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Abstract
Background: Diabetes mellitus is a chronic metabolic disorder characterized by
persistent hyperglycemia resulting from defects in insulin secretion, insulin action,
or both. This study aimed to explore the longitudinal relationship between physical
activity and self-management behaviors, and their combined impact on glycemic
control among patients with diabetes mellitus.
Methods: A longitudinal study was conducted at Al-Diwaniyah Teaching Hospital,
involving 120 diabetic patients selected through simple random sampling. Data were
collected at three time points using validated tools to assess physical activity levels
(IPAQ), Self-Management Behaviors, and glycemic control (HbA1c). Demographic and
clinical variables were also recorded. Statistical analysis was performed using SPSS
version 26 to examine associations and changes over time.
Results: The longitudinal study followed 120 patients diagnosed with diabetes mellitus
over three observation periods. Most participants were middle-aged and living with
type 2 diabetes. Over time, physical activity levels showed a statistically significant
improvement, with a marked shift from low to high activity categories (highly significant
in the third observation of physical activity, P < 0.001; and in the third observation
of self-management behaviors, P < 0.000). In contrast, self-management behaviors
declined, as evidenced by decreasing DSMQ scores and a transition from “Perfect”
to “Inadequate” self-care levels. Simultaneously, HbA1c values increased significantly
across all time points (the three latest HbA1c observations; P < 0.000), indicating
progressive deterioration in glycemic control despite improvements in physical activity.
Conclusion: This study demonstrates that while physical activity improved over time,
declining self-management behaviors were linked to worsening glycemic control.
These results emphasize the need for integrated lifestyle interventions to support
long-term diabetes management.
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1. Introduction

Diabetes mellitus (DM), especially type 2 diabetes,
is expected to affect 1.3 billion people worldwide by
2050, making it a persistent public health concern
[1]. To improve quality of life, lower mortality rates
among diabetic patients, and lower the risk of
microvascular and macrovascular consequences,
effective glycemic management is crucial [2, 3]. A
1% drop in hemoglobin A1c (HbA1c) is linked to con-
siderable reductions in cardiovascular events and
diabetes-related mortality, making HbA1c a well-
known biomarker for long-term glycemic control
[4, 5]. Adults with diabetes should engage in resis-
tance training in addition to at least 150 minutes
of moderate-intensity aerobic activity per week,
according to the American Diabetes Association
and World Health Organization [8]. Randomized
controlled trials and longitudinal investigations
have repeatedly shown that persistent PA improves
glycemic outcomes and slows the course of
illness [9, 10]. Self-management behaviors (SMBs),
which include diet control, medication adherence,
glucose monitoring, and psychosocial coping
techniques, are equally crucial. Health literacy,
formal education programs, and self-efficacy all
have a significant impact on these behaviors [11,
12]. Synergistic effects on glycemic control have
been demonstrated when PA is incorporated into
SMB frameworks, especially when treatments are
tailored and maintained over time [13, 14].

The dynamic interaction between PA and SMBs
is highlighted by recent longitudinal studies,
which suggest that changes in one domain fre-
quently enhance the other, resulting in long-lasting
glycemic benefits [15]. However, there are still
gaps in our knowledge of how these connections
change over time and differ among clinical and

demographic categories. There is still a signifi-
cant lack of longitudinal studies examining the
concurrent evolution of physical activity, diabetes
SMBs (using the Diabetes Self-management Ques-
tionnaire [DSMQ]), and glycemic control (HbA1c)
in Middle Eastern populations, especially in Iraq,
despite the growing global evidence. The province
of Al-Diwaniyah, which has a high prevalence
of diabetes, little access to organized diabetes
education, and cultural norms that may affect
lifestyle choices, provides a special setting for
examining these dynamics. Designing culturally
sensitive interventions that address systemic and
behavioral obstacles to successful diabetes man-
agement requires an understanding of how PA and
SMBs interact over time in such settings.

2. Methods

2.1. Study design

This study employed a longitudinal observational
design to assess the relationship between phys-
ical activity, SMBs, and glycemic control among
patients diagnosed with DM.

2.2. Study setting and period

The study was conducted at the Diabetes Center,
an outpatient clinic at Al-Diwaniyah Teaching
Hospital in Iraq, which provides care for all patients
with diabetes. Data collection extended from
March 3, 2025, to September 16, 2025, through
three planned observation points approximately 3
months apart (March, June, and September). A total
of 120 patients with type 2 diabetes were enrolled
and monitored across all three time periods. The
same cohort was evaluated at each observation,
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and every effort was made to minimize loss to
follow-up.

This investigation was designed as a lon-
gitudinal observational cohort study without a
separate control group. The rationale for this
design was to allow within-subject comparisons
over time, thereby reducing variability related to
inter-individual differences. While the absence of
a control group limits the ability to establish
external baseline values, the chosen approach
was appropriate for assessing temporal changes
in nutritional risk and self-management behaviors
under real-world clinical conditions. The limitation
has been acknowledged, and future research
is recommended to incorporate matched control
groups or randomized designs to strengthen
causal inference.

2.3. Study population and sample

The study population comprised patients attending
the outpatient clinics at the Diabetes Center of
Al-Diwaniyah Teaching Hospital in Iraq. A simple
random sampling technique was applied to select
participants from a defined sampling frame of
eligible patients who visited the center during
the study period. Randomization was conducted
using a computerized random-number generator
to ensure equal selection probabilities.

Sample size estimation was performed using
G*Power software. Assuming a medium effect size
(f = 0.25), a power of 80%, and a significance
level of 0.05, the minimum required sample size
was calculated to be 102 participants. To account
for potential attrition, 140 patients were initially
recruited, and 120 completed all three observation
points.

With respect to comorbid conditions, patients
with type 2 diabetes frequently presented with
additional health problems such as hypertension
and obesity. These conditions were documented
during recruitment and considered part of the
cohort’s clinical profile. The study was conducted
in a center dedicated to diabetes care; however,
HbA1c testing was performed in collaboration
with the hospital’s central laboratory to ensure
standardized procedures and validated results.
This explains why laboratory reports originated
from a different unit within the same institution.

The cohort was followed consistently at three
timelines (March, June, and September 2025),
and every effort was made to minimize loss to
follow-up. Laboratory testing was centralized to
maintain quality assurance, even though patients
were clinically monitored at the Diabetes Center.

Regarding disease incidence, type 2 diabetes
represents a growing public health challenge
in Al-Diwaniyah and across Iraq. Regional epi-
demiological reports indicate a rising prevalence,
consistent with global trends in low- and middle-
income countries. While precise incidence rates
vary across studies, the burden of diabetes in this
area is substantial, reinforcing the importance of
investigating nutritional risk and self-management
behaviors in this population.

2.4. Participant flow and retention

Of the 140 participants enrolled at baseline, 20
(14.3%) discontinued participation before complet-
ing all follow-up assessments. Reasons for attrition
included relocation, loss of contact, or withdrawal
of consent. As a result, 120 participants completed
all three observation points (O1, O2, and O3) and
were included in the final analyses.
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To ensure consistency and comparability across
timepoints, analyses were conducted on the sub-
set of 120 participants with complete data. Missing
data were addressed using pairwise deletion for
descriptive statistics and multiple imputation for
inferential analyses, where appropriate.

2.4.1. Participant flow summary

Enrolled (n = 140)

↓
Completed all timepoints and included in analy-

sis: n = 120

↓
Observed at O1 (Baseline): n = 120

↓
Observed at O2 (3 months): n = 120

↓
Observed at O3 (6 months): n = 120

2.5. Inclusion and exclusion criteria

Individuals diagnosed with either type 1 or type
2 DM, aged 18 years or older, and willing to
participate by providing informed consent were
eligible for inclusion in this study. The rationale
for including both types of diabetes was to
capture the broader spectrum of patients attending
the Diabetes Center, thereby reflecting the real-
world clinical population managed in this setting.
Although type 1 and type 2 diabetes differ in
etiopathogenesis and age of onset, both groups
share common challenges in nutritional risk and
self-management behaviors, which were the pri-
mary focus of this investigation.

Patients who were pregnant or nursing, as
well as those with cognitive impairments or other
conditions that could interfere with participation,

were excluded. Furthermore, individuals who had
recently undergone major surgery, experienced
a serious medical event, or were enrolled in
another study that might affect the outcomes
of this investigation were not considered for
participation.

2.6. Study instruments and data col-
lection procedure

Data were collected using a structured question-
naire administered between March 3, 2025, and
September 16, 2025, at three scheduled observa-
tion points spaced approximately 3 months apart
(March, June, and September). The instrument
comprised three sections.

The first section gathered sociodemographic
and clinical information, including age, gender,
income, education, employment, marital status,
residence, family history of chronic diseases,
diabetes type and duration, medication use, and
recent HbA1c levels. HbA1c values were self-
reported by participants based on their most
recent laboratory results, as communicated to them
by their healthcare providers. Participants were
instructed to retrieve and report their latest HbA1c
result at each observation point. These values
were not independently cross-examined against
medical records or laboratory databases, and
therefore, information regarding assay methods,
analyzers, or quality control procedures was not
available.

The study acknowledges the concern regard-
ing laboratory consistency and inter-lab varia-
tion. Since HbA1c results were self-reported, it
was not possible to confirm whether all tests
were performed in the same laboratory or to
account for inter-laboratory variability. This lim-
itation introduces potential measurement bias
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and variability across timepoints. To address this,
HbA1c was treated as a secondary, exploratory
outcome rather than a primary endpoint, and no
strong causal inferences were drawn regarding
its association with behavioral variables. The
primary focus of the study remained on behavioral
factors—specifically physical activity and self-
management—without adjustment for changes in
treatment regimens.

The second section employed the Interna-
tional Physical Activity Questionnaire – Short
Form (IPAQ-SF) to assess physical activity. This
validated self-report instrument was administered
every 3 months to the same cohort, captur-
ing the frequency and duration of walking,
moderate, and vigorous physical activities, as
well as sedentary behavior over the preceding
7 days. Physical activity was categorized into
low (<600 MET-minutes/week), moderate (600–
1500 MET-minutes/week), and high (>1500 MET-
minutes/week) according to standard IPAQ scor-
ing guidelines. Nonparametric statistical methods
were applied to compare PA levels across time
points, and results are presented as counts and
percentages per category. Permission to use the
IPAQ-SF was obtained from Dr. Al-Hazzaa.

The third section employed the DSMQ, a vali-
dated tool designed to assess self-care behaviors
in individuals with DM. The DSMQ includes 16
items distributed across four domains: glucose
management, dietary control, physical activity, and
healthcare use. Each item is rated on a four-point
Likert-like scale ranging from 0 (“does not apply”)
to 3 (“applies to me very much”), producing a
total score ranging from 0 to 48. For analytical
purposes, total scores were transformed to a 0–
10 scale. Based on this transformation, adherence

to diabetes self-management behaviors was cate-
gorized into three levels: inadequate (<5), partially
adequate (5–8), and perfect (>8). Permission to use
the Arabic version of the DSMQ was obtained from
Dr. Adnan Innab.

2.7. Data analysis

Both descriptive and inferential statistical methods
were employed to analyze the study data. Descrip-
tive statistics, including frequencies, percentages,
means, and standard deviations, were used to
summarize participants’ sociodemographic char-
acteristics, physical activity levels, and glycemic
control indicators across three observation points.
Inferential analysis focused on assessing temporal
changes in SMB scores and HbA1c values using
paired t-tests. Statistical significance was deter-
mined at a threshold of P ≤ 0.05. All analyses were
performed using SPSS Statistics version 26.

3. Results

Table 1 summarizes the sociodemographic and
clinical features of the study sample (N = 120).
The majority of patients have type 2 diabetes
that is treated with oral medications (83.3%), and
the majority are between the ages of 40 and
50 (35.0%). Moreover, 45.0% of patients report
earning less than 300,000 Iraqi dinars per month.
Primary school is the most commonly attained
educational level (26.7%). In terms of employment,
more than half of the patients work for themselves
(53.3%). The great majority have a positive family
history of diabetes (83.3%) and live in cities (86.7%).
Furthermore, the majority of patients (58.3%) have
had the illness for longer than 5 years.

Figure 1 and Table 2 evaluate the patients’ levels
of physical activity during the three observation
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periods (O1, O2, and O3). Patients were divided
into three categories based on their levels of
physical activity: low, moderate, and high. The
findings show that throughout time, patients’ levels
of physical activity shifted from 24.2% at O1 to
64.2% at O3.

The diabetes SMB levels of the patients were
also evaluated across the three observation
periods (O1, O2, and O3; see Table 3 and
Figure 2. Patients were categorized into three
tiers: Inadequate, Partially Adequate, and Perfect.
According to the data, the percentage of patients
with Perfect DSMQ levels decreased over time
(from 75.0% at O1 to 2.5% at O3), while the Inad-
equate and Partially Adequate levels increased in
tandem.

Table 4 presents the results of pairwise t-test
comparisons of physical activity scores across the
three observation periods (O1, O2, and O3). A
considerable increase in physical activity over time
was indicated by statistically significant differences

between O1 and O2 (P < 0.000) and between
O1 and O3 (P < 0.000). The comparison of
O2 and O3, however, did not reach statistical
significance (P = 0.495), indicating that the most
significant improvement happened between the
first and second observations, followed by relative
stabilization.

The DSMQ scores from three observation
periods (O1, O2, and O3) are compared using
pairwise t-tests (Table 5). The results indicate a shift
in SMBs over time, showing statistically significant
variations (P < 0.001) in DSMQ scores across all
paired comparisons (O1 vs O2, O1 vs O3, and O2
vs O3). Table 6 and Figure 3 present pairwise t-
test comparisons of the latest HbA1c scores across
the three observation periods (O1, O2, and O3).
The findings show that all paired comparisons (O1
vs O2, O1 vs O3, and O2 vs O3) had statistically
significant differences (P < 0.000) in the latest
HbA1c scores, indicating a change in HbA1c over
time.

Table 1: Distribution of the study sample according to the sociodemographic data (N = 120).

Demographic data Rating and intervals Frequency Percentage

20 to <30 6 5

30 to <40 26 21.7

40 to <50 42 35

50 to <60 26 21.7

60 to <70 16 13.3

Age (years)

70 to <80 4 3.3

Male 72 60Gender
Female 48 40

<300,000 54 45

300,000 to 600,000 44 36.7

601,000 to 1500,000 20 16.7
Monthly income (Iraqi Dinar)

>1500,000 2 1.7
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Table 1: Continued.

Demographic data Rating and intervals Frequency Percentage

Cannot read or write 4 3.3

Can read and write 8 6.7

Primary school 32 26.7

Intermediate school 30 25

High school 10 8.3

Institute 14 11.7

College 16 13.3

Educational level

Postgraduate 6 5

Self-employed 64 53.3

Works in the government sector 32 26.7

Works in the private sector 6 5
Employment status

Retired 18 15

Urban 104 86.7Area of residence
Rural 16 13.3

No 20 16.7Family history
Yes 100 83.3

Type 1 diabetes (insulin) 20 16.7Type of diabetes
Type 2 diabetes (tablets) 100 83.3

1 to 5 50 41.7Duration since diagnosis (years)
>5 70 58.3

Table 2: Overall physical activity of the study sample across three observations (N = 120).

Variables Levels Frequency Percentage
(%)

SD Mean Overall
assessment

Low physical activity 54 45
Moderate physical
activity

37 30.8Physical Activity Assessment _O1

High physical activity 29 24.2

0.809 1.79 Low

Low physical activity 49 40.8
Moderate physical
activity

39 32.5Physical Activity Assessment _O2

High physical activity 32 26.7

0.813 1.86 Low

Low physical activity 27 22.5
Moderate physical
activity

12 10Physical Activity Assessment _O3

High physical activity 81 67.5

0.839 2.45 High
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Table 2: Continued.

Variables Levels Frequency Percentage
(%)

SD Mean Overall
assessment

Low physical activity 43.3 36
Moderate physical
activity

29.3 24.5Overall Assessment of Physical Activity

High physical activity 47.4 39.5

0.82 2.03 High

Std, standard deviation; Low physical activity, <600 MET-minutes/week; Moderate physical activity, 600–1500 MET-
minutes/week; High physical activity, >1500 MET-minutes/week.

Table 3: Overall diabetes self-management of the study sample across three observations (N = 120).

Variables Levels Frequency Percentage (%) SD Mean Overall assessment

Inadequate 0 0
Partially Adequate 30 25DSMQ Assessment _O1

Perfect 90 75

5.461 0.882 Perfect

Inadequate 27 22.5
Partially Adequate 91 75.8DSMQ Assessment _O2

Perfect 2 1.7

5.579 1 Partially Adequate

Inadequate 14 11.7
Partially Adequate 103 85.8DSMQ Assessment _O3

Perfect 3 2.5

5.822 0.941 Partially Adequate

Inadequate 13 11
Partially Adequate 75 62.6Overall Assessment of DSMQ

Perfect 32 26.4

5.62 0.941 Partially Adequate

SD, standard deviation.

Table 4: Comparison (pairwise t-test) of three physical activity observations.

Comparison Mean difference Standard error Significance (P-value)

O1 vs O2 932.1 241.68 0.000
O1 vs O3 564.48 241.68 0.000
O2 vs O3 367.62 241.68 0.495

Table 5: Comparison (pairwise t-test) of three diabetes self-management observations.

Comparison Mean difference Standard error Significance (P-value)

O1 vs O2 0.118 0.032 P < 0.001
O1 vs O3 0.361 0.033 P < 0.001
O2 vs O3 0.242 0.023 P < 0.001

Table 6: Comparison (pairwise t-test) of the three latest HbA1c observations.

Comparison Mean difference Standard error Significance (P-value)

O1 vs O2 0.887 0.062 0.000
O1 vs O3 1.058 0.057 0.000
O2 vs O3 0.172 0.026 0.000
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Figure 1: Three physical activity observations.

Figure 2: Three diabetes self-management observations.

Figure 3: Three latest HbA1c observations.
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4. Discussion

The majority of participants were middle-aged
urban dwellers with only a primary education and
a low income (see Table 1 for the descriptive data).
Diabetes outcomes are known to be influenced by
these sociodemographic characteristics through
decreased health literacy and restricted access to
care [16–20]. According to Hill-Briggs et al., social
variables, including income and education, have a
significant impact on glycemic control and diabetes
self-management. Furthermore, a population at
increased risk for complications is suggested by
the high frequency of family history (83.3%) and
protracted disease duration (>5 years in 58.3%),
which calls for ongoing behavioral treatments.
According to the study, physical activity levels
increased significantly over time, with high activity
rising from 24.2% at the first observation (O1) to
64.2% at the third (O3). While the comparison
between O2 and O3 was not significant (P = 0.495),
pairwise t-tests (Table 4) revealed statistically
significant differences (P < 0.001) between O1
and both O2 and O3. These results are in
line with earlier studies showing that regulated
exercise increases insulin sensitivity and may
affect glycemic management [23–26]. The rise in
activity might also indicate greater patient comfort
and greater involvement in diabetes management
practices. For instance, Abdulyemmah and Majeed
discovered that noninvasive methods, such as
vibration and coughing during insulin injection,
improve patient satisfaction and reduce pain, which
may promote more engagement in physical activi-
ties [27–30]. DSMQ scores decreased significantly
despite increases in physical activity, with “Perfect”
self-management falling from 75.0% at O1 to
only 2.5% at O3. Pairwise comparisons (Table 5)
showed significant deterioration (P < 0.001). This

paradox may be attributed to behavioral fatigue or
socioeconomic stressors that undermine sustained
self-care. Previous studies have emphasized that
while education can improve self-management,
long-term adherence requires ongoing reinforce-
ment, peer support, and real-world engagement
[31–34]. Cognitive and psychological factors, such
as time management and health quotient, also
play a role in sustaining self-care behaviors.
HbA1c levels showed a consistent and statistically
significant increase across all observation periods
(P < 0.001), indicating worsening glycemic control
over time. This trend may reflect the cumulative
impact of declining SMBs, despite increased
physical activity. While prior studies have shown
that exercise can reduce HbA1c even without
major dietary changes [35, 36], the deterioration
in overall self-care may have offset potential
benefits. The parallel trends between declining
DSMQ scores and increasing HbA1c levels point
to a possible link that merits more research, even
though this study did not use formal association
studies like regression modeling. Glasgow et al.

cautioned that the benefits of physical activity may
eventually be compromised by noncompliance
with medication and dietary regimens. To avoid a
decline in metabolic outcomes, future treatments
should combine the promotion of physical activity
with organized assistance for self-management
practices. Lastly, therapy compliance and glycemic
results may be impacted by patient comfort during
insulin delivery. Techniques like Shot-Blocker and
vibration have been shown in randomized trials
by Chyad and Majeed to dramatically reduce
discomfort and improve satisfaction, potentially
increasing overall participation in diabetes care
[38–40]. These results imply that improving proce-
dural experiences may influence clinical outcomes
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later on. The sociodemographic profile of low
income, limited education, and self-employment
indicates the need for customized, culturally aware
treatments. Programs supervised by community
health workers dramatically enhance diabetes
outcomes in underprivileged people, as demon-
strated by Heisler et al. [41]. Peer-led education
improves behavioral and clinical parameters, as
shown by Lorig et al. [42]. Additionally, research on
patient-centered methods for administering insulin
emphasizes how crucial comfort and satisfaction
are for encouraging adherence [43]. However, it is
important to recognize a few possible drawbacks.
First, although a straightforward random sampling
technique was used, selection bias cannot be
completely ruled out, especially if some subgroups
had lower participation or retention rates during
the course of the study. Second, the use of self-
reported measures for diabetes SMBs (DSMQ)
and physical activity (IPAQ-SF) raises the risk
of information bias, including recollection and
social desirability bias. Third, although behavioral
factors were the main focus of the investigation,
HbA1c levels may have been impacted over time
by unmeasured confounding variables, including
changes in drug regimes, psychological stressors,
or concomitant diseases. When interpreting the
results and their consequences for clinical practice,
these limitations should be considered.

5. Conclusion

This longitudinal study demonstrates that while
physical activity levels improved over time with
a marked increase in the proportion of patients
achieving high activity levels, overall diabetes
SMBs declined, particularly in areas beyond
physical activity. The significant reduction in

patients classified as having the Perfect DSMQ
level, alongside a rise in Inadequate and Partially
Adequate self-management, was accompanied by
a progressive increase in HbA1c levels across the
observation periods. These findings suggest that
improvements in physical activity alone may not
be sufficient to maintain optimal glycemic control.
Therefore, integrating comprehensive behavioral
education and structured self-care support remains
essential to sustain long-term diabetes manage-
ment and prevent metabolic deterioration.
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