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Abstract
Background: Cardiovascular prognosis related to type 2 diabetes may not be adequately captured by information
on comorbid conditions such as obesity and hypertension. To inform the cardiovascular prognosis among diabetic
individuals, we conducted phenotyping using a clustering approach based on clinical data, echocardiographic indi‑
ces and biomarkers.
Methods: We performed a cluster analysis on clinical, biochemical and echocardiographic variables from 529 Blacks
with diabetes in the Jackson Heart Study. An association between identified clusters and major adverse cardiovascular
events (MACE- composite of coronary heart disease, stroke, heart failure and atrial fibrillation) was assessed using Cox
proportional hazards modeling.
Results: Cluster analysis separated individuals with diabetes (68% women, mean age 60 ± 10 years) into three dis‑
tinct clusters (Clusters 1,2 &3 - with Cluster 3 being a hypertrophic cluster characterized by highest LV mass, levels of
brain natriuretic peptide [BNP] and high-sensitivity cardiac troponin-I [hs-cTnI]). After a median 12.1 years, there were
141 cardiovascular events. Compared to Cluster1, Clusters 3 had an increased risk of cardiovascular disease (hazard
ratio [HR] 1.60; 95% confidence interval [CI] 1.08, 2.37), while Cluster 2 had a similar risk of outcome (HR 1.11; 95% CI
0.73, 168).
Conclusions: Among Blacks with diabetes, cluster analysis identified three distinct echocardiographic and biomark‑
ers phenotypes, with cluster 3 (high LV mass, high cardiac biomarkers) associated with worse outcomes, thus high‑
lighting the prognostic value of subclinical myocardial dysfunction.
Keywords: Diabetes, Cluster analysis, Comorbidities, Echocardiography, Biomarkers, Outcomes
Introduction
Cardiovascular disease and type 2 diabetes (diabetes) are
common and co-occurring conditions [1, 2]. Individuals with diabetes are at increased risk of cardiovascular
diseases, including coronary artery disease [3], stroke
[4], heart failure [5], and atrial fibrillation [6]. Contemporary clinical trials of diabetes medications, namely
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sodium-glucose co-transporter-2 (SGLT-2) inhibitors
[7] and glucagon-like peptide 1 (GLP-1) receptors agonists [8], have shown significant cardiovascular benefits
among individuals with diabetes. The results of these trials are corroborated by studies of the potential effects of
SGLT2 inhibitors on pathways linking diabetes to heart
failure, including insulin resistance, myocardial fat accumulation, cardiac function, cardiac metabolism, as well
as arterial stiffness [9, 10]. The results of the SGTL2
inhibitors and GLP-1 receptors agonists trials have made
it an imperative to refine our understanding of the cardiovascular risk among individuals with diabetes, as this
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will guide an appropriate implementation of these novel
therapies.
Diabetes tends to track with other cardiometabolic
conditions, thus any assessment of diabetes-related
myocardial dysfunction and its prognostic value should
account for the comorbidities. Indeed, diabetes often
coexist with comorbidities such as obesity and hypertension [11]. Obesity [12–14], and hypertension [13,
14], may also lead to myocardial alterations, which may
bear some similarities to the diabetes-related myocardial changes. Thus, the specific individual and synergistic
contributions of various causative factors to diabetesrelated cardiac dysfunction is unclear. Cluster analysis,
a hypothesis-free approach (as opposed to classic statistical analyses) to risk estimation [15, 16], may allow a
refined phenotyping, and thus provide novel insights into
contribution of various risk factors to the heightened cardiovascular risk among patients with diabetes.
We used data from the community-based Jackson
Heart Study comprised of black adults to identify clusters
of cardiac phenotypes among individuals with diabetes.
We also examined the distribution of clinical and echocardiographic parameters that may better define cardiovascular prognosis.

Methods
The Jackson Heart Study recruited 5306 Blacks (African
Americans), aged 21 to 94 years, from the Jackson, Mississippi, metropolitan area [17]. The Jackson Heart Study
design and methods have been described elsewhere [17].
The present study included participants who attended
examination 1 (2000–2004), underwent an echocardiography and were found to have diabetes (n = 1123). The
diabetes status was defined using the American Diabetes Association criteria as a fasting plasma glucose ≥
(126 mg/dL) or HbA1C ≥ 6.5% [18], self-reported diabetes or confirmed use glucose lowering medications, or a
self-report of physician-diagnosed diabetes. As shown
in Additional file 1: Fig. S1, we excluded participants
with a history of cardiovascular disease (including history of coronary artery disease, cardiomyopathy/heart
failure including valvular heart disease [moderate or
greater mitral regurgitation and aortic insufficiency] and
the presence of regional LV wall motion abnormalities),
missing data on echocardiographic variables, and missing data on other variables including brain natriuretic
peptide (BNP), and high-sensitivity cardiac troponin-I
(hs-cTnI) and other variables. After applying exclusions,
the final analytic sample was 529 adults. The comparison
of individuals that were included in the study to those
excluded is shown in Additional file 1: Table S1.
The study protocol was approved by the institutional
review board of the University of Mississippi Medical
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Center, Jackson State University and Tugaloo College.
All the participants provided informed consent.
The cardiac ultrasound examinations were undertaken using a Sonos 4500 cardiac ultrasound machine
(Hewlitt Packard, Andover, MA). Measurements, including two-dimensional and Doppler flow assessments,
were performed offline by a trained echocardiographer
based on American Society of Echocardiography recommendations [19]. Left ventricular End-Diastolic Volume (LVEDV) and LV End-Systolic volume (LVESV)
were indexed to body surface area, and LV mass was
measured in M-mode and was calculated using the
American Society of Echocardiography–corrected formula: LV mass (g) = 0.8 × 1.04 [(LV end diastolic diameter + IVST + PWT)3– (LV end diastolic diameter)3] + 0.6,
where IVST is the interventricular septal wall thickness
and PWT is the posterior wall thickness. For this analysis, LV hypertrophy was defined as an LV mass indexed
to body surface area (BSA) as per the American Society
of Echocardiography (ASE) criteria > 95 g/m2 for women
and > 115 g/m2 for women [20], and a low ejection fraction was defined as an LV ejection fraction < 50%. Using
pulsed wave Doppler, mitral inflow velocities and peak
early (E) and late (A) diastolic velocities were measured,
and E/A ratio was calculated [21].
Clinical information including demographic characteristics, medical history and medication use, were assessed
by standardized questionnaires, physical examination,
and laboratory tests. The methods of risk factor ascertainment in the Jackson Heart Study have been reported
elsewhere [17]. Current smokers were defined as those
who reported having smoked ≥ 1 cigarette per day regularly during the year preceding the examination. Height,
and weight were measured and body mass index was
calculated (kg/m2). Blood pressure was measured twice
in the left arm of the seated subject with a mercury column sphygmomanometer. The average of the two readings was used as the examination BP, and hypertension
was defined as systolic blood pressure ≥ 140 mmHg or
diastolic blood pressure ≥ 90 mmHg, or self-reported
antihypertensive medication use. Serum creatinine was
measured using the rate Jaffe reaction, and the kidney
function was assessed using the estimated glomerular filtration rate calculated by the Chronic-Kidney Disease—
EPI study equation [22].
Plasma total cholesterol, high-density lipoprotein
(HDL) cholesterol, and triglycerides concentrations
were measured using standard enzymatic methods, on
a Vitros 950 or 250, Ortho‐Clinical Diagnostics analyzer
(Raritan, NJ) in accordance with the College of American Pathologists Proficiency Testing Program [23]. Lowdensity lipoprotein (LDL) cholesterol was calculated
using the Friedewald equation. 
HbA1C was measured
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using high-performance liquid chromatography (Tosoh
G7, Tosoh Corporation, Tokyo, Japan). The coefficient
of variation for H
 bA1C assay ranged from 1.4 to 1.9%. A
National Glycohemoglobin Standardization Programcertified assay was used to measure H
 bA1C. Fasting
plasma glucose was measured using the glucose oxidase
method. Glucose assays were run in duplicate; the intraassay coefficient of variation was < 3%. Circulating
brain natriuretic peptide (BNP) levels were measured
by chemiluminescent immunoassay performed on an
immunoassay system (ADVIA Centaur; Siemens), with
an intra-assay coefficient of variation, 4.2%, 3.1%, and
3.4% for 3 BNP concentrations, respectively [24]. Highsensitivity cardiac troponin-I (hs-cTnI) was measured
with the ARCHITECT hs-cTnI assay platform (Abbott
Diagnostics), a 2-step, double-monoclonal immunoassay
that uses antibody-coated paramagnetic microparticles.
The assay has a coefficient of variation of 10% at a concentration of 3.0 ng/L [25].
The main clinical outcome of interest was a composite of major cardiovascular adverse event defined as the
first occurrence of any of the following fatal and nonfatal cardiovascular outcomes: coronary artery disease,
stroke, heart failure, and atrial fibrillation, between the
date of a participant’s first visit and December 31, 2016.
The events were identified through a physician-led adjudication process in the Jackson Heart Study, which has
been described previously [26]. The identification of
incident coronary heart disease (fatal or nonfatal myocardial infarction or coronary revascularization), stroke
(fatal and non-fatal ischemic and hemorrhagic stroke),
heart failure, and atrial fibrillation was done in a two-step
process including the use of the relevant International
Classification of Diseases codes from hospital records,
followed by adjudication [26].
The initial analytical approach was to create four clinical groups based on the presence or absence of obesity
and/or hypertension. These included: (1) patients with
isolated diabetes; (2) diabetes and hypertension; (3) diabetes and obesity; and (4) diabetes, obesity, and hypertension. We explored the differential distribution of
cardiovascular risk factors (demographics, hemodynamics and biochemical as well as anti-diabetic medications)
and the ability of these clinical groups to define the future
risk of cardiovascular outcome. We then performed
agglomerative hierarchical clustering analysis of individuals based on clinical and biochemical (n = 21) and the
echocardiographic (n = 8) variables. Hierarchical clustering naturally produces structures that are informative
and thus easy to determine the number of clusters [15].
The algorithm assumes that individuals with closer data
points in space, exhibit more similarity to each other than
those with data points that are farther away. We used the
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Ward approach, which starts by classifying all individuals
into a single cluster and then partitions as the distance
increases, aiming to minimize the within cluster variance.
This approach also works well for quantitative variables.
To arrive at the optimum number of clusters, we applied
a suite of 30 indices in the NbClust package implemented
in R [16]. This function uses up to 30 indices to determine
the number of clusters and proposes the best clustering
scheme from the different results obtained by varying all
combinations of number of clusters, distance measures,
and clustering methods. In our dataset, we determined
that three clusters were the optimum, explaining a total
of 74% cumulative variance and with 2.25, 1.27 and 0.93
Eigen values. Through clustering, we grouped subjects
with similar overall functional profile to create homogeneous clusters of diabetes patients, and the key differentiating factors being: LV mass (indexed to body surface
area), LEDV, LVESV, LVEF; E/A ratio and LA diameter
(indexed to body surface area).
We compared the characteristics of participants across
the clinical groups (according to presence of obesity
and/or hypertension) and the clusters (1, 2 & 3) using
ANOVA or Kruskal-Wallis test for continuous variables,
and the Chi-square or Fischer exact tests for categorical
variables. The comparison of continuous variables were
followed by post hoc tests for pairwise comparisons in
case of overall significance and applying Bonferroni correction for test multiplicity. Distribution of echocardiographic parameters were further compared across groups
using linear regression models adjusting for age and sex.
We elected to only adjust for these two variables as clinical variables that would be potential confounders were
part of the clusters building.
Survival analyses based on time-to-event data were
then performed to assess the prognostic value of the clinical groups and the identified clusters. Crude incidence
rates and 95% confidence intervals (CIs) were calculated
by exposure levels (clinical groups and clusters). The person-time of follow up from baseline until the first occurrence of (a) cardiovascular disease outcomes, (b) death,
or (c) censoring (date of the last available follow-up). The
differences between event-free survivor probabilities
between the different groups were compared using the
log-rank test. For multivariable analysis, we fitted Cox
proportional hazards regression models to relate each
clinical groups or cluster to incident cardiovascular disease, after verification of the assumption of proportionality of hazards tested using Schoenfeld residuals. The
adjustment variables included age and sex, for both the
comparison of clusters and the clinical groups. For the
clinical groups, the adjustment for these variables already
provided with an idea of the significance of the comparisons, thus obviating the need for further adjustment.
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Two-sided P values of < 0.05 were considered statistically significant, including for interaction terms. All analyses were performed using SAS 9.4 (SAS Institute, Cary,
NC) including clustering analyses and visualizations.

Results
The characteristics of the three clusters are shown in
Tables 1 and 2. Cluster 3 was characterized by the highest
LV. Cluster 1 had intermediate LVMi, LV volumes, LVEF,
LA dimension, and E/A ratio, as well as levels of hsTnI,
between clusters 2 & 3. Cluster 2 had the lowest LVMi,
lowest LV volumes, highest E/A ratio, and highest LVEF.
This cluster comprised predominantly female patients
with isolated diabetes. Cluster 3 had the highest LVMi,
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highest LV volumes, highest LA diameter, lowest E/A
ratio, and intermediate LVEF. Cluster 3 gathered the oldest patients with the lowest frequency of isolated diabetes, highest systolic blood pressure, the highest BNP and
hsTnI levels.
The characteristics of the participants by clinical
groups only (diabetes only, diabetes and obesity, diabetes
and hypertension and diabetes and obesity and hypertension) are summarized in Additional file 1: Table S2. Participants in the diabetes, and obesity and hypertension
group were more likely to be women, have an elevated
heart rate, high systolic blood pressure, low estimated
glomerular filtration rate, and to be on angiotensin converting enzyme inhibitors or on statins. They were less

Table 1 Clinical characteristics of participants by phenotypic clusters in the Jackson Heart Study
Dependent

Cluster 1 (n = 260)

Cluster 2 (n = 150)

Cluster 3 (n = 119)

P value

59.20 ± 0.64

60.58 ± 0.85

62.71 ± 0.953‡

0.0003

Clinical characteristics
Age, years
Women, n (%)

188 (72.3)

105(70.0)

67 (56.3)‡

0.0068

Body mass index, kg/m2

35.68 ± 0.44

33.96 ± 0.58

32.48 ± 0.66†‡

0.0002

Obesity, n (%)

193 (74.2)

102 (68.0)

72 (60.5)‡

0.016

Current smokers, n (%)

21 (8.1)

20 (13.3)

13 (10.9)

0.23

Hypertension, n (%)

197 (75.8)

116 (77.3)

101 (84.9)

0.12
0.037

Group, n (%)
Isolated T2DM

11 (27.5)

19 (47.5)

10 (25.0)

T2DM + Obesity

32 (43.8)

33 (45.2)

10 (11.0)

48 (40.0)

38 (31.8)

34 (28.3)

T2DM + Obesity + HTN

T2DM + HTN

119 (41.2)

118 (40.8)

55 (18.0)

Heart rate, bpm

69.35 ± 0.68

66.36 ± 0.89†

67.18 ± 1.00‡

74.61 ± 0.52

73.87 ± 0.69

75.02 ± 0.77

Hemodynamics

Systolic BP, mmHg
Diastolic BP, mmHg
Biochemistry
 HbA1C, %
HDL-cholesterol, mg/dL
LDL-cholesterol, mg/dL
Triglycerides, mg/dL
eGFR, mL/min/1.73 m2
BNP, pg/dL
High sensitivity troponin I, pg/dL
Medications, n (%)

†

128.30 ± 1.10

7.67 ± 0.09

49.80 ± 0.85

126.76 ± 2.28

129.63 ± 1.34†

7.41 ± 0.12

50.38 ± 1.12

117.42 ± 3.00

137.34 ± 1.50‡

7.27 ± 0.14

51.02 ± 1.26

123.20 ± 3.37

0.018
< 0.0001
0.51
0.048
0.72
0.048

124.05 ± 3.84

120.05 ± 5.06

114.75 ± 5.68

0.39

11.86 ± 1.82

17.68 ± 2.40†

25.55 ± 2.70‡

0.0001

94.51 ± 1.44

5.58 ± 1.64

91.64 ± 1.89

8.91 ± 2.15

87.51 ± 2.12

14.30 ± 2.42*

0.019
0.012

Metformin

42 (16.2)

25 (16.7)

18 (15.1)

0.94

Insulin

36 (13.8)

15 (10.0)

19 (16.0)

0.33

ACE inhibitors

29 (11.2)

17 (11.3)

10 (8.4)

0.67

Other diabetes medications

72 (27.7)

54 (36.0)

42 (35.3)

0.14

Statins therapy

119 (46.8)

71 (48.0)

58 (50.0)

0.85

p < 0.05 compared with cluster 1; ‡p < 0.05 compared with cluster 2; Bonferroni corrected p-value = 0.05/4 = 0.0125

Values are reported as mean ± SD for continuous traits and n (%) for dichotomous traits. ACE: angiotensin converting enzyme, BNP: brain natriuretic peptide, BP:
blood pressure, eGFR: estimated glomerular filtration rate, HDL: high-density lipoprotein, HTN: hypertension, LDL: low-density lipoprotein, T2DM: type 2 diabetes
mellitus
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Table 2 Echocardiographic characteristics of the various identified clusters in the Jackson Heart Study
Echocardiographic
characteristics
LVMI (g/m2)
LVEDV (mL)
LVEDVi (mL/m2)
LVESV (mL)
LVESVi (mL/m2)
LVEF (%)
LAi (mm/m2)
E/A ratio

Cluster1 (n = 260)
64.23 ± 0.71

Cluster 2 (n = 150)
77.29 ± 0.94

Cluster 3 (n = 119)
104.92 ± 1.05

P value
< 0.0001

142.44 ± 1.56

170.28 ± 2.05

182.23 ± 2.30

< 0.0001

50.37 ± 1.08

59.46 ± 1.42

68.80 ± 1.60

< 0.0001

63.02 ± 0.40

64.03 ± 0.52

63.11 ± 0.59ns

68.29 ± 0.67
24.08 ± 0.49
16.8 ± 0.20

84.09 ± 0.89
29.27 ± 0.65

0.98 ± 0.02

17.9 ± 0.20

0.97 ± 0.02ns

91.33 ± 1.00

< 0.0001

34.41 ± 0.73

< 0.0001

18.3 ± 0.20

< 0.0001

0.91 ± 0.02

0.28
0.053

Values are reported as mean ± SD—All comparisons with mean in cluster 1 were significant

E/A: ratio between peak early and late diastolic velocities; LAi: left atrial diameter indexed; LVEDV: left ventricular end-diastolic volume; LVEDVi : left ventricular enddiastolic volume indexed to body surface area; LVEF: left ventricular ejection fraction; LVESV = left ventricular end-systolic volume; LVESVi : left ventricular end-systolic
volume mass indexed to body surface area; LVMi = left ventricular mass indexed to body surface area

likely to be smokers. Additional file 1: Table S3 shows
the comparisons of echocardiographic data among the
four clinical groups. The differences in LV morphology
(LV mass index and LV volumes) observed in unadjusted
analyses, did not persist in adjusted analyses (accounting
for age and sex). Obesity was associated with an abnormal diastolic function, with groups with obesity having a
higher E/A ratio, compared with the other groups. Overall, there was an important overlap of individual values of
systolic parameters among the four groups.
Among 529 Blacks with diabetes (68% women, mean
age 60 ± 10 years), 141 incident cardiovascular events (41

coronary heart disease, 36 stroke, 43 heart failure and 21
atrial fibrillation events) observed over a median followup of 12 years (range 1 to 15 years). The overall incidence
rate of cardiovascular disease in our sample was 26.3
(95% CI 22.4, 31.0) per 1000 person-years. The incidence
rate of cardiovascular disease by clinically relevant categories and clusters is shown in Fig. 1; Table 3.
In multivariable adjusted Cox proportional hazards
models (Table 3), Cluster 3 had a worse prognostic value,
in terms of incident cardiovascular disease, than Cluster
1 (hazard ratio: 1.60; 95% CI 1.08 to 2.37); the prognostic
value of Cluster 2 was not significantly different from that

Fig. 1 Incidence of cardiovascular events by Clinical Categories and by Clusters. A Clinical categories, B clusters. HTN: hypertension, OB: obesity
T2DM: type 2 diabetes mellitus
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Table 3 Incidence of cardiovascular events by clinical groups or
phenotypic clusters
Event rates per 1000
person-years (95% CI)

Adjusted
hazard ratio
(95% CI)‡

Cluster 1

22.95 (17.82, 29.55)

Reference

Cluster 2

23.86 (17.21, 33.08)

1.11 (0.73, 1.68)

Cluster 3

43.93 (32.80, 58.83)

1.60 (1.08, 2.37)

Clusters

Clinical categories
29.75 (16.90, 52.39)

Reference

T2DM and obesity

Isolated T2DM

16.32 (9.66, 27.55)

0.74 (0.33, 1.63)

T2DM and HTN

29.22 (20.67, 41.32)

0.84 (0.42, 1.65)

T2DM, HTN and obesity

29.73 (23.98, 36.87)

1.05 (0.56, 1.96)

‡

Age- and sex-adjusted hazard ratio; CI: confidence interval, T2DM: Type 2
diabetes mellitus, HTN: Hypertension

of Cluster 1 (hazard ratio: 1.11; 95% CI 0.73 to 1.68). On
the other hand, compared to individuals in the isolated
diabetes, those in the diabetes and hypertension group
(hazard ratio: 0.74, 95% CI: 0.33 to 1.63), or diabetes and
obesity group (hazard ratio: 0.84; 95% CI 0.42–1.65),
or diabetes and hypertension, and obesity group (hazard ratio: 1.05; 95% CI 0.56 to 1.96) groups, were not at
higher risk of cardiovascular events.

Discussion
In a community-based sample of Blacks with diabetes,
we assessed the risk for cardiovascular events, based on
clinical and echocardiographic data, and an innovative
statistical approach (cluster analysis). We made a number of observations. First, whereas classical statistical
analysis, based on a priori risk factor groups, resulted in
a substantial overlap of the groups, cluster analysis was
able to distinguish three groups mainly differentiated by
echocardiographic indices and cardiac biomarkers. Clinical characteristics varied between these clusters, with
phenotypes associated not only with obesity and hypertension but also with age and sex. Second, the cluster of
participants with the worse alteration in both left ventricular structure-function and the highest levels of markers
of myocardial stress (BNP) and injury (hsTnI) had the
worse cardiovascular prognosis.
Diabetes is a heterogeneous condition, given its coexistence with hypertension and obesity. The latter conditions make it difficult to isolate the intrinsic contribution
of glucose dysregulation to myocardial dysfunction in
human studies, as these comorbid conditions can also
affect cardiac remodeling. Using an a priori hypothesis
based on the comorbidities associated with diabetes,
namely obesity and hypertension, this afforded limited
discrimination in terms of future risk of cardiovascular
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disease. The cluster analyses showed three phenotypes
(mainly based on the echocardiographic indices and cardiac biomarkers): a hypertrophic high-risk phenotype
(Cluster 3), and two other Clusters 1 & 2. Cluster 3 had
the highest predictive values in terms of incident cardiovascular disease. Thus, our cluster analysis highlighted
the prognostic value of LV remodeling and subclinical
LV dysfunction in diabetes, despite similar clinical profiles of obesity and hypertension. This suggests that diabetes patients with decreasing LVEF and/or increased
LV mass, as well as high levels of biomarkers of cardiac
stress and/or injury (BNP and hsTnI) might be suitable
for targeted preventive strategies. Furthermore, that BNP
and hsTnI were highest in the phenotype (cluster 3) that
has the highest prognostic value is not surprising, as
these two biomarkers are both representative of subclinical myocardial stress and injury, respectively. BNP has
been shown to have a prognostic value among individuals
without overt cardiovascular disease [24]. Similarly, subclinical myocardial injury, as assessed by high sensitivity
troponin, has also been shown to predict adverse cardiovascular events [27].
Our observations provide additional insights into the
relation of diabetes and cardiovascular outcomes, and
highlights the key prognostic value of myocardial alterations, in the absence or presence of comorbidities, as well
as in the absence of overt cardiovascular disease. The
majority of prior studies in the setting of diabetes have
seldom evaluated both clinical and echocardiographic
parameters in terms of prediction of cardiovascular disease [28–32]. Our findings are consistent with the few
previous reports on the prognostic values of subclinical
myocardial changes among individuals with diabetes,
including LV systolic dysfunction [33, 34], diastolic dysfunction [35]. A prior study has used a cluster analysis
approach, and described the prognosis importance of
echocardiographic measures among diabetic patients
[36]. Our observations expands the latter study, which
did not include black participants ( who are disproportionaly affected by diabetes and cardiovascular diseases
in the United States [1, 2]), or biomarkers of ventricular
wall stress (BNP) or myocardial injury (hsTnI) [36].
The predominance of echocardiographic variables in
the clusters most probably illustrates the various mechanistic processes leading to cardiac remodeling in diabetes [37]. On one hand, diabetes increases cardiomyocyte
hypertrophy and stiffness, because of hyperinsulinemia,
microvascular endothelial inflammation and microvascular rarefaction [37, 38], leading to a phenotype with
preserved ejection fraction. On the other hand, diabetes augments fibrosis because of cardiomyocyte death
induced by lipotoxicity and/or advanced glycation end
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products [37, 38], leading to a reduction in ejection
fraction.
Our study suggests that among Blacks with diabetes,
structural myocardial dysfunction and cardiac biomarkers are potentially key determinants of cardiovascular
prognosis. Thus, our findings points to the potential
utility of cluster analysis to risk stratify, and this select
individuals without overt heart failure or cardiovascular disease in general who may benefit from novel diabetes therapies with cardiovascular benefits, namely the
SGLT-2 inhibitors [7], and the GLP-1 receptors agonists
[8], which are now recommended in guidelines for use
the context of diabetes, to optimize cardiovascular protection [39].
The strengths of this study include a well-characterized
community-based sample of Blacks, the availability of
both clinical, echocardiographic, and cardiac biomarkers data, and the use of an innovative analytical approach
to analysis to identify clusters of patients with unique
phenotypes with a prognosis value. Indeed, contrary to
classic statistical analysis, cluster analysis is a machine
learning and exploratory technique that provides tools to
identify unknown subgroups but with distinct characteristics that carry a prognosis values [15, 16].
Some limitations of our study should be acknowledged.
First, our analysis lacked power to investigate the individual cardiovascular disease events (coronary heart disease,
stroke, heart failure and atrial fibrillation), thus we used
a composite endpoint. Second, the participants were
Blacks in Jackson, Mississippi; thus, results may not be
generalizable to other ethnic groups or Blacks elsewhere
in the United States. Third, we did not include all the
potentially relevant echocardiographic indices (relating
to systolic and diastolic functions) such as LA volumes,
tissue Doppler measures, and strain measures, which
may have helped to refine the definition of the clusters.
Fifth, we did not have data on key diabetes-related factor
such as the disease duration and microvascular complications (such as retinopathy [40, 41], autonomic neuropathy [42], or erectile dysfunction [43], shown to be related
to myocardial alterations and cardiovascular outcomes),
which can help in refining the assessment of the risk of
cardiovascular disease in the context of diabetes. Fourth,
we focused on select group of diabetic participants with
complete data on the various variables, which likely
introduced some selection bias, but this is an inevitable
phenomenon in observational studies. Lastly, because of
the observational nature of our analysis, the study findings may be predisposed to residual confounding.
In conclusion, in a community-based sample of black
adults, cluster identification revealed three phenotypes
among patients with diabetes, indicating that despite
similar clinical profiles, patients with a phenotype
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characterized by the highest LVMI, highest LV volumes,
lowest LVEF, lowest E/A ratio, and elevated cardiac biomarkers (BNP and hsTnI) are at higher cardiovascular risk. These findings underscore the importance of
detecting of subtle myocardial abnormalities and elevation in cardiac biomarkers, which can help in reliability
predicting future cardiovascular risk among individuals
with diabetes.
.
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