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Abstract

Background Insulin is commonly used in type 2 diabetes mellitus (T2DM) to achieve glycemic control. However,
recent evidence showed that insulin use is associated with poor outcomes in the context of heart failure (HF). Since
heart failure with reduced ejection fraction (HFrEF) accounts for approximately 50% of cases in the general HF
population, we aimed to evaluate the effect of insulin treatment on left ventricular (LV) remodeling and contractility
abnormalities in a HFrEF cohort and assess whether insulin was a predictor of adverse outcomes in this entity.

Methods A total of 377 HFrEF patients who underwent cardiac MRI were included and divided according to
diabetes status and the need for insulin treatment. LV structural and functional indices, as well as systolic strains,
were measured. The determinants of impaired myocardial strains were assessed using linear regression analysis. The
associated endpoints were determined using a multivariable Cox proportional hazards model.

Results T2DM patients on insulin displayed a higher indexed LV end-diastolic volume and LV mass than those with
T2DM not on insulin or those without T2DM, despite similar LV ejection fractions, accompanied by a higher three-
dimensional spherical index (P <0.01). Worse longitudinal and circumferential peak systolic strain was shown to occur
in T2DM patients on insulin (P <0.01). Insulin treatment was independently associated with impaired magnitudes of
systolic strain. The median follow-up duration was 32.4 months (IQR, 15.6-43.2 months). Insulin treatment remained
consistently associated with poor outcomes after adjustment for established confounders, with an adjusted hazard
ratio of 3.11; (95% Cl, 1.45-6.87; P=0.009) in the overall cohort and 2.16 (95% Cl, 1.08-4.59; P=0.030) in the diabetes
cohort.

Conclusions Insulin may further lead to adverse LV remodeling and contractile dysfunction in the context of HFrEF
with T2DM. Considerable care should be taken when treating HFrEF patients with insulin.
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Introduction

Heart failure (HF) has now become a global health bur-
den, affecting an estimated 23 million people [1]. The
clinical outcome of HF is still poor, and optimal treat-
ment for both HF and its common comorbidities is
equally important to lower the risk of hospitalization or
death [2]. HF and type 2 diabetes mellitus (T2DM) often
occur concomitantly, and both HF and T2DM closely
interact with each other. The onset of one disease pro-
motes a worse prognosis and further disease progression
in the other [3]. Although the benefits of standard treat-
ments are similar in HF patients irrespective of T2DM
status, controversy remains about how to safely achieve
and maintain glycemic control in HF patients with
T2DM [3-5].

As monotherapy or in combination with other glycemic
agents, insulin is a commonly used effective treatment
for T2DM to achieve glycemic control. It alters renal
handling of sodium, reenforcing fluid retention and trig-
gering hyperinsulinemic hypoglycemia which might lead
to myocardial ischemia and tachycardia by activating the
sympathetic nervous system [5, 6]. Previous data from
several registries and multicenter studies have demon-
strated the association between insulin use and adverse
outcomes in patients with chronic HF and T2DM, sug-
gesting the detrimental effect of insulin on left ventricu-
lar (LV) remodeling in patients with HF comorbid with
T2DM [2, 7-11].

Given that heart failure with reduced ejection fraction
(HFrEF) accounts for approximately 50% of cases in the
general HF population and is increasing in prevalence in
the aging population, it is necessary to specifically clarify
the adverse LV remodeling and mechanical alterations in
patients with HFrEF and T2DM who take insulin [12].
However, to the best of our knowledge, little is known
about the effect of insulin treatment on LV remodeling
or on contractility abnormalities in this entity. Cardiac
MRI has now been acknowledged as the optimal imaging
method for comprehensive assessment of cardiac geom-
etry and myocardial mechanics. Accordingly, the pres-
ent study was designed to investigate the potential role of
insulin use on LV remodeling and contractile abnormali-
ties by cardiac MRI and to assess whether this therapy is
associated with poor outcomes in patients with comorbid
HFrEF and T2DM.

Methods

Data collection and study design

We performed an observational study to investigate the
association between insulin treatment and outcome in
patients with T2DM who develop HFrEF. The diagnosis
of HFrEF was made according to the guidelines from the
European Society of Cardiology (2021) [1]. Patients were
initially enrolled between January 2015 and December
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2021 via a hospital admission or consultation at an outpa-
tient clinic with the presence of symptoms and/or signs
of HF, an elevated amino-terminal pro-B-type natriuretic
peptide (NT-proBNP), and a reduced LV ejection frac-
tion (LVEF<40%) on cardiac MRI. Subjects who were
18 years old or under or had acute coronary syndrome,
severe arrhythmia, or incomplete MRI images were
excluded. The overall study cohort was further stratified
by diabetes status and the need for insulin treatment: (1)
the non-DM group; (2) the T2DM group without insulin
treatment; and (3) the T2DM group with insulin treat-
ment. Demographics, clinical characteristics, and labo-
ratory measurements at baseline were collected from
electronic clinical records. All patients were followed
for the primary composite outcome of HF readmission,
all-cause mortality and heart transplantation. Follow-up
data were obtained from electronic medical records or
phone calls to patients or family members. Follow-up
duration was calculated as either the time from cardiac
MRI to the occurrence of any endpoint or June 2022 (the
last follow-up date).

This study was approved by the Biomedical Research
Ethics Committees of our hospital and was complied
with the Declaration of Helsinki. Written informed con-
sent was waived because of the retrospective nature of
the study. All medical data were protected with full con-
fidentiality and used only for the purpose of the present
study.

MRI protocol and imaging postprocessing

MRI was performed on a 3-Tesla scanner (MAGNE-
TOM Skyra/Tim Trio; Siemens Healthcare, Erlangen,
Germany). Cine imaging was performed in the two-
chamber long-axis view, four-chamber long-axis view,
and 8-12 contiguous slices in the two-chamber short-
axis view from the mitral valve to the LV apex using a
retrospectively segmented ECG-gated balance steady
state free precession sequence with the following param-
eters: repetition time=2.81 ms; echo time=1.22 ms;
slice thickness=8.0 mm; flip angle=40°/50° acquisition
matrix=166x208 pixels; and field of view=340x284
mm? Twenty-five frames were reconstructed per breath-
hold acquisition for cine images.

All images were analyzed using commercially available
CVI* software (Circle Cardiovascular Imaging, Inc., Cal-
gary, Alberta, Canada) by two investigators (K.S. with 10
years and G.Z. with 8 years of cardiac MRI experience)
who were blinded to each other’s findings. The interob-
server reproducibility of measurement for the MRI indi-
ces was good, with intraclass correlation coefficients
(ICCs) ranging from 0.90 to 0.93. In a series of short-
axis images, endocardial and epicardial borders were
manually drawn at the LV end-diastolic and end-systolic
phases, respectively. LV function parameters, including
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EF, end-diastolic volume (EDV), end-systolic volume
(ESV), and stroke volume (SV), were automatically cal-
culated. LV mass (LVM) was assessed by measuring the
area between the endocardial and epicardial borders in
each of the short-axis slices. LV papillary muscles were
included in the LVM but not in the LV volume. LV func-
tion parameters and LVM were indexed to body surface
area [13]. LV length was measured at the LV end-diastolic
phases in a four-chamber view of long-axis images. The
three-dimensional spherical index (3D-SI) was calculated
as previously described [14].

A stack of short-axis cine images combined with long-
axis images were loaded into the feature-tracking module
for LV systolic strain analysis. We delineated LV endo-
cardial and epicardial borders at the end-diastolic phases
(reference phase) of all cine images. The short-axis refer-
ence points were inserted at the upper and lower septal
insertion of the LV for global analysis of strain. Then,
the software automatically traced and drew the con-
tours throughout the remaining cardiac cycle. During the
systolic phase, the LV shortens in the longitudinal and
circumferential directions, causing negative global longi-
tudinal peak strain (PS) and circumferential PS, whereas
thickening in the radial direction causes positive global
radial PS [15].

Statistical analysis

Statistical analyses were performed using SPSS (IBM
SPSS Inc., Armonk, New York, USA) and Prism (Graph-
Pad software Inc., San Diego, California, USA). The
normality of the data was determined using the Shap-
iro—Wilk test. Data are expressed as means with standard
deviations or medians with interquartile ranges (IQRs)
for continuous variables and frequencies for categori-
cal variables. Clinical and MRI variables were compared
among the non-DM, DM not on insulin, and DM on
insulin subgroups using one-way analysis of variance, fol-
lowed by the Bonferroni post hoc test, Kruskal-Wallis
test, or chi-square test (Fisher’s exact test), as appropri-
ate. The determinants of impaired LV contractile func-
tion were assessed separately in the overall cohort and in
the T2DM cohort using linear regression analysis. Can-
didate variables with P<0.10 in the univariable analysis
and absence of collinearity were included in building
the multivariable models. Long-term adverse outcomes
were assessed using Kaplan—Meier survival analysis and
compared among the groups using the log-rank test. The
variables associated with adverse outcomes were deter-
mined using a multivariable Cox proportional hazards
model. Variables with P<0.10 in univariable analysis
were included as cofactors for the Cox adjustment. Dif-
ferences with a two-tailed P value <0.05 were considered
indicative of significance.
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Results

Baseline characteristics of the study population

In general, among the 377 patients with HFrEF finally
included in this study, 62.1% had T2DM, with one third
of them prescribed with insulin. Table 1 depicts the base-
line characteristics of the study population according to
diabetes status and insulin use. T2DM patients with and
without insulin treatment had a higher body mass index
(P=0.005) and systolic blood pressure (P<0.001) than
those without T2DM. T2DM patients who used insulin
tended to be older than T2DM patients who did not use
insulin and patients without T2DM (P=0.076). How-
ever, sex, diastolic blood pressure, heart rate, and history
of smoking and drinking were similar among the three
groups, irrespective of their diabetes status and whether
they were prescribed insulin (all P>0.05).

Compared to non-DM patients, T2DM patients with
and without insulin treatment had a higher preva-
lence of hypertension (HT) (P<0.001) and dyslipid-
emia (P=0.002). However, ischemic etiology of HF was
comparable among the three groups (P>0.05). Insulin-
requiring patients had the highest levels of NT-proBNP,
troponin T, fasting blood glucose and glycated hemoglo-
bin (HbA1C) but the lowest estimated glomerular filtra-
tion rate (eGFR) across groups (all P<0.001). the use of
cardiovascular medications was similar among the three
groups, with the exception of calcium-channel blockers
(P=0.006) and statins (P=0.005), which were more likely
to be prescribed to T2DM patients who took insulin.

Additionally, between both groups of T2DM patients,
individuals on insulin treatment had a longer diabetes
duration than those without (P<0.001). Moreover, no
significant difference was found in the oral hypoglycemic
medications used between the two groups (all P>0.05;
Table 2).

Association of insulin with LV remodeling and abnormal
myocardial mechanics

Although LVEF was similar across groups (P>0.05),
T2DM patients on insulin displayed higher LVEDV
(P=0.009), LVESV (P=0.015), and LVSV (P=0.019)
than those with T2DM not on insulin and those with-
out T2DM. However, when corrected for body size,
these indices did not notably differ among the groups
except for indexed LVEDV (DM on insulin: 173.6£69.5
mL/m? vs. DM not on insulin: 153.4+48.8 mL/m? vs.
non-DM: 155.1+42.6 mL/m? P=0.014). Moreover, LVM
was greater in T2DM patients on insulin treatment than
in those without insulin treatment, and LVM in both of
these groups was greater than that in participants with-
out T2DM (P <0.001); the significant difference remained
even when taking body size into account (DM on insulin:
92.7+16.8 g/m* vs. DM not on insulin: 83.5+24.6 g/m>
vs. non-DM: 76.6+20.7 g/m% P=0.005; Fig. 1). Finally,
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Table 1 Baseline characteristics of the study population according to diabetes status and insulin use
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Non-DM (n=143)

Non-insulin-treated DM

Insulin-treated DM (n=78)

(n=156)
Age, yrs 5534121 563+125 59.1+£10.2
Male, n (%) 94 (65.7) 110 (70.5) 53(67.9)
BMI, kg/m? 235+4.1 249+37* 249+35%
SBP. mmHg 1135+£21.8 1204+20.1*% 128.8+22.9*t
DBP, mmHg 73.6+135 79.1+£14.0 782+135
h, beats/min 86.1+185 874+187 854+128
Smoking, n (%) 62 (43.4) 71 (45.5) 41 (52.6)
Drinking, n (%) 40 (28.0) 53(34.0) 25 (35.9)
HF duration, n (%)
<lyr 78 (54.5) 82 (52.6) 42 (53.8)
>Tand <5yrs 41 (28.7) 45 (28.8) 20 (25.6)
>5yrs 24 (16.8) 29 (18.6) 16 (20.5)
DM durarion, n (%)
<lyr NA 98 (62.8) 20 (25.6) A
>Tand <5yrs NA 23 (14.7) 11(014.1)
>5yrs NA 35(22.4) 47 (60.3) A
NYHA functional class lll- IV, n (%) 105 (734) 118 (75.6) 64 (82.1)
Ischemic etiology of HF 48 (33.6) 47 (30.1) 30 (38.5)
Medical history, n (%)
HT 35(24.5) 71(455)8§ 45(57.7) 8
AF 21(14.7) 39(25.0) 14(17.9)
Dyslipidemia 28(19.6) 59(378)§ 27 (346) §
COPD 16(11.2) 13(8.3) 10(12.8)
SAS 5(3.5) 9(5.8) 4(5.7)

Laboratory measurements
NT-proBNP, pg/mL
eGFR, mL/min/1.73m?
TPN-T ng/L

FBG, mmol/L

HbA1C, %

TG, mmol/L

TC, mmol/L

HDL-C, mmol/L
LDL-C, mmol/L
Hemoglobin, g/L
Cardiovascular medications, n (%)
Beta-blocker
ACEI/ARB
Sacubitril/valsartan
Any diuretics

MRA

CcB

Anti-thrombotic
agents

Statins

Digoxin

2527 (997,5392)
79.2+234
22(12.3,46.6)
53(4.8,59)
58(5.6,6.1)
1.3£06
40£12
1.1£03
24+09
137(126.5,150)

94 (65.7)
91 (63.6)
32(224)
129 (90.2)
107 (74.8)
15(10.5)

78 (54.5)

52 (36.4)
21(14.7)

2587 (1223, 6288)
776+21.6

284 (16.5,54.3)
72(6.2,89 &
6.9(6.3,7.7) &
1.7+£09*
41£12

1.0£0.3

24+09

137.5 (126, 154.3)

112(71.8)
116 (74.4)
37(237)
134 (85.9)
123 (78.8)
31(19.9)
96 (61.5)

3495 (1713,10,059) &#
63.4+289%F
41.3(23.9,73.6) &#

9.5 (6.6,13.1) &#
7.9(7.1,9.6) &
1.6+0.3*

39+1.1

1.1£03

22+09

135.5(106.5, 149)

55 (70.5)
53 (67.9)
20 (25.6)
71(90.0)
57(73.1)
21(26.9)
50 (64.1)

46 (59.0) SA
15(19.2)

Data are presented as mean+SD, media (Q1-Q3) or number (percentage)

One-way analysis of variance test: * P-value <0.017 versus no DM cohort. t P-value <0.017 versus DM not on insulin cohort. Kruskal-Wallis test: & P-value <0.05 versus
no DM cohort. # P-value<0.05 versus DM not on insulin cohort. Chi-square test (Fisher’s exact test): § P-value <0.05 versus no DM cohort. A P-value <0.05 versus DM

not on insulin cohort

Abbreviations: DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; HF, heart failure; NYHA,
New York Heart Association; HT, hypertension; CAD, coronary artery disease; AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; SAS, sleep apnea

syndrome;

NT-proBNP, amino-terminal pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; TPN-T, Troponin T; FBG, fasting blood glucose; HbA1C,
glycated hemoglobin; TG, triglycerides; TC, cholesterol; HDL-C, high-density lipoprotein cholesterol content; LDL-C, low-density lipoprotein cholesterol content.
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist; CCB, calcium-channel blocker
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Table 2 Oral hypoglycemic treatment in the diabetic cohort

DM treat- DM treat- P-value
ment with-  ment with
outinsulin  insulin
(n=156) (n=78)
Metformin 58 (37 2) 25(32.1) P=0.440
Sulfonylureas 1(19.9) 7(21.8) P=0.731
a-Glucosidase inhibitors (26 3) 21 (26.9) P=0917
SGLT-2 47 (30.1) 32 (41.0) P=0.097
DPP-4 inhibitors 10 (6.4) 8(10.3) P=0.298

Data are presented as number (percentage)

Abbreviations: DM, diabetes mellitus; a-Gl, a-Glucosidase inhibitors; SGLT-
2, sodium-glucose cotransporter-2 inhibitors; DPP-4 inhibitors, dipeptidyl
peptidase 4 inhibitors

insulin-requiring subjects demonstrated a higher 3D-SI
than diabetic subjects not taking insulin or those without
diabetes (DM on insulin: 0.63%£0.15 vs. DM not on insu-
lin: 0.57£0.14 vs. non-DM: 0.55%0.13; P=0.001; Fig. 1).
More details can be found in Table 3.

As shown in Fig. 2, deterioration of the magnitude of
LV global longitudinal PS was greatest in insulin-treated
patients with T2DM, intermediate in non-insulin-treated
patients with T2DM, and lowest in non-DM patients
(DM on insulin: -4.2% + 1.5% vs. DM not on insulin:
-5.0% £ 2.2% vs. non-DM: -6.4% + 2.4%; P<0.001). T2DM
patients on insulin treatment exhibited more severe
impairment in the magnitude of LV global circumferen-
tial PS than T2DM patients not taking insulin or patients
without T2DM (DM on insulin: -6.1% + 2.2% vs. DM
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not on insulin: -7.3% + 3.2 vs. non-DM: -7.6% * 3.3%;
P=0.007). Nevertheless, a nonsignificant trend was found
for the magnitude of LV global radial PS across groups
(DM on insulin: 9.5% + 5.2% vs. DM not on insulin: 8.9%
+4.5% vs. non-DM: 7.9% + 3.3%; P=0.104).

Univariable linear regression analysis of the whole
study population showed that obesity; the presence of
HT, coronary artery disease and T2DM; insulin use;
NT-proBNP; eGFR and indexed LVM were associated
with impaired longitudinal PS (all P<0.05). After multi-
variable adjustment, the presence of T2DM and insulin
use remained independent determinants of impaired
longitudinal PS (T2DM: multivariable $=0.18, P<0.01;
insulin use: multivariable $=0.13, P<0.05). Likewise, a
similar association was observed for circumferential PS
when adjusted for the same variables (T2DM: multivari-
able $=0.10, P<0.05; insulin use: multivariable $=0.16,
P<0.01) (Table 4).

Association between insulin treatment and adverse
outcomes

The entire study cohort was observed for a median of
32.4 months (IQR, 15.6-43.2 months). During the fol-
low-up period, the primary composite outcome, which
included 41 HF readmissions (10.9%), 13 all-cause deaths
(3.4%) and 5 heart transplantations (1.3%), occurred in
59 patients (15.6%). The proportion of patients experi-
encing an adverse event was significantly higher in the
T2DM group that received insulin than in either the

_i_

3D-SI

Fig. 1 Differences of indexed left ventricular mass and 3D-SI across the groups. Abbreviations: LVMi, indexed left ventricular mass; 3D-SI, three-dimen-
sional spherical index; DM, diabetes mellitus; ns, no statistical significance; ¥, P-value <0.017
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Table 3 LV geometry and function of the study population
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Non-DM (n=143)

Non-insulin-treated DM Insulin-treated DM (n=78)

(n=156)
LVEDV, mL 259.1 (202.7,320.5) 267.3(197.2,312.9) 282.2(210.8,351.5) &#
LVEDV index, mL/m? 155.1+42.6 153444838 173.6+£69.5%
LVESV, mL 189.8 (137.1, 252.6) 193.8 (137.8,247.1) 211.7 (149.7, 284.7) &t
LVESV index, mL/m? 117.7+£41.0 116.2+459 1313+63.7
LVSV, mL 62.9+229 61.5+23.8 71.1+£269%F
LVSV index, mL/m? 374+£109 36.1£10.1 409+12.7
LVEF, % 25.7£86 252%90 252+92
LVM, g 1274371 1454 +39.8* 164.2+36.2%F
LVM index, g/m? 76.6+20.7 83.5+24.6* 92.7+16.8%F
LVEDD, mm 64.3+6.7 64.7+6.1 65.2+6.3
LVESD, mm 513+44 520+56 505+59
LV length, mm 96.7£12.1 973112 1002+10.8
3D-S 0.55+0.13 0.57+0.14 0.63+0.15%F

Data are presented as mean+SD, or media (Q1-Q3).

One-way analysis of variance test: * P-value <0.017 versus no DM cohort. t P-value <0.017 versus DM not on insulin cohort. Kruskal-Wallis test: & P-value <0.05 versus

no DM cohort. # P-value <0.05 versus DM not on insulin cohort

Abbreviations: LV, left ventricular; DM, diabetes mellitus; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVSV, left
ventricular stroke volume; LVEF, left ventricular ejection fraction; LVM, left ventricular mass; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular

end-systolic dimension; 3D-SI, three-dimensional spherical index

ns

ns ns ns

30- o- ................................................. 0- .................................................
- X
s -5 ]
# 20 3 g
ol o & .54
& £ -101 g
© -154 =
& 10- "g‘ % -107
£ -207 S
o
0 , " " -25 . . . -15 . . :
&> &> & 3 &> &>
'oé o"&\ &o\‘ & > o"&\ o"o\\ (\,0“\ 0"&\ <“’°\\
& & & & & & & & &
S S S S S N\
@\‘\ Q é\(\ Q \&o Q
Q Q Q

Fig. 2 Differences of magnitude of global left ventricular systolic PS across the groups. Abbreviations: DM, diabetes mellitus; PS, peak strain; ns, no statisti-

cal significance; *, P-value <0.017

T2DM group that did not receive insulin or the non-DM
group (29.5% vs. 15.4% vs. 8.4%; P=0.004). Detailed event
data in the three groups are shown in Fig. 3. By Kaplan—
Meier survival analysis, T2DM patients prescribed insu-
lin showed worse long-term outcomes during follow-up
(log-rank P<0.001; Fig. 3).

On Cox multivariable analysis, T2DM patients pre-
scribed insulin had a 3-fold increase in the risk of pri-
mary composite outcome compared with non-DM
patients (HR=3.11; 95% CI, 1.45-6.87; P=0.009),
whereas T2DM patients not prescribed insulin had a
2-fold increase (HR=2.16; 95% CI, 1.06—4.40; P=0.015)
after adjustment for baseline characteristics, etiology of

HE, NT-proBNP, eGFR, and utility of sacubitril/valsartan.
(Table 5). Of note, when we performed Cox multivari-
able analysis separately in the T2DM group, insulin treat-
ment remained associated with the primary composite
outcome compared to those not treated with insulin
(HR=2.85; 95% CI, 1.40-5.51; P=0.007) after adjustment
for the abovementioned prognostic variables. Further-
more, despite the attenuated risk, the major confounders
HbA1C and DM duration did not change the relationship
between insulin treatment and adverse outcomes, with
an adjusted HR of 2.16 (95% CI, 1.08-4.59; P=0.030)
(Table 6).
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Table 4 Linear regression analysis of the determination of
impaired LV contractile function in overall cohort

Circumferen-  Longitudinal

tial PS PS

Uni-  Mul- Uni-  Mul-

vari- tivari- vari- tivari-

able ablef able able

B Y B
Age, per 10 units increase 0.06 0.02
Obesity#, yes or no 0.181 0.20t 020t 0.12*
HT, yes or no 0.04 0.22t
CAD, yes or no 0.07 0.19t 0.15t
T2DM, yes or no 0.12* 0.10* 0.34t 0.18t
Insulin use, yes or no 020t O.16t 0.28t 0.13*
NT-proBNPS§, per 1 unit increase 020t 0.19% 023t 0171
eGFR, per 1 unitincrease -0.06 -0.11*
Indexed LVM, per 1 unit increase 020t O.16t 0.26t 0.18t

B is adjusted regression coefficient
* P-value<0.05. t P-value<0.01

# Subjects with body mass index>25 kg/m? were classified as obese group that
proposed by the World Health Organization for Asian populations

§ NT-proBNP is log-transformed before being included in the regression
analysis

Abbreviations: LV, left ventricular; PS, peak strain; HT, hypertension; CAD,
coronary artery disease; DM, diabetes mellitus; NT-proBNP, amino-terminal
pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; LVM,
left ventricular mass

Discussion

The present study highlights evidence supporting the
need to consider the safety of insulin therapy before
prescribing it to patients with HFrEF. The main findings
were as follows: (1) insulin usage in comorbid HFrEF and
T2DM seems to be associated with increased LV volume,
aggravated LVH and spherical-like LV remodeling. (2)
Despite a similar LVEF across groups, T2DM patients
who took insulin displayed deteriorated LV contractility,
with worse systolic PS in the longitudinal and circumfer-
ential directions. Insulin treatment was the independent
determinant of the reduced magnitude of global longi-
tudinal and circumferential PS. (3) Finally, insulin treat-
ment was found to be associated with an increased risk
of adverse clinical outcomes in patients with HFrEF, and

DM on insuli
oninsulin 19.2 M All-cause death

HF readmission
DM not on insulin

115

P =0.004

v w

Percentage of patients, %

I Heart transplantations
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Table 5 Cox proportional hazards regression analysis to identify
the association of DM status and insulin use with adverse
outcomes in overall cohort

HR (95% ClI) P-value
Unadjusted model
Non-DM 1.00 (reference)
Non-insulin-treated DM 2.82(142-561) P=0.003
Insulin-treated DM 483 (2.39-9.74) P <0.001
Model 1: adjusted for age, sex, BMI* and NYHA function class
Non-DM 1.00 (reference)
Non-insulin-treated DM 2.59(1.29-5.21) P=0.008
Insulin-treated DM 441 (2.14-9.07) P<0.001
Model 2: adjusted for model 1 combined with etiology of HF
Non-DM 1.00 (reference)
Non-insulin-treated DM 2.58(1.28-5.20) P=0.007
Insulin-treated DM 445 (2.16-9.15) P <0.001

Model 3: adjusted for model 2 combined with NT-proBNPS§, eGFR, and
use of sacubitril/valsartan
Non-DM 1.00 (reference)

Non-insulin-treated DM 2.16 (1.06-4.40) P=0.015
Insulin-treated DM 3.11 (1.45-6.87) P=0.009

* BMI is considered as binary variable (BMI>25 kg/m?) when including in the
Cox model

§ NT-proBNP is log-transformed before being included in the Cox model

Abbreviations: DM, diabetes mellitus; HR, hazards ratio; Cl, confidence interval;
BMI, body mass index; NYHA, New York Heart Association; NT-proBNP, amino-
terminal pro-B-type natriuretic peptide; eGFR, estimated glomerular filtration
rate

this association persisted regardless of DM status and
duration.

Role of insulin in the development of adverse LV
remodeling

Insulin has long been used as a second-line therapy to
manage T2DM when oral hypoglycemic drugs fail to
achieve the targeting glycemic level. Insulin usage among
high-risk patients has the advantage of protecting against
glucotoxicity that may lead to diabetes-related microvas-
cular complications [6, 11]. However, one of the potential
adverse effects of insulin in HF is that it contributes to
sodium and water retention, which may exacerbate car-
diac decompensation [16]. Our study, which included

= Non-DM

=
o
(=]

— DM not on insulin

— DM on insulin

Percent survival, %
v
o

Log-rank P < 0.001

0 1 2 3 4
) ) Follow-up time, yrs
Sujects at risk

143 140 136 72 20
156 111 71 aa 18
78 54 a2 22 12

Fig. 3 Prevalence of adverse outcomes and survival curves during a median follow-up of 2.7 years . Abbreviations: HF, heart failure; DM, diabetes mellitus
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Table 6 Cox proportional hazards regression analysis to identify
the association between insulin use and adverse outcomes in
DM cohort

HR (95% ClI) P-value
Unadjusted model
Non-insulin-treated DM 1.00 (reference)
Insulin-treated DM 3.01 (1.66-5.44) P<0.001

Model 1: adjusted for age, sex, BMI* and NYHA function class

Non-insulin-treated DM 1.00 (reference)

Insulin-treated DM 2.94 (1.62-5.33) P<0.001
Model 2: adjusted for model 1 combined with etiology of HF
Non-insulin-treated DM 1.00 (reference)
Insulin-treated DM 293 (1.61-5.34) P<0.001

Model 3: adjusted for model 2 combined with NT-proBNP§, eGFR, and
use of sacubitril/valsartan

Non-insulin-treated DM 1.00 (reference)
Insulin-treated DM 2.85(1.40-5.51) P=0.007
Model 4: adjusted for model 3 combined with HbA1C and DM duration
Non-insulin-treated DM 1.00 (reference)
Insulin-treated DM 2.16 (1.08-4.59) P=0.030

* BMI is considered as binary variable (BMI>25 kg/m?) when including in the
Cox model

§ NT-proBNP is log-transformed before being included in the Cox model
Abbreviations as in Table 5

MRI assessment, showed that insulin treatment is associ-
ated with further LV dilatation and spherical-like remod-
eling in the setting of T2DM. The current findings could
in turn explain the observations by Cosmi et al., who
reported that insulin-treated patients in an HFrEF cohort
suffered from more signs of cardiac congestion as well as
a more advanced NYHA functional class [10]. Thus, our
study indicated a simple and effective MRI parameter
that may be used as a marker of congestion and predictor
of poor outcomes.

A more recent study reported that patients with
comorbid HFrEF and T2DM exhibited higher LVM than
nondiabetic patients [17]. Nevertheless, little is known
about the reciprocal relationship between insulin treat-
ment and LVM in HFrEF patients with T2DM. The pres-
ent study extends this cardiac hypertrophy to a specific
population in which patients with concomitant HFrEF
and T2DM are prescribed insulin. We speculate that
insulin itself could induce cardiomyocyte hypertrophy
alongside myocardial fibrosis and collagen accumula-
tion [18]. Whether the observed LVH in insulin-treated
patients is reversible deserves further investigation.

Insulin use and LV contractile dysfunction

To the best of our knowledge, our study was the first
to use strain analyses derived from MRI feature track-
ing to explore the effect of insulin use on changes in LV
mechanics. In a CHS cohort study, Garg et al. observed
that higher insulin secretion was associated with worse
LV longitudinal systolic function in an older population
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with prediabetes and diabetes [19]. In contrast, with
regard to HFrEF comorbid with T2DM, data from this
study displayed worse longitudinal and circumferential
systolic strain values in individuals on insulin than in
those not on insulin. More importantly, after consider-
ing the established variables that are linked to the mag-
nitude of myocardial strain, insulin treatment remained
associated with reduced systolic strain in the multivari-
able regression model in the overall cohort. This finding
may reflect that insulin is detrimental to cardiomyocytes
in HFrEF patients in the context of T2DM. Supporting
evidence reveals that in addition to water and sodium
retention, insulin-induced hypoglycemia could trigger
widespread abnormal autonomic nervous system acti-
vation, systemic inflammation, oxidative stress, and a
prothrombotic state, resulting in myocardial ischemia,
overexpression of sodium-hydrogen exchangers, and
microvasculature disturbance, thereby promoting cardio-
myocyte injury and dysfunction [20-22].

Insulin treatment and adverse clinical outcomes

The relationship between insulin uses and adverse out-
comes is not fully understood. In the context of predia-
betes and established T2DM, analyses from large-scale
clinical trials (ORIGIN and DEVOTE) of cardiovascu-
lar events in recent years revealed that the use of insu-
lin did not lead to major cardiovascular outcomes or to
increased HF hospitalization and HF recurrence [23-25].
Unfortunately, those subjects with advanced NYHA
function class (III or IV) were not enrolled in these trials.
Conversely, for HE, several observational studies reported
an increased rate of adverse outcomes related to insulin
therapy in patients with concurrent T2DM and HF [2,
7-11]. Indeed, since T2DM patients with insulin therapy
generally have a longer duration of diabetes, undesir-
able glycemic control, and a higher risk of cardiovascu-
lar comorbidities and are often treated with insulin in
combination with other oral antidiabetic therapies, these
factors may be the major confounders in assessing the
association between insulin use and adverse outcomes.
More than that, the use of some specific medications for
HF, such as sacubitril/valsartan, show evidence of pro-
viding cardiovascular benefits [26]. Instead, our study
attempted to correct for the potential bias as much as
possible. We found that even after adjustment for the
duration of T2DM and level of glycemic control, the use
of insulin in HFrEF patents to treat diabetes still led to a
2-fold increase in the risk of the primary composite out-
come, indicating that the negative prognostic effect of
insulin is unlikely to be changed. Insulin should be used
with caution in the treatment of comorbid HFrEF and
T2DM. Other alternative agents are preferred if adequate
glycemic control can be achieved.
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Study limitations

Several limitations have to be acknowledged in this study.
First, due to the relatively small sample size of insulin-
dependent patients and the adherence uncertainty of
patients during the follow-up period, the usage and type
of insulin were not considered in the current study. Fur-
ther randomized trials should be conducted to address
whether the dose or type of insulin is associated with LV
systolic dysfunction. Second, we did not perform quan-
titative measurement of myocardial fibrosis in the study
cohort. It would be interesting to explore the effect of
insulin on the development of myocardial fibrosis using
late gadolinium enhancement or extracellular volume
derived from cardiac MRI. Third, since the incidence of
all-cause death and heart transplantations in our cohort
was low, we used a composite outcome to enhance the
statistical power in our Cox multivariable analysis model.
It is necessary to estimate the association between the
use of insulin and risk of each clinical outcome. Finally,
we must acknowledge the retrospective nature of this
study and selecting bias is inevitable.

In conclusion, our study showed evidence of detrimen-
tal effects of insulin on adverse LV remodeling as well as
systolic contractility in HFrEF patients with T2DM. In
the context of HFrEF, the use of insulin to treat diabe-
tes is associated with a higher risk of adverse outcomes,
regardless of the greater severity of diabetes. Specific
management strategies and close monitoring are needed
when considering insulin treatment in patients with
comorbid HFrEF and T2DM.
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