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Abstract
Patients with diabetes and heart failure (HF) have worse clinical outcomes compared to patients
with HF without diabetes after cardiac resynchronization therapy (CRT). Patients with HF and
diabetes represent a growing population at high risk for cardiovascular events and are increasingly
treated with CRT. Although patients with diabetes and HF appear to benefit from CRT, their
clinical outcomes are worse than those of patients without diabetes after CRT. The aim of this
study was to identify clinical predictors that explain the differential hazard in patients with
diabetes. We studied 442 patients (169 with diabetes) with systolic HF referred to the
Massachusetts General Hospital CRT clinic from 2003 to 2010 to identify predictors of outcomes
after CRT in patients with HF and diabetes. Patients with diabetes were more likely to have
ischemic causes of HF than those without diabetes, but there was no difference in the left
ventricular ejection fraction or HF classification at implantation. Patients with diabetes had poorer
event-free survival (death or HF hospitalization) compared to those without diabetes (log-rank p =
0.04). The presence of diabetes was the most important independent predictor of differential
outcomes in the entire population (hazard ratio 1.65, 95% confidence interval 1.10 to 2.51).
Patients with diabetes receiving insulin therapy had poorer survival, whereas those not receiving
insulin therapy had similar survival to patients without diabetes. Patients with peri-implantation
glycosylated hemoglobin >7% had worse outcomes, whereas patients with glycosylated
hemoglobin ≤7% had improved survival (hazard ratio 0.36, 95% confidence interval 0.15 to 0.86)
equivalent to that of patients without diabetes. In conclusion, although the presence of diabetes,
independent of other variables, increases the hazard of worse outcomes after CRT, there is
additional risk conferred by insulin use and suboptimal peri-implantation glycemic control.
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In patients with advanced systolic heart failure (HF) and wide QRS complexes, cardiac
resynchronization therapy (CRT) leads to improvements in survival and functional status
and reductions in subsequent HF hospitalizations.1,2 Given the growing prevalence of
diabetes mellitus in patients with newly diagnosed HF,3 assessing the impact of diabetes on
response to CRT is critical. Although recent studies have suggest that patients with and
those without diabetes derive similar relative benefits from CRT therapy with defibrillation
compared to implantable cardioverterdefibrillator therapy alone,4–7 patients with diabetes
still experience poorer clinical outcomes compared to those without diabetes after CRT.7

Therefore, it is critical to identify clinical risk factors that may explain the differential
outcomes between patients with and those without diabetes. We studied patients referred for
CRT at the Massachusetts General Hospital (MGH) stratified by diabetic status to identify
predictors of response to CRT in patients with diabetes compared to those without diabetes.
Finally, to address the impact of hyperglycemia and insulin therapy6 in patients with
diabetes, we studied the effect of preimplantation insulin use and glycosylated hemoglobin
(HbA1c) on clinical outcomes after CRT.

Methods
We studied 442 patients (169 with diabetes) who underwent CRT device implantation at
MGH from February 2003 and February 2010. Patients who were followed in the MGH
multidisciplinary CRT clinic (n = 304 [69%]), established in November 2005, had
prospective collection of demographic, clinical, and biochemical data. The remaining 138
patients (31%) had data collected retrospectively. CRT device implantation was performed
at MGH using a standard transvenous approach or an epicardial approach, when clinically
indicated.

Diabetic status was determined by any clinical diagnosis of diabetes in the medical record
(medical notes or discharge summaries) before CRT device implantation. Patients with
positive stress test results or ≥1 epicardial coronary artery stenosis >50% by review of
medical records were adjudicated as having coronary artery disease. The cause of
cardiomyopathy was adjudicated by a cardiologist in our registry and confirmed by a second
independent cardiologist. In patients with diabetes, HbA1c (obtained on clinical indications)
was included if it was drawn from 100 days before to 30 days after CRT device
implantation. Of the 169 eligible patients with diabetes (38% of the overall population), 83
patients (49%) had peri-implantation HbA1c values assessed.

Preimplantation and 6-month postimplantation transthoracic echocardiography was
performed as a part of the clinical evaluation of these patients (Table 1). The left ventricular
ejection fraction (LVEF) was calculated using the MGH single-dimension method, with
method of disks used at the discretion of the interpreter. For patients with atrial fibrillation, 5
beats were averaged. Response to CRT was defined as an absolute increase in the LVEF
>5% or a relative decrease in left ventricular end-systolic diameter >10%. Of the overall
population, 411 patients (157 with diabetes [93%], 254 without diabetes [93%], overall
93%) underwent clinically indicated preimplantation echocardiographic studies.
Postimplantation echocardiograms were available in 283 patients (176 without diabetes
[64%], 107 with diabetes [63%], overall 64%).

The primary end point of this study was all-cause mortality or HF hospitalization, whichever
came first, <2 years after CRT device implantation, with postimplantation 30-day blanking
period for events. Patients with events or loss to follow-up within the 30-day blanking
period (2 patients of the overall cohort) were excluded from analysis. Medical records from
MGH (from our multidisciplinary CRT clinic and the MGH electronic medical record) and
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Social Security Death Index were reviewed for data collection and adjudication of vital
status at 2 years.

Clinical and echocardiographic characteristics (at baseline and follow-up) were compared
between patients with and without diabetes using Student’s t tests (for continuous variables)
and Fisher’s exact tests (for categorical covariates), with p values <0.05 considered
significant. Kaplan-Meier survival analysis was used to compare event-free survival at 2
years stratified by diabetic status (log-rank p values <0.05 were considered significant), with
a 30-day initial blanking period to limit the effect of early postprocedural adverse events.
Cox proportional-hazards models including diabetic status and preimplantation covariates
known to affect outcome after CRT (e.g., age, gender, serum creatinine, QRS duration,
LVEF, New York Heart Association [NYHA] functional class, ischemic cause of HF, and
insulin use in patients with diabetes) were used to identify predictors of event-free survival
at 2 years (p values <0.05 were considered significant). The best Cox model was selected by
the criterion of statistical significance of included variables and the fitted regression
equation. The link test was performed to confirm that these explanatory variables correctly
specified our regression model, and the proportional-hazard assumption was tested using an
estat proportional-hazard test based on a scaled Schoenfeld residual.

Given that 7% was the median value for eligible peri-implantation HbA1c in the 83 patients
with available values (and that 7% is the currently accepted treatment target in diabetes), we
analyzed baseline clinical and echocardiographic characteristics, survival, and Cox models
in these 83 patients with diabetes stratified by HbA1c >7% and ≤7% using methods specified
earlier. Analyses were performed using Stata version 11 (StataCorp LP, College Station,
Texas).

Results
The results of baseline clinical, biochemical, and echocardiographic characteristics are listed
in Table 1. Compared to the patients without diabetes, those with diabetes were more likely
to have ischemic causes of HF (p = 0.001), hypertension (p <0.0001), and previous coronary
artery bypass graft surgery (p <0.0001). Baseline echocardiographic indexes (Table 1), QRS
durations, types of interventricular conduction delay, serum creatinine values, and NYHA
classes on study entry were similar in the 2 groups. At follow-up, patients with diabetes had
slightly lower LVEFs (p = 0.002) than those without diabetes but no significant difference in
left ventricular dimensions (Table 1). There was also no significant difference in changes in
left ventricular dimension or echocardiographic responsiveness (defined by change in LVEF
>5% or LV endsystolic diameter <10%) between patients with and those without diabetes
over the study period (Table 2).

At median follow-up, 338 patients (76%) had clinical follow up data at 2 years (either an
event occurred within 2 years or they survived event free for 2 years). The remaining 104
patients (30 with and 74 without diabetes) were either lost to follow-up or were not yet 2
years out from the implantation date at the time of analysis (censored at 2 years). The mean
follow-up time was 413 ± 197 days (440 ± 193 days in patients with diabetes vs 402 ± 198
days in those without, p = 0.36). In the entire cohort, 168 patients met ≥1 end point (HF
hospitalization or death) after the 30-day blanking period within 2 years (76 with diabetes
and 92 without), with a total of 89 deaths (42 in patients with diabetes and 57 in those
without).

Echocardiographic response to CRT (as defined previously) predicted outcomes at 2 years in
patients with diabetes (hazard ratio [HR] 0.55, p <0.05) and in those without diabetes (HR
0.41, p <0.05) (Table 3) in an unadjusted Cox model. However, patients with diabetes had
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poorer survival free of death or HF hospitalization compared to those without diabetes (log-
rank p = 0.04; Figure 1). In an unadjusted Cox model in patients without diabetes, only
serum creatinine (HR 1.39, p <0.05), preimplantation baseline NYHA class (HR 2.80, p
<0.05), and echocardiographic response predicted outcomes (Table 3).

In patients with diabetes, creatinine (HR 2.05, p <0.05), baseline NYHA class (HR 2.29, p
<0.05), insulin use (HR 1.84, p <0.05), and echocardiographic response predicted outcomes
(Table 3). In multivariate Cox models (n = 285), serum creatinine (HR 1.46, p <0.05),
baseline NYHA class (HR 2.03, p <0.05), the LVEF (HR 0.97, p <0.05), β-blocker use at
implantation (HR 0.44, p <0.05), and the presence of diabetes (HR 1.65, p <0.05) were
significant predictors of outcomes at 2 years (Table 4). Stratified for the presence of
diabetes, baseline NYHA class, the baseline LVEF, creatinine, and β-blocker use were
statistically equivalent hazards in patients with and those without diabetes and hence did not
explain the differential outcomes between the 2 groups. Diabetes added 65% higher risk in
subjects with equivalent baseline NYHA functional class, LVEFs, serum creatinine values,
and β-blocker use, shown by a Cox model stratified by the presence of diabetes
(Supplementary Figure 1). Thus, the presence of diabetes (independent of other co-
morbidities including ischemia) was the most important hazard in predicting differential
outcomes between patients with and those without diabetes. Ischemic cause of HF, QRS
duration >150 ms, age, and female gender were not significant predictors of outcome in any
of the proportional-hazards regression models. Furthermore, patients with diabetes with
ischemic causes of HF did not have statistically different event-free survival at 2 years
compared to patients with diabetes with nonischemic HF (Supplementary Figure 2).

Given prior work suggesting that the use of insulin therapy may be responsible for the
adverse prognosis of HF in patients with diabetes after CRT,6 we used Kaplan-Meier
analysis to assess event-free survival at 2 years in patients without diabetes, those with
diabetes receiving insulin therapy, and those with diabetes not receiving insulin therapy.
Event-free survival at 2 years in patients without diabetes was identical to that in patients
with diabetes not receiving insulin therapy (log-rank p = 0.62), and the 2 groups fared better
than patients with diabetes receiving insulin therapy (log-rank p = 0.002 for equality of
survivor function among all 3 groups; Figure 2). However, in a multivariate regression
model using insulin as an additional explanatory variable, insulin use did not reach
significance as a predictor of outcomes in patients with diabetes, although there was a trend
noted (HR 1.76, p = 0.08).

Of 169 patients with diabetes, 83 had peri-implantation HbA1c values available. There was
no difference in any baseline clinical, biochemical, or echocardiographic variable between
patients with diabetes who did and did not have peri-implantation HbA1c values available
(Supplementary Table 1). In addition, there was no difference in baseline characteristics
between patients with diabetes with HbA1c >7% and ≤7% (the median value in our study),
except for insulin use (60% vs 21%, p = 0.0003) and male gender (90% vs 67%, p = 0.02),
more prevalent in patients with HbA1c >7%.

A Kaplan-Meier curve depicting unadjusted event-free survival in patients with diabetes
with HbA1c >7% versus HbA1c ≤7% is shown in Figure 2. Patients with diabetes with peri-
implantation HbA1c ≤7% had higher event-free survival compared to those with higher
HbA1c values (log-rank p = 0.002; Figure 3). Again, this difference appeared within the first
90 days of follow-up, suggesting an interaction between CRT therapy and peri-implantation
HbA1c. In 83 patients with available HbA1c values and 34 noted events, HbA1c ≤7% was
protective (univariate HR 0.39, p <0.05). HbA1c ≤7% (HR 0.36, p <0.05) remained
significant when adjusted for baseline NYHA functional class, the baseline LVEF, and β-
blocker use at implantation in a Cox multivariate regression with 64 sample observations
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(Table 5). Although the smaller sample size reduced the power of statistical testing, the
pattern of results from several Cox regressions demonstrated the stability of the results. Of
note, the addition of insulin use as an additional explanatory variable to this multivariate
model led to deterioration in the significance of the overall fit of the Cox regression model,
because of negative collinearity between HbA1c ≤7% and insulin use (tetrachoric correlation
coefficient = −0.59). Similar to the survival results observed with stratification by insulin
therapy (Figure 2), there was no difference in eventfree survival at 2 years between patients
with diabetes with HbA1c ≤7% and patients without diabetes (Figure 3).

Discussion
Our study of 442 patients (169 with diabetes) showed that improvement in the LVEF
predicted improved clinical outcomes in patients with and those without diabetes, in
agreement with recent results suggesting that CRT with defibrillation improves outcomes in
patients with diabetes beyond an implantable cardioverter-defibrillator.6,7 However, in
concert with previous studies that showed increased risk for mortality and HF
hospitalization in patients with diabetes and those without,8,9 the patients with diabetes in
our cohort had significantly poorer outcomes after CRT. Serum creatinine, baseline NYHA
functional class, the baseline LVEF, β-blocker use, and the presence of diabetes were
significant independent predictors of outcomes in the entire cohort. When stratified by the
presence of diabetes, the first 4 variables were statistically equivalent hazards in the diabetic
and nondiabetic subgroups and could not explain the differential outcomes between the 2
groups. However, the presence of diabetes added a hazard of 65% higher risk independent of
these other variables, suggesting a unique effect of diabetes on outcomes independent of
clinical risk.

Importantly, our findings suggest that insulin use and glycemic control may affect long-term
outcomes in patients with diabetes with HF. Patients with diabetes not receiving insulin
therapy had a similar overall event rate compared to those without diabetes, whereas patients
with diabetes receiving insulin therapy had markedly poorer long-term event-free survival.
Moreover, in a subgroup of patients with HbA1c values available, we discovered that
patients with guideline-recommended glycemic control (HbA1c ≤7%) had significantly
better event-free survival at 2 years. Furthermore, long-term event-free survival was
equivalent between patients with diabetes with HbA1c ≤7% and those without diabetes.
Although it is well known that patients with diabetes fare more poorly than those without
diabetes with HF, the markedly worse prognosis in patients receiving insulin or with poor
peri-implantation glycemic control suggests the possibility that more advanced diabetes (as
signaled by requirement for insulin therapy or a higher HbA1c value) before CRT device
implantation may be an important determinant of post-CRT outcomes.

The impact of peri-implantation glycemic control on post-CRT outcomes is a novel addition
to the current published work on CRT in diabetic HF. Martin et al7 reported on 552 patients
with diabetes from the Multicenter Automated Defibrillator Implantation Trial With Cardiac
Resynchronization Therapy (MADIT-CRT), demonstrating that although patients with
diabetes do derive benefit from CRT compared to implantable cardioverter-defibrillator
therapy alone, they have poorer event-free survival compared to patients without diabetes a
mean of 2.4 years after CRT device implantation. However, this study enrolled patients with
milder HF and did not describe insulin use, HbA1c, or their effects on outcome. In another
large, recent study of 447 patients referred for CRT for clinical indications, patients with
diabetes receiving insulin therapy had poorer survival compared to patients without diabetes
out to 5 years after CRT,10 attended by a poorer improvement in the LVEF after CRT.10

Finally, in a substudy of 207 patients with diabetes in the Cardiac Resynchronization in
Heart Failure (CARE-HF) trial, although CRT was found to reduce all-cause mortality to a
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similar degree in patients with and those without diabetes,6 the patients with diabetes
receiving insulin therapy had poorer long-term survival compared to those receiving non-
insulin-based therapies,6 similar to our results.

Although 1 interpretation of our results is that patients with diabetes with better glycemic
control may represent a healthier subgroup with milder HF that does better after any kind of
therapy, the early post-CRT clinical response raises the intriguing possibility that peri-
implantation glycemic control (to guideline-recommended targets) may lead to more
favorable long-term clinical outcomes after CRT device implantation in patients with
diabetes. Formal testing of this hypothesis in a randomized-controlled prospective trial is
warranted in the future.

Although our study was limited by the absence of full echocardiographic and HbA1c data
for all diabetic patients (thereby underpowering some of the analyses), our results agree with
several published reports on CRT in diabetic HF and are plausible given the current
understanding of diabetic HF. In addition, adjudication of diabetic status was performed by
chart review of records from physician visits (not by formal glucose tolerance testing), and
HbA1c values were obtained routinely only for clinical indications. However, the patients
referred for HbA1c testing were not systematically different compared to patients without
HbA1c values (no referral bias; Supplementary Table 1).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier event-free survival curves by diabetic status. Numbers at risk for the 2 cohorts
are shown below the graph. DM = diabetes mellitus.
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Figure 2.
Kaplan-Meier event-free survival curves of patients without diabetes, patients with diabetes
receiving insulin therapy, and patients with diabetes not receiving insulin therapy.
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Figure 3.
Kaplan-Meier event-free survival curves of (A) patients with diabetes with HbA1c ≤7%
versus HbA1c >7% and (B) patients with diabetes with HbA1c ≤7% versus patients without
diabetes. DM = diabetes mellitus.
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Table 1

Baseline clinical characteristics of the study population

Characteristic Diabetes Mellitus p Value

Yes
(n = 169)

No
(n = 273)

Age (years)   69 ± 10   68 ± 14   0.35

Men 139 (82%) 221 (81%)   0.80

Ischemic cardiomyopathy 114 (67%) 140 (51%)   0.001

Transvenous CRT placement 154 (91%) 256 (94%)   0.35

Hypertension 143 (85%) 180 (66%) <0.0001

Coronary artery disease 132 (78%) 161 (59%) <0.0001

Permanent atrial fibrillation   63 (37%)   91 (33%)   0.41

Previous coronary artery bypass grafting   92 (54%)   89 (33%) <0.0001

Previous percutaneous coronary intervention   48 (28%)   68 (25%)   0.44

Medications on presentation

  β blockers 148 (88%) 239 (88%)   1.00

  Any diuretic 151 (89%) 233 (85%)   0.25

  Digoxin   73 (43%) 120 (44%)   0.92

  Angiotensin-converting enzyme inhibitors or angiotensin receptor blockers 134 (79%) 225 (82%)   0.45

  Aldosterone antagonists   60 (36%)   84 (31%)   0.35

Baseline echocardiography

  Time before implantation (days)   66 ± 107   59 ± 93   0.48

  LVEF (%)   23 ± 7   23 ± 7   0.77

  LV end-diastolic diameter (mm)   62 ± 8   63 ± 9   0.25

  LV end-systolic diameter (mm)   54 ± 9   55 ± 10   0.58

Follow-up echocardiography

  Time after implantation (days) 215 ± 61 206 ± 47   0.24

  LVEF (%)   28 ± 11   33 ± 12   0.002

  LV end-diastolic diameter (mm)   59 ± 8   60 ± 11   0.98

  LV end-systolic diameter (mm)   51 ± 9   50 ± 12   0.68

QRS duration at implantation (ms) 159 ± 28 161 ± 29   0.39

QRS duration > 150 ms 102 (63%) 153 (61%)   0.76

Serum creatinine (mg/dl)   1.6 ± 0.6   1.5 ± 0.7   0.19

NYHA class at presentation   3.1 ± 0.4   3.0 ± 0.4   0.17

Class IV at presentation    15 (12%)     22 (10%)   0.72

NYHA class at 6 mo   2.5 ± 0.8   2.2 ± 0.8   0.002

Class IV at 6 mo     10 (9%)      8 (5%)   0.14

Data are expressed as mean ± SD or as number (percentage).
LV = left ventricular.
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Table 2

Clinical and echocardiographic response to cardiac resynchronization therapy

Responsiveness Diabetes Mellitus p Value

Yes No

Change in LVEF at follow-up (%)   5.5 ± 10   8.9 ± 11 0.01

Change in LV end-diastolic diameter at follow-up (mm) 0.05 ± 0.1 0.06 ± 0.1 0.43

Change in LV end-systolic diameter at follow-up (mm) 0.06 ± 0.12 0.08 ± 0.14 0.42

Change in NYHA class −0.6 ± 0.9 −0.8 ± 0.8 0.06

Responder, LVEF increase >5%   54 (52%)   103 (62%) 0.16

Responder, LV end-diastolic diameter decrease >10%   25 (26%)     55 (34%) 0.21

Responder, LV end-systolic diameter decrease >10%   36 (41%)     64 (43%) 0.79

Responder by LV end-systolic diameter or LVEF   60 (58%)   114 (68%) 0.12

Data are expressed as mean ± SD or as number (percentage).
LV = left ventricular.
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Table 3

Unadjusted (univariate) Cox proportional-hazards model for event-free survival at 2 years in patients without
and with diabetes

Covariate Diabetes Mellitus

No Yes

HR 95% CI HR 95% CI

Age at implantation 1.00 0.99–1.02 1.01 0.98–1.03

Female gender 0.51 0.27–0.96 0.76 0.40–1.44

Serum creatinine (per unit mg/dl) 1.39 1.14–1.69* 2.05 1.54–2.73*

QRS duration >150 ms 0.66 0.43–1.01 0.81 0.51–1.29

Baseline NYHA class 2.80 1.55–5.05* 2.29 1.12–4.66*

LVEF 0.97 0.97–1.00 0.99 0.96–1.03

Ischemic cause of HF 1.45 0.95–2.19 1.29 0.78–2.13

β-blocker use at implantation 0.67 0.39–1.16 0.54 0.30–0.99

Echocardiographic responder 0.41 0.23–0.73* 0.55 0.31–0.99*

Insulin use NA       NA 1.84 1.17–2.88*

CI = confidence interval; NA = not applicable.

*
p <0.05.
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Table 4

Adjusted multivariate Cox proportional-hazards model for event-free survival at 2 years in the overall
population, including diabetic status (n = 275 available)

Covariate HR 95% Confidence Interval

Age at implantation 1.00 0.98–1.02

Female gender 0.55 0.28–1.08

Serum creatinine 1.46* 1.18–1.79

QRS >150 ms 0.86 0.57–1.31

Baseline NYHA class 2.03* 1.16–3.54

LVEF 0.97* 0.94–1.00

Ischemic cause of HF 1.11 0.70–1.75

β-blocker use at implantation 0.44* 0.25–0.74

Presence of diabetes mellitus 1.65* 1.10–2.51

*
p <0.05.
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Table 5

Adjusted multivariate Cox proportional-hazards model for event-free survival at 2 years in patients with
diabetes (n = 65)

Covariate Patients With Diabetes

HR 95% Confidence Interval

Age at implantation 1.02 0.98–1.07

Female gender 0.51 0.15–1.74

Serum creatinine >2 mg/dl 1.52 0.64–3.61

QRS >150 ms 0.91 0.43–1.94

Baseline NYHA class 3.31* 1.11–9.88

LVEF 0.92* 0.86–0.99

Ischemic cause of HF 0.90 0.40–2.06

β-blocker use at implantation 0.23* 0.08–0.70

HbA1c ≤7% 0.36* 0.15–0.86

*
p <0.05.
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