
It has been estimated that approximately 9.9 million people 
were infected with  in 2020 and 

about 1.3 million died of tuberculosis [1]. Diabetes mellitus 
(DM) is one of the known risk factors for progression from la-
tent to active tuberculosis [2]. Systematic review of more than 
58 million latent tuberculosis patients demonstrated that those 
with DM have nearly a fourfold risk of having active tubercu-
losis [3]. In recent years, a marked increase in the number of 
newly diagnosed patients with DM was recorded globally, and 
it was estimated that 463 million cases (9.3% of the global adult 
population [age 20–79 years]) of DM were recorded in 2019 [4].

Ecological studies have demonstrated a correlation between 
countries that were characterized with high incidence of tuber-
culosis and those with DM [5]. It was suggested that DM weak-
ens the cell-mediated arm of the immune system and increases 
patient's susceptibility to infection [6]. DM increases the risk of 
progression from latent tuberculosis to active disease as a result 
of impaired phagocytes function; reduced frequencies of type 1, 
2, and 17 T helper cells [7]; and unbalanced immuno-endocrine 
relationship [8]. 

The associations between DM and tuberculosis treatment 
outcomes are still inconclusive. While subsequent studies have 
reported worse outcomes among tuberculosis patients with DM 
and a longer time to achieve negative culture [9], others did not 
find significant differences [10]. 

Israel is considered a low tuberculosis incidence country 
showing incidence of approximately four cases per 100,000 
population in 2018, in a declining trend [11]. Most (87.6%) of 
the tuberculosis patients in Israel are foreign born and they are 
commonly treated with ambulatory-based management. Tu-
berculosis patients with serious medical conditions, those with 
chronic diseases, or those who developed adverse drug reactions 
were admitted to a tuberculosis ward at Shamir Medical Center 
(Assaf Harofeh), a single hospital in Israel, which is located in 
the central region [12]. Between the years 2005 and 2015, 1771 
tuberculosis patients were hospitalized in the ward. The preva-



lence of DM in Israel has gradually rising and it was estimated 
to be 7.2% in 2016 [13].

Due to conflicting reports about the influence of associated 
DM on the clinical, bacteriological and radiological features, 
and treatment outcome of tuberculosis patients, the purpose of 
this first study in Israel was to compare tuberculosis treatment 
outcomes and the rate of drug resistance between hospitalized 
patients with or without DM.

This case-control study included all patients older than 18 years 
of age who were hospitalized with tuberculosis and DM in the on-
ly tuberculosis ward in Israel between 2005 and 2015. A control 
group of hospitalized tuberculosis patients without diabetes was 
randomly selected to form a factor of 1:3 ratio between cases and 
controls. Data were collected from their clinical files between the 
years 2016–2017 and included demographic, clinical, laboratory, 
and therapeutic characteristics. Tuberculosis treatment outcomes 
were collected from the hospital and also from tuberculosis clin-
ics in the community, in cases when the patients were discharged 
before treatment was completed. Pregnant women and recurrent 
tuberculosis patients were excluded from this study. 

The study group included tuberculosis patients with DM, 
which was defined as having a known previous diagnosis of DM 
(type 1 or 2) in the medical records. The control group comprised 
of tuberculosis patients without DM diagnosis and with normal 
blood glucose levels (lower than126 mg/dl), as measured by 
consecutive blood test during their hospitalization. Tuberculosis 
patients who had transient hyperglycemia or missing recording 
of the glucose level were excluded from the study. These prelim-
inary criteria verified that the diagnosis of DM preceded tubercu-
losis and was not a result of temporary hyperglycemia caused by 
acute mycobacterial infection. Glycemic control status was cap-
tured for DM patients according to their mean morning plasma 
glucose levels through their first week of hospitalization and was 
categorized from 1 (lowest glucose levels) to 4 (highest).

Tuberculosis treatment outcomes were defined by the World 
Health Organization [14], while the classification of treatment 
success included those who were cured (tuberculosis patients 
with a positive acid-fast bacilli [AFB] smear or mycobacteri-
al culture who had completed treatment with negative smear 
or culture) or completed their treatment (at least 6 months for 
tuberculosis, and 24 months for multidrug resistance tubercu-
losis). Non-success included treatment failure (patients with a 
positive AFB smear or mycobacterial culture in their last month 
of treatment), death (while on anti-tuberculosis treatment), and 
lost to follow-up (interrupted treatment for 2 or more consecu-
tive months). Multidrug resistance (MDR) tuberculosis includ-
ed drug resistance to rifampin and isoniazid.

Drug sensitivity testing was performed on each positive bacte-
rial sample by molecular techniques, and also on LJ (Löwenstein–

Jensen) and MASit (Multiple Automated Sample harvester).
The level of treatment compliance in the hospital was de-

fined as optimal or suboptimal, as recorded in the patient hospi-
tal files by the hospital's nursing staff. Optimal treatment com-
pliance in ambulatory settings was defined as more than 80% of 
drugs prescribed by the directly observed therapy (DOT). For 
the purpose of this study, the term optimal treatment compliance 
included adherence both in the hospital and in the community. 
All patients were treated with first-line anti-tuberculosis agents 
including isoniazid, rifampin, ethambutol, and pyrazinamide 
according to World Health Organization tuberculosis treatment 
recommendations. Diabetic patients were treated with insulin 
(targeting plasma glucose lower than 200 mg/dl) during hospi-
talization. Socioeconomic status was defined according to the 
Israel Central Bureau of Statistics classification, ranging from 1 
(lowest) to 10 (highest) based on home residential address [15].

Data regarding smoking history, cancer, and other diseases 
were collected. Asthma and chronic obstructive pulmonary dis-
ease (COPD) were merged into a single term: obstructive pulmo-
nary disease. Cardiovascular diseases refer to one of the follow-
ing: stroke, coronary artery disease, or heart failure. Psychiatric 
disease refers to a major psychiatric disorder treated with more 
than one psychiatric drug regularly. Last, addiction to substances 
included intravenous drug addiction or alcohol dependency. 

Patients who had tuberculosis and DM were compared to pa-
tients who had only tuberculosis. Patients who had successful treat-
ment outcomes were compared those who did not achieve success. 
Continuous variables with a normal distribution were compared 
by the Student's -test and categorical variables were compared 
using chi-square. Statistical significance was considered < 0.05. 
All variables that were significant in the univariate analysis were 
included in the logistic regression to identify characteristics that 
were associated with treatment success, resulting in odds ratios 
(OR) and 95% confidence intervals (95%CI). The first block of 
the backward model of the regression included DM co-morbidi-
ty and the second block included all other statistically significant 
variables. Sub-analyses of anti-tuberculosis drug resistance and 
MDR tuberculosis were performed using a multivariable logistic 
regression models. Statistical analyses were performed using IBM 
Statistical Package for the Social Sciences statistics software, ver-
sion 20 (SPSS, IBM Corp, Armonk, NY, USA). The study was 
approved by the institutional review board (#44).

This study included all 80 patients who had tuberculosis and 
DM and were hospitalized during the 11-year study period, as 
well as a random sample of 213 patients who had tuberculosis 
without DM co-morbidity. Five patients with tuberculosis were 
first diagnosed with DM at the time of hospitalization, All of 
them had documented hyperglycemia 6 months or more after 
completing tuberculosis treatment.



Most common symptoms were cough in 191 patients (65%), 
followed by fever in 161 patients (54%), weight loss of over 
25% of body mass in 6 month in 134 (45%), and chest pain in 
45 patients (15%). Adverse reaction to tuberculosis treatment 
was noted in 103 patients (35%). The most common adverse 
reaction was liver enzyme elevation in 58 patients (19.7%), fol-
lowed by gastrointestinal symptoms in 20 (6.8%) and skin relat-
ed symptoms in 15 (5.1%). Two patients complained of blurry 
vision and one had hearing loss. The rate of adverse reaction did 
not differ between the study and control groups.

Patients who had tuberculosis and DM were more commonly 
older, Israeli citizens who lived in places characterized by lower 
socioeconomic levels and were more likely to have hemoptysis 

and a personal history of cardiovascular disease than those who 
had tuberculosis without DM co-morbidity [Table 1]. Patients 
who had tuberculosis and DM showed better treatment compli-
ance compared to those who had tuberculosis only. The time for 
the culture test results to become negative was longer among 
those who had tuberculosis and DM than normoglycemic tuber-
culosis patients. There were no significant differences in treat-
ment success between the study and the control groups. 

Patients who did not achieve treatment success were more 
commonly older, Israeli citizens, and less likely to have hemop-
tysis. In addition, their treatment compliance was lower than the 
patients who had treatment success [Table 2]. Patients who did 
not achieve treatment success were less likely to have positive 



culture tests. A greater proportion of those who did not achieve 
treatment success was addicted to substances and had chronic 
diseases than the patients whose treatment succeeded. Among 
DM patients, glycemic control status was not associated with 
treatment success.

Direct sputum smear microscopy was positive in 142 pa-
tients, and tuberculosis culture was positive in 216 patients. The 
majority of patients with MDR tuberculosis were born in the 
former Soviet Union (12 of 15 patients). Patients with MDR 
were treated with second line drugs, including amikacin, strep-
tomycin, ethionamide, cycloserine, fluroquinolones, and clari-

thromycin. In our study, no specific drug resistance or MDR 
were associated with DM co-morbidity or treatment success.

In a multivariate model, younger age and optimal treatment 
compliance were associated with treatment success, while the 
presence of psychiatric or chronic kidney co-morbidities were 
associated with inferior treatment outcomes [Table 3]. Interest-
ingly, no association was found between the presence of DM 
and tuberculosis treatment outcomes after controlling for Israeli 
citizenship, age, treatment compliance, addiction, and chronic 
diseases. Collinearity between chronic kidney co-morbidity and 
DM was not found. 



DM co-morbidity among hospitalized tuberculosis patients was 
not found to be associated with tuberculosis treatment success, 
and glycemic control among DM patients was not associated 
tuberculosis treatment outcomes. Treatment success was better 
among patients who adhered to the drug regimen and negatively 
associated with age and the presence of chronic diseases. 

Lack of association between DM and tuberculosis treatment 
outcomes is consistent with previous studies [10,16-18]. Al-
though DM patients with tuberculosis in this study were older 
and had more cardiovascular co-morbidities than tuberculosis 
patients without DM, their treatment outcomes did not differ 
significantly. It might be possible that early diagnosis of DM 
during the course of hospitalization and prompt treatment to 
stabilize glucose levels prevented a substantial compromise of 
immune system function.

No statistically significant differences were found in treat-
ment success comparing MDR tuberculosis vs. non-MDR tu-
berculosis cases. Although other studies showed higher rates 
of MDR-tuberculosis among patients with DM [19], all of 
the MDR-tuberculosis cases in our study were primary, and 
therefore the a-priori prevalence of drug resistance was inde-
pendent of the blood glucose level. The patients with MDR 
tuberculosis in our study had been born in the former Soviet 
Union, as also found in previous study regarding MDR tuber-
culosis in Israel [20].

Positive tuberculosis culture was found to be more common 
among patients who reached treatment success. It might be that 
the relatively higher rate of extrapulmonary tuberculosis con-
founded the results, as most of them did not have positive cul-

ture on admission, and their prognosis was usually worse than 
pulmonary tuberculosis [21]. Stratification for tuberculosis site 
of infection had weakened the strength of the association be-
tween positive culture results and treatment success. 

The time for culture test results to become negative was lon-
ger among tuberculosis patients who had DM. However, age 
may be a confounder for this result, as DM patients in this study 
were more likely to be older. Older age is known to be asso-
ciated with delayed sputum culture conversion independently 
[22]. Consequently, tuberculosis patients who had DM have had 
longer infectivity time and maintain a potential risk of myco-
bacterial transmission. To limit transmission, infectious control 
measures should be employed after hospital discharge to min-
imize the risk for tuberculosis transmission in the community.

The association between patient adherence to anti-tuber-
culosis drug regimen and treatment success rates underscores 
the importance of patient cooperation and the function of the 
healthcare system both during hospitalization and in the com-
munity. DM patients may require special attention to treat tu-
berculosis and balance their glucose levels concomitantly. To 
achieve optimal treatment results, healthcare professionals who 
treat tuberculosis and DM should collaborate to provide prompt 
follow-up and treatment for both diseases and maximize patient 
compliance.

With this first study in Israel, we associated the presence of DM 
with tuberculosis treatment outcomes among all hospitalized 
patients, yet it may be subject to several limitations. First, the 
study included only hospitalized patients and might not repre-
sent all tuberculosis patients in Israel. However, a significant 
portion of tuberculosis patients with DM were hospitalized, as 
they required close monitoring. Second, the sample size was 
limited due to the relatively low tuberculosis incidence rate in 
Israel, although the study period included all tuberculosis and 
DM hospitalized in Israel for 11 years. Third, the retrospective 
design of this study did not allow recording the patient glycemic 
profiles beyond their first week of hospitalization nor in cases 
where glucose levels were within the normal range in non-dia-
betic patients. 

The presence of DM was not associated with worse tubercu-
losis treatment outcomes. Tuberculosis patient who achieved 
controlled glucose levels were not at risk for disease progres-
sion, regardless of age. However, tuberculosis patients with DM 
took longer to reverse their positive sputum culture tests. MDR 
tuberculosis was more common among normoglycemic tuber-
culosis patients compared to those who had DM. Our findings 
suggest that infectious control measures should be employed 
when discharging these patients from the hospital as infectious-
ness may be prolonged.



AL-Aly et al. used the U.S. Department of Veterans Affairs 
national healthcare databases to build a cohort of 33,940 
individuals with breakthrough SARS-CoV-2 infection (BTI) 
and several controls without evidence of SARS-CoV-2 
infection, including contemporary (n=4,983,491), historical 
(n=5,785,273), and vaccinated (n=2,566,369) controls. At 

people with BTI exhibited a higher risk of death (hazard ratio 
[HR] 1.75, 95% confidence interval [95%CI] 1.59–1.93) and 
incident post-acute sequelae (HR 1.50, 95%CI 1.46–1.54), 
including cardiovascular, coagulation and hematologic, 
gastrointestinal, kidney, mental health, metabolic, 
musculoskeletal, and neurologic disorders. The results 
were consistent in comparisons versus the historical and 

vaccinated controls. Compared to people with SARS-CoV-2 
infection who were not previously vaccinated (n=113,474), 
people with BTI exhibited lower risks of death (HR 0.66, 
95%CI 0.58–0.74) and incident post-acute sequelae (HR 
0.85, 95%CI 0.82–0.89). Altogether, the findings suggest that 
vaccination before infection confers only partial protection in 
the post-acute phase of the disease; hence, reliance on it as 
a sole mitigation strategy may not optimally reduce long-term 
health consequences of SARS-CoV-2 infection. The findings 
emphasize the need for continued optimization of strategies 
for primary prevention of BTI and will guide development of 
post-acute care pathways for people with BTI.


