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ABSTRACT
Background: Tuberculosis (TB) and dysglycaemia are interrelated public health challenges, particularly in low- and middle-income countries. The bidirectional interaction between TB and disorders of glucose metabolism, including prediabetes and diabetes mellitus, is increasingly recognized. Despite this, there is limited evidence on the prevalence and patterns of dysglycaemia among TB patients in Nigeria. This study aimed to assess the magnitude and socio-clinical determinants of dysglycaemia in individuals with pulmonary TB at the University of Port Harcourt Teaching Hospital (UPTH).
Methods: A cross-sectional study was conducted among 171 newly diagnosed adult pulmonary TB patients receiving care at the DOTS clinic of UPTH. Sociodemographic and clinical data were obtained through structured interviewer-administered questionnaires. Anthropometric parameters were measured, and glycaemic status was determined using glycated haemoglobin (HbA1c), applying the American Diabetes Association (ADA) criteria. The relationship between dysglycaemia and patient characteristics was examined using chi-square tests, with statistical significance set at p < 0.05.
Results: Of the 171 participants, 90 (52.6%) had dysglycaemia, encompassing both prediabetes and diabetes mellitus. The mean age was 30.03 ± 8.89 years, and males constituted 53.8% of the study population. Higher dysglycaemia prevalence was observed among participants with a family history of diabetes (53.8%), those who were overweight or obese (66.7%), and individuals in unskilled occupations (50.0%). Significant associations were found between dysglycaemia and both occupational status (p = 0.0001) and BMI category (p = 0.0001). No statistically significant association was identified with age, sex, or educational level.
Conclusion: Dysglycaemia is common among TB patients at UPTH, affecting more than half of those studied. The significant links with occupational status and BMI highlight the need for routine glycaemic screening and targeted management strategies within TB treatment programs. Early detection and intervention are vital to improving clinical outcomes and reducing long-term metabolic risks in this population.
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1.0	INTRODUCTION
Tuberculosis (TB) remains a significant global public health concern, particularly in low- and middle-income countries where the disease burden is highest. In 2022, approximately 10.6 million individuals were diagnosed with TB, resulting in about 1.47 million deaths—most of which occurred in resource-constrained regions (World Health Organization [WHO], 2023). Parallel to this is the rising prevalence of dysglycaemia, encompassing impaired fasting glucose, impaired glucose tolerance, and diabetes mellitus. Globally, over 537 million adults currently live with diabetes, and projections suggest this number will increase to 783 million by 2045 (International Diabetes Federation [IDF], 2023).
The coexistence of TB and dysglycaemia has drawn increasing attention because of their reciprocal influence. Persistent hyperglycaemia weakens immune defences, raising susceptibility to TB infection and reactivation. Conversely, TB infection can trigger stress-induced hyperglycaemia and alter glucose metabolism, further compounded by the metabolic effects of anti-TB therapy (Magodoro et al., 2025). Evidence suggests that between 15% and 30% of TB patients present with some form of dysglycaemia—either pre-existing or newly diagnosed—which may influence disease progression and treatment outcomes (Calderon et al., 2022; Lopez et al., 2021).
This dual burden is particularly critical in Africa. The continent recorded roughly 2.5 million new TB cases in 2022, corresponding to an incidence rate of 226 per 100,000 population (Patel et al., 2020). Simultaneously, diabetes prevalence continues to rise, with an estimated 24 million African adults affected, many of whom remain undiagnosed (IDF, 2023). Research across African contexts indicates that 12% to 20% of TB patients exhibit dysglycaemia, emphasizing the necessity of integrating glucose screening into TB management (Kassie et al., 2024; Castle et al., 2023; Calderon et al., 2019).
Nigeria exemplifies this dual challenge. In 2022, the nation reported 467,000 new TB cases and an incidence rate of 219 per 100,000 population (WHO, 2023). Diabetes prevalence is estimated at 5.8%, representing approximately 3.6 million adults—most of whom remain undiagnosed (Salako et al., 2019; Ayeni et al., 2016; Lawson et al., 2017). Nigerian studies reveal that between 8% and 21% of TB patients present with dysglycaemia, often manifesting as impaired glucose tolerance or overt diabetes (Kassie et al., 2024; Lawson et al., 2017). Despite growing recognition of this co-occurrence, important gaps persist in understanding the patterns, persistence, and determinants of dysglycaemia among TB patients. Variations in prevalence likely reflect differences in diagnostic criteria, healthcare settings, and comorbid conditions such as HIV or malnutrition.
This study therefore aimed to characterize the prevalence and socio-clinical patterns of dysglycaemia among individuals with pulmonary tuberculosis at the University of Port Harcourt Teaching Hospital, thereby contributing to evidence-based screening strategies and integrated TB–diabetes care models.

2.0	METHODS
2.1	Study Design and Setting
This was a hospital-based, descriptive cross-sectional study conducted at the Directly Observed Treatment, Short-course (DOTS) Clinic of the University of Port Harcourt Teaching Hospital (UPTH), Rivers State, Nigeria. UPTH is a tertiary referral center serving a diverse patient population from both urban and rural communities in southern Nigeria. The study was carried between November 2018 and November 2019.

2.2	Study Population
The study population consisted of adult patients aged 18 years and above who had a new diagnosis of pulmonary tuberculosis (PTB). Eligibility was restricted to individuals with microbiologically confirmed PTB, as determined by the GeneXpert MTB/RIF assay. Participants were enrolled consecutively at the commencement of anti-tuberculosis treatment. Exclusion criteria encompassed any prior diagnosis of diabetes mellitus, current use of corticosteroids or other drugs known to alter glucose metabolism, pregnancy, severe illness, or inability to provide informed consent.
2.3	Sample Size Determination
The minimum sample size for this study was calculated using Kish’s formula for sample size estimation in populations greater than 10,000:

n = (Z² × p × q) / d²

Where:
- n = required sample size for large populations
- Z = standard normal deviate at 95% confidence level (1.96)
- p = estimated prevalence of diabetes mellitus among tuberculosis patients, set at 15.1% (0.151) based on findings from a similar study by Lawson et al. (2017)
- q = 1 − p = 0.849
- d = desired precision or margin of error = 0.05

Substituting the values:
n = (1.96² × 0.151 × 0.849) / (0.05)²
n = (2.8416 × 0.128199) / 0.0025 = 0.4926 / 0.0025 = 197

Since the total population of newly diagnosed TB patients at the University of Port Harcourt Teaching Hospital (UPTH) in the previous year was estimated at 707 (obtained from hospital records), a finite population correction was applied:

Nf = n / [1 + (n/N)] = 197 / [1 + (197/707)] = 197 / 1.2786 ≈ 154

To account for an anticipated 10% non-response rate, the adjusted final sample size was:
154 + (10% of 154) = 154 + 15.4 ≈ 169

The study therefore adopted a final sample size of 171 participants, allowing for adequate power and potential exclusions.
2.4	Data Collection
Data were obtained using a structured, interviewer-administered questionnaire that captured sociodemographic variables (including age, sex, marital status, education, and occupation), clinical history, and tuberculosis-related details. Trained research assistants, proficient in both English and local languages, conducted the interviews in accordance with standardized protocols to ensure uniformity and reduce potential bias.
2.5	Anthropometric and Clinical Measurements
Participants’ weight and height were measured using calibrated hospital-grade instruments. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m²) and categorized using WHO criteria. Blood pressure was measured using a digital sphygmomanometer after at least five minutes of rest.
2.6	Laboratory Assessment of Glycemic Status
Venous blood samples were obtained from all participants under aseptic conditions. Glycaemic status was determined using glycated haemoglobin (HbA1c) measurements, with all analyses conducted at the University of Port Harcourt Teaching Hospital (UPTH) central laboratory employing standardized immunoassay-based analyzers. Interpretation of HbA1c values followed the 2023 American Diabetes Association (ADA, 2023) guidelines: Normal (<5.7%), Prediabetes (5.7%–6.4%), and Diabetes (≥6.5%). Participants with abnormal findings were identified for follow-up and referred to the endocrinology clinic for further assessment and management.
2.7	Data Management and Analysis
Data were entered into Microsoft Excel and analyzed using IBM SPSS Statistics version 25. Descriptive statistics were used to summarize participant characteristics. Continuous variables were expressed as means and standard deviations or medians and interquartile ranges, depending on distribution, while categorical variables were presented as frequencies and percentages. Associations between dysglycemia and selected independent variables were tested using chi-square tests and logistic regression, with significance set at p < 0.05.
2.8	Ethical Considerations
The study protocol was reviewed and approved by the Health Research Ethics Committee of the University of Port Harcourt Teaching Hospital. Written informed consent was obtained from each participant after thorough explanation of the study objectives, procedures, risks, and benefits. Participation was voluntary, and confidentiality was assured by assigning anonymized identification codes and securely storing data. Participants identified with prediabetes or diabetes were appropriately counselled and referred for further clinical management in line with standard hospital protocols.



3.0	RESULTS & DISCUSSION
Table 1: Socio-demographic Characteristics of Patients
This table presents the background characteristics of the 171 TB patients enrolled. The majority were male (53.8%), while females comprised 46.2%. The predominant age group was 30–39 years (39.8%), followed by 18–29 years (27.5%). The mean age was 30.03 ± 8.89 years. A substantial proportion had tertiary education (64.3%), while 27.5% had secondary and 8.2% had only primary education. Most participants were married (59.1%) and a significant number were engaged in unskilled occupations (50.3%), with 36.8% in skilled/professional roles.

Table 1: Socio-demographic Characteristics of patients
	Characteristics
	Frequency
 (n = 171)
	Percent (%)

	Sex
	
	

	Male
	92
	53.8

	Female
	79
	46.2

	Age Bracket (in years)
	
	

	18 – 29
	47
	27.5

	30 – 39
	68
	39.8

	40 – 49
	42
	24.6

	50 – 59
	14
	8.2

	Mean age ± SD

	30.03± 8.89
	

	Education level
	
	

	Primary
	14
	8.2

	Secondary
	47
	27.5

	Tertiary 
	110
	64.3

	
Marital status
	
	

	Single
	66
	38.6

	Married
	101
	59.1

	Widow/widower
	4
	2.3

	
	
	

	Occupation 
	
	

	Skilled/professional
	63
	36.8

	Unskilled 
	86
	50.3

	Others 
	22
	12.9

	
	
	






Table 2: Clinical History of Patients
In terms of disease duration, 59.6% had TB symptoms for 1–8 weeks, while 40.4% had symptoms for 9–24 weeks. A family history of TB was reported by 17% of participants. Interestingly, over half (53.8%) reported a family history of diabetes mellitus (DM). Smoking was also prevalent, with 50.9% identifying as current or former smokers.
Table 2: Clinical History of Patients
	Variable
	Frequency (n=171)
	Percent (%)

	Duration of TB
	
	

	1 – 8weeks
	102
	59.6

	9 – 24 weeks
	69
	40.4

	
	
	

	Family history of TB 
	
	

	Yes
	29
	17

	No                         
	142
	83

	
	
	

	Family history of DM
	
	

	Yes
	92
	53.8

	No
	79
	46.3

	
	
	

	Smoking status
	
	

	Yes
	87
	50.9

	No
	84
	49.1



Figure 1: Prevalence of Dysglycaemia in TB Patients
While the image is not visible, the title indicates this chart illustrates the overall prevalence of dysglycaemia among the study population. Based on context from Table 3, 90 out of 171 participants (52.6%) were identified as having dysglycaemia.








Figure 1: Prevalence of Dysglycaemia in TB Patients


Figure 2: Pattern of Dysglycaemia in TB Patients
This chart presumably distinguishes between the types of dysglycaemia detected—likely prediabetes versus overt diabetes mellitus—though the precise figures are not provided. These distinctions are essential for clinical triage and disease risk stratification.



Figure 2: Pattern of Dysglycaemia in TB patients

Table 3: Distribution of Socio-demographic Factors and Dysglycaemia
This table compares demographic and clinical variables between TB patients with and without dysglycaemia. The differences in age group, gender, and educational attainment were not statistically significant (p > 0.05). However, occupation and BMI were significantly associated with dysglycaemia (p < 0.0001). Unskilled workers and individuals with higher BMI (overweight or obese) were more likely to have dysglycaemia.



Table 3: Distribution of Socio-demographic factors and Dysglycaemia
	Socio-demographic 
factors 
	Dysglycaemia
(n=90, %)
	No Dysglycaemia
(n =81, %)
	Chi-square (p-value)

	Age-group
	
	
	0.29 (0.961) **

	18 – 29
	26 (28.9)
	21 (25.9)
	

	30 – 39  
	36 (40.0)
	32 (39.5)
	

	40 – 49 
	21 (23.3)
	21 (25.9)
	

	50 – 59 
	7 (7.8)
	7 (8.6)
	

	Gender
	
	
	0.55 (0.457)**

	Female
	44 (48.9)
	35 (43.2)
	

	Male
	46 (51.1)
	46 (56.8)
	

	Education
	
	
	

	Primary
	9 (10.0)
	5 (6.2)
	1.02 (0.600)**

	Secondary
	23 (25.6)
	24 (29.6)
	

	Tertiary
	58 (64.4)
	52 (64.2)
	

	Occupation
	
	
	

	Unskilled
	45(50.0)
	41(50.6)
	192.75 (0.0001) *

	Skilled
	35(38.9)
	28(34.6)
	

	Others 
	10(11.1)
	12(14.8)
	

	BMI Category
	
	
	

	Normal
	26 (28.9)
	28 (34.6)
	193.2 (0.0001) *

	 Underweight 
	4 (4.4)
	5 (6.2)
	

	Overweight 
	34 (37.8)
	28 (34.6)
	

	Obesity 
	26 (28.9)
	20 (24.7)
	


Dysglycaemia comprises of prediabetes and Diabetes Mellitus subjects
*distribution is significant (p <0.05), **Distribution is not significant (p>0.05)
Prediabetes represents an intermediate metabolic state preceding diabetes mellitus (DM), in which blood glucose levels exceed normal values but remain below diagnostic thresholds (Mechanick et al., 2018). In the present study, prediabetes occurred more frequently among males than females. This finding aligns with the broader evidence that men often exhibit higher exposure to lifestyle-related risk factors—such as tobacco use and alcohol consumption—that predispose them to dysglycaemia (Lönnroth et al., 2008). Comparable observations were reported by Ekeke et al. (2017) in Southern Nigeria and by Lawson et al. (2017) in Abuja, where males similarly demonstrated higher rates of prediabetes among tuberculosis (TB) patients.
Interestingly, overt diabetes mellitus was more prevalent among females in this study. This observation corroborates the findings of Restrepo et al. (2011) in the United States, which identified a higher prevalence of DM among female TB patients. Biological factors such as greater adiposity and hormonal influences—particularly oestrogen-mediated insulin resistance—may explain this gender disparity (Tuei et al., 2010). Additionally, regional differences may contribute: the South–South zone of Nigeria, where this study was conducted, has been documented to exhibit higher diabetes prevalence than the North–Central zone (Uloko et al., 2018). The observed prevalence also exceeded that reported by Ekeke et al. (2017), likely due to methodological differences, as the latter employed fasting blood glucose (FBG) testing, which is less sensitive and may underestimate the true burden of glycaemic abnormalities. Conversely, our findings are comparable to those from Mexico (36%) and South Texas (39%) (Workneh et al., 2017), reflecting shared epidemiological patterns in high-burden settings. Lower prevalence figures documented in Ethiopia (Kibirige, 2014), Uganda (Magee et al., 2018), and the United States (Workneh et al., 2016) may stem from lower background rates of both diseases.
The overall dysglycaemia prevalence in this cohort (52.6%) was notably high and consistent with findings from Western India (Workneh et al., 2017). This could be attributed to the use of glycated haemoglobin (HbA1c) testing, which captures longer-term glycaemic fluctuations and enhances detection sensitivity (Guo et al., 2014). It is plausible that some participants had undiagnosed diabetes prior to TB diagnosis, reinforcing the argument for integrating metabolic screening into TB programs.
The co-occurrence of TB and dysglycaemia underscores a well-recognized syndemic interaction between infectious and metabolic diseases (Boillat-Blanco et al., 2016; Viswanathan et al., 2012). Although the majority of participants were aged 30–39 years, age and sex were not significantly associated with dysglycaemia. This contrasts with global patterns where advancing age is a dominant predictor of impaired glucose regulation. The lack of age association may indicate transient infection-related hyperglycaemia affecting younger adults during active TB infection.
Educational attainment was also not significantly linked to dysglycaemia, suggesting that biological and disease-mediated mechanisms may override behavioural and socio-educational factors. Nevertheless, a strong familial predisposition was observed—over half of respondents (53.8%) reported a family history of diabetes—implying genetic or intergenerational susceptibility, particularly in TB-endemic populations. Smoking prevalence (50.9%) further compounds this risk, given its established contribution to insulin resistance and impaired pulmonary function (Osman et al., 2023; Maddatu et al., 2017).
Notably, occupational status and body mass index (BMI) emerged as the most significant determinants of dysglycaemia. Unskilled workers were disproportionately affected, possibly due to poor nutrition, occupational stress, limited access to healthcare, and lower health literacy. Similarly, overweight and obese participants exhibited a higher prevalence of dysglycaemia, reaffirming the strong link between adiposity and insulin resistance (Boillat-Blanco et al., 2016). These findings are consistent with regional studies that demonstrate an interplay between infection-induced stress hyperglycaemia, underlying metabolic syndrome, and potential glycaemic disturbances caused by anti-TB drugs such as rifampicin and isoniazid (Viswanathan et al., 2012).
Taken together, these findings highlight a critical need to integrate diabetes screening and management into TB care pathways. Addressing modifiable risk factors—such as obesity, smoking, and low socioeconomic status—within TB programs may improve both metabolic and infectious disease outcomes. Moreover, early identification and management of dysglycaemia can enhance treatment adherence, mitigate complications, and reduce mortality among TB patients.
5.0	CONCLUSION
This study reveals a high prevalence of dysglycaemia among TB patients at UPTH, underscoring the urgent need for integrated screening protocols at TB clinics. The significant associations with BMI and occupational status further suggest that targeted interventions, including nutritional counselling, lifestyle modification, and socioeconomic support, may improve outcomes. Future studies should explore longitudinal patterns post-treatment to distinguish transient hyperglycaemia from chronic diabetes and assess how these patterns affect TB treatment adherence and recovery.
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