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Abstract

Background: Patients with type 2 diabetes mellitus (T2DM) are predisposed to poor cardiovascular outcomes

after ST-segment elevation myocardial infarction (STEMI). Left ventricular adverse remodeling (LVAR) triggered upon
myocardial infarction is recognized as the predominant pathological process in the development of heart failure. In
the present study, we sought to investigate whether visit-to-visit fasting plasma glucose (FPG) variability is a potential
predictor of LVAR in T2DM patients after STEMI.

Methods: From January 2014 to December 2018 in Ruijin Hospital, T2DM patients with STEMI who underwent pri-
mary percutaneous coronary intervention were consecutively enrolled and followed up for~ 12 months. The changes
in left ventricular geometric and functional parameters between baseline and 12-month follow-up were assessed by
echocardiography. The incidence of LVAR, defined as 20% increase in indexed left ventricular end-diastolic volume
(LVEDV), and its relationship with visit-to-visit FPG variability were analyzed. Multivariate regression models were con-
structed to test the predictive value of FPG variability for post-infarction LVAR.

Results: A total of 437 patients with type 2 diabetes and STEMI were included in the final analysis. During a mean
follow-up of 12.4 4 1.1 months, the incidence of LVAR was 20.6% and mean enlargement of indexed LVEDV was
3314144 mL/m?, which was significantly increased in patients with higher coefficient variance (CV) of FPG
(P=0.002) irrespective of baseline glycemic levels. In multivariate analysis, FPG variability was independently associ-
ated with incidence of post-infarction LVAR after adjustment for traditional risk factors, baseline HbA1c as well as
mean FPG during follow-up (OR: 3.021 [95% Cl 1.081-8.764] for highest vs. lowest tertile of CV of FPG). Assessing FPG
variability by other two measures, including standard deviation (SD) and variability independent of the mean (VIM),
yielded similar findings.

Conclusions: This study suggests that visit-to-visit FPG variability is an independent predictor of incidence of LVAR in
T2DM patients with STEMI.
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Background

Due to rapid advances in percutaneous coronary inter-
vention (PCI) technique and guideline-based medi-
cal therapy, the early and late mortality in ST-segment
elevation myocardial infarction (STEMI) patients has
considerably declined over the past decades [1]. How-
ever, recurrence of ischemic events and progression of
heart failure (HF) evidently affect post-infarction sur-
vival especially in patients with comorbidities or with
inappropriate management measures [2—4]. Upon myo-
cardial infarction (MI), left ventricular adverse remod-
eling (LVAR) is triggered in response to abrupt increase
in wall stress and distension in the infarct area, which
is recognized as the central pathological process in the
development of HF after MI [5, 6].

Type 2 diabetes mellitus (T2DM) is a well-established
risk factor for post-infarction HF and mortality [7-10].
Compared with non-diabetic patients, diabetic patients
generally exhibit similar LVAR but higher left ventric-
ular (LV) filling pressure following MI, which to some
extent contributes to the pathogenesis of post-infarc-
tion HF [3, 11, 12]. Hyperglycemia is one of the key
factors in the development of post-infarction LVAR,
partly by promoting remodeling-related gene expres-
sion, cardiomyocyte apoptosis and interstitial fibrosis
[13-15]. A recent retrospective study demonstrated a
J-shaped association between basal fasting glucose lev-
els in the acute phase and risk of mortality (P=0.0001),
but a direct association with HF (P=0.03) [16, 17].
Basal hyperglycemia was also showed to be indepen-
dently correlated with LVAR at 6 months after STEMI
(P<0.001) [18].

On the other hand, two recent studies showed that
in STEMI patients underwent primary PCI, greater
in-hospital fasting plasma glucose (FPG) variability
determined by a continuous glucose monitoring system
(CGMS) was associated with not only poor short-term
prognosis but also the development of LVAR in chronic
phase [19, 20]. The detrimental influence of FPG varia-
bility on LV enlargement in addition to classical glucose
metrics was also confirmed in the context of experi-
mental myocardial ischemia/reperfusion [21]. However,
the relationship between long-term FPG variability and
post-infarction LVAR is still unclear. Therefore, in the
present study, we sought to investigate whether visit-
to-visit FPG variability predicts LVAR in patients with
type 2 diabetes after STEMI with primary PCI.

Methods

Study population

We consecutively enrolled 908 T2DM subjects with acute
STEMI within 12 h of onset of symptoms and received
primary PCI from Jan, 2014 to Dec, 2018 in the Depart-
ment of Cardiology, Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine. A total of 127 patients
comorbid with chronic or acute infection, prior MI,
chronic HF or cardiomyopathy, malignancy, renal fail-
ure requiring hemodialysis, diseases requiring steroid
therapy, as well as those with no biochemical indices or
echocardiography parameters before discharge were
excluded. During follow-up, there were 27 death, 13
reinfarction and 74 lost to follow-up, which were also
excluded. For calculation of FPG variability, subjects
(n=230) without at least three FPG measurements dur-
ing follow-up (>3 months apart) were further excluded.
Thus, 437 patients underwent follow-up echocardiogra-
phy at around 12-month and comprised the final enroll-
ment (Fig. 1).

This study complies with the Declaration of Helsinki.
The study protocol was approved by the local hospital
ethics committee, and written informed consent was
obtained from all participants.

Clinical, biochemical and echocardiographic assessments
The detailed information about medical history and
lifestyles including smoking habits was obtained using
a standard questionnaire by trained physicians. Body
mass index (BMI) was calculated as weight/height? (kil-
ograms per square meter). Body surface area (BSA) was
calculated as 0.0061 x height+0.0128 x weight —0.1529.
Blood pressure was measured on the non-dominant arm
in seated position after a 10-min rest. Three measure-
ments were taken at 1-min interval, and the average was
used for analysis. Hypertension was diagnosed accord-
ing to seventh report of the Joint National Committee
on prevention, detection, evaluation, and treatment of
high blood pressure (JNC 7) [22]. The diagnosis of T2DM
was made according to the criteria of American Diabetes
Association [23].

All the blood samples were drawn after an overnight
fasting, except for peak troponin I which was the high-
est level of serial measurements during hospitalization.
Plasma glucose, serum insulin, creatinine, total choles-
terol, low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, triglycerides
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Baseline
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(n=781)
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mellitus, PC/ percutaneous coronary intervention

Fig. 1 Flow chart of patient enrollment. FPG fasting plasma glucose, STEMI ST-segment elevation myocardial infarction, T2DM type 2 diabetes

were assessed (HITACHI 912 Analyzer, Roche Diag-
nostics, Germany). The estimated glomerular filtration
rate (eGFR) was computed using the Chronic Kidney
Disease Epidemiology Collaboration equation [24].
Blood HbAlc was measured using ion-exchange high
performance liquid chromatography with Bio-rad Vari-
ant Hemoglobin Testing System (Bio-Rad Laboratories,
USA). Serum levels of high sensitive C-reactive protein
(hsCRP) were determined by ELISA (Biocheck Labora-
tories, Toledo, OH, USA).

Transthoracic echocardiography was performed, at
least, at the time of enrollment and 12-month follow-
up, using a commercially available system (Vivid-I, GE
Healthcare, Milwaukee, WI) with a 1.9- to 3.8-mHz
phased-array transducer. Two-dimensional (2D),
pulsed-Doppler imaging was performed from stand-
ard parasternal and apical transducer positions with
2D frame rates of 60 to 100 frames/s. All data were
stored digitally, and offline data analysis was per-
formed (EchoPac, version 7; GE Healthcare) by two

cardiologists at the conclusion of the study, blinded to
the study time point.

The LV ejection fraction (LVEF) was calculated using
the modified Simpson’s biplane technique. The LV
length was measured in the apical 4-chamber view. To
facilitate application of clinical normality cut points, LV
end-diastolic volume (LVEDV) and LV end-systolic vol-
ume (LVESV) and LV mass were indexed by BSA calcu-
lated at each study time point. LV mass was estimated
from M-mode measurements by the formula:

LV mass =0.8 x 1.04
x [(LVEDD 4 IVST + LVPWT)? — LVEDD?
106,

where LVEDD is LV end-diastolic diameter, IVST is
interventricular septal thickness, LVPWT is LV posterior
wall thickness. Relative wall thickness (RWT) was deter-
mined by the formula:
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RWT = (IVST + LVPWT)/LVEDD

FPG variability determinations

Visit-to-visit FPG was measured during follow-up period
for at least three times in 3-month intervals. Then the
mean and variability of FPG were calculated. FPG vari-
ability was primarily defined as intraindividual coefficient
of variation (CV) of FPG across visits. The alternative
variability of FPG includes: 1) standard deviation (SD)
and 2) the variability independent of the mean (VIM),
which was calculated by the equation as previously
reported [25]: VIM =100 x SD/meanP, where B is the
regression coefficient based on natural logarithm of SD
on natural logarithm of mean of the study population.

Statistical analysis

Continuous variables were presented as median (inter-
quartile range [IQR]) or mean=+ SD, and categorical data
were summarized as frequencies (percentages). Normal
distribution of continuous variables was evaluated by
Shapiro—Wilk test. For normally distributed variables,
differences in tertiles of FPG variability and subgroup
analysis were performed by one-way or two-way analy-
sis of variance (ANOVA) followed by post hoc ¢ test with
Bonferroni correction. For non-normally distributed con-
tinuous variables, differences were analyzed by Mann—
Whitney U test or Kruskal-Wallis test. Differences in
categorical variables were analyzed by x* test. Multivari-
ate regression models were constructed to interrogate the
association between FPQG variability and LVAR, which is
generally defined as 20% increase in indexed LVEDV [5].
In model 1, sex and age were adjusted; In model 2, addi-
tional adjustment was performed for history of hyper-
tension, duration of diabetes, smoking status, baseline
HbAlc, postprandial plasma glucose, non-HDL choles-
terol, eGFR, the presence of multivessel disease (MVD),
peak value of troponin I and baseline LVEF; In model 3,
we further adjusted for medication use of oral hypogly-
cemic agents (OHA), insulin, beta blocker and angio-
tensin-converting enzyme inhibitor (ACEI)/angiotensin
receptor blocker (ARB). In model 4, mean level of FPG
during follow-up was additionally adjusted.

All statistical analyses were performed using the R sta-
tistical package v.3.6.3 (R Project for Statistical Comput-
ing, Vienna, Austria). A 2-tailed<0.05 was considered
statistically significant.

Results

Basic characteristics of the study population

A total of 437 T2DM patients with STEMI who under-
went primary PCI were included in the final analysis.
The mean age was 63.0+£11.5 years with 84.7% male
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patients. Among these subjects, 62.2% were with
hypertension and 69.6% were with MVD. The mean
number of intrapersonal FPG tests was 4.46 +1.57
and the mean FPG level during follow-up was
7.22+2.13 mmol/L, and CV, SD, VIM of FPG during
follow-up were 0.214 [IQR 0.111-0.334], 1.470 [IQR
0.671-2.740] and 1.060 [IQR 0.668-1.550], respec-
tively. To analyze the effect of FPG variability on post-
infarction LVAR, we divided the population based on
tertiles of CV of visit-to-visit FPG (Table 1). There
was no significant difference in age, sex, BMI, base-
line blood pressure, smoking habits, HDL cholesterol,
renal function and hsCRP between the three tertiles.
On admission, subjects with the highest tertile of CV
of FPG had longer duration of diabetes, higher levels
of HbAlc, FPG and fasting insulin level, postprandial
plasma glucose, LDL cholesterol and peak values of
troponin I, but lower postprandial insulin level than
those with the lowest tertile. In addition, patients with
the highest tertile were with more severely diseased
vessels and more frequently used insulin.

Changes in LV geometric and functional properties
Baseline and 12-month follow-up LV geometric and
functional parameters were assessed. In the overall popu-
lation, the mean changes of LVEDD and indexed LVEDV
were 1.01+4.20 mm and 3.31+14.4 mL/m? The inci-
dence of LVAR, generally defined as 20% increase in
indexed LVEDYV, was 20.6%. Compared with subjects with
optimized glycemic control (mean FPG<6.8 mmol/L),
those with suboptimal glycemic control (mean
FPG>6.8 mmol/L) presented greater LV enlargement
during follow-up (5.41+15.3 vs. 1.154+1.32 mL/m?,
P=0.003).

Changes in echocardiography parameters were com-
pared in subjects stratified by tertiles of CV of visit-
to-visit FPG (Table 2). There was an upward trend in
post-infarction LV enlargement with increasing ter-
tiles (Fig. 2; A LVEDD, P<0.001; A indexed LVEDYV,
P=0.002). Increase in indexed LV mass (P=0.050) and
decrease in RWT (P=0.020) were borderline significant
in patients with higher CV of FPG during follow-up.
Recovery of cardiac function during follow-up was more
prominent in those with the lowest tertile (P=0.044).

Subgroup analyses were then performed to investi-
gate the impact of FPG variability on post-infarction
LV remodeling (Fig. 3). Consistent LV enlargement was
found in patients with higher CV of FPG irrespective
of sex, baseline HbAlc, hypoglycemic therapy, baseline
LVEF or the presence of MVD. Infarction of left anterior
descending branch (LAD) dominant segments but not
of other vessels exhibited greater LV enlargement across
the tertiles. There was no significant interaction term
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Table 1 Baseline characteristics
Tertiles of CV of FPG T1 <0.157 T20.157-0.249 T3 >0.249 Pvalue
n 146 146 145
Demographic characteristics & clinical measures
Male 126 (86.3) 124 (84.9) 120 (82.8) 0.702
Age, years 61.79+£11.24 63.15+£11.54 6396+ 11.67 0.268
BMI, kg/m? 2468+3.12 25.18+4.78 2528+3.48 0.387
Systolic BE mmHg 122.26£1743 12447 £19.92 120.754£20.56 0.284
Diastolic B, mmHg 82.78 £81.65 7556+12.19 7283+£1242 0217
Medical history
Hypertension 76 (52.1) 104 (71.2) 92 (63.4) 0.003
Duration of diabetes, years 6.384+3.93 6.6843.90 10.77+£7.16 <0.001
Current smoker 68 (46.6) 76 (52.1) 65 (44.8) 0.456
Laboratory values
HbA1,, % 6.23+0.94 6.69+141 7.54+£1.70 <0.001
FPG, mmol/L 5.77 (5.12-6.70) 7.67 (6.76-9.33) 10.70 (7.91-13.34) <0.001
PPG (2 h), mmol/L 8.65 (6.88-11.27) 11.18 (7.59-12.97) 11.79(9.71-15.56) <0.001
Fasting insulin, pU/mL 10.72 (8.35-15.52) 9.42 (5.80-15.80) 12.00 (8.33-24.78) 0.003
Postparandial insulin (2 h), uU/mL 56.23 (33.60-109.03) 37.31(16.96-65.80) 27.92 (13.27-75.63) <0.001
Triglyceride, mmol/L 1.63 (1.32-2.21) 1.54 (1.02-2.05) 1.58 (1.11-2.02) 0.033
Total cholesterol, mmol/L 436+0.95 453+1.18 456+ 1.35 0.273
HDL cholesterol, mmol/L 0.9940.28 1.024+0.27 1.01+0.24 0.734
LDL cholesterol, mmol/L 2.57+£0.86 2.81£095 289+£1.15 0.020
Non-HDL cholesterol, 3.36+£0.96 351£1.12 353+£132 0.388
eGFR, mL/min/1.73m?2 9390+ 1542 9726+£2273 97.93+33.381 0.343
hsCRP, mg/L 3.01(1.28-8.28) 2.73(0.84-19.00) 4.88 (1.79-26.90) 0.062
Peak troponin | 4.23 (0.40-15.85) 8.37 (3.34-48.53) 8.80 (4.63-69.11) <0.001
Diseased vessels
1-vessel 50(34.2) 50(34.2) 33(22.8)
2-vessel 52(35.6) 64 (43.8) 61 (42.1) 0.040
3-vessel 44 (30.1) 32(21.9) 51(35.2)
MVD 96 (65.8) 96 (65.8) 112(77.2) 0.056
Culprit vessel
LM 0(0.0) 2(1.3) 4(2.3)
LAD 86 (55.1) 98 (62.0) 86 (50.0)
LCX 28(17.9) 20(12.7) 39(22.7) 0.100
RCA 42 (26.9) 38(24.1) 43 (25.0)
Medication use, n(%)
Aspirin 138 (94.5) 138 (94.5) 133 (91.7) 0.546
P2Y12 inhibitor 138 (94.5) 134 (91.8) 130 (89.7) 0311
Beta blocker 134(91.8) 122 (83.6) 122 (84.1) 0.064
ACEI/ARB 112(76.7) 110 (75.3) 105 (72.4) 0.694
CCcB 6 (4.1) 14(9.6) 25(17.2) 0.001
Statin 104 (71.2) 120 (82.2) 132(91.0) <0.001
Biguanides 14 (9.6) 20(13.7) 38(26.2) <0.001
Sulfonylureas 6 (4.1) 16 (11.0) 24.(16.6) 0.002
Meglitinides 427) 0(0.0) 12(83) 0.002
Glucosidase inhibitor 80 (54.8) 66 (45.2) 60 (41.4) 0.064
SGLT2 inhibitor 2(14) 0(0.0) 1(0.7) 0.548
OHA 92 (63.0) 84 (57.5) 86 (59.3) 0.644
Insulin 4(2.7) 8(5.5) 26 (17.9) <0.001
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Table 1 (continued)

Page 6 of 11

ACEl angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, BMI body mass index, BP blood pressure, CCB calcium channel blockers, CV
coefficient of variation, eGFR estimated glomerular filtration rate, FPG fasting plasma glucose, HbATc glycated hemoglobin A1c, HDL high-density lipoprotein, hsCRP
high-sensitivity C-reactive protein, LAD left anterior descending branch, LCX left circumflex branch, LDL low-density lipoprotein, LM left main coronary artery, MVD
multi-vessel disease, OHA oral hypoglycemic agent, PPG postprandial plasma glucose, RCA right coronary artery, SGLT2 sodium-dependent glucose transporters 2

Table 2 Changes in echocardiography parameters during follow-up grouped by tertiles of CV of FPG

Tertiles of CV of FPG T1 T2 T3 P value
<0.157 0.157-0.249 >0.249
n 146 146 145
LVEDD (mm) B 5148+£3.89 51.624£4.90 5021+4.67 0.014
F 51.49+£4.59 52.60£5.26 5224+£543 0.167
A 0.01+3.383 0.99+3.81 2.03+4.69 <0.001
LVESD (mm) B 35.824+498 36.00£5.33 3551+£5.00 0.710
F 34994583 36.51+6.13 36.29+6.58 0.077
A —084+441 051+£3.83 0.78+£5.01 0.004
Indexed LVEDV (mL/m2) B 72.19+£13.89 7232+1644 68.41+£13.70 0.048
F 72.83+16.31 7494+ 16.55 75.14+£1857 0471
A 0.64+13.01 26241293 6.734+16.51 0.002
Indexed LVESV (mL/m?2) B 31.90+11.84 31.954+12.05 31.17+£10.22 0.819
F 30311295 32.77£13.70 33.17£15.96 0.204
A —1.5949.82 082+873 200£12.71 0018
IVSI (mm) B 952+1.14 9.38+1.54 939+£1.20 0.606
F 93441.28 9.15£1.16 9.26+1.15 0.391
A —0.184+146 —0234+1.50 —0.14+138 0.854
LVPWI (mm) B 9.07+0.84 8.89+£0.82 9.17+£1.11 0.034
F 8924087 8.75+£0.89 885+0.77 0.251
A —015+£1.27 —0.14£1.12 —032£1.13 0319
RWT (mm) B 0.36+0.04 0.364+0.05 0.3740.05 0.016
F 0.36+£0.05 0.34+0.04 035+0.05 0.024
A —0.00£0.06 —0.01£0.05 —0.02£0.05 0.020
Indexed LV Mass (g/m2) B 97.69+ 1866 96.05+21.54 92914+19.14 0.132
F 95.77 £19.01 95.54+£21.94 96.63 £20.46 0.901
A —1.92+£1961 —050£17.76 37242258 0.057
LVEF (%) B 56.74+893 56.40+£8.05 55.26 £8.00 0.284
F 59.71+£838 57.25+8.18 5723+£9.14 0.018
A 2.97+809 085+6.52 1.97+£7.02 0.044

B baseline, A changes in corresponding parameters, F follow-up, CV coefficient of variance, FPG fasting plasma glucose, IVST interventricular septal thickness, LV left
ventricular, LVEDD left ventricular end-diastolic diameter, LVEDV left ventricular end-diastolic volume, LVEF left ventricular ejection fraction, LVESD left ventricular end-
systolic diameter, LVESV left ventricular end-systolic volume, LVPWT left ventricular posterior wall thickness, RWT relative wall thickness

between tertiles of CV of FPG and each of these group-
ing variables, with the solo exception for the culprit ves-
sel (P=0.026).

Multivariate analysis

Multivariate analysis was performed to analyze the asso-
ciation between the incidence of LVAR and different
measures of FPG variability (Table 3). The age- and sex-
adjusted OR for LVAR in subjects with the highest tertile
versus the lowest tertile was 1.879 [95% CI 1.067-3.364].

After multivariate adjustment (model 3), the highest ter-
tile conferred a higher risk of LVAR as compared to the
lowest tertile (3.333 [95% CI 1.301-8.953]). After addi-
tional adjustment for mean FPG during follow-up (model
4), the corresponding OR for LVAR in the highest ter-
tile versus the lowest tertile remained significant (3.021
[95% CI 1.081-8.764]). Similar findings were observed by
inclusion of other measures of FPG variability into these
models instead. After stratifying the population based
on mean FPG level during follow-up, VIM remained
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Fig. 2 Distribution of changes in LV dimension among tertiles of
CV of FPG. Shown are distribution of changes in LVEDD (a) and
indexed LVEDV (b) according to tertiles of CV of FPG. Data are
expressed as median (IQR). **P<0.01 vs. subjects with lowest tertile
of CV of FPG. CV coefficient of variance, FPG fasting plasma glucose,
IQR interquartile range, LV left ventricular, LVEDD left ventricular
end-diastolic diameter, LVEDV left ventricular end-diastolic volume

associated with LVAR in patients with suboptimal glu-
cose control (>6.8 mmol/L) but not in those with opti-
mal glucose control (< 6.8 mmol/L) in the full adjustment
model (model 3 in Additional file 1: Table S1).
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Discussion

The major findings of the present study are that in T2DM
patients with STEMI, LV enlargement is more prominent
in those with high visit-to-visit FPG variability. FPG vari-
ability is an independent predictor for the development
of LVAR even after adjustment for mean glycemic control
levels.

FPG variability predicts LVAR after STEMI

LVAR after MI is generally considered to be associ-
ated with the incidence of HF and poor cardiovascular
outcomes [5, 6]. Previous reports showed that diabetic
patients in general had a similar incidence of post-infarc-
tion LVAR as non-diabetic patients, but with signifi-
cantly higher risk of HF and cardiovascular mortality [2,
11]. Multiple mechanisms are implicated in the process
of LVAR including chronic hyperglycemia. A retrospec-
tive study analyzing 52 patients with STEMI showed
that basal hyperglycemia (glucose levels were above
123.5 mg/dL [6.86 mmol/L]) was independently cor-
related with LV enlargement at 6 months after STEMI
(P<0.001) [18]. Another basic research revealed that

single-vessel disease
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Fig. 3 The impact of FPG variability on changes in LV dimension across subgroups. The impact of FPG variability on changes in indexed LVEDV was
analyzed across subgroups of sex (a), baseline HbA1c (b), hypoglycemic therapy (c), baseline LVEF (d), the presence of multi-vessel disease (e) and
the culprit vessel (f). *P < 0.05 vs. subjects with lowest tertile of CV of FPG; **P < 0.01 vs. subjects with lowest tertile of CV of FPG. ¥P<0.05 vs. subjects
with intermediate tertile of CV of FPG; #P<0.01 vs. subjects with intermediate tertile of CV of FPG. CV coefficient of variance, FPG fasting plasma
glucose, HbATc glycated hemoglobin Alc, LAD left anterior descending branch, LCX left circumflex branch, LV left ventricular, LVEDV left ventricular
end-diastolic volume, LVEF left ventricular ejection fraction, MVD multi-vessel disease, OHA oral hypoglycemia agent, RCA right coronary artery, SVD
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Table 3 Multivariate regression analysis for LVAR after STEMI

Model 1 Model 2 Model 3 Model 4

OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
(@Y 0.026* 0.031* 0.015* 0.035*
T1 Reference - Reference - Reference - Reference -
T2 1.080 (0.586-2.000) 0.804 1.048 (0.444-2.496) 0915 1.116 (0.457-2.757) 0.810 1.049 (0.412-2.682) 0.920
T3 1.879 (1.067-3.364) 0.031 2.652 (1.110-6.551) 0.030 3.333(1.301-8.953) 0.014 3.021(1.081-8.764) 0.037
SD 0.005* 0.012* 0.005* 0.013*
T1 Reference - Reference - Reference - Reference -
T2 1.202 (0.645-2.255) 0.563 0.835(0.341-2.032) 0.689 0.846 (0.336-2.125) 0.721 0.830(0.313-2.184) 0.705
T3 2.265 (1.279-4.100) 0.006 3.063(1.277-7.613) 0.013 3.963 (1.541-10.667) 0.005 3.832(1.307-11.658) 0.016
VIM 0.364* 0.060* 0.017* 0.012*%
T1 Reference - Reference - Reference - Reference -
T2 1.664 (0.935-3.002) 0.086 2.877 (1.289-6.860) 0.012 3499 (1.500-8.736) 0.005 3.314(1.403-8.344) 0.008
T3 1.333(0.735-2.438) 0.345 2.379(0.998-5.932) 0.055 3.196 (1.273-8475) 0.016 3404 (1.342-9.142) 0.012

Model 1, includes adjustment for age and sex

Model 2, additional adjustment for history of hypertension, duration of diabetes, smoking status, baseline HbA1c, postprandial plasma glucose, non-HDL cholesterol,

eGFR, the presence of multivessel disease, peak value of troponin | and baseline LVEF

Model 3, additional adjustment for medication use of oral hypoglycemic agents, insulin, beta blocker and ACEI/ARB

Model 4, additional adjustment for mean FPG level during follow-up

* P for trend. ACEl angiotensin-converting enzyme inhibitor; ARB angiotensin receptor blocker, C/ confidence interval, CV coefficient of variation, eGFR estimated
glomerular filtration rate, FPG fasting plasma glucose, HbA1c glycated hemoglobin A1c, HDL high-density lipoprotein, LVAR left ventricular adverse remodeling, LVEF
left ventricular ejection fraction, OR odds ratio, SD standard deviation, STEMI ST-segment elevation myocardial infarction, VIM variability independent of the mean

hyperglycemia exaggerated LV remodeling and failure
after MI by increasing interstitial fibrosis and myocyte
apoptosis [14]. Consistent with these findings, our study
showed that T2DM patients with suboptimal glycemic
control (mean FPG > 6.8 mmol/L) tended to have greater
LV enlargement than those with optimal glycemic control
(mean FPG < 6.8 mmol/L).

Being regarded as another key component in glucose
homeostasis, FPG variability confers unfavorable impacts
on the development of diabetic micro- and macrovas-
cular complications, myocardial diastolic function, car-
diovascular risk, prognosis of acute disease and all-cause
mortality in diabetic patients [26—30]. Especially, short-
term FPG variability determined by CGMS was shown
to predict LVAR during a 7-month follow-up in patients
with STEMI [20]. However, whether long-term FPG vari-
ability affects LVAR in chronic phase in diabetic patients
after STEMI is still unclear to our knowledge. A recent
study showed that visit-to-visit variability in FPG is a risk
factor for the long-term adverse changes in left cardiac
structure and systolic function in general T2DM patients
[31]. An animal study using cardiac magnetic resonance
showed that FPG variability induced by intermittent
insulin injection during the peri-procedural period led
to adverse ventricular enlargement after experimen-
tal myocardial ischemia/reperfusion injury [21]. In fact,
given maladaptive myocardial remodeling is a long-term

process, it is rationale to evaluate the impact of glycemic
level and stability on LVAR in the long term, on which
our study is based.

In the present study, we for the first time reported
that in diabetic patients with STEMI, patients with high
visit-to-visit FPG variability tended to have greater LV
enlargement during follow-up. Subgroup analysis showed
such trend persisted irrespective of glycemic level. Fur-
thermore, multivariate analyses demonstrated that long-
term FPG variability was independently associated with
post-infarction LVAR even after adjustment for baseline
HbAlc as well as mean FPG during follow-up. In addi-
tion, we assessed FPG variability by different measures
including SD, CV and VIM. CV is relatively simple and
more feasible in clinical practice, whereas VIM is calcu-
lated based on logarithmic curve fitting to eliminate its
correlation with mean FPG. We showed that all these
measures of FPG variability yielded similar findings.
Taken together, our study supports the notion that long-
term FPG variability is critical in the process of LVAR
after MI in T2DM patients. Variability of FPG adds to
its mean level for risk prediction of LVAR. Indeed, a pre-
vious study of experimental myocardial ischaemia/rep-
erfusion also showed that FPG variability posed a more
deleterious effect on myocardium than permanently high
blood glucose levels [21].
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Noteworthy, previous studies suggest comparable
or less LV enlargement in diabetic patients than non-
diabetic subjects after MI [2, 3, 11]. In line with previ-
ous findings, we showed a moderate increase in indexed
LVEDV (follow-up: 74.30+17.16 vs. 70.994+14.81 mL/
m?, P<0.001), and non-significant change in indexed
LVESV (follow-up: 32.08 £14.27 vs. 31.68+11.39 mL/
m?, P=0.448) in the overall population of the cohort.
Importantly, our findings imply that the pattern of post-
infarction LV remodeling may differ according to glyce-
mic control and variability in diabetic patients. Patients
with high FPG variability presented greater LV enlarge-
ment and perceived a 3.021-fold increase in the incidence
of post-infarction LVAR compared to those with low FPG
variability, suggesting a trend towards eccentric remod-
eling in diabetic patients with unstable glycemic control.

Possible mechanisms

The mechanisms by which FPG variability affects the
development of LVAR after MI remain poorly under-
stood. Previous basic studies showed in the setting of MI,
glycemic fluctuation promotes the production of reactive
oxygen species, mitochondrial stress, coronary microvas-
cular dysfunction and impaired ischaemia-induced angi-
ogenesis[32—37]. These factors potentially lead to limited
myocardial blood reperfusion, compromised myocardial
salvage, persistent myocardial ischemia, maladaptive
myocardial remodeling, and finally the development of
HF. Nevertheless, the specific mechanisms await precise
characterization in future studies and are our important
future goal.

Study limitation

Our findings should be interpreted in the context of fol-
lowing limitations. First, this study is a retrospective
analysis based on prospectively collected data, and all
the enrolled patients were from a single center. Second,
LV diastolic function such as E/A ratio was not assessed,
which was previously reported to be a key player in LV
remodeling after MI among diabetic patients. Third, we
evaluated LV geometry and function by echocardiogra-
phy rather than cardiac magnetic resonance, which may
provide more precise information. Fourth, FPG variabil-
ity in the study was evaluated based on sequential FPG
measurements during follow-up. HbAlc variability might
reflect different aspects of FPG variability and deserves
further study. Finally, prospective studies are warranted
to analyze the causal link between glycemic variability
and post-infarction LVAR, as well as the prognostic value
of long-term glycemic variability for hard cardiovascular
events in T2DM subjects with STEMIL.
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Conclusions

In conclusion, our findings suggest that greater visit-to-
visit FPG variability is associated with higher incidence
of LVAR in T2DM patients with STEMI. Variability of
FPG adds to its mean level for risk prediction of post-
infarction LVAR.
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0rg/10.1186/512933-020-01112-6.

Additional file 1: Table S1. Multivariate regression analysis for LVAR after
STEMI stratified by mean FPG level.

Abbreviations

ACEl: Angiotensin-converting enzyme inhibitor; ANOVA: Analysis of variance;
ARB: Angiotensin receptor blocker; BMI: Body mass index; BSA: Body surface
area; CGMS: Continuous glucose monitoring system; CV: Coefficient of vari-
ance; eGFR: Estimated glomerular filtration rate; FPG: Fasting plasma glucose;
HDL: High-density lipoprotein; HF: Heart failure; hsCRP: High sensitive C-reac-
tive protein; IQR: Interquartile range; IVST: Interventricular septal thickness;
LAD: Left anterior descending branch; LDL: Low-density lipoprotein; LV: Left
ventricular; LVAR: Left ventricular adverse remodeling; LVEDD: Left ventricular
end-diastolic diameter; LVEDV: Left ventricular end-diastolic volume; LVEF:
Left ventricular ejection fraction; LVESV: Left ventricular end-systolic volume;
LVPWT: left ventricular posterior wall thickness; MI: Myocardial infarction; MVD:
Multivessel disease; OHA: Oral hypoglycemic agent; PCl: Percutaneous coro-
nary intervention; RWT: Relative wall thickness; SD: Standard deviation; STEMI:
ST-segment elevation myocardial infarction; T2DM: Type 2 diabetes mellitus;
VIM: Variability independent of the mean.

Acknowledgements
None.

Authors’ contributions

CY and XW performed study design, data analysis, data interpretation, and
manuscript writing. CY, YS, LL, FD performed data collection. ZY, JH, RZ and
WS performed manuscript revision. All authors read and approved the final
manuscript.

Funding

This study was supported by National Natural Science Foundation of China
(Grant Nos. 81670451, 81470469, 81770430, 81870179), Shanghai Rising-Star
Program (Grant No. 17QA1403000), Shanghai Municipal Commission of Health
and Family Planning (Grant Nos. 2018YQ17, 20194Y0042), Ruijin Youth Training
Program (Grant No. 2019QNPY01033), Shanghai Science and Technology
Commission Natural Fund Project (17ZR1417200),Talent Young Investiga-

tors of Shanghai Jiao Tong University School of Medicine (17XJ11009),
Shanghai Municipal Education Commission Gaofeng Clinical Medi-

cine Grant Support (20181801), Shanghai High School Fellowship Pro-

gram for Research & Translation (RC0030103)

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Hospital Ethics Committee, and written
informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


https://doi.org/10.1186/s12933-020-01112-6
https://doi.org/10.1186/s12933-020-01112-6

Yang et al. Cardiovasc Diabetol (2020) 19:131

Author details

! Department of Cardiology, Ruijin Hospital, Shanghai Jiao-Tong University
School of Medicine, 197 Ruijin Road I, Shanghai 200025, People’s Republic
of China. % Institute of Cardiovascular Disease, Shanghai Jiao-Tong University
School of Medicine, Shanghai, People’s Republic of China.

Received: 1 June 2020 Accepted: 29 August 2020
Published online: 02 September 2020

References

1. Vogel B, Claessen BE, Arnold SV, Chan D, Cohen DJ, Giannitsis E, Gibson
CM, Goto S, Katus HA, Kerneis M, et al. ST-segment elevation myocardial
infarction. Nat Rev Dis Primers. 2019;5(1):39.

2. Solomon SD, Sutton M, Lamas GA, et al. Ventricular remodeling does not
accompany the development of heart failure in diabetic patients after
myocardial infarction. Circulation. 2002;106(10):1251-5.

3. Carrabba N, Valenti R, Parodi G, Santoro GM, Antoniucci D. Left
ventricular remodeling and heart failure in diabetic patients treated
with primary angioplasty for acute myocardial infarction. Circulation.
2004;110(14):1974-9.

4. Yang CD, Shen, Lu L, Ding FH, Yang ZK, Zhang RY, Shen WF, Jin W, Wang
XQ. Insulin resistance and dysglycemia are associated with left ventricular
remodeling after myocardial infarction in non-diabetic patients. Cardio-
vasc Diabetol. 2019;18(1):100.

5. Bolognese L, Neskovic AN, Parodi G, Cerisano G, Buonamici P, Santoro
GM, Antoniucci D. Left ventricular remodeling after primary coronary
angioplasty: patterns of left ventricular dilation and long-term prognostic
implications. Circulation. 2002;106(18):2351-7.

6. Pfeffer MA, Braunwald E. Ventricular remodeling after myocardial infarc-
tion. Experimental observations and clinical implications. Circulation.
1990,81(4):1161-72.

7. Mukamal KJ, Nesto RW, Cohen MC, Muller JE, Maclure M, Sherwood JB,
Mittleman MA. Impact of diabetes on long-term survival after acute myo-
cardial infarction: comparability of risk with prior myocardial infarction.
Diabetes Care. 2001,24(8):1422-7.

8. Melchior T, Kober L, Madsen CR, Seibaek M, Jensen GV, Hildebrandt P,
Torp-Pedersen C: Accelerating impact of diabetes mellitus on mortal-
ity in the years following an acute myocardial infarction. TRACE Study
Group. Trandolapril Cardiac Evaluation. European heart journal 1999,
20(13):973-978.

9. Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framing-
ham study. JAMA. 1979;241(19):2035-8.

10. de Luca G, Matek LA, Maciejewski P, Wasek W, Niewada M, Kamirski B,
Drzewiecki J, Kosmider M, Kubica J, Ruzytto W, et al. Impact of diabetes
on survival in patients with ST-segment elevation myocardial infarction
treated by primary angioplasty: insights from the POLISH STEM!I registry.
Atherosclerosis. 2010;210(2):516-20.

11. Shah AM, Shin SH, Takeuchi M, Skali H, Desai AS, Kaber L, Maggioni AP,
Rouleau JL, Kelly RY, Hester A, et al. Left ventricular systolic and diastolic
function, remodelling, and clinical outcomes among patients with
diabetes following myocardial infarction and the influence of direct renin
inhibition with aliskiren. Eur J Heart Fail. 2012;14(2):185-92.

12. Araszkiewicz A, Janus M, Prech M, Grygier M, Pyda M, Olasirska-
Wisniewska A, Araszkiewicz A, Mularek-Kubzdela T, Lesiak M, Grajek S.
Relations of diabetes mellitus, microvascular reperfusion and left ven-
tricular remodelling in patients with acute myocardial infarction treated
with primary coronary intervention. Kardiol Pol. 2014;72(1):20-6.

13. Song GY, Wu YJ,Yang YJ, Li JJ, Zhang HL, Pei HJ, Zhao ZY, Zeng ZH, Hui
RT. The accelerated post-infarction progression of cardiac remodelling is
associated with genetic changes in an untreated streptozotocin-induced
diabetic rat model. Eur J Heart Fail. 2009;11(10):911-21.

14. Shiomi T, Tsutsui H, lkeuchi M, Matsusaka H, Hayashidani S, Suematsu
N, Wen J, Kubota T, Takeshita A. Streptozotocin-induced hyperglycemia
exacerbates left ventricular remodeling and failure after experimental
myocardial infarction. J Am Coll Cardiol. 2003;42(1):165-72.

15. Backlund T, Palojoki E, Saraste A, Eriksson A, Finckenberg P, Kytd V, Lakkisto
P, Mervaala E, Voipio-Pulkki LM, Laine M, et al. Sustained cardiomyocyte
apoptosis and left ventricular remodelling after myocardial infarction in
experimental diabetes. Diabetologia. 2004;47(2):325-30.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 10 of 11

. Yang SW, Zhou YJ, Tian XF, Pan GZ, Liu YY, Zhang J, Guo ZF, Chen SY,

Gao ST, Du J, et al. Association of dysglycemia and all-cause mortal-
ity across the spectrum of coronary artery disease. Mayo Clin Proc.
2013;88(9):930-41.

. Massalha S, Luria L, Kerner A, Roguin A, Abergel E, Hammerman H, Boulos

M, Dragu R, Kapeliovich MR, Beyar R, et al. Heart failure in patients with
diabetes undergoing primary percutaneous coronary intervention. Eur
Heart J Acute Cardiovasc Care. 2016;5(6):455-62.

. Nicolau JC, Maia LN, Vitola JV, Mahaffey KW, Machado MN, Ramires JA.

Baseline glucose and left ventricular remodeling after acute myocardial
infarction. J Diabetes Complications. 2007;21(5):294-9.

. Zhang JW, He LJ, Cao SJ, Yang Q, Yang SW, Zhou YJ. Effect of glycemic

variability on short term prognosis in acute myocardial infarction subjects
undergoing primary percutaneous coronary interventions. Diabetol
Metab Syndr. 2014;6:76.

Gohbara M, Iwahashi N, Kataoka S, Hayakawa Y, Sakamaki K, Akiyama

E, Maejima N, Tsukahara K, Hibi K, Kosuge M, et al. Glycemic Variability
Determined by Continuous Glucose Monitoring System Predicts Left
Ventricular Remodeling in Patients With a First ST-Segment Elevation
Myocardial Infarction. Circ J. 2015;79(5):1092-9.

Joubert M, Hardouin J, Legallois D, Blanchart K, Elie N, Nowoczyn

M, Croisille P, Coulbault L, Bor-Angelier C, Allouche S, et al. Effects of
glycaemic variability on cardiac remodelling after reperfused myocardial
infarction: evaluation of streptozotocin-induced diabetic Wistar rats
using cardiac magnetic resonance imaging. Diabetes & metabolism.
2016;42(5):342-50.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
Jones DW, Materson BJ, Oparil S, Wright JT Jr, et al. Seventh report of the
joint national committee on prevention, detection, evaluation, and treat-
ment of high blood pressure. Hypertension. 2003;42(6):1206-52.
American Diabetes A. Standards of medical care in diabetes-2012. Diabe-
tes Care. 2012;35(Suppl 1):511-63.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman

HI, Kusek JW, Eggers P, Van Lente F, Greene T, et al. A new equation to
estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604-12.
Echouffo-Tcheugui JB, Zhao S, Brock G, Matsouaka RA, Kline D, Joseph JJ.
Visit-to-visit glycemic variability and risks of cardiovascular events and
all-cause mortality: the ALLHAT study. Diabetes Care. 2019;42(3):486-93.
Cardoso CRL, Leite NC, Moram CBM, Salles GF. Long-term visit-to-visit
glycemic variability as predictor of micro- and macrovascular complica-
tions in patients with type 2 diabetes: the Rio de Janeiro Type 2 Diabetes
Cohort Study. Cardiovasc Diabetol. 2018;17(1):33.

Zhou JJ, Schwenke DC, Bahn G, Reaven P. Glycemic variation and
cardiovascular risk in the veterans affairs diabetes trial. Diabetes Care.
2018;41(10):2187-94.

Yokota S, Tanaka H, Mochizuki Y, Soga F, Yamashita K, Tanaka Y, Shono A,
Suzuki M, Sumimoto K, Mukai J, et al. Association of glycemic variability
with left ventricular diastolic function in type 2 diabetes mellitus. Cardio-
vasc Diabetol. 2019;18(1):166.

Besch G, Pili-Floury S, Morel C, Gilard M, Flicoteaux G, du Mont L, Perrotti
A, Meneveau N, Chocron S, Schiele F, et al. Impact of post-procedural
glycemic variability on cardiovascular morbidity and mortality after
transcatheter aortic valve implantation: a post hoc cohort analysis.
Cardiovasc Diabetol. 2019;18(1):27.

Hirakawa Y, Arima H, Zoungas S, Ninomiya T, Cooper M, Hamet P, Mancia
G, Poulter N, Harrap S, Woodward M, et al. Impact of visit-to-visit glycemic
variability on the risks of macrovascular and microvascular events and
all-cause mortality in type 2 diabetes: the ADVANCE trial. Diabetes Care.
2014;37(8):2359-65.

Tang X, Zhong J, Zhang H, Luo Y, Liu X, Peng L, Zhang Y, Qian X, Jiang B,
Liu J, et al. Visit-to-visit fasting plasma glucose variability is an important
risk factor for long-term changes in left cardiac structure and function in
patients with type 2 diabetes. Cardiovasc Diabetol. 2019;18(1):50.

Sun LQ, Chen YY,Wang X, Li XJ, Xue B, Qu L, Zhang TT, Mu YM, Lu JM.
The protective effect of alpha lipoic acid on Schwann cells exposed

to constant or intermittent high glucose. Biochem Pharmacol.
2012,84(7):961-73.

Biscetti F, Pitocco D, Straface G, Zaccardi F, de Cristofaro R, Rizzo P,
Lancellotti S, Arena V, Stigliano E, Musella T, et al. Glycaemic variability
affects ischaemia-induced angiogenesis in diabetic mice. Clin Sci (Lond).
2011;121(12):555-64.



Yang et al. Cardiovasc Diabetol (2020) 19:131

34. Horvath EM, Benko R, Kiss L, Muranyi M, Pek T, Fekete K, Barany T, Somlai
A, Csordas A, Szabo C. Rapid ‘glycaemic swings'induce nitrosative stress,
activate poly(ADP-ribose) polymerase and impair endothelial function in
a rat model of diabetes mellitus. Diabetologia. 2009;52(5):952-61.

35. PiconiL, Quagliaro L, Assaloni R, Da Ros R, Maier A, Zuodar G, Ceriello A.
Constant and intermittent high glucose enhances endothelial cell apop-
tosis through mitochondrial superoxide overproduction. Diabetes Metab
Res Rev. 2006;22(3):198-203.

36. Quagliaro L, Piconi L, Assaloni R, Martinelli L, Motz E, Ceriello A. Intermit-
tent high glucose enhances apoptosis related to oxidative stress in
human umbilical vein endothelial cells: the role of protein kinase C and
NAD(P)H-oxidase activation. Diabetes. 2003;52(11):2795-804.

Page 11 of 11

37. Torimoto K, Okada Y, Mori H, Tanaka Y. Relationship between fluctua-
tions in glucose levels measured by continuous glucose monitoring and
vascular endothelial dysfunction in type 2 diabetes mellitus. Cardiovasc
Diabetol. 2013;12:1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Visit-to-visit fasting plasma glucose variability is associated with left ventricular adverse remodeling in diabetic patients with STEMI
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study population
	Clinical, biochemical and echocardiographic assessments
	FPG variability determinations
	Statistical analysis

	Results
	Basic characteristics of the study population
	Changes in LV geometric and functional properties
	Multivariate analysis

	Discussion
	FPG variability predicts LVAR after STEMI
	Possible mechanisms
	Study limitation

	Conclusions
	Acknowledgements
	References




