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Abstract

Aim: This study provides comprehensive insights into the co-morbidity of diabetes and tuberculosis in Nigeria. 

Methodology: This study was cross-sectional in design. The population under study consisted of individuals in Nigeria diagnosed 
with diabetes and/or tuberculosis. A purposive sampling technique was employed for data collection. The inclusion criteria for the 
study were individuals who were diagnosed with diabetes and/or tuberculosis and were receiving treatment for the condition(s). A 
structured questionnaire was administered to three hundred and eighty (380) patients diagnosed with diabetes and/or tuberculosis 
and attending the outpatient clinic of the University College Hospital (UCH), Ibadan, Nigeria. Data collected were coded and entered 
into SPSS (version 26.0) for analysis. Descriptive statistics (frequencies, percentages) were calculated for each variable in the study. 
Cross-tabulation was performed to examine the relationships between variables and Chi-square tests were used to test for statistical 
significance. The p-value was set at 0.05 for statistical significance.

Results: The results showed that 70.73% of the respondents were diagnosed with diabetes and 36.86% with tuberculosis. Among 
the participants with both diseases, 39.29% were diagnosed with tuberculosis before diabetes, 46.43% after, and 14.29% at the same 
time. An important finding of this study revealed that 64.29% of participants with both conditions noticed interactions or effects 
between their diabetes and tuberculosis conditions. Factors such as age, sex, occupation, smoking habits, and alcohol consumption 
significantly influenced the co-morbidity of these diseases. The study noted a lack of awareness about the link between diabetes and 
tuberculosis among 47.15% of the participants, whereas 76.15% felt more should be done to raise awareness in Nigeria. Healthcare 
access and quality survey showed that 75% of those with both diseases faced challenges in managing the conditions, yet 89.29% 
were receiving specialized medical care. Statistical analysis identified significant correlations between the co-morbidity of diabetes 
and tuberculosis with age (p = 0.033), sex (p = 0.019), occupation (p = 0.037), smoking (p = 0.008), and alcohol consumption (p = 
0.044). 

Conclusion: This study found that diabetes and tuberculosis are prevalent in Nigeria, and there is a significant correlation between 
them. There is a need for increased awareness and education about the co-morbidity of these diseases, as well as improved health-
care access and quality.
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Introduction

Chronic diseases and communicable diseases pose significant public health problems worldwide. While much focus has been directed 
towards the individual management of chronic and communicable diseases, little emphasis has been put on the co-morbidity of these 
diseases and their interplay. Among these, the co-morbidity of Diabetes Mellitus (DM) and Tuberculosis (TB) is of particular concern due 
to their high global prevalence and their bidirectional relationship, where DM increases the risk of TB and TB worsens glycaemic con-
trol [1,2]. This relationship has been identified as a looming co-epidemic by the World Health Organization and the International Union 
Against Tuberculosis and Lung Disease [3].

Diabetes and tuberculosis (TB) are two significant public health issues in Nigeria, posing considerable challenges to the country’s 
healthcare system [4]. Diabetes, a chronic non-communicable disease, is emerging as a significant health concern in Nigeria, with an esti-
mated prevalence of 5.77%. This disease affects a person’s ability to regulate blood sugar levels, leading to long-term complications such 
as cardiovascular disease, kidney damage, and blindness if not managed effectively [5].

On the other hand, Tuberculosis, a communicable disease caused by Mycobacterium tuberculosis, is the most common cause of death 
from a single infectious agent globally [6]. In Nigeria, Tuberculosis is a major public health problem, with the country ranking sixth among 
the 30 high TB burden countries and second in Africa [7].

The co-morbidity of these diseases is an emerging area of interest in health research due to their bidirectional relationship. The im-
mune suppression caused by diabetes increases the risk of developing active TB [2], while TB can lead to glucose intolerance, worsening 
the control of diabetes [8]. This interaction complicates the management of both diseases and necessitates comprehensive interventions 
to tackle both effectively.

Previous research studies have shown a potential link between diabetes and tuberculosis, where diabetes has been identified as a risk 
factor for developing tuberculosis [2,8]. The co-morbidity of these two diseases, as well as their associated healthcare challenges, under-
score the need for integrated disease management strategies and public awareness campaigns in Nigeria.

The burden of diabetes and tuberculosis in Nigeria cannot be underestimated. Diabetes is a significant public health issue, with an 
estimated 5 million people living with the disease as of 2019, according to the International Diabetes Federation [9]. On the other hand, 
Nigeria ranks sixth among the 30 high TB burden countries and second in Africa [7]. The co-morbidity of these diseases could potentially 
exacerbate healthcare challenges in the country, making disease management more complex. Moreover, patients with co-morbidity often 
have a poorer prognosis and lower quality of life than those with a single disease [10,11].

Epidemiological studies suggest that people with diabetes have a three-fold increased risk of developing tuberculosis [1]. Diabetes 
impairs the immune system, making individuals more susceptible to infections, including TB [12]. Additionally, TB may worsen glucose 
control in people with diabetes, thereby leading to poorer treatment outcomes and higher death rates [13]. Moreover, both diseases share 
common risk factors, such as malnutrition and smoking [14].

In Nigeria, a country burdened with a high prevalence of both TB and DM, the interplay between these diseases could amplify the 
public health consequences, impede disease control efforts, and exacerbate the disease burden on the individual and healthcare system. 
Despite these potential implications, there is limited research on the co-morbidity of DM and TB in Nigeria, with most studies focusing 
on either disease in isolation. The aim of this study was to investigate the relationship between DM and TB in Nigeria and to identify fac-
tors that might influence their co-morbidity. The study also assessed participants’ awareness of the relationship between DM and TB, 
the quality of healthcare services received for both diseases, and how co-morbidity affected their overall health and quality of life. This 
research provides important insights into the co-morbidity of DM and TB in Nigeria, offering valuable data for healthcare providers and 
policy-makers to address this significant public health concern.
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Methodology

This study was cross-sectional in design and aimed at exploring the relationship and comorbidity of diabetes and tuberculosis in Nige-
ria. The population under study consisted of individuals in Nigeria with the focus on those diagnosed with diabetes and/or tuberculosis. 
A purposive sampling technique was employed for data collection. Patients attending the outpatient department of the University College 
Hospital (UCH), Ibadan, Nigeria were chosen. The inclusion criteria for the study were individuals who were diagnosed with diabetes and/
or tuberculosis and were receiving treatment for the conditions. Informed consent was obtained from all participants before data collec-
tion, and confidentiality and anonymity were assured.

A structured questionnaire was administered to three hundred and eighty (380) patients diagnosed with diabetes and/or tuberculosis 
who attended the outpatient clinic of UCH between January 1 and December 31, 2022. The questionnaire included sections for demo-
graphic information, lifestyle and health habits, chronic disease (diabetes) status, communicable disease (tuberculosis) status, healthcare 
access and quality, and awareness and perception of the comorbidity of diabetes and tuberculosis. Additionally, participants were asked 
about the management of their health conditions, treatment received, and overall perception of their healthcare services. The question-
naire’s content validity was ensured through expert review. The questionnaire was pilot-tested on a small group of diabetes and tuber-
culosis patients to evaluate its clarity, relevance, comprehensiveness and reliability. Necessary modifications were made based on the 
feedback received. After obtaining the required ethical approvals and permissions, the researchers visited the outpatient clinic of UCH. 
The purpose of the study was explained to the participants, and their informed consent was obtained. Participants were given the self-
administered questionnaire to fill out in a private space, ensuring confidentiality. Participants were given sufficient time to complete the 
questionnaire, and their anonymity and confidentiality were maintained throughout the study.

Data analysis

Data collected were coded and entered into SPSS for Windows Version 26.0 for analysis. Descriptive statistics (frequencies, percent-
ages) were calculated for each variable in the study. Cross-tabulation was performed to examine the relationships between variables and 
Chi-square tests were used to test for statistical significance. The p-value was set at 0.05 for statistical significance.

Ethical considerations

The research was conducted in accordance with ethical principles, including informed consent, confidentiality, and data protection. 
Participants were informed of the purpose of the research and had the option to withdraw at any time without any consequences.

Results

A total of three hundred and eighty (380) questionnaires were administered to respondents of which only three hundred and sixty-
nine (369) were valid. This was due to irregular, incomplete and inappropriate responses to some questionnaires. These 369 question-
naires were validated for the analysis. Results of the study suggest that there was a substantial number of individuals who have been di-
agnosed with either diabetes, tuberculosis or both. Out of the 369 valid respondents, 70.73% have been diagnosed with diabetes, 36.86% 
have been diagnosed with tuberculosis, 7.59% of the participants were found to have both diseases (Figure 1). Among those diagnosed 
with diabetes, most have type II diabetes (95.40%). Around 57.18% have experienced complications due to diabetes, and 54.74% have 
been hospitalized due to diabetes-related complications (Table 2). Similarly, for tuberculosis, most participants were diagnosed with 
pulmonary TB (69.85%) (Table 3).

Those who have both conditions reported a noticeable interaction or effects between their diabetes and tuberculosis conditions 
(64.29%). However, a large portion of the population wasn’t sure about the relationship between diabetes and TB (66.94% in case of risk 
association and 39.57% in case of treatment effect). In the same vein, 58.27% believed there was insufficient public awareness about the 
relationship between diabetes and TB in their community (Table 5).
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The study also explored the impacts of having both conditions on individuals’ health and quality of life (Table 6). The presence of both 
diabetes and TB significantly worsened or worsened the overall health and quality of life for 78.57% of those with both conditions. Fur-
thermore, 75.00% reported facing challenges in managing both conditions simultaneously.

In terms of healthcare access and quality, most individuals with both conditions are receiving specialized medical care (89.29%) and 
have received education or counselling regarding managing both diseases (96.43%). All participants (100.00%) believed their healthcare 
providers are knowledgeable about the co-morbidity of diabetes and TB.

Significant relationships were found between the co-morbidity of diabetes and tuberculosis and several demographic and lifestyle fac-
tors including age, sex, occupation, smoking habits, and alcohol consumption (Table 7). For instance, age above 60 years, being female, and 
being unemployed were significantly associated with the co-morbidity of diabetes and tuberculosis. Also, smoking and alcohol consump-
tion showed significant association with co-morbidity.

Demographic Information Frequency (369) Percentage (%)
Age (in years)
Under 18 28 7.58
18 - 30 54 14.63
31 - 45 77 20.87
46 - 60 116 31.44
Above 60 94 25.47
Sex
Male 161 43.63
Female 208 56.37
Marital Status
Single 13 3.52
Married 221 59.89
Widowed 71 19.24
Divorced/Separated 64 17.34
Educational Level
No Formal Education 21 5.69
Primary Education 52 14.09
Secondary Education 208 56.39
Tertiary Education 88 23.85
Occupation
Students 46 12.47
Self-Employed 96 26.02
Civil Servants 129 34.96
Unemployed 33 8.94
Retiree 65 17.62

Table 1: Demographic information of participants.
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Variable Frequency (369) Percentage (%)
Have you been diagnosed with diabetes?
Yes 261 70.73
No 108 29.27
If yes, what type of diabetes were you diagnosed with?
Type I 4 1.53
Type II 249 95.40
Gestational diabetes 8 3.07
If yes, how long have you been diagnosed with diabetes?
Less than a year 27 10.34
1 - 5 years 68 26.05
6 - 10 years 87 33.33
More than 10 years 79 30.37
Are you currently taking medication for diabetes?
Yes 248 67.21
No 13 3.52
Not applicable/No diabetes 108 29.27
*How do you manage your diabetes? (Select all that apply to you) (n = 557*)
Insulin injections 120 21.54
Oral medication 111 19.93
Diet and exercise 196 35.19
Others 22 3.95
Not applicable/No diabetes 108 19.39
Have you experienced any complications related to diabetes?
Yes 211 57.18
No 50 13.55
Not applicable/No diabetes 108 29.27
Have you ever been hospitalized due to diabetes-related complications?
Yes 202 54.74
No 59 15.20
Not applicable/No diabetes 108 29.27

Table 2: Chronic disease (Diabetes). 
* = Multiple Responses.

Variable Frequency (369) Percentage (%)
Have you been diagnosed with tuberculosis?
Yes 136 36.86
No 233 63.14
If yes, what type of tuberculosis have you been diagnosed with?
Pulmonary (affects the lungs) 95 69.85
Extrapulmonary (affects other organs) 41 30.15
If diagnosed with tuberculosis, have you completed the full course of tuberculosis treatment?
Yes 82 60.29
No 54 39.71

Table 3: Communicable disease (Tuberculosis).
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Variable Frequency (369) Percentage (%)
How would you describe your current diet?
High in carbohydrate 56 15.18
High in protein 89 24.12
High in fat 74 20.05
Balanced 150 40.65
Others 00 0.00
Do you smoke cigarettes?
Yes 59 15.99
No 310 84.01
If yes, how many per day?
1 - 3 sticks 37 62.71
4 - 6 sticks 22 37.29
7 - 9 sticks 00
10 and above 00
Do you consume alcohol?
Yes 72 19.51
No 297 80.49
How frequently do you exercise?
Always 44 11.92
Often 127 34.42
Sometimes 108 29.27
Rarely 90 24.39
Never 00 0.00
How many hours of sleep do you get on average per night?
Less than 4 hours 41 11.11
4 - 6 hours 259 70.19
7 - 9 hours 65 17.62
10 hours and above 4 1.08

Table 4: Lifestyle and health habits.

Variable Frequency (369) Percentage (%)
Have you ever been diagnosed with diabetes, tuberculosis or both
Diabetes only 233 63.14
Tuberculosis only 108 29.27
Both Diabetes and Tuberculosis 28 7.59
If you have both diabetes and tuberculosis, were you diagnosed with tuberculosis before or after being diagnosed with 
diabetes?
Before diabetes 11 39.29
After diabetes 13 46.43
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Same time 4 14.29
If you have both diabetes and tuberculosis, have you noticed any interactions or effects between your diabetes and tuber-
culosis conditions?
Yes 18 64.29
No 10 35.71
Are you aware of the relationship between diabetes and tuberculosis?
Yes 109 29.54
No 174 47.15
I’m not sure 86 23.31
Do you think having diabetes increases the risk of having tuberculosis?
Yes 21 5.69
No 101 27.37
I don’t know 247 66.94
Did the treatment for diabetes affect tuberculosis in any way or vice versa?
Yes 15 4.07
No 208 56.37
Not sure 146 39.57
Did your health provider indicate that having diabetes could have influenced your susceptibility to tuberculosis, or vice 
versa?
Yes 273 73.98
No 96 26.02
Have you noticed any changes in the management or control of your diabetes after being diagnosed with tuberculosis, or 
vice versa?
Yes 19 5.15
No 9 2.44
Not Applicable 341 92.41
If yes, what is the nature of change noticed?
Positive 6 31.58
Negative 13 68.42
Not sure
In your opinion, is there sufficient public awareness about the relationship between diabetes and tuberculosis in your 
community?
Yes 62 16.80
No 215 58.27
I don’t know 92 24.93
Do you think more should be done to raise awareness of this potential link in Nigeria?
Yes 281 76.15
No 00 0.00
I don’t know 88 23.85

Table 5: Co-morbidity of diabetes and tuberculosis.
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Figure 1: Co-morbidity of diabetes and tuberculosis.

Variable Frequency (n = 28) Percentage (%)
How has the presence of both diabetes and tuberculosis affected your overall health and quality of life?
Significantly worsened 6 21.43
Worsened 16 57.14
No significant change 6 21.43
Improved 00 0.00
Do you face any challenges in managing both conditions simultaneously?
Yes 21 75.00
No 7 25.00
Are you currently receiving specialized medical care that addresses the co-morbidity of both diseases?
Yes 25 89.29
No 3 10.71
Have you received any education or counselling regarding the management of diabetes and tuberculosis together?
Yes 27 96.43
Not 1 3.57
How would you rate the healthcare services you have received for diabetes and tuberculosis?
Excellent 7 25.00
Good 15 53.57
Fair 6 21.43
Poor 00 0.00
Very poor 00 0.00
Do you feel that your healthcare providers are knowledgeable about the co-morbidity of diabetes and tuberculosis?
Yes 28 100.00
No 00 0.00
How would you rate your overall health?
Excellent 2 7.14
Good 10 35.71
Fair 9 32.14
Poor 7 25.00

Table 6: Access and quality of healthcare by patients with co-morbidity of diabetes and tuberculosis.
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Variable Diabetes only Tuberculosis only Diabetes and Tuberculosis χ2
P-

value
Age (in years)

8.152 0.033*

Under 18 19 9 0
18 - 30 36 18 0
31 - 45 42 31 4
46 - 60 68 39 9
Above 60 68 11 15
Sex

9.014 0.019*Male 105 49 7
Female 128 59 21
Marital Status

3.758 1.296
Single 8 5 0
Married 149 55 17
Widowed 45 20 6
Divorced/Separated 31 28 5
Educational Level

2.213 4.012
No Formal Education 13 6 2
Primary Education 34 13 5
Secondary Education 130 61 17
Tertiary Education 56 28 4
Occupation

6.918 0.037*

Students 30 11 5
Self-Employed 64 30 2
Civil Servants 86 39 4
Unemployed 14 10 9
Retiree 39 18 8
How frequently do you exercise?

1.894 6.721

Always 11 29 4
Often 83 34 10
Sometimes 85 15 8
Rarely 54 30 6
Never 0 0 0
Do you smoke cigarettes?

6.664 0.008*Yes 17 31 11
No 216 77 17
Do you consume alcohol?

8.392 0.044*Yes 39 12 21
No 194 96 7

Table 7: Factors affecting the co-morbidity of diabetes and tuberculosis. 
*Statistical significance.
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Discussion

This study investigated the co-morbidity of chronic (diabetes) and communicable (tuberculosis) diseases in Nigeria, an endeavour that 
holds critical significance for public health. The demographic information for the sample population, with a total of 369 valid respondents 
is presented in table 1. The age distribution showed a balanced representation of different age groups, with a majority of the participants 
aged between 46 - 60 years, contributing to 31.44% of the population. The next largest group is those above 60 years old (25.47%), fol-
lowed by the age group of 31 - 45 years (20.87%). The youngest age groups (under 18 and 18 - 30 years) represented 7.58% and 14.63% 
respectively.

There was a gender skew towards female participants, with females accounting for 56.37% of the sample, while males made up 
43.63%. This could reflect a higher willingness or availability among women to participate in the study, or it might indicate a higher 
prevalence of co-morbidity of diabetes and tuberculosis among women, which could be an interesting avenue for further research. In 
terms of marital status, a significant proportion of the participants were married (59.89%), followed by widowed (19.24%) and divorced/
separated (17.34%) participants. Only a small proportion of the population was single (3.52%). 

Educational levels among the study population were diverse. Most participants had secondary education (56.39%), followed by those 
with tertiary education (23.85%). A small group had no formal education (5.69%), while some completed primary education (14.09%). 
The high level of secondary and tertiary education among the participants could have implications on the level of health awareness and 
healthcare-seeking behaviour, which is an interesting aspect that could be further explored.

In regards to the occupation of participants, civil servants made up the largest group (34.96%), followed by the self-employed (26.02%) 
and retirees (17.62%). A small proportion of participants were students (12.47%) and unemployed (8.94%). The occupational distribu-
tion can offer insights into the potential socio-economic factors that may be associated with the co-morbidity of diabetes and tuberculosis.

Understanding the demographic profile of the study population is critical as it helps understand the context of the study’s findings. 
Age, gender, marital status, educational level, and occupation could influence health outcomes and disease susceptibility [15]. For in-
stance, previous research indicates that age and gender can influence susceptibility to diabetes and tuberculosis [16]. Likewise, marital 
status and educational levels may relate to health literacy and access to health care services [17]. Occupation could also affect health 
through exposure to certain risk factors or through socio-economic pathways [18]. Therefore, the demographic composition of this study 
could play a significant role in the study’s findings and conclusions on the co-morbidity of diabetes and tuberculosis.

The study provides significant insights into the state of diabetes in Nigeria, an issue that is of utmost relevance given the increasing 
global burden of chronic diseases [6,7]. In the group, 70.73% (n = 261) reported a diabetes diagnosis. This number is significantly higher 
than the estimated national prevalence of 5.77% as reported by the International Diabetes Federation in 2019 [9]. This disparity suggests 
a rising trend in diabetes cases within the specific area where the study was conducted. This high rate emphasizes the pervasiveness of 
the condition in Nigeria, which reflects the growing global trend of increasing diabetes prevalence [5].

The vast majority of the participants with diabetes were diagnosed with type II (95.40%). This is consistent with the global pattern 
where type II diabetes is considerably more common than type I [5]. Few participants had been diagnosed with type I (1.53%) or gesta-
tional diabetes (3.07%), which might suggest a relative underdiagnosis of these forms of diabetes in the population. This prevalence of 
type II diabetes is in line with global estimates that suggest the majority of people with diabetes have type II [9].

The disease duration data shows that the majority of diagnosed individuals have been living with diabetes for more than 5 years 
(63.70%). This fact underlines the chronic nature of the disease and emphasizes the need for effective long-term management strategies 
[5]. 

Interestingly, the majority of respondents (67.21%) reported that they were currently on medication for diabetes, while a small mi-
nority (3.52%) were not on medication. This high percentage might indicate good patient adherence to treatment regimes, though it also 
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could hint at the severity of the disease requiring pharmacological intervention. It aligns with global guidelines that recommend medica-
tion, in combination with lifestyle changes, for managing diabetes [5].

It is noteworthy that the preferred management strategy for diabetes was through diet and exercise (35.19%), followed by insulin 
injections (21.54%), and oral medication (19.93%). These findings reflect the importance of lifestyle modifications in managing diabetes 
[19] and the prevalence of insulin-dependent diabetes management, which is commonly associated with type II diabetes [9].

More than half of the participants (57.18%) reported experiencing complications related to diabetes, and a similar percentage 
(54.74%) had been hospitalized due to such complications. This finding highlights the potential for severe morbidity and healthcare utili-
zation associated with diabetes and reinforces the importance of effective disease management and preventive strategies [5].

The results presented in table 3 suggest a high prevalence of tuberculosis among the studied population, with nearly 37% of respon-
dents reporting a diagnosis of the disease. This is an alarming figure given the serious public health implications of tuberculosis. This 
percentage reflects a substantial TB burden within the sampled population, highlighting its significance as a pressing public health issue 
in Nigeria. This percentage aligns with existing research indicating the high prevalence of TB in Nigeria, which has one of the highest TB 
burdens globally [7].

Tuberculosis is a communicable disease caused by the bacterium Mycobacterium tuberculosis. It primarily affects the lungs (pulmo-
nary tuberculosis), but it can also affect other parts of the body (extrapulmonary tuberculosis) [7]. With respect to the type of TB, 69.85% 
of TB-diagnosed participants had pulmonary TB (which affects the lungs), and 30.15% had extrapulmonary TB (which affects other or-
gans). This is consistent with the literature which indicates that pulmonary TB is the most common form of TB, though extrapulmonary 
TB remains significant as it often leads to more severe health consequences [20].

The study also investigated whether the participants had completed their full course of TB treatment. Our results showed that only 
60.29% of those diagnosed with TB completed the treatment, while 39.71% did not. This is a significant concern as incomplete treatment 
is a well-known driver of drug-resistant TB and TB relapse [21,22]. Therefore, efforts should be directed towards promoting adherence 
to TB treatment among this population. 

As the study aimed at understanding the co-morbidity of diabetes and tuberculosis, these findings underscore the urgency to integrate 
communicable and non-communicable disease control efforts. The high prevalence of tuberculosis among the studied population, along 
with the indication of possible treatment non-adherence, highlights the need for comprehensive care that addresses both communicable 
and chronic diseases, like diabetes. This is crucial considering studies have indicated that diabetes triples the risk of developing tubercu-
losis and complicates its treatment [2]. Moreover, it is also known that tuberculosis can worsen glycaemic control in people with diabetes 
[8]. Our study reaffirms the necessity of comprehensive TB screening and management strategies within the diabetic population. There-
fore, a synergistic approach towards the management of diabetes and tuberculosis, including early diagnosis, regular monitoring, and 
ensuring treatment adherence, is of utmost importance in managing this dual burden in Nigeria.

The data obtained on the lifestyle and health habits of the population present vital information on factors potentially influencing the 
disease incidence in the Nigerian population (Table 4). In terms of dietary habits, most of the participants (40.65%) reported having a 
balanced diet. However, a significant proportion consumed a diet high in protein (24.12%), high in fat (20.05%), or high in carbohydrates 
(15.18%). Diet plays a crucial role in the development and management of diseases such as diabetes, as a balanced diet can help maintain 
healthy blood glucose levels [5]. Consequently, individuals whose diets are disproportionately high in carbohydrates, fats, or proteins 
may be at a higher risk of developing diabetes [23,24]. This finding aligns with research indicating that dietary habits, particularly the 
consumption of foods high in saturated fats and sugars, can lead to obesity, a significant risk factor for type 2 diabetes [25].
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Smoking was reported by 15.99% of the participants, with the majority of these smokers consuming 1 - 3 cigarettes per day. Previous 
studies have shown that smoking increases the risk of tuberculosis due to the adverse effects on the respiratory and immune systems [26]. 
This finding is supported by our results, suggesting that smoking may be contributing to the prevalence of tuberculosis in this population. 
Cigarette smoking has been linked with an increased risk of diabetes and tuberculosis, potentially escalating the complications associated 
with these diseases [26]. 

Similarly, the consumption of alcohol, reported by 19.51% of participants, has been linked to an increased risk of developing tubercu-
losis and poor diabetes control [18]. Alcohol consumption can suppress the immune system and compromise the body’s ability to fight off 
infections, which is especially problematic for diseases like tuberculosis [18].

The majority of participants reported regular physical activity, with only 11.92% exercising “always” and 34.42% exercising “often”. 
This is a concerning observation, as regular physical activity has been shown to play a crucial role in the prevention and management 
of diabetes [19]. It also contributes to overall immune function, which is critical in managing tuberculosis [27]. Regular exercise is well-
documented for reducing the risk of chronic diseases like diabetes, and this habit might contribute to the population’s disease manage-
ment and prevention strategies [19]. 

Sleep habits also displayed considerable variation, with 70.19% of participants getting an average of 4 - 6 hours per night. Adequate 
sleep is critical for proper health maintenance, and deprivation is linked to many health issues, including an increased risk of diabetes 
[28]. Sleep deprivation, typically categorized as less than 6 hours of sleep per night, has been linked to an increased risk of diabetes [29]. 
Interestingly, 11.11% of respondents reported sleeping less than 4 hours per night, indicating a potentially higher risk group. The role of 
sleep in tuberculosis management is less clear, but adequate sleep is known to support overall immune function [30].

The observed co-morbidity of diabetes and tuberculosis (TB) among the study population reinforces existing evidence of a significant 
relationship between the two diseases [8]. Out of the total respondents, approximately 7.59% were diagnosed with both diseases, re-
vealing the critical public health concern this co-morbidity presents, particularly in a country like Nigeria, which grapples with the dual 
burden of communicable and non-communicable diseases. These findings align with existing global literature which indicates the high 
prevalence of diabetes and TB individually, as well as their co-occurrence [8,10].

Interestingly, among the participants who had both conditions, the timing of the diagnoses was roughly equal between those diag-
nosed with TB before diabetes (39.29%) and those diagnosed with TB after diabetes (46.43%). However, there was also a subset diag-
nosed with both at the same time (14.29%), indicating a potential simultaneous progression of these conditions. This could be supported 
by previous research suggesting that diabetes can impair the immune response to TB, thereby increasing the susceptibility to TB [31].

Notably, most of the co-morbid patients (64.29%) reported interactions or effects between their diabetes and TB conditions, indicating 
potential complexities in disease management. It might also imply a perceived mutual influence of these diseases on each other. It’s im-
portant to consider this in the clinical setting as the co-management of these diseases may be complex and require nuanced strategies [2]. 

Despite the majority (73.98%) of patients being informed by their health providers about the influence of diabetes on susceptibility 
to TB (or vice versa), the overall awareness about the relationship between the two diseases was relatively low, with 47.15% of respon-
dents being unaware, and 23.31% unsure. Furthermore, only a small fraction (5.69%) believed that diabetes increases the risk of TB. This 
disconnect highlights a need for increased patient education regarding the interplay between these diseases, which is critical to fostering 
better self-management and health outcomes [32].

A crucial finding is that there was a perceived change in the management of diabetes after being diagnosed with TB (or vice versa) in 
some patients (5.15%), with a majority (68.42%) observing a negative impact. This underscores the need for integrated care models that 
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can address the unique needs of patients with both conditions, ensuring that the management of one does not detrimentally affect the 
other [33].

The study also revealed a lack of public awareness about the link between diabetes and TB in Nigeria, with 58.27% of respondents 
stating insufficient community awareness. This coupled with a unanimous (76.15%) call for more to be done to raise awareness of this po-
tential link underscores a crucial public health need for education and awareness initiatives [10]. The discrepancy between the awareness 
of healthcare providers and the public could be due to a lack of effective communication strategies or public health education initiatives. 
The findings of this study underscore the urgent need for comprehensive public health interventions to increase awareness and improve 
disease management for individuals with diabetes and TB co-morbidity in Nigeria.

The majority of participants (78.57%) reported a negative impact on their overall health and quality of life due to the co-morbidity of 
diabetes and TB. This highlights the severe burden imposed by these two diseases when they coexist [11]. This is consistent with previous 
studies indicating the detrimental impact of multiple chronic conditions on individual health and quality of life [34,35].

Despite the complexity of managing two significant health conditions concurrently, a notable proportion (75%) of participants stated 
that they faced challenges in managing both diseases simultaneously, implying a need for more comprehensive and integrated health 
services for individuals with co-morbid conditions [36]. This underscores the need for more streamlined care models and patient support 
systems to aid in the dual management of diabetes and TB [1].

A positive outcome was the high frequency of participants (89.29%) receiving specialized care that addresses the co-morbidity of 
both diseases. This finding suggests that there is a strong healthcare system response in terms of clinical management of both conditions, 
which is an encouraging sign [10]. This underscores the importance of patient education and the role of integrated healthcare in manag-
ing co-morbidities [37,38].

The vast majority (96.43%) of participants reported that they received education or counselling about managing diabetes and TB to-
gether, indicating a strong emphasis on patient education. This is crucial, as patient education is known to improve treatment adherence 
and health outcomes [39].

When rating the healthcare services received for diabetes and TB, the majority (78.57%) of participants considered their care to be 
either excellent or good. Interestingly, all participants (100%) felt that their healthcare providers were knowledgeable about the co-
morbidity of diabetes and TB. This high level of patient satisfaction indicates a strong knowledge base among healthcare professionals 
and a good patient-physician relationship, which are crucial for disease management and patient outcomes [40]. These findings imply 
that healthcare providers are well-versed in managing co-morbid diabetes and TB, which translates into high-quality patient care [41].

However, despite the apparent quality of healthcare services, the overall health status of participants was suboptimal, with only 
42.85% reporting their health as excellent or good, while 57.14% rated their health as fair or poor. This discrepancy might be due to the 
inherent challenges and complications associated with managing co-morbid diabetes and tuberculosis, despite high-quality care. This 
observation is consistent with the self-reported negative impact of the co-morbidity on health and quality of life and highlights the need 
for continuous improvement of the healthcare services [42].

This study highlights the need for comprehensive strategies to manage co-morbid conditions, especially in low-resource settings. Poli-
cies aimed at patient education, integrated care, and resource allocation for co-morbid conditions might enhance health outcomes and 
quality of life for these patients [7].

The results obtained from this study provide valuable insights into the relationship between diabetes and tuberculosis and the vari-
ables that contribute to their co-existence. The age of the participants showed a statistically significant association with the co-morbidity 
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of diabetes and tuberculosis (χ2 = 8.152, p = 0.033). The data showed that as age increases, the co-morbidity of diabetes and tuberculosis 
also increases, with the highest co-morbidity observed in individuals above 60 years of age. This indicates that older age may be a risk 
factor for comorbidity of diabetes and TB [43]. This result aligns with previous research which has established that the risk of tuberculosis 
is increased in individuals with diabetes, especially in older populations [2].

The sex of the individual also showed a statistically significant difference (χ2 = 9.014, p = 0.019). The data showed that females were 
more likely to have both diabetes and TB as compared to males. This might be due to the physiological differences between sexes, or may 
reflect differences in health-seeking behaviour, exposure, or access to healthcare [2].

Interestingly, occupation also showed a statistically significant relationship with the co-morbidity of diabetes and tuberculosis (χ2 = 
6.918, p = 0.037). Specifically, individuals who were unemployed had a higher prevalence of co-morbidity. This could potentially be linked 
to financial constraints leading to poor healthcare, nutritional deficiencies, and heightened stress levels, although more investigation is 
needed in this area.

Cigarette smoking was associated with higher co-morbidity rates (χ2 = 6.664, p = 0.008). It appears that those who smoke cigarettes 
were more likely to have both diabetes and TB. Smoking has long been established as a risk factor for TB and more recently for diabetes 
as well [26]. This observation aligns with a large body of research showing that smoking is a risk factor for both tuberculosis and diabetes, 
and it increases the risk of complications [44,45]. Therefore, smoking cessation might be a potential avenue for prevention or manage-
ment of both conditions.

Similarly, alcohol consumption was also associated with a higher rate of co-morbidity (χ2 = 8.392, p = 0.044), in line with existing lit-
erature linking alcohol misuse with an increased risk of both conditions [11,46]. Alcohol can contribute to a weakened immune system, 
making an individual more susceptible to infections like TB. Moreover, heavy alcohol use is a risk factor for diabetes [18].

Frequency of exercise, though not reaching a level of statistical significance, showed an interesting pattern. Those who ‘rarely’ or ‘nev-
er’ exercise had more instances of co-morbidity compared to those who ‘always’ or ‘often’ exercise. This finding aligns with the broader 
literature suggesting physical activity may protect against various health conditions, including diabetes and possibly TB [47].

No significant associations were found between the co-morbidity of diabetes and tuberculosis and the variables of marital status and 
educational level. These results suggest that these factors do not have a significant effect on the co-morbidity of these two diseases within 
the study’s sample.

Conclusion

This study illustrates the significant co-morbidity of diabetes and tuberculosis in Nigeria, impacted by various demographic and life-
style factors. While the healthcare services appear to be effectively addressing this co- morbidity through specialized care and patient 
education, there are challenges regarding managing both diseases simultaneously, suggesting a need for more integrated care models. The 
findings underscore the need for integrated health services and public awareness programs addressing these co-morbidities.

Recommendations

Based on the analysis of the data gathered for the study, the following recommendations can be made:

1. Increase public awareness: It is apparent from the data that there is a lack of awareness about the relationship between diabetes 
and tuberculosis. 58.27% of the participants believed that there was not enough public awareness about the relationship between 
these two diseases in their community. Additionally, 76.15% of participants thought that more should be done to raise awareness 
about this potential link in Nigeria. Public health campaigns, educational programs, and other forms of public outreach should be 
instituted to inform the public about this correlation.
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2. Integrate care for diabetes and tuberculosis: Approximately 7.59% of the population studied have been diagnosed with both 
diabetes and tuberculosis. Furthermore, 21.43% of those with both conditions reported their overall health and quality of life had 
significantly worsened, and 75% faced challenges managing both conditions simultaneously. Therefore, healthcare services should 
be more integrated to provide comprehensive care for these patients, focusing on the co-management of both conditions.

3. Lifestyle intervention programs: Lifestyle factors seem to play a significant role in the co-morbidity of diabetes and tuberculosis. 
The study found statistically significant associations between smoking, alcohol consumption, occupation, and frequency of exercise 
with the co-morbidity of diabetes and tuberculosis. Therefore, it is essential to develop lifestyle intervention programs aimed at 
promoting a healthy diet, regular exercise, and cessation of harmful behaviours such as smoking and excessive alcohol consump-
tion.

4. Further research: This study has provided crucial insights into the relationship between diabetes and tuberculosis in Nigeria. 
However, further research is needed to understand more fully the underlying mechanisms of this relationship and to develop effec-
tive strategies for prevention and treatment of these conditions when they occur together. Future research should also focus on the 
impact of other socioeconomic factors, environmental conditions, genetic predispositions, and access to healthcare services on the 
co-morbidity of these diseases.

Limitations of the Study

Some limitations were inherent in this study. Recall bias may have affected the accuracy of self-reported data, and not all potential con-
founding factors (e.g., other comorbidities, genetic predispositions) were controlled for. Additionally, as this was a hospital-based study, it 
may not reflect the situation of individuals in the wider community who have these conditions but do not seek medical care at a hospital. 
Furthermore, it does not capture individuals who may have these conditions but are undiagnosed.

Bibliography

1. Jeon CY and Murray MB. “Diabetes mellitus increases the risk of active tuberculosis: A systematic review of 13 observational studies”. 
PLoS Medicine 5.7 (2018): e152. 

2. Baker MA., et al. “The impact of diabetes on tuberculosis treatment outcomes: A systematic review”. BMC Medicine 9.1 (2021): 81. 

3. World Health Organization and International Union Against Tuberculosis and Lung Disease. Collaborative framework for care and 
control of tuberculosis and (2021).

4. Airaodion AI., et al. “Antidiabetic effect of ethanolic extract of Carica papaya leaves in alloxan-induced diabetic rats”. International 
Journal of Bio-Science and Bio-Technology 11.8 (2019): 93-109.

5. American Diabetes Association. Eating Well. Diabetes Food Hub (2021).

6. World Health Organization. Global Tuberculosis Report. Geneva, Switzerland (2020).

7. World Health Organization. Global status report on noncommunicable diseases. WHO (2014).

8. Dooley KE and Chaisson RE. “Tuberculosis and diabetes mellitus: convergence of two epidemics”. The Lancet Infectious Diseases 9.12 
(2009): 737-746.

9. International Diabetes Federation. IDF Diabetes Atlas, 9th edition. Brussels, Belgium (2019).

10. Harries AD., et al. “The looming epidemic of diabetes-associated tuberculosis: learning lessons from HIV-associated tuberculosis”. The 
International Journal of Tuberculosis and Lung Disease 15.11 (2011): 1436-1444.

https://pubmed.ncbi.nlm.nih.gov/18630984/
https://pubmed.ncbi.nlm.nih.gov/18630984/
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-9-81
https://apps.who.int/iris/handle/10665/44698
https://apps.who.int/iris/handle/10665/44698
https://biomedgrid.com/fulltext/volume5/antidiabetic-effect-of-ethanolic-extract-of-carica-papaya-leaves-in-alloxan-induced-diabetic-rats.000917.php
https://biomedgrid.com/fulltext/volume5/antidiabetic-effect-of-ethanolic-extract-of-carica-papaya-leaves-in-alloxan-induced-diabetic-rats.000917.php
https://diabetes.org/healthy-living/recipes-nutrition/eating-well
https://www.who.int/publications-detail-redirect/9789240013131
https://apps.who.int/iris/bitstream/handle/10665/148114/9789241564854_eng.pdf
https://pubmed.ncbi.nlm.nih.gov/19926034/
https://pubmed.ncbi.nlm.nih.gov/19926034/
https://diabetesatlas.org/upload/resources/material/20200302_133351_IDFATLAS9e-final-web.pdf
https://pubmed.ncbi.nlm.nih.gov/21902876/
https://pubmed.ncbi.nlm.nih.gov/21902876/


Citation: CE Ijioma., et al. “Co-Morbidity of Chronic and Communicable Diseases in Nigeria: A Study on the Relationship between 
Diabetes and Tuberculosis”. EC Pulmonology and Respiratory Medicine 12.5 (2023): 01-17.

Co-Morbidity of Chronic and Communicable Diseases in Nigeria: A Study on the Relationship between Diabetes 
and Tuberculosis

16

11. Lonnroth K., et al. “Drivers of tuberculosis epidemics: the role of risk factors and social determinants”. Social Science and Medicine 
68.12 (2009): 2240-2246.

12. Restrepo BI. “Diabetes and Tuberculosis”. Microbiology Spectrum 4.6 (2016).

13. Stevenson CR., et al. “Diabetes and tuberculosis: the impact of the diabetes epidemic on tuberculosis incidence”. BMC Public Health 7 
(2007): 234.

14. Baker MA., et al. “The risk of tuberculosis disease among persons with diabetes mellitus: a prospective cohort study”. Clinical Infec-
tious Diseases 54.6 (2012): 818-825.

15. Cohen S., et al. “Psychological stress and disease”. The Journal of the American Medical Association 298.14 (2015): 1685-1687.

16. Lönnroth K., et al. “A consistent log-linear relationship between tuberculosis incidence and body mass index”. International Journal 
of Epidemiology 39.1 (2010): 149-155.

17. Smith SG., et al. “Social isolation, health literacy, and mortality risk: findings from the English Longitudinal Study of Ageing”. Health 
Psychology 37.2 (2017): 160.

18. Lönnroth K., et al. “Drivers of tuberculosis epidemics: the role of risk factors and social determinants”. Social Science and Medicine 
68.12 (2008): 2240-2246.

19. Colberg SR., et al. “Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association”. Diabetes Care 
39.11 (2016): 2065-2079.

20. Gupta RB., et al. “What is the burden of extrapulmonary tuberculosis? A review of global and national estimates”. Expert Review of 
Respiratory Medicine 13.10 (2019): 951-965.

21. Mitchison DA. “The diagnosis and therapy of tuberculosis during the past 100 years”. American Journal of Respiratory and Critical Care 
Medicine 171.7 (2005): 699-706.

22. Centers for Disease Control and Prevention. TB Treatment (2020). 

23. Hu FB. “Globalization of Diabetes”. Diabetes Care 34.6 (2011): 1249-1257.

24. Ley SH., et al. “Prevention and management of type 2 diabetes: dietary components and nutritional strategies”. The Lancet 383.9933 
(2014): 1999-2007.

25. Malik VS., et al. “Global obesity: trends, risk factors and policy implications”. Nature Reviews Endocrinology 9.1 (2013): 13-27.

26. Lin HH., et al. “Tobacco smoke, indoor air pollution and tuberculosis: a systematic review and meta-analysis”. PLOS Medicine 4.1 
(2007): e20.

27. Edwards KM and Walker A. “Exercise and immune function: effects of chronic exercise”. Immunology and Cell Biology 86.5 (2008): 
397-405.

28. Spiegel K., et al. “Effects of poor and short sleep on glucose metabolism and obesity risk”. Nature Reviews Endocrinology 5.5 (2009): 
253-261.

29. Cappuccio FP., et al. “Sleep Duration and All-Cause Mortality: A Systematic Review and Meta-Analysis of Prospective Studies”. Sleep 
33.5 (2010): 585-592.

https://pubmed.ncbi.nlm.nih.gov/19394122/
https://pubmed.ncbi.nlm.nih.gov/19394122/
https://www.cdc.gov/tb/topic/basics/tb-and-diabetes.html
https://pubmed.ncbi.nlm.nih.gov/17822539/
https://pubmed.ncbi.nlm.nih.gov/17822539/
https://pubmed.ncbi.nlm.nih.gov/22238171/
https://pubmed.ncbi.nlm.nih.gov/22238171/
https://pubmed.ncbi.nlm.nih.gov/17925521/
https://academic.oup.com/ije/article/39/1/149/713956
https://academic.oup.com/ije/article/39/1/149/713956
https://pubmed.ncbi.nlm.nih.gov/29172607/
https://pubmed.ncbi.nlm.nih.gov/29172607/
https://pubmed.ncbi.nlm.nih.gov/19394122/
https://pubmed.ncbi.nlm.nih.gov/19394122/
https://diabetesjournals.org/care/article/39/11/2065/37249/Physical-Activity-Exercise-and-Diabetes-A-Position
https://diabetesjournals.org/care/article/39/11/2065/37249/Physical-Activity-Exercise-and-Diabetes-A-Position
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9009909/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9009909/
https://pubmed.ncbi.nlm.nih.gov/15709048/
https://pubmed.ncbi.nlm.nih.gov/15709048/
https://www.cdc.gov/tb/default.htm
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3114340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4751088/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4751088/
https://pubmed.ncbi.nlm.nih.gov/23165161/
https://pubmed.ncbi.nlm.nih.gov/17227135/
https://pubmed.ncbi.nlm.nih.gov/17227135/
https://pubmed.ncbi.nlm.nih.gov/10910293/
https://pubmed.ncbi.nlm.nih.gov/10910293/
https://pubmed.ncbi.nlm.nih.gov/19444258/
https://pubmed.ncbi.nlm.nih.gov/19444258/
https://pubmed.ncbi.nlm.nih.gov/20469800/
https://pubmed.ncbi.nlm.nih.gov/20469800/


Citation: CE Ijioma., et al. “Co-Morbidity of Chronic and Communicable Diseases in Nigeria: A Study on the Relationship between 
Diabetes and Tuberculosis”. EC Pulmonology and Respiratory Medicine 12.5 (2023): 01-17.

Co-Morbidity of Chronic and Communicable Diseases in Nigeria: A Study on the Relationship between Diabetes 
and Tuberculosis

17

30. Besedovsky L., et al. “Sleep and immune function”. Pflugers Archiv European Journal of Physiology 463.1 (2012): 121-137.

31. Restrepo BI., et al. “Cross-sectional assessment reveals high diabetes prevalence among newly-diagnosed tuberculosis cases”. Bulletin 
of the World Health Organization 89.5 (2011): 352-359.

32. Noubiap JJ., et al. “Global prevalence of diabetes in active tuberculosis: a systematic review and meta-analysis of data from 2·3 million 
patients with tuberculosis”. The Lancet Global Health 7.4 (2015): e448-e460.

33. Workneh MH., et al. “Prevalence and associated factors of tuberculosis and diabetes mellitus comorbidity: A systematic review”. PloS 
One 11.4 (2016): e0153963.

34. Fortin M., et al. “Prevalence of multimorbidity among adults seen in family practice”. Annals of Family Medicine 3.3 (2005): 223-228.

35. France EF., et al. “Multimorbidity in primary care: a systematic review of prospective cohort studies”. British Journal of General Prac-
tice 62.597 (2012): e297-e307.

36. Schäfer I., et al. “The influence of age, gender and socio- economic status on multimorbidity patterns in primary care. First results 
from the multicare cohort study”. BMC Health Services Research 12 (2012): 89.

37. Bodenheimer T., et al. “Patient self-management of chronic disease in primary care”. The Journal of the American Medical Association 
288.19 (2002): 2469-2475.

38. O’Brien R., et al. “An ‘endless struggle’: a qualitative study of general practitioners’ and practice nurses’ experiences of managing 
multimorbidity in socio-economically deprived areas of Scotland”. Chronic Illness 7.1 (2011): 45-59.

39. Naidoo P., et al. “The South African Tuberculosis Care Cascade: Estimated Losses and Methodological Challenges”. The Journal of Infec-
tious Diseases 216.7 (2017): S702-S713.

40. Mercer SW., et al. “Multimorbidity in primary care: developing the research agenda”. Family Practice 26.2 (2009): 79-80.

41. World Health Organization. Tuberculosis (2021). 

42. Marais BJ., et al. “Tuberculosis comorbidity with communicable and noncommunicable diseases: integrating health services and 
control efforts”. The Lancet Infectious Diseases 13.5 (2013): 436-448.

43. Ko PY and Lin SD. “The relationship between tuberculosis and diabetes in Taiwan: A national health insurance-based study”. Public 
Health 134 (2016): 70-77.

44. Bates MN., et al. “Risk of tuberculosis from exposure to tobacco smoke: a systematic review and meta-analysis”. Archives of Internal 
Medicine 167.4 (2007): 335-342.

45. Wipfli H and Samet J. “One hundred years in the making: the global tobacco epidemic”. Annual Review of Public Health 37 (2016): 
149-166.

46. Baliunas D., et al. “Alcohol consumption and risk of incident human immunodeficiency virus infection: a meta- analysis”. International 
Journal of Public Health 55.3 (2010): 159-166.

47. Thomas DE., et al. “Exercise for type 2 diabetes mellitus”. Cochrane Database of Systematic Reviews 3 (2006): CD002968.

Volume 12 Issue 5 May 2023
©All rights reserved by CE Ijioma., et al.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3256323/
https://pubmed.ncbi.nlm.nih.gov/21556303/
https://pubmed.ncbi.nlm.nih.gov/21556303/
https://pubmed.ncbi.nlm.nih.gov/30819531/
https://pubmed.ncbi.nlm.nih.gov/30819531/
https://pubmed.ncbi.nlm.nih.gov/28430796/
https://pubmed.ncbi.nlm.nih.gov/28430796/
https://pubmed.ncbi.nlm.nih.gov/15928225/
https://pubmed.ncbi.nlm.nih.gov/22520918/
https://pubmed.ncbi.nlm.nih.gov/22520918/
https://pubmed.ncbi.nlm.nih.gov/22471952/
https://pubmed.ncbi.nlm.nih.gov/22471952/
https://pubmed.ncbi.nlm.nih.gov/12435261/
https://pubmed.ncbi.nlm.nih.gov/12435261/
https://pubmed.ncbi.nlm.nih.gov/20974642/
https://pubmed.ncbi.nlm.nih.gov/20974642/
https://pubmed.ncbi.nlm.nih.gov/29117342/
https://pubmed.ncbi.nlm.nih.gov/29117342/
https://pubmed.ncbi.nlm.nih.gov/19287000/
https://www.who.int/publications/i/item/9789240037021
https://pubmed.ncbi.nlm.nih.gov/23531392/
https://pubmed.ncbi.nlm.nih.gov/23531392/
https://pubmed.ncbi.nlm.nih.gov/17325294/
https://pubmed.ncbi.nlm.nih.gov/17325294/
https://pubmed.ncbi.nlm.nih.gov/26772406/
https://pubmed.ncbi.nlm.nih.gov/26772406/
https://pubmed.ncbi.nlm.nih.gov/19949966/
https://pubmed.ncbi.nlm.nih.gov/19949966/
https://pubmed.ncbi.nlm.nih.gov/16855995/

