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ABSTRACT 
Introduction: Type 2 diabetes mellitus is a major cause of microvascular complications that 

impact patients' quality of life and contribute to long-term health issues. Worldwide, 18.8% of 

individuals with diabetes experience these complications, rising to 37.9% in Ethiopia. Fasting 

blood sugar levels are vital for managing Type 2 diabetes and are linked to the onset of 

microvascular complications; however, no studies have examined the relationship between 

fasting blood sugar progression and the onset of these complications in the Tigray region. 

Objective: To jointly model the longitudinal pattern of fasting blood sugar and the time to onset 

of microvascular complications among type 2 diabetes mellitus patients at Ayder and Mekelle 

hospitals using a joint modeling approach, January 2018 - March 2024 

Methods: A retrospective longitudinal study was conducted among 447 type 2 diabetes patients 

at Ayder and Mekelle hospitals from May 25 to July 10, 2024. Data were collected from patients' 

medical records using Kobo Toolbox, with training and supervision provided to data collectors. 

The adequacy of the random effects assumption was assessed and proportional hazards 

assumptions were validated. Joint modeling of Cox-PH with random intercept and random slope 

was fitted. Akaike Information Criteria and Bayesian information criterion were used for model 

comparison. Variables were interpreted via hazard ratios and 95% confidence intervals.  

Result: The incidence rate of microvascular complications was 6 per 1000 person-months (95% 

CI: 5–7) with estimated restricted mean of 62 months. For one unit increased in longitudinal 

mean log (FBS), the hazard of complications was 18.92 (CI: 6.050, 54.598) times higher. For 

one unit increase in body mass index the hazard of complications was 6.1% more likely higher. 

A one-unit increase in the triglyceride level, the hazard of complications was 0.3% more likely 

higher. Patients on injection plus oral medications had a 2.45 times higher hazard of 

complications compared to those on single oral medications (AHR = 2.455, CI: 1.118, 5.302).  

Conclusion: fasting blood sugar trajectory, baseline fasting blood sugar, Body mass index, 

Triglycerides level, proteinuria, and type of medication intake were significant predictors of time 

to onset of microvascular complications. These findings emphasize the importance of continuous 

monitoring and tight control of blood glucose levels in diabetes management to prolong the onset 

of microvascular complications. 

Keywords: Type 2 diabetes mellitus, microvascular complications, fasting blood sugar, 

longitudinal study joint modeling 
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1. INTRODUCTION 

1.1 Background 

Type two diabetes mellitus (T2DM) is a chronic metabolic disorder characterized by insulin 

resistance and relative insulin deficiency, which leads to chronic hyperglycemia. It leads to 

greater impairment in the metabolism of carbohydrates, lipids and fats and are observed not only 

in adults but also in younger individuals due to lifestyle factors. According to the World Health 

Organization and International Diabetic Federation (IDF), in the presence of symptoms such as 

polyuria, polydipsia and weight loss, the diagnosis of T2DM can be made on the basis of a 

random blood glucose concentration of ≥ 200 mg/dl. However, for asymptomatic patients, it is 

confirmed when the fasting plasma glucose concentration is ≥ 126 mg/dl 1,2]). The fasting blood 

sugar measurement is the concentration of blood glucose in milligrams per deciliter (mg/dl) after 

fasting for at least 8 hours (no caloric intake for 8 hours) [3]. 

T2DM is one of the most prevalent chronic diseases and the leading cause of both microvascular 

and macrovascular complications. According to the systematic review and meta-analysis, the 

pooled prevalence of microvascular complications among diabetic patients in Ethiopia was 

32.9%. Among these, diabetic retinopathy affects 17.2%, neuropathy affects 10.5%, and 

nephropathy affects 11.5% of patients. Although there is no specific reports or pooled study of 

the study settings, the prevalence of microvascular complications in the Tigray region was 22.6% 

retinopathy, 19.17% nephropathy and 11% neuropathy [4,5]. 

Microvascular complications occur when small blood vessels in the body are damaged, whereas 

macrovascular complications occur when large blood vessels are damaged due to chronic 

hyperglycemia. The most common complications observed in T2DM patients are microvascular 

complications, which include retinopathy, nephropathy and/or neuropathy, all of which can lead 

to disability, dependency, accelerated patient morbidity and mortality [1,6]. 

Diabetic retinopathy occurs when tiny blood vessels found in the retina swell and leak or stop 

from the blood passing over, leading to vision impairment and blindness. It manifests as blurred 

vision and/or the presence of floaters [7]. Diabetic nephropathy (DN) occurs when structural and 

functional impairments (albuminuria or progressive loss of renal function) occur in the context of 
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diabetes mellitus [8]. Similarly, diabetic neuropathy is a common and serious complication of 

DM characterized by peripheral nerve damage due to chronic hyperglycemia, leading to 

symptoms such as pain, numbness, tingling, and muscle weakness [9]. 

Patients with T2DM who have uncontrolled fasting blood sugar (FBS) levels face a high risk of 

developing microvascular complications, mainly retinopathy, nephropathy and neuropathy. A 

report from the American Diabetes Association revealed an association between elevated FBS 

and microvascular complications [10]. Effective control of FBS for diabetic patients is 

mandatory for reducing the risk of diabetic complications. Interventions, including lifestyle 

changes and pharmacological treatments, are helpful in lowering FBS and preventing the 

progression of complications. Continuous monitoring of FBS levels is effective in improving 

patient outcomes [11]. 
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1.2. Statement of the problem 

T2DM is a significant public health problem globally and accounts for 90% of diabetes cases, 

with considerable impacts on human life and health expenditures. The most common concern 

among T2DM patients is microvascular complications (retinopathy, neuropathy, and 

nephropathy), which have a significant impact on patients’ quality of life, morbidity, mortality 

and financial strains on individuals and the healthcare system. Globally, the magnitude of 

microvascular complications among T2DM patients has increased and varies significantly. A 

systematic review and meta-analysis across 38 countries revealed that the overall prevalence of 

microvascular complications in 2022 was 18.8% [12,13]. 

Microvascular complications are global public health concerns, and the incidence rates of these 

complications are substantial worldwide. Study among 4633 reported incidence rates of 92.8, 

106.2, and 130.2 per 1000 person-years for retinopathy, neuropathy, and nephropathy, 

respectively, with increased rates associated with uncontrolled blood sugar and longer duration 

of diabetes. Additionally, in Ethiopia, the burden of microvascular complications among diabetic 

patients has increased, with a pooled prevalence of 32.89%  [12,14]. 

Some factors associated with microvascular complications in T2DM patients include older age, 

long duration of diabetes mellitus, hypertension, obesity and residence, which have been 

documented in different studies [3,15,16]. Monitoring of longitudinal markers is essential to be 

aware of metabolic abnormalities and poorly controlled blood sugar, which increase the 

likelihood of microvascular complications [13]. 

However, given the high burden of microvascular complications in Ethiopia's Tigray region, no 

evidence links longitudinal FBS progression and time to onset of these complications. Most 

studies have focused mainly on cross-sectional or separate analyses and these types of studies 

ignored the interdependency between longitudinal process and time to event process. 

Specifically, they fail to estimate for how the change of FBS progression over time, influence for 

time to onset of microvascular complications [3,15,16]. Therefore, the study was aimed to fill 

these gaps by modeling the association between longitudinal FBS measurement and time to 

microvascular complications, to provide a more comprehensive understanding of how glycemic 

control impacts the progression of diabetic complications.   
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1.3. Rationale of the study  

This study used joint modeling approach to analyze longitudinal FBS progression over time and 

time to onset of microvascular complications simultaneously among patients with T2DM at 

Ayder and Mekelle hospitals. Furthermore the study determined the prognostic factors for the 

longitudinal FBS progression over time and time to onset of microvascular complications. 

Hence, this research could be important in advancing new approaches for joint modeling and 

could inspire future research. In addition, it could be used as a potential reference for researchers 

conducting similar models. 

The findings of this study could be used to improve patient management strategies by clarifying 

the impact of time-varying FBS levels on microvascular complications among T2DM patients. 

Furthermore, the findings of the study could be helpful for health workers to prioritize patients 

who are at risk of microvascular complications and tailor interventions to mitigate that risk to 

improve patient outcomes and medical expenses. In turn, the findings of the study may help 

program planners; policy makers, experts and other stakeholders set their plans and design 

strategies in a way that overcomes the prognostic factors for time to microvascular complications 

among T2DM patients. 
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2. LITERATURE REVIEW 

2.1 Overview of Microvascular Complications 

Different studies on microvascular complications related to T2DM patients have been conducted 

both globally and within Ethiopia. Numerous studies have indicated that microvascular 

complications are the most common complications among patients with T2DM, with diabetic 

neuropathy frequently identified as the most common complication. For example, a study 

conducted in Al-Madinah Al-Munawara among 275 T2DM patients reported that the incidence 

of microvascular complications was 31.27% [15], whereas a similar study in Dessie, Ethiopia, 

reported an incidence rate of 37.9% among 335 participants [16]. 

The variables associated with the time to occurrence of microvascular complications as well as 

with longitudinal measures of FBS among T2DM patients were age, sex, residence, systolic 

hypertension, diastolic hypertension, baseline FBS, type of medication and duration of the 

disease [13,14,17–20]. 

2.2 Literature on microvascular complications and longitudinal FBS 

In California, a retrospective cohort study examined 135,199 newly diagnosed T2DM patients 

between 2003 and 2014. The median time to developing T2DM complications ranged from 3.0 

to 5.2 years. Peripheral neuropathy had the highest incidence rate (26.9 per 1000 person-years), 

followed by chronic kidney disease (21.2 per 1000 person-years). Age, ethnicity and sex are 

significant factors associated with the time to occurrence of microvascular complications (21). 

This finding aligns with the findings of a study in Al-Madinah Al-Munawara, Saudi Arabia, 

involving 275 T2DM patients [15]. However, a study in Pakistan revealed that age and residence 

were not associated with the time to occurrence of microvascular complications [14]. 

In a retrospective follow up study conducted at the Felegehiwot and Debremarkos referral 

hospitals in northwestern Ethiopia between December 2014 and January 2020, 318 diabetic 

patients were enrolled and followed for 6 years. Survival and longitudinal sub-models were built. 

During the follow-up period, 26.3% of the patients with 95% confidence intervals (CIs) 

developed microvascular complications, and more than half of them experienced microvascular 

complications after 30 months of follow-up. According to the study age (Hazard 

Ratio(HR)=0.0027)) and urban residence (HR=-0.0597) were significant predictors of the time to 
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the occurrence of microvascular complications ([17]. A similar study at the university of Gondar 

involving 159 study participants revealed that these variables were significantly associated with 

the incidence of complications (22]. Similarly, a study from the University of Gondar referral 

Hospital among 341 newly diagnosed T2DM patients revealed that male sex (adjusted hazard 

ratio (AHR) = 0.50) was a significant predictor of the time to incidence of vascular 

complications [20]. 

Ten years duration of retrospective follow up study conducted in Wolaita and Dawuro Zone 

Hospitals, Ethiopia among 614 diabetic patients to assess predictors of time to diabetic 

nephropathy. According to a previous study, 93 patients developed diabetic nephropathy (DN) 

among 820048 person time, and the median follow up period of DN was 189.63 months. 

Multivariable Cox proportional hazards regression revealed that being illiterate (AHR = 2.21, 

95% CI: 1.34–3.66) and living in urban dwellers (AHR = 2.25, 95% CI: 1.34–3.77) were 

significant predictors of the time to the occurrence of DN [19]. Another study conducted in 

governmental hospitals also revealed that age greater than 60 years was associated with the time 

to the occurrence of DN [23]. A longitudinal study implemented in Adama Hospital, Ethiopia, to 

evaluate the change in FBS over time and its predictors also revealed that secondary and higher 

education levels were significant (negatively) predictors of the FBS trajectory [24]. 

A retrospective follow-up study in Pakistan examined 4633 patients with T2DM over 11 years of 

follow-up, of whom 2336 (50.4%) were males. The incidence rates of microvascular 

complications in terms of neuropathy, retinopathy and nephropathy were 106.2, 92.8 and 130.2 

per 1000 person-years, respectively. In this study, the incidence rate ratio (IRR) was estimated, 

which revealed that the incidence rate of microvascular complications was significantly greater 

among patients with a duration of diabetes >10 years, followed by those with a duration of 

diabetes 5–10 years and an HbA1c level >7% (IRR of retinopathy= 2.89; IRR of nephropathy 

=1.53) [14]. Studies in California and Dessie Hospital also revealed that a duration of DM > 5 

years was a significant predictor of the incidence of microvascular complications among T2DM 

patients [16,21]. 

In Felege Hiwot referral Hospital, Ethiopia joint approach for longitudinal FBS and its 

determinants, as well as time to vascular complications, was projected among 159 T2DM 
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patients. According to the study, proteinuria (AHR = 1.62) and log FBS (1.453) were 

significantly positively associated with the time to occurrence of vascular complications. In 

additions to this duration of treatment, hypertension (HTN) and baseline FBS were significantly 

associated with the progression of FBS [22]. 

A retrospective cohort study was conducted at the University of Gondar referral hospital among 

341 newly diagnosed T2DM patients with a median follow-up time of 81.5 months. Accordingly, 

the incidence of vascular complications was 40.6 cases/1000 person years of observation. In line 

with the findings of a study conducted at Felege Hiwot Hospital, proteinuria was significantly 

positively associated with the incidence of DM complications. Other significant clinical variables 

associated with the incidence of microvascular complications were high-density lipoprotein 

cholesterol (HDL-C) levels ≥ 40 mg per deciliter (mg/dl) (AHR = 0.43), low-density lipoprotein 

cholesterol (LDL-C) levels > 100 mg/dl (AHR = 3.05) and triglycerides > 150 mg/dl (AHR = 

2.74) [20]. 

The joint approach for longitudinal FBS and time to occurrence of DR revealed that the type of 

medication, duration of DM since diagnosis and weight were significant predictors of changes in 

FBS levels, whereas the presence of hypertension, medication and duration were significant 

predictors of time to DR. This study revealed that a unit increase in the current value of FBS 

increased the hazard of developing DR by 1.35 [95% CI 1.12 1.63] times, whereas a unit 

increase in the rate of the FBS trajectory increased the hazard of DR by 1.70 [95% CI 1.21; 2.39] 

times. This finding confirmed that the longitudinal FBS trajectory was significantly associated 

with the incidence of microvascular complications among T2DM patients (25). Similar studies 

from governmental hospitals in the Harari Region and Northwest Ethiopia have shown that the 

baseline FBS and TG levels of diabetic patients were predicrors for time to microvascular 

complications [25,26]. 

According to a retrospective longitudinal study conducted in the Amhara regional state of 

comprehensive specialized hospitals, the baseline FBS in Northwest Ethiopia was significantly 

positively associated (AHR = 2.56 (95% CI: 1.68–3.92)) with time to diabetic neuropathy. 

Furthermore the study showed being anemic was significantly associated with time to diabetic 

neuropathy (AHR = 3.62, 95% CI: 2.46–5.33) [27]. 
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A joint modeling approach was implemented in Northwest Ethiopia to assess the predictors of 

time to the occurrence of diabetic retinopathy (DR) and longitudinal FBS among 466 T2DM 

patients. Linear mixed effect models and Cox proportional hazard models were fitted separately 

and jointly. The participants were followed from February 2001 to 2016, and the incidence rate 

of DR was 2 per 100 person-years of observation, with a median follow-up time of 90.8 months. 

Current age (β = -0.255) and time were found to be significant predictors of changes in FBS [25]. 

A longitudinal study was implemented in Adama Hospital, Ethiopia, to evaluate the change in 

FBS over time and its predictors. There were 312 participants followed from September 1, 2018, 

to August 30, 2019, and a linear mixed model was applied. This reveals that the variable FBS 

was significantly above normal in all periods. On the basis of the linear mixed model, body mass 

index (BMI) and blood pressure (BP) were significantly (positively) associated with the FBS 

level, which was similar to the findings of studies conducted in California and Pakistan[8,9,15 ]. 

2.3. Conceptual Framework 

This study aimed to investigate longitudinal FBS levels, the incidence of microvascular 

complications among patients with T2DM and its predictors and the associations between FBS 

levels and the time to event. According to studies conducted in different areas, these predictors 

can be grouped into socio-demographic, clinical and comorbidity factors. 
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Figure 1: Conceptual framework for predictors and time to microvascular complications among T2DM 

patients in ACHS and MGH, Tigray Ethiopia, January 2018 –March 2024 (9-39). 
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3. OBJECTIVES 

3.1. General Objective 

 To jointly model the longitudinal pattern of fasting blood sugar and the time to onset of 

microvascular complications among type 2 diabetes mellitus patients at Ayder and Mekelle 

hospitals using a joint modeling approach, January 2018 - March 2024 

3.2. Specific Objectives 

1. To determine time to onset of microvascular complications among patients with T2DM at 

ACSH and MGH, Mekelle, Ethiopia, January 2018-March 2024 

2. To identify predictors that influences both FBS progression and risk of microvascular 

complications among patients withT2DM at ACSH and MGH, Mekelle, Ethiopia, January 2018-

March 2024 

3. To investigate the effect of FBS progression on time to microvascular complications among 

patients with T2DM at ACSH and MGH, Ethiopia, January 2018-March 2024. 
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4. MATERIALS AND METHODS  

4.1. Study Area and Period 

The study was conducted at Ayder Comprehensive Specialized Hospital (ACSH) and Mekelle 

General Hospital (MGH), both of which are governmental hospitals found in Mekelle, the capital 

city of Tigray region, northern Ethiopia. Mekelle is found 783 kilometers far away and north of 

Addis Ababa, the capital city of Ethiopia, with an elevation of 2084 above sea level. According 

to the United Nations Urbanization Prospects review, the population of Mekelle, 2024, was 

estimated at 611,574 [28]. 

Ayder Comprehensive specialized hospital is the most advanced tertiary care facility in the 

region. It serves as both a referral and non-referral hospital for patients from Tigray region and 

neighbour (Afar and Amhara) regions. It has four major departments and multiple specialty 

units, including a diabetic unit. It is equipped with advanced medical equipment’s and diagnostic 

facilities. The hospital is staffed with diverse healthcare professionals, including clinical nurses, 

general practitioners, specialists, and subspecialists such as cardiologists, neurologists, 

urologists, and ophthalmologists.  

Mekelle General Hospital (MGH) is also governmental in Mekelle city that provides 

comprehensive healthcare services, including chronic disease management, general medicine, 

surgery, obstetrics and gynecology. It is supported by a well-equipped laboratory and radiology 

department staffed by healthcare personnel starting from clinical nurses to general practitioners 

and senior physicians, including internists. Mekelle general hospital has separate clinics for 

diabetes mellitus. 

The armed conflict in the Tigray region of Ethiopia from November 2020 to November 2022 has 

significantly damaged the health systems of the region, which has had a dire impact on the health 

and well-being of its inhabitants. According to the WHO Assessments on health facilities' 

functionality in 2024, 3.3% of all health facilities were fully damaged, whereas 86.1% were 

partially damaged. Due to significant disruptions in the transport and delivery of medications, 

patients faced a lack of medical supplies and laboratory functioning for their regular follow-up. 

[28]. Both hospitals also faced the attention of the health workforce resources needed for 
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diabetes management. The duration of follow up for this study was since January 2018 to March 

2024 for a total of 6 years and data was collected from May 25 to July 10, 2024. 

4.2. Study Design 

A health facility-based retrospective follow-up study was conducted among T2DM patients. 

4.3. Target and Study Populations 

4.3.1 Target Population: All adult patients with T2DM attending medical follow-up at ACSH 

and MGH. 

4.3.2 Study Populations:  All adult patients with T2DM receiving medical follow-up at ACSH 

and Mekelle General Hospital (MGH) from January 2018 to March 2024 composed our study 

population. Both hospitals started to use the Diabetes Mellitus and Hypertension Cohort 

Register, which was prepared by the Federal Ministry of Health in January 2018. Accordingly, 

we decided to start the follow-up study in January 2018. 

4.3.3 Study subjects: All adult patients with T2DM receiving medical follow-up at ACSH and 

Mekelle General Hospital (MGH) from January 2018 to March 2024 who had at least two follow 

up records of longitudinal FBS and with no microvascular complications at the start of their 

follow up. 

4.4. Eligibility Criteria 

4.4.1 Inclusion criteria: all adult patients who were newly diagnosed with T2DM and began 

follow-up at ACSH and MGH since January 2018.  

4.4.2 Exclusion criteria: T2DM patients with only one baseline measurement of FBS or who 

developed microvascular complications before recruitment time to the study. Additionally, 

patients whose key clinical data, such as FBS data, were missing were excluded from the study. 
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4.5. Study Variables  

4.5.1 Outcome Variables 

The study has two outcome variables. For the longitudinal analysis, the outcome variable was 

FBS progression over time, measured in milligrams per deciliter. T2DM patients were monitored 

by measuring their FBS every three months during which their FBS values were recorded over a 

six-year follow-up period.  

The second main outcome variable was time to onset of microvascular complications among 

T2DM patients measured in months. This variable was dichotomized in to event and censored. If 

the patient developed any of the three Microvascular complications (Diabetic retinopathy, 

nephropathy and neuropathy) during the follow-up period, it was recorded as event otherwise 

censored. 

4.5.2 Predictor Variables 

Socio-demographic variables: age and sex 

Clinical variables: Duration of DM, body mass index (BMI), low-density lipoprotein (LDL), 

triglyceride (TG), proteinuria, baseline FBS level and type of medication 

Comorbidities: hypertension, stroke, obesity and anemia 

4.6. Sample Size Determination and Sampling  

All adult patients with T2DM who initiated follow-up between January 2018 and December 

2018 at ACSH and MGH, totally 447 individuals, were enrolled in the study. These patients were 

subsequently monitored until March 2024. The calculated minimum sample size required for the 

study was 408 T2DM patients. The log rank method of the sample size calculation formula is the 

most common method of sample size calculation for survival analysis. For unequal allocation, 

Schoenfeld’s formula was used as follows. 

The log rank method of the sample size calculation formula is given by [30]. 

                  
  

                                               1 
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Where             
              

                    
 --------------------------   2 

d- Number of DM patients with microvascular complications 

Px = probability of participants having positive proteinuria 

Φ = hazard ratio 

λ0 = hazard rate among participants with negative proteinuria 

λ1 = hazard rate among positive proteinuria 

In a previous study conducted at Felege Hiwot and Debre Markos referral hospitals, North West 

Ethiopia, proteinuria variable had a larger sample size than the TG level. The predictor of 

proteinuria is a modifiable and proximal risk factor for T2DM-associated microvascular 

complications. Using power =0.8, α =0.05 and β=0.2, Φ= 1.518, Px of proteinuria positive = 0.34 

& λ1 (hazard rate among positive proteinuria) = 0.619, λ0 (hazard rate among participants with 

negative proteinuria) = 0.379 [17]. 

Table 1: Important predictors and parameters necessary to determine the sample size for T2DM-

associated microvascular complications in ACSH and MGH, January 2018-March 2024 (n= 447) 

Modifiable 

variable 

Hazard 

ratio 

      P 1-p D Total sample 

size 

proteinuria 1.518 0.619 0.379 0.34 0.66 204 408 

TG level 2.11 0.72 0.45 0.13 0.87 125 252 

                
             

          [          ] 
 = 201 

                 
     

                              
 =204 for one group 

4.7. Data collection procedures 

Diabetic patients receive medical follow-up every three months, and their measurements are 

recorded in their medical charts. All study participants who were newly diagnosed and started 
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their follow-up in January 2018 to December 2018 in both study settings were included in the 

study and followed for a period of 6 years. The data extraction tool was developed by reviewing 

the literature and guidelines related to factors associated with the DM and was deployed to the 

Kobo Toolbox. The secondary data were collected from patient medical records via a deployed 

data extraction tool using smartphones. 

Data related to FBS levels were extracted from the patients’ medical records at every follow-up 

during the course of diabetes. Information on the occurrence of microvascular complications was 

extracted from medical records, which involved identifying the date of diagnosis. Demographic, 

clinical and comorbidity-related variables were collected during the recruitment period 

(baseline). The collected data were expected to involve the study variables unless they were 

excluded from the study. 

4.8. Data Quality Control and Management 

The collected data were assessed for completeness and consistency by reviewing records and the 

content of patient medical records in the study area. The Kobo Toolbox was used to collect 

secondary data from medical charts of diabetic patients, which were helpful for controlling data 

entry errors. Data records that contained the necessary patient information were considered for 

the study. Three public health professionals were recruited as data collectors and trained for one 

day on the study variables, the subject matter, and data collection techniques using smartphones. 

4.9. Operational definition 

Time to microvascular complication: This refers to the duration from the initiation of follow-

up for T2DM patients in either of hospitals until the diagnosis of any one of microvascular 

complications in months. 

Microvascular complications: Type two diabetes mellitus patients with at least one of the 

following three DM-related complications (retinopathy, nephropathy or neuropathy) documented 

in their medical records during their follow-up period [3,16]. The data were dichotomized into 

having any microvascular complications as events and not having any microvascular 

complications as censored if the type two diabetic patients were free of any microvascular 

complications during the follow-up period. 
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Body Mass Index (BMI): BMI is a numerical value calculated from an individual's weight and 

height and is defined as the weight in kilograms divided by the square of the height in meters 

(kg/m²). 

Proteinuria: Presence of albumin protein in the urine typically measured by a urine dipstick test. 

It is defined as positive if the urine albumin concentration is > 30 mg/24 hours and negative if it 

is < 30 mg/24 hours [20,31]. 

Hypertension comorbidity was defined as having a history of taking antihypertensive drugs or 

having systolic blood pressure≥140 mmHg or DBP≥90 mmHg [20,32]. 

4.10. Data processing and analysis  

Secondary data from medical charts were extracted using the developed Kobo Toolbox and 

exported, cleaned, edited, coded, and analyzed using Stata version 17 software. The data were 

prepared in both wide and long formats. The skewed distributions of longitudinal FBS 

measurements were transformed by log transformation to satisfy model assumptions, and 

multiple imputation methods involving multiple imputations by chained equations (MICE) were 

used to handle missing data. The data set was first changed to survival time format and then 

checked for the Cox proportional hazard assumption to determine the time-dependent covariate 

of the independent variable. 

Missing data or unobserved data are common in longitudinal studies. Missing values can occur 

because of loss to follow-up, missed visits, data collection errors, malfunctioning laboratory 

equipment or participants missing specific time points. In joint modeling of longitudinal and 

time-to-event data, assumptions about the missing data mechanism are crucial for handling 

missing data appropriately. In the joint modeling approach, the assumption of missing at random 

(MAR) is handled without negatively affecting the validity of findings because it allows for the 

incorporation of observed values of covariates for estimating missing values [33]. Additionally, a 

joint model for longitudinal and survival sub-models, linked by shared random effects, was fitted 

using STJM package of Stata version 17.0 statistical software. Significant predictors were 

interpreted based on P-values and 95% confidence intervals (CI) at a significance level of 0.05. 
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4.10.1 Descriptive statistics 

Descriptive measures such as relative frequency, percent, means, medians, standard deviations 

and interquartile ranges (IQR) were used to describe the data. Relative frequency and 

percentages were used to describe categorical predictors. The continuous predictors in this study 

were evaluated for their distributions before being summarized via measures of central tendency. 

The variables that followed a normal distribution were summarized using the mean and standard 

deviation. However, skewed continuous predictors were summarized using medians and IQRs. 

4.10.1 Model Building 

Rationale to Use Joint Modeling 

In medical researches observations of subjects (for example, fasting blood sugar levels) are 

recorded at each follow-up time. Consequently, the onset of T2DM-associated microvascular 

complications was also recorded. We may not have complete records of longitudinal data for all 

subjects because some individuals develop T2DM-associated microvascular complications. 

Currently, the emerging field of research that fits these longitudinal and time-to-event models is 

called joint modeling. Separate analyses of longitudinal and survival data sometimes lead to 

biased inference because the time to event data may be associated with longitudinal trajectories. 

However, joint modeling analysis accounts for the association between them and provides valid 

and efficient inferences [34,35]. 

Joint modeling of longitudinal and time-to-event data is used to analyze repeated measurement 

data and the occurrence of an event of interest simultaneously. In addition to the improved 

efficiency and precision, it also handles missing data/informative censoring. Joint modeling 

provides robust estimates by incorporating all available information from partially observed 

longitudinal data and time-to-event data [35,36]. 

Hence, joint moding was used to identify predictors of changes in FBS levels and time to 

microvascular complications simultaneously. This approach consists of two interlinked sub-

models: a longitudinal sub-model that captures the trajectory of FBS levels over time and a 

survival sub-model that models the time until the onset of microvascular complications. The joint 

modeling approach allows longitudinal data to enhance the understanding of survival outcomes 
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by accounting for the effects of changes in FBS levels on the risk of microvascular 

complications. 

Linear mixed model 

Linear mixed-effects models (LMMs) were used to analyze longitudinal FBS measurements 

collected from type 2 diabetes mellitus patients over multiple follow-up visits. Measurements of 

the same individuals are typically correlated; therefore, each individual in the population is 

expected to have his or her own subject-specific response pattern over time. The LMM model for 

longitudinal data accounts for between-person variability by estimating person-specific random 

effects around the parameters [37]. 

Repeated measures analysis of variance was used to test differences in the mean FBS across time 

points, with pairwise comparisons identifying specific intervals of significant change. The 

individual and mean profiles of longitudinal FBS levels were visualized graphically through line 

plots. The individual profile of the line plot was demonstrated by plotting each individual FBS 

level (Y-axis) against time (X-axis). Furthermore, the average profile of the line plot was shown 

by plotting the average FBS at each time point on the y-axis against time on the x-axis. 

The LMM for the longitudinal FBS measurements captures the within-subject correlation due to 

repeated measurements taken over time. The notation and formula for the random intercept and 

slope LMM can be expressed as follows [37]: 

At the population level 

                                                          3 

Where       ~ N (0, δ
2
),         ~ N ((0, δ

2
b0i) 

Sample level 

   ̂    ̂     ̂         ̂        ̂                                     4 

 where     is the FBS measurement value of patient i at observation time j. 

    indicates the vector of fixed effect coefficients of the population value 

  ̂ indicates the vector of fixed effect coefficients of the sample value 
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     indicates the vector of the random intercept effect 

     indicates the vector of the random slope effect 

 X- design matrix for fixed effects 

 t- Indicated design matrix for random effects 

    - the random error 

The fixed effects (β0 and β1) in the random intercept and random slope model represent the 

population-level effects of the covariates on the FBS levels. The random intercept (   ) tells us 

to what extent each subject’s intercept deviates from the mean (group) intercept. The random 

slope (   ) indicates how much the slope of a subject (i) deviates from the fixed slope (  ). 

Checking the Adequacy of Random Effects Assumption 

Variance of random effects: The variance for the random effect parameters of the fitted model 

was assessed to ensure adequate variability. The LMM output provided estimates of variances 

for random intercepts and random slopes. The substantial values for the random intercept 

reflected the variability in the baseline FBS levels across individuals; however, the variability for 

the random slope was small (0.37%) compared with the random intercept. 

 Model Diagnostics and Residuals: Important assumptions for the LMM were normality, 

linearity, homoscedasticity and independence of random effect parameters (Annex 11.3, p-56). 

We evaluated the distribution of the random effect estimates using residual plot to ensure that 

they followed a normal distribution with a mean of zero. The alignment of points along the 

reference line in the Q‒Q plot indicated that the normality assumption was not violated. 

Furthermore, the independence of random effects from the residuals was examined by plotting 

the residuals against the estimated random effects. A lack of systematic patterns in the plot 

provided evidence that the random effects were independent of the residual variance. 

Goodness of fit test:  likelihood-ratio test was employed to assess the goodness of fit between 

the random intercept model and the random intercept with random slope model. The random 

intercept model was nested within the more complex model that included both random intercepts 
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and slopes. The likelihood-ratio test demonstrated that the random intercept with random slope 

model provided the best fit for the data. 

Model Comparison: Model selection for the linear mixed models was guided by the Akaike 

information criterion (AIC) and Bayesian information criterion (BIC), which balance the model 

and complexity by penalizing the number of parameters. The AIC/BIC were used for nested and 

non-nested models. The optimal model identified was the LMM with both random intercepts and 

random slopes, as it yielded lower AIC/BIC values than did the model with only a random 

intercept.  

Survival sub model 

A survival sub-model was used to estimate the time to occurrence of microvascular 

complications among T2DM patients with possible predictors. A Kaplan‒Meier survival curve 

was used to visualize patterns and compare survival time to microvascular complications 

between different groups of categorical predictors. The log rank test was used to identify 

significant categorical predictors for the time to occurrence of microvascular complications. The 

effect of each categorical predictor on the risk of occurrence of microvascular complications was 

checked by the log rank test. Variables with P values less than 0.25 from the log rank test and 

bivariable analysis were included in the final Cox proportional hazard model. the restricted mean 

was used to estimate the average time for which patients with T2DM were survive free of 

microvascular complications within the restricted period of the follow up period (72 months) 

Cox‐Proportional Hazard Assumption 

The proportional hazard assumption assumes that the relative hazard of an event (occurrence of 

microvascular complications) remains constant across different time points. This means that the 

hazard ratio between any two individuals is the same at every time point (38). The PHA in the 

study was checked graphically and statistically. 

Graphical techniques, which compare estimated -ln(-ln) survival curves across different 

categorical variables over time, were employed for all independent variables to determine 
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whether the relative hazard of microvascular complications remained constant over time. A 

parallel curve between the two comparison groups indicated that the PHA was satisfactory.  

The PHA for all the predictors was also evaluated statistically. The Schoenfeld test was used to 

test statistically and examine whether the covariates had a time-varying effect on the hazard. 

While the graphical analysis indicated that certain predictors (marital status, hypertension, and 

obesity) were not parallel, the Schoenfeld residual test confirmed that the PHA was not violated, 

as their p values were greater than 0.5. Overall, the Schoenfeld residual test is regarded as a more 

robust and dependable method for assessing the PHA than the graphical approach. According to 

the Schoenfeld residual test, all the predictors met the assumptions except for obesity and 

proteinuria. 

Using a time-dependent covariate, in this analysis of the Cox-PH assumption, both obesity and 

proteinuria violated the assumption because the P values from the Schoenfeld residual were less 

than 0.05, which were 0.034 and 0.028, respectively. To solve this failure of assumption, we add 

time interaction for proteinuria and obesity because they are endogenous covariates whose values 

can vary with time. 

Furthermore, the assumption of no Multicollinearity was checked by examining the correlation 

matrix among the predictors and calculating the variance inflation factor for each predictor. 

Predictors with higher variable inflation factor (> 10) were removed to avoid redundancy among 

the predictors. The formula for the Cox PH model is as follows: 

At the population level: 

             
∑     

 
                              5 

      
      

⁄     

At the sample level: 

 ̂       ̂     ∑   
̂  

 
                                            6 

       - the baseline hazard function 

      - the hazard of group zero,      -the hazard of group one 

  -regression coefficient 

   - number of parameters 
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 Φ is the hazard ratio 

Joint modeling 

The final joint model formally associates longitudinal FBS with the time to occurrence of 

microvascular complications. This framework models the hazard of experiencing an event as 

dependent on a subject-specific characteristic of its longitudinal trajectory. The final joint model 

was developed by integrating the LMM with a random intercept and random slope for 

longitudinal FBS and the Cox PH model for the time to microvascular complications. More 

specifically, we have: 

   ̂    ̂     ̂        ̂         ̂ 

  ̂              
∑   ̂  

 
     ̂ 

  ̂
    7 ̂

   ̂    represents the estimated hazard function for the i
th

 individual at time t 

          strength of the association between longitudinal FBS and the risk of 

microvascular complications 

Alpha (     is an association parameter used to assess the association between longitudinal FBS 

changes and time to microvascular complications. This value indicates the value of the FBS level 

at which microvascular complications occurred, and for any change in the mean FBS level, the 

timing of microvascular complications was determined. This value was interpreted as the hazard 

of microvascular complications increased by an exponent of alpha        times per unit increase 

in the FBS measurement. The association structure used in standard joint modeling is time-

dependent association. The random intercepts and slopes were shared between the two models 

and were dependent on the longitudinal value of FBS and the onset of T2DM-associated 

microvascular complications. 

Before separate linear mixed and survival models were developed, bivariable analysis was 

conducted to identify potential candidate predictors. Multivariable analysis helps to control 

potential confounders and analyze the effect of a factor in the presence of other factors. In the 
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For multivariable joint modeling, a covariate with a p value of < 0.05 that contained in the 95% 

confidence interval was considered significant covariates. In the final Cox proportional hazard 

model, the hazard ratio was interpreted as follows: for any change or unit increase in the 

predictors, the hazard of microvascular complications was increased or decreased by the amount 

of hazard ratio from the base line. Longitudinal and survival sub models were fitted jointly. 

4.11 Ethical Considerations 

Ethical approval for this study was obtained from the Institutional Ethical Review Board of 

Mekelle University College of Health Sciences, along with the necessary approval and 

supporting letter. Since the study utilized secondary data, there was no direct patient 

involvement. To ensure confidentiality, all patient information was anonymized before data 

collection. Data were entered into the Kobo Toolbox, which was protected by password 

encryption to prevent unauthorized access. No identifying information was disclosed or shared. 

Furthermore, the use of secondary data posed no potential harm to the study subjects or the 

hospital, as the data were used solely for research purposes. 

4.12 Plan for Dissemination of Study Finding 

Upon completion of this research project, the results will be submitted and presented to the 

School of Public Health, College of Health Sciences, Mekelle University. After approval, the 

findings will be disseminated to key stakeholders, including Ayder Comprehensive Specialized 

Hospital, Mekelle General Hospital, the Tigray Regional Health Bureau, and other relevant 

organizations. Dissemination will occur via both email and hardcopy to ensure that the study’s 

findings are formally shared and can be utilized by health planners for future interventions and 

research. Finally, the research findings will be disseminated to journals for publication to make 

the study accessible to a broader audience.  
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5. RESULTS 

Descriptive statistics 

A total of 454 patients medical record from patients with T2DM who attend their follow-up at 

Ayder Comprehensive Specialized Hospital (ACSH) and Mekelle General Hospital (MGH) were 

reviewed, of which 7 (1.6%) were excluded because of incomplete medical records. Finally, 447 

(98.5%) medical records were left in the final analysis. Some of our independent variables had 

missing values: LDL was missing for 6 (1.2%), HDL was missing for 5 (1.1%) and TG levels 

were missing for 3 (0.6%). Females accounted for nearly half of the total participants. A 

significant proportion of these patients developed microvascular complications during follow-up. 

Descriptive statistics for the study participants are summarized below 

Table 2: Descriptive statistics for categorical predictors included in the study of T2DM patients 

at ACSH and MGH, January 2018 to March 2024 (n=447).  

The 

med

ian 

age 

of 

the 

part

icip

ants 

was 

60 

year

s 

(interquartile range (IQR) = 57, 67), with a median weight of 66 kg (IQR = 60, 72). The median 

body mass index (BMI) was approximately 26 kg/m
2  

(IQR: 21.9, 30.1). Blood pressure readings 

revealed a median diastolic pressure of 80 mmHg (IQR = 75, 90) and a median systolic pressure 

of 127 mmHg (IQR = 115, 146). The mean hemoglobin level was approximately 14 g/dl (SD = 

 

Variables 

 

 

 

Category 

 

 

Outcome status Total (%) 

Censored (%) Microvascular 

Complications (%) 

sex Female 150 (67.6) 72 (32.4) 222 (49.7) 

Male 157 (69.8) 68 (30.2) 225 (50.3) 

Proteinuria Positive 48 (38.4) 77 (61.6) 125 (28) 

Negative 259 (80.4) 63 (19.6) 322 (72) 

history of 

hypertension  

Yes 91 (59.9) 61 (40.1) 152 (34) 

No 216 (74.2) 79 (26.8) 295 (66) 

Type of 

medication  

Injection plus 

oral agent 

52 (47.7) 57 (52.3) 109 (24.4) 

Injection alone 9(64.3) 5(35.7) 14 (3.2) 

More than one 

oral agent 

128 (65) 69 (35) 197 (44) 

One oral agent 118 (92.9) 9 (7.1) 127 (28.4) 

Obesity  Yes 33 (55.9) 26 (44.1) 59 (13.2) 

No 274(70.6) 114(29.4) 388 (86.8) 

Anemia   Yes 18 (36) 32 (64) 50 (11.2) 

No 289 (72.8) 108 (27.2) 397 (88.8) 
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2.0 mg/dl), whereas the baseline fasting blood sugar level was typically approximately 178 mg/dl 

(IQR = 152, 231), with a wide range observed. 

Table 3: Descriptive statistics for continuous predictors included in the study of T2DM patients 

at ACSH and MGH, January 2018 to March 2024 (n= 447) 

variables mean median Standard 

Deviation 

IQR 

 age  60  15 

 weight  66  12 

 BMI  25.7  4.1 

 BP diastolic  80  15 

 BP systolic  127  31 

 Baseline Hgb (n= 

446) 
17.2  2.0  

 Baseline FBS  176  76 

 TG level ((n= 444)  140  69 

 HDL(n= 442)  37.6  19 

 LDL (n= 441)  114  73 

Further analysis of metabolic markers revealed a median triglyceride (TG) level of 

approximately 140 mg/dl (IQR = 113,182) and a median high-density lipoprotein (HDL) value of 

37.56 mg/dl (IQR = 31, 50). Furthermore, the median low-density lipoprotein (LDL) level was 

114 mg/dl (IQR = 88, 161 mg/dl) (see above). 

Longitudinal Sub Model (Linear Mixed model) 

Summary of Longitudinal FBS 

The median FBS at baseline (time 0) was 176 mg/dl, with an IQR of 79 mg/dl, and decreased to 

at second visit (month 3) 157 mg/dl, with an IQR of 75 mg/dl. The median FBS progressively 

decreased over time to 123 mg/dl, with an IQR of 37 mg/dl (for more information, see  

Table 11). 

The longitudinally measured FBS level was tested for normality assumptions using a histogram, 

and the measured value was right-skewed. As displayed in  
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Figure 2, the data were skewed and not normally distributed. Hence, it was transformed via log 

transformation because it had a small chi-square value. After being transformed, the distribution 

became normal. 

   
 

Figure 2: Histogram for normality assumptions of FBS before (left) and after log transformation 

(right) for patients with T2DM at ACSH and MGH, January 2018 to March 2024 (n=447). 

Exploratory analysis was used to visualize the patterns of individual profile plots and the 

average evolution of FBS over time. The plot (Figure 3) shows wide individual variability in the 

FBS measurements at baseline and was almost parallel over time. The connected lines for each 

individual show variability in FBS levels across the time points. Some subjects exhibit 

fluctuating patterns, whereas others maintain relatively stable measurements. The mean FBS line 

rapidly decreased in the first 6 months and varied over time. 

 

Repeated measures analysis of variance demonstrated that there was a significant difference in 

the mean FBS among the different time points of the observations, as the F value was significant 

(p < 0.001). 

     

Figure 3: Individual (left) and mean (right) profile plots of FBS over time for patients with 

type 2 diabetes at ACSH and MGH from January 2018 to March 2024 (n = 447) 
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Bivariable linear mixed models: Variables with a p value less than or equal to 0.25 in the 

bivariable analysis were considered for inclusion in the multivariable. accordingly, the 

predictors: age, sex, weight, baseline hemoglobin, FBS at baseline, triglycerides, HDL, LDL, 

type of medication, anemia, and proteinuria were associated with longitudinal FBS levels. 

Model comparison: the LMM with random intercept and random slope was best fit than the 

models with only fixed parameters (marginal model) and LMM with random intercept only 

models because the AIC/BIC value for LMM with both random intercept and random slope was 

smaller than others 

Table 4: Summarized value of AIC/BIC for T2DM Patients data at ACSH and MGH, January 

2018-Marchr 2024 (n=447) 

Title  Models AIC BIC 

Models for longitudinal Analysis Fixed model (LR) 3507.28    3583.949 

Random intercept LMM 1724.604    1822.183 

Random intercept and 

slope LMM 

1471.942    1576.491 

Multivariable Linear Mixed Model 

The LMM results revealed that the standard deviation for the random slope was 0.0037, 

indicating that the variability in the mean FBS progression over time among individuals with 

T2DM, varies little or was almost parallel. The random intercept was 0.181, which indicated that 

18.1% of the variation in FBS among T2DM patients was at baseline. The residual error of 0.254 

indicated 25% variation between the observed FBS values and the predicted FBS values among 

T2DM patients. The observation time was significantly associated with the FBS level; over time, 

the mean log(FBS) was decreased over time by 0.2%.  

The multivariable analysis of the LMM demonstrated time, sex, TG levels, medication types, 

anemia, HTN and proteinuria were significant determinants of FBS progression. For a unit 

increase in TG level the mean log (FBS) of patients with T2DM was significantly increased by 

0.004 (p = 0.009). Similarly females were expected to have an approximately 3.98% higher than 

those males holding other variables constant. 

 The mean FBS trajectory among Patients on injection alone was increased by 17.12% compared 

to those who were on single oral agent. Similarly the mean FBS among patients taking injection 
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and oral agent simultaneously was raised by 19.72% (p <0.001). Anemia was linked to a 

coefficient of 0.095, suggesting that anemic patients among T2DM were with raised FBS levels 

by 9.97% (p < 0.01). Patients with proteinuria were expected to have approximately 3.3% higher 

FBS levels than patients with negative proteinuria holding other variables constant.  

Table 5: Predictors of the FBS trajectory among T2DM patients at ACSH and MGH from 

January 2018 to March 2024 (n = 447) 

Variables estimates Standard 

error 

          [95% CI] P- values 

Lowe CI Upper CI 

Time point -0.002 0.0003 -0.0022 -0.0012 0.001 

Sex male (Ref) 

Sex female 

 

0.031 

 

0.0193 

 

-0.006 

 

0.072 

 

0.115 

TG level 0.004 0.0001 0.0009 0.0062 0.009 

HTN history (Ref = No)                                     

HTN history  Yes 

 

-0.044 

 

0.0218 

 

-0.0867 

 

-0.0011 

 

0.044 

Medication (Ref=only one)      

Medication (Injection alone) 0.110 0.0572 -0.0015 0.2223 0.053 

Medication (Injection plus 

oral) 

0.165 0.0277 0.1104 0.2188 0.001 

Medication (More than one) 0.100 0.0236  0.0545 0.1470 0.001 

Obesity (Ref = No) 

Obesity  Yes 

 

0.009 

 

0.0295 

 

-0.0484 

 

0.0671 

 

0.751 

Anemia (Ref = No) 

anemia  Yes 

 

0.075 

 

0.0316 

 

0.0127 

 

0.1366 

 

0.018 

Proteinuria negative(Ref) 

Proteinuria positive 

 

0.055 

 

0.0228 

 

0.0101 

 

0.2000 

 

0.016 

Constant 4.920 0.0283 4.8650 4.9761 0.001 

Random effects Estimates 95% (confidence Interval) 
SD(slope) 0.0037 0.0002 0.0042 

SD (Intercept) 0.1810 0.1667 0.1967 

SD (Residual) error 0.2426 0.238 0.2467 

Formula for calculating the change in the FBS for the longitudinal process = (          -1), 

Ref=reference 

Survival sub-model 

Time to microvascular complications and its incidence 

Patients with T2DM were followed for different periods of time: a minimum of 6 months and a 

maximum of 72 months, with a median follow-up time of 72 months and an IQR of 26 months 

(46, 72). They were followed for a cumulative duration of 23556 person‒months of observation. 



34 

 

The incidence rate of microvascular complications was 6 (95% CI, 5–7) per 1000 person‒months 

of observation or 72 per 1000 person-years of observation. 

KM Estimates: This study revealed that the median time to microvascular complications was 

not within the observed follow-up time range because the data were right censored ( 

 

 

 

Figure 4). The restricted mean was 62.8 (95% CI; 60.94–64.58) months indicated that, on 

average, patients with T2DM survived free of microvascular complications for 62.8 months 

within the 72-month follow-up period. 

 

 

 

 

Figure 4: Median survival time for right-censored data for patients with T2DM at ACSH and 

MGH from January 2018 to March 2024 (n = 447) 

The KM curve for the proteinuria test among T2DM patients showed that the survival probability 

of patients with proteinuria was lower than that of patients who were negative for proteinuria. 

The log rank test confirmed that there was a statistically significant difference between the two 

groups (P (chi
2
) <0.001). Similarly, the log rank test for anemia reported that there were 
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statistically significant differences between the two groups, as the p value in the log rank was 

0.001. Furthermore, the KM survival estimates for time to any of microvascular complications 

among T2DM patients on the basis of sex was displayed, and there were no statistically 

significant differences between each group of predictors (P (chi
2
) =0.7256 and =0.14, 

respectively) (for more see Table 8). 

  

Figure 5: KM survival estimates for the two groups of patients with proteinuria (left) and 

Anemia (right) among T2DM patients at ACSH and MGH from January 2018 to March 2024  

 

Cox‐Proportional Hazard Assumption (Cox-PHA): The graphical visualization of predictors 

such as sex and residence seems that lines were crossed; however, statistically, with the 

Scheinfeld Residual, they fulfilled the Cox-PHA (p values were 0.34 and 0.79), respectively. 

The graphical presentation below shows that the graphs for proteinuria seem parallel; however, 

the P value derived from the Scheinfeld residual test was 0.026, which indicated that the PHA 

was violated. For obesity, the graph was crossed (P= 0.03), indicating that the hazard of 

microvascular complications among patients with obesity and no obesity varied over time. 

  

Figure 6: Graphical comparison of Cox-PHA for proteinuria and obesity among T2DM patients 

in ACSH and MGH, January 2018-March 2024 (n = 447) 



36 

 

Bivariable Cox proportional hazards (Cox-PH) Model 

Bivariable Cox-PH regression models were employed to evaluate the impact of each independent 

variable on the time to any microvascular complications among T2DM patients. Variables that 

demonstrated a p value of less than or equal to 0.25 in the bivariable analysis were considered for 

inclusion in the multivariable Cox model. On the basis of the bivariable results, the following 

variables were considered in the multivariable Cox model: age, weight, BMI, baseline Hgb, 

systolic HTN, diastolic HTN, baseline FBS, TG level, HDL, LDL, history of HTN, medication 

type, obesity, anemia and proteinuria. 

Model Comparison 

The model interaction term added to proteinuria and obesity exhibited the best fit, as indicated by 

its lowest AIC and BIC values. Compared with the overall model fitness, the model with obesity 

and proteinuria interacting with time was better fitted, with the smallest value of AIC/BIC 

(1446.675/1516.375). The model without interaction of time had AIC and BIC values of 

1453.428 and 1523.127, respectively. 

Predictors of time to onset of Microvascular complications  

The results revealed that baseline FBS, TG level, type of medication intake, anemia and 

proteinuria were significantly associated with time to microvascular complications at the 5% 

significance level. Baseline FBS was significantly associated with an AHR of 1.007 (P < 0.001), 

indicating that for one unit increased in Baseline FBS, the hazard of microvascular complications 

was 0.7% more likely keeping other variables constant. Similarly, for TG levels (AHR of 1.003, 

95% CI: 1.001, 1.004) for one-unit increased in TG level, the hazard of microvascular 

complications was 0.3% more likely keeping other variables constant. 

The hazard of microvascular complications was 4.7 times higher among Patients on injection 

alone than patients on single oral agent. Moreover those receiving both injections and oral agents 

were 4.8 times more at high risk of developing microvascular complications compared to 

patients on single oral agent (AHR = 4.78, CI; 1.88, 7.70). Additionally, patients taking more 

than one oral agent had an AHR of 3.8, indicating that they were 3.8 times more likely to 
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experience microvascular complications than those on a single oral medication, keeping other 

variables constant. 

Additionally, in anemic patients, the hazard of microvascular complications was 58% greater 

than that in non-anemic patients (AHR = 1.58, CI: 1.01, 2.50). Furthermore, the interaction of 

proteinuria with time was significantly associated with outcome (AHR = 1.02, 95% CI 1.012, 

1.028) meaning that in patients with positive proteinuria, the hazard of microvascular 

complications 2% more likely over that in patients with negative proteinuria keeping other 

variables constant. 

Table 6: Multivariable Cox-PH model of predictors for time to microvascular complications 

among T2DM patients in ACSH and MGH, January 2018 to March 2024 (n= 447). 

variable AHR 
Standard 

error 

95% CI 
P value 

Lower CI Upper CI 

Baseline FBS 1.007 0.001 1.004 1.009 0.001 

TGS level 1.003 0.001 1.001 1.004 0.001 

HTN history (Ref = No) 

 HTN history  Yes 

 

0.855 

 

  0.162 

 

 0.589 

 

1.239 

 

 0.407 

Medication (Ref= one oral agent) 

Medication (Injection alone) 4.697  2.721  1.509  14.619 0.008 

Medication (Injection+oral) 
 

4.783 

 

1.770 

 

2.315 

 

9.880 

 

0.001 

Medication (More than one oral) 3.804 1.368 1.879 7.699 0.001 

Stroke (Ref =  No) 

         Stroke Yes 

 

1.122 

 

0.433 

 

0.528 

 

2.389 

 

0.764 

Anemia (Ref = No) 

  Anemia (Yes) 1.588 0.366 1.010 2.495 0.045 

tvc 

              obesity 

             

                Proteinuria 

 

 

1.010 

 

0.005 

 

0.996 

 

1.015 

 

0.234 

1.020 0.004 1.012 1.028 0.001 

 



38 

 

Joint Modeling Analysis 

For the joint modeling analysis, longitudinal FBS measurements were analyzed in conjunction 

with the time to microvascular complications using a Cox proportional hazards model. The mean 

FBS level was significantly greater among patients who developed microvascular complications 

than among those who were censored. 

As the mean FBS value increased, the risk of microvascular complications also increased, as 

shown in Figure 7(event). Patients who developed microvascular complications had higher mean 

FBS levels than those who were censored. In the censored group, the mean FBS level decreased, 

indicating that at a low level of FBS, no events occurred, as shown in the figure below. 

Therefore, the joint modeling approach was determined to be more effective than separate 

analysis in capturing this relationship. 

 

Figure 7: Association between longitudinal FBS and time to microvascular complications among 

T2DM patients in ACSH and MGH from January 2018 to March 2024 (n = 447) 

Multivariable Joint modeling Analysis interpretation 

The SD for random intercept was 0.21 indicated; there was considerable heterogeneity in 

patients’ baseline time to and risk of microvascular complications. The SD for the random slope 

was 0.004, indicated minimal variability in patients’ risk of microvascular complications over 

time. The correlation estimate was -0.609, indicating negative correlation between random 

intercept and slope. The restricted cubic spline function (individual variation in the FBS over 

time) had significant effect on the hazard of microvascular complications. 
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The association parameter, alpha (α value) was 2.94, with a P value <0.001, means that for a unit 

increase in log(FBS), the hazard of microvascular complications was 18.96 (95% CI: 6.05, 

58.56) times higher while keeping the other variables constant. 

The longitudinal process from the joint modeling output demonstrated that TG levels, medication 

types, anemia, and proteinuria were significant determinants of FBS progression. Regarding 

medication the mean log(FBS) progression among patients on injection plus oral medication was 

0.18 mg/dl (95% CI: 0.131, 0.230) higher than that among those who were on a single oral 

medication. Similarly, the mean of log(FBS) progression among patients taking more than one 

oral medication was increased by 0.112 (95% CI: 0.070, 0.154). For 1mg/dl increased in TG 

level, the mean log(FBS) was expected to increase by 0.004 mg/dl (95% CI: 0.003, 0.006). 

Furthermore, patients who were anemic had a 0.095 mg/dl (95% CI: 0.038, 0.152) higher mean 

log(FBS) as compared to patients without anemia, while the other parameters remained constant.  

The event process of the joint modeling analysis revealed BMI (AHR = 1.061, 95%CI: 0.018, 

0.099) indicated that as a patient’s BMI increased by one unit, the hazard of microvascular 

complications was 6% more likely. Additionally when patients TG level increased by one unit 

the hazard of microvascular complications were 0.3% more likely. In terms of baseline FBS as 

baseline FBS increased by one unit, the hazard of complications was 0.6% more likely higher 

(AHR =1.006, 95%CI: 1.003, 1.009).  

regarding medication intake, those receiving both injections and oral agents were 2.44 times at 

high risk of developing microvascular complications compared to patients on single oral agent 

(AHR =2.44, CI; 0.33, 4.53). Furthermore, patients taking more than one oral agent were 2.57 

times more likely to experience microvascular complications than those on a single oral 

medication (AHR = 2.57, (95% CI: 0.59, 4.53). Furthermore, for patients who were positive for 

proteinuria, the hazard of complications was 11.3% (95% CI 1.035, 1.197) higher than who were 

negative to proteinuria holding other variables constant. 
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Table 7: Joint model analysis of time to microvascular complications associated with FBS 

measurement among T2DM patients in ACSH and MGH, January 2018-March 2024(n = 447) 

 

*** P <0.001, ** P <0.01, * P <0.05. 

Longitudinal process     

Parameters Coefficient Std.  errors  95% CI 

Observe time -0.0020 0.0001 (-0.003, -0.001*** 

Time*proteinuria 0.0012 0.0006 (0.0001, 0.0023* 

TG level 0.0038 0.001 (0.0014, 0.0062)** 

Medication (ref =single 

oral agent) 

   

Injection medication (IM) 0.163 0.052 (0.061, 0.264)** 

Injection and oral 

medication (IOM) 

0.181 0.025 (0.131, 0.230)*** 

More than one oral 

medication (MOM) 

0.112 0.021 [0.070, 0.154]*** 

Anemia (yes) 

Anemia (Ref) 

0.095 0.029 (0.038, 0.152)** 

Hypertension (yes) 

Hypertension (Ref) 

-0.039 0.020 (-0.077, 0.0002) 

  constant 4.899 0.027 (4.846, 4.952)*** 

Event process 

parameters Coefficient Standard errors 95% CI 

 Time*Proteinuria (PU) 0.107 0.037 (0.035, 0.180)** 

Association(α) 2.940 0.578 (1.808, 4.073) 

TG level 0.003 0.001 (0.001, 0.004)** 

Baseline FBS 0.006 0.001 (0.003, 0.009)*** 

medication  (ref= single 

oral agent) 

   

Injection alone 0.886 0.597 (-0.285, 2.056) 

Injection and oral (IOM) 0.898 0.393 (0.127, 1.668)* 
More than one oral(MOM) 0.948 0.372 (0.220, 1.677)* 

BMI 0.059 0.021 (0.018, 0.099)** 

Anemia (yes) 0.154 0.238 (-0.312, 0.620) 

_rcs1 1.178 0.196 (0.794, 1.562) 

_rcs2 0.013 0.130 (-0.241, 0.267) 

_rcs3 0.128 0.088 (-0.044, 0.300) 

_cons -25.42 2.905 (-31.112, -19.725) 

SD for random slope 0.004 0.0003 (0.0038, 0.0048) 

SD of random intercept 0.210 0.009  (0.193, 0.228) 

Corr (time and constants) -0.609 0.047   (-0.692, -0.509) 

SD of residual 0.242 0.002   (0.238, 0.246) 



41 

 

Final Model: The final model was a joint random intercept and slope Cox-PH model and was 

built from joint model analysis of Cox-PH sub- model and longitudinal sub-model. The model 

included association parameter, random slope, random intercept, and regression coefficient for 

independent variables from the joint model. It written as follow from the table below 
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6. DISCUSSION 

In this study, survival and longitudinal sub-models were used to identify the determinant factors 

for the time to develop microvascular complications and changes in the fasting blood sugar level. 

In addition, the effect of the longitudinal FBS trajectory on the time to microvascular 

complications was demonstrated using the joint model analysis. The main objective of this study 

was to predict the associations between longitudinal measurements of FBS and the time to 

microvascular complications and their predictors among patients with T2DM in ACSH and 

MGH. 

The significant prognostic factors for the hazard of microvascular complications among diabetic 

patients were BMI, TG level, and baseline FBS, mean FBS progression, type of medication and 

proteinuria. On the other hand, the rates of change in FBS levels among T2DM patients were 

significantly determined by time, TG level, type of medication intake, proteinuria and anemia. 

The incidence rate of microvascular complications was 6 per 1000 person-months of observation 

(95% CI: 5–7), which is equivalent to 72 (95% CI: 60–84) per 1000 person-years. This finding 

was greater than that of a study conducted in Northwest Ethiopia, which reported 21.4 cases of 

neuropathy per 1000 person-years [26]. This difference could be due to the consideration of 

diabetic retinopathy and nephropathy in addition to neuropathy. However, it was smaller than 

findings in Pakistan (IRs of 92.8, 106.2, and 130.2 per 1000 person-year for retinopathy, 

neuropathy and nephropathy, respectively [14] wolaita Dawro zone (IR = 114 per 100 person-

years) [19] and studies at the Felege Hiwot and Debre Markos referral hospitals in Ethiopia (IR: 

32.4 per 100 person-years (95% CI: 27.2–37.5) [17]. This discrepancy could be due to 

differences in the study period and sample size. 

A remarkable finding from our study revealed that patients with positive proteinuria had a 12% 

more likely higher risk of developing microvascular complications (95% CI: 1.04, 1.20) than 

those without proteinuria. This is in line with studies conducted at Felegehiwot Referral Hospital 

(AHR = 1.62, CI: 1.08–2.41) and Gondar University (AHR = 1.69, 95% CI: 1.03, 2.78) [20,22]. 

This finding highlights the role of proteinuria as a critical marker for increased risk of kidney 

function impairment, systemic inflammation and vascular damage. 
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In our study, BMI was significantly positively associated with time to microvascular 

complications (AHR = 1.061, P value 0.005). For one-unit increased BMI, the hazard of 

microvascular complications was 6% more likely higher. This finding was similar to those of 

studies performed in Saudi Arabia, Pakistan, and Adama Hospital, Ethiopia[14,15,23]. The 

possible justification for this could be higher weight leads to chronic hyperglycemia and 

systemic inflammation, which can damage blood vessels and accelerate the development of 

microvascular complications. 

In this study, baseline FBS levels in diabetic patients were significantly positively associated 

with time to onset of microvascular complications (AHR =1.006, 95% CI 1.003, 1.009). This 

was similar findings to studies at Amhara regional state of comprehensive specialized hospitals, 

Northwest Ethiopia (AHR=2.56) [26]. This study was also aligned with studies at Felegehiwot 

and Debremarkos referral hospitals, in which the AHR of log FBS was 1.003 [17], and studies in 

Northwest Ethiopia (AHR = 1.35) [39]. These results highlight the critical role of glucose and 

lipid metabolism in the progression of microvascular complications among patients with T2DM. 

Elevated blood glucose levels promote oxidative stress and inflammation, which lead to 

microvascular complications in T2DM patients. These findings highlight the importance of 

managing FBS in T2DM patients to potentially mitigate the risk of developing microvascular 

complications. 

Furthermore, the baseline TG level of patients with type 2 diabetes was a significant predictor of 

time to onset of microvascular complications, with AHR of 1.003 (P<0.001). These findings 

were similar to those of studies conducted at the University of Gonder as well as studies at the 

Felege Hiwot and Debremarkos referral hospitals and from governmental hospitals in the Harari 

Region, eastern Ethiopia [22,24,25]. These reports highlight that high levels of TG exacerbate 

vascular damage in diabetic patients by contributing to endothelial dysfunction, which serves as 

a precursor to various microvascular complications. 

The linear mixed model revealed that patients who had taken more than one oral anti-diabetic 

medication had an increased mean FBS progression by 11.2% compared with those who were 

taking only one type of oral medication. Furthermore, those who were received injections and 

oral medications had increased mean FBS progression by 18.1% compared with those who were 
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taking only one type of oral medication. Since the outcome variable of FBS in the longitudinal 

sub-model was converted using log transformation, the percentage increases may not represent 

exact values. Similarly, the hazard of microvascular complications for patients receiving an 

injection plus an oral agent or more than one oral agent was 2.455 and 2.581, respectively, 

greater than that for those receiving a single oral agent. These findings are in line with those of 

studies conducted at Felegehiwot Hospital and Gonder University and Jimma University Medical 

Center, Southwest Ethiopia ([17,20,22]. The possible reason for this finding could be that the 

need for multiple therapies indicates poorer underlying glycemic control and an advanced stage 

of the disease. 

This research also revealed that anemia was significantly positively associated with FBS 

progression, indicating that anemic patients had higher FBS levels by 7.79% than did those who 

had no anemia. The lower estimate was due to the log transformation of FBS. This finding 

contrasts with the literature, which often does not provide an association of anemia with FBS 

measurements in diabetic patients. The observed associations may be due to several factors. 

Anemia can lead to reduced oxygen delivery to tissues, potentially affecting metabolic processes 

and insulin sensitivity. Additionally, chronic inflammation associated with anemia may influence 

glucose metabolism and contribute to elevated FBS levels [40]. 

In the joint model analysis, the association parameter (α) was 2.94 (95% CI: 1.808, 4.073). This 

value indicated the association between longitudinal FBS measurement and time to 

microvascular complications. This means that for a unit increased in the mean FBS, the hazard of 

microvascular complications increased by 18.9 times, keeping other variables constant. These 

showed a strong association between FBS and time to microvascular complications. This result 

was similar but larger than that of a study conducted in Northwest Ethiopia, which was 1.35 

(95% CI: 1.12, 1.63). This discrepancy might be because studies in Northwest Ethiopia focused 

solely on diabetic retinopathy [25]. Additionally, our results exceed those from studies in Felege 

Hiwot and Debre Markos referral hospitals, North West Ethiopia, in which α was 0.0126 (95% 

CI: 0.0150, 0.0102) [17]. This difference could be due to differences in sample size and the 

irregular availability of diabetes medications during the conflict in the Tigray region. 
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6.1. Strengths and limitations of the study 

The study determined the predictors for time to microvascular complications, the FBS trajectory 

among T2DM patients and the associations between longitudinal FBS and time to microvascular 

complications simultaneously. In the joint modeling approach, a robust framework that captures 

the interconnected nature of these outcomes was used. The use of the Kobo Toolbox tool for data 

collection further improved the accuracy and efficiency of the study, ensuring reliable and 

comprehensive data for analysis. Even though, these strengths the study has also some 

limitations. The study did not consider the Impact of Covid-19 and the Conflict in Tigray region.  
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7. CONCLUSION AND RECOMENDATIONS 

7.1. Conclusion 

This study assessed the predictors for time to microvascular complications, the predictors for 

FBS trajectories and the associations between the FBS trajectory and time to microvascular 

complications among patients with T2DM. The progression of FBS over time was significantly 

positively associated with time to microvascular complications, indicating that patients with 

increasing FBS levels over time had a higher hazard of developing complications. Additionally, 

the variables baseline FBS, BMI, TG level, proteinuria, and more than one medication were 

significant predictors of time to microvascular complications among patients with T2DM. 

Specifically, patients with higher baseline values of FBS, BMI, and TG levels, along with those 

who were positive for proteinuria and were taking multiple medications, demonstrated a 

significantly higher hazard of microvascular complications. 

 This study also assessed the determinant factors for longitudinal FBS progression (change over 

time) in T2DM patients and revealed that the variables observation time, proteinuria, anemia, 

more than one medication and TG level were significant determinants of longitudinal FBS 

progression. These findings highlight the need for close monitoring and targeted management of 

glycemic control and associated metabolic factors to delay the onset of microvascular 

complications in patients with T2DM. 

7.2. Recommendations 

To reduce the risk of T2DM-related microvascular complications, health care providers should 

implement routine monitoring of glycemic control, including both the FBS level and the glycated 

hemoglobin (HbA1c) level. Since elevated FBS and HbA1c are associated with an increased risk 

of microvascular complications, regular assessment can help identify patients needing intensified 

management. Additionally, patients with positive proteinuria, anemia, increased TG levels, 

higher BMI and greater FBS progression should receive individualized interventions, which may 

include medication adjustments, dietary counseling, and consultations with appropriate 

specialists to delay time to microvascular complications. 
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Importantly, taking multiple medications, including insulin or combination therapies, often 

indicates advanced stages of diabetic disease and should prompt treatment review and 

optimization of the treatment plan rather than being viewed as risky. Furthermore, integrated 

multidisciplinary care involving nutritionists, nephrologists, and diabetes educators is essential to 

provide holistic management and improve patient outcomes. Educating patients on the 

importance of regular monitoring of blood sugar can empower them to participate actively in 

their care and may delay the time to microvascular complications. 
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10. ANNEXES 

10.1 Information Sheet 

Title of the project: Joint modeling of onset of microvascular complications and longitudinal 

fasting blood sugar among type 2 diabetes patients at Ayder and Mekelle hospitals, 2025 

Name of the principal investigator: Tetemke Mekonen (BSc in public health). 

Name of the organization: Mekelle University College of Health Science. 

Name of the sponsor: Mekelle University College of Health Science. 

Introduction: This information sheet was prepared for governmental health institutes 

implementing health care services for people. The aim of this form was to clarify the purpose of 

the research, the data collection procedure, and the permission to conduct the research. 

Purpose of the research project: 

Understanding the relationship between longitudinal changes in fasting blood sugar and the 

timing of microvascular complications is essential for improving patient outcomes among 

diabetic patients. Hence, this research aimed to determine the prognostic factors for both time to 

microvascular complications and FBS progression over time simultaneously. Moreover, this 

study assessed the effect of longitudinal FBS on the timing of microvascular complications 

among T2DM patients using a joint modeling approach. 

Methods: To achieve the above stated objective, the study used retrospective longitudinal study 

among 447 patients in Ayder and Mekelle general hospitals from January 2018 to March 2024. 

All patients who were free of microvascular complications and had at least two visits were 

considered for the study, and secondary data from the patients’ medical records were collected 

via the Kobo Toolbox mobile app. A joint linear mixed sub model and Cox-PH was used to 

analyze the relationship between longitudinal FBS and time to microvascular complications, 

using STATA software. 

Risk and/or discomfort: Since this study was conducted by taking appropriate information 

from patient medical records, it would not inflict any harm on the patients. The name or any 
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other identifying information not recorded on the check lists and all the information from the 

chart were kept strictly confidential and safe. The information retrieved was used for study 

purposes only. 

Benefits: The research had no direct benefit for one whose document /record in this research. 

But the indirect benefit of the research for the participants and other clients in the program was 

clear. This is because if program planners were preparing a predicted plan, there was a benefit 

for clients in the program of receiving appropriate care and treatment services. Overall, the 

research work has had paramount research benefits for health care planners and managers, 

especially for chronic kidney disease patients and for the treatment and support of program 

planning and management. 

Confidentiality: To ensure confidentiality, information collected without the names of clients 

and names was not included in the data collection format. After the data were entered into the 

computer, they were locked by a password and not disclosed to any other person other than the 

principal investigator. 

Person to contact: This research project was reviewed and approved by the institutional review 

board of Mekelle University College of Health Science and Ayder Comprehensive Specialized 

Hospital. If you had any questions, you could contact any of the following individuals 

(investigator and advisors), and you might ask at any time you want. 

Principal investigator: Tetemke Mekonen (BSc) Cell phone +251914890988, Email: 

tetie20007@gmail.com 

  Advisor: Mr. Kebede Embaye (Assistant Professor in Biostatistics) Telephone number 

+251912937551, email: aredom14@gmail.com 

 Mr. Goitom Halefom (MSC) Telephone number +251928348052, email: aboabuye@gmail.com 

 Mr. Gebretsadkan G. (MPH), email: gere2023@gmail.com 

10.2 Data Extraction Sheet 

This format was established after reviewing similar literature and guidelines on the management 

of diabetes mellitus. It is prepared for the collection of socio-demographic factors, clinical 

factors and comorbidities that are recorded in patients’ history sheets or electronic medical 

mailto:tetie20007@gmail.com
mailto:aredom14@gmail.com
mailto:aboabuye@gmail.com
mailto:gere2023@gmail.com
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records. Studying longitudinal FBS and the time to microvascular complications among T2DM 

patients via a joint modeling approach is relevant. The variables were retrieved from patients’ 

medical charts (history sheets) and patients’ electronic medical records by qualified health 

personnel. 

8.1 Socio-demographic characteristics 

1. Patient medical record number (MRN): _______________ 

2. Sex: Male □      Female □     unspecified □ 
3. Age: ____________ 

8.2 Clinical factors 

1. weight of the patient     

2. Height of the patient     

3. Hemoglobin level (mg/dl)   

4. Blood pressure (BP) at admission 

    Systolic BP   , Diastolic BP:     

5. Baseline FBS:     

6. Protein urea: positive □ negative □ 

7. If proteinuria is positive, what is the level of proteinuria?   

8. Triglyceride level:   

9. High-density lipoprotein level:   

10. Low-density lipoprotein level:   

11.  Duration of the disease since diagnosis in years:   

12. Duration of follow-up (months):______ 

13. Treatment type: one oral agent□ more than one oral agent (no insulin)□, insulin alone 

or insulin plus oral agents □ other:      

8.3 Baseline measurements of the following comorbidities 

1. hypertension: yes □ no □ 

2. obesity: yes □ no □ 

3. stroke: yes □ no □  

4. Anemia: yes □ no □ 

8.4  Patient follow-up status and treatment outcome information were recorded every 3 

months during follow-up. 
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NB: The following variables are measured and recorded from the start of the first visit since 

recruitment to the study., i.e., month = 0, month = 3, 6,9,12,15,18,21,24,27,30, up to J = number 

of visits = 72 months) 

1. Follow-up site:     

2. Fasting blood sugar level measurement every 3 months starting at J = 0 to J = 72 

months) 

3. Presence of microvascular complications 

 Retinopathy: yes □ no □ 

 If yes, date of diagnosis:__________________ 

 Nephropathy: yes □ no □ 

 If yes, date of diagnosis <p____________________ 

 Neuropathy: yes □ no □ 

 If yes, date of diagnosis <p__________________ 

 Censored: Lost □ Died □Referred □ Transfer out □ 
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10.3:  Checking the Adequacy of the Random Effects Assumption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Residual plots for the log FBS of T2DM patients at ACSH and MGH from January 

2018 to March 2024 (n = 447) 

  

 A: residual versus fitted values

 

B: Histogram of residuals

 

C: Q‒Q plot of residuals

 

D: summarize residuals
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10.4 Graphical testing for Cox-PHA outputs 

 

 

 

  

 

 

 

 

 

 

 

Figure 9 :  Graphical checking of PHA among T2DM patients in ACSH and MGH, January 2018- 

March 2024 (n = 447) 
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Table 8: Results of the log-rank test for the categorical predictors of T2DM patients at ACSH 

and MGH, January 2018--March 2024 (n = 447) 

Predictors DF Chi-square P value 

Sex 1 0.12 0.726 

Marital status 3 5.43 0.143 

Residence 1 1.15 0.283 

HTN 1 6.37 0.012 

Medication 3 48.53 0.001 

Obesity 1 5.28 0.042 

Anemia 1 30.43 0.001 

proteinuria 1 67.59 0.001 

10.5: Bivariable Cox-PH model analysis output 

Table 9: Bivariable analyses of predictors of the time to microvascular complications among 

T2DM patients at ACSH and MGH from January 2018 to March 2024 (n = 447) 

Variable HR Standard 

error 

z P>|z| [95% confidence interval] 

age 1.028 0.009 3.27 0.001 1.011 1.046 

weight 1.016 0.006 2.60 0.009 1.004 1.029 

BMI 1.064 0.018 3.58 0.000 1.029 1.101 

Baseline Hgb 0.881 0.039 -2.88 0.004 0.809 0.960 

BP systolic 1.012 0.004 3.32 0.001 1.005 1.020 

BP diastolic 1.017 0.006 3.12 0.002 1.006 1.029 

Baseline FBS 1.009 0.001 8.76 0.000 1.007 1.012 

TGs 1.005 0.001 7.40 0.000 1.003 1.006 

HDL 0.979 0.007 -3.19 0.001 0.966 0.991 

LDL 1.005 0.001 5.71 0.000 1.003 1.007 

HTN history 

yes 

 

1.528 

 

0.260 

 

2.48 

 

0.013 

 

1.093 

 

2.135 

medication       

Injection alone 4.976 2.776 2.88 0.004 1.667 14.851 

Injection plus oral 8.514 3.058 5.96 0 4.211 17.214 

 

More than one oral 5.227 1.853 4.66 0 2.608 10.473 

Obesity 

yes 

 

1.633 

 

0.355 

 

2.25 

 

.024 

 

1.066 

 

2.5 

stroke 

yes 

 

2.111 

 

0.693 

 

2.28 

 

.023 

 

1.109 

 

4.019 

Anemia 

yes 

 

2.879 

 

0.583 

 

5.22 

 

0.000 

 

1.936 

 

4.282 

Protein urea 

     positive 

 

3.666 

 

0.626 

 

7.61 

 

0.000 

 

2.624 

 

5.123 
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10.6 Data analysis software output  

Table 10: A. Missing data analysis output (n = 447) 

 

Table 11: Summary of longitudinally measured FBS using medians and IQRs at every visit (n=447)  
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B. RM-ANOMA output 

 

Link test for linearity assumptions: 
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Table 12: Multivariate linear mixed model Stata output (n = 447) 
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Table 13: Stata output for multivariable Cox regression with time interaction (n = 447) 
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E. Joint modeling Stata output 
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JM for random Intercept Model 
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1, summery of follow up period 

 

 

 


