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Objective: To assess the prevalence of poor glycemic control and identify independent factors associated 
with poor glycemic control in T2DM patients in the diabetes outpatient clinic of a tertiary care hospital. 

 

Methodology: This cross-sectional study was conducted in the Department of Medicine, Mardan Medical 
Complex, Mardan, over three months (January to March 2026). We consecutively recruited patients with 
T2DM diagnosed for ≥3 months (n=400). We defined poor glycaemic control as HbA1c ≥7%. We assessed 
physical activity, adherence, income, and follow-up. We analyzed data using SPSS 26.0 and Python. 
Logistic regression identified factors associated with poor glycaemic control. We assessed model 
performance using the Hosmer–Lemeshow test, AUC, bootstrap resampling, and 10-fold cross-validation. 

 

Results: Poor glycaemic control was observed in 60.8% (243/400; 95% CI, 56.0–65.5%) of patients. On 
multivariable analysis, poor glycaemic control was independently associated with physical inactivity, poor 
dietary and medication adherence, overweight/obesity, insulin-containing regimens, absence of self-
monitoring of blood glucose, diabetes duration >5 years, and low household income. Rural residence, 
hypertension, and current smoking were significant on univariate analysis but not after multivariable 
adjustment. The model showed acceptable discrimination, with an apparent AUC of 0.78 and an 
internally validated AUC of 0.74–0.75. 

 

Conclusions: The T2DM outpatients had poor glycemic control at their last visit. The identified associated 
factors were mostly modifiable with structured lifestyle counseling, adherence support, interventions, and 
self-management education, and warrant assessment in future interventional studies. 
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Introduction 

Diabetes mellitus Type 2 (T2DM) is one of the biggest public health 
challenges of the twenty-first century. The burden of mortality and 
disability-adjusted life years (DALYs) due to T2DM has been increasing 
most rapidly in low- and low-middle sociodemographic index (SDI) 
countries, driven mainly by population growth and epidemiological 
transition[2].HbA1c below 7% is an important biomarker to monitor 
long-term glycemic control. In most non-pregnant adults, the aim of 
glycaemic control is to keep HbA1c <7%, which may be more challenging 
in resource-limited healthcare settings.3 However, microvascular and 
macrovascular complications are significantly reduced in those with good 
glycaemic control[3]. A recent scoping review of the Pakistani literature 
found that all studies reported poor glycaemic control ranging from 
44.7% to 86.4%, low levels of diabetes-related knowledge in T2DM 
patients, and poor adherence to treatment [4]. The patterns have been 
observed in hospital- and clinic-based studies in other low- and middle-
income countries (LMICs). In hospital-based case–control and cohort 
studies in Ethiopia, factors associated with poor glycaemic control 
included younger age, irregular physical activity, medication non-
adherence, and comorbidities [5,6]. Previous studies in Pakistan have 
examined individual factors affecting glycaemic control. However, few 
have combined socioeconomic, behavioral, anthropometric, and 
treatment-related factors in the same cohort of tertiary-care diabetes clinic 
outpatients in Khyber Pakhtunkhwa [7,8]. Patients in tertiary care referral 
clinics may differ systematically from those in primary care in disease 
severity, treatment complexity, and the number of comorbidities, which 
may affect the pattern of factors associated with poor control in this 
setting. Therefore, this study aimed to identify factors independently 
associated with poor glycaemic control and determine the prevalence of 
poor glycaemic control among patients with T2DM attending the 
outpatient clinic in a tertiary care hospital setting. 

Materials and Methods 

This analytical cross-sectional study was conducted in the Outpatient 
Diabetes Clinic, Department of Medicine, Mardan Medical Complex, 
Mardan, a tertiary-care teaching hospital of Bacha Khan Medical College, 
Mardan, Khyber Pakhtunkhwa, Pakistan, over 3 months from January 
2026 to March 2026. The Institutional Ethical Review Committee of 
Bacha Khan Medical College, Mardan, approved the study (letter No. 
681/BKMC dated 23/12/2025). All participants gave written informed 
consent before entering the study. 

Data Collection  

We collected data using a structured, pretested questionnaire covering 
sociodemographic, anthropometric, clinical, behavioral, and treatment-
related variables. We recorded information on diabetes duration, physical 
activity, dietary and medication adherence, self-monitoring, smoking, 
household income, comorbidities, treatment regimen, and HbA1c levels. 
Pasted text 

Participants  

We screened patients attending the outpatient diabetes clinic 
consecutively during the study period. Eligible participants had confirmed 
type 2 diabetes mellitus for at least six months and a recent HbA1c. 
measurement within three months. Patients with type 1, gestational, or 
secondary diabetes were excluded.  

 

Sample Size 

Sample size calculation was based on the assumption of a pooled 
prevalence of poor glycaemic control of 62% reported in similar regional 
literature, a 95% confidence level (Z = 1.96) and a margin of error of 5%, 
using the formula for the single-population-proportion sample size (n = 
Z²p(1−p)/d²). This yielded a minimum required sample of 362 patients. 
Patients were recruited using consecutive sampling to ensure that the 
number of patients analyzed (400) was sufficient to account for the 
number of patients to be expected due to exclusions and missing data; a 
total of 470 patients were assessed for eligibility over the course of the 
study, as shown below and in Figure 1. 

Inclusion Criteria 

Patients were eligible if they had a confirmed diagnosis of type 2 diabetes 
mellitus for at least six months, were attending the outpatient diabetes 
clinic, and had a documented HbA1c measurement obtained within the 
previous three months. 

Exclusion Criteria 

Patients were excluded if they had type 1 diabetes mellitus, gestational 
diabetes, secondary diabetes, had received a blood transfusion within the 
previous three months, or declined participation. 

Statistical Analysis 

Data were analyzed using IBM SPSS Statistics version 26.0 and Python 3 
with pandas, scipy, statsmodels, and scikit-learn. Categorical variables 
were summarized as frequencies and percentages and compared using the 
chi-square test. Continuous variables were expressed as mean ± standard 
deviation or median (IQR) and compared using an independent-samples 
t-test or Mann–Whitney U test. Crude odds ratios (ORs) with 95% 
confidence intervals (CIs) were calculated. Variables meeting the 
predefined univariate screening threshold of p<0.25, along with clinically 
relevant variables, were included in multivariable logistic regression. We 
reported adjusted odds ratios (aORs) with 95% CIs to identify 
independent factors associated with poor glycemic control. 
Multicollinearity was assessed using variance inflation factors (VIFs). We 
evaluated model calibration using the Hosmer–Lemeshow test, and 
discrimination using the area under the receiver operating characteristic 
curve (AUC). We performed internal validation using 1,000-repetition 
bootstrap resampling and 10-fold cross-validation, reporting Brier scores 
and calibration measures. We determined the optimal classification 
threshold using the Youden index and calculated sensitivity, specificity, 
positive predictive value, and negative predictive value. We considered 
p<0.05 statistically significant. 

Results 

We evaluated 470 patients with type 2 diabetes mellitus (T2DM) for 
eligibility during the study period at the outpatient diabetes clinic. Of 
these, 45 were excluded for not meeting the inclusion criteria or for 
meeting one or more exclusion criteria, and 425 were eligible for 
inclusion. Of these, 410 participants declined to participate. Another 10 
subjects were then excluded due to missing key information, such as 
HbA1c testing. Thus, the final analysis included 400 participants (Figure 
1). In the final analytic dataset, no data were missing for any variables 
required for this study. 
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Figure 1: Participant Recruitment and Flow Diagram 

 

Flow diagram illustrating participant screening, exclusions, eligibility 

assessment, and final enrollment of 400 patients with type 2 diabetes 

mellitus 

Table 1. Sociodemographic and Anthropometric Characteristics of 

Participants by Glycemic Control Status 

Variable Poor 
control 
(n=243) 

At-target 
control 
(n=157) 

Crude 
OR 

(95% 
CI) 

p-
value 

Age, mean ± SD, 
years 

52.4 ± 
13.0 

51.6 ± 
13.4 

— 0.511 

Age ≥50 years 139 
(57.2) 

85 (54.1) 1.13 
(0.76–
1.70) 

0.547 

Male sex 134 
(55.1) 

84 (53.5) 1.07 
(0.71–
1.60) 

0.748 

Rural residence 125 
(51.4) 

63 (40.1) 1.58 
(1.05–
2.37) 

0.027 

Illiterate 95 (39.1) 55 (35.0) 1.19 
(0.78–
1.81) 

0.412 

Low household 
income 

144 
(59.3) 

78 (49.7) 1.47 
(0.98–
2.21) 

0.060 

BMI, mean ± SD, 
kg/m² 

28.4 ± 
5.8 

26.0 ± 6.0 — <0.001 

Overweight/obese 
(BMI ≥25 kg/m²) 

164 
(67.5) 

72 (45.9) 2.45 
(1.62–
3.70) 

<0.001 

 Data are presented as mean ± standard deviation or frequency (%), as 
appropriate. OR = odds ratio; CI = confidence interval; BMI = body 
mass index. Crude ORs compare patients with poor glycemic control 
with those having at-target control. Pasted text 

 

Table 2. Clinical, Behavioral, and Treatment-Related Factors by 
Glycemic Control Status 

Variable Poor 
control 
(n=243) 

At-target 
control 
(n=157) 

Crude OR 
(95% CI) 

p-value 

Diabetes duration, 
mean ± SD, years 

9.1 ± 5.9 7.7 ± 5.6 — 0.022 

Diabetes duration 
>5 years 

159 (65.4) 81 (51.6) 1.78 
(1.18–
2.68) 

0.006 

Physical inactivity 153 (63.0) 61 (38.9) 2.68 
(1.77–
4.04) 

<0.001 

Poor dietary 
adherence 

140 (57.6) 58 (36.9) 2.32 
(1.54–
3.50) 

<0.001 

Poor medication 
adherence 

119 (49.0) 56 (35.7) 1.73 
(1.15–
2.61) 

0.009 

No self-monitoring 
of blood glucose 

165 (67.9) 85 (54.1) 1.79 
(1.18–
2.71) 

0.006 

Current smoker 80 (32.9) 40 (25.5) 1.44 
(0.92–
2.25) 

0.113 

Comorbid 
hypertension 

132 (54.3) 71 (45.2) 1.44 
(0.96–
2.16) 

0.075 

Positive family 
history of diabetes 

151 (62.1) 89 (56.7) 1.25 
(0.83–
1.89) 

0.277 

Insulin-containing 
regimen 

108 (44.4) 46 (29.3) 1.93 
(1.26–
2.96) 

0.002 

Irregular clinic 
follow-up 

119 (49.0) 70 (44.6) 1.19 
(0.80–
1.78) 

0.391 

Data are presented as mean ± standard deviation or frequency (%). OR 
= odds ratio; CI = confidence interval. Crude ORs were calculated for 
each factor in relation to poor glycemic control. A p-value <0.05 was 
considered statistically significant 

Table 3. Multivariable Logistic Regression Analysis of Factors 
Associated with Poor Glycemic Control 

Factor Adjusted OR (95% 
CI) 

p-value 

Physical inactivity 2.60 (1.64–4.12) <0.001 
Poor dietary adherence 2.58 (1.62–4.11) <0.001 
Overweight/obese (BMI ≥25 
kg/m²) 

2.32 (1.47–3.68) <0.001 

Insulin-containing regimen 2.12 (1.31–3.44) 0.002 
Poor medication adherence 2.01 (1.25–3.23) 0.004 
No self-monitoring of blood 
glucose 

1.83 (1.14–2.91) 0.012 

Diabetes duration >5 years 1.66 (1.04–2.65) 0.033 
Low household income 1.61 (1.01–2.57) 0.044 
Current smoker 1.47 (0.89–2.44) 0.136 
Comorbid hypertension 1.38 (0.87–2.18) 0.173 
Rural residence 1.44 (0.91–2.28) 0.119 

Multivariable logistic regression was used to identify factors 
iIndependently associated with poor glycemic control. AOR = adjusted 
odds ratio; CI = confidence interval; BMI = body mass index. Reference 
categories were good physical activity, good dietary and medication 
adherence, self-monitoring of blood glucose, diabetes duration ≤5 years, 
BMI <25 kg/m², higher household income, urban residence, and absence 
of hypertension.  
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Discussion 

In the present cross-sectional study, 60.8% of patients with type 2 diabetes 
mellitus (T2DM) had poor glycemic control, while 39.2% achieved the 
predefined HbA1c target. This finding indicates a substantial burden of 
inadequate glycemic control among patients attending a tertiary-care 
diabetes clinic in Khyber Pakhtunkhwa. Similar difficulties in achieving 
glycemic targets have been reported in other tertiary-care and outpatient 
populations, where lifestyle factors, treatment adherence, disease 
duration, and socioeconomic conditions contribute to variation in 
glycemic control [9,10].Physical inactivity was independently associated 
with poor glycemic control in the present study (aOR, 2.60; 95% CI, 
1.64–4.12; p<0.001). This finding is consistent with evidence showing 
that regular physical activity improves insulin sensitivity and contributes 
to better glycemic control among individuals with T2DM [12]. Poor 
dietary adherence was also independently associated with poor glycemic 
control (aOR, 2.58; 95% CI, 1.62–4.11; p<0.001). Systematic reviews 
indicate that dietary interventions, including Mediterranean-style and 
other structured dietary approaches, can produce clinically meaningful 
improvements in HbA1c levels [16]. These findings emphasize the 
importance of integrating dietary counseling and physical activity into 
routine diabetes management.Overweight or obesity was another 
independent factor associated with poor glycemic control (aOR, 2.32; 
95% CI, 1.47–3.68; p<0.001). Patients with poor glycemic control had a 
higher mean BMI than those with at-target control. Recent evidence has 
demonstrated an association between higher BMI and poorer glycemic 
control in individuals with T2DM, supporting the importance of weight 
management as part of comprehensive diabetes care [13,17]. Obesity may 
contribute to insulin resistance and make it harder to achieve 
recommended glycemic targets.Poor medication adherence was 
independently associated with poor glycemic control (aOR, 2.01; 95% CI, 
1.25–3.23; p=0.004). This observation is consistent with studies 
demonstrating that adherence to oral antidiabetic medications is an 
important determinant of glycemic outcomes [18,19]. Similarly, the 
absence of self-monitoring of blood glucose was independently associated 
with poor control (aOR, 1.83; 95% CI, 1.14–2.91; p=0.012). Structured 
self-monitoring may support treatment adjustment and patient self-
management, particularly in appropriately selected patients [20].An 
insulin-containing treatment regimen was associated with poor glycemic 
control (aOR, 2.12; 95% CI, 1.31–3.44; p=0.002). Interpret this 
association cautiously; it does not prove that insulin therapy causes poor 
glycemic control. Insulin is frequently introduced or intensified in 
patients with more advanced disease or persistent hyperglycemia; 
therefore, confounding by indication and reverse causality are possible 
explanations. Contemporary treatment recommendations support 
treatment intensification, including insulin when clinically indicated, in 
patients who remain above their individualized glycemic targets 
[21].Diabetes duration of more than 5 years was also independently 
associated with poor glycemic control (aOR, 1.66; 95% CI, 1.04–2.65; 
p=0.033). Longer disease duration may be accompanied by progressive 
changes in pancreatic β-cell function, increasing treatment complexity 
and making glycemic targets more difficult to maintain [14]. However, the 
sensitivity analysis showed that diabetes duration was no longer 
statistically significant when modeled as a continuous variable. Therefore, 
interpret this association with greater caution than the more consistent 
findings for BMI and behavioral factors.Low household income remained 
independently associated with poor glycemic control (aOR, 1.61; 95% CI, 
1.01–2.57; p=0.044). Socioeconomic circumstances may influence access 
to healthcare, medication affordability, dietary choices, health literacy, 
and the ability to maintain recommended lifestyle behaviors. The 
observed association highlights the importance of considering 
socioeconomic circumstances when designing diabetes self-management 

interventions.Rural residence, current smoking, and comorbid 
hypertension were associated with poor glycemic control in univariate 
analyses but were not independently significant after multivariable 
adjustment. These findings suggest that other measured behavioral, 
socioeconomic, or clinical factors may have partly explained the initial 
associations. Previous studies have similarly demonstrated that individual 
sociodemographic and clinical factors may lose statistical significance after 
adjustment for multiple determinants of glycemic control [9,23,24].The 
present study also demonstrated a progressive increase in the proportion 
of patients with poor glycemic control as the number of associated factors 
increased. However, this pattern should be interpreted as an 
accumulation of associated characteristics rather than a causal dose-
response relationship. Internal validation analyses showed modest 
optimism in the apparent model performance, with the AUC decreasing 
from 0.78 to approximately 0.75 after bootstrap correction and to 0.74 
with 10-fold cross-validation. These findings support reasonable internal 
discrimination but require external validation before application to other 
populations.This study has several limitations. Its cross-sectional design 
prevents determination of temporal or causal relationships. Self-reported 
dietary and medication adherence may be affected by recall and social-
desirability bias. The single-center tertiary-care setting may limit 
generalizability to primary-care and community populations. 
Dichotomization of continuous variables may also reduce statistical 
information. Confounding by indication may affect the association 
between insulin-containing therapy and poor glycemic control. In 
addition, we did not assess psychological factors, objective measures of 
medication adherence, or other potentially relevant determinants. 
Although we performed bootstrap resampling and 10-fold cross-
validation, we did not externally validate the model.Overall, the findings 
indicate that poor glycemic control in this tertiary-care population was 
associated with multiple behavioral, anthropometric, treatment-related, 
disease-duration, and socioeconomic factors. Interventions addressing 
physical activity, dietary and medication adherence, weight management, 
self-monitoring, and socioeconomic barriers may be relevant components 
of comprehensive diabetes care [11,15,25]. 

Conclusion 

Poor glycemic control affected 60.8% of patients with T2DM. Physical 
inactivity, poor dietary and medication adherence, overweight/obesity, 
insulin-containing therapy, lack of self-monitoring, longer diabetes 
duration, and low household income were independently associated with 
poor control. Structured lifestyle counseling and diabetes self-
management interventions may improve glycemic outcomes. 
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