


Lifestyle Factors Associated with Albuminuria in Patients with Type 2 Diabetes Mellitus: Evidence from a Cross-Sectional Study in Edo State, Nigeria


Abstract 
Background
Albuminuria is a strong predictor of diabetic nephropathy. Lifestyle factors may influence its development and progression. 
Aim: This study assessed the association between lifestyle factors and albuminuria among patients with T2DM in Edo State, Nigeria.
Methods
An analytic cross-sectional study was conducted among 778 adults aged 18–65 years with T2DM attending two tertiary hospitals in Edo State between May and July 2025. Data were collected using an interviewer-administered questionnaire and albuminuria assessed using Albustix test strips. Associations between lifestyle factors and albuminuria were examined using chi-square tests and logistic regression analysis.
Results
The mean age of respondents was 45 ± 12 years, with 58.1% females. Albuminuria was detected in 134 participants (17.2%). Significant associations were observed between albuminuria and inadequate dietary habits (p<0.0001), obesity (p=0.012), inadequate sleep (p=0.0006), smoking (p=0.006), and alcohol intake (p=0.0005). Logistic regression revealed that inadequate diet, obesity, inadequate sleep, smoking, and alcohol consumption independently predicted albuminuria.
Conclusion
Albuminuria was prevalent among patients with T2DM in Edo State, Nigeria and was significantly influenced by modifiable lifestyle factors. Lifestyle modification could help reduce the burden of diabetic nephropathy and its complications.
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Introduction
Diabetes mellitus (DM) is a major public health problem that is determined by impaired carbohydrate, protein, and fat metabolism due to unstable insulin secretion, insulin resistance, or both [1]. There is a rapid rise in global prevalence of diabetes, posing a significant public health challenge [2]. In line with the International Diabetes Federation (IDF) Diabetes Atlas - 10th edition, 537million individuals worldwide were living with diabetes in 2021, with a global prevalence now exceeding 10% [3]. Projections indicate that, in Africa, the number of people with diabetes will increase by 162.5% by 2045 [4]. In Nigeria, the most populous country in Africa, the prevalence of T2DM has been high and still increasing, with the country widely reported as having Africa’s highest burden of diabetes [4,5]. This rapid rise in the prevalence of diabetes has been more marked over the past decade and has been attributed to an increase in the average age of the community, hereditary background, unhealthy dietary habits, sedentary lifestyle and increased obesity in line with the growth of urbanization [6,7]. 
DM and its complications are among the most important causes of mortality. Research indicates that 20 to 40% of individuals with type 2 DM will eventually develop nephropathy [8]. The progression of DN occurs in several stages, beginning with microalbuminuria, which can advance to overt proteinuria and ultimately result in ESRD [9]. Diabetic nephropathy typically follows an irreversible course from the onset of clinical proteinuria to ESRD [10]. However, studies have shown that early detection, combined with medical management and appropriate lifestyle modifications, can halt or even reverse the progression from microalbuminuria to macroalbuminuria [11]. 
Albuminuria is often detected in hypertension and diabetes, both of which are also risk factors for cardiovascular disease (CVD) [12]. Albuminuria has a strong, independent association with hypertension and diabetes. Among 9198 patients in a primary care setting, albuminuria (based on test strips that detect ≥20 mg/L urine albumin concentrations) was found in 43% of patients with hypertension only and 51% of patients with diabetes only; patients with both conditions had the highest prevalence of albuminuria (58%) [13].
This study is aimed at determining the association between lifestyle factors and albuminuria in T2DM patients in order to implement lifestyle modification strategies for the reduction of renal and cardiovascular complications in patients with T2DM.


Methodology
Study Design and Setting 
The study was an analytic cross-sectional study conducted in the general outpatient clinics (GOPC) of Edo State University Teaching Hospital (EDSUTH), Auchi and Irrua Specialist Teaching Hospital (ISTH), Irrua, both in Edo State, with similar population dynamics, among newly diagnosed Type 2 DM adult patients presenting to the study facilities during the period of the study. All consenting adult patients aged 18 to 65 years with T2DM presenting to both facilities were included in the study. Patients with secondary DM, comorbidities like CCF, CLD, C.T. diseases and malignancy, as well as those with proteinuria from UTI, were excluded from the study. 
Study participants 
A total of 778 adults aged 18–65 years with type 2 diabetes mellitus (T2DM) were recruited through convenience sampling. Socio-demographic information and clinical data were collected using a structured interviewer-administered questionnaire complemented by a review of patients’ medical records.
Inclusion and exclusion criteria
 Eligible participants were adults aged 18–65 years with a confirmed diagnosis of type 2 diabetes mellitus (T2DM), including newly diagnosed cases presenting to the study facilities during the study period. Only patients who provided written informed consent were enrolled. Individuals with secondary diabetes, comorbidities such as congestive cardiac failure, chronic liver disease, chronic tuberculosis, or malignancy, as well as those with proteinuria attributable to urinary tract infection, were excluded to minimise confounding and ensure data validity.

Sample Size Determination
The Sample size was calculated to be 706 (353 from each study site) using the Cochrane formula below (14): N= Zα2pq/d2, N= minimum sample size, Zα= standard normal deviate corresponding to a 5% level of significance (1.96), p= 31.6% (prevalence of microalbuminuria among diabetic patients in a study conducted in Pakistan = 0.32) (15), q= 1-0.32=0.68, d= level of precision which was set as 5%.
Data Collection
Socio-demographic and clinical data
Socio-demographic information collected included age, sex, marital status, occupation, and educational attainment. Clinical data comprised lifestyle factors such as dietary habits, physical activity, body mass index (BMI), sleep duration, smoking, alcohol consumption, history of hypertension, and blood pressure control at presentation.
Anthropometric and Clinical Measurements
Body weight and height were measured with participants wearing light clothing and no shoes, and BMI was calculated as weight in kilograms divided by height in meters squared (kg/m²), categorized as normal (<25), overweight (25–29.9), or obese (≥30). Blood pressure was taken using a standard sphygmomanometer after five minutes of rest, with three readings obtained and the mean of the last two recorded; hypertension was defined as ≥140/90 mmHg or current treatment. Dietary habits were assessed by daily fruit and vegetable intake, with ≥5 servings classified as adequate. Physical activity was defined by WHO criteria as ≥150 minutes of moderate-to-vigorous activity per week. Smoking and alcohol status were determined by self-report, with current use or use within the past year classified as positive. Sleep duration was self-reported, with 7–9 hours per night considered adequate.
Sample Collection
Approximately 10 mL of venous blood was collected from each participant after an overnight fast of 8–10 hours. Of this, 2 mL was placed into a fluoride oxalate tube for the determination of fasting blood glucose (FBG), 2 mL into an EDTA tube for glycated haemoglobin (HbA1c), and 4 mL into a plain tube for lipid profile analysis, including total cholesterol, triglycerides, low-density lipoprotein (LDL), and high-density lipoprotein (HDL). The remaining 2 mL was retained for confirmatory or repeat analyses where necessary. All blood samples were promptly transported to the chemical pathology laboratory under cold chain conditions and processed within two hours of collection. In addition, 20–30 mL of midstream urine was collected from each participant into sterile universal containers using standard aseptic procedures. Participants were instructed on proper perineal cleaning and midstream collection to minimize contamination. Urine samples were securely capped, appropriately labelled, and transported promptly to the chemical pathology laboratory under recommended storage conditions for analysis.
Laboratory analysis
Fasting blood glucose was determined using the glucose oxidase-peroxidase enzymatic method, with values <126 mg/dl classified as controlled and ≥126 mg/dl as uncontrolled. HbA1c was measured using high-performance liquid chromatography (HPLC), the gold standard method, with <6.5% considered normal and ≥6.5% elevated. Serum lipid profile was analysed using enzymatic colorimetric methods, and abnormal values were defined as total cholesterol >200 mg/dl, triglycerides >150 mg/dl, LDL >150 mg/dl, and HDL <35 mg/dl. Albuminuria was assessed from urine samples using Albustix test strips (Siemens Healthcare Diagnostics, Dublin, Ireland) following manufacturer instructions, with results categorised as negative (− or +/−) or positive (+, ++, +++).
Data Analysis
Data were entered into a spreadsheet and analyzed using Epi Info version 7.2.7 (Centers for Disease Control and Prevention, Atlanta, GA, USA). Descriptive statistics were presented as frequencies and percentages for categorical variables and as means with standard deviations for continuous variables. Associations between categorical variables were assessed using the chi-square test. Logistic regression analysis was performed to identify independent predictors and estimate the strength of associations, with results expressed as odds ratios (ORs) and 95% confidence intervals (CIs). A p-value of <0.05 was considered statistically significant.
Results
Sociodemographic characteristics of study participants 
Table 1 presents the sociodemographic characteristics of 778 adults aged 18–65 years with T2DM attending the Family Medicine Clinics of two tertiary health facilities in Edo State between May and July 2025. The mean age was 45 ± 12 years, with the majority of the participants aged 40–59 years (65.7%). Females accounted for 58.1% of the cohort, and the majority were married (61.2%). More than half of the respondents (56.9%) were self-employed, while 58.0% had attained secondary education or less.

Table 1: Sociodemographic characteristics of study participants (N=778)
	Variables
	Frequency
	Percentage

	Age (Years) 
Mean 45±12 years
	
	

	< 40
	210
	27.0

	40 – 59
	511
	65.7

	≥ 60
	57
	7.3

	Sex
	
	

	Female
	452
	58.1

	Male
	326
	41.9

	Marital Status
	
	

	Married
	476
	61.2

	Unmarried (Single, Divorced, Widowed)
	302
	38.8

	Occupation
	
	

	Employed
	217
	27.9

	Self-Employed
	443
	56.9

	Unemployed
	118
	15.2

	Level of Education
	
	

	Secondary and Below
	451
	58.0

	Post-Secondary
	327
	42.0


 


Lifestyle factors among participants (N=778)
Table 2 presents the distribution of lifestyle factors among the study participants. Adequate dietary habits were reported by 30.6% of respondents, while 47.9% engaged in sufficient physical activity. A normal body mass index (BMI) was observed in 44.8% of participants, whereas 35.9% were classified as overweight and 19.3% as obese. Nearly half of the respondents (49.2%) reported adequate sleep duration of 7–9 hours per night. Smoking prevalence was low (5.5%), while 43.2% reported alcohol consumption.

Table 2: Lifestyle factors among participants (N=778)
	Variable
	Frequency
	Percentage

	Dietary Habits
	
	

	Adequate
	238
	30.6

	Inadequate
	540
	69.4

	Physical Activity
	
	

	Yes
	373
	47.9

	No
	405
	52.1

	BMI
	
	

	Normal
	349
	44.8

	Overweight
	279
	35.9

	Obese
	150
	19.3

	Sleep Duration (Hours)
	
	

	< 7
	303
	39.0

	7-9
	383
	49.2

	>9
	92
	11.8

	Smoking
	
	

	Yes
	43
	5.5

	No
	735
	94.5

	Alcohol
	
	

	Yes
	336
	43.2

	No
	442
	56.8





Clinical characteristics and comorbidities of the study participants
Table 3 presents the clinical characteristics and comorbidities of the study participants. Hypertension was the most common comorbidity, affecting 476 (61.2%) respondents, of whom only 179 (37.6%) had controlled blood pressure. Most participants had lived with diabetes for less than five years, and 488 (62.7%) achieved good glycaemic control. Elevated HbA1c levels (>6.5%) were observed in 288 (37.0%) respondents, while albuminuria was present in 134 (17.2%). Lipid abnormalities were detected in 262 (33.7%) participants, with elevated total cholesterol reported in 237 (90.5%) of these cases.


Table 3: Clinical characteristics and comorbidities of the study participants (N=778)
	Variables
	Frequency
	Percentage

	Hypertension 
	
	

	Yes
	476
	61.2

	No
	302
	38.8

	Blood pressure control (n=476)
	
	

	Controlled
	179
	37.6

	Uncontrolled
	297
	62.4

	Duration of DM (Years)
	
	

	≤ 2
	276
	35.5

	3 – 4
	327
	42.0

	≥ 5
	175
	22.5

	Glycaemic Control
	
	

	Controlled
	488
	62.7

	Uncontrolled
	290
	37.3

	Glycaeted Haemoglobin
	
	

	Normal
	490
	63.0

	Elevated
	288
	37.0

	Albuminuria
	
	

	Present 
	134
	17.2

	Absent
	644
	82.8

	Lipid Profile
	
	

	Normal
	516
	66.3

	Abnormal
	262
	33.7

	Abnormal Lipid Profile (n=262)
	
	

	Elevated Total Cholesterol
	237
	90.5

	Elevated Triglycerides
	187
	71.4

	Elevated Low-Density Lipoprotein (LDL)
	159
	60.7

	Reduced high-density lipoprotein (HDL)
	125
	47.7



Association Between Lifestyle Factors and Glycaemic Control
Table 4 presents the association between lifestyle factors and glycaemic control. Respondents with adequate dietary habits (p = 0.0002), sufficient physical activity (p = 0.012), a normal BMI (p = 0.002), and those who did not consume alcohol (p = 0.010) demonstrated significantly better glycaemic control. In contrast, no significant associations were observed between glycemic control and sleep duration (p = 0.143) or smoking (p = 0.510).
Table 4: Association Between Lifestyle Factors and Glycaemic Control
	Variable
	Controlled
290 (37.3%)
	Uncontrolled
488 (62.7)
	ꭓ2
	p-value

	Dietary Habits
	
	
	14.038
	0.0002*

	Adequate
	112 (47.1)
	126 (52.9)
	
	

	Inadequate
	178 (33.0)
	362 (67.0)
	
	

	Physical Activity
	
	
	6.339
	0.012*

	Yes
	156 (41.8)
	217 (58.2)
	
	

	No
	134 (33.1)
	271 (66.9)
	
	

	BMI
	
	
	12.251
	0.002*

	Normal
	151 (43.2)
	198 (56.8)
	
	

	Overweight
	98 (35.1)
	181 (64.9)
	
	

	Obese
	41 (27.3)
	109 (72.7)
	
	

	Sleep Duration (Hours)
	
	
	3.894
	0.143

	< 7
	125 (41.3)
	178 (58.7)
	
	

	7 – 9
	130 (33.9)
	253 (66.1)
	
	

	>9
	35 (38.0)
	57 (62.0)
	
	

	Smoking
	
	
	0.433
	0.510

	Yes
	14 (32.6)
	29 (67.4)
	
	

	No
	276 (37.5)
	459 (62.5)
	
	

	Alcohol
	
	
	6.663
	0.010*

	Yes
	108 (32.1)
	228 (67.9)
	
	

	No
	182 (41.1)
	260 (58.9)
	
	


*statistically significant

Lifestyle Correlates of Albuminuria Among Study Participants
Table 5 shows the association between lifestyle factors and albuminuria. Albuminuria was significantly less prevalent among participants who reported adequate dietary habits (p=0.00001), maintained a normal BMI (p=0.012), had adequate sleep duration (p=0.0006), did not smoke (p=0.006), and abstained from alcohol consumption (p=0.005). However, physical activity was not significantly associated with albuminuria (p=0.064).






Table 5. Lifestyle Correlates of Albuminuria Among Study Participants

	Variable
	Albuminuria Present
134 (17.8%)
	Albuminuria Absent
644 (82.8%)
	ꭓ2
	p-value

	Dietary Habits
	
	
	30.936
	0.00001*

	Adequate
	14 (5.9)
	224 (94.1)
	
	

	Inadequate
	120 (22.2)
	420 (77.8)
	
	

	Physical Activity
	
	
	3.438
	0.064

	Yes
	74 (19.8)
	299 (80.2)
	
	

	No
	60 (14.8)
	345 (85.2)
	
	

	BMI
	
	
	8.799
	0.012*

	Normal
	48 (13.8)
	301 (86.2)
	
	

	Overweight
	49 (17.6)
	230 (82.4)
	
	

	Obese
	37 (24.7)
	113 (75.3)
	
	

	Sleep Duration (Hours)
	
	
	11.730
	0.0006*

	Adequate
	50 (12.7)
	345 (86.3)
	
	

	Inadequate
	84 (21.9)
	299 (78.1)
	
	

	Smoking
	
	
	7.507
	0.006*

	Yes
	14 (32.6)
	29 (67.4)
	
	

	No
	120 (16.3)
	615 (83.7)
	
	

	Alcohol
	
	
	12.076
	0.0005*

	Yes
	76 (22.6)
	260 (77.4)
	
	

	No
	58 (13.1)
	384 (86.9)
	
	


*statistically significant





Logistic regression analysis of lifestyle factors and glycaemic control
Multivariable analysis revealed that inadequate diet (OR=1.81, 95% CI: 1.32–2.47, p=0.0002), physical inactivity (OR=1.45, 95% CI: 1.09–1.95, p=0.012), overweight (OR=1.41, 95% CI: 1.02–1.95, p=0.039), obesity (OR=2.03, 95% CI: 1.34–3.08, p=0.0009), and alcohol intake (OR=1.66, 95% CI: 1.24–2.23, p=0.0007) independently predicted poor glycaemic control (Table 6).



Table 6: Logistic Regression Analysis of Lifestyle Factors and Glycaemic Control
	Variable
	OR
	95% CI
	Z statistics
	p-value

	Dietary Habits
	
	
	
	

	Adequate
	1
	
	
	

	Inadequate
	1.808
	1.324 – 2.468
	3.726
	0.0002*

	Physical Activity
	
	
	
	

	Yes
	1
	
	
	

	No
	1.454
	1.086 – 1.947
	2.513
	0.012*

	BMI
	
	
	
	

	Normal
	1
	
	
	

	Overweight
	1.409
	1.018 – 1.948
	2.069
	0.039*

	Obese
	2.028
	1.336 – 3.076
	3.323
	0.0009*

	Alcohol
	
	
	
	

	Yes
	1
	
	
	

	No
	1.663
	1.240 – 2.231
	3.395
	0.0007*


*statistically significant


Logistic regression analysis of lifestyle factors and albuminuria
Inadequate diet (OR=0.22, 95% CI: 0.12–0.39, p<0.0001), obesity (OR=0.49, 95% CI: 0.30–0.79, p=0.003), inadequate sleep (7–9 h: OR=0.35, 95% CI: 0.22–0.55, p<0.0001; >9 h: OR=0.29, 95% CI: 0.16–0.54, p=0.0001), non-smoking (OR=2.47, 95% CI: 1.27–4.82, p=0.008), and abstinence from alcohol (OR=1.94, 95% CI: 1.33–2.82, p=0.0006) were significant protective factors against albuminuria (Table 7).

Table 7. Logistic regression analysis of lifestyle factors and albuminuria
	Variable
	OR

	95% CI
	Z statistics
	p-value

	Dietary Habits
	
	
	
	

	Adequate
	1
	
	
	

	Inadequate
	0.219
	0.123 – 0.390
	5.164
	<0.0001*

	BMI
	
	
	
	

	Normal
	1
	
	
	

	Overweight
	0.749
	0.485 – 1.155
	1.310
	0.190

	Obese
	0.487
	0.301 – 0.787
	2.936
	0.003*

	Sleep Duration (Hours)
	
	
	
	

	< 7
	1
	
	
	

	7-9
	0.348
	0.219 – 0.554
	4.462
	<0.0001*

	>9
	0.294
	0.159 – 0.543
	3.904
	0.0001*

	Smoking
	
	
	
	

	Yes
	1
	
	
	

	No
	2.474
	1.270 – 4.821
	2.661
	0.008*

	Alcohol
	
	
	
	

	Yes
	1
	
	
	

	No
	1.935
	1.328 – 2.819
	3.439
	0.0006*


*statistically significant


Discussion 
This study set out to investigate the association between various modifiable lifestyle factors and the presence of albuminuria, a key marker for renal impairment, in a cohort of patients with Type 2 Diabetes Mellitus (T2DM) in Edo State, Nigeria. The findings reveal a significant burden of albuminuria (17.2%) and demonstrate that several lifestyle factors are strongly and independently associated with its prevalence.
The prevalence of albuminuria observed in this study (17.2%) falls within the range reported by other studies in Nigeria and across Africa. A study in South-Western Nigeria using a similar method reported a prevalence of 21.4% [16], while another in southern Nigeria, with values ranging between 58% and 72.63% [17]. Patel et al. in a Portuguese primary care study found albuminuria in 51% of patients with diabetes only, though they used a lower detection threshold (≥20mg/dl) [18]. A study conducted in Pakistan reported a microalbuminuria prevalence of 31.6% [19]. Variations in the prevalence observed are expected due to differences in population characteristics, methods of albuminuria detection, and stages of diabetes progression.
A central finding of this study is the strong protective association of an adequate diet against albuminuria. Participants with adequate dietary habits had a lower odds of having albuminuria (OR: 0.219, p<0.0001). This finding is consistent with international evidence. Studies from Europe and North America have consistently shown that dietary patterns rich in fruits, vegetables, and whole grains—such as the DASH (Dietary Approaches to Stop Hypertension) or Mediterranean diets—are associated with a lower incidence of chronic kidney disease and albuminuria in diabetic populations [20, 21]. These diets are thought to confer renoprotective effects by improving endothelial function, reducing oxidative stress, and lowering blood pressure. Our study confirms that this relationship holds in the Nigerian context, where dietary transitions towards more processed foods are occurring alongside urbanization [21, 22].
The study also confirmed a strong gradient of risk associated with body mass index (BMI). Obesity was significantly associated with a higher prevalence of albuminuria (p=0.012). This finding is supported by that of a study by Thakur et al, which recorded a significant association between body mass index and microalbuminuria [23]. The pathophysiological link is well-established: obesity contributes to insulin resistance, glomerular hyperfiltration, and a chronic state of low-grade inflammation, all of which can damage the glomerular filtration barrier and promote albumin leakage [24]. This is a critical public health concern for Nigeria, which is experiencing a rapid rise in obesity rates due to changing lifestyles, making weight management a cornerstone of preventing diabetic complications [25]. However, another study that was carried out in Nigeria reported an insignificant association between body mass index and albuminuria [26]. This difference in BMI impact on albuminuria could be due to regional body mass index variations. 
This study found a significant independent association between adequate sleep duration and a reduced risk of albuminuria. This relationship is less frequently studied in the African context but is gaining recognition internationally. Our finding that 7-9 hours of sleep was highly protective (OR: 0.348, p<0.0001) aligns with cohort studies from the US and Asia, which have linked both short and long sleep duration to an increased risk of incident CKD and albuminuria [27, 28]. The proposed mechanisms include sleep deprivation-induced sympathetic nervous system activation, hormonal dysregulation (e.g., increased cortisol), and increased systemic inflammation, all of which can exacerbate insulin resistance and endothelial dysfunction [29]. This suggests that sleep hygiene should be considered an integral, yet often overlooked, component of lifestyle modification counselling for patients with T2DM in Nigeria.
Smoking and alcohol consumption were significantly associated with albuminuria. Smokers and alcohol consumers had higher proportions of albuminuria, and abstinence was associated with markedly lower odds of the condition (OR: 2.474 and OR: 1.935, respectively). Tobacco smoke contains toxins that induce endothelial dysfunction and vascular damage, while excessive alcohol intake can contribute to hypertension and direct glomerular injury [30]. These findings reinforce the imperative for routine screening and robust smoking cessation and alcohol moderation programs within diabetic care.
Interestingly, while physical activity was significantly associated with better glycaemic control (p=0.012), its direct association with albuminuria did not reach statistical significance (p=0.064). This discrepancy is not uncommon in observational studies. The renoprotective benefits of physical activity are often indirect, mediated primarily through improvements in weight, blood pressure, and glycaemic control over a longer period. A meta-analysis concluded that while exercise training improves traditional cardiorenal risk factors [31], evidence for a direct independent effect on albuminuria is less consistent [32]. The method of assessment (self-report vs. accelerometer) may also play a role in this variability.
These findings have important clinical and public health implications. Integrating lifestyle-focused interventions—such as structured dietary counselling, weight reduction programs, alcohol cessation strategies, and physical activity promotion—into routine diabetes care is critical. Equally important is the strengthening of albuminuria screening, both at diagnosis and during follow-up visits. Early detection facilitates timely interventions, including tighter glycaemic control and renoprotective therapies, which can delay progression to overt nephropathy and end-stage kidney disease.
Conclusion 
[bookmark: _GoBack]This study demonstrates that lifestyle factors play a pivotal role in shaping both glycaemic control and renal outcomes among Nigerian adults with T2DM. The relatively low prevalence of albuminuria compared with previous Nigerian studies may reflect the younger age and shorter diabetes duration in this cohort. Nonetheless, poor dietary habits, obesity, alcohol consumption, and inadequate sleep emerged as consistent predictors of both poor glycaemic control and albuminuria. These findings highlight the need for lifestyle-centred interventions alongside pharmacological management, as well as routine albuminuria screening, to prevent or delay the onset of diabetic nephropathy and reduce the long-term burden of renal complications.
Limitations
The cross-sectional design of this study limits causal inference between lifestyle factors and clinical outcomes. Reliance on self-reported data for diet, physical activity, alcohol intake, and sleep introduces potential recall and social desirability bias. Albuminuria was assessed using a single spot urine measurement rather than repeated testing, which may overestimate or underestimate its true prevalence. Furthermore, as a hospital-based study, the findings may not be generalizable to all individuals with T2DM in the community. Despite these limitations, the relatively large sample size and comprehensive evaluation of lifestyle and clinical factors strengthen the validity of the results and provide valuable insights for clinical practice and public health interventions in Nigeria.
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