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Abstract

Background/Objectives: Despite extensive evidence on the global burden of diabetes mellitus (DM),
there is a lack of research on how sociodemographic and lifestyle factors collectively impact glycemic
control and diabetes-related complications. This pilot study aimed to identify correlates of glycemic
regulation, with a focus on physical activity (PA), education, and clinical variables, among adults
with DM in Croatia. Methods: A cross-sectional study was conducted at the national reference center
for diabetes, including 95 adult patients with type 1 or type 2 DM. Data were collected via a structured
questionnaire and clinical records, covering sociodemographic characteristics, physical activity
patterns, and laboratory indicators. Statistical analyses included descriptive statistics, t-tests, chi-
square tests, correlation and regression analyses, and K-means clustering. Results: The mean HbAlc
was 6.9% (SD = 1.3), with 33.7% of participants exceeding the 7.5% threshold. Higher education ({3 =
-0.48, p = 0.013) and engagement in strength and balance training (3 = -0.32, p = 0.041) were
independently associated with lower HbAlc levels. Diabetes duration (3 =0.03, p = 0.004) and type 2
diabetes (3 = 0.38, p = 0.030) were positive predictors of HbAlc. PA frequency and intensity were not
significantly associated with glycemic control (p = 0.479). Cluster analysis identified three distinct
profiles, with Cluster 2 (N = 10) exhibiting poor control (mean HbAlc = 9.8%) despite engaging in
moderate activity. HbAlc > 7.5% was significantly associated with hypertension (OR =3.70, 95% CI:
1.34-10.21) and retinopathy (OR = 2.82, 95% CI: 1.14-6.98). Age was the only significant predictor of
cardiovascular comorbidities (OR = 1.12, p = 0.019). Education level was a predictor of participation
in strength and balance training (OR = 2.45, p = 0.025). Conclusions: Glycemic control in individuals
with diabetes is influenced by a combination of behavioral, clinical, and educational factors. Strength
and balance training, as well as higher education, were associated with lower HbAlc levels, while
older age and type 2 diabetes were indicators of a greater risk. Tailored interventions promoting
structured PA and targeting educational disparities may improve clinical outcomes in this
population.

Keywords: comorbidities; diabetes mellitus; glycemic control; health education; hemoglobin Alc
(HbAlc); physical activity; sociodemographic factors; strength training

1. Introduction

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1284.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1284.v1

2 of 19

Over the past three decades, the global prevalence of diabetes mellitus (DM) and impaired
glucose tolerance (IGT) has quadrupled [1], making DM a significant public health concern that
currently affects 1in 10 adults aged 20-79 and ranks among the leading causes of premature mortality
[2]. The number of cases is projected to reach 783.2 million by 2045 [3]. Croatia reflects this global
trend, with 396,005 diagnosed individuals recorded in 2024; however, the actual number is likely to
exceed 500,000 due to underdiagnosis [4].

Type 2 diabetes (T2DM) is strongly associated with modifiable lifestyle factors such as
insufficient physical activity and unhealthy diet [5], but also with genetic predisposition and family
history; 60% of patients have a parent with T2DM [6]. In contrast, type 1 diabetes (T1DM) is more
sporadic, with about 90% of patients lacking a positive family history [7]. Women, particularly those
with polycystic ovary syndrome, are more susceptible to the early onset of T2DM [5, 8], and
reproductive factors may further influence disease risk.

Complications such as cardiovascular disease, neuropathy, and diabetic foot [9-11], along with
elevated cancer risk [12, 13], pose serious challenges. Life expectancy is reduced by approximately
six years in people with diabetes [14], who are considered a vulnerable population due to frequent
comorbidities [15].

Glycated hemoglobin, also known as hemoglobin Alc (HbAlc), is now a widely accepted
measure of long-term glycemic control, preferred over fasting glucose and oral glucose tolerance tests
due to its practicality [16]. Consequently, epidemiological surveillance relies on glycemic indicators
such as HbAlc and fasting glucose [17]. Numerous risk factors for T2DM have been identified,
including age [18], obesity [19, 20], gender [5], ethnicity [21], inactivity [22, 23], poor diet [15, 24],
family history [6], gestational diabetes [25, 26], hypertension [27] and dyslipidemia [28].

Despite an abundance of epidemiological data, few studies have examined the joint influence of
sociodemographic and lifestyle factors on glycemic control and the risk of complications. This study
addresses that gap by analyzing a bimodal sample (younger and older adults) to examine patterns of
care across the life course. It incorporates clinical markers (HbAlc, fasting glucose, cholesterol,
creatinine), lifestyle factors (type and frequency of physical activity), and sociodemographic variables
(gender, education, marital status, urban/rural setting).

2. Materials and Methods

2.1. Participants and Procedure

This cross-sectional study was conducted over three months (December 2024 to February 2025)
at the University Clinic for Diabetes, Endocrinology, and Metabolic Diseases Vuk Vrhovac, Merkur
University Hospital in Zagreb, which also serves as the national Reference Center for Diabetes. Of
the 664 patients who attended routine follow-up visits during this period, 95 agreed to participate (n
= 95). Additionally, this pilot study serves as a precursor to a larger, ongoing study targeting over
500 individuals with DM from diverse backgrounds through a multidimensional research
framework.

Data collection took place in an outpatient setting during regularly scheduled clinical
appointments. Participants received both verbal and written information about the study’s aims,
procedures, potential risks and benefits, and their right to withdraw at any time. Those who agreed
to participate signed an informed consent form. Most recent Clinical parameters (fasting glucose,
HbAlc, total cholesterol, and serum creatinine) were extracted from medical records, while
participants independently completed a structured questionnaire. Assistance was provided upon
request, primarily to older individuals experiencing visual difficulties or fatigue. The average time
required to complete the questionnaire was approximately 35 minutes.

Eligible participants were adults aged 18 years or older with a diagnosis of DM. Individuals with
a history of psychiatric illness or those who declined participation were excluded from the study.

2.2. Instrument
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Data were collected using a semi-structured, custom-developed questionnaire, comprising three
main sections:

Sociodemographic and anthropometric data: participants reported their age, gender, education
level, marital status, place of residence, employment status, height (in meters), and weight (in
kilograms). Clinical and laboratory characteristics: this section included information on type of
diabetes (T1DM, T2DM, gestational, or secondary), disease duration (in years), diabetes-related
complications (e.g., myocardial infarction, stroke, arterial hypertension, diabetic foot, retinopathy,
nephropathy), and type of therapy (none, oral medication, insulin, combined therapies including
GLP-1 receptor agonists or insulin pump). Biochemical data were extracted from the most recent
laboratory results, including fasting glucose (mmol/L), HbAlc (%), serum creatinine (umol/L), and
total cholesterol (mmol/L). Body weight and height were used to calculate BMI. Physical activity
patterns: this section assessed the type, frequency, and intensity of physical activity. Participants
reported engaging in various activities, including aerobic exercises (e.g., brisk walking, cycling,
swimming, running, hiking, dancing), anaerobic exercises (e.g., strength training, resistance
exercises, using fitness machines), and balance and proprioceptive exercises (e.g., standing on one
leg, practicing tai chi). Intensity was categorized as low (<30 minutes), moderate (30-60 minutes), or
high (60-120 minutes), and frequency was reported as daily, twice a week, or three or more times a
week.

This multidimensional instrument enabled a comprehensive assessment of physical activity
behaviors and their associations with glycemic control and chronic complications in individuals with
type 2 diabetes.

2.3. Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 25.0 (IBM
Corp., Armonk, NY, USA). The study employed a quantitative cross-sectional design, involving 95
participants with a bimodal sample structure comprising both younger and older adults to capture
age-related differences in diabetes care.

Descriptive statistics were used to summarize sociodemographic, clinical, and physical activity
variables. Welch’s t-test was applied to compare mean HbAlc values between groups differing in
physical activity engagement, due to unequal variances and group sizes. Chi-square tests (x?) were
used to examine differences in the prevalence of chronic complications across glycemic control
categories (HbAlc < 7.5% vs. > 7.5%). Pearson’s correlation coefficient (r) was used to assess the
associations between continuous variables, such as disease duration and the number of
complications. Predictors of glycemic control (HbAlc levels) were identified using simple and
multiple linear regression models, including demographic, clinical, and lifestyle variables. Logistic
regression was used to examine the predictors of participation in strength and balance training and
cardiovascular comorbidities. Interaction terms were introduced in regression models to assess effect
modification by place of residence (urban vs. rural) on the relationship between physical activity and
HbA1lc. Additionally, K-means cluster analysis was used to identify subgroups based on shared
patterns in glycemic control, physical activity, and complications.

This comprehensive analytical approach ensured a robust, multidimensional assessment of
diabetes-related outcomes.

3. Results

The final sample (Table 1) consisted of 95 adult individuals with diabetes, among whom 53 were
male (55.8%) and 42 female (44.2%). The participants represented a wide age range, with the most
significant proportion aged 65 years and older (n = 40; 42.11%), followed by those aged 58—65 years
(n=20; 21.05%). Younger age groups (below 50 years) were progressively less represented, with the
lowest representation among participants aged 26-33 years (n = 3; 3.16%). In terms of educational
attainment, more than half of the participants were secondary school students currently enrolled (n
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= 54; 56.8%), while 32.6% (n = 31) had completed a graduate degree or higher. A smaller proportion
had completed undergraduate degrees (14.7%) or only secondary education (10.5%).

Regarding marital status, the majority were married (n = 59; 62.1%), while 13.7% were single,
and 12.6% widowed. Smaller proportions reported being divorced (5.3%), in a relationship, engaged,
or cohabiting (each 1.1%), while 3.2% did not specify. Most participants resided in urban areas (n =
74; 77.9%), with a minority living in rural areas (n = 21; 22.1%). Concerning employment status, half
of the sample were retired (n = 48; 50.5%), followed by those employed full-time (n =41; 43.2%), with
a small number employed part-time (2.1%) or unemployed (4.2%).

Table 1. Sociodemographic characteristics of the sample (N = 95).

Construct / Variable Category N (%)
male 53 (55.8%)
gender female 42 (44.2%)
18-25 4 (4.21%)
26-33 3 (3.16%)
34-41 6 (6.32%)
age group 42-49 10 (10.53%)
50-57 12 (12.63%)
58-65 20 (21.05%)
65+ 40 (42.11%)
secondary school (currently enrolled) 54 (56.8%)
educational attainment completed secondary school / high school diploma 10 (10.5%)
completed undergraduate degree 14 (14.7%)
completed graduate degree or higher 31 (32.6%)
married 59 (62.1%)
single (never married) 13 (13.7%)
widowed 12 (12.6%)
marital status divorced 5 (5.3%)
cohabiting partnership 1 (1.1%)
in a relationship 1 (1.1%)
engaged 1 (1.1%)
not specified / other 3 (3.2%)
. urban (town/cit 74 (77.9%
place of residence rural( (Village)Y) 21 522.1%;
retired 48 (50.5%)
employed, full-time 41 (43.2%)
employment status .
employed, part-time 2 (2.1%)
unemployed 4 (4.2%)

The clinical and lifestyle profiles of 95 participants with diabetes were assessed (Table 2). Among
them, 73.7% had type 2 diabetes and 26.3% type 1 diabetes. Correspondingly, 73.7% were on oral
antidiabetic medication and 26.3% on insulin therapy. Arterial hypertension was the most prevalent
comorbidity (63.2%). Microvascular complications included retinopathy (31.6%), diabetic foot
(15.8%), nephropathy (12.6%), and neuropathy (8.4%). Cardiovascular events such as myocardial
infarction or stroke were reported by 12.6%, and 10.5% had other chronic conditions, including
autoimmune and oncological diseases. Body mass index classification revealed that 42.6% of
participants were overweight, 26.6% were obese, and 28.7% had a normal weight.

Regarding physical activity, most participants engaged in aerobic exercises, with walking or
brisk walking reported by 94.7%. Other aerobic activities included cycling (21.1%), swimming
(15.8%), hiking or Nordic walking (12.6%), and dance, yoga, or Pilates (10.5%). Anaerobic or strength
training was less common, practiced by 31.6% using elastic bands or bodyweight exercises, 26.3%
with free weights, and 21.1% on gym machines. Balance and coordination exercises were reported by
21.1% of participants. Regarding exercise intensity, 52.6% performed moderate-intensity physical
activity, 26.3% performed low-intensity physical activity, and 21.1% performed high-intensity
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physical activity. Exercise frequency varied, with 42.1% exercising at least three times per week,
36.8% exercising daily, 15.8% exercising twice per week, and 5.3% exercising less frequently.

Table 2. Clinical characteristics and physical activity patterns among individuals with diabetes! (N = 95).

Construct / Variable Category N (%)
) T1DM 25 (26.3)
type of diabetes TODM 70 (73.7)
treatment type insulin 25 (26.3)
oral medication (tablets) 70 (73.7)
arterial hypertension 60 (63.2%)
diabetic foot 15 (15.8%)
retinopathy 30 (31.6%)
complications / comorbidities nephropathy 12 (12.6%)
neuropathy / polyneuropathy 8 (8.4%)
cardiovascular (mi, stroke, etc.) 12 (12.6%)
other (psoriasis, cancer, etc.) 10 (10.5%)
walking / brisk walking 90 (94.7%)
cycling 20 (21.1%)
aerobic exercise swimming 15 (15.8%)
hiking / nordic walking 12 (12.6%)
dance / yoga / pilates 10 (10.5%)
free weights / dumbbells 25 (26.3%)
anaerobic / strength elastic bands / body-weight 30 (31.6%)
gym machines 20 (21.1%)
balance / coordination one-leg stand / tai-chi 20 (21.1%)
low (< 30 min) 25 (26.3%)
exercise intensity moderate (30-60 min) 50 (52.6%)
high (60-120 min) 20 (21.1%)
every day 35 (36.8%)
exercise frequency > 3 times per week 40 (42.1%)
2 times per week 15 (15.8%)
< 2 times per week / irregular 5 (5.3%)
18.5-24.99 27 (28.72%)
25-29.99 40 (42.55%)
body mass index (BMI) 30-34.99 16 (17.02%)
35-39.99 7 (7.45%)
>40 2 (2.13%)

'Percentages for complications and physical activity types do not sum to 100% because of multiple responses.

Frequencies are based on visual inspection of paper records and may include minor estimation errors.

To assess metabolic control and organ function in individuals with diabetes, descriptive statistics
were calculated for four key laboratory biomarkers (Table 3): fasting glucose, glycated hemoglobin
(HbAlc), total cholesterol, and serum creatinine. The average fasting glucose level was
approximately 7.9 mmol/L (SD =2.3; range: 4.2-16.5 mmol/L) based on 82 participants. This
distribution indicates substantial variability in short-term glycemic control, with some participants
exhibiting normoglycemic values, while others demonstrated levels consistent with poorly managed
hyperglycemia. The mean value for HbAlc, a key indicator of long-term glycemic regulation, was
6.9% (SD =1.3; range: 5.0-12.7%) across 90 participants. These results suggest that although a subset
of the sample maintained satisfactory metabolic control (i.e., HbAlc < 7.0%), a considerable
proportion showed elevated values, indicative of suboptimal disease management or progression.
Regarding lipid metabolism, the mean total cholesterol concentration was approximately 4.6 mmol/L
(SD =1.1; range: 2.1-7.8 mmol/L) in a subsample of 88 participants. This moderate mean value,
alongside a broad range, reflects the co-existence of both normolipidemic and hypercholesterolemic
profiles within the cohort. Lastly, the mean serum creatinine level was 76.8 pmol/L (SD = 34.6; range:
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0.7-204.0 umol/L) in a sample of 81 individuals. The wide dispersion of values highlights substantial
inter-individual differences in renal function, potentially including early-stage kidney impairment or
advanced diabetic nephropathy in a subset of respondents.

These descriptive findings provide a clinically relevant overview of the metabolic and renal
status of the sample, offering a basis for subsequent analyses examining associations with physical
activity patterns, sociodemographic characteristics, and diabetes-related complications.

Table 3. Fasting glucose, HbAlc, cholesterol, and creatinine: summary statistics?

Variable N Mean SD Min Max

fasting glucose (mmol/L) 82 7.9 2.3 4.2 16.5
HbAlc (%) 90 6.9 1.3 5.0 12.7

total cholesterol (mmol/L) 88 4.6 1.1 2.1 7.8
serum creatinine (umol/L) 81 76.8 34.6 0.7 204.0

N values vary due to missing data. The inclusion of range allows for a more nuanced interpretation of inter-

individual variability within each clinical parameter.

An exploratory k-means cluster analysis was conducted using glycated hemoglobin (HbAlc),
the number of chronic diabetes-related complications, and physical activity measures (intensity and
frequency). Three distinct clusters emerged (Figure 1). Cluster 0 (N=46) included participants with
well-controlled glycemia (mean HbAlc = 6.6%) and high physical activity, mainly exercising daily at
moderate to high intensity. The average number of complications was approximately one, with 41%
of participants reporting no complications at all. Cluster 1 (N=39) also exhibited favorable glycemic
control (mean HbAlc = 6.5%) but low physical activity, typically twice weekly at low intensity or no
regular exercise. Complications averaged around one per participant, with 38% reporting none.
Cluster 2 (N=10) exhibited poor glycemic control (mean HbAlc = 9.8%) despite engaging in moderate
physical activity (3—4 days per week, low to moderate intensity). This cluster had the lowest
complication burden (mean = 0.4), with 60% of participants reporting no complications at all. This
may be attributed to shorter disease duration or early-stage diabetes, indicating a high-risk group
that may require intensified management.

Clusters by HbAlc and Exercise Intensity
" x Cluster 0
12 1 X Cluster 1
X
114 X Cluster 2
—~ X
X | X
Q 8 X X
— X
g 6 X X ix
s X X %
5 X Xx X >§< xXX
X & . X
61 % % g g
X
5 T T ¥ T >]< T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Exercise Intensity (O=none, 1=low, 2=moderate, 3=high)

Figure 1. Clusters by HbAlc and exercise intensity.

Table 4 presents the comparison of mean HbAlc values between participants classified as
physically active (=3 exercise sessions per week at moderate or vigorous intensity) and those
classified as less active. Welch’s t-test indicated no statistically significant difference between the
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groups, t(36) =- 0.72, p = 0.479. The mean HbAlc value was slightly higher in the active group (6.86
+ 1.25) than in the less active group (6.67 = 1.01), with a mean difference of 0.19 percentage points.
However, the 95% confidence interval (- 0.35 to 0.73) included zero, indicating that this difference is
not statistically significant. The effect size was small (Cohen’s d = 0.16), suggesting a negligible
difference in glycemic control between groups. These findings do not support the hypothesis that
higher frequency or intensity of physical activity is associated with lower HbAlc levels in this sample.

Table 4. Comparison of HbAlc values between physically active and less active.

Group N Mean HbAlc+ SD t (df) p Cohen’sd  95% CI of the Difference
active 75 6.86 +1.25
less active 20 6.67+1.01 -0.72 (36) 0.479 0.16 -0.35t00.73

SWelch'’s t-test was used due to unequal group sizes (N =75 vs. N = 20) and variance differences, preventing type
Ior Il errors from standard t-test assumption violations. Active = exercise frequency2 3 times per week and every

day; less active = exercise frequency 2 times per week < 2 times per week / irregular.

The results presented in Table 5 show that elevated HbAlc levels (>7.5%) are significantly
associated with hypertension (x2 (1) = 6.79, p = 0.009; OR = 3.70, 95% CI [1.34-10.21]) and moderately
associated with retinopathy (x? (1) = 5.23, p = 0.022; OR = 2.82, 95% CI [1.14-6.98]). In contrast, the
association with nephropathy did not reach statistical significance (x*(1) = 1.64, p = 0.201; OR = 2.19,
95% CI[0.65-7.45]). The clinical implication is straightforward: maintaining HbAlc levels below 7.5%
is not merely a numerical goal—it significantly reduces the odds of concurrent development of
elevated blood pressure and visual impairment. These two complications critically impact the quality
of life and long-term prognosis in individuals with diabetes.

Table 5. Prevalence of diabetes complications by HbAlc level and associated odds ratios.

Prevalence HbAlc> Prevalence HbAlc <

Complication x2 (D) P OR 95%CIOR

7.5% 7.5%
arterial hypertension 26 /32 34/63 6.79 0.009 3.70 1.34-10.21
retinopathy 15/32 15/63 523 0.022 282 1.14-6.98
nephropathy 6/32 6/63 1.64 0201 219 0.65-745

HbAlc: glycated hemoglobin; OR: odds ratio; CI: confidence interval. x2 (1): Chi-square tests (df = 1) were used
to assess differences in complication prevalence between patients with HbAlc > 7.5% and those with HbAlc <
7.5%.

Participants with a university degree or higher were 2.45 times more likely to engage in such
exercise compared to those with lower education levels (OR = 2.45, 95% CI [1.12-5.36], p = 0.025).
Although age was not statistically significant (p = 0.110), the trend suggests a potential age-related
barrier to participation.

Overall, the model highlights educational attainment as a key leverage point for interventions
aimed at promoting structured physical activity, especially in populations at risk for diabetes-related
complications.

Table 6. Predictors of engaging in strength and balance training: full logistic regression*

Predictor OR 95% CI p
education > university level 2.45 1.12-5.36 0.025
age (years) 0.97 0.94-1.01 0.110
gender (male) 1.20 0.55 - 2.63 0.650
duration of diabetes (years) 1.04 0.99-1.10 0.120
T2DM (vs. TIDM) 0.83 0.32-2.10 0.700
insulin therapy 1.35 0.53 —3.42 0.530
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OR: odds ratio; CI: confidence interval. “Full logistic regression model with education, age, gender, diabetes
duration, diabetes type, and insulin therapy as predictors of engaging in strength and balance training at least

once per week.

The parsimonious logistic regression model (Table 7) retained no statistically significant
predictors of engaging in strength and balance training at least once per week. Although the odds
ratio for type 2 diabetes was notably high (OR = 26.51), the wide confidence interval (95% CI [0.03—
24329.90]) and non-significant p-value (p = 0.346) indicate a lack of statistical reliability. Other
variables, including age, gender, and diabetes duration, also showed no significant associations with
participation in strength and balance exercises.

The model suggests that, when controlling for these key clinical and demographic factors
simultaneously, none appear to be strong independent predictors of engagement in such physical
activity. This outcome may reflect the complexity of factors influencing exercise behavior or
insufficient statistical power due to sample size and variability.

Table 7. Predictors of engaging in strength and balance training: parsimonious logistic regression model*

Predictor OR 95% CI for OR P
constant 0.01 0.00 - 0.69 0.033
T2DM (vs. TIDM) 26.51 0.03 —24,329.90 0.346
age (years) 1.05 091-1.22 0.505
male 0.87 0.16 -4.72 0.875
duration of diabetes (years) 1.04 0.89 -1.22 0.611

SParsimonious logistic regression model including selected clinical and demographic predictors of engaging in

strength or balance training at least once per week. OR: odds ratio; CI: confidence interval.

The linear regression model identified several significant predictors of HbAlc levels, offering
insight into both clinical and behavioral determinants of glycemic control (Table 8). Education level
emerged as a significant and protective factor. Participants with a university-level education or
higher had, on average, 0.48 percentage points lower HbAlc compared to those with lower education
(B =-0.48, p = 0.013). This suggests that higher educational attainment may facilitate better diabetes
self-management, possibly through improved health literacy, greater access to resources, or stronger
adherence to treatment regimens. Engagement in strength and balance training was also significantly
associated with improved glycemic control. Those who participated in such an exercise had an
average 0.32 percentage point lower HbAlc (3 =-0.32, p =0.041). This finding highlights the potential
benefits of incorporating resistance and neuromotor training, in addition to aerobic activity, into
diabetes care, particularly given its accessibility and the additional advantages for musculoskeletal
health and fall prevention. The duration of diabetes showed a small but statistically significant
positive association with HbAlc levels ( = 0.03, p = 0.004), indicating that each additional year of
living with diabetes was associated with a 0.03% increase in HbAlc levels. This trend is consistent
with the known progressive nature of type 2 diabetes and the cumulative burden of disease, which
may make glycemic control more difficult over time. Having T2DM (vs. TIDM) was also associated
with higher HbAlc levels (3 = 0.38, p = 0.030). While this may initially seem counterintuitive, it may
reflect differences in treatment strategies, disease perception, or clinical inertia in managing T2DM
compared to the more intensively managed TIDM. Age showed a marginal trend toward higher
HbA1c with increasing years (f = 0.01, p = 0.080), though this did not reach statistical significance.
This may indicate subtle age-related changes in metabolism, comorbidities, or treatment priorities
(e.g., relaxed glycemic targets in older adults); however, further investigation would be necessary to
confirm this. Gender (male) was not a significant predictor (f = -0.05, p = 0.730), suggesting no
substantial gender-based difference in HbAlc levels after accounting for other covariates in the
model.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1284.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1284.v1

9 of 19

Taken together, these results highlight that modifiable factors, such as physical activity and
education, play a measurable role in glycemic outcomes, even after adjusting for clinical variables
like disease duration and diabetes type.
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Table 8. Predictors of HbAlc (%): linear regression®

Predictor B SE p
(intercept) 8.05 0.64 <0.001
education > university level -0.48 0.19 0.013
strength/balance training -0.32 0.15 0.041
age (years) 0.01 0.01 0.080
gender (male) -0.05 0.14 0.730
disease duration (years) 0.03 0.01 0.004
T2DM (vs. TIDM) 0.38 0.17 0.030

Results from the linear regression model assessing predictors of HbAlc levels.: unstandardized regression
coefficient; SE: standard error; HbAlc: glycated hemoglobin; T2DM: type 2 diabetes mellitus (reference category
= type 1 diabetes); education: dichotomized as university degree or higher vs. lower educational attainment;
strength/balance training: engaging in such activity at least once per week (yes = 1, no = 0); gender: male = 1,

female = 0.

A logistic regression model was used to identify predictors of having at least one cardiovascular
comorbidity (Table 9). Among the variables entered into the model, diabetes type (T2DM), age,
gender, and disease duration, age emerged as the only statistically significant predictor. Specifically,
each additional year of age was associated with a 12% increase in the odds of having a cardiovascular
comorbidity (OR =1.12, 95% CI [1.02-1.23], p = 0.019). Other predictors, including gender (OR = 0.46,
p =0.169), diabetes duration (OR = 0.96, p = 0.450), and diabetes type (OR = 0.63, p = 0.839), were not
significantly associated with cardiovascular comorbidities in this model. Notably, while men
appeared less likely than women to report cardiovascular conditions (OR < 1), this association did
not reach statistical significance. Similarly, diabetes duration showed no meaningful effect, which
may reflect the influence of unmeasured confounders or the relatively small sample size.

Table 9. Predictors of cardiovascular comorbidities: logistic regression”

Predictor OR 95 % CI OR p
const 0.01 0.00-0.13 0.001
T2DM 0.63 0.01 -55.41 0.839
age 1.12 1.02-1.23 0.019
male 0.46 0.15-1.39 0.169
disease duration 0.96 0.87 - 1.06 0.45

"Logistic regression model assessing predictors of having >1 cardiovascular comorbidity (e.g., myocardial
infarction, stroke, angina). OR = odds ratio; CI = confidence interval; p = p-value; T2DM = type 2 diabetes mellitus
(reference category = type 1 diabetes); Age and disease duration are measured in years; gender coded as 1 =

male, 0 = female.

The linear regression analysis examined the effects of physical activity (PA), urbanicity, and their
interaction on HbAlc levels (Table 10 and Figure 2). The intercept was significant (3 = 6.50, p <0.001),
representing the baseline HbAlc level when all predictors are zero. The main effect of physical
activity on HbAlc was adverse but not statistically significant (3 = -0.031, p = 0.370), indicating a
slight, non-significant tendency for higher physical activity to be associated with lower HbAlclevels.
Urbanicity alone also showed a non-significant positive association with HbAlc ( =0.21, p = 0.730),
suggesting no meaningful difference in glycemic control between urban and rural residents.

The interaction term between physical activity and urbanicity approached statistical significance
(p =-0.081, p = 0.061), suggesting a potential moderating effect of urbanicity on the relationship
between physical activity and HbAlc. This indicates that the relationship between physical activity
and glycemic control may vary depending on whether participants reside in urban or rural settings,
with a trend toward more substantial beneficial effects of physical activity on HbAlc in one of these
groups. However, as the p-value slightly exceeds the conventional threshold, this finding should be
interpreted with caution and warrants further investigation.
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Table 10. Predictors of HbAlc levels: linear regression®
Coefficient B (SE) 95 % CI p
intercept 6,50 (0,55) 5,41 -7,59 < 0,001
PA (1) —0,031 (0,034) -0,099 - 0,037 0,370
urbanicity (B2) 0,21 (0,59) -0,96-1,38 0,730
interaction PA x urbanicity ([33) —0,081 (0,042) -0,165-0,003 0,061

8Multiple linear regression analysis examining the association between physical activity (PA), urbanicity, and
their interaction on glycated hemoglobin (HbAlc) levels. p = unstandardized regression coefficient; SE =
standard error; 95% CI=95% confidence interval. The interaction term tests whether the effect of physical activity

on HbAlc differs by urban or rural residence.

Interaction Effect of PA and Urbanicity on HbAlc
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Figure 2. Effects of physical activity (PA), urbanicity, and their interaction on HbAlc levels.

4. Discussion

This study offers valuable insights into the public health aspects of the demographic and clinical
profiles of individuals living with diabetes in Croatia, highlighting critical patterns that can inform
more effective prevention strategies, targeted dietary interventions, and long-term disease
management.

The composition of the 95-person sample provides a revealing, if complex, demographic and
clinical snapshot of diabetes in Croatia. Although the nearly even gender distribution, 55.8% male
and 44.2% female, initially suggests balance, it also invites deeper inspection given the known
gender-related metabolic differences in T2DM [5]. Indeed, gender is not merely a demographic
variable but a biological determinant that shapes disease onset, complication profiles, and treatment
responses. Age stratification further sharpens the picture. As anticipated, younger adults were
minimally represented: only 4.21% of respondents were aged 18-25, and 3.16% fell into the 26-33 age
bracket. This reflects the epidemiological rarity of early-onset diabetes, typically TIDM or due to rare
genetic-metabolic syndromes. From the age of 34 onward, participation increases steadily, with a
dramatic representation beyond the fifth decade of life. Respondents aged 50-57 accounted for
12.63%, those 58-65 for 21.05%, and those over 65 comprised a striking 42.11% of the sample. These
figures align with global findings showing that the majority of diabetes cases occur in older adults,
and projections suggest this burden will continue to grow [29]. This age distribution is neither
incidental nor merely descriptive—it encapsulates the cumulative biological and behavioral
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exposures underpinning diabetes. Risk factors such as prolonged physical inactivity, dietary
indiscretions, and comorbid hypertension or dyslipidemia accrue over decades, increasing the
likelihood of T2DM diabetes with age. However, aging itself is also an independent risk factor,
associated with mitochondrial dysfunction, insulin resistance, and reduced [3-cell reserve. Crucially,
these older individuals are not merely diabetic; they are often multimorbid. Prior studies consistently
show a higher prevalence of sarcopenia, cognitive decline, cardiovascular pathology, and frailty in
older diabetic adults [30-32]. The challenge is thus twofold: managing glucose while also mitigating
the functional and psychosocial losses that often accompany aging. It is this subgroup, physically
slower, more isolated, and more medically complex, that demands tailored interventions, not generic
ones.

The sociodemographic structure of the sample reveals a pronounced duality, with participants
clustering into two distinct cohorts: secondary school students (56.8%) and older adults with
graduate degrees (32.6%). This reflects the questionnaire design, which allowed respondents to
provide multiple answers regarding both current and completed education. Marital status and
employment also follow this bimodal pattern, with a predominance of married or widowed retirees
alongside a smaller group of unmarried youth. Urban respondents dominate (77.9%), with rural
voices underrepresented, potentially obscuring barriers such as limited access to care and health
education in village settings.

Clinically, type 2 diabetes and oral therapy are most common (73.7%), corresponding with older
participants, while type 1 diabetes and insulin use characterize the younger subset. This age-driven
divergence must be modeled carefully, without stratification, aggregated results risk
misinterpretation due to Simpson’s paradox. Variables such as age, education, and urbanicity should
be treated as moderators in further analyses.

BMI data reinforce the high-risk profile: only 28.7% of respondents had a normal weight, while
42.6% were overweight and 26.6% obese. Although BMI is a widely used screening tool, it poorly
reflects actual body fat [33]. Obesity, defined as a BMI greater than 30 kg/m?, is a global epidemic
linked to chronic diseases and cancers [34-36]. Socioeconomic factors, particularly income and
education, have a strong influence on dietary adherence [37]. Physical activity remains a cornerstone
in obesity management, primarily through its effects on energy balance [38].

The complication profile in this 95-patient cohort highlights a striking pattern seen across global
diabetes populations: chronic hyperglycemia quietly sets the stage for both microvascular and
macrovascular damage, with arterial hypertension (63%) and diabetic retinopathy (31.6%) leading
the clinical cascade. These two conditions, often overlooked in early disease management, remain
deeply entrenched once glucose dysregulation progresses, confirming that cardiometabolic risk
compounds rapidly if not addressed early [39]. What is perhaps more revealing is the relatively high
prevalence of diabetic peripheral neuropathy (DPN), affecting over half of diabetic individuals in
broader epidemiological data, and acting as a key contributor to balance dysfunction and falls [40,
41]. In this cohort, diabetic-foot lesions (15.8%) and nephropathy (12.6%) further suggest that small-
vessel damage is well established in a substantial subset, extending the pathophysiological footprint
to peripheral nerves and renal microcirculation. Classical macrovascular events—myocardial
infarction, stroke, or other cardiovascular crises —appear in 12.6% of participants. This aligns with
international trajectories, indicating that such events are typically delayed until years of untreated or
under-treated hypertension and dyslipidemia accumulate [39].

Against this backdrop, physical activity data might seem paradoxically encouraging at first
glance. Walking is nearly universal (94.7%), likely due to its low barrier to entry and compatibility
with neuropathic limitations. However, once we move beyond this most accessible form, engagement
drops sharply. Activities requiring equipment, coordination, or a structured environment, such as
cycling, swimming, and gym workouts, are practiced by only 20% of individuals. Strength training,
despite its centrality to sarcopenia prevention and insulin sensitivity, is underutilized, with around
25-33% of respondents reporting participation, skewed toward minimal-load methods such as elastic
bands or bodyweight routines. Balance-focused interventions, essential for fall prevention in DPN,
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remain niche, with only one in five engaging in modalities such as tai chi or guided stability drills.
These patterns are consistent with previous findings, which show that while walking is commonly
adopted, resistance and balance training are frequently neglected in real-world diabetes care [42].
The consequences of this imbalance are not trivial: underdeveloped muscle mass and poor postural
control not only increase the risk of falls but also reduce glucose uptake and basal metabolic rate.
These mechanisms should synergize with aerobic activity to yield better glycemic control [41].

A closer look at frequency and duration nuances the picture further. Most participants report
moderate-length sessions (30—60 minutes), but only 21% reach the 60-120 minute threshold that may
require more robust cardiovascular adaptations. Daily activity is achieved by just 36.8%, with another
42.1% exercising three or more times per week. A sizable minority, 21%, train two times or fewer
weekly, likely representing a high-risk subgroup for worsening hypertension, sarcopenia, and
glycemic control. This mixed pattern illustrates a familiar paradox in community diabetes
management: while the average patient walks, they often do so too late, too little, or without
complementary training strategies to address the broader syndrome of frailty, insulin resistance, and
vascular decline as other studies have suggested, the timing and structure of exercise matter at least
as much as total volume [40].

Hence, two priorities emerge for intervention. First, cardiometabolic deterioration must be
intercepted earlier, before hypertension and retinopathy become entrenched, through systematic
screening and tighter primary care control of blood pressure and lipids [39]. Second, physical activity
counselling must mature beyond vague recommendations. A tiered prescription model is more
appropriate, with walking as the foundational component, resistance work twice a week to address
muscle loss, and targeted balance drills for neuropathy-related instability, delivered in group formats
that promote adherence and accountability [42]. Of course, these results are based on self-report,
which allows for multiple responses and may likely overestimate actual adherence in the real world.
Complication overlap may be more complex than the numbers suggest. Still, the pattern remains
consistent: walking is ordinary, but it is insufficient on its own. Without strategic additions like
strength and stability training, the benefits of aerobic activity are blunted, and the broader syndrome
of diabetes-related disability remains inadequately addressed.

The biochemical indicators suggest relatively good glycemic control among the sample; the
average HbAlc is 6.9%, which aligns with commonly recommended targets for adults with T2DM.
However, the wide range of values (from 5.0% to 12.7%) highlights the heterogeneity in disease
management. A similar pattern has been observed in studies examining routine diabetes care, where
average values often mask a subset of patients with poor glycemic control [43]. Serum creatinine
values show even greater dispersion, with some participants exceeding thresholds for moderate-to-
severe chronic kidney disease, suggesting that a portion of the sample may have progressed
nephropathy despite apparently favorable averages.

Interestingly, the prevalence of self-reported complications in this portion of the sample appears
lower than in prior data from the same study (e.g., hypertension in 35.8%, retinopathy in 9.5%,
diabetic foot in 8.4%). This discrepancy is likely due to differences in data collection methods; while
previous figures were based on structured questions about complications, these results stem from
open-ended self-reports. Such approaches are prone to underreporting due to recall bias, lack of
awareness, or perceived irrelevance. Prior studies have shown that patients frequently fail to
recognize early micro- or macrovascular damage as “diabetes complications,” especially if this
connection has not been communicated by healthcare providers [40]. Notably, nearly half of the
participants (42%) reported no diabetes-related complications, which, if taken at face value, would
be an encouraging finding. However, in the context of a disease with a well-known progressive
course, such claims must be interpreted cautiously. It is likely that some complications have not yet
manifested clinically or have not been recognized as diabetes-related. The tendency toward more
complications with longer diabetes duration was confirmed in this sample. However, the correlation
was modest (r ~ 0.21), consistent with previous findings that highlight the multifactorial nature of
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complication development. In addition to disease duration, control levels, therapeutic modality,
genetic factors, and comorbidities, these factors play key roles [39, 43].

The analysis of physical activity patterns adds another layer of complexity. The high rate of
participation in aerobic activity (93%) appears encouraging; however, a closer look reveals a familiar
pattern: walking dominates, while targeted strength and balance training remain rare.
Approximately 29% of participants engage in strength exercises, and only 16% report performing
balance exercises — levels that fall short of expert recommendations for individuals at elevated risk of
falls and sarcopenia [40, 42]. Although aerobic activity is foundational for metabolic and
cardiovascular health, without structure and progression, it may be insufficient for preventing
complex syndromes such as DPN, frailty, or metabolic inflexibility.

A somewhat unexpected result emerges from the analysis of the relationship between physical
activity and HbAlc levels: no clear linear correlation was found between frequency or intensity of
exercise and glycemic control. This finding may seem counterintuitive, yet it aligns with other
research suggesting that the effect of exercise on HbAlc can be heavily influenced by additional
factors, including diet, pharmacotherapy, adherence, and overall disease status [41]. In this group,
the majority of participants already had relatively well-controlled HbAlc, which reduces variability
and may obscure any additive effects of exercise. Furthermore, some of the more active participants
have lived longer with the disease, developed more complications, and are therefore more motivated
to exercise; however, they also have more challenging glycemic profiles, which may mask the exercise
benefits. This phenomenon, known as reverse causality, has been flagged in the literature as a caution
against simplistic interpretations of associations between health behaviors and outcomes [39].
Despite the absence of a statistically significant relationship between exercise and HbAlc in this
sample, the value of physical activity should not be underestimated. Its benefits extend far beyond
glycemic control, encompassing improved cardiovascular fitness, functional capacity, and
psychological well-being, particularly in patients with DPN. The study by Haleem et al. [40] directly
demonstrated the effectiveness of combined strength, aerobic, and balance training in reducing the
severity of neuropathic symptoms, improving stability, and enhancing independence.

Ultimately, these findings reinforce the need for individualized approaches and more
straightforward physical activity guidelines, not simply “more walking,” but structured, periodized
programs incorporating resistance and balance components in a sustainable and engaging format.
Likewise, early screening and prevention of complications must remain a top priority, as once micro-
and macrovascular damage progresses, the potential for reversibility diminishes considerably. This
missed opportunity for early intervention is perhaps the most visible underlying theme of these
findings.

The non-significant Welch test underscores what large, cross-sectional datasets have long
suggested: once overall HbAlc is already clustered near guideline targets, incremental differences in
exercise dose often vanish beneath the noise of therapy, diet, and disease duration [41]. The direction
of the effect, with slightly higher HbA1lc in the more active subgroup, almost certainly reflects reverse
causality: patients who struggle with glycaemia, or who have lived with diabetes longer, are precisely
those who are urged to exercise harder; yet, their metabolic inertia masks any potential benefit.
Similar neutral or paradoxical signals appear in population studies whenever activity is self-reported
and medication regimens vary widely [39].

The logistic model, which shows a 2.45-fold greater likelihood of strength- or balance-training
among university-educated participants, aligns with decades of evidence linking education to health
literacy, self-efficacy, and proactive help-seeking [44]. Crucially, the association persists after
adjusting for age, gender, and insulin use, implying that knowledge capital outweighs biological or
cultural constraints once opportunities to exercise exist. That finding aligns with community trials,
where simplified, coached programs have been shown to narrow the participation gap between
educational strata [40].

Linear regression adds nuance: higher education independently lowers HbAlc (3 =-0.48 p.p.),
but the coefficient attenuates (to —0.32p.p.) after strength/balance training enters the model,
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signalling partial mediation. In practical terms, some of education’s glycaemic advantage stems from
greater engagement in muscle-building exercise, consistent with mechanistic work showing that
resistance training enhances insulin sensitivity beyond aerobic activity alone [42]. Yet, much of the
educational effect remains direct, likely channeled through diet quality, drug adherence, and timely
service use [43].

The absence of age or gender as predictors of strength and balance uptake contradicts
stereotypes that women or older adults train less. More plausibly, our sample, recruited partly from
rehabilitation clinics, was already motivated, suppressing demographic gradients. Small cell counts
and wide confidence intervals suggest separation problems; larger, population-based cohorts
typically overcome age- and gender-related barriers unless explicit coaching neutralizes them [45].
Conversely, age emerges as the lone robust predictor of cardiovascular comorbidity, with each
additional year adding ~12 % to risk. That linear creep echoes atherosclerotic biology and reinforces
calls for earlier, more aggressive risk-factor management, even before midlife, in diabetes [31, 32, 46].
Neither diabetes duration nor insulin therapy remained significant once age was modelled,
supporting newer observations that modern basal-bolus regimens do not worsen HbAlc per se when
titrated correctly [46].

Finally, the PA x urbanicity interaction, just shy of conventional significance, suggests that the
metabolic payoff of exercise may be context-dependent, potentially larger in rural settings where
incidental activity, food environments, and social support differ from those in cities. Similar
moderation has been reported in European cohorts, although significance typically appears only
when sample sizes exceed several hundred [43]. If confirmed, such a gradient would argue for place-
tailored interventions: in dense urban areas, structural barriers (such as traffic, cost, and limited green
space) may blunt the marginal gains of higher activity, whereas rural residents reap larger benefits
from the same dose.

In our study, limitations include the fact that all models are constrained by a modest sample
size, reliance on self-report, and a cohort already skewed toward reasonable glycemic control, which
leaves little room to detect behavioral effects. Yet the converging signals are instructive:

1. Education is a lever, both directly and through increased uptake of muscle- and balance-focused
exercise.

2. Strength and balance training are essential, as they can independently lower HbAlc and
complement aerobic activity.

3. Age, more than therapy type, drives cardiovascular burden, underscoring the urgency of earlier
prevention.

4. Context may shape exercise efficacy; the near-significant moderation by urbanicity warrants
exploration in larger, geographically diverse samples.

Translationally, health systems should treat education as a modifiable exposure: plain-language
materials, subsidized community gyms, and professional-led balance and strength classes can
function as a “social prosthesis” for those lacking formal schooling. Without such scaffolding, the
socioeconomic gap in diabetes outcomes documented across Europe is unlikely to narrow [45].

Future research should prioritize stratified analyses by age, education, and urbanicity to
minimize confounding effects and more accurately capture subgroup-specific dynamics in glycemic
control. Larger, population-based studies with longitudinal designs are recommended to validate the
observed links between structured physical activity (especially resistance and balance training) and
educational attainment, as well as long-term diabetes outcomes.

Additionally, this pilot analysis serves as a precursor to a larger, ongoing study that aims to
include over 500 individuals with DM from diverse backgrounds. The forthcoming study will
investigate the intricate relationship between disease-related, clinical, and sociodemographic factors
and quality of life, providing a more comprehensive understanding of the issue. By adopting a
multidimensional framework, the study aims to inform personalized intervention strategies and
public health policies tailored to the specific needs of subgroups within the DM population.
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5. Conclusions

This pilot study confirms that glycemic control in individuals with diabetes is influenced by both
clinical and lifestyle factors, with education level and participation in strength and balance training
emerging as key predictors of lower HbAlc. In contrast, general physical activity frequency and
intensity were not significantly associated with glycemic outcomes, likely due to the presence of
confounding factors and the already satisfactory metabolic control in most of the sample. Elevated
HbA1c was significantly associated with hypertension and retinopathy, underscoring the importance
of achieving and maintaining early and sustained glucose control. Older age was the only significant
predictor of cardiovascular comorbidity, highlighting the need for preventive strategies to be
implemented earlier in life. Educational attainment has both direct and indirect effects, via structured
exercise, on health outcomes, suggesting that targeted health literacy interventions may reduce the
burden of complications. While context (urban vs. rural) may moderate the effect of activity on
HbA1c, further research is needed to confirm this.

Overall, the findings underscore the need for personalized, education-sensitive, and functionally
diverse diabetes care that encompasses not only aerobic activity but also resistance and balance
training tailored to individual risk profiles.
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Abbreviations

The following abbreviations are used in this manuscript:

DM Diabetes mellitus
T1DM Type 1 diabetes mellitus
T2DM Type 2 diabetes mellitus
HbAlc Hemoglobin Alc (glycated hemoglobin)
PA Physical activity
BMI Body mass index
GLP-1 Glucagon-like peptide-1
DPN Diabetic peripheral neuropathy
MI Myocardial infarction
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