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Abstract

Introduction

Diabetes is a known risk factor for heart failure (HF), and HF often manifests as a common cardiovascular
event in people with type-2 diabetes mellitus (T2DM). Once HF is present, diabetes presents an especially
adverse prognosis for subsequent morbidity and mortality. Brain natriuretic peptide (BNP) and n-terminal
ProBNP (NT-proBNP) are used as diagnostic biomarkers for HF that are secreted by the ventricles in response
to increased myocardial wall stress. If we could unmask some clinical and routine laboratory parameters
affecting BNP and ejection fraction (EF), we can predict impending HF and take measures to prevent it. The
current study was conducted to investigate the factors affecting BNP and EF for detecting potential HF in
T2DM patients who do not exhibit overt HF symptoms.

Materials and methods

The present cross-sectional study was performed after obtaining ethical clearance from the Institutional
Ethics Committee. T2DM patients consulting the Medicine Outpatient Department (OPD) of BRD Medical
College Gorakhpur during a two-month period (from 20 July 2023 to 19 September 2023) with age >40 years
and duration of T2DM >10 years. Multistage random sampling was done to recruit study participants, and
308 patients participated in the study. Informed consent was obtained from the recruited participants. The
chi-square or Fisher's exact test (whichever was applicable) was used to explore the association between
categorical variables. Correlation statistics were calculated using Spearman correlation among the NT-
proBNP, EF, and other relevant variables. The Statistical Package for Social Sciences (SPSS) (version 21; IBM
SPSS Statistics for Windows, Armonk, NY) was used for the analysis, and a two-sided p-value of < 0.05 was
considered significant.

Results

Three hundred and eight diabetic patients satisfying inclusion and exclusion criteria were enrolled as study
participants and completed the study. The mean age of the total study subjects was 60.82 * 9.23 years. There
were 161 (52.3%) male and 147 (47.7%) female participants, and about half (153/308, 49.7%) of the
participants belonged to the age group 40-60 years. There was a statistically significant association (p =
0.01) between NT-proBNP and glycated hemoglobin. Statistically highly significant (p < 0.001) associations
were found between NT-proBNP with duration of T2DM and EF. There was a strong negative correlation
(correlation coefficient = -0.743) between EF and NT-proBNP, and this correlation was statistically highly
significant with a p-value < 0.001.

Conclusion

Elevated NT-proBNP levels and impaired EF were found in a significant proportion of these patients,
indicating an increased risk of cardiovascular complications. This study highlights a significant association
between NT-proBNP and EF in patients with T2DM in those without overt heart failure symptoms.
Furthermore, longer T2DM duration and higher HbA1c levels were found to be associated with elevated NT-
proBNP levels, while longer T2DM duration and elevated NT-proBNP were linked to lower EF. These
findings have important clinical implications, as they suggest that monitoring NT-proBNP levels in patients
with T2DM without clinical features of overt heart failure may help identify those at risk for decreased EF
and potentially prevent heart failure.
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Introduction

Type 2 diabetes mellitus (T2DM) is a heterogeneous group of disorders characterized by variable degrees of
insulin resistance, impaired insulin secretion, and increased hepatic glucose production. The global burden
of T2DM is on the rise, and it is estimated that diabetes will affect more than 430 million persons, 7.7% of
the global adult population, by 2030 [1]. In patients with diabetes mellitus, advanced age, duration of the
disease, insulin use, presence of coronary artery disease, and elevated serum creatinine are all independent
risk factors for the development of heart failure (HF) [2]. HF is a clinical syndrome with an age-related
increase in prevalence, from 1% at the age of 50-59 years to 10% at 75 years and older [3]. HF and T2DM
confer a considerable burden on the healthcare system. T2DM can increase the risk of HF, whereas HF can
accelerate complications of T2DM [4]. Diabetes is an established risk factor for HF, and HF often manifests as
a common cardiovascular event in people with T2DM. Cardiovascular events may even present without
typical chest pain [5]. The prevalence of unrecognized HF in those with T2DM is thought to be considerable.
Generally, clinically manifesting HF is present in 10-30% of all subjects with T2DM, especially common at
the age of 70 years and older, while 30-40% of all cases of acute or chronic HF have prevalent T2DM [6].

Brain natriuretic peptide (BNP) and N-terminal proBNP (NT-proBNP) are used as diagnostic biomarkers for
HF that are secreted by the ventricles in response to increased myocardial wall stress. Current guidelines
emphasize that patients suspected of HF with a BNP >100pg/mL or an NT-proBNP >125pg/mL must undergo
echocardiography to confirm HF diagnosis and that patients with values below the cutoffs are very unlikely
to have HF [7]. As potentiation of atherogenesis and cardiac dysfunction occurs in the presence of early
diabetic symptoms and in the established disease, early implementation of strategies to manage risk factors
and slow diabetes progression may help improve long-term outcomes. Such interventions may include
effective treatments of hypertension and dyslipidemia, diet improvements, weight loss, and exercise as well
as pharmacologic interventions aimed at newly identified therapeutic targets. If we could unmask some
clinical and routine laboratory parameters affecting NT-proBNP and ejection fraction (EF), we can predict
impending HF and take measures to prevent it. The current study was conducted to investigate the factors
affecting NT-proBNP and EF for detecting potential heart failure in T2DM patients who do not exhibit overt
heart failure symptoms.

Materials And Methods
Study design

The present cross-sectional study was performed after obtaining ethical clearance from the Institutional
Ethics Committee of Baba Raghav Das (BRD) Medical College (approval number: 20/IHEC/2023). The
confidentiality of the data was maintained.

T2DM patients consulting the Medicine Outpatient Department (OPD) of BRD Medical College during a two-
month period (from 20th July 2023 to 19th September 2023) with age >40 years and duration of T2DM >10
years.

Sample size

The sample size was calculated based on a previous study using the following formula:
n = 7% pg/d>

n = sample size

p = prevalence of HF among diabetics; q = 1-p

d = allowable error

z-statistic: The level of confidence of 95%, this is conventional. The z-score is 1.96

The prevalence of HF among diabetics was taken as 27.7% (based on an earlier study done by Boonman-de
Winter et al.) [8]. Allowable error was taken as 5%.

N= (1.96)% x0.277x (1 - 0.277) / (0.05) 2 = 308
Hence, the final sample size of this study comes to 308.

Inclusion and exclusion criteria

Patients aged >40 years of either sex, diagnosed with T2DM for more than a 10-year duration attending
Medicine OPD, BRD Medical College, and willing to participate in the study were included in the study.
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Patients not giving consent, with evidence of valvular disease, history of symptoms of peripheral artery
disease, chronic obstructive pulmonary disease arrhythmias, and diagnosed with stage III/IV chronic kidney
disease were excluded.

Operational definition

Diabetes was diagnosed by the American Diabetes Association Diagnostic Criteria for diabetes mellitus [9] as
fasting plasma glucose (FPG) >126 mg/dL (7.0 mmol/L), two-hour plasma glucose >200 mg/dL (11.1 mmol/L)
during an oral glucose tolerance test (OGTT), glycated hemoglobin (HbA1lc) >6.5% (48 mmol/mol), or a
patient with classic symptoms of hyperglycemia or hyperglycemic crisis with random plasma glucose > 200
mg/dL (11.1 mmol/L). The diagnosis of HF is based on left ventricle ejection fraction (LVEF). The 2021
European Society of Cardiology (ESC) Guidelines [10] suggested three stages of HF along a spectrum. Left
ventricular EF was estimated by Simpson's method and also by visual eyeball estimation, and it was
performed by the same cardiologist for all participants. On the basis of echocardiography, every subject was
classified as preserved ejection fraction (pEF), midrange ejection fraction (mrEF), and reduced ejection
fraction (rEF) wherein pEF, LVEF >50%; mrEF, LVEF of 41-49%; and rEF (LVEF) <40% [11]. The NT-proBNP
level up to 125 pg/ml was taken as normal and >125 pg/ml as elevated.

Sampling method

Multistage random sampling was adopted for recruiting study participants. In the first stage of sampling,
three days per week were decided randomly by rolling a six-sided dice. This process was repeated until the
data collection days for all eight weeks (from July 20, 2023, to September 19, 2023) of the data collection
period were selected. By doing this, we prepared a date-wise list of 24 OPD days for data collection. The total
duration of OPD days was divided into four quarters (08:00 a.m. to 10:00 a.m., 10:00 a.m. to 12:00 p.m., 12
p.m. to 02:00 p.m., and 2:00 p.m. to 4:00 p.m.) for the purpose of data collection. On every morning of the
data collection day, a decision for data collection timing was made by the lottery method. Data collection
was done during that selected two-hour duration of OPD. Twelve to fifteen diabetic patients per data
collection day were recruited. The decision to include a patient in the study was made by flipping a coin. If
heads were the result, the patient was asked to participate in the study; if tails was the result, they would be
excluded. This procedure was done until the required sample size (308) was achieved. Written informed
consent in the local language was taken from all the study subjects. Each study subject underwent evaluation
for history, examination, investigations (including HbA1C and NT-proBNP level), and evaluation with
echocardiography for ejection fraction as a routine part of their standard management protocol. All subjects
were asked about their chief complaints, and questions were asked about dyspnea on exertion, exercise
intolerance, fatigue, breathlessness, orthopnea, pedal edema, and any other chronic illness. A general
examination was done to look for pallor, cyanosis, clubbing, edema, icterus, and lymphadenopathy. Every
study subject’s blood pressure, pulse rate, BMI, and abdominal circumference were recorded. Every subject
underwent detailed systemic examination, mainly cardiovascular and respiratory system examination with
special emphasis on crepitation in the chest and raised JVP. A quick systemic review of other systems was
done. As a routine part of management, a venous blood sample was taken in an EDTA vial and sent to the
Central Pathology Lab, Nehru Chikitsalaya, BRD Medical College, Gorakhpur. In the Lab, it would be
processed and analyzed in an automatic analyzer for HbA1C and other markers. For NT-proBNP analysis, an
NT-proBNP Fast Test Kit (immunofluorescence assay; Getein Biotech, Inc., Nanjing, China) was used. Every
participant’s echocardiography was obtained on a SonoSite M-Turbo medical ultrasound machine (Fujifilm
SonoSite, Bothell, WA) with a 2.5-MHz transducer. We used two-dimensional measurement to calculate
LVEF (left ventricular ejection fraction). The most often-used quantitative measure of systolic function is
LVEF, which assesses how much of the left ventricular diastolic blood volume is evacuated during each
cardiac cycle.

Data collection and statistical analysis

The data of participants were filled out in an Excel spreadsheet (Microsoft® Corp., Redmond, WA), and after
data cleaning, it was imported into the Statistical Package for Social Sciences (SPSS) version 21 (IBM SPSS
Statistics, Armonk, NY) for further analysis. Descriptive analysis was performed by applying appropriate
statistical tests at the Department of Medicine in collaboration with the Department of Community
Medicine of BRD Medical College, Gorakhpur. Categorical variables were presented in absolute numbers
with percentage and continuous variables as mean and standard deviation (SD). The chi-square or Fisher's
exact test (whichever was applicable) was used to explore the association between categorical variables.
Normality was checked using the Kolmogorov-Smirnov test, and data were found to be not normally
distributed. Correlation statistics were calculated using Spearman correlation between the NT-proBNP, EF,
and other relevant variables. SPSS, version 21, was used for analysis, and a two-sided p-value of < 0.05 was
considered significant.

Results

In the present cross-sectional observational study, 350 patients attending Medicine OPD having T2DM with
age >40 years and >10 years of T2DM duration were approached. Three hundred and eight diabetic patients
satisfying inclusion and exclusion criteria were enrolled as study participants and completed the study. The
mean age of the total study subjects was 60.82 * 9.23 years.
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There were 161 (52.3%) male and 147 (47.7%) female participants and about half (153/308, 49.7%)
participants belonged to the age group 40-60 years. The clinical profiles of study participants are compiled

in Table 1.
Study Participants Category Number Percentage
Demographic Profile
Age (Mean + SD) 60.82 + 9.23
40-60 153 49.7
Age Group (Years) 61-80 147 477
80 8 26
Female 147 477
Gender
Male 161 52.3
Clinical Profile
10-20 258 83.8
Duration of Type-2 Diabetes (Years) 21-30 46 14.9
>30 04 13
<6.5% 29 9.4
HbA1c Level 6.5-9.5% 228 74.0
>9.5% 51 16.6
Upto 125 210 68.2
NT-proBNP Level (pg/dl)
>125 98 31.8
PEF (250%) 236 76.6
Ejection Fraction mrEF (41-49%) 41 13.3
TEF (<40%) 31 10.1

TABLE 1: Demographic and clinical profile of study participants (n = 308)

SD, standard deviation; HbA1c, glycated hemoglobin; NT-proBNP, n-terminal pro-brain natriuretic peptide; pEF, preserved ejection fraction; mEF, mid-
range ejection fraction; rEF, reduced ejection fraction

There was a statistically significant association (p = 0.01) between age group, glycated hemoglobin, and NT-
proBNP. Statistically highly significant (p < 0.001) associations were also found between NT-proBNP with a
duration of T2DM and EF (Table 2).
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Variables of Study Participants

Age Group (Years)

Duration of Type-2 Diabetes (Years)

HbA1c

Ejection Fraction

TABLE 2: Association of NT-proBNP status with different variables of study participants

40-60

61-80

10-20

20-30

6.5-9.5

PEF (2 50%)

mEF (41-49%)

TEF (< 40%)

NT-proBNP Status

Normal n =210 (68.2%)

113 (73.9)

96 (65.3)

1(12.5)

208 (80.6)

2(43)

23(79.3)

162 (71.1)

25 (49.0)

201 (85.2)

6 (14.6)

3(7)

Elevated n = 98 (31.8%)

40 (26.1)

51(34)

4(44.7)

50 (19.4)

44 (95.7)

4(100)

6(20.7)

66 (28.9)

26 (51.0)

35 (14.8)

28(90.3)

53 (100)

Total = 308

153

147

258

46

29

228

51

236

4

31

P-value

0.001

<0.001

0.004

<0.001

p-value, significance value; HbA1c, glycated hemoglobin; NT-proBNP, n-terminal pro-brain natriuretic peptide; pEF, preserved ejection fraction; mEF,
midrange ejection fraction; rEF, reduced ejection fraction

Variables of Study Participants

Age Group (Years)

Duration of Type-2 Diabetes (Years)

HbA1c

TABLE 3: Association of ejection fraction with different variables of study participants

A statistically significant association was found between the duration of T2DM, glycated hemoglobin, and
ejection fraction (Table 3).

40-60

61-80

280

10-20

20-30

6.5-9.5

Ejection Fraction n (%)

PEF n =236 (76.6) mrEF n =41 (13.3)
122 (79.7) 18 (11.8)

111 (75.5) 20 (13.6)

3(37.5) 3(37.5)

220 (85.3) 22 (8.5)

15 (32.6) 19 (41.3)

1(25.0) 0

23(79.3) 6(20.7)

174 (76.3) 25 (11.0)

39(76.5) 10 (19.6)

[EF n =31 (10.1)

13 (8.5)

16 (10.9)

2(25.0)

16 (6.2)

12 (26.1)

3(73)

29 (12.7)

2(39)

Total = 308

153

258

46

29

288

51

P-value

0.097

<0.001

0.039

p-value, significance value; HbA1c, glycated hemoglobin; NT-proBNP, n-terminal pro-brain natriuretic peptide; pEF, preserved ejection fraction; mEF, Mid-
range ejection fraction; rEF, reduced ejection fraction

There was a strong positive correlation (correlation coefficient = 0.712) between NT-proBNP and the
duration of T2DM. Similarly, the ejection fraction of the participants showed a strong negative correlation
(correlation coefficient = -0.743) with NT-proBNP. These correlations were statistically highly significant

too (Table 4).
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Variables Correlation Coefficient Sig. (Two-tailed)
Age 0.048 0.354

Duration of T2DM 0712" <0.001

HbA1C -0.063 0.215

Ejection Fraction % -0.743" <0.001

TABLE 4: Correlation of NT-proBNP with different variables of study participants

T2DM, type-2 diabetes mellitus; NT-proBNP, n-terminal pro-brain natriuretic peptide

** Correlation is significant at the 0.01 level (two-tailed)

Figure I shows a simple scatter with a fit line of NT-proBNP by ejection fraction. It is evident that there is an
inverse relationship between NT-proBNP level and ejection fraction.

Simple Scatter with Fit Line of NT-proBNP by EF%
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FIGURE 1: Scatter plot between EF and NT-proBNP

NT-proBNP, n-terminal pro-brain natriuretic peptide; EF, ejection fraction

Discussion

The present hospital-based cross-sectional observational study aimed to assess the factors affecting NT-
proBNP and EF for detecting potential heart failure in T2DM patients who do not exhibit overt heart failure
symptoms. The study enrolled a total of 308 subjects with T2DM patients who satisfied the inclusion and
exclusion criteria. Patients with the mentioned clinical conditions were excluded as these conditions have
the potential to independently affect our study variables and outcome. The findings of this study may help
in establishing the significance of early identification of the predictors of cardiac dysfunction in T2DM
patients without clinical features of overt heart failure.

Studies conducted earlier have reported a high prevalence of cardiovascular complications in patients with
T2DM. Research studies suggest that diabetic cardiomyopathy develops in patients with T2DM without the
presence of typical cardiovascular risk factors like hypertension, dyslipidemia, or smoking. It has been
observed that the risk of heart failure is higher in patients with T2DM than in nondiabetic individuals, even
in the absence of clinical symptoms of heart failure. Moreover, elevated levels of NT-proBNP have been
observed in T2DM patients, indicating an increased risk of cardiovascular complications, including heart
failure [12]. Similarly, a reduction in ejection fraction has also been observed in T2DM patients, which is an
important predictor of heart failure and complications [13]. Estimating NT-proBNP and left ventricular
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ejection fraction in T2DM patients is an important step in evaluating cardiac function, which helps in early
identification, timely intervention, and management of cardiovascular complications effectively.

Elevated NT-proBNP was found more in the long duration of T2DM patients in this study. Additionally, the
mean T2DM duration observed in this study was 17.1 = 5.9 years. This finding coincides with a study
conducted in India that reported a mean T2DM duration of 15.5 years [14]. The prolonged T2DM duration
has been found associated with a higher risk of developing CVD in patients with T2DM [15]. Therefore, it is
crucial to ensure optimal glycemic control and regular screening for CVD risk factors in patients with T2DM,
especially those with longer T2DM duration. In this study, the majority of the study subjects (228, 74%) had
HbAlc levels between 6.5-9.5%, which is higher than the recommended target. Similarly, suboptimal
glycemic control was also found in patients with T2DM in studies conducted in the past [16,17]. Only a small
proportion of the study subjects (29, 9.4%) had HbA1c levels below the recommended target of <6.5%,
indicating that there is a need for better glycemic control awareness in this population. Good glycemic
control has been shown to reduce the risk of microvascular and macrovascular complications in patients
with diabetes [18]. Overall, these findings highlight the need for better glycemic control in patients with
T2DM without clinical features of heart failure.

NT-proBNP is a sensitive biomarker for heart failure, and elevated NT-proBNP levels have been observed in
patients with T2DM, even in the absence of clinical features of heart failure [19]. In this study, 98 (31.8%)
participants had elevated NT-proBNP levels (> 125 pg/dl), indicating that a significant proportion of patients
with T2DM may have underlying cardiac dysfunction even in the absence of overt heart failure symptoms.
This observation is consistent with a previous study that has reported that patients with T2DM are at an
increased risk of developing cardiovascular complications such as heart failure [20]. The relationship
between BNP and age has also been well established, with NT-proBNP levels increasing with age [21], we
also found a significant association between age and BNP level of study participants.

The statistically significant association (p < 0.001) found between T2DM duration, and an NT-proBNP level
in this study indicates a possible relationship between the longer duration of T2DM and elevated NT-
proBNP levels. This finding is consistent with previous studies that have reported an association between
the duration of T2DM and elevated NT-proBNP levels [22,23]. Among the study subjects with normal NT-
proBNP levels, 162 (71.1) had HbA1c levels between 6.5-9.5%, whereas among those with elevated NT-
proBNP levels, 66 (28.9%) had HbA1c levels between 6.5-9.5%. This finding suggests that patients with
elevated HbAlc levels are at a higher risk of developing elevated NT-proBNP, which is consistent with
previous studies [24,25]. Hence, NT-proBNP levels can be used as a useful tool to identify patients at risk of
developing cardiac dysfunction, which may prompt further evaluation and intervention to prevent overt
heart failure.

The study found that the majority (236, 76.6%) of the subjects had preserved ejection fraction, while 41
(13.3%) had moderate ejection fraction, and 31 (130.1%) had reduced ejection fraction. Ejection fraction is
an important measure of heart function, and a reduced ejection fraction is a marker of systolic dysfunction,
which can increase the risk of heart failure and cardiovascular events. Finding low (moderate or reduced)
ejection fraction in T2DM subjects without clinical features of heart failure is consistent with Rosno et

al. [26].

In this study, preserved ejection fraction is the most common although the association between age and
ejection fraction was found to be nonsignificant, it is possible that age-related changes in the myocardium
could still be contributing to the observed differences in ejection fraction among the different age groups.
This is consistent with a previous study that reported a high prevalence of preserved ejection fraction in
patients with heart failure [27].

Furthermore, the association between T2DM duration and ejection fraction was found to be statistically
significant, indicating that longer T2DM duration was associated with a higher probability of developing
midrange and reduced ejection fraction. This finding is consistent with previous studies that have reported a
significant association between T2DM duration and impaired left ventricular function [28]. It is believed that
chronic hyperglycemia, insulin resistance, and oxidative stress are the key factors that contribute to the
development of left ventricular dysfunction in patients with T2DM.

The current study found a significant association between the ejection fraction and HbA1lc levels in diabetic
patients highlighting the importance of glycemic control in preventing cardiac dysfunction in diabetic
patients. Literature also shows a significant association between poor glycemic control and cardiac
dysfunction in diabetes. Elevated HbA1c levels have been shown to cause structural and functional changes
in the myocardium, such as increased collagen deposition and impaired cardiac energetics, which can lead to
impaired cardiac function [29]. Elevated NT-proBNP levels are a marker of myocardial dysfunction and are
strongly associated with the presence and severity of heart failure [30].

The current study has several limitations. First, the cross-sectional study design makes it difficult to
establish a cause-effect relationship between T2DM duration and cardiac dysfunction. Secondly, this is a
single-center study limiting the generalizability of the findings. Left ventricular global longitudinal strain
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and parameters of diastolic function were not studied in this project. Several other factors might work in
conjunction, which could influence left ventricular function.

Further studies are needed to explore the factors contributing to poor glycemic control in this population
and to develop effective interventions to improve glycemic control and reduce the risk of complications.

Conclusions

Elevated NT-proBNP levels and impaired EF were found in a significant proportion of these patients,
indicating an increased risk of cardiovascular complications. This study highlights a significant association
between NT-proBNP and EF in patients with T2DM in those without overt heart failure symptoms.
Furthermore, longer T2DM duration and higher HbA1c levels were found to be associated with elevated NT-
proBNP levels. Conversely, longer T2DM duration and elevated BNP were linked to lower EF. These findings
have important clinical implications as they suggest that monitoring NT-proBNP levels in patients with
T2DM without clinical features of overt heart failure may help identify those at risk for decreased EF and
potentially prevent heart failure. This study underscores the importance of regular cardiac screening and
glycemic control in T2DM patients to prevent the development of heart failure and improve long-term
outcomes. Further research is warranted to explore additional factors contributing to cardiac dysfunction in
this population and to develop effective interventions for risk reduction.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Imran Ahmed Khan, Raj Kishore Singh, Subhash C. Yadav

Acquisition, analysis, or interpretation of data: Imran Ahmed Khan, Raj Kishore Singh, Kunal Kumar
Singh, Aradhana Singh

Drafting of the manuscript: Imran Ahmed Khan, Kunal Kumar Singh, Aradhana Singh, Subhash C. Yadav

Critical review of the manuscript for important intellectual content: Imran Ahmed Khan, Raj Kishore
Singh, Kunal Kumar Singh, Aradhana Singh, Subhash C. Yadav

Supervision: Raj Kishore Singh, Kunal Kumar Singh, Subhash C. Yadav

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Institutional Ethics
Committee of Baba Raghav Das (BRD) Medical College issued approval 20/IHEC/2023. Ethical clearance was
obtained from the Institutional Ethics Committee of Baba Raghav Das (BRD) Medical College Gorakhpur.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Shaw JE, Sicree RA, Zimmet PZ: Global estimates of the prevalence of diabetes for 2010 and 2030 . Diabetes
Res Clin Pract. 2010, 87:4-14. 10.1016/j.diabres.2009.10.007

2. Roman G, Pantea Stoian A: Cardiovascular risk/disease in type 2 diabetes mellitus . Pathophysiology to
Cyber Systems. Pantea Stoian A (ed): IntechOpen, Rijeka, Croatia; 2021. 20:277. 10.5772/intechopen.97422

3. Upadhya B, Kitzman DW: Heart failure with preserved ejection fraction: new approaches to diagnosis and
management. Clin Cardiol. 2020, 43:145-55. 10.1002/clc.23321

4.  Cosentino F, Grant PJ, Aboyans V, et al.: 2019 ESC guidelines on diabetes, pre-diabetes, and cardiovascular
diseases developed in collaboration with the EASD: the task force for diabetes, pre-diabetes, and
cardiovascular diseases of the European Society of Cardiology (ESC) and the European Association for the
Study of Diabetes (EASD). Eur Heart J. 2020, 41:255-323. 10.1093/eurheartj/ehz486

5. KhanIA, Karim HM, Panda CK, Ahmed G, Nayak S: Atypical presentations of myocardial infarction: a
systematic review of case reports. Cureus. 2023, 15:35492. 10.7759/cureus.35492

6. Dunlay SM, Roger VL: Understanding the epidemic of heart failure: past, present, and future . Curr Heart Fail
Rep. 2014, 11:404-15. 10.1007/s11897-014-0220-x

7. Ponikowski P, Voors AA, Anker SD, et al.: 2016 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure: the task force for the diagnosis and treatment of acute and chronic heart failure of the

2023 Singh et al. Cureus 15(10): €46904. DOI 10.7759/cureus.46904 8of9


https://dx.doi.org/10.1016/j.diabres.2009.10.007
https://dx.doi.org/10.1016/j.diabres.2009.10.007
https://dx.doi.org/10.5772/intechopen.97422
https://dx.doi.org/10.5772/intechopen.97422
https://dx.doi.org/10.1002/clc.23321
https://dx.doi.org/10.1002/clc.23321
https://dx.doi.org/10.1093/eurheartj/ehz486
https://dx.doi.org/10.1093/eurheartj/ehz486
https://dx.doi.org/10.7759/cureus.35492
https://dx.doi.org/10.7759/cureus.35492
https://dx.doi.org/10.1007/s11897-014-0220-x
https://dx.doi.org/10.1007/s11897-014-0220-x
https://dx.doi.org/10.1002/ejhf.592

Cureus

10.

11.

12.

13.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC. Eur ] Heart Fail. 2016, 18:891-975. 10.1002/ejhf.592

Boonman-de Winter L], Rutten FH, Cramer MJ, Landman M]J, Liem AH, Rutten GE, Hoes AW: High
prevalence of previously unknown heart failure and left ventricular dysfunction in patients with type 2
diabetes. Diabetologia. 2012, 55:2154-62. 10.1007/s00125-012-2579-0

American Diabetes Association: Classification and diagnosis of diabetes. Diabetes Care. 2016, 39:513-22.
10.2337/dc16-S005

Masip J, Frank Peacok W, Arrigo M, et al.: Acute heart failure in the 2021 ESC heart failure guidelines: a
scientific statement from the Association for Acute CardioVascular Care (ACVC) of the European Society of
Cardiology. Eur Heart | Acute Cardiovasc Care. 2022, 11:173-85. 10.1093/ehjacc/zuab122

Bozkurt B, Coats AJ, Tsutsui H, et al.: Universal definition and classification of heart failure: a report of the
Heart Failure Society of America, Heart Failure Association of the European Society of Cardiology, Japanese
Heart Failure Society and Writing Committee of the Universal Definition of Heart Failure. Eur ] Heart Fail.
2021, 23:352-80. 10.1002/ejhf.2115

Wolsk E, Claggett B, Diaz R, et al.: Risk estimates of imminent cardiovascular death and heart failure
hospitalization are improved using serial natriuretic peptide measurements in patients with coronary artery
disease and type 2 diabetes. ] Am Heart Assoc. 2022, 11:021327. 10.1161/JAHA.121.021327

Falcao-Pires I, Hamdani N, Borbély A, et al.: Diabetes mellitus worsens diastolic left ventricular dysfunction
in aortic stenosis through altered myocardial structure and cardiomyocyte stiffness. Circulation. 2011,
124:1151-9. 10.1161/CIRCULATIONAHA.111.025270

Venkataraman K, Kannan AT, Mohan V: Challenges in diabetes management with particular reference to
India. Int ] Diabetes Dev Ctries. 2009, 29:103-9. 10.4103/0973-3930.54286

Chaudhury A, Duvoor C, Reddy Dendi VS, et al.: Clinical review of antidiabetic drugs: implications for type 2
diabetes mellitus management. Front Endocrinol (Lausanne). 2017, 8:6. 10.3389/fendo.2017.00006

Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G, Gregg EW: Achievement of goals in U.S. diabetes
care, 1999-2010. N Engl ] Med. 2013, 368:1613-24. 10.1056/NEJMsal213829

Kaveeshwar SA, Cornwall J: The current state of diabetes mellitus in India . Australas Med J. 2014, 7:45-8.
Ma CX, Ma XN, Guan CH, Li YD, Mauricio D, Fu SB: Cardiovascular disease in type 2 diabetes mellitus:
progress toward personalized management. Cardiovasc Diabetol. 2022, 21:74. 10.1186/512933-022-01516-6
Sardu C, Paolisso P, Ducceschi V, et al.: Cardiac resynchronization therapy and its effects in patients with
type 2 diabetes mellitus optimized in automatic vs. echo guided approach. Data from the DIA-OPTA
investigators. Cardiovasc Diabetol. 2020, 19:202. 10.1186/s12933-020-01180-8

Wang TJ, Larson MG, Levy D, et al.: Plasma natriuretic peptide levels and the risk of cardiovascular events
and death. N Engl ] Med. 2004, 350:655-63. 10.1056/NE]Moa031994

Luchner A, Burnett JC Jr, Jougasaki M, et al.: Evaluation of brain natriuretic peptide as marker of left
ventricular dysfunction and hypertrophy in the population. ] Hypertens. 2000, 18:1121-8.
10.1097/00004872-200018080-00018

Dal K, Ata N, Yavuz B, et al.: The relationship between glycemic control and BNP levels in diabetic patients .
Cardiol J. 2014, 21:252-6. 10.5603/C].a2013.0109

Gong H, Wang X, Ling Y, Shi Y, Shi H: Prognostic value of brain natriuretic peptide in patients with heart
failure and reserved left ventricular systolic function. Exp Ther Med. 2014, 7:1506-12.
10.3892/etm.2014.1635

Boerrigter G, Costello-Boerrigter LC, Burnett JC Jr: Natriuretic peptides in the diagnosis and management
of chronic heart failure. Heart Fail Clin. 2009, 5:501-14. 10.1016/j.hfc.2009.04.002

Weber M, Hamm C: Role of B-type natriuretic peptide (BNP) and NT-proBNP in clinical routine . Heart.
2006, 92:843-9. 10.1136/hrt.2005.071233

Rosano GM, Vitale C, Seferovic P: Heart failure in patients with diabetes mellitus . Card Fail Rev. 2017, 3:52-
5. 10.15420/cfr.2016:20:2

Borlaug BA: The pathophysiology of heart failure with preserved ejection fraction . Nat Rev Cardiol. 2014,
11:507-15. 10.1038/nrcardio.2014.83

MacDonald MR, Petrie MC, Hawkins NM, et al.: Diabetes, left ventricular systolic dysfunction, and chronic
heart failure. Eur Heart J. 2008, 29:1224-40. 10.1093/eurheartj/ehn156

Lainchbury JG, Campbell E, Frampton CM, et al.: Brain natriuretic peptide and n-terminal brain natriuretic
peptide in the diagnosis of heart failure in patients with acute shortness of breath. Journal of the American
College of Cardiology. 2003, 42:728-35. 10.1016/s0735-1097(03)00787-3

Logeart D, Thabut G, Jourdain P, et al.: Predischarge b-type natriuretic peptide assay for identifying patients
at high risk of re-admission after decompensated heart failure. ] Am Coll Cardiol. 2004, 43:635-41.
10.1016/j.jacc.2003.09.044

2023 Singh et al. Cureus 15(10): €46904. DOI 10.7759/cureus.46904

90f9


https://dx.doi.org/10.1002/ejhf.592
https://dx.doi.org/10.1007/s00125-012-2579-0
https://dx.doi.org/10.1007/s00125-012-2579-0
https://dx.doi.org/10.2337/dc16-S005
https://dx.doi.org/10.2337/dc16-S005
https://dx.doi.org/10.1093/ehjacc/zuab122
https://dx.doi.org/10.1093/ehjacc/zuab122
https://dx.doi.org/10.1002/ejhf.2115
https://dx.doi.org/10.1002/ejhf.2115
https://dx.doi.org/10.1161/JAHA.121.021327
https://dx.doi.org/10.1161/JAHA.121.021327
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.025270
https://dx.doi.org/10.1161/CIRCULATIONAHA.111.025270
https://dx.doi.org/10.4103/0973-3930.54286
https://dx.doi.org/10.4103/0973-3930.54286
https://dx.doi.org/10.3389/fendo.2017.00006
https://dx.doi.org/10.3389/fendo.2017.00006
https://dx.doi.org/10.1056/NEJMsa1213829
https://dx.doi.org/10.1056/NEJMsa1213829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920109/
https://dx.doi.org/10.1186/s12933-022-01516-6
https://dx.doi.org/10.1186/s12933-022-01516-6
https://dx.doi.org/10.1186/s12933-020-01180-8
https://dx.doi.org/10.1186/s12933-020-01180-8
https://dx.doi.org/10.1056/NEJMoa031994
https://dx.doi.org/10.1056/NEJMoa031994
https://dx.doi.org/10.1097/00004872-200018080-00018
https://dx.doi.org/10.1097/00004872-200018080-00018
https://dx.doi.org/10.5603/CJ.a2013.0109
https://dx.doi.org/10.5603/CJ.a2013.0109
https://dx.doi.org/10.3892/etm.2014.1635
https://dx.doi.org/10.3892/etm.2014.1635
https://dx.doi.org/10.1016/j.hfc.2009.04.002
https://dx.doi.org/10.1016/j.hfc.2009.04.002
https://dx.doi.org/10.1136/hrt.2005.071233
https://dx.doi.org/10.1136/hrt.2005.071233
https://dx.doi.org/10.15420/cfr.2016:20:2
https://dx.doi.org/10.15420/cfr.2016:20:2
https://dx.doi.org/10.1038/nrcardio.2014.83
https://dx.doi.org/10.1038/nrcardio.2014.83
https://dx.doi.org/10.1093/eurheartj/ehn156
https://dx.doi.org/10.1093/eurheartj/ehn156
https://dx.doi.org/10.1016/s0735-1097(03)00787-3
https://dx.doi.org/10.1016/s0735-1097(03)00787-3
https://dx.doi.org/10.1016/j.jacc.2003.09.044
https://dx.doi.org/10.1016/j.jacc.2003.09.044

	Factors Affecting Biochemical and Echocardiographic Indices in Type 2 Diabetes Mellitus Patients Without Overt Symptoms of Heart Failure: A Cross-Sectional Study
	Abstract
	Introduction
	Materials and methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Study design
	Sample size
	Inclusion and exclusion criteria
	Operational definition
	Sampling method
	Data collection and statistical analysis

	Results
	TABLE 1: Demographic and clinical profile of study participants (n = 308)
	TABLE 2: Association of NT-proBNP status with different variables of study participants
	TABLE 3: Association of ejection fraction with different variables of study participants
	TABLE 4: Correlation of NT-proBNP with different variables of study participants
	FIGURE 1: Scatter plot between EF and NT-proBNP

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


