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Abstract

Background Despite the growing prevalence of diabetes and its complications, there is a dearth of data regard-
ing factors associated with glycemic control. Therefore, in this cross-sectional study, we aimed to identify factors
influencing glycemic control in patients with type 2 diabetes mellitus (T2DM) in the Iranian population.

Methods This cross-sectional study was conducted among the Azar cohort population and the glycemic control
status of patients with T2DM was investigated. Possible risk factors including age, sex, marital status, educational
level, smoking status, sleep duration, family history of diabetes and hypertension, socioeconomic status, physical
activity level, and co-existence of other chronic diseases and their relationship with glycemic control status were
also assessed. Multivariate logistic regression analysis was used to identify determinants of glycemic control.

Results Among 1,710 T2DM patients (60.2% female), the overall prevalence of poor glycemic control was 56.8%. In
the unadjusted logistic regression analysis model, a low wealth score index significantly increased the risk of poor
glycemic control (OR: 1.49;1.10-2.02). Variables significantly associated with poor glycemic control even after adjust-
ing for confounding factors were first-degree family history of diabetes (OR: 1.34; 1.08-1.65), and sleep duration (OR:
1.29,;1.02-1.62 for 6.6-8 h/d; OR:1.42;1.10-1.88 for > 8 h/d). Interestingly, we found that the co-existence of >3 chronic
diseases with diabetes decreased the risk of poor glycemic control.

Conclusions In the current study, most of the patients with T2DM had uncontrolled glycemic control. Due
to the individual and social costs of diabetes complications, it is necessary to suggest tailored and effective interven-
tions for controlling blood glucose levels in people with diabetes.
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Introduction

Diabetes mellitus (DM) is a global public health prob-
lem that leads to about 5 million deaths annually because
of its complications [1]. In fact, type 2 diabetes mellitus
(T2DM) is a lifestyle-related disease that is on the rise
due to obesity, inactivity, and Westernized food intake
[1]. It is estimated that more than 422 million adults are
living with diabetes worldwide, projected to reach about
642 million by 2040 [1]. The burden of diabetes mostly
affects resource-limited countries where screening and
access to treatment and care are not readily available [2].

Poor and inadequate glycemic control constitutes a
major public health problem and is a significant risk
factor for the development and progression of diabetes-
related complications, which can markedly increase
healthcare costs of the disease and reduce life expectancy
and quality of life [3, 4]. Glycemic control is considered
the most effective means of preventing disease com-
plications [5]. However, a small proportion of patients
maintain their blood sugar levels below 7% glycated
hemoglobin (HbA1C), the ideal target for type 2 diabetes
patients; 53—-70% of diabetic patients have uncontrolled
blood glucose levels and require help to prevent compli-
cations and reduce mortality [6].

Some recent studies reported that good glycemic con-
trol might be attributed to availability and access to pri-
mary care, better knowledge level, presence of functional
health insurance, and uniformity in assessing glycemic
control [7, 8]. Moreover, other studies around the world
demonstrated that glycemic control is associated with
various factors such as age, gender, duration of diabetes,
type of treatment, body mass index (BMI), fasting plasma
glucose (FPQG), lipid profile, level of education, occupa-
tion, medication adherence, presence of comorbidities,
self-care practice, and mental and psychosocial health
problems [9-14]. A Yemeni study showed that younger
age, lack of regular exercise, lower education level, a dia-
betes diagnosis of more than seven years, albuminuria,
and insulin treatment cause uncontrolled blood glucose
levels [15]. Moreover, Fiseha et al. reported that rural
residency, diabetes duration of over ten years, a low edu-
cation level, and working in sales were factors of poor
glycemic control amongst Ethiopian diabetes patients
[16]. Recent studies have pinpointed inadequate medica-
tion adherence and a lack of compliance with scheduled
follow-up appointments as factors independently linked
to suboptimal glycemic control [17, 18]. Consequently,
variations exist between countries and ethnic groups in
terms of the contributors to uncontrolled blood glucose,
and the findings regarding factors associated with poor
glycemic control have been inconsistent [19]. The risk
factors assessed for poor glycemic control also exhibited
diversity across the various studies. Moreover, studies
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on the association of multimorbidity and blood glucose
control are very limited; while, the majority of studies
examining the correlation between multimorbidity and
glycemic control have primarily concentrated on hypo-
glycemia [20, 21]. However, prior research suggests that
uncontrolled diabetes, leading to hyperglycemia, remains
the primary concern in developing countries [22, 23].
Thus, despite the growing prevalence of diabetes and its
complications, there is a dearth of data regarding factors
associated with glycemic control [16]. To our knowledge,
the current study is the first to comprehensively assess
the relationship between multimorbidity and other pos-
sibly relevant factors with blood glucose control in the
Iranian population. Such data could be used for planning
healthcare programs to improve diabetes control.

In this cross-sectional study, our objective was to
uncover the factors that influence glycemic control in
individuals with type 2 diabetes mellitus (T2DM) within
the Iranian population. We posited that variables such
as socioeconomic status (SES), family history of diabe-
tes and hypertension, the duration of the disease, sleep
duration, and coexisting medical conditions could poten-
tially have a substantial impact on determining glycemic
control.

Methods

Study design and participants

This cross-sectional study was conducted based on the
Azar Cohort Study, which is a part of the Prospective
Epidemiological Research Studies in Iran (PERSIAN)
cohort [24]. The Azar Cohort study is explained in detail
in the published cohort profile article [25]. The protocol
of this study was registered the Research Vice Chancellor
of Tabriz University of Medical Sciences, Tabriz, Iran and
was approved by the Ethics Committee of Tabriz Univer-
sity of Medical Sciences (IR TBZMED.REC.1400.621).

The AZAR cohort, which commenced in 2014, has
been an ongoing endeavor since its inception. This
cohort was established through three distinct phases:
a pilot phase, the enrollment phase, and the continuous
follow-up of participants over a span of 15 years. For the
purposes of this study, data collected during the pilot and
enrollment phases from 2014 to 2017 were utilized.

The inclusion and exclusion criteria for the Azar cohort
study entail having a permanent residence in the Shabe-
star region for a minimum of nine months, providing
written informed consent, and having at least one parent
of Azeri parents. Individuals with mental or physical dis-
abilities were not included in the study.

All participants were informed of the study procedure
and signed a written informed consent and for all illit-
erate participants informed consent was obtained from
their legal guardian.
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The inclusion criteria for the current study encom-
passed individuals with type 2 diabetes who were pre-
scribed either glucose-lowering drugs or a combination
of glucose-lowering drugs along with insulin therapy.
According to our specific criteria, out of the 15,006
participants in the Azar cohort study, a total of 1,710
patients with type 2 diabetes were identified and selected
for this study.

Data collection

The electronic questionnaire, which comprises a total of
55 questions and 482 items, is administered by an inter-
viewer. This questionnaire delves into various aspects of
the participant’s life that may have an impact on their
health status. The questions are grouped into several key
categories, including demographics, SES, lifestyle factors
(such as physical activity and substance use), occupa-
tional history (including exposure to workplace hazards),
past medical history, medication use (past and present),
family medical history, gynecological and obstetric his-
tory (for female participants), oral and dental health,
circadian rhythms, dietary habits (including food pro-
cessing and cooking methods), psychiatric assessments
(covering mood symptoms, personality traits, and sleep
patterns), and environmental factors (such as mobile
phone usage, pesticide exposure, housing conditions, and
water source).

To assess dietary patterns, a validated food frequency
questionnaire (FFQ) [26] is employed. This FFQ includes
130 food items, encompassing various food groups such
as grains and cereals, meat and dairy products, oils,
sweets, legumes, vegetables, fruits, and condiments, in
addition to information about cooking methods. During
the physical examination, a trained general practitioner
adheres to cohort-specific guidelines.

Wealth score index, metabolic equivalents of task,

smoking status

SES was evaluated using Wealth Score Index (WSI), cal-
culated by Multiple Correspondence Analysis (MCA).
Participants of the study were categorized into five WSI
quintiles, from the lowest (1st quintile) to the highest
(5th quintile). A valid Self-Report Instrument was used as
a questionnaire in this study [27, 28] to assess the partici-
pants’ daily activity in terms of metabolic equivalents of
Task (METs). Each MET is equal to the amount of energy
that a person consumes relative to their weight.

Smoking status was classified into three distinct
groups. Participants were categorized as (i) “non-smok-
ers” if they had either never smoked or had smoked fewer
than 100 cigarettes in their lifetime, (ii) “ex-smokers” if
they had smoked more than 100 cigarettes in their life-
time or had consumed one or more cigarettes daily but
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had refrained from smoking for at least one year, or (iii)
“smokers” if they were currently smoking one or more
cigarettes per day or using alternative tobacco products
like pipes or hookahs at least once a week.

Glycemic control definition

Based on the guidelines of the American Diabetes Asso-
ciation (ADA), good glycemic control in patients with
diabetes was denoted by FBS values of 80-130 mg/dl
[29], while poor glycemic control was considered by
FBS >130 mg/dL

Multimorbidity definition

In addition to diabetes, the co-existence of other chronic
diseases, such as hypertension, cancers, stroke, fatty liver,
and cardiovascular diseases, were evaluated. Based on
this information, multimorbidity (MM) was defined as
the co-existence of two or more chronic diseases. A posi-
tive history of such diseases was noted if the participant
recalled being told by a physician that they had the dis-
ease. A BMI of above 30 kg/m? signaled obesity.

Statistical analysis

Descriptive statistics, including frequency, percentages,
mean, and standard deviation (SD), were reported for
all variables of concern. The chi-squared test was used
appropriately to examine the general characteristics
across the features of the determined categories. Further-
more, logistic regression was conducted to analyze the
predicting factors of glycemic control (Model 1: unad-
justed; Model 2: adjusted for age, gender, and SES (WSI);
Model 3: adjusted for age, gender, SES, and diabetes dura-
tion. The odds ratios (ORs) and related 95% confidence
intervals (Cls) were evaluated. The statistical significance
level was set at P<0.05. Finally, SPSS software was used
to analyze the data (SPSS Inc., Chicago, IL, version 20).

Results

The prevalence of poor glycemic control in this study
sample of T2DM patients was 56.8%. The characteristics
of the patients with T2DM based on glycemic control are
presented in Table 1. There were no significant differ-
ences between poor and good glycemic control regarding
age, anthropometric measurements, gender, education
level, physical activity level, smoking status, family his-
tory of diabetes and hypertension (second-degree rela-
tives). We found that the number of patients in the first
tertile of WSI with poor glycemic control was signifi-
cantly higher than good glycemic control (P=0.014).
Of 738 patients with good glycemic control, 473 had a
first-degree family history of hypertension, significantly
higher than poor glycemic control (P=0.011). Interest-
ingly, stroke, chronic obstructive pulmonary disease
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Table 1 General characteristics of diabetic patients stratified by glycemic controlled

Characteristics Glycemic controlled Glycemic Not Controlled *P
(n=738) (n=972)
N (%) N (%)
Gender 0.213
Male 281 (41.3) 400(58.7)
Female 457 (44.4) 572 (55.6)
Marital status 0.810
Not married 74 (42.0) 102 (58.0)
Married 664 (43.3) 870 (56.7)
Education levels 0.878
llliterate 201 (42.9) 267 (57.1)
Primary school 290 (42.5) 393 (57.5)
Diploma 202 (43.5) 262 (56.5)
University 44 (46.8) 50(53.2)
BMI classification (Kg/m2) 0.012
<18.5 Underweight 1(25) 3(75)
18.5-24.9 Normal weight 84 (41.2) 120 (58.8)
25-29.9 Overweight 253 (38.9) 398 (61.1)
>30 Obese 400 (47) 451 (53)
Physical activity level (METs?) 0529
Low 351 (44.6) 436 (55.4)
Moderate 225(41.7) 315(58.3)
High 162 (42.3) 221(57.7)
Quintiles of wealth index 0.014
T(poorest) 162 (36.7) 279 (63.3)
2 162 (44.6) 01 (55.4)
3 159 (42.9) 212(571)
4 125 (49) 130 (51)
5 (richest) 130 (46.4) 150 (53.6)
Current smoking status 0.833
Non smoker 575 (43.5) 746 (56.5)
Ex-smoker 74 (41.3) 105 (58.7)
Smoker 89 (42.4) 121 (57.6)
Family history of diabetes (first degree relative) 453 (40.2) 673 (59.8) 0.001
Family history of diabetes (second-degree relative) 210 (40.1) 4 (59.9) 0.090
Family history of hypertension (first degree relative) 473 (45.7) 563 (54.3) 0.011
Family history of hypertension (second degree relative) 122 (40.0) 83 (60.0) 0.226
Diabetes duration (years) <0.001
<5 480 (51.7) 448 (48.3)
5-10 164 (31.5) 357 (68.5)
>10 94 (36) 167 (64)
Sleep duration (hours/day) 0.015
<6.5 275 (48.0) 298 (52.0)
6.6-8 289 (41.3) 411 (58.7)
>8 174 (39.8) 263(60.2)
Common chronic diseases
Hypertension 366 (45.6) 437 (54.4) 0.063
Cancers 5(45.5) 6 (54.5) 0.87
Fatty liver 91 (48.9) 95 (51.1) 0.093
Stroke 15 (65.2) 8(34.8) 0.032

CvD 92 (43) 122 (57) 0.95
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Table 1 (continued)
Characteristics Glycemic controlled Glycemic Not Controlled *P
(n=738) (n=972)
N (%) N (%)
COPD 51 (60) 34 (40) 0.002
Rheumatoid 42 (56) 33 (44) 0.024
Obesity 400 (47) 451 (53) 0.001
Number of chronic Diseases <0.001
1 130 (35.3) 238 (64.7)
2 215 (40.8) 312(59.2)
3 221 (46.3) 256 (53.7)
>4 172 (50.9) 166 (49.1)
Mean+SD Mean+SD **¥p
Age (years) 55.50+£8.22 55.28+797 0.588
Height (cm) 160.22+£9.53 160.69+9.15 0.302
Weight (kg) 7857+14.31 77.76+14.10 0.242
Waist circumference 99.70+10.64 99.96+10.48 0614

*P: chi —square, **P :independent-t-test

@ METs: metabolic equivalents of Task

(COPD), and rheumatoid disease were more prevalent
in good glycemic control than poor glycemic control.
Moreover, the percentage of patients with three or more
chronic diseases in good glycemic control was signifi-
cantly higher than poor glycemic control (P<0.001).

As indicated in Table 2, in the unadjusted model, a low
WSI significantly increased the risk of poor glycemic
control (OR:1.49;1.10-2.02). In addition, a first-degree
family history of diabetes increased the risk of poor
glycemic control, while a first-degree family history of
hypertension had a protective effect against poor gly-
cemic control. These associations remained significant
even after adjusting for confounding factors. Our results
indicated that diabetic patients were more likely to have
poorly controlled diabetes if they had a longer diabetes
duration (adjusted model2 OR: 2.50; 1.99-3.15 for 5-10
years and OR: 2.09; 1.56-2.81 for > 10 years), sleep more
than 6.5 h/d (adjusted model 3 OR:1.29; 1.02-1.62 for
6.5-8 h/d and OR: 1.42; 1.10-1.85 for >8 h/d). Moreover,
diabetic patients with a history of hypertension, stroke
and COPD had a low risk of poor glycemic control.
Simultaneously, the co-existence of >3 chronic diseases
with diabetes decreased the risk of poor glycemic control.

Discussion

Diabetes is increasing in prevalence globally due to
changes in aging, sedentary lifestyle, poor diet, lack of
medical information and medical access, and other risk
factors [30]. To prevent diabetes-related complications,
several factors relevant to poor glycemic control must
be recognized and managed. In the current study, we

investigated the glycemic control status and its influen-
tial factors in diabetic patients in the Azar cohort popu-
lation. We found that most patients (56.8%) had poor
glycemic control status. Consistent with our findings,
Babaniamansour et al. [31] also found that 49% of the
562 subjects diagnosed with T2DM exhibited inadequate
glycemic control. Recently, based on STEPS survey in
Iran, poor glycemic control has been reported in 51.4%
of diabetic patients [23] that was roughly the same as our
study. Alzaheb et al. conducted a study on adult patients
with T2DM in Saudi Arabia and reported a higher preva-
lence of poor glycemic control compared to the results
of our study [32]. They found that a substantial 74.9% of
the patients in their study had inadequate blood glycemic
control [32].

Nevertheless, other studies have presented different
outcomes. For instance, in the United States, the rate of
uncontrolled blood glucose was reported at 35% [33],
and in Europe, it was found to be 37% [34]. When com-
paring these figures with the high prevalence of poor
glycemic control in Iran and other developing countries
[35], it underscores the urgency of intensifying efforts to
enhance glycemic control among individuals with T2DM.

Recent studies have suggested that the diversity in
glycemic control status can be attributed to variations
in sample size, the extent of medication adherence, the
duration of the disease [36—38], as well as differences in
disease awareness and suboptimal treatment in develop-
ing countries [39-41].

The results of this study also demonstrated a significant
difference between T2DM patients with good and poor
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Table 2 Predictor factors for glycemic control in the Azar cohort population
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Characteristics

Unadjusted OR (95%Cl) P*

Adjusted OR (95%Cl)? P*

Adjusted OR (95%Cl)® P*

Age (years)

Gender
Male
Female

Quintiles of wealth index

T(poorest)

2

3

4

5 (richest)
Education level

llliterate

Primary school

Diploma

University

BMI classification (Kg/m2)
18.5-24.9 normal weight
25-29.9 Overweight

>30 obese

Physical activity level (METs?)

Low
Moderate
High

Current smoking status

Non smoker
Ex-smoker
Smoker

Family history of diabetes (first-degree

relative)

Family history of diabetes (second-degree

relative)

Family history of hypertension (first-

degree relative)

Family history of hypertension (second-

degree relative)

Diabetes duration (years)

<5
5-10
>10

Sleep duration (hours/day)

<6.5
6.6-8
>8

Common chronic diseases

Hypertension
Cancers

Fatty liver
Stroke

CvD

COPD

0.99(0.98-1.00)

1.13(0.93-1.38)
Reference

49(1 10-2.02)

07(0.78-147)

15(0.84-1.57
0.90(0.64-1

reference

)
26)

1.16(0.74-1.82)
1.19(0.77-1.83)
1.14(0.73-1.78)
reference

reference
1.10(0.79-1.51)
0.78 (0.58-1.07)

0.91(0.71-1.16)
1.02(0.75-1.38)
Reference

Reference

1.09(0.79-1.50)
1.04(0.78-1.40)
141(1.15-1.73)

1.20(0.97-1.47)
0.77(0.63-0.93)

17(0.91-1.50)

2.33(1.86-2.92)
1.90(1.43-2.52)

Reference
1.31(1.05-1.63)
1.39(1.08-1.79)

0.83(0.68-1.00)
0.91(0.27-2. 99)
0.77(0.56-1.04)
040(0 16-0.94)

00(0.75-1.34)
0. 48(0 31-0.76)

0.587

0.20

0.010
0.649
0.364
0.549

0491
0425
0.560

0.555
0.134

0457
0.897

0.580
0.755
0.001

0.087

0.010

0.220

<0.001
<0.001

0.017
0.010

0.057
0.877
0.093
0.038
0.958
0.002

1.16(0.70-1.92)
1.16(0.73-1.85)
1.14(0.72-1.81)

1.09(0.79-1.51)
0.78(0.57-1.08)

0.97(0.75-1.26)
11(0.84-1.46)

1.00(0.69-1.45)
0.92(0.65-1.31)
1.47(1.19-1.80)

1.25(1.00-1.55)
0.80(0.66-0.98)

1.25(0.96-1.62)

2.50(1.99-3.15)
2.09(1.56-2.81)

1.31(1.05-1.65)
1.40(1.09-1.82)

0.84(0.68-1.03
0.87(0.26-2.91
0.79(0.58-1.07
0.40(0.16-0.96
0.99(0.73-1.33
(

)
)
)
)
)
0.50(0.32-0.79)

0.560
0518
0568

0577
0.140

0.848
0451

0.971
0.665

<0.001

0.043

0.038

0.086

<0.001
<0.001

0.015
0.009

0.099
0.834
0.135
0.042
0.950
0.003

1.20(0.71-2.01)
1.19(0.74-1.93)
1.15(0.72-1.84)

1.10(0.79-1.54)
0.82(0.59-1.14)

0.98(0.75-1.27)
1.16(0.87-1.53)

1.02(0.70-1.49)
0.96(0.67-1.37)
1.34(1.08-1.65)

1.14(0.91-1.43)
0.78(0.63-0.95)

1.15(0.88-1.50)

1.29(1.02-1.62)
1.42(1.10-1.85)

0.80(0.65-0.99
0.84(0.24-2.85
0.78(0.57-1.08
0.36(0.14-0.87
1.00(0.73-1.35
(

)
)
)
)
)
0.52(0.33-0.83)

0.489
0.460
0.553

0.543
0.247

0.878
0.304

0.883
0.854
0.006

0.224

0.018

0.286

0.028
0.008

0.047
0.779
0.139
0.025
1.00

0.006
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Table 2 (continued)

Page 7 of 11

Characteristics Unadjusted OR (95%Cl) P* Adjusted OR (95%Cl)? P* Adjusted OR (95%CI)°> P*
Rheumatoid 0.58(0.36-0.92) 0.023  0.64(0.39-1.02) 0.065  0.66(0.41-1.08) 0.099
Number of chronic Diseases
1 Reference
2 0.79(0.60-1.04) 0098  081(0.61-1.07) 0.142  0.8(0.61-1.09) 0.183
3 0.63(0.47-0.83) 0.001 0.63(0.47-0.84) 0.002  0.65(0.48-0.87) 0.004
>4 0.53(0.39-0.71) <0.001 0.54(0.39-0.74) <0.001 0.53(0.38-0.74) <0.001

OROdd Ratio, CIConfidence Interval
*P<0.05 is significant
2 Adjusted for age, gender, and socioeconomic status

b Adjusted for age, gender, socioeconomic status and diabetes duration

glycemic control in factors such as wealth index, family
history of diabetes and hypertension, diabetes and sleep
duration, and some chronic diseases. As such, the preva-
lence of poorest socioeconomic level, first-degree family
history of diabetes, diabetes duration of 5-10 years, and
sleep duration of more than 6.5 h/d were higher in people
with uncontrolled glycemic levels. The logistic regression
analysis results also confirmed these findings, indicating
that some variables had a significant role in poor glyce-
mic control, including poor SES, family history of diabe-
tes, diabetes duration, and sleep duration.

Based on the findings, individuals with poor SES had
a significantly increased risk of poor glycemic control.
In line with our findings, Rahman et al. [42] and Baba-
niamansour et al. [31] have noted that glycemic control
tends to be more favorable in patients with T2DM of
lower SES compared to those with higher SES. However,
a recent study by Yahaya et al. found no significant asso-
ciation between patients’ SES and poor glycemic control
[18]. It’'s worth noting that several other studies have also
reported a similar link between socioeconomic level and
glycemic control [42—44].

The relationship between low SES and poor glycemic
control is probably because of mediating variables such
as comorbid conditions, adverse health-related behav-
iors, and non-adherence to essential health service-
related practices. Social factors play a decisive role in
maintaining health-related behavior [45]. Jaffiol et al. [46]
demonstrated that low SES was associated with undesir-
able diabetes meal patterns. According to their financial
affordability, people within the low SES cluster consumed
a large amount of carbohydrates and fewer super mole-
cules, vegetables, and contemporary fruits. These results
may provide insight into the development of means to
improve glycemic control and reduce the incidence of
chronic complications among patients with low SES.

The results of this study indicated that the patients with
a family history of diabetes in first-degree relatives had

a significantly higher risk of poor glycemic control com-
pared to the good glycemic control. Consistent with our
research, Haghighatpanah et al. [47] and Alzaheb et al.
[32] have likewise found that patients with T2DM who
have a family history of diabetes tend to exhibit poorer
glycemic control. A possible explanation of why patients
with a history of diabetes are at greater risk of having
poor glycemic control is that the disease has inherent
genetic risk factors that have the power to influence its
severity and duration [48].

The current study also uncovered that having a sleep
duration exceeding 6.5 h per day was linked to poor gly-
cemic control. In a similar vein, Bawadi et al. [49] con-
ducted a study involving 2,500 participants aged 18 to
60 years and found that sleeping for an extended dura-
tion at night, specifically 8 h or more, increased the risk
of experiencing poor glycemic control. Sleep duration is
suggested to be related to glycemic control in people with
diabetes. The bidirectional relationship between sleep
disorders and metabolic disease has been shown by sev-
eral studies [50-53]. Previous studies reported that short
and long sleep durations were related to high HbAlc
levels in patients with diabetes [54, 55] with a U-shaped
dose-response relationship [56]. Some studies suggest
that this correlation is mediated by the impact of sleep
duration on appetite-regulating hormones [57]. However,
the mechanism behind the link between long sleep dura-
tion and hyperglycemia remains elusive and needs fur-
ther investigation [55].

The findings of the present study suggest that a dia-
betes duration of more than five years is linked to poor
glycemic control. This aligns with several other studies
that have shown a significant association between gly-
cemic control and the duration of diabetes [19, 35, 46,
58-60]. For example, Ahn et al. [19] conducted a study
involving 522 rural diabetic subjects and demonstrated
that individuals with a diabetes duration exceeding seven
years had notably higher rates of poor glycemic control
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compared to their counterparts. Similarly, studies by
Khattab et al. [5] and Eid et al. [61] have indicated that
a longer duration of T2DM is strongly correlated with
suboptimal glycemic control. However, it’s worth noting
that in the study by Yahaya et al., the duration of diabe-
tes treatment was not found to be associated with poor
glycemic control among the patients in their sample [18].
These findings are perhaps due to excessive insulin resist-
ance or the progressive restriction of insulin secretion
over time caused by B-cell failure, which means that a
patient’s positive response to oral pharmacological agents
or dietary changes is less likely [62, 63].

Regarding the prevalence of chronic diseases and the
number of chronic diseases in patients with poor glyce-
mic control, we obtained interesting findings. In the cur-
rent study, the prevalence of stroke, COPD, rheumatoid
disease, and obesity was higher in subjects with good gly-
cemic control. Moreover, the percentage of patients with
three or more chronic diseases was significantly higher
in good glycemic control than in poor glycemic control
(P<0.001). In line with our own findings, McCoy et al.
conducted a study involving 194,157 patients diagnosed
with T2DM and observed that the greatest proportion
of patients who achieved low HbAlc levels were those
with multiple coexisting medical conditions (referred
to as multimorbid patients) [64]. However, some previ-
ous studies reported inconsistent results; for example,
Haghighatpanah et al. [47] indicated that the presence
of comorbidity was similar in individuals with good
and poor glycemic control. Prior studies were varied in
considering the presence of comorbidity and specific
comorbidities as a reflection of heightened poor glyce-
mic control risk. The possible explanation for the asso-
ciation between multimorbidity and improved glycemic
control may be attributed to more effective healthcare
management for patients dealing with multiple chronic
conditions. In other words, the presence of comorbidi-
ties might enhance the opportunities for comprehensive
treatment and the desired level of diabetes control. It’s
worth noting that uncontrolled diabetes can also increase
the risk of developing these concurrent conditions.

Additionally, patients with multimorbidity are often
more likely to be treated with insulin in order to achieve
lower HbA1c levels. In contrast, individuals who are gen-
erally healthier but have elevated HbAlc levels are less
frequently prescribed insulin, even if they have subopti-
mal glycemic control. This could be because the presence
of multiple comorbidities prompts a shared approach to
treatment goals and fosters the potential for collaborative
disease management. As a result, more intensive strate-
gies for lowering glucose levels, including insulin therapy,
may be considered in cases of cumulative multimorbidity
[65].
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With all these, recognizing the comorbidity burden at
the population level may be an effective and simple way
of identifying the highest-risk individuals in need of
closer monitoring and potential interventions [66].

The achievements of this research have some implica-
tions. These findings highlight the need for appropriate
management of glycemic control in T2DM patients. On
the other hand, making positive lifestyle changes in indi-
viduals with T2DM can significantly contribute to better
glycemic control and help prevent the onset of related
complications. Moreover, by identifying the associated
factors with poor glycemic control, healthcare providers
can better focus on these identified risk factors in their
health strategies, so that they can better help to improve
glycemic control among diabetes patients. Health profes-
sionals and policymakers can also utilize these findings to
promote health and raise awareness about factors asso-
ciated with poor glycemic control through educational
interventions and the formulation of suitable policies.

However, it is important to acknowledge that this study
has some limitations. For instance, it employed a cross-
sectional design, which makes it challenging to establish
a clear cause-and-effect relationship between glycemic
control and the various potential factors that influence
it. Additionally, most of the data relied on self-reporting,
which introduces the possibility of recall bias due to its
subjective nature. Furthermore, the study used FBS as
the criterion for defining glycemic control and did not
take into account HbA1C levels, which may have led to
an underestimation of the prevalence of poor glycemic
control. Nonetheless, the current study had a large sam-
ple size and evaluated numerous relevant factors and
diseases, making a meaningful contribution to compre-
hensively identifying the factors affecting blood glucose
control.

Conclusions

In the present study, most of the patients with T2DM had
uncontrolled glycemic control. In relation to the factors
affecting glycemic control in this population, our study
identified several predictors of poor glycemic control,
including lower SES, a first-degree family history of dia-
betes, a diabetes duration of over five years, and a sleep
duration exceeding 6.5 h per day. Notably, patients with
multiple concurrent medical conditions (multimorbid-
ity) exhibited better glycemic control, possibly due to
the comprehensive healthcare they receive for their
comorbidities.

Considering the substantial individual and societal
costs associated with diabetes complications and the
critical role of glycemic status in the development of
these complications, it is crucial to identify the relevant
factors. The findings of this study can serve as a valuable
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resource for shaping interventions and strategies aimed
at enhancing glycemic control and preventing complica-
tions in individuals with T2DM. Tailored and effective
interventions for managing blood glucose levels in dia-
betic patients are essential. Further research in this field,
especially in diverse populations, is needed to validate
and expand upon these findings and to explore additional
potentially influential factors.
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