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Background: Tuberculosis is the leading cause of mortality from lung infectious disease worldwide in recent years, and its incidence has re-emerged in large cities in low-incidence countries due to migration and socioeconomic deprivation causes. Diabetes mellitus and tuberculosis are syndemic diseases, with diabetes being considered a risk factor for developing tuberculosis.

Objective: To investigate whether diabetic patients were at increased risk of tuberculosis living in an inner-district of a large city of northeastern Spain.

Methods: Observational matched retrospective cohort study based on clinical records from the population of the lowest socioeconomic status in Barcelona (Ciutat Vella district). A cohort including patients with type 1 and type 2 diabetes mellitus in 2007 and new cases until 2016 (8004 subjects), matched 1:1 by sex and age with a non-diabetic cohort. Follow-up period was until December 31st 2018. We evaluated the risk of developing tuberculosis in diabetic patients compared to non-diabetic patients during the follow up period. We used time-to-event analysis to estimate the incidence of tuberculosis, and competing risks regression by clusters and conditional Cox regression models to calculate the hazard ratio (HR) and its 95% confidence intervals (CI).

Results: Among the 16,008 included subjects, the median follow-up was 8.7 years. The mean age was 57.7 years; 61.2% men and 38.8% women in both groups. The incidence of tuberculosis was 69.9 per 100,000 person-years in diabetic patients, and 40.9 per 100,000 person-years in non-diabetic patients (HR = 1.90; CI: 1.18–3.07). After adjustment for the country of origin, chronic kidney disease, number of medical appointments, BMI, alcoholism and smoking, the risk remained higher in diabetic patients (1.66: CI 0.99–2.77). Additionally, subjects from Hindustan or with a history of alcohol abuse also showed a higher risk of developing tuberculosis (HR = 3.51; CI:1.87–6.57, and HR = 2.73; CI:1.22–6.12 respectively).

Conclusion: People with diabetes mellitus were at higher risk of developing tuberculosis in a large cohort recruited in an inner-city district with a high incidence for this outcome, and low socioeconomic conditions and high proportion of migrants. This risk was higher among Hindustan born and alcohol abusers.
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INTRODUCTION

Tuberculosis (TB) is a contagious airborne disease that has become the leading cause of mortality worldwide in recent years. The poorest countries and the most disadvantaged populations in developed countries are especially affected. According to the World Health Organization (WHO), in 2020, 10 million people developed this disease, causing 1,3 million deaths, 214,000 additional deaths in HIV-infected people. Two-thirds of TB cases worldwide are concentrated in 8 countries: India, China, Indonesia, the Philippines, Pakistan, Nigeria, Bangladesh and South Africa (1). At a global level, it is very difficult to calculate the number of cases with sub-diagnosis or with under notification. However, in the last WHO TB Annual Report, the data showed a substantial fall (18%) between 2019 and 2020, from 7.1 million TB cases to 5.8 million due to the impact of COVID. This set back, coupled with continued disruptions in 2021, mean that the United Nations high-level meeting target of treating 40 million people diagnosed with TB in the 5-year period 2018–2022 is off-track (1).

Regarding the situation of TB in Europe, high notification rates have been reported in big cities from low-incidence countries, including Birmingham, London, Brussels and Barcelona (2). In recent years, migratory movements to high-income countries from low-income countries with a high TB burden have changed the epidemiological pattern of this disease in recipient countries, mainly in disadvantaged urban areas of large cities (3). Additionally, these areas commonly have a high risk of overlapping health and social problems, contributing to TB incidence: homelessness, residents living below the poverty line and under overcrowded conditions, alcohol and drug abuse, and history of imprisonment (4, 5). An example of an inner district that meets these characteristics is Ciutat Vella in Barcelona, showing the highest incidence of TB in the city.

Diabetes mellitus (DM) is considered by the WHO as one of the most prevalent chronic diseases and one of the main risk factors for developing active TB (1). The global prevalence of DM is around 9.3% in adults between 20 and 79 years-old, affecting about 463 million people worldwide. According to recent estimates, the incidence of DM will continue growing (6), especially in areas with low and medium incomes and a high burden of TB, such as the Middle East, East Pacific, Southeast Asia and Africa, that represent 80% of the global burden of DM (6). In terms of notification, prevalence of DM was estimated to be around 13.8%, about half of that was unknown (7).

This increased risk of TB in DM patients may be, at least partly, explained by hyperglycemia-induced disruption of immunological mechanisms (8). Currently, there are new hypotheses about the role that hormonal and metabolic changes that take place in the context of diabetes would have in immunity against M. tuberculosis (9). Socioeconomic deprivation increases the risk of both conditions. Diabetic patients are much more frequently exposed to potentially contagious patients due to a higher rate of visits to healthcare facilities (10). In turn, TB can also become a risk factor for developing DM. Due to the inflammation induced by the infection itself, a transient hyperglycemia has been described in infected people at diagnosis (11), which can further be related to a greater risk of progression to DM (12).

Some studies have observed that the prevalence of latent TB infection (LTBI) is two times higher in diabetic patients (13). Also, diabetic subjects show an approximately three times higher incidence of active TB compared to non-diabetic subjects (14), more severe clinical presentation, with worse chest radiographs, more adverse effects to anti-TB drugs, a greater need for admission at diagnosis (15), and a higher risk of relapse after TB treatment (16, 17). Moreover, the risk of having sputum cultures remaining positive 2–3 months after starting the treatment would be approximately double. A two-fold higher risk of multidrug-resistant TB has also been observed among DM patients. Patients with DM and TB would have a 1.88 times higher risk of mortality (17, 18), especially those who are older or have more comorbidities or a lower albumin level (19).

The aim of our study was to determine the risk of TB in diabetic patients compared to a non-diabetic population in an inner-city district with a high TB incidence.



MATERIALS AND METHODS


Study Design

We designed an observational matched retrospective cohort study (subjects with either type 1 or type 2 DM, and matched non-diabetic subjects). The recruitment period was between January 1st 2007 and December 31st 2016, with a follow-up period of two more years, until December 2018.

The inclusion date was January 1st 2007 for prevalent diabetic participants, and the date of diagnosis for incident diabetic subjects during the recruitment period. For each DM case, a non-DM control matched by sex, year of birth, and time of inclusion was selected (ratio = 1:1), using a density sampling approach (Figure 1) see more information about the methodology in https://jrealgatius.github.io/TBC_ANALISIS/codi/shiny/DashBoard_TB.html.


[image: Figure 1]
FIGURE 1. Sampling and follow-up scheme: an example of s pairs of individuals by age and sex.




Study Population and Sample

The study was carried out in Ciutat Vella, a district in Barcelona (Northeastern Spain), which has been recently characterized by a high percentage of immigrants (50,1%) and a low socioeconomic level, with a population of 108,000 inhabitants (20).

All diabetic patients over the total attended population in Ciutat Vella were selected, and finally 8,004 of them were matched (see the flow-chart in Figure 2).


[image: Figure 2]
FIGURE 2. Flow chart of the cohorts within the study population.




Inclusion and Exclusion Criteria

In the DM cohort, patients aged over 18 years, fulfilling criteria for a DM diagnosis were included. The diabetic subjects were matched for age and sex with non-DM sample (controls).

People younger than 18 years old or without any appointment registered in their Primary Health Care Centre during the study period were excluded.



Data Sources

All data was treated as confidential according to the ethical principles of the Helsinki Declaration of 1964, revised by the World Medical Organization in Edinburgh in 2000, and the Spanish Organic Law 3/2018 of Data Protection. Clinical characteristics and specific data on DM were extracted from the Primary Care medical record database from Barcelona. Specific data on TB were obtained from the Barcelona TB Prevention and Control program. Both sources were linked through an anonymized unique identifier. Because data was collected on a routine basis following the Spanish law about mandatory notification diseases, no informed consent was required. The data collection took place during 2019.



Variables

The primary outcome was defined as the occurrence and date of a TB diagnosis during the follow-up period in DM and non-DM patients.

We obtained the following information on the subject at baseline: (1) demographic characteristics, smoking habit and excessive alcohol consumption (defined by the recorded International Classification of Disease 10 (ICE.10) F10.1), (2) clinical variables, (3) laboratory data, (4) history of comorbidities, (5) history of immunosuppressive or corticosteroids treatment, (6) history of sexually transmitted infections.

As Ciutat Vella is a district with a high percentage of migrants (50.1%), mostly from South-East Asia (Pakistan 13.6%, Bangladesh 8.1% and India 3.8%) (20), we grouped subjects coming from these countries in one category: Hindustani origin. Hindustan is an Asian peninsula formed by India, Pakistan, Bangladesh, Bhutan, Nepal, Sri Lanka and Maldivas.

We identified diabetic patients if they had an ICE 0.10 diagnostic code for DM in their medical record (E10–E14), or if they were taking any anti-diabetic drug other than metformin (sometimes used in other conditions). We also recorded glycated hemoglobin, DM duration, treatment (lifestyle management, oral medication and/or insulin), and microvascular complications: neuropathy, nephropathy or retinopathy.

A person was considered to have TB if they had a maintained anti-TB drug prescription according to the Barcelona TB Program; the program has an active epidemiological surveillance system with a good follow-up of patients. TB cases and their characteristics such as diagnostic procedure (smear observation, culture, tuberculin skin test), location (pulmonary or extrapulmonary), treatment and socioeconomic deprivation index (MEDEA) were collected. This index classifies the subject by living area: values have an average of 0 and a standard deviation of 1, and higher values indicate a more unfavorable socioeconomic situation (21).



Statistical Methods

Baseline characteristics of both groups were evaluated to examine homogeneity in comorbidities and demographic and clinical characteristics, and were described by frequencies (n) and percentages (%), continuous and count variables were described using mean and standard deviation (SD), using compareGroups R Package (22). A complete data analysis was performed without imputation of missing data. If the diagnosis was not recorded, we assumed that the patient did not have the given condition. The main variables, DM and TB diagnoses, were based on clinical records. Continuous variables that were included in the models were categorized in tertiles, and the missing category was added.

We conducted a time-to-event analysis to estimate the incidence of TB by group, and to examine the association between DM condition and risk of TB. To examine time-related incidence curves and differences between groups, we performed competing risks regression for clustered data using crrSC R package version 1.1 (23). Risk functions and hazard ratios (HR) unadjusted and adjusted, with their 95% confidence interval (CI), were estimated. CIs and p-values were computed with robust standard errors to account for the matched sample. A sensitivity analysis of different fitted models was performed including different adjusted variables using a Cox proportional hazard model by clusters. The models were adjusted by origin and clinical characteristics with known clinical association with TB and DM. Statistical significance was established as a p-value < 0.05.

Finally, we performed a descriptive analysis of the cases of TB in DM and non-DM subjects. Data management and analysis was done with the R version 3.6.3 package (R Core Team 2020). The R data analysis scripts can be consulted at: https://github.com/jrealgatius/TBC_ANALISIS.




RESULTS


General Characteristics

Initially we started from a potential population from Ciutat Vella (Barcelona) of 85,919: 10,065 diabetic subjects (prevalent and incidents during the follow up) and 75,854 potential non-diabetic subjects. Of these, 8,004 diabetics and 8,004 controls of the same age and sex were matched (Figure 2).

Regarding the sample demographic characteristics (Table 1), the average age was 57.7 years (SD = 14.2), and 61.2% were men and 38.8% women in each group. Twice as many patients in the DM cohort were of Hindustani origin (13.5 vs. 6.4% in the non-DM cohort). Diabetic patients had a higher frequency of TB-associated risk factors including alcohol abuse (5.0 vs. 3. 9% in the non-DM cohort), smoking (7.3 vs. 5.7%), chronic renal failure (3.2 vs. 1.1), corticosteroids treatment (1.1 vs. 0.6%), number of medical appointments (86.3 vs. 74.5) and a higher BMI (30.1 vs. 28.9).


Table 1. Baseline characteristics of the study variables between diabetic and non-diabetic cohorts.

[image: Table 1]

In the DM cohort, the mean DM duration was 3.2 years (SD 5.8), and 45.3% (n = 1,505) had a glycated hemoglobin value above 7% (Table 1).



Risk of TB in DM Patients

At follow-up (Table 2), 73 new cases of TB had been reported (median follow-up = 8.7 years). The overall incidence rate was 56.2 cases per 100,000 inhabitants per year. Specific rates were 69.9 cases of TB per 100,000 person-years in the DM group, and 40.8 cases per 100,000 person-years in the non-DM group. The unadjusted risk ratio observed was 1.90 (CI: 1.18–3.07) (Figure 3).


Table 2. Incidence of tuberculosis in diabetic and non-diabetic subjects.
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FIGURE 3. Incidence of tuberculosis in diabetic and non-diabetic patients.


The result of sensitivity analysis taking into account different adjusting variables and different approaches (competing risk models and Cox proportional hazard model by clusters) did not materially change the results in terms of the direction of the risk (Table 3).


Table 3. Estimated hazard ratios according to different approaches.

[image: Table 3]

The forest plot for different HRs of each analyzed variable related to TB (DM, country of origin, number of medical visits, chronic kidney disease, BMI, alcoholism and smoking) is shown in Figure 4.


[image: Figure 4]
FIGURE 4. Forest plot of HR of each TB risk factor in the multivariate model.




Differences Between DM and Non-DM Patients in TB Localization

Finally, we analyzed the differences between diabetic and non-diabetic patients who presented with a first episode of TB. Demographic and clinical data, including country of origin, smoking status, alcohol use, homelessness, unemployment, death, site of TB and tuberculin skin test, did not significantly differ between both groups. However, patients with TB from the two groups had a different socioeconomic deprivation index according to the Medea classification (Table 4). Regarding the location of the infection, we observed that in the DM group, 64.55% of the patients that developed TB had pulmonary involvement (with 6.25% of them with extrapulmonary involvement too), while in the non-DM group, 48% of the patients had pulmonary involvement, 12% with extrapulmonary implication.


Table 4. Demographic and clinical differences in TB patients according to their DM status.
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DISCUSSION

Our work showed a 1.90-fold higher risk of developing TB in DM patients. After adjusting for country of origin, chronic kidney disease, number of medical visits, BMI, alcohol abuse and smoking, the risk remained higher at 1.66 for DM patients. By analyzing other variables related to TB, our analysis revealed that subjects of a Hindustani origin and history of alcohol abuse were at higher risk for developing TB. As the use of alcohol is really frequent in our context (24), we considered using abuse of alcohol as a risk factor for TB, instead of use. When we classify the subjects under Hindustani origin, we refer to a geographical aspect. We consider that their country of origin, together with their migration process and living conditions in Barcelona, have a significant impact on their health status. Noteworthy, a higher proportion of DM subjects with TB had not been previously prescribed with any specific anti-DM treatment. We determined that the incidence rate of TB reached 56.24 cases/100,000 person-years, and most of the cases were diagnosed in foreign-born subjects (44 cases vs. 29 in Spanish-born patients). The number of subjects with TB was significantly elevated in foreign-born in both DM and non-DM cohorts. Interestingly, the incidence of DM was two-times higher in migrants coming from Hindustan compared to other origins. On the other hand, regarding the incidence of TB, DM patients had more pulmonary involvement compared to the non-DM group.

In the model 4, when adjusting by all covariables, the confidence interval remains in the limit of statistical significance, probably due to a lower statistical power or a risk of overadjustment. Hindustan origin and alcohol abuse are expected risk factors for developing TB because are also related to poor socioeconomic conditions in this context, and they are considered risk factors independently of having or not diabetes.

The inner-city district of Ciutat Vella is characterized by the lowest socioeconomic level in Barcelona and a high percentage of immigrants. Half of them are migrants from Asia (Pakistan 13.6%, and Bangladesh 8.1%), Oceania (Philippines 8,5%) and Central and South America (20). In 2017, the incidence of TB in this city district was estimated to be 43.8 cases per 100,000 inhabitants/year, while the global incidence in the city was 16.5 (25).

Our results showing a higher risk of developing TB in DM patients are in line with several other studies performed in different countries, with elevated estimated risk ratios being 1.77 times (CI: 1.41–2.24) for active TB in DM patients in China (26), 1.9 (CI: 1.7–2.1) in Denmark in 2015 (27), and 6 times (CI: 5–7.2) in southern Mexico in 2004 (28), to mention some. In addition, a systematic review of 13 observational studies from different countries published in 2008 reported 3-fold increased risk in subjects with DM (14). Co-existence of DM and TB has been described in studies done worldwide. In a report from Perú, DM was described as the most frequent comorbidity in patients with TB (29). In another work done in Ethiopia, DM had a high prevalence between patients with TB (30).

The higher incidence of TB in immigrant populations may be due to migrants coming from countries with a high incidence of TB. However, socioeconomic deprivation (i.e., living below the poverty line) and living conditions (i.e., overcrowded) may also increase exposure to TB. Indeed, in a study in people with TB from across Barcelona (2000–2013), autochthonous people had a higher risk of developing DM (15). In contrast, our work involved people from a deprived district where almost half of the inhabitants are migrants coming from high TB burden countries. According to another study, migration from outside the European Union (EU) does contribute to the TB burden, being one in five cases of TB notified in the EU originated in an extra-EU country between 2007 and 2013 (31).

Interestingly, an independent study conducted in 2008 in the same district, showed that Hindustani young people had up to 3 times more cases of type 2 DM than autochthon population, albeit having a lower average BMI (32). The notion that Asian Indians are more susceptible to develop type 2 DM is widely accepted (33), being probably due to a higher insulin resistance related to a central distribution of adiposity in these people. This is consistent with our results related to the higher incidence of DM found in Hindustani subjects.

Our data also showed that DM patients with TB had more pulmonary involvement. This result is consistent with previous reports (26, 34). In line with this, other presentations, such as osteoarticular, lymphatic and digestive involvement, have been highly associated with people of Indian subcontinent origin (35).

Because of the large number of subjects affected worldwide by both diseases, and that they exacerbate each other and increase the burden when they appear together, we can probably define this as a syndemic. Their interaction is a priority issue in global public health. TB is often related to poor living conditions and overcrowding, poverty and immigration. At the same time, these conditions are also related to poor nutritional habits, obesity and, in case of DM, poor glycemic control.

In contrast to DM, the contribution of obesity to TB is controversial. Although it is considered a risk factor for DM, it has been reported as a protective factor against TB development (36). An integrated approach, combining the management of the two diseases, could lead to a better health service for people in disadvantaged areas.

We believe that our work may be important to study the association of the two diseases and make specific strategic plans in areas of high TB concentration even in low-incidence countries.

As with chronic complications of the disease, glycemic control in DM patients probably influences both the risk (36) and the prognosis of TB (37). More studies are needed to analyse how the metabolic situation of DM can play a role in the different presentation and localization of TB, in treatment outcomes including mortality in patients with both conditions.

Some limitations can be found in our study. One of them is the retrospective and observational nature of the study design. All studies done with databases depend directly on the quality of the data record, which may be more worrisome in retrospective studies. In addition, retrospective studies may have more difficulty establishing a correct temporal relationship, and they have more selection and information biases, but we have tried to minimize these biases with a careful methodology and creating dynamic cohorts. Working with a population at risk of social exclusion may imply a risk of underreporting in key clinical factors. The 60.3% of DM without anti-DM treatment could be explained by a missing data in the databases or a lack of adherence to treatments. Moreover, some of the cases were incident DM; therefore, with the exception of cases with a highly elevated glycated hemoglobin, diet and exercise alone would have been recommended. However, the incidence rate shown was similar to the rates reported in independent studies (25). The measurement for glycated hemoglobin was sometimes lacking, as this is a retrospective study based in habitual medical practice. Apart from this, subjects' nationality, registered according to the Social Security data in the Primary Care medical record database, did not always correspond to the real origin of the subjects. Finally, there might have been missing data regarding evolution and treatment of TB, toxic habits or traveling.

Our work has also a number of strengths. Among these, the population database for a city area with an extremely high incidence of TB, and a long follow-up period of 10 years. Both sources of information are large and they provided important high quality information. Moreover, our results were consistent with the literature published elsewhere.

Further studies are required to investigate the interaction of both diseases, the contribution of optimization of glycemic control, and to consider whether screening for both diseases in specific areas could be cost effective.



CONCLUSION

This large retrospective cohort study showed that in an inner-city district with high TB incidence and a high percentage of migrants, DM was associated with an increased risk of developing the disease. It is possible that the higher incidence was coupled with a higher TB transmission. Besides, TB in migrants can also be due to the reactivation of old infections, especially in people coming from Hindustan, where this disease is highly prevalent. Moreover, alcohol abuse was also identified as a risk factor for TB. In view of these results, we advocate for screenings to control diabetes-associated TB in the inner districts of high-income countries where the proportion of migrant people is high and characteristics such as low socioeconomic level further contribute to increase the risk.

Prevention of DM and TB are two of the WHO's main objectives. Changes in lifestyle, unhealthy diets, globalization, a greater access to diagnosis and a longer life expectancy could probably explain the increase of DM in countries where the burden of TB is greater.

We strongly recommend TB screening in DM patients in areas with a high TB incidence. According to the CDC's guidelines for the diagnosis of LTBI (38), Tuberculin skin test (TST) or TB blood test can be used indistinctly in diabetic patients. TB blood tests are recommended in people who are not likely to return for TST reading, have received the BCG vaccine, people who are likely to be infected with M. tuberculosis and are at a low to intermediate risk of progression to TB disease or people who have a low probability of being infected with TB. In case of using the TST in DM patients, a result of 5 mm or more should be considered positive.
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