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Diabetes mellitus (DM) is a major public health problem responsible for morbidity and mortality. 
Maintaining blood sugar control helps patients achieve optimal glycemic levels. Therefore, this 
study aimed to identify the factors affecting the time to achieve optimal glycemic control among 
DM patients at Assosa General Hospital (AGH), Western Ethiopia. A retrospective study design was 
conducted from 427 randomly selected DM patients in the outpatient department (OPD) clinic at 
AGH under the follow-up period from September 2022 to September 2024. The median survival time, 
Kaplan-Meier survival estimate, and Log-Rank test were used to describe the data and compare the 
survival time between groups. The study used Cox PH model to analyze the time to achieve optimal 
glycemic control of DM patients, where hazard ratio, p-value, and 95% CI for hazard ratio were used 
for testing significance. Schoenfeld and Cox-Snell residuals were used to check the model assumptions. 
The median time to optimal glycemic control for DM patients was 12 months. At the end of the follow-
up, 74.2% of the patients had developed an event and the rest 25.8% were censored. The significant 
predictors of time to optimal glycemic control include: older age (AHR = 0.871(95% CI 0.809, 0.937)), 
females (AHR = 1.295 (95% CI 1.024, 1.639)), having FHDM (AHR = 1.681(95% CI 1.313, 2.153)), rural 
residence(AHR = 0.463(95% CI 0.354, 0.607)), presence of comorbidity (AHR = 0.508(95% CI 0.302, 
0.854)), DM related complications (AHR = 0.419(95% CI 0.326, 0.539)), high BLBGL AHR = 0.997(95% 
CI 0.995, 0.998)). This study found the factors that prolonged or shortened the time to reach optimal 
glycaemic control for T2DM patients. The study revealed that older age, male patients, patients having 
other related comorbidities and patients with no FHDM, patients having DM-related complications as 
poor prognostic factors of T2DM disease and also prolonged recovery time. Therefore, attention should 
be given to these patients to obtain good glycaemic levels and the patient being healthy.
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BLBGL  Baseline blood glucose level

Diabetes mellitus is a disease in which the body does not produce or respond properly to insulin1,2. It is a 
lifetime challenge that requires proper self-care practices for better glycemic control3. Although T1DM is also 
increased rapidly with many complications, T2DM is a highly distributed and serious health problem in the 
world4,5. This problem is also critical in Ethiopia specifically in the study area6,7. In 2019, it is estimated that more 
than 463 million people were living with diabetes worldwide and this is expected to reach about 578 million 
and 700 million by 2030 and 2045 respectively8. For a long time, Africa was considered safe from many of the 
diseases that are called “diseases of affluence,” like diabetes mellitus which can affect the developed countries like 
the Western world8,9. However, now it is a common problem in Africa specifically in Ethiopia9. The previous 
studies10–12 indicated that from the common reason for a high distribution of diabetes mellitus in people, 
urbanization plays a vital role and needs further investigation of why this could happen.

In Ethiopia, diabetic patients must travel long distances to obtain insulin and tablets since there is scarce of 
health facilities13. Insulin is one of the most valuable anti-diabetic medications that control the patient blood 
sugar level14. When DM patients follow their medication properly, the disease progression and blood sugar level 
decrease spontaneously, and also their beta cells work effectively as a result they tend to decrease their insulin 
requirements as compared to prior doses15,16. This period is referred to as a honeymoon or remission period17,18. 
If diabetic patients manage their blood sugar levels through integrated self-care and professional health support, 
they can live longer and lead healthier lives15,16. Therefore, controlling blood sugar is crucial for preventing and 
slowing the progression of complications19,20.

Searching for factors affecting the time to optimal glycemic control is crucially important, as disease 
severity, mortality, and recovery vary among individuals due to various factors. A study21 revealed that patients 
with diabetes-related complications and other comorbidities, such as HIV/AIDS, kidney disease, stroke, and 
hypertension, have a lower likelihood of achieving glycemic control. Another study showed that older age and 
the presence of pre-existing comorbidities delayed recovery time from diabetes mellitus22,23. Additionally, a 
previous study indicated that female diabetic patients recover faster than male patients and those with less or 
no education controlled the disease better than educated individuals24. Conversely, another study found that 
males had a higher probability of achieving target diabetes control25, while other studies reported that educated 
patients managed the disease better than their less-educated counterparts26,27. Hence, there are inconsistencies 
in the findings of previous studies, necessitating further investigation.

Previous studies have been conducted on the survival analysis of diabetes mellitus, some of which considered 
cross-sectional cases, particularly research on the time to recovery from diabetes mellitus28–31. However, these 
researches used the Cox-PH (Cox Proportional Hazard) model without checking the proportional hazard 
assumption. This assumption is a precondition to using this model. If this assumption is violated, the simple Cox 
model is invalid, and more sophisticated analysis; parametric accelerated failure time models are required32–34. 
In our study, we have addressed these issues by checking the assumption using the Schoenfeld residual plot and 
its standard statistical tests. Additionally, conducting several studies in different settings is very important to get 
reasonable and authentic information. While previous studies have investigated glycemic control in different 
settings, limited research has focused on Western Ethiopia, specifically Assosa General Hospital. This study 
provides localized evidence that can inform region-specific healthcare interventions. This study, therefore, 
aims to identify the determinants of the time to reach optimal glycemic control among T2DM patients under 
treatment at Assosa General Hospital, Assosa, Ethiopia.

Methods
Study area and study design
The study was conducted at Assosa General Hospital (AGH), a major public healthcare facility located in 
Western Ethiopia. As the principal referral hospital in the Benishangul-Gumuz region, AGH plays a critical 
role in delivering both curative and preventive healthcare services to an estimated more than 200,000 patients 
annually from the region and neighboring districts. The hospital is staffed by approximately 520 healthcare 
professionals, including doctors, nurses, specialists, and other administrative workers ensuring the provision of 
comprehensive medical services across various disciplines.

AGH is well-equipped to manage a broad spectrum of health conditions, with a strong emphasis on 
chronic disease management. The hospital provides specialized care for non-communicable diseases such as 
hypertension, diabetes mellitus, and cardiovascular disorders. Its diabetes care services include routine follow-
ups, medication management, lifestyle counseling, early complication screening, and patient education programs 
aimed at improving self-management and disease prevention. Additionally, AGH has well-established outpatient 
and inpatient services, laboratory and diagnostic facilities, and a multidisciplinary team working to enhance the 
quality of healthcare delivery. For this study, a retrospective study design was employed to systematically retrieve 
relevant information from the medical records of diabetes mellitus patients.

Study population and study period
The study population consisted of T2DM patients who were under follow-up for insulin medication at AGH 
and initiated treatment between September 2022 and September 2024. The diagnosis of T2DM was made based 
on the American Diabetes Association (ADA) criteria, ensuring that all included patients met internationally 
recognized diagnostic standards.

During the study period, a total of 1,016 T2DM patients were registered at AGH. However, only 427 patients 
met the inclusion criteria and were included in the final analysis. These patients were followed until they either 
achieved optimal glycemic control (event) or were censored.
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Source of data and data collection procedures
The primary source of data for this study was the medical records of T2DM patients. Data collection involved 
reviewing individual patient charts and follow-up cards in the outpatient department (OPD) at AGH for the 
specified follow-up period from September 2022 to September 2024. The data collection process was conducted 
by a trained team consisting of four professional nurses and one statistician.

Patients were followed up at regular intervals of every 1 to 3 months, depending on their clinical status, 
medication adherence, and blood glucose levels. Each follow-up visit included clinical evaluations, laboratory 
investigations, medication adjustments, and lifestyle counseling. The time to reach optimal glycemic control 
(event time variable) was recorded as the time from treatment initiation to the first achievement of normal blood 
sugar levels. A patient was considered to have achieved glycemic control when their blood sugar level fell within 
the normal range (70–130 mg/dl) or by long-term measure HbA1c < 7.5%, with targets adjusted based on factors 
such as age, comorbidities, and other complications14,35.

The patient charts used for data collection were standardized forms developed by the Federal Ministry of 
Health, ensuring consistency in documentation and facilitating the early identification and tracking of clinical 
and laboratory measurements. This study exclusively relied on secondary data obtained from these follow-up 
charts.

Inclusion and exclusion criteria
Inclusion Criteria:

• T2DM patients aged 18 years and above who were diagnosed based on ADA criteria.
• Patients who initiated insulin treatment at AGH during the study period (September 2022 – September 2024).
• Patients who had at least three follow-up visits during the study period.

Exclusion Criteria:

• Patients younger than 18 years.
• Patients with fewer than three follow-up visits.
• Patients whose registration and treatment initiation did not fall within the study period.
• Patients with incomplete medical records, making it impossible to track their follow-up status.

To enhance clarity and facilitate a better understanding of the patient selection process, look at a detailed patient 
enrollment flowchart in (Fig.  1). This flowchart visually represents the inclusion, exclusion, and follow-up 
process of study participants.

Operational definitions
Time to optimal glycemic control: According to the American Diabetes Association (ADA), International 
Diabetes Federation (IDF), and other clinical guidelines, a patient was considered to have achieved glycemic 
control when their fasting blood sugar level fell within the normal range of 70–130 mg/dL, or when their long-
term measure, HbA1c, was < 7.5%. Targets may be adjusted based on factors such as age, comorbidities, and 
other complications14,35.

Right censoring: is considered when the patient is not recovered once between the study time, is transferred 
to another hospital, and died before reaching optimal glycemic control.

Comorbidity was defined as the presence of at least one other chronic condition other than diabetes mellitus, 
such as a physical non-communicable disease, a mental health condition, or an infectious disease36,37.

DM-related complications refer to health problems that arise as a result of prolonged or poorly controlled 
DM.

Study variables
Response variable
The response variable in this study was the time to achieve optimal glycemic control for T2DM patients, defined 
as the time from the start of treatment until the first normal blood sugar level was reached during the follow-up 
period.

Explanatory variables
The study considers the following potential explanatory variables: Age in years, Gender (male, female), Place 
of residence (rural, urban), Presence of comorbidity (no, yes), Family history of DM (no, yes), presence of 
Hypertension (no, yes), Presence of CKD, presence of DM related complications (no, yes), weight in kg and 
Hemoglobin in g/dl.

Method of data analysis
In this study, the Cox proportional hazards model was employed to assess the time to optimal glycemic control 
among T2DM patients. This model is widely used in survival analysis due to its flexibility and ability to handle 
censored data. Data were analyzed using R software version 4.1.1 and SPSS version 27, ensuring robust statistical 
computation and model validation.

Descriptive statistics
Descriptive statistics were used to summarize the study variables. Frequency tables were constructed to present 
categorical data distributions, while median survival times were estimated to describe the central tendency of 
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time-to-event outcomes. The Kaplan-Meier estimator was used to generate survival curves, allowing for a non-
parametric visualization of the time-to-optimal glycemic control across different predictor categories. The log-
rank test was conducted to compare survival distributions between groups.

Survival data analysis
Survival analysis is a statistical approach designed to analyze time-to-event data while accounting for censoring. 
The Cox proportional hazards (PH) regression model was applied due to its semi-parametric nature, which 
does not require assumptions about the baseline hazard function. The hazard function at time t is expressed as:

 h (t, xi, β ) = h0 (t) exp
(
xT

i β
)

where, h0 (t) is the baseline hazard function; xi is a vector of covariates and β  is a vector of parameter 
estimates. Note that; h0 (t) is the hazard function, where all values of the covariates are zero ( exp

(
xT

i β
)

= 1). 
Parameter estimate β  refers to the increase in log hazard with a one-unit increase for the continuous covariate. 

Fig. 1. Patient enrollment flowchart for T2DM study at Assosa General Hospital.
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The proportional hazards assumption (i.e., the ratio of hazards remains constant over time) was rigorously 
tested using the Schoenfeld residual test to verify model validity32,34. Additionally, Cox-Snell residuals, 
Schoenfeld residuals, deviance residuals, and Dfbeta values were examined to assess the model’s goodness of 
fit, proportionality assumption, and potential influential observations38,39. These diagnostic checks ensured the 
reliability and scientific rigor of the survival model in estimating the effects of covariates on time to optimal 
glycemic control.

Results
Among the 427 T2DM patients included in the study, the distribution of gender, residence, family history 
of diabetes mellitus (FHDM), presence of other related diseases, and hypertension is analyzed in relation to 
observed events (achievement of glycemic control) and censored cases (those who did not achieve glycemic 
control during the study period).

Regarding gender, females constituted 52.2% of the total participants, while males made up 47.8%. Among 
females, 44.7% achieved optimal glycemic control (observed events), while 7.5% were censored. For males, 29.5% 
achieved glycemic control, with 18.3% censored. This indicates that females had a higher proportion of observed 
events compared to males, suggesting potential gender differences in treatment outcomes or adherence.

In terms of residence, 55% of the patients were from rural areas, while 45% were from urban areas. Among 
rural residents, 43.8% achieved glycemic control, while 11.2% were censored. In urban residents, 30.4% achieved 
glycemic control, and 14.5% were censored. The data shows a higher success rate in rural areas, which may be 
attributed to differences in lifestyle, diet, or other factors.

For family history of diabetes mellitus (FHDM), 63.0% of the patients had no family history, while 37.0% 
reported a positive family history. Among those without a family history, 45.7% achieved glycemic control, 
while 17.3% were censored. Among those with a family history, 28.6% achieved glycemic control, and 8.4% 
were censored. This suggests that patients with a family history of diabetes may take longer to achieve glycemic 
control or face more challenges in managing their condition.

Regarding comorbidity, 71.2% of the participants had no DM-related comorbidity, while 28.8% reported 
having at least one related comorbid condition. Among those without related comorbidities, 55.5% achieved 
glycemic control, while 15.7% were censored. For those with related comorbidities, 18.7% achieved glycemic 
control, and 10.1% were censored. The presence of other related comorbidities appears to hinder achieving 
optimal glycemic control.

In the case of hypertension, 78.5% of the participants did not have hypertension, while 21.5% had 
hypertension. Among those without hypertension, 57.8% achieved glycemic control, while 20.6% were censored. 
Among those with hypertension, 16.4% achieved glycemic control, and 5.2% were censored. This indicates that 
hypertension may negatively affect glycemic control outcomes.

The study also examined the impact of a history of diabetes-related complications and comorbidities. Among 
the participants, 22.2% had a history of diabetes-related complications, while 77.8% did not. Patients without 
complications exhibited a higher proportion of events (59.3%) compared to those with complications (15.0%). 
Regarding comorbidities, 71.2% of the patients had no comorbid conditions, while 28.8% had one or more 
comorbidities. Those without comorbidities had a greater proportion of events (55.5%) compared to those with 
comorbidities (18.7%), indicating that comorbid conditions may hinder achieving optimal glycemic control.

The baseline continuous covariates of the participants were analyzed to provide an overview of their initial 
clinical characteristics. The mean weight of the participants was 58.26 kg, with a standard deviation of 4.93 kg. 
The average age of the participants was 43.85 years, with a standard deviation of 3.74 years, indicating a wide 
variation in age among the study population. The mean hemoglobin level was found to be 12.76 g/dl, with a 
standard deviation of 2.95 g/dl, which is within the normal range. Additionally, the mean baseline fasting blood 
sugar (BLFBS) level was 172.98 mg/dl, with a standard deviation of 11.81 mg/dl. This elevated mean BLFBS level 
suggests that most patients were hyperglycemic at the start of treatment, as it exceeds the normal fasting blood 
sugar threshold of less than 126 mg/dl Table 1.

Table 2 presents the median time required for diabetes mellitus patients to achieve optimal glycemic control. 
The median time to achieve glycemic control is estimated to be 12 months, with a standard error of 0.482 months. 
The 95% confidence interval for the median time ranges from 11.06 to 12.95 months, suggesting that half of the 
patients achieved glycemic control within 12 months, while the other half took longer.

Non parametric analysis for survival data
A Kaplan-Meier estimator was used to estimate the survival time. The overall Kaplan-Meier survival curve in 
(Fig. 2A) showed that as time increased, the curve decreased rapidly, indicating that most patients recovered 
from diabetes mellitus. This means that as time progressed, the waiting time of patients with T1DM decreased 
monotonically.

Separate Kaplan-Meier survival curves were constructed to estimate survival time based on different 
covariates, allowing us to examine differences in recovery rates between categories of individual covariates. From 
the Kaplan-Meier survival curves of individual covariates:

The plot in Fig. 2B suggested that the time to achieve optimal glycemic control was longer for male patients 
compared to female patients. This indicates that male patients had a longer recovery time than females. Similarly, 
the plot in Fig. 2C suggested that the time to achieve optimal glycemic control was longer for urban residents 
compared to patients from rural areas. In other words, urban patients took longer to reach optimal glycemic 
control than rural patients. The remaining variables were described in a similar manner.
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Log rank test
The log-rank test was performed at a 5% level of significance to compare the survival experiences across different 
categories of all categorical predictors. There were significant differences in recovery rates between males and 
females, patients with and without related comorbidities, urban and rural patients, patients with and without 
hypertension, patients with a history of DM complications and those without, as well as patients with and 
without a family history of DM Table 3.

Multivariable analysis for Cox proportional hazard model
The results of the multivariate Cox Proportional Hazards (Cox-PH) model indicate that several factors 
significantly influence the time to achieve optimal glycemic control. Age was found to have a significant 
negative association with the likelihood of achieving optimal glycemic control, with an adjusted hazard ratio 
(AHR = 0.871(95% CI 0.809, 0.937)). This implies that for each additional year of age, the likelihood of achieving 
optimal glycemic control decreases by approximately 13%. Gender was also significantly associated with 
glycemic control, where female patients were 29.5% more likely to achieve glycemic control compared to their 
male counterparts (AHR = 1.295 (95% CI 1.024, 1.639)).

Patients with a FHDM were 68.1 times more likely to achieve optimal glycemic control compared to those 
without a FHDM (AHR = 1.681 (95% CI 1.313, 2.153)). Residence was another significant factor; urban patients 
were 53.7% less likely to achieve glycemic control compared to rural patients (AHR = 0.463 (95% CI 0.354, 
0.607)). The presence of comorbidities was associated with a reduced likelihood of achieving optimal glycemic 
control, with patients who had related comorbidities being about 49.2% less likely to achieve glycemic control 
compared to those without related diseases (AHR = 0.508 (95% CI 0.302, 0.854)). Additionally, The presence of 
DM-related complication was associated with a reduced likelihood of achieving optimal glycemic control, with 
patients who had DM-related complications being about 58.1% less likely to achieve glycemic control compared 
to those without related comorbidities (AHR = 0.419 (95% CI 0.326, 0.539)). Baseline fasting blood sugar was 
also found to be a significant determinant, with an (AHR = 0.997 (95% CI 0.995, 0.998)), indicating that higher 
baseline blood sugar levels are associated with a slight delay in achieving optimal glycemic control.

In summary, younger age, female gender, family history of diabetes mellitus, and rural residence were 
positively associated with a shorter time to achieve glycemic control. Conversely, the presence of comorbidities, 
DM complications, and higher baseline fasting blood sugar levels were associated with a prolonged time to 

Median for survival time

Median estimate SE 95% confidence interval

12 0.482
Lower bound Upper bound

11.055 12.945

Table 2. Median time to optimal glycaemic control.

 

Variable Category Censored (%) Event (%) Total (%)

Gender
Male 78 (18.3) 126 (29.5) 204 (47.8)

Female 32 (7.5) 191 (44.7) 223 (52.2)

Residence
Rural 48 (11.2) 187 (43.8) 235 (55.0)

Urban 62 (14.5) 130 (30.4) 192 (45.0)

Presence of HTN
No 88 (20.6) 247 (57.8) 335 (78.5)

Yes 22 (5.2) 70 (16.4) 92 (21.5)

Presence of CKD No 37 (8.7) 367 (86.0) 404 (94.6)

Yes 14 (3.3) 9 (2.1) 23 (5.4)

FHDM
No 74 (17.3) 195 (45.7) 269 (63.0)

Yes 36 (8.4) 122 (28.6) 158 (37.0)

History of DM related No 79 (18.5) 253 (59.3) 332 (77.8)

Complication Yes 31 (7.3) 64 (15.0) 95 (22.2)

Comorbidity
No 67 (15.7) 237 (55.5) 304 (71.2)

Yes 43 (10.1) 80 (18.7) 123 (28.8)

Mean SD

Baseline measured continuous covariates

 Weight 58.26 4.93

 Age 43.85 3.74

 Hemoglobin level 12.76 2.95

 BLFBS 172.98 11.81

Table 1. Summary statistics for predictor variables by censored and event status.
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Covariates DF Chi-square P-value

Gender 1 15.09 < 0.001

Residence 1 28.91 < 0.0001

Presence of comorbidity 1 8.6 0.0033

FHDM 1 5.4 0.02

Hypertension 1 7.47 0.006

CKD 1 3.52 0.051

History of DM complication 1 18.09 < 0.0001

Table 3. Log rank tests for categorical variables.

 

Fig. 2. Kaplan–Meier survival estimate curves.
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achieve glycemic control. Hemoglobin levels showed a non-significant trend toward decreasing the likelihood of 
achieving glycemic control. These findings provide critical insights into the factors affecting the time to achieve 
glycemic control, highlighting areas for targeted interventions to improve diabetes care outcomes (Table 4).

Model diagnostics
In any statistical analysis, after the model fitting process, it is essential to check the model assumptions. The 
Schoenfeld residuals and Cox-Snell residuals were used to assess the proportional hazards assumption of the 
survival analysis.

We checked the survival model assumption graphically using Cox-Snell residual plots. In Fig. 3, the diagnostic 
plot based on Cox-Snell residuals, with the 95% point-wise confidence interval (CI) for the Kaplan-Meier 
estimate of the Cox-Snell residuals, is shown along the red line. The survival function of the unit exponential 
distribution indicates that the survival function of the standard exponential distribution lies within the 95% CI 
of the Kaplan-Meier estimate. This suggests that the survival process model fits the data well.

However, graphical tests alone are not sufficient to be certain about the proportional hazards assumption of 
the model because they are subject to interpretation and can vary between individuals. Therefore, in addition to 
graphical tests, it is recommended to use statistical tests. To test this assumption, the global test of Schoenfeld 
residuals was used. Based on the results in Table 5, the p-value for the global test was not significant, and the 
p-values for each predictor variable were also insignificant. Hence, the proportional hazards model assumption 
was not violated.

Discussion
The main objective of this study was to identify the determinant factors of the time to optimal glycemic control 
for T2DM patients under treatment at Assosa General Hospital, Assosa, Western Ethiopia. In the analysis of 
this survival data, the non-parametric survival analysis techniques (Kaplan-Meier and log-rank test) were 
used for comparing the survival experience of categorical predictor variables. Also, the semi-parametric (Cox 
proportional hazard regression) analysis was used to investigate the determinant factors of time to optimal 
glycemic control for T2DM patients.

Age was found to have a significant negative association with the likelihood of achieving optimal glycemic 
control, implies that for each additional year of age, the likelihood of achieving optimal glycemic control decreases 
by approximately 13%. This result is consistent with another study24,40,41. In their findings, Targets for glycaemic 
control in older adults with T2DM are often less stringent than in younger adults to avoid hypoglycaemia and 
minimize unbeneficial interventions.

Baseline fasting blood sugar (BLFBS) was also a statistically significant variable. As the BLFBS level increases, 
the likelihood of patients reaching optimal glycemic control decreases. This result is consistent with another 
study42,43. In their findings, higher baseline HbA1c levels reduced the likelihood of achieving early glycemic 
control (adjusted relative risks were lower for those with high baseline levels. Similarly, this study aligns with 
the findings of44, where it was noted that monitoring and lowering blood sugar provides an effective approach 
to controlling diabetes mellitus.

Also, Patients who had other related comorbidity prolonged the time to reach glycemic control. This result 
was consistent with another study23,45. In their finding, in patients who have related diabetic complications and 
other diseases like HIV/AIDS, kidney disease, stroke, hypertension, and the like; the tendency to control their 
glycemic level is low. That is diabetic patients who also have another related disease may affect the first recovery 
time of patients because of the additional disease they have.

Rural patients achieved optimal glycemic control in a shorter time compared to urban patients. This result 
aligns with another study24. However, it contradicts the findings of a different study27,46, which reported that 

Covariate Category AHR (95% CI) P-value

Age 0.871 (0.809, 0.937) < 0.0001***

Gender
Male 1

Female 1.295 (1.024, 1.639) 0.031*

Residence
Rural 1

Urban 0.463 (0.354, 0.607) < 0.0001***

Presence of HTN
No 1

Yes 0.416 (0.122, 1.423) 0.162

Comorbidity
No 1

Yes 0.508 (0.302, 0.854) 0.011*

FHDM
No 1

Yes 1.681 (1.313, 2.153) < 0.0001***

DM related complication
No

Yes 0.419 (0.326, 0.539) < 0.0001***

Hemoglobin 0.989 (0.973, 1.006) 0.224

BLBGL 0.997 (0.995, 0.998) < 0.0001***

Table 4. The multivariate Cox proportional hazards model analysis.
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urban patients were better able to control and reduce their blood sugar over time. The observed discrepancy 
in recovery times between rural and urban diabetes mellitus patients may be attributed to several factors. 
While urban areas provide better healthcare access, rural patients may benefit from more personalized follow-
up care. Additionally, rural patients often engage in more physical activity and consume unprocessed foods, 
which enhance glycemic control. In contrast, urban lifestyles tend to be more sedentary, with greater exposure 
to processed foods. Higher stress levels in urban environments may further hinder recovery. Socioeconomic 
disparities and differences in health literacy also contribute, as urban areas, despite having more resources, 
face inequalities that can affect outcomes. Variations in study design, including sample size and population 
characteristics, may also explain the conflicting findings. This highlights the need for further research to better 
understand the impact of rural versus urban living on diabetes management.

Female patients reached glycemic control in a shorter time compared to male patients. This result aligns with 
the findings of studies24,42, which reported that females tend to recover faster than males. However, it contradicts 
another study47, which revealed that after one year of treatment, 38.9% of women and 40.6% of men achieved 
the target HbA1c level, indicating a slight but significant difference favoring men. The differences in glycemic 
control between male and female patients may be due to several factors, including biological, behavioral, 

Variable Ch-square Df P-value

Age 0.965 1 0.325

Gender 3.941 1 0.047

FHDM 2.793 1 0.094

Comorbidity 1.461 1 0.226

HTN 2.168 1 0.141

DM related complication 1.221 1 0.269

Hemoglobin 0.396 1 0.529

Residence 0.820 1 0.365

BLBGL 1.161 1 0.281

Global 15.417 9 0.080

Table 5. Cox proportional hazard assumption test.

 

Fig. 3. Cox-snell residual plots for time to optimal glycemic control.
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and psychosocial influences, sample-specific factors, geographical differences, and measurement and study 
design differences. Females may achieve better glycemic control due to higher health-seeking behavior, better 
adherence to treatment, and greater awareness of health conditions. They are also more likely to follow dietary 
recommendations and attend regular follow-up visits, which can contribute to faster recovery. On the other 
hand, studies showing that males have a higher probability of achieving glycemic control may reflect biological 
differences, such as hormonal variations that can influence insulin sensitivity. In addition, males might have 
fewer psychosocial barriers, such as caregiving responsibilities, that can interfere with self-care and treatment 
adherence. Variations in the study populations, such as differences in sample size, age distribution, comorbidities, 
and socioeconomic status, could further explain the conflicting findings. Differences in healthcare access, 
cultural norms, and study methodologies may also contribute to the observed contradiction. This highlights the 
need for more context-specific research to explore gender differences in diabetes management outcomes.

Finally, patients with a family history of diabetes mellitus recovered more quickly. This result is aligns with48, 
which found that having a family member with T2D facilitated self-management in several ways. Personal 
familiarity with T2D and related lifestyle changes, as well as advice from older relatives, led individuals to 
feel more capable of modifying behaviors and made adjusting to the diagnosis easier. Similarly, another study 
indicated that a family history of diabetes is linked to better awareness of risk factors, increased fruit and 
vegetable consumption, and higher participation in diabetes screening, reflecting a proactive approach to disease 
management49. However, this finding contradicts the results of studies27,50, which suggested that patients with no 
family history of diabetes mellitus are better able to monitor their sugar levels. This discrepancy requires further 
investigation. The discrepancy could be due to differences in patient perceptions, motivations, and behaviors 
between those with and without a family history of diabetes. Patients with a family history may have a deeper 
understanding of the importance of managing diabetes, which could lead them to engage in more proactive 
health behaviors and thus recover more quickly. On the other hand, patients without a family history may be 
more vigilant about monitoring their sugar levels because they have no prior exposure to the disease and are more 
cautious about preventing it. Additionally, it is possible that patients without a family history may have more 
access to resources or healthcare, which could help them manage their condition more effectively. Differences 
in study design, sample populations, and healthcare settings could also contribute to the contradictory results.

Limitations
This study was done by a well-defined statistical model and this should give a more appropriate result. Since 
there were scarce of studies about non-communicable disease like diabetes mellitus done in Western Ethiopia, 
this finding was used as input for other studies who wanted to do research in this area or anywhere. Our findings 
were also subject to some limitations. This study has several limitations. The retrospective design may introduce 
potential biases, such as inaccuracies or inconsistencies in medical record documentation, which could affect 
the reliability of the data. Additionally, the observational nature of the study limits the ability to infer causal 
relationships between the time to optimal glycemic control and its associated factors. The other limitation is 
that the AHR for variables did not exceed twice the reference group values, which may limit the strength of 
association. Future prospective studies with rigorous data collection methods are recommended to validate 
these findings and further explore the determinant factors of glycemic control.

Conclusion
In general, this study identified factors that either prolonged or shortened the time required to achieve optimal 
glycemic control in T2DM patients. The findings indicated that older age, male gender, the presence of comorbid 
conditions, absence of FHDM, and diabetes-related complications were poor prognostic factors, contributing 
to prolonged recovery time. Therefore, special attention should be given to these patient groups to help them 
achieve better glycemic control and overall health.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to ethical con-
cerns, confidentiality agreements, or legal restrictions. However, the data can be obtained by contacting the 
corresponding author of the study and making a reasonable request for access to the data.

Received: 14 January 2025; Accepted: 26 March 2025

References
 1. Care, D. 2. Classification and diagnosis of diabetes: standards of care in. Diabetes Care. 46, S19 (2023).
 2. Care, D. Care in diabetesd2019. Diabetes Care. 42 (1), S13–S28 (2019).
 3. Lee, A. A., Piette, J. D., Heisler, M., Janevic, M. R. & Rosland, A-M. Diabetes self-management and glycemic control: the role of 

autonomy support from informal health supporters. Health Psychol. 38 (2), 122 (2019).
 4. Zheng, Y., Ley, S. H. & Hu, F. B. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat. Reviews 

Endocrinol. 14 (2), 88–98 (2018).
 5. Ruze, R. et al. Obesity and type 2 diabetes mellitus: connections in epidemiology, pathogenesis, and treatments. Front. Endocrinol. 

14, 1161521 (2023).
 6. Zeru, M. A., Tesfa, E., Mitiku, A. A., Seyoum, A. & Bokoro, T. A. Prevalence and risk factors of type-2 diabetes mellitus in Ethiopia: 

systematic review and meta-analysis. Sci. Rep. 11 (1), 21733 (2021).
 7. Bishu, K. G. et al. Diabetes in Ethiopia: a systematic review of prevalence, risk factors, complications, and cost. Obes. Med. 15, 

100132 (2019).
 8. Saeedi, P. et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: results from the 

international diabetes federation diabetes atlas. Diabetes Res. Clin. Pract. 157, 107843 (2019).

Scientific Reports |        (2025) 15:20031 10| https://doi.org/10.1038/s41598-025-96097-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


 9. Gouda, H. N. et al. Burden of non-communicable diseases in sub-Saharan Africa, 1990–2017: results from the global burden of 
disease study 2017. Lancet Global Health. 7 (10), e1375–e87 (2019).

 10. Ruiz-Alejos, A. et al. Addressing the impact of urban exposure on the incidence of type 2 diabetes mellitus: the PERU MIGRANT 
study. Sci. Rep. 8 (1), 5512 (2018).

 11. Goryakin, Y., Rocco, L. & Suhrcke, M. The contribution of urbanization to non-communicable diseases: evidence from 173 
countries from 1980 to 2008. Econ. Hum. Biology. 26, 151–163 (2017).

 12. Juma, K., Juma, P. A. & Shumba, C. Non-Communicable Diseases and Urbanization in African Cities: A. Public health in 
developing countries: Challenges and opportunities. 31 (2020).

 13. Sendekie, A. K., Netere, A. K., Kasahun, A. E. & Belachew, E. A. Medication adherence and its impact on glycemic control in 
type 2 diabetes mellitus patients with comorbidity: A multicenter cross-sectional study in Northwest Ethiopia. PLoS One. 17 (9), 
e0274971 (2022).

 14. Pleus, S. et al. Definition, classification, diagnosis and differential diagnosis of diabetes mellitus: update 2023. Exp. Clin. Endocrinol. 
Diabetes. 132 (03), 112–124 (2024).

 15. Rakhis Sr, S. A. B., AlDuwayhis, N. M., Aleid, N., AlBarrak, A. N. & Aloraini, A. A. Glycemic control for type 2 diabetes mellitus 
patients: a systematic review. Cureus 14(6). (2022).

 16. Fasil, A., Biadgo, B. & Abebe, M. Glycemic control and diabetes complications among diabetes mellitus patients attending at 
university of Gondar hospital, Northwest Ethiopia. Diabetes, metabolic syndrome and obesity: targets and therapy. 75–83 (2018).

 17. Retnakaran, R. Novel strategies for inducing glycemic remission during the honeymoon phase of type 2 diabetes. Can. J. Diabetes. 
39, S142–S7 (2015).

 18. Schmidt, S. C., Ann Huey, M. & Whitley, H. P. Case study: remission of type 2 diabetes after outpatient basal insulin therapy. 
Diabetes Spectr. 29 (1), 50–53 (2016).

 19. Munshi, M. N. et al. Management of diabetes in long-term care and skilled nursing facilities: a position statement of the American 
diabetes association. Diabetes Care. 39 (2), 308–318 (2016).

 20. Demir, S., Nawroth, P. P., Herzig, S. & Ekim Üstünel, B. Emerging targets in type 2 diabetes and diabetic complications. Adv. Sci. 8 
(18), 2100275 (2021).

 21. Ekoru, K. et al. Type 2 diabetes complications and comorbidity in Sub-Saharan Africans. EClinicalMedicine 16, 30–41 (2019).
 22. Akushevich, I. et al. Morbidity risks among older adults with pre-existing age-related diseases. Exp. Gerontol. 48 (12), 1395–1401 

(2013).
 23. Leulseged, T. W. & Ayele, B. T. Time to optimal glycaemic control and prognostic factors among type 2 diabetes mellitus patients 

in public teaching hospitals in addis Ababa, Ethiopia. PLoS One. 14 (7), e0220309 (2019).
 24. Buhule, O. D., Odwee, J. O. & Atuhaire, L. K. Determinants of recovery time of diabetic patients in Uganda. Makerere Univ. Res. J. 

2 (2), 1–10 (2007).
 25. Chih, A-H., Jan, C-F., Shu, S-G. & Lue, B-H. Self-efficacy affects blood sugar control among adolescents with type I diabetes 

mellitus. J. Formos. Med. Assoc. 109 (7), 503–510 (2010).
 26. Fiseha, T., Alemayehu, E., Kassahun, W., Adamu, A. & Gebreweld, A. Factors associated with glycemic control among diabetic 

adult out-patients in Northeast Ethiopia. BMC Res. Notes. 11, 1–6 (2018).
 27. Andargie, A. A. & Zeru, M. A. A longitudinal data analysis on risk factors for developing type-2 diabetes mellitus at the university 

of Gondar comprehensive specialized hospital, Gondar, Ethiopia. J. Public. Health Epidemiol. 10 (6), 171–182 (2018).
 28. Angamo, M. T., Melese, B. H. & Ayen, W. Y. Determinants of glycemic control among insulin treated diabetic patients in Southwest 

Ethiopia: hospital based cross sectional study. PloS One. 8 (4), e61759 (2013).
 29. Li, J. et al. Glycaemic control in type 2 diabetes patients and its predictors: a retrospective database study at a tertiary care diabetes 

centre in Ningbo, China. BMJ Open. 8 (3), e019697 (2018).
 30. Demoz, G. T. et al. Predictors of poor glycemic control among patients with type 2 diabetes on follow-up care at a tertiary 

healthcare setting in Ethiopia. BMC Res. Notes. 12, 1–7 (2019).
 31. Fentahun, M. Time to First Optimal Glycemic Control and its Predictors Among Type 1 Diabetic Children < 15 Years In Bahir Dar 

City Public Referral Hospitals, North West, Ethiopia, 2021. (2021).
 32. Ng’andu, N. H. An empirical comparison of statistical tests for assessing the proportional hazards assumption of Cox’s model. Stat. 

Med. 16 (6), 611–626 (1997).
 33. Harrell, J., Frank, E. & Harrell, F. E. Cox proportional hazards regression model. Regression modeling strategies: With applications 

to linear models, logistic and ordinal regression, and survival analysis. 475–519. (2015).
 34. Moolgavkar, S. H., Chang, E. T., Watson, H. N. & Lau, E. C. An assessment of the Cox proportional hazards regression model for 

epidemiologic studies. Risk Anal. 38 (4), 777–794 (2018).
 35. Aschner, P. New IDF clinical practice recommendations for managing type 2 diabetes in primary care. Diabetes Res. Clin. Pract. 

132, 169–170 (2017).
 36. Charlson, M. E., Pompei, P., Ales, K. L. & MacKenzie, C. R. A new method of classifying prognostic comorbidity in longitudinal 

studies: development and validation. J. Chronic Dis. 40 (5), 373–383 (1987).
 37. Valderas, J. M., Starfield, B., Sibbald, B., Salisbury, C. & Roland, M. Defining comorbidity: implications for Understanding health 

and health services. Annals Family Med. 7 (4), 357–363 (2009).
 38. Andersen, P. K. Testing goodness of fit of Cox’s regression and life model. Biometrics 67–77. (1982).
 39. Cox, D. R. Analysis of Survival Data (Chapman and Hall/CRC, 2018).
 40. Bellary, S., Kyrou, I., Brown, J. E. & Bailey, C. J. Type 2 diabetes mellitus in older adults: clinical considerations and management. 

Nat. Reviews Endocrinol. 17 (9), 534–548 (2021).
 41. Chentli, F., Azzoug, S. & Mahgoun, S. Diabetes mellitus in elderly. Indian J. Endocrinol. Metabol. 19 (6), 744–752 (2015).
 42. Terefe, A. N. & Gelaw, A. B. Modeling time-to-recovery of adult diabetic patients using Cox-Proportional hazards model. Int. J. 

Stat. Distrib. Appl. 3 (4), 67 (2017).
 43. Svensson, E. et al. Patient-level predictors of achieving early glycaemic control in type 2 diabetes mellitus: a population‐based 

study. Diabet. Med. 33 (11), 1516–1523 (2016).
 44. Koenig, R. J. et al. Correlation of glucose regulation and hemoglobin AIc in diabetes mellitus. N. Engl. J. Med. 295 (8), 417–420 

(1976).
 45. Harding, J. L., Pavkov, M. E., Magliano, D. J., Shaw, J. E. & Gregg, E. W. Global trends in diabetes complications: a review of current 

evidence. Diabetologia 62, 3–16 (2019).
 46. Foss, R. et al. Disparities in diabetes care: differences between rural and urban patients within a large health system. Annals Family 

Med. 21 (3), 234–239 (2023).
 47. Choe, S-A., Kim, J. Y., Ro, Y. S. & Cho, S-I. Women are less likely than men to achieve optimal glycemic control after 1 year of 

treatment: A multi-level analysis of a Korean primary care cohort. PLoS One. 13 (5), e0196719 (2018).
 48. Blatchins, M. A., Xu, K., Altschuler, A., Grant, R. W. & Gopalan, A. 567-P: the role of family history in Self-Management of T2D: 

A qualitative examination. Diabetes. 70(Supplement_1) (2021).
 49. Baptiste-Roberts, K. et al. Family history of diabetes, awareness of risk factors, and health behaviors among African Americans. 

Am. J. Public Health. 97 (5), 907–912 (2007).
 50. Shrivastava, S. R., Shrivastava, P. S. & Ramasamy, J. Role of self-care in management of diabetes mellitus. J. Diabetes Metabolic 

Disorders. 12 (1), 1–5 (2013).

Scientific Reports |        (2025) 15:20031 11| https://doi.org/10.1038/s41598-025-96097-1

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Acknowledgements
The authors would like to thank the management of Assosa General Hospital for allowing us to have access to 
the medical data of patients.

Author contributions
MZK has led the overall activities of the research process, including conceptualizing the study, preparing the 
manuscript, analyzing the data, and interpreting the final results. CA, HW, BTM participated in editing, data 
analysis, and carefully revising the manuscript. AAG supervised the study and thoroughly reviewed the manu-
script. The final manuscript has been reviewed and approved by all authors.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval and consent to participate
Ethical approval for this study was waived by the Assosa University Research and Ethics Committee, as the 
data used were secondary, and there was no opportunity to obtain responses from participants. Initially, 
when the data were collected, all subjects were properly instructed and provided their consent to participate 
by signing the appropriate consent form. This process was confirmed by the Ethics Approval Committee. 
Written informed consent was obtained in accordance with ethical guidelines, with reference number: ASU/
RD/937/2024.

Additional information
Correspondence and requests for materials should be addressed to M.Z.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025 

Scientific Reports |        (2025) 15:20031 12| https://doi.org/10.1038/s41598-025-96097-1

www.nature.com/scientificreports/

http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	Time to achieve optimal glycemic control and its determinants among diabetes mellitus patients receiving treatment: a retrospective study
	Methods
	Study area and study design
	Study population and study period
	Source of data and data collection procedures
	Inclusion and exclusion criteria
	Operational definitions
	Study variables
	Response variable
	Explanatory variables


	Method of data analysis
	Descriptive statistics
	Survival data analysis
	Results
	Non parametric analysis for survival data
	Log rank test
	Multivariable analysis for Cox proportional hazard model
	Model diagnostics

	Discussion
	Limitations
	Conclusion
	References


