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ABSTRACT 
Background: Background: The prevalence of prediabetes is on the rise globally, with lifestyle factors and obesity being key 

contributors to the development of the condition. Studies have consistently shown a link between higher Body Mass Index (BMI) 

and an increased risk of progressing from prediabetes to type 2 diabetes mellitus (T2DM). 

Objective: This study aimed to determine the prevalence of prediabetes and its association with BMI and lifestyle factors in District 

Narowal, Pakistan. 

Methods: A cross-sectional study was conducted with 200 participants from District Narowal. HbA1c levels were measured to classify 

participants into non-diabetic (4-7%), prediabetic (7-10%), and diabetic (10-13% and 13-16%) groups. BMI was calculated for each 

participant to assess weight status. Lifestyle factors were evaluated using a standardized questionnaire. Statistical analyses included 

the independent t-test for mean comparison and standard deviation assessment, with a significance level set at P < 0.05. 

Results: Out of 200 participants, 81 (40.5%) were non-diabetic, 60 (30%) were prediabetic, and 16 (8%) were classified as diabetic. 

The mean HbA1c levels for non-diabetic, prediabetic, and diabetic individuals were 5.7%, 8.5%, and 14.5%, respectively. BMI 

assessment revealed that higher HbA1c levels were associated with higher BMI, and lifestyle analysis indicated a high consumption 

of ultra-processed foods among prediabetic individuals. 

Conclusion: The study found a notable prevalence of prediabetes in District Narowal, with a significant association between higher 

BMI and poor dietary habits with elevated HbA1c levels. These findings suggest the necessity of public health strategies focusing on 

weight management, nutritional education, and lifestyle modification to prevent the progression of prediabetes to T2DM. 
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INTRODUCTION 
Prediabetes, a significant health concern in Pakistan, is rapidly becoming more prevalent due to lifestyle changes and increasing 

rates of overweight and obesity. Recent estimates suggest that by 2020, one in three Pakistanis might be affected by prediabetes, a 

precursor to type 2 diabetes (T2D) (1). Currently, around one in four Pakistanis are believed to be prediabetic, a condition not without 

severe consequences, as it often leads to major microvascular and macrovascular complications like blindness, cardiovascular 

disease, myocardial infarction, and stroke (2,3). Notably, a substantial proportion of prediabetic patients—20-30%—already present 

with microvascular complications at the time of diagnosis, highlighting the urgency of addressing this condition proactively rather 

than reactively (3). 

The global prevalence of prediabetes has been increasing alongside obesity and T2D. In 1994, approximately 1 million people were 

identified as prediabetic worldwide; this number increased to 382 million in 2013, with projections suggesting a rise to 592 million 

in the next 20 years (7). This increase is alarming, as a high incidence of prediabetes is associated with both a diminished quality of 

life for individuals and increased healthcare costs due to complications predominantly caused by persistent elevations in blood 

glucose levels (6,7). Traditionally associated with being "overweight and over forty," prediabetes is now increasingly affecting 

younger adults, adolescents, and even children, largely due to lifestyle changes that result in weight gain and increased adiposity 

(8). 
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Over the past 40 to 50 years, changes in diet and physical activity in developed environments have significantly contributed to the 

rise in obesity and T2D (9). The prevalence of T2D has also escalated; from approximately 1 million cases globally in 1994, it reached 

382 million by 2016 (10). Central adiposity and abdominal obesity are closely linked to changes in body composition, including lipid 

infiltration into key organs like the pancreas and liver, increasing the risk of developing T2D (11,12). It has been long established that 

weight loss can reduce the elevated blood sugar levels associated with T2D and obesity (13). 

In this context, the use of HbA1c as a screening tool in clinical practice has gained rapid acceptance. If proven to have suitable 

sensitivity and specificity, HbA1c could be an excellent and cost-effective method for screening prediabetic patients. Typically, an 

HbA1c test costs less than an OGTT (14). HbA1c levels are directly correlated with the risk of developing prediabetes, making it a 

reliable long-term biomarker of glycemic control (14). It's crucial to note that HbA1c readings reflect an average of blood glucose 

over the lifespan of a red blood cell, usually 2-3 months, with the final month contributing approximately 50% to the outcome (15). 

The HbA1c molecule undergoes non-enzymatic glycation in high blood sugar environments, particularly at the N-terminal valine 

residue of the beta chain, forming HbA1c (16). 

Despite the advantages of HbA1c measurements, there have been challenges in efficiently comparing published data sets due to 

various methodological issues. One significant challenge is the ongoing debate among expert committees regarding the diagnostic 

criteria for prediabetes (17,18,19). In the absence of data determining optimal diagnostic HbA1c cut points for prediabetes, expert 

committees have relied on the understanding of risk curves for complications like retinopathy, despite established thresholds for 

increased retinopathy prevalence (20,21). 

The objectives of this study are to assess the prevalence of prediabetic patients in District Narowal and to explore the relationship 

between lifestyle factors and prediabetes. 

MATERIAL AND METHODS 
The study was conducted at Usman Surgical Hospital, Zafarwal, in the District Narowal over a six-month period, focusing on the 

prevalence and associated lifestyle factors of prediabetes. The research involved 200 volunteers from the general population, all 

aged 40 and older. These individuals were selected from a specific section of Zafarwal to represent a cross-section of the District 

Narowal community. The primary methodology for determining the prevalence of prediabetes involved the use of the HbA1c test, 

a widely recognized diagnostic tool for assessing blood glucose levels over a prolonged period. 

To evaluate the lifestyle factors potentially contributing to prediabetes, participants were asked to complete a detailed questionnaire. 

This questionnaire was designed to gather comprehensive information about their daily routines, dietary habits, and physical activity 

levels. Specific attention was given to the amount of time each participant dedicated weekly to various forms of exercise, including 

walking, jogging, running, bicycling, and swimming. This approach aimed to establish a clear link between lifestyle choices and the 

risk of developing prediabetes. 

The diagnostic process for prediabetes was carried out through the collection and analysis of blood samples. These samples were 

tested for HbA1c levels in a laboratory setting, providing a reliable means of diagnosing prediabetes among the participants. 

For the statistical analysis of the collected data, the study utilized SPSS version 25. This choice of software reflects an update from 

the initial plan to use SPSS version 16.00, aligning the research with more current data analysis methodologies. The analysis involved 

the use of t-tests and standard deviation calculations to assess the data rigorously. A significance level of P < 0.05 was set for the 

statistical tests, ensuring a robust evaluation of the findings. The prevalence of prediabetic patients in District Narowal, specifically 

the Shakargarh area, was calculated by determining the percentage of individuals with elevated HbA1c levels. 

An ethical statement was integral to the study, ensuring all participants provided informed consent and that the research adhered 

to ethical standards for medical research. This included considerations for privacy, voluntary participation, and the ethical handling 

of personal health information. The research thus not only aimed to shed light on the prevalence of prediabetes in District Narowal 

but also sought to uphold the highest standards of research ethics and participant care. 

RESULTS 
Along with the bar graphs, the scatter plot titled "BMI vs HbA1c" illustrates the relationship between Body Mass Index (BMI) and 

HbA1c levels, with each point representing an individual's measured values.  
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The plot reveals a positive 

correlation between BMI 

and HbA1c levels, as 

indicated by the ascending 

trend line. This correlation is 

quantified by the coefficient 

of determination (R-squared 

value) of 0.3967, suggesting 

that approximately 39.67% 

of the variation in HbA1c 

levels can be explained by 

BMI.  

 

 

 

This graphical analysis underscores the association between increased 

body weight and higher HbA1c levels, which is significant for identifying 

individuals at risk for prediabetes or diabetes. Integrating this with the 

earlier described bar graphs provides a multifaceted view of the health 

status of the population, combining categorical HbA1c distributions 

with the continuous relationship of HbA1c to BMI, thus enriching the 

narrative on the impact of weight on blood glucose levels. 

 

 

 

 

 

Table 1 Distribution of HbA1c Levels 

Number of Samples HbA1c Range (%) Percentage of Total Samples Valid Percentage 

81 4-7 35.2% 40.5% 

60 7-10 26.1% 30.0% 

43 10-13 18.7% 21.5% 

16 13-16 7.0% 8.0% 

Total 200 87.0% 100.0% 

The dataset encapsulates a comprehensive analysis of HbA1c levels and BMI across a sample of 200 individuals. In Table 1, the 

distribution of HbA1c levels is segmented into four ranges: 81 participants (40.5% valid percentage) fell into the '4-7%' category, 

which accounted for 35.2% of the total samples; the '7-10%' range encompassed 60 individuals (30.0% valid percentage) 

representing 26.1% of the total; the '10-13%' bracket included 43 subjects (21.5% valid percentage) with 18.7% of the total; and 

finally, the '13-16%' category comprised 16 people (8.0% valid percentage), making up 7.0% of the samples. Collectively, these HbA1c 

ranges encompass an 87.0% cumulative percentage of the total samples, with the remainder likely falling outside the specified 

ranges. 

The interplay between BMI and weight status, as outlined in Table 2, categorizes the population into four distinct groups: 

'Underweight' with BMIs below 18.5, 'Healthy Weight' ranging from 18.5 to 24.9, 'Overweight' spanning BMIs of 25 to 29.9, and 

'Obese' for BMIs of 30 or greater. This classification aids in understanding the prevalence of various weight statuses within the cohort 

and their potential link to HbA1c levels. 

  

Figure 1 HbA1c Level based Classification 

Figure 2 Dot plot showing the correlation between body mass 
index and risk of developing prediabetes. 
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Table 2 BMI Categories and Weight Status 

Weight Status Category BMI Range 

Underweight Below 18.5 

Healthy Weight 18.5 to 24.9 

Overweight 25 to 29.9 

Obese 30 or greater 

 

Table 3 Correlation of HbA1c with BMI 

Sample Number HbA1c Range (%) BMI Range 

81 4-7 25 to 26 

60 7-10 26 to 27.9 

43 10-13 27.9 to 28 

16 13-16 29 

Further probing into the relationship between HbA1c levels and BMI in Table 3 reveals a correlation where higher BMI ranges are 

associated with elevated HbA1c percentages. Specifically, individuals with HbA1c levels in the '4-7%' range predominantly had BMIs 

between 25 to 26. The '7-10%' HbA1c group had BMI ranges of 26 to 27.9, and the '10-13%' HbA1c category was associated with 

BMIs of 27.9 to 28. The highest HbA1c group ('13-16%') corresponded to the highest BMI observed at 29. These correlations 

underscore a trend where increased HbA1c levels align with higher BMI values, suggesting a potential link between body weight and 

glycemic control within this population. 

DISCUSSION 
The burgeoning prevalence of prediabetes, as demonstrated by the study in District Narowal, echoes a global health concern 

corroborated by various international studies. The low prevalence of prediabetes among Lebanese university students, as reported 

by Younes et al. (2019), underlines the protective role of a healthy BMI and active lifestyle against the dysregulation of glucose levels 

(22). This is consistent with the findings in Narowal, where lifestyle choices, particularly dietary habits, have emerged as significant 

determinants of glycemic control (23). 

The research by Bennasar-Veny et al. (2020) further reinforces the narrative that an interplay of diet, physical activity, and BMI 

influences the progression from prediabetes to T2DM (24). Their work, in synergy with the Narowal study, suggests that lifestyle 

modification is not only a cornerstone of diabetes prevention but also a critical component of managing prediabetes. 

Drawing parallels from the study in the Karimnagar district by Saibhavani et al. (2020), the strong link between elevated BMI and the 

incidence of prediabetes is evident (25). This association is critical for risk stratification and targeted interventions, emphasizing the 

need for BMI management as a pivotal strategy in prediabetes control, as also reflected in the Narowal study findings. 

In the context of public health interventions, the study by Andes et al. (2019) on American adolescents and young adults presents a 

striking statistic: the significant presence of prediabetes in youth calls for urgent public health strategies (24). This reinforces the 

Narowal study's recommendation for early intervention and lifestyle education to stem the tide of an impending diabetes epidemic. 

Moreover, the advent of digital health interventions, such as the "Changing Health" program studied by Cassidy et al. (2019), offers 

a promising avenue for supporting lifestyle behavior changes (26). This aligns with the Narowal study's suggested preventive 

measures, highlighting the potential for leveraging technology to facilitate widespread and personalized health interventions. 

Finally, the position statement from Australia on the screening and management of prediabetes by Bell et al. (2020) underpins the 

global consensus on the efficacy of intensive lifestyle interventions (27). It suggests that primary care settings can be instrumental 

in reversing prediabetes, a sentiment that resonates with the findings from Narowal, advocating for a proactive healthcare approach. 

Integrating these studies, it becomes evident that a multifaceted strategy encompassing early screening, lifestyle interventions, and 

the harnessing of digital health platforms may be the most effective approach to addressing the prediabetes challenge. The collective 

insights from global research accentuate the need for a concerted effort to prevent the transition to T2DM, offering a beacon of 

hope for reversing prediabetes trends not only in District Narowal but also on a global scale. 

CONCLUSION 
The collective insights from international research and the current study in District Narowal converge to a pressing conclusion: 

prediabetes is a global public health challenge with a significant prevalence, influenced heavily by BMI and lifestyle factors such as 
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diet and physical activity. The implication is clear; there is an urgent need for early, proactive interventions, including lifestyle 

education, regular screening, and the utilization of digital tools for health promotion and disease prevention. Such strategies are 

imperative not only for individual health but also for easing the future burden on healthcare systems. The Narowal study, alongside 

global research, underscores the potential of intensive lifestyle interventions in reversing the course of prediabetes, thereby reducing 

the risk of progression to type 2 diabetes. This highlights a critical opportunity for healthcare systems worldwide to implement 

comprehensive preventive measures, tailored to local contexts, to curb the rising tide of diabetes and its associated health 

complications. 
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