


Association of lifestyle factors with fasting blood glucose level in type 2 diabetes

Abstract
Diabetes mellitus is a chronic disorder characterized by raised blood glucose levels and symptoms such as excessive thirst and urination. It is caused by the ineffectiveness or absence of insulin hormone in the body. Type 2 diabetes is the most common and prominent form of diabetes. Currently, 537 million people have diabetes all over the world which can be reduced with the help of modifying lifestyle factors. This study was conducted to analyze the association between lifestyle factors and fasting glucose levels. For the study, 200 type 2 diabetic patients aged between 30 and 60 years were selected from the housing societies of New Delhi. The people who voluntarily wished to participate and had diabetes for at least one year were selected for the study. They should not be consuming insulin and not suffering from any health condition, both physical and mental, rather than diabetes. Both male and female diabetic patients were considered for the study. The general information questionnaire and the lifestyle-based questionnaire were filled by the participants. The mean age and BMI were found to be 49.4 ± 8.2 years and 23.3 ± 4.2 Kg/m2, respectively. The habit of smoking was found to be associated with the fasting glucose level (P = .04). The other lifestyle factors, which were physical activity (P = .13), alcohol (P = .37) and sleep (P = .08), were not found to be associated with the fasting glucose level. Physical activity showed negative correlation with fasting glucose level (r = -0.10), while alcohol and smoking showed positive correlation (r = 0.58 and 0.22, respectively). Sleep showed no correlation with the fasting glucose level (r = 0.00).
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Introduction
Diabetes is defined as “A condition where the body’s blood glucose (blood sugar) levels are higher than normal (hyperglycemia) resulting from the body's inability to use or store blood glucose for energy” (American Diabetes Association, 2025). It is a chronic condition highlighting the raised blood glucose levels, leading to several symptoms such as excessive urination and thirst. The cause of diabetes is the ineffectiveness or absence of insulin hormone in the body. Since insulin is responsible to balance the glucose levels in the blood, its absence or insufficiency may lead to persistent high glucose levels. The primary classification of diabetes is type 1 and type 2 diabetes. Type 1 diabetes is an auto-immune form of diabetes leading to the destruction of the production site of the insulin, that is, the β-cells of the pancreas. Type 2 diabetes is caused by insufficient insulin production along with insulin resistance which is usually caused by obesity. It accounts for 90-95% of all diabetes cases (Bilous and Donnelly, 2021; Verma et al., 2021). According to the data of the International Diabetes Federation, 537 million people are suffering from diabetes throughout the globe in which three out of four diabetic adults reside in lower to middle-economic nations. The risk of diabetes may lead to mortality and in the year 2021, 6.7 million deaths were due to diabetes and the ratio is one death in every five seconds. The predicted rise in diabetes cases is up to 643 million and 783 million by the years 2030 and 2045, respectively. The expenditure is a major concern when it comes to the diabetes treatment. It caused approximately USD 966 billion dollars in a year (International Diabetes Federation, 2021). Lifestyle changes can help reduce the burden of diabetes as well as the further risks associated with diabetes. Several lifestyle factors affect the quality of life of a diabetic person which includes physical activity, diet, alcohol, smoking, stress and sleep (Mozaffarian et al., 2009). Studies showed that mild physical activity of light walking for 30 minutes a day can reduce the chances of diabetes by 30% by improving insulin sensitivity and lowering glucose levels. On the other hand, the chances of diabetes doubled in case of a non-active lifestyle. Consuming low carbohydrates and high-fiber foods helps eliminate the chance of rapid spikes of glucose levels and ensures slow digestion of glucose. Excessive amount of alcohol consumption and smoking can lead to unstable glucose levels. Stress and lack of sleep can lead to higher glucose levels due to the release of stress hormones and disrupted hormone balance (Altobelli et al., 2020). Among these factors, physical activity, alcohol, smoking and sleep were considered for this study to assess their effect on fasting glucose levels. 
Material and Methods
This pilot study was a cross-sectional study, conducted in the residential area of Patparganj region of New Delhi. The data collection was done from four different housing societies. For this study, 200 type 2 diabetic patients who had diabetes for at least one year were selected. They should aged between 30 to 60 years to become part of the study. Both male and female participants were considered. The people having any kind of chronic disease or diabetic complication were excluded. The people who were mentally ill were also excluded. They should be on diabetic medications only and not on insulin. The participants were free to withdraw at any stage of the study for any reason and without prejudice to further process. A written consent form was filled out by all the participants after providing a brief of the entire study. The data regarding their background information, anthropometric measurements and diabetes profile was collected with the help of a general information questionnaire. Self-reported height, weight and fasting blood glucose readings were considered. The data regarding lifestyle factors were collected in four main areas, as discussed below. 
Background information
The background information comprised of questions related to age, gender and occupation.
Anthropometric measurements
The values for height and weight of the participants were noted and BMI was calculated.
Diabetes profile
The diabetes profile included details of age of diagnosis, reason of diagnosis, family history of diabetes and fasting blood glucose reading.
Lifestyle factors 
Four major lifestyle factors were considered – Physical activity, alcohol consumption, smoking and sleep pattern.
Statistical analysis
The mean and standard deviation were calculated as part of descriptive statistics. The association between lifestyle factors and fasting glucose level was assessed using the Chi-square test. The significance was tested at 0.05 level.
Results and Discussion
The background information of the participants is shown in Table 1. The mean age of the participants was found to be 49.4 ± 8.2 years. Nearly half of the participants (45%) were belonging to the age range of 41-50 years. The proportion of male and female was 54% and 46%, respectively. The participants belonging to the private sector (37%) were higher as compared to other working sectors. More than half of the participants (61%) had monthly income of 1 – 2 lakhs.
Table 1: Background information of the subjects
	Variable
	Category
	Frequency (N)
	Percentage (%)

	Age (in years)
	30 – 40
	45
	22.5

	
	41 – 50
	90
	45.0

	
	51 – 60
	65
	32.5

	Gender
	Male
	108
	54.0

	
	Female
	92
	46.0

	Occupation
	Government Sector
	30
	15.0

	
	Private Sector
	74
	37.0

	
	Self-employed
	40
	20.0

	
	Unemployed
	56
	28.0

	Monthly income (in Rs.)
	< 1 lakh
	31
	15.5

	
	1 – 2 lakhs
	122
	61.0

	
	> 2 lakhs
	47
	23.5



The anthropometric measurements of the participants are shown in Table 2. The mean height of the participants was found to be 1.5 ± 0.1 m, mean weight was 62.0 ± 9.4 Kg and mean BMI was 23.3 ± 4.2 Kg/m2.
Table 2: Anthropometric measurements of the subjects
	Variable
	Range
	Mean ± SD

	Height (in m)
	1.4-1.7
	1.5 ± 0.1

	Weight (in Kg)
	49.0-82.0
	62.0 ± 9.4

	BMI (Kg/m2)
	19.3-27.9
	23.3 ± 4.2



The diabetes profile of the participants is shown in Table 3. The fasting glucose level of 57% of participants was in the diabetic range. Nearly half of the participants (55%) were diagnosed with diabetes in their 40-50 years of age range. The most prominent reason of diagnosis was the appearance of certain symptoms (42.5%) which led to the confirmation of onset of type 2 diabetes. More than half of the participants (60%) had a family history of diabetes, thus linking it to one of the major causes of diabetes.
Table 3: Diabetes profile of the subjects
	Variables
	Category
	Frequency (N)
	Percentage (%)

	Fasting blood glucose level
	Normal
	20
	10.0

	
	Pre-diabetes
	66
	33.0

	
	Diabetes
	114
	57.0

	Age of diagnosis
	31 – 40 years
	76
	38.0

	
	41 – 50 years
	110
	55.0

	
	> 50 years
	14
	7.0

	Reason of diagnosis
	Appearance of diabetic symptoms
	85
	42.5

	
	Regular health check-ups
	74
	37.0

	
	Accidental diagnosis
	41
	20.5

	Family history of diabetes
	Yes
	120
	60.0

	
	No
	80
	40.0



The lifestyle pattern of the participants is shown in table 4. Half of the participants (49%) used to perform vigorous physical activity. Only 25% of participants consumed alcohol but occasionally. Regular consumption of alcohol was not found in any participant. Similarly, smoking was done occasionally by 69.5% of participants. The adequate sleep of seven to eight hours was achieved by 54.5% of participants. 
Table 4: Lifestyle pattern of the subjects
	Variables
	Category
	Frequency (N)
	Percentage (%)

	 Physical activity
	Light
	48
	24.0

	
	Moderate
	54
	27.0

	
	Vigorous
	98
	49.0

	Alcohol consumption
	Occasionally
	50
	25.0

	
	Never
	150
	75.0

	Smoking
	Regularly
	25
	12.5

	
	Occasionally
	139
	69.5

	
	Never
	36
	18.0

	Hours of sleeping
	< 7
	65
	32.5

	
	7 – 8
	109
	54.5

	
	≥ 9
	26
	13.0



Association between lifestyle factors and fasting glucose level
a) Physical activity: The physical activity and fasting glucose level were not found to be significantly associated with each other (P = .13). Similar result was found in the study done by Norton et al. (2012) in which there was no association seen between fasting glucose level and exercise (P = .25). The study by Aggarwala et al. (2016) concluded no association between fasting glucose level and aerobic exercise (P > .05).
b) Alcohol: The consumption of alcohol and fasting glucose level were not found to be significantly associated with each other (P = .37). According to Huang et al. (2025), the effect of alcohol was seen on men with elevated fasting glucose levels but not on those who had normal fasting glucose level. The study by Lucca (2013) revealed no significant association between binge drinking with fasting glucose level (P = .4).
c) Smoking: The habit of smoking and fasting glucose level were found to be significantly associated with each other (P = .04). Similar results were found in the study done by Su et al. (2017) and Shaktour et al. (2019) in which significant association was seen between smoking and fasting glucose level (p < .001 and p < .05, respectively). Sia et al. (2022) also found a significant association between smoking and glycemic control.
d) Sleep: The sleep pattern and fasting glucose level were not found to be significantly associated with each other (P = .08). Similar result was found in the study done by Gozashti et al. (2016) in which no significant association was seen between sleep and fasting glucose level (P = .09). 
Correlation between lifestyle factors and fasting glucose level
a) Physical activity: The physical activity and fasting glucose level were found to be negatively correlated with each other (r = -0.10). This means that higher the physical activity, lower the fasting blood glucose level. The negative correlation between both the variables was also seen in the study by Nurvita et al. (2022). Reduced fasting blood glucose level due to increased physical activity was also seen in the study by Wang et al. (2022).
b) Alcohol: The alcohol consumption and fasting glucose level were found to be positively correlated with each other (r = 0.58). This means that higher the alcohol consumption, higher the fasting blood glucose level. Similar results were found on previous studies. In the study by Roh et al. (2009) and Liu et al. (2010), moderate to high alcohol consumption was related to impaired fasting glucose. 
c) Smoking: The habit of smoking and fasting glucose level were found to be positively correlated with each other (r = 0.22). This means that higher the habit of smoking, higher the fasting blood glucose level. The positive correlation between both the variables was also seen in the study by Ridwanto et al. (2020) and Shaktour et al. (2019).
d) Sleep: The sleep pattern and fasting glucose level were not found to be correlated with each other (r = 0.00). This means that sleep did not show any effect on the fasting blood glucose level. On the contrary, positive relationship was seen in the study by Yekefallah et al. (2022). 
Conclusion
The study highlighted the effect of several lifestyle factors on fasting glucose levels in type 2 diabetes. Smoking showed an association with the fasting glucose level among all four lifestyle factors. This can be interpreted that physical activity had negative correlation with fasting blood glucose level, while alcohol and smoking had positive correlation, depicting that they all had impact on the blood glucose levels. Sleep did not show any correlation, hence showed no impact on glucose levels. The results of this study also align well with the previous researches that identify smoking to be the crucial factor in regulating blood glucose levels. Although other factors does not reveal their association, it cannot be proved that they do not have an influence on blood glucose level. It highlighted the complex nature of diabetes management, which is beyond just the lifestyle. These lifestyle factors along with other self-management practices can help in developing interventions for effective glycemic control. 
[bookmark: _Hlk191544944]Limitations of the study
1. One limitation of this study was the self-reported values of fasting glucose levels. In future researches, this can be done by the researcher himself/herself using a glucometer to ensure the authenticity of the values obtained. 
2. Only one type of variable was used in this study, that is, lifestyle factors. Modification in lifestyle factors cannot alone manage blood glucose levels. Other factors should also be considered.
3. More statistical tests are required to justify the effect of lifestyle factors on fasting glucose levels.
Implications of the study
The lifestyle factors are used as variables in this study where only smoking showed an association with glycemic control but all the variables are independently responsible for influencing the overall metabolic health of an individual. Therefore, keeping the variables in mind, future researches can be done more intensively with more sample size and considering more supporting variables. The awareness regarding a healthy lifestyle can be spread to diabetic patients to deliver the importance of a healthy lifestyle in the management of diabetes. 
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