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Introduction  
Over 720 million individuals are estimated to have pre-diabetes worldwide. 
Experts expect this number to continue increasing with no immediate end in 
sight. Socioeconomic barriers and limited healthcare access have a significant 
impact on the diagnosis and clinical management of pre-diabetes. Studies show 
that blood glucose monitoring can improve HbA1C in patients with poorly 
controlled type II diabetes. However, researchers have not explored this as a 
possible intervention in patients with pre-diabetes. The purpose of this study is 
to demonstrate that blood glucose self-monitoring and nutritional education 
can limit progression toward type II diabetes mellitus in patients with pre-
diabetes. 

Materials and Methods    
This pilot study occurred at a South Texas family medicine clinic serving an 
economically disadvantaged, under-resourced, predominantly Hispanic 
community. Twenty-five adult patients (ages 38-69) with pre-diabetes were 
enrolled. The intervention consisted of a 30-minute nutritional session, 
followed by a 10-minute session where patients were given a glucometer and 
educated on self-monitoring. HbA1C (%) and BMI (kg/m2) were measured at 
baseline and 12 months post-intervention. 

Results  
Mean HbA1C and BMI measures pre-intervention were 5.94% and 36.2 kg/
m^2, respectively. Wilcoxon matched-pairs signed-ranks tests of the pre-and 
post-intervention measures indicated an overall HbA1c decrease of 0.183% 
(P=0.001) and a BMI decrease of 1.35 kg/m^2 (P=0.054). Nonzero confidence 
intervals provide supporting evidence of a meaningful reduction in both 
measures. Importantly, none of the patients who completed the study 
progressed toward type II diabetes. Furthermore, 39% (n=9) of patients 
experienced an HbA1c decrease below the pre-diabetes threshold of 5.7%. The 
remaining patients (n=14) remained within a pre-diabetes range based on 
HbA1c measures. 
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Conclusions  
This study revealed the significant role of blood glucose self-monitoring and 
nutritional education in limiting the progression toward type II diabetes. 
Providing glucometers and dietary/lifestyle education to patients with pre-
diabetes shows substantial potential for mitigating preexisting barriers that 
challenge a healthy lifestyle and diabetic control. 

INTRODUCTION  
Diabetes accounts for an estimated 6.7 million deaths per year and represents 
a significant burden in healthcare.1 According to the International Diabetes 
Federation (IDF), an estimated 537 million people are living with diabetes 
globally. Furthermore, this number is predicted to surpass 700 million by 
2045. In North America, diabetes affected 51 million people, accounted 
for approximately 913,000 deaths, and resulted in 415 billion dollars of 
healthcare expenditure in 2021 alone. The prevalence of diabetes in North 
America is expected to increase by 24% over the next 20 years. In the United 
States specifically, the 2021 National Diabetes Statistics Report estimated that 
38.4 million Americans were living with diabetes.2 At the time of the report, 
this number represented 11.6% of the U.S. population. 

The increasing incidence of diabetes seen globally is highly associated with 
type II diabetes (T2DM), which accounts for 90-95% of all diabetes cases.3 

T2DM is a metabolic disorder characterized by impaired insulin sensitivity 
due to persistently elevated blood glucose levels.4 However, unlike type I 
diabetes, type II is largely preventable. Primary risk factors include obesity, 
physical inactivity, smoking, alcohol, as well as genetic predisposition.5 

T2DM is associated with several complications, with areas affected including 
the heart, kidneys, eyes, and nervous system.6 Chronic complications include 
coronary artery disease, peripheral vascular disease, neuropathy, and end-
stage organ damage.7 These complications are due to prolonged exposure 
to elevated blood glucose levels that induce nonenzymatic glycation (NEG), 
leading to sclerosis and occlusion of vessels supplying vital tissues.8 Chronic 
exposure can additionally precipitate acute complications such as heart 
attacks, the leading cause of death in diabetes, or hyperosmolar hyperglycemia 
nonketotic states, leading to coma.9 Furthermore, T2DM profoundly affects 
emotional and psychological well-being, with many patients experiencing 
frustration, fear, and anxiety as they navigate the challenges of managing 
the disease.10 Feelings of isolation and a perceived lack of understanding 
from others further exacerbate this distress. Socioeconomic factors also play 
a crucial role in diabetes-related stress. Rising healthcare costs and limited 
access to resources make it increasingly difficult for patients to adhere to 
recommended dietary and medication regimens, adding another layer of 
hardship to disease management. 
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The gold standard for T2DM diagnosis is elevated hemoglobin A1c 
(HbA1c), which measures the NEG of red blood cells as a proxy for the 
average blood glucose concentration in the previous three months (capturing 
the typical cell lifespan).11 An HbA1c of 6.5% or greater is diagnostic 
of T2DM. An HbA1c percent below this value, specifically from 5.7 to 
6.4%, represents prediabetes, a precursor to T2DM. Prediabetes is similarly 
characterized by impaired fasting glucose and glucose tolerance but without 
the advanced vascular and systemic damage seen in T2DM.12 Studies indicate 
that without intervention, approximately 5-10% of people with prediabetes 
will progress to T2DM annually, and the lifetime risk can be as high as 
70%.13 However, the risk of progressing towards T2DM decreases by 16% for 
every 1% of body weight lost.14 Furthermore, other studies have shown that 
even mild decreases in HbA1c have significant benefits, with a 0.1% decrease 
in HbA1c corresponding to a 5-10% decrease in future complications.15 

These trends highlight the importance of prediabetes as a critical window of 
opportunity to intervene and prevent the onset of T2DM. 

The transition from prediabetes to T2DM is not inevitable; however, without 
timely dietary and lifestyle modifications, the risk is substantial. This study 
aims to determine the efficacy of combining self-monitoring of blood glucose 
(SMBG) with nutritional education in preventing the progression from 
prediabetes to T2DM. Current guidelines do not suggest providing glucose 
meters to pre-diabetic patients.16 However, research on this population of 
patients may be limited. It is hypothesized that patients with prediabetes who 
receive nutritional education and are more self-aware of their blood glucose 
levels can significantly reduce the risk of progressing toward T2DM based 
on HbA1c and BMI measures. Ideally, this also would prevent microvascular 
and macrovascular damage that begins during prediabetes, which is associated 
with an increased risk of cardiovascular and renal diseases.17 The result 
of this study will be valuable to family medicine, internal medicine, and 
endocrinology practitioners, as well as patients, in developing a better practice 
for preventing the advancement of prediabetes to T2DM. By focusing on 
the early stages of glucose dysregulation, this study aims to contribute to the 
growing body of evidence supporting patient-centered approaches to diabetes 
prevention. 

METHODS  
This pilot cohort study was conducted at a large family medicine clinic 
affiliated with the University of Texas Health System. With more than 
300,000 outpatient visits a year, it is one of South Texas’s busiest in its 
category. The clinic is a family medicine residency training clinic serving 
urban, underserved, and a predominantly Hispanic population in South 
Texas. Participants recruited for this study included males and females with 
prediabetes below 70 years old, fluent in English or Spanish, and BMIs 
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from 24.9 to 49.9 kg/m². Patients were excluded if they had been previously 
diagnosed with T2DM or cardiovascular disease managed with 
anticoagulants. A total of 25 patients were enrolled. 

The study participants attended a 30-minute in-house diabetic educational 
session led by a family medicine physician and registered dietitian, 
emphasizing lifestyle modifications, including daily 30-minute brisk physical 
activity at least five times a week. The diabetic teaching included fast and 
budget-friendly recipes. A nutritional guide was provided to all participants, 
highlighting which types of food should be limited, along with an exercise 
guide to promote easy and doable exercise regimens. Furthermore, 
participants received a teaching session to provide an overview of T2DM, the 
consequences of the disease, and why lifestyle modifications are paramount 
in preventing the progression of this disease. All participants received a 
glucometer, a 12-month supply of test strips, lancets, a logbook, and 10-15 
minutes of instruction on how to use the glucometer. They were instructed 
to check their blood glucose level two hours after one of their primary meals 
three times a week. Participants were also asked to record their meal content 
and estimate portion sizes to increase self-awareness of how meal contents 
affect glucose levels. Nutritional education sessions emphasized that high 
content of carbohydrates and fats can increase blood glucose levels. Follow-
ups were scheduled for 6 and 12 months, with a phone call scheduled at 3 
months to address any participant questions. 

Twenty-three of the 25 enrolled patients completed the study. One patient 
was lost to follow-up, and the other was excluded due to cardiovascular 
disease complications. The pre vs. post-HbA1C and BMI measures were 
compared statistically using Wilcoxon matched-pairs signed-ranks tests. The 
Wilcoxon non-parametric procedure is most appropriate for small samples. 
Pre vs. post HbA1C and BMI measures were compared overall and within 
demographic strata. Descriptive statistics were used to construct tables and 
charts, but all p values were derived from Wilcoxon tests. 

RESULTS  
The effects of SMBG and nutritional education on HbA1c (%) and BMI 
(kg/m²) were analyzed across different demographic and clinical groups using 
the Wilcoxon Rank Sum test (Table 1). The mean HbA1c and BMI were 
5.95% and 35.2 kg/m² pre-intervention, compared to 5.77% and 33.9 kg/
m² post-intervention (n=23). This represented a mean HbA1c reduction of 
0.183% (95% CI -0.278 to -0.087, P=0.001) and a mean BMI reduction 
of 1.35 kg/m² (95% CI -2.51 to -0.182, P=0.054). Although modest in 
terms of absolute values, the decrease observed in HbA1c was statistically 
and clinically significant. While not statistically significant, the decrease in 
BMI indicated overall weight loss or improved body composition among 
the participants. Notably, none of the patients who completed the study 
progressed to T2DM, and 43% (n=10) of participants reduced their HbA1c 
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Table 1. Statistical analysis of Pre vs. Post HbA1c and BMI 

Sample HbA1c (%) BMI (kg/m^2) 

Mean 
Change 

95% CI P 
value 

Mean 
Change 

95% CI P 
value 

Total Total 23 -0.183 -0.278, 
-0.087 

0.001 -1.35 -2.51, 
-0.182 

0.054 

Age (years) Age (years) 

35-51 10 -0.200 -0.362, 
-0.038 

0.021 -1.90 -3.76, 
0.337 

0.041 

52-70 13 -0.169 -0.305, 
-0.033 

0.020 -0.923 -2.61, 
0.762 

0.646 

Gender Gender 

Male 8 -0.238 -0.410, 
-0.065 

0.020 -2.34 -2.34, 
0.092 

0.043 

Female 15 -0.153 -0.281, 
-0.026 

0.024 -0.820 -2.21, 
0.575 

0.506 

Ethnicity Ethnicity 

Hispanic 14 -0.154 -0.281, 
-0.027 

0.022 -1.27 -1.27, 
0.391 

0.195 

Non-Hispanic 9 -0.220 -0.391, 
-0.049 

0.024 -1.45 -3.43, 
0.533 

0.161 

Pre-HbA1c (%) Pre-HbA1c (%) 

5.7-5.9 11 -0.109 -0.261, 
0.042 

0.136 -1.18 -3.32, 
0.953 

0.859 

6.0-6.4 12 -0.250 -0.379, 
-0.122 

0.005 -1.50 -2.96, 
-0.037 

0.036 

Pre-BMI (kg/Pre-BMI (kg/
m^2) m^2) 

25-29.9 6 -0.133 -0.388, 
0.121 

0.223 -0.33 -0.761, 
1.43 

0.500 

30-39.9 12 -0.200 -0.365, 
-0.035 

0.029 -0.525 -1.43, 
0.384 

0.358 

40+ 5 -0.200 -0.288, 
-0.112 

0.039 -5.34 -8.58, -2.10 0.043 

levels below the prediabetes threshold of 5.7%. These findings suggest that the 
intervention may have played a significant role in preventing the progression 
of T2DM among the participants. 

Demographic factors were utilized for a subgroup analysis, which revealed 
minor variations in the observed HbA1c and BMI reductions. Participants 
aged 35-51 years demonstrated the largest reduction in HbA1c levels 
(-0.200%, P=0.021), while those aged 52-70 also saw significant, though 
slightly smaller, decreases (-0.169%, P=0.020) (Fig. 1). The differences in 
HbA1c reduction between the two age groups could indicate that the 
intervention was more effective in the younger population or that age played a 
metabolic role in the magnitude of the decrease. Similarly, gender differences 
were observed, with males experiencing a more pronounced reduction in 
HbA1c (-0.238%, P=0.020) compared to females (-0.153%, P=0.024). These 
findings highlight potential demographic factors that could influence the 
effectiveness of self-monitoring and nutritional education. When considering 
BMI, participants with higher pre-intervention BMI (≥40 kg/m²) showed the 
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Figure 1. HbA1c and BMI percent difference from baseline. Data is organized in order of increasing age and linked to 
the corresponding patient. Asterisks indicate patients whose HbA1c decreased below the pre-diabetic threshold of 5.7% 
(n=9) and blank values indicate 0% change. 

most notable improvements, with a mean reduction of 5.34 kg/m² (P=0.043). 
This reduction was substantially greater than those observed in participants 
with lower baseline BMI, indicating that individuals with more significant 
obesity may benefit more from the intervention. Although BMI changes 
were not statistically significant across all groups, the findings suggest a 
positive trend toward improved body composition, particularly for higher-
risk individuals. 

Ethnic subgroup analysis also revealed differences in response to the 
intervention. Hispanic participants showed a mean HbA1c reduction of 
-0.154% (P=0.022), while non-Hispanic participants achieved a slightly 
greater reduction of -0.220% (P=0.024). Although the non-Hispanic group 
experienced a greater mean HbA1c decrease, the similar P values indicate 
a nearly equal significance. Furthermore, overlapping confidence intervals 
(-0.391 to -0.049 for non-Hispanics, and -0.281 to -0.027 for Hispanics) 
suggest that there is no distinguishable difference in the intervention’s efficacy 
between the two groups. Both groups showed comparable trends in BMI 
reduction, with no statistically significant differences between them. The 
intervention’s effects appeared to vary by baseline HbA1c levels. Participants 
with pre-intervention HbA1c levels of 6.0-6.5% exhibited the largest 
reductions (-0.250%, P=0.005) compared to those with lower initial levels 
of 5.7-5.9%, who experienced non-significant changes (-0.109%, P=0.136). 
These findings suggest that individuals with higher initial HbA1c levels may 
derive greater glycemic benefits from targeted interventions such as self-
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monitoring and nutritional education. Collectively, these results underscore 
the importance of tailoring interventions to individual baseline characteristics 
to maximize effectiveness in preventing T2DM progression. 

DISCUSSION  
Several studies have shown that early detection and treatment of pre-diabetes 
is an effective strategy in the prevention of T2DM.18‑20 However, most 
patients with pre-diabetes are not identified and multiple barriers to 
treatment exist. Patient-dependent barriers include limited economic 
resources and a lack of sustained motivation, while provider-dependent 
barriers involve insufficient time for patient education and inadequate 
resources.21 Lifestyle modifications, particularly those involving dietary 
changes and physical activity, are effective in delaying or preventing the 
transition from pre-diabetes to T2DM.22 However, implementation and 
adherence to dietary and lifestyle modifications remain a challenge to both 
clinicians and patients.23 SMBG has traditionally been relied upon for 
T2DM control; however, it has not been previously explored in patients with 
pre-diabetes.24 SMBG is a powerful tool in diabetes management because 
it provides real-time data on blood glucose levels [25]. When combined 
with nutritional education, patients are equipped with greater knowledge to 
make healthier food choices, understand portion sizes, and identify foods 
contributing to their elevated blood glucose. The immediate feedback 
provided by SMBG allows patients to have a better understanding of how 
their lifestyle and dietary choices can affect their blood sugar. Providing 
patients with resources for self-monitoring with nutritional education may 
motivate patients to maintain healthier habits and promote better outcomes. 
Of note, certain groups within this study demonstrated markedly greater 
reductions. This included greater reductions in HbA1c and BMI in male 
participants and male or female participants 35-51 years old. Furthermore, 
greater reductions in HbA1c in participants with initial values ≥6.0% and 
BMI with initial values ≥40 kg/m² were observed. It is useful to consider 
this when applying to clinical practice, (i.e. a younger male patient with an 
elevated BMI and borderline T2DM HbA1c may benefit from SMBG and 
nutritional education as a first-line approach). However, further research with 
a larger sample is required. 

Existing research on preventing T2DM in individuals with pre-diabetes 
remains limited, especially within the Hispanic population. Hispanics are a 
particular population at risk due to genetic predisposition and disadvantaged 
socioeconomic status. Further research with a larger and more diverse sample 
size is warranted for several reasons. 1.) A larger study could determine the 
external validity and allow for potential public health interventions on a 
much larger scale. 2.) A study that focuses on long-term prevention could 
provide deeper insights into potential benefits or unseen challenges. 3.) Social 
determinants of health exist that could be additionally assessed, including 
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but not limited to acculturation, lifestyle, built environment, and healthcare 
access. Furthermore, simple changes in insurance policies could greatly benefit 
disease prevention. For example, insurance policies may limit patients to once-
yearly lab work that delays screening or may not cover potential disease-
preventing resources such as glucometers. However, these changes must be 
made on the insurance company side. Insurance represents a significant 
financial burden that results in many patients being unable to switch policies 
or without insurance entirely. Because of this, advocacy is the most crucial 
resource. By highlighting a need and potential area for intervention, change 
is possible. This study, while limited by a small sample size, highlights the 
positive impact SMBG and nutritional education can have in mitigating 
progression towards T2DM. 

In summary, introducing glucometer management with dietary and lifestyle 
education for pre-diabetic patients presents a promising method of addressing 
the management of a healthy lifestyle and effective diabetes management. 
This study demonstrated that the intervention significantly reduced HbA1c 
and BMI, two critical health metrics for diabetes prevention and 
management. By equipping patients with essential tools and knowledge, 
this strategy could reduce T2DM risk and serve as a practical, sustainable 
preventive measure. This general approach could be successfully adopted 
across diverse populations, making it a valuable tool in public health strategies 
for combating metabolic diseases. These findings highlight the importance of 
future research to explore the lasting impact of such interventions on patient 
health. 
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