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Abstract

Objective: Drug resistance is considered one of the main threats for tuberculosis control. OQur aim
was to identify risk factors for drug resistance in tuberculosis patients in the Northern Portugal.
Study Design and Methods: Retrospective case-control study. The medical records and drug sus-
ceptibility test data from TB patients diagnosed between 31 March 2009 and 1 April 2010 were
examined. We enrolled 119 patients with any drug resistance to first line anti-TB drugs and 238
with drug-susceptible TB, matched by age group. Variables analyzed included: gender, country of
origin, employment situation, site of disease, previous treatment, presence of diabetes mellitus,
HIV infection, alcohol abuse, intravenous drug use, abuse of other drugs and smoking habits. Mul-
tivariate conditional logistic regression was used to identify independent predictors for drug-re-
sistant TB. Results: Diabetes mellitus [adjusted odds ratio (OR): 3.54; 95% CI: 1.45 - 8.66], intra-
venous drug use (OR: 4.77; 95% CI: 1.24 - 18.32) and previous TB treatment (OR: 2.48; 95% CI:
1.12 - 5.49) were found to be risk factors for drug-resistant disease development. Conclusions:
Diabetes mellitus, prior tuberculosis treatment, and intravenous drug use were risk factors for
drug-resistant disease. The association between diabetes and drug-resistant TB should be further
explored. Identifying clinical predictors of drug resistance can allow prompt identification of pa-
tients at risk for drug-resistant TB.
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1. Introduction

Drug-resistant tuberculosis (TB) is a worldwide threat and constitutes an unparalleled challenge for disease con-
trol. Several studies have demonstrated worse clinical outcomes in patients diagnosed with drug-resistant TB [1].
Treatment of such patients is more complex, less effective, more toxic, and much more expensive than treatment
of patients infected with drug-susceptible TB strains [1].

In 2008, the World Health Organization (WHO) estimated that more than 440,000 individuals had multidrug-
resistant tuberculosis (MDR-TB) worldwide. Such patients are resistant to at least isoniazid and rifampicin, the
most effective anti-TB drugs. MDR-TB patients constituted 3.6% of all TB patients registered globally [2].

Almost 50% of MDR-TB cases are estimated to occur in China and India [1]. In Europe, in 2009, the Euro-
pean Centre for Disease Prevention and Control estimated a proportion of 14.6% cases resistant to one or more
first line anti-TB drugs (rifampicin, isoniazid, ethambutol, and streptomycin) and MDR-TB patients constituted
5.3% of all registered cases of TB [3].

Portugal is considered as having an intermediate incidence of TB (22 cases/100,000 in 2010) and the risk of
disease has been consistently decreasing over the last 10 years [4]. In 2009, the proportion of cases resistant to
one or more first line anti-TB drugs was 13.8% of all TB cases registered in Portugal. Resistance to isoniazid
(predictor for the development of MDR-TB) was low (6.8% of all new cases). The overall proportion of MDR-
TB (1.5%) is comparable with the median incidence in Europe. However, in some areas (Lisbon and Porto)
MDR-TB is endemic. Another matter of concern is that the proportion of MDR-TB patients that are extensively
drug-resistant (XDR-TB) (thus having the poorest outcomes because virtually untreatable) is higher in Portugal
(32%) than in Europe (7%) [4]-[6].

International studies have identified various risk factors for drug-resistant TB; these include previous TB
treatment, poor adherence to treatment regimens, inadequate regimens and positive smear result at the end of the
second and third month of treatment [7]-[17]. In addition of these programmatic factors, patients characteristics
such as HIV co-infection, alcohol abuse and younger age [7]-[14] are also believe to influence the drug resis-
tance. However, information available on some of these issues is limited and controversial. For instance, high
prevalence levels of drug resistance have been found among HIV patients [11]-[13]. However, other studies
have found no association between HIV and drug resistance [9].

The age is accepted by WHO as a risk factor for drug resistance [18]. Guidelines for surveillance of drug re-
sistance in tuberculosis suggest data on drug resistance stratified by age groups. This fact can provide insight
into risk groups and effectiveness of specifics TB control activities [18]. Furthermore, the magnitude of drug re-
sistance among younger age is more likely to be indicative of recent transmission than among older age groups,
which are more likely to be harbouring older infections [18].

Although in Portugal resistance to anti-TB drugs is considered a priority, only few studies have focused on
the relevant risk factors.

The aim of the present study was to identify risk factors for drug resistance in TB patients in northern Portugal.

2. Methods
2.1. Setting

In Portugal, all patients with tuberculosis are treated under a National TB Control Program (NTP); patients are
treated in specialized centers (Tuberculosis Units), medication is available through the NTP, is free of charge
and is directly observed. Drug susceptibility testing (proportion method) is performed on every TB patient with
positive Mycobacterium tuberculosis (Mt) culture before treatment [6].

2.2. Design and Patients

We performed a retrospective case-control study. The medical records and the DST results for all patients diag-
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nosed with and registered as having TB, from 31 March 2009 until 1 April 2010 in the north of Portugal, were
reviewed.

The clinician notifies all tuberculosis cases (national level) and the laboratory mandatorily notifies all DST at
the moment of diagnosis (a pilot project in the northern region since 2009). This data is crosschecked and quali-
ty of data is evaluated at regional level and later at national level.

Cases and suitable controls were identified after the crosscheck of both databases. All patients resistant to one
or more first-line anti-TB drugs (isoniazid, rifampicin, ethambutol and streptomycin) were classified as cases.
For each case we randomly identified two age group-matched patients (controls) showing susceptibility to all
first-line drugs. The ratio cases-controls possible to include all the cases was 1/2. All selected controls had already
concluded the treatment. Age was categorized into five groups: 0 - 14 years, 15 - 24 years, 25 - 44 years, 45 - 64
years, and 65 years or older.

We reviewed medical records of all patients selected as cases and controls. Demographic characteristics and
risk factor information were routinely and mandatory obtained for each patient on admission to a Tuberculosis
Unit. This information was collected using a structured questionnaire and stored in the National Tuberculosis
Surveillance System (SVIG-TB). National guidelines determine that HIV testing should be offered to all patients
unless a previous positive HIV test result has been recorded.

The variables under analysis included gender, place of birth (Portugal-born or foreign-born), employment sit-
uation (employed or unemployed), site of disease (pulmonary or extra-pulmonary), previous treatment (defined
as treatment with anti-TB drugs for more than 1 month), diabetes mellitus, HIV infection, alcohol abuse, intra-
venous drug use, abuse of other drugs and smoking habits (current smoker). The comorbidities included in the
analysis preceded diagnosis of DRTB.

2.3. Statistical Analysis

The measure of association between drug resistance and each potential risk factor was reported by odds ratio
(OR) and the 95% confidence intervals (95% CI). Initially, each potential risk factor was evaluated using univa-
riate conditional logistic regression models. Then, based on these results, a multivariate conditional logistic re-
gression model was constructed including all factors with a p < 0.07 in the univariate analysis.

Statistical analysis was performed using STATA (Statistics Data Analysis), Version 9.

3. Results

During the studied period, 886 patients were diagnosed with TB. Drug-resistant TB bacilli were found in 129 pa-
tients (14.6%). Ten of these patients were excluded because there was no clinical information available. Table 1
shows the resistance patterns among all 876 patients diagnosed with TB. The results for pirazinamide suscepti-
bility were not available.

Table 1. Resistance pattern among 876 patients diagnosed with TB.

Resistance pattern n (%)
Fully sensitive 757 (86.4)
Any resistance 119 (13.6)
Resistance to

Only isoniazid (H) 12 (1.4)

Only rifampicin (R) 2(0.2)
Only ethambutol (E) 0

Only streptomycin (S) 64 (7.3)

ES 1(0.1)

HR 10(1.1)

HS 29 (3.3)

HSE 1(0.1)

Any H resistance 52 (5.9)

Any R resistance 12 (1.4)

Any E resistance 2(0.2)

Any S resistance 95 (10.8)
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We enrolled 119 patients with drug-resistant TB and 238 controls with drug-susceptible disease. In the case
group, the mean age was 48.5 years (SD 17.3 years) and 65.5% (n = 78) were male. One hundred and one pa-
tients (84.9%) had symptoms at the time of diagnosis. Sixteen patients (13.4%) were detected by risk groups
screening activities and 2 patients (1.7%) by contact investigation.

In the control group, mean patient age was 48.2 years (SD 18.2 years) and 64.3% (n = 153) were male.

Among all patients with previous treatment, only one has been considered as a treatment default. All the oth-
ers had treatment complete.

Overall, three patients were homeless, two had history of imprisonment and three lived in community housing.
These variables were not included in the analysis due to its low frequency. Data on time for sputum smear con-
version were also not included due to missing information.

Table 2 shows the results of univariate analysis of potential risk factors. The variables associated with drug-

Table 2. Predictors for drug resistant TB among 357 tuberculosis patients.

VRS n (%)C (ar\je: 19) n (%C)OFr\tlrglséas) el Un?gég/itecdl)OR Ac(isjagi}f%gR
Gender
Male 78 (65.5) 153 (64.3) Reference
Female 41 (34.5) 85 (35.7) 0.80 0.94 (0.58 - 1.53)
Country of origin
Portugal 114 (95.8) 232 (97.5) Reference
Foreign-born 5(4.2) 6 (2.5) 0.40 1.67 (0.51-5.46)
Employment situation
Employed 53 (48.2) 103 (45.0) Reference
Unemployed 57 (51.8) 126 (55.0) 0.75 0.92 (0.54 - 1.56)
Site of disease
Pulmonary 104 (87.4) 207 (87.0) Reference
Extra-pulmonary 15 (12.6) 31(13.0) 091 0.96 (0.51-1.84)
Previous treatment
No 98 (85.2) 222 (93.3) Reference
Yes 17 (14.8) 16 (6.7) 0.02 2.52(1.19-5.34) 2.48 (1.12 - 5.49)
Co morbidities
Diabetes
No 105 (88.2) 228 (95.8) Reference
Yes 14 (11.8) 10 (4.2) 0.01 2.97 (1.28 - 6.89) 3.54 (1.45 - 8.66)
HIV infection
No 88 (86.3) 183 (89.3) Reference
Yes 14 (13.7) 22 (10.7) 0.36 1.48 (0.64 - 3.39)
Behaviour factors
Alcohol abuse
No 100 (84.0) 200 (84.7) Reference
Yes 19 (16.0) 36 (15.3) 0.88 1.05 (0.57 - 1.95)
Intravenous drugs
No 106 (89.8) 227 (95.8) Reference
Yes 12 (10.2) 10 (4.2) 0.01 5.30 (1.42 - 19.70) 477 (1.24 - 18.32)
Other drugs abuse
No 111 (93.3) 223 (94.1) Reference
yes 8 (6,7) 14 (5.9) 0.72 1.22 (0.42 - 3.52)
Current smoker
No 118 (99.2) 232 (97.5) Reference
Yes 1(0.8) 6 (2.5) 0.27 0.29 (0.03 - 2.65)
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resistant TB were previous TB treatment, presence of diabetes mellitus, and intravenous drug use. Patients pre-
viously treated for TB now have significantly increased odds of drug-resistant TB compared to newly diagnosed
patients (OR = 2.52; 95% CI: 1.19 - 5.34; p = 0.02). Diabetic patients were more likely to have drug-resistant
TB than non-diabetic patients (OR = 2.97; 95% CI: 1.28 - 6.89; p = 0.01). Patients who used intravenous drugs
have significantly higher odds of drug-resistant TB than those who did not use such drugs (OR = 5.30; 95% ClI:
1.42 - 19.70; p = 0.01). A higher proportion of HIV-positive patients was evident among cases (13.7%) com-
pared to the control group (10.7%). However, these values were not significantly different and HIV co-infection
was not a significant risk factor for drug-resistant TB.

Multivariate analysis showed that the potential risk factors showing significant associations with drug-resis-
tant TB in univariate analysis remained independently associated with drug-resistant TB. In the final multivaria-
ble model, previous TB treatment (adjusted OR: 2.48; 95% CI: 1.12 - 5.49), presence of diabetes mellitus (ad-
justed OR: 3.54; 95% CI: 1.45 - 8.66), and use of intravenous drugs (adjusted OR: 4.77; 95% CI: 1.24 - 18.32)
were all significant risk factors for drug-resistant TB.

4. Discussion

The factors independently associated with drug-resistant TB were diabetes mellitus, intravenous drug use and
previous TB treatment.

A link between diabetes mellitus and TB has been recognized for centuries. There is growing evidence that
diabetes mellitus is an important risk factor for TB [19]-[23] and might affect disease presentation and treatment
response [20] [24]. WHO estimates that diabetes contribute to about 8% of new cases annually [22]. In a setting
of increasing overlap of populations at risk for either disease, the combination of TB and diabetes mellitus
represents a worldwide health threat [20]. The number of patients with diabetes, 171 million in 2000, is expected
to grow to 366 - 440 million by 2030 [20] [21], with almost 80% of diabetic patients living in low-and-middle-
income countries where most TB is found [21].

The mechanism by which diabetes can cause development of drug-resistant TB is unclear. Possible malab-
sorption of anti-TB drugs among diabetic patients, thus reducing the treatment effect, has been suggested [20]
[24]. Just as tuberculosis drug treatment affects diabetes treatment, diabetes might alter the pharmacokinetics of
antituberculosis drugs. Diabetes can cause changes in oral absorption, decreased protein binding of drugs and
renal insufficiency or fatty liver with impaired drug clearance [20]. Fatty liver may be associated with hepatic
toxicity that can potentially lead to sub-therapeutic drug levels and acquired DR [21]. Diabetes may affect TB
treatment outcome by delaying time to microbiological response [20] [24]. Thus, it is possible that resistance
develops because diabetic patients do not get treatment for long enough.

As we do not have genotyping information, we cannot exclude that diabetic patients may be more susceptible
to disease following infection with resistant strains.

Given the rising incidence of diabetes in patients living in low-and-middle income countries, the management
of diabetes in TB patients would improve TB treatment outcome and reduce the risk of recurrent TB.

Our results suggest that intravenous drug users are more likely to have drug-resistant TB than individuals who
do not inject drugs. Intravenous drug use was also identified as a significant risk factor by other authors [12]
[25]. Possible explanations include late diagnosis, poor compliance with treatment, and treatment default [26]
[27]. Compliance is known to be problematic in such groups [26] [27]. Studies have demonstrated the delete-
rious effects of drug use on the immune system [27]. This fact, associated with the physiological effects of drug
use and the risk behaviors of drug users may all contribute to development of poorer outcomes. Together, these
physiological and epidemiologic factors may each contribute to observe that drug users are more likely to take
longer to achieve negative culture [27], drug resistance rises over time and the mortality risk is increased [27].

Another possible explanation for the association between intravenous drug use and drug resistant TB could be
related to close contacts of drug users and transmission of resistant strains within this group [25] [27]. As we do
not have genotyping data available, we cannot exclude the existence of possible clusters. However, in our study
only one patient was identified due to contact screening among intravenous drug users.

Previous TB treatment, a well-known risk factor for drug-resistant TB [7] [9]-[11] [14] [15] was also found to
be significantly associated with drug resistance in the present study. Although drug-resistant TB can be trans-
mitted between individuals (primary resistance), most cases arise after inadequate treatment allowing a drug-re-
sistant strain to become dominant [10]. The use of directly observed therapy (DOT) is highly recommended to
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promote treatment adherence [16] [26]. Recent studies suggest that resistance is less likely to develop or to be
transmitted when TB patients are under DOT [16] [28].

We did not find a significant association between HIV co-infection and drug-resistance, although this associa-
tion has been described [11]-[13]. Lack of such an association could be caused by inadequate testing [2], but in
Portugal, in 2009, HIV testing was performed on 87% of all TB patients and HIV co-infection prevalence was
15% [2]. More information about characteristics of HIV-infected patients, namely mean of CD4 count, anti-re-
troviral therapy is needed to understand this result.

In our study, there was a low frequency of immigration. This information was verified with patient’s identifi-
cation documents. This could be explained by the economic and social conditions in the country with high rates
of unemployment.

This investigation had some limitations. Because of our retrospective design, we could analyze only the risk
factor data that were routinely recorded in Tuberculosis Units.

However, considering the similar age distribution of cases and controls, we can assume that no relevant selec-
tion bias was likely to occur. We cannot exclude the occurrence of information bias and misclassification be-
cause information about co-morbidities, namely about smoking habits, alcohol abuse or diabetes, was based on
patient information and was not laboratory confirmed. We must consider that TB patients could under report
co-morbidities, but we have no reasons to believe that under reporting would be different among drug resistant
and drug susceptible cases. Information about behavior factors was based on clinical judgment, which could ori-
ginate both under and over reporting.

The association between diabetes and drug resistance could be explained by confounding factors, namely by
obesity or nephropathy. We were not able to test the effect of obesity or nephropathy as confounders because
this information is not collected.

In spite of limitations, our study provides relevant initial data about drug resistance in Portugal. To the best of
our knowledge, the present case-control study is the first investigation of risk factors for drug-resistant TB in the
Northern Region of Portugal.

5. Conclusion

The present findings associated drug-resistant TB with diabetes mellitus, previous TB treatment and intravenous
drug use. Knowledge of these factors conferring risk permits identification of patients with a predisposition to
development of drug resistance, thus allowing efficacious treatment regimens to be implemented. The fact that
diabetes mellitus is a risk factor for drug-resistant TB development represents an enormous threat to TB control.
This association should be further explored to effectively co-manage the two diseases.
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