-defibrillator therapy in older patients with
heart failure. Circ Arrhythm Electrophysiol 2016:9. pii: e004132.
https://doi.org/10.1161/CIRCEP.116.004132.

Szepietowska B, Kutyifa V, Ruwald MH, Solomon SD, Ruwald AC,
McNitt S, Polonsky B, Thomas S, Moss AJ, Zareba W. Effect of car-
diac resynchronization therapy in patients with insulin-treated diabetes
mellitus. Am J Cardiol 2015;116:393-399.

Hoke U, Thijssen J, van Bommel RJ, van Erven L, van der Velde ET,
Holman ER, Schalij MJ, Bax JJ, Delgado V, Marsan NA. Influence of
diabetes on left ventricular systolic and diastolic function and on long-
term outcome after cardiac resynchronization therapy. Diabetes Care
2013;36:985-991.

Mangiavacchi M, Gasparini M, Genovese S, Pini D, Klersy C, Bragato
R, Andreuzzi B, Municind A, Regoli F, Galimberti P, Ceriotti C,
Gronda E. Insulin-treated type 2 diabetes is associated with a
decreased survival in heart failure patients after cardiac resynchroniza-
tion therapy. Pacing Clin Electrophysiol 2008;31:1425-1432.

Bank IEM, Gijsberts CM, Teng TK, Benson L, Sim D, Yeo PSD, Ong
HY, Jaufeerally F, Leong GKT, Ling LH, Richards AM, de Kleijn
DPV, Dahlstrom U, Lund LH, Lam CSP. Prevalence and clinical sig-
nificance of diabetes in Asian versus White patients with heart failure.
JACC Heart Fail 2017;5:14-24.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L,
Flachskampf FA, Foster E, Goldstein SA, Kuznetsova T, Lancellotti P,
Muraru D, Picard MH, Rietzschel ER, Rudski L, Spencer KT, Tsang

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

W, Voigt JU. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. J Am Soc Echocardiogr 2015;28:1-39.

Chung ES, Leon AR, Tavazzi L, Sun JP, Nihoyannopoulos P, Merlino
J, Abraham WT, Ghio S, Leclercq C, Bax JJ, Yu CM, Gorcsan J 3rd,
St John Sutton M, De Sutter J, Murillo J. Results of the Predictors
of Response to CRT (PROSPECT) trial. Circulation 2008;117:
2608-2616.

Ypenburg C, van Bommel RJ, Borleffs CJ, Bleeker GB, Boersma
E, Schalij MJ, Bax JJ. Long-term prognosis after cardiac resynch-
ronization therapy is related to the extent of left ventricular
reverse remodeling at midterm follow-up. J Am Coll Cardiol
2009:;53:483-490.

Oka T, Inoue K, Tanaka K, Toyoshima Y, Isshiki T, Kimura T,
Nobuyoshi M, Shizuta S, Arita T, Fujii S, Iwakura K, Fujii K, Ando
K. Duration of reverse remodeling response to cardiac resynchroniza-
tion therapy: rates, predictors, and clinical outcomes. Int J Cardiol
2017;243:340-346.

Momomura S, Tsutsui H, Sugawara Y, Ito M, Mitsuhashi T, Fukamizu
S, Noro M, Matsumoto N, Tejima T, Sugi K, MOMIJI Study Investi-
gators. Clinical efficacy of cardiac resynchronization therapy with an
implantable defibrillator in a Japanese population: results of the MIR-
ACLE-ICD outcome measured in Japanese indication (MOMIJI)
study. Circ J 2012;76:1911-1919.

Zhang J, Xing Q, Zhou X, Zhang Y, Li Y, Li J, Tang B. Effects of car-
diac resynchronization therapy on ventricular electrical remodeling in
patients with heart failure. Int Heart J 2015;56:495-499.

Lee SH, Park SJ, Kim JS, Shin DH, Cho DK, On YK. Mid-term out-
comes in patients implanted with cardiac resynchronization therapy. J
Korean Med Sci 2014;29:1651-1657.

Soliman OI, van Dalen BM, Theuns DA, ten Cate FJ, Nemes A,
Jordaens LJ, Geleijnse ML. The ischemic etiology of heart failure
in diabetics limits reverse left ventricular remodeling after cardiac
resynchronization therapy. J Diabetes Complications 2009;23:
365-370.

Hoppe UC, Freemantle N, Cleland JG, Marijianowski M, Erdmann
E. Effect of cardiac resynchronization on morbidity and mortality
of diabetic patients with severe heart failure. Diabetes Care
2007;30:722-724.

Fantoni C, Regoli F, Ghanem A, Raffa S, Klersy C, Sorgente A, Fale-
tra F, Baravelli M, Inglese L, Salerno-Uriarte JA, Klein HU, Moccetti
T, Auricchio A. Long-term outcome in diabetic heart failure patients
treated with cardiac resynchronization therapy. Eur J Heart Fail
2008;10:298-307.

Shah RV, Altman RK, Park MY, Zilinski J, Leyton-Mange J, Orencole
M, Picard MH, Barrett CD, Heist EK, Upadhyay G, Das R, Singh JP,
Das S. Usefulness of hemoglobin A(lc) to predict outcome after car-
diac resynchronization therapy in patients with diabetes mellitus and
heart failure. Am J Cardiol 2012;110:683-688.

Rossillo A, Verma A, Saad EB, Corrado A, Gasparini G, Mar-
rouche NF, Golshayan AR, McCurdy R, Bhargava M, Khaykin Y,
Burkhardt JD, Martin DO, Wilkoff BL, Saliba WI, Schweikert
RA, Raviele A, Natale A. Impact of coronary sinus lead position
on biventricular pacing: mortality and echocardiographic evalua-
tion during long-term follow-up. J Cardiovasc Electrophysiol
2004;15:1120-1125.

Merchant FM, Heist EK, Nandigam KV, Mulligan LJ, Blendea D,
Riedl L, McCarty D, Orencole M, Picard MH, Ruskin JN, Singh JP.
Interlead distance and left ventricular lead electrical delay predict
reverse remodeling during cardiac resynchronization therapy. Pacing
Clin Electrophysiol 2010;33:575-582.

Mathew J, Katz R, St John Sutton M, Dixit S, Gerstenfeld EP,
Ghio S, Gold MR, Linde C, Shlipak MG, Deo R. Chronic kidney
disease and cardiac remodelling in patients with mild heart failure:
results from the REsynchronization reVErses Remodeling in Sys-
tolic Left vEntricular Dysfunction (REVERSE) study. Eur J Heart
Fail 2012;14:1420-1428.

Friedman DJ, Singh JP, Curtis JP, Tang WHW, Bao H, Spatz ES,
Hernandez AF, Patel UD, Al-Khatib SM. Comparative effective-
ness of CRT-D versus defibrillator alone in HF patients with mod-
erate-to-severe chronic kidney disease. J Am Coll Cardiol
2015;66:2618-2629.


http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0001
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0002
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0003
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0004
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0005
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0006
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0007
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0008
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0009
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0009
https://doi.org/10.1161/CIRCEP.116.004132
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0011
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0012
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0013
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0014
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0015
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0016
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0017
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0018
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0019
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0020
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0021
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0022
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0023
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0024
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0025
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0026
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0027
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0028
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0029
http://refhub.elsevier.com/S0002-9149(19)30699-X/sbref0029
www.ajconline.org

	Effect of Diabetes Mellitus on Cardiac Resynchronization Therapy and to Prognosis in Heart Failure (from the Prospective Evaluation of Asian With Cardiac Resynchronization Therapy for Heart Failure Study)
	Methods
	Results
	Discussion
	Disclosures
	Acknowledgments


