Exploring the Relationship Between Bitter Gourd (Momordica Charantia) Consumption and Glycated Hemoglobin (HbA1c) in Type 2 Diabetes and Diabetic Hypertension Comorbidity



ABSTRACT

Aim: The objective of this study was to examine the association between the frequency of bitter gourd consumption and HbA1c levels (Glycated Hemoglobin) among patients with T2DM and those with both T2DM and hypertension (T2DM*HTN). 
Background: In India, approximately 72.9 million individuals suffer from diabetes, and 317 million experience hypertension. Bitter gourd (Momordica Charantia) is traditionally used for the management of type 2 diabetes mellitus (T2DM). It is rich in nutrients and bioactive compounds like momordicin I, II and cucurbitacin B, which have antidiabetic effects. Its ability to regulate cholesterol, reduce fat accumulation, and improve antioxidant status supports cardiovascular and glycaemic health. 
Methodology: A hospital-based, cross-sectional descriptive study was conducted with 320 patients aged 20 years and older, who were diagnosed with T2DM and/or hypertension. The frequency of bitter gourd consumption was assessed using a formative scale, and statistical analysis was performed using Fisher’s exact test and Somers’ d statistic to evaluate associations. 
Results: Among the 320 patients, 31.3% had T2DM, 50.0% had HTN, and 19% showed co-prevalence of T2DM and HTN (T2DM*HTN). The mean age of participants was 47.6 ± 1.07 years for T2DM and 54.5 ± 1.1 years for T2DM*HTN. The mean HbA1c% levels were 8.6 ± 0.2% for T2DM and 8.2 ± 0.1% for T2DM*HTN. The mean systolic and diastolic blood pressures for T2DM*HTN patients were 136.5 ± 3.4 mmHg and 92.0 ± 2.6 mmHg, respectively. The study identified a modest but significant negative association between bitter gourd consumption and glycated hemoglobin levels (HbA1c) in patients with only diabetes (p < 0.05) suggests that frequent bitter gourd intake may contribute to a gradual reduction in glycemic levels. However, in diabetic hypertensive patients, no statistically significant association was observed (p > 0.05). 
Conclusion: The findings indicate a potential role of bitter gourd in managing glycemic levels in T2DM, though further research is required to clarify its effects, particularly in patients with comorbid conditions.
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INTRODUCTION

Cardiovascular diseases (CVDs), including coronary heart disease, stroke, and hypertension, are responsible for 31% of global deaths attributable to non-communicable diseases (NCDs), while diabetes accounts for 3% of such deaths. In India, CVDs and diabetes contributed to 27% and 3% of NCD-related deaths, respectively, in 2016 (WHO, 2018). Globally, an estimated 425 million adults are living with diabetes, of which 87%–91% have type 2 diabetes mellitus (T2DM). India ranks as the second most affected country, with approximately 72 million individuals diagnosed with diabetes (IDF, 2017). Additionally, 1.13 billion people worldwide have hypertension (defined as systolic blood pressure ≥140 mm Hg and diastolic blood pressure ≥90 mm Hg), including an estimated 317 million adults aged over 18 years in India in 2015 (WHO, 2018).
                  According to the American Diabetes Association (ADA), hypertension is commonly associated with diabetes, with its prevalence influenced by the type and duration of diabetes mellitus, as well as factors such as age, sex, body mass index, and history of glycemic control (De Ferranti et al.,2014; Fox et al.,2015). Hypertension is a significant risk factor for both macrovascular and microvascular complications, making it a leading cause of morbidity and mortality in individuals with diabetes. It is also a major contributor to the direct and indirect healthcare costs associated with diabetes (De Boer et al., 2017). Diabetes increases the risk of CVDs, which worsens with coexistent hypertension due to shared mechanisms like oxidative stress, inflammation, and fibrosis. Managing hypertension and promoting vascular health may help reduce diabetes-related complications (Petrie & Touyz, 2018).                     
The World Health Organization (WHO) has identified an unhealthy diet as a modifiable risk factor significantly associated with the development of diabetes and hypertension (WHO, 2018). According to the Global Burden of Disease (GDB) study, poor nutrition is linked to approximately 11 million deaths worldwide, accounting for one in five global fatalities. Of these, CVDs were responsible for 9.13 lakh deaths, while type 2 diabetes contributed to 3.39 lakh deaths. These findings underscore the critical role of dietary interventions in mitigating the burden of these chronic conditions (GBD, 2017).
Furthermore, According to WHO data on chronic disease prevention, approximately 80% of diabetes- and hypertension-related events can be mitigated through the adoption of a balanced and nutritious diet. Key dietary measures include regular consumption of fruits and vegetables, limiting the intake of saturated fats, reducing sodium consumption, and minimizing the consumption of sugar-sweetened beverages. These dietary modifications play a crucial role in reducing the risk of these condition (NCD Risk Factor Collaboration, 2016; WHO, 2005).
 Bitter gourd is one of the traditional medicines which helps in the treatment of T2DM (Ahmad et al., 2016). Most scientific studies suggest that frequent consumption of bitter gourd can reduce several health-related problems either by its prophylactic or therapeutic effects (Anilakumar et al., 2015). It contains bitter chemicals such as charantin, vicine, glycosides and karavilosides along with polypeptide-plant insulin, which is hypoglycemic in nature and improves glycemic levels by rising glucose uptake and glycogen synthesis in the liver, muscles and fat cells (Gupta et al., 2011). Wehash et al (2012) observed that bitter melon seems to be exerting in decreasing capillary permeability compared to fenugreek extract. Generally, the increase in capillary permeability is a sign of microvascular dysfunction at the arteriolar and capillary level that is a common and critical complication of diabetes.
Furthermore, a review paper regarding medicinal properties of bitter melon and concluded that bitter melon might have properties that can help lower blood glucose level (Kwatra et al., 2016). Another systematic review and meta-analysis conducted by Yin et al (2014) in which he looked at four randomized controlled trials (RCTs) that compared the effects of bitter melon supplements with those of no diabetes treatment at all and concluded that no evidence that bitter melon had any significant effects on A1C levels or FBG level.
Moreover, Bitter melon extract has shown promise in managing hypertension when combined with dietary modifications and exercise. Some studies suggest it may reduce blood pressure by improving vascular function and inhibiting ACE activity (Dahlquist et al., 2023). Studies also suggest that peptides derived from bitter melon can inhibit angiotensin-converting enzyme (ACE), a critical enzyme in blood pressure regulation. This activity, combined with its antidiabetic effects, makes it potentially beneficial for individuals with metabolic syndrome, which often includes both diabetes and hypertension (Dahlquist et al., 2023; hung et al., 2024). A study using alloxan-induced diabetic albino rats demonstrated the hypoglycemic effects of Momordica charantia methanolic extract, showing a dose-dependent reduction in blood glucose levels. This provides scientific support for its potential use as a natural remedy for managing diabetes (kumar et al., 2024)
                          Bitter melon (Momordica charantia) has demonstrated potential benefits for managing both type 2 diabetes mellitus (T2DM) and hypertension. Despite its observed benefits, no studies have specifically explored the relationship between bitter melon consumption, HbA1c levels, and the coexistence of diabetes and hypertension. Further research is needed to clarify these effects. Thus, present descriptive study aims to examine the connection between bitter melon consumption and HbA1c% in individuals with T2DM and comorbid diabetic hypertension.

METHODOLOGY

Research Design and Participants

This hospital-based cross-sectional study was conducted on patients with type 2 diabetes mellitus (T2DM) and hypertension (HTN) attending the outpatient clinics of the Endocrinology and General Medicine Departments at Jawaharlal Nehru Medical College and Hospital (JNMCH), Aligarh. Participants included male and female patients aged 20 years or older from diverse socioeconomic backgrounds residing in Aligarh city and who were regular visitors to JNMCH. Pregnant women and patients with severe illness were excluded from the analysis. This design ensured a representative sample of individuals with comorbid T2DM and HTN for analysis.

Sampling Design 

On the basis of the earlier prevalence of the disease in Aligarh (NFHS, 2016), A calculated sample size of diabetes and hypertension were 160 and 110, by using the simplified sample size formula for proportions n = 4pq/ l2  with 5 % relative error respectively (Singh & Masuku, 2014). Quota sampling technique was used to select the sample. Furthermore, patients were stratified based on their disease situation such as patients with T2DM and HTN and T2DM*HTN. During the study period of 6 months from August 2017 to January 2018, approximately 336 cases were identified. Out of which around 320 cases were selected for the final study. Moreover, nearly 60 cases of diabetic hypertensive (T2DM*HTN) were extracted among the total sample (N = 320).

Tools For Data Collection 
 
A valid and reliable (Cronbach's alpha = 0.896) self-prepared questionnaire cum interview schedule was designed to collect data regarding demographic information, anthropometric, clinical history, and detailed dietary habits from patients. A signed informed written consent was also taken. The height and weight were measured with the help of the standard stature meter (MCP Stature-meter04, manufactured by MCP, India) and digital platform weighing scale (Stand scale 7830.01.001 manufactured by Soehnle Backnang, Germany), respectively. BMI was calculated with the help of the equation proposed by Garrow and Webster (1985) (weight/height kg/m2) and categorized as per Indian adult standard (WHO, 2004; Indian Consensus Group, 1996).

Nutritional Assessment 

A structured 24-hour diet recall method was employed over three consecutive days, including two weekdays and one holiday, allowing participants to recall their food and beverage consumption. Standardized weights and measures were used to ensure accurate quantification of food items in grams and liters. The nutrient content of the reported foods was analyzed using DietCal software 8.0, adapted to the Indian Food Composition Table (Longvah et al., 2017; Kaur, 2017).  "During data collection, it was observed that some patients incorporated functional foods such as fenugreek, bitter gourd, and bottle gourd into their treatment regimens alongside prescribed medications. The frequency of their consumption was assessed using a formative scale and compared against the ICMR (2018) glycemic control guidelines for type 2 diabetes: HbA1c < 7% (ideal), HbA1c ≥ 7 and < 8% (satisfactory), and HbA1c ≥ 8% (unsatisfactory)”.
This analysis focused solely on patients with T2DM and T2DM*HTN, as hypertensive patients without diabetes did not report using functional foods for managing blood pressure. Therefore, the evaluation of special food consumption (e.g., fenugreek seeds, bottle guard, bitter gourd) was limited to diabetic patients.

Definitions:

Diabetes Mellitus
Glycated hemoglobin (HbA1c) levels were used as a key outcome measure for assessing glycemic control in diabetic patients, obtained from their medical case records. Diabetes mellitus was diagnosed as per the criteria of WHO (2006) and ADA (2017) and recommendations as HbA1c ≥ 6.5%. Glycaemic control was categorized as per the recent guidelines provided by Indian Council of Medical Research (2018) for the management of type 2 diabetes mellitus (< 7 for ideal, ≥ 7 - < 8 for satisfactory and ≥ 8 for unsatisfactory glycaemic control). This categorization facilitated the evaluation of diabetes management among the study population.

Hypertension 
Blood pressure was measured using a standardized sphygmomanometer (Model EHL DIAMOND-BPMR 120, manufactured by Diamond Pvt Ltd., India) employing the auscultation method. Hypertension was identified based on the use of prescribed antihypertensive medications or if blood pressure readings exceeded 140/90 mmHg, in accordance with JNC VIII criteria. The blood pressure goal for diabetic patients was defined as per the JNC VIII recommendations, with target levels set at < 140 mmHg for systolic blood pressure (SBP) and < 90 mmHg for diastolic blood pressure (DBP). This ensured the classification and management of hypertension aligned with the latest clinical guidelines (Paul et al., 2014).

Statistical Analysis
Data were analyzed using SPSS version 20.0 with both descriptive and inferential statistical methods. For the general features of patients, a univariate analysis in which mean and standard error of the mean was calculated for each metric variables and frequency and percentages were calculated for non-metric variables. 
A non-parametric fisher exact test was applied to check the association between two non-metric categorical variables. Additionally, Somers’ d was computed as an index of effect size for nominal and ordinal data in Fisher’s exact test of association. This methodology provided a comprehensive analysis of the data, ensuring the robustness of findings.


Results and Discussion

[bookmark: _Hlk184896272]As shown in Table 1, among the 320 samples, 31.3% of patients had T2DM, 50.0% had HTN and 19% showed co-prevalence of diabetes and hypertension (T2DM*HTN).
The co-prevalence rate in Aligarh city (19%) is notably lower compared to other national studies: Gujarat (47%), Kerala (30%), and Tamil Nadu (61.4%) (Patel et al., 2013; Nair et al., 2018; Maniarasu & Muthunarayanan, 2017). International studies report even more variation in co-prevalence rates, with Nigeria ranging from 14% to 54.2% (Opeodu & Adeyemi, 2015; Unadike & Ohwovoriole, 2011).  Japan at 62% (Yamakawa et al., 2019), Morocco and Iran at 70.4% (Berraho et al., 2012; Hashemizadeh, & Sarvelayati, 2013), and Northeast Ethiopia at 43.3% (Abejew et al., 2015). The mean age of patients with T2DM was 47.6 ± 1.0 years, while those with T2DM*HTN had a higher mean age of 54.5 ± 1.1 years. A majority of the patients were female across both groups (T2DM: 60%; T2DM*HTN: 76.7%).

Table 1: Baseline Characteristics of the Patients (N = 320)
	Parameters
	T2DM (n = 100)
	T2DM*HTN (n = 60)

	Prevalence of diseases, % (n)
	31.3 (100)
	18.8 (60)

	Gender, % (n)
	
	

	Male: Female
	40.0 (40); 60.0 (60)
	23.3 (14): 76.7 (46)

	
	
	

	Age (years), M ± SE
	
	

	Overall
	47.6 ± 1.0
	54.5 ± 1.1

	Male: Female
	49.8 ± 1.8; 46.1 ± 1.2
	60.6 ± 1.97; 52.6 ± 1.19

	
	
	

	Mean BMI, (kg/m2)
	
	

	Overall
	25.6 ± 0.5
	27.5 ± 0.7

	Male: Female, % (n)
	24.7 ± 0.7; 26.2 ± 0.7
	25.6 ± 0.7; 28 ± 0.8

	
	
	

	HbA1c%
	
	

	Overall
	8.6 ± 0.1
	8.2 ± 0.2

	Male: Female
	8.7 ± 0.3; 8.5 ± 0.2
	7.7 ± 0.5; 8.3 ± 0.3

	
	
	

	SBP (mmHg), M ± SE
	
	

	Overall
	−
	136.5 ± 3.4

	Male: Female
	−
	129.7 ± 7.4; 138.6 ± 3.9

	
	−
	

	DBP (mmHg), M ± SE
	
	

	Overall
	−
	92 ± 2.6

	Male: Female
	−
	96.7 ± 7.7; 90.5 ± 2.5

	Note. N: Number of sample, M: Mean; SE: Standard error of mean; %/n: percentage and number of the samples, figure in parentheses represents frequencies; HbA1c%; Glycosylated Hemoglobin; T2DM: Type 2 diabetes mellitus; T2DM*HTN: Diabetic hypertensive; BP: Blood pressure; SBP: Systolic Blood Pressure; DBP: Diastolic blood pressure; BMI: Body mass index.



The mean BMI was 25.6 ± 0.5 kg/m² for T2DM patients and 27.2 ± 0.4 kg/m² for T2DM*HTN patients. The average HbA1c% levels were comparable between T2DM (8.6 ± 0.2%) and T2DM*HTN (8.2 ± 0.1%) patients. Male and female T2DM patients had similar HbA1c% levels (M: 8.7 ± 0.3, F: 8.5 ± 0.2), while among T2DM*HTN patients, females exhibited a slightly higher mean HbA1c% level compared to males (M: 7.7 ± 0.5, F: 8.3 ± 0.3). For patients with T2DM*HTN, the average systolic blood pressure (SBP) was 136.5 ± 3.4 mmHg, and the diastolic blood pressure (DBP) averaged 92.0 ± 2.6 mmHg.
As shown in Table 2, among T2DM patients, the analysis of bitter gourd consumption frequency revealed notable trends in glycemic control. Among those who never included bitter gourd in their meals (n = 68), 58.8% exhibited unsatisfactory glycemic control (HbA1c ≥ 8), while nearly 41% demonstrated satisfactory or ideal glycemic control. For patients who consumed bitter gourd occasionally (n = 16), over 80% had unsatisfactory glycemic control, with only 18.8% achieving ideal control. Conversely, among those who regularly consumed bitter gourd (n = 12), approximately 60% fell within the satisfactory or ideal range of glycemic control. Notably, among patients who always included bitter gourd in their diet (n = 4), about 75% achieved ideal glycemic control. Fisher's exact test statistic of 16.72 (p = 0.004) and Somers’ d value (d = -0.115, p < 0.05) indicated a low but significant negative association between bitter gourd consumption and HbA1c levels in T2DM patients. In simpler terms, frequent consumption of bitter gourd is associated with a gradual reduction in HbA1c levels.
                       Previous studies have highlighted the potential benefits of bitter melon (Momordica charantia) for managing metabolic conditions. For example, research has demonstrated that bitter melon contains bioactive compounds such as charantin, vicine, and polypeptide-p, which exhibit hypoglycemic effects through enhanced glucose uptake and insulin sensitivity. A study using alloxan-induced diabetic albino rats demonstrated the hypoglycemic effects of Momordica charantia methanolic extract, showing a dose-dependent reduction in blood glucose levels. This provides scientific support for its potential use as a natural remedy for managing diabetes (kumar et al., 2024). A review by Hussain et al. (2022) highlighted that bitter gourd is rich in nutrients and bioactive compounds like momordicin I, II and cucurbitacin B, which have antidiabetic effects. Its ability to regulate cholesterol, reduce fat accumulation, and improve antioxidant status supports both cardiovascular and glycemic health. 

These findings align with the study’s observation of improved HbA1c levels in T2DM patients with frequent bitter gourd consumption. A review by Kwatra et al. (2016) emphasized that bitter melon has properties that can help lower blood glucose levels, supporting its potential as a dietary adjunct for diabetes management.The study supports that Momordica charantia has a dose-dependent hypoglycemic effect, aligning with the current finding that frequent bitter gourd consumption may help improve HbA1c levels in T2DM patients.

As observed in the T2DM*HTN column, among patients who never included bitter gourd in their meals (n = 36), approximately 40% achieved ideal glycemic control, followed by 16.7% with satisfactory control and 45% with unsatisfactory glycemic control. Among those who consumed bitter gourd occasionally (n = 9), over 65% demonstrated unsatisfactory glycemic control, while 35% achieved healthy glycemic levels. For patients who consumed bitter gourd regularly (n = 10), nearly 70% successfully maintained their HbA1c% levels within the satisfactory or ideal range. Furthermore, ideal glycemic control was observed in all patients who consistently consumed bitter gourd. Despite these trends, the Fisher exact test statistic of 8.29 (p = 0.185) indicated that the association between bitter gourd consumption and HbA1c% levels in T2DM*HTN patients was not statistically significant (p > 0.05). Although differences were noted, their lack of statistical significance underscores the need for further research with larger sample sizes and controlled settings to validate these findings.






	Table 2
	
	
	
	
	
	
	
	
	
	
	
	

	Association between Frequency of Consuming bitter gourd and Control of HbA1c % Level among the Patients of T2DM and T2DM*HTN

	Special Food
	Frequency
	T2DM 
	 
	 
	T2DM*HTN
	 

	
	
	Control of HbA1c % level
	Total
	 Fishers Exact Test
	
	Control of HbA1c % level
	Total
	Fishers Exact Test

	
	
	< 7
	≥7 - <8
	≥ 8
	
	
	 
	< 7
	≥7 - <8
	≥ 8
	
	

	Bitter gourd
	Never
	11.8 (8)
	29.4 (20)
	58.8 (40)
	68.0 (68)
	* Fisher Exact statistics= 16.72, 
	
	38.9 (14)
	16.7 (6)
	44.4 (16)
	60 (36)
	Fisher Exact statistics = 8.29, 

	
	Sometimes
	18.8 (3)
	0.0 (0)
	81.2 (13)
	16.0 (16)
	p = .004,
	
	2 2.2 (2)
	11.1 (1)
	66.7 (6)
	15.0 (9)
	p = .185 

	
	Usually,
	33.3 (4)
	25.0 (3)
	41.7 (5)
	12.0 (12)
	d = -.115 
	
	30.0 (3)
	40.0 (4)
	30.0 (3)
	16.7 (10)
	

	
	Always
	75.0 (3)
	0.0 (0)
	25.0 (1)
	4.0 (4)
	 
	
	60 (3)
	40.0 (2)
	0.0 (0)
	8.3 (5)
	 

	Note. Figures in parentheses indicates frequencies; *p < 0.05; d = Somers’d; 

	Glycemic control: < 7: Ideal glycemic control, ≥7 -< 8: Satisfactory glycemic control, ≥ 8: Unsatisfactory glycemic control (ICMR, 2018).




[bookmark: _Hlk193446549]In the context of hypertension, bitter melon has also shown promise. Studies suggest that peptides derived from bitter melon inhibit angiotensin-converting enzyme (ACE), a key enzyme in blood pressure regulation. This dual effect on glucose metabolism and vascular function is particularly beneficial for individuals with comorbid diabetes and hypertension (Dahlquist et al., 2023; Hung et al., 2024). Moreover, a study by Wehash et al. (2012) indicated that bitter melon may exert effects on reducing capillary permeability, which could complement its antidiabetic properties. However, contrasting evidence exists. For instance, Yin et al. (2014) conducted a systematic review and meta-analysis and found no significant effect of bitter melon on HbA1c or fasting plasma glucose levels, suggesting variability in outcomes based on population, dosage, and study design. 

CONCLUSION
In conclusion, while bitter gourd shows promise as a functional food with potential benefits for glycaemic and blood pressure control, the lack of statistically significant findings in this study underscores the need for robust, large-scale clinical trials to better understand its role in managing diabetic and diabetic hypertensives.
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