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Abstract
Background Previous studies have shown subjects suffering from diabetes or persistent hyperglycemia were more 
likely to develop tuberculosis (TB). However, the global burden of TB attributed to high fasting plasma glucose (HFPG) 
remains unclear. This study aimed to characterize the global, regional, and national TB burden attributed to HFPG from 
1990 to 2019.

Methods With Global Burden of Disease study 2019, the numbers and age-standardized mortality rates (ASMR) and 
age-standardized disability-adjusted life years (DALY) rates (ASDR) of TB attributed to HFPG at global, regional, and 
national levels from 1990 to 2019 were extracted. The locally weighted regression model was applied to estimate the 
TB burden for different socio-demographic index (SDI) regions.

Results Globally, the ASMR and ASDR attributed to HFPG were 2.70 (95% UI, 1.64–3.94) and 79.70 (95% UI, 50.26–
112.51) per 100,000 population in 1990, respectively. These rates decreased to 1.46 (95% UI, 0.91–2.08) and 45.53 (95% 
UI, 29.06–62.29) in 2019. The TB burden attributed to HFPG remained high in low SDI and Central Sub-Saharan Africa 
regions, while it declined with most significantly in high SDI and East Asia regions. Additionally, the ASMR and ASDR of 
TB attributed to HFPG were significantly higher in the male and the elderly population.

Conclusions The global TB burden attributable to HFPG decreased from 1990 to 2019, but remained high in low SDI 
regions among high-risk populations. Thus, urgent efforts are required to enhance the awareness of early glycemic 
control and TB treatment to alleviate the severe situation.
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Introduction
High fasting plasma glucose (HFPG), defined as fast-
ing plasma glucose above 86.4–97.2 mg/dl, was globally 
responsible for 11.3% of all age-standardized deaths and 
6.4% of the disability-adjusted life-years (DALYs) from all 
causes. Previous studies have shown that subjects suffer-
ing from diabetes or persistent hyperglycemia are more 
likely to be infected with several infectious diseases [1] 
and experience poor therapeutic effects [2]. Among these 
infectious diseases, tuberculosis (TB) is one of them 
extensively affected by HFPG.

Diabetes or hyperglycemia has been considered as 
the primary challenge among the risk factors hindering 
TB control by 2035 [3]. Diabetes has been reported to 
be associated with genotypically drug-resistant TB [4]. 
Another case-control study revealed that TB-diabetes 
patients were associated with increased levels of circulat-
ing angiogenic factors, indicating that angiogenesis disor-
ders and excessive inflammation may be involved in the 
occurrence of TB-diabetes [5]. An epidemiological study 
in China demonstrated that patients with diabetes pres-
ent a higher risk of TB treatment failure [6]. Additionally, 
a prospective study conducted in Brazil suggested that 
diabetes result in an increased risk of both TB mortal-
ity and TB treatment failure [2]. Although the relation-
ship between diabetes or hyperglycemia and TB has been 
gradually clarified, there remains a lack of systematic 
research on the burden of TB attributed to HFPG on a 
global scale.

In this study, we aimed to reported the trend of HFPG-
related TB burden by age, sex, sociodemographic index 
(SDI) between 1990 and 2019 using data from the GBD 
2019 study. These findings could be helpful for govern-
ment resource allocation by government, the implemen-
tation of screening programs for high-risk populations, 
and disseminating knowledge of early glycemic control 
among people.

Methods
Data sources
The Global Burden of Disease (GBD) project, which is 
conducted by the Institute for Health Metrics and Evalu-
ation (IHME), explores the levels and trends of com-
municable diseases, non-communicable diseases and 
injuries worldwide [7]. The Global Health Data Exchange 
(GHDx, http://ghdx.healthdata.org/gbd-results-tool) was 
adopted to extract the data. The data included age-stan-
dardized mortality rate (ASMR) per 100k population and 
age-standardized disability-adjusted life rate (ASDR) per 
100 k population for TB attributable to HFPG, as well as 
socio-demographic index (SDI), covering 204 countries 
and regions around the world from 1990 to 2019. Dis-
ability-adjusted life years (DALYs) were obtained with the 
sum of the number of years of life lost due to premature 

death (YLLs) and the number of years of life lost due to 
disability (YLDs).

Definition of the TB, HFPG and SDI
In GBD 2019, TB cases were identified based on the 
International Classification of Diseases, version 10 
(ICD-10). The discharge diagnosis codes for HIV-nega-
tive tuberculosis are A10–19.9, B90–90.9, K67.3, K93.0, 
M49.0, and P37.0; for HIV-positive tuberculosis, the ICD 
10 code is B20.0 [8]. Fasting plasma glucose (FPG) was 
measured as the mean FPG in a population, where FPG 
is a continuous exposure in units of mmol/L. Due to the 
fact that FPG is a continuous variable, IHME defines 
high FPG as any level above the theoretical minimum 
risk exposure level (TMREL), which is 4.8–5.4 mmol/L 
or 86.4–97.2 mg/dL [9]. Social Development Index (SDI) 
is an important metric used to comprehensively evaluate 
the level of social development for each country or region 
[10]. In GBD 2019, countries and regions were divided 
into five levels based on SDI: high SDI (greater than 0.81), 
high-middle SDI (0.70–0.81), middle SDI (0.61–0.69), 
low-middle SDI (0.46–0.60), and low SDI (less than 0.46). 
SDI allows for comparisons among different geographies 
and regions and has been explored in numerous studies 
[11, 12].

Statistical analysis
Differences in age structure may result in the heteroge-
neity of TB burden quantified by mortality and DALYs. 
To eliminate the influence of age structure differences, 
we used the age-standardized mortality rate (ASMR) 
and age-standardized disability-adjusted life rate (ASDR) 
were utilized to estimate TB burden. Percentage change, 
annual percentage change (APCs), and average annual 
percentage change (AAPCs) were adopted to imply the 
trend in TB ASMR or ASDR attributable to HFPG from 
1990 to 2019. Furthermore, the Pearson correlation was 
conducted and the Pearson correlation coefficient was 
used to show the correlation between SDI with ASMR 
and ASDR, as well as obtained the expected relationship 
between SDI with ASMR and ASDR by the Gaussian pro-
cess regression model fitting of data obtained from 1990 
to 2019. The Gaussian process regression model was 
established by the “kernlab” package [13] of R software 
(version 4.1.0).

Results
Global tuberculosis (TB) burden attributable to high 
fasting plasma glucose (HFPG) from 1990 to 2019
In the global analysis of different countries and regions, 
we described the trends in TB ASMR and ASDR attribut-
able to HFPG from 1990 to 2019 (Fig. 1). Notably, the TB 
burden attributable to HFPG remained high levels in low 
SDI and low-middle SDI regions, both of which indicated 

http://ghdx.healthdata.org/gbd-results-tool
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decreasing trends from 1990 to 2019. Globally, the TB 
ASMR and ASDR attributable to HFPG were 2.70 and 
79.70 in 1990, while were 1.46 and 45.53 respectively in 
2019.

The TB ASMR and ASDR attributable to HFPG were 
influenced by genders, SDI levels and different GBD 
regions (Tables 1 and 2). In 1990 and 2019, the TB ASMR 
and ASDR attributable to HFPG in male were higher than 
in female. The trends of TB ASMR and ASDR attribut-
able to HFPG in different SDI regions were all decreasing. 
The region with the largest decline in ASMR and ASDR 
was the high SDI region (with an Estimated Annual Per-
cent Change (EAPC) of −65.68% and − 65.54%), while the 
region with the lowest decline was the low SDI region 
(with an EAPC of −0.43% and − 42.54%). The trends of 
TB ASMR and ASDR attributable to HFPG in most GBD 
regions are decreasing, especially in East Asia (EAPC 
were − 86.75% and − 84.07%), Andean Latin America 
(EAPC were − 76.66% and − 76.87%) and High-income 
Asia Pacific (EAPC were − 76.19% and − 80.66%). How-
ever, these rates were increasing in Southern Sub-Saha-
ran Africa (EAPC were 14.23% and 10.48%), Central Asia 
(EAPC were 11.36% and 10.80%) and Eastern Europe 
(EAPC were 9.61% and 19.09%) (Tables 1 and 2).

In all 204 countries and territories, the highest TB 
ASMR and ASDR attributable to HFPG in 1990 occurred 
in Central African Republic (25.6 and 750.6 per 100,000 

populations), followed by Equatorial Guinea (21.9 and 
624.0 per 100,000 populations) and Kiribati (20.3 and 
641.6 per 100,000 populations), whereas the lowest 
ASMR and ASDR were observed in Bermuda (0.03 per 
100,000 populations) and Australia (0.69 per 100,000 
populations) respectively. Thirty years later, in 2019, the 
highest TB ASMR and ASDR attributable to HFPG still 
remained in Central African Republic (30.6 and 910.4 per 
100,000 populations), followed by Kiribati (19.0 and 582.5 
per 100,000 populations) and Somalia (16.9 and 456.1 per 
100,000 populations). Meanwhile, the lowest ASMR and 
ASDR were persisted in Bermuda (0.01 per 100,000 pop-
ulations) and Australia (0.43 per 100,000 populations) 
respectively. From 1990 to 2019, Tajikistan experienced 
the largest percentage increase in the ASMR of HFGP-
related TB burden (139.2%) among all 204 countries, 
followed by Uzbekistan (92.6%) and Ukraine (91.3%), 
whereas Hungary witnessed the most significant percent-
age decline (-88.7%). Meanwhile, the country with the 
largest percentage increment in the ASDR was Ukraine 
(114.3%), followed by Tajikistan (114.2%) and Lesotho 
(101.0%), while Singapore experienced the most substan-
tial percentage decrease (−87.9%). (Fig. 2 and Figure S1).

TB Burden attributable to HFPG by SDI regions
The global TB burden attributable to HFPG by SDI 
regions was estimated in Tables  1 and 2. Both of the 

Fig. 1 The ASMR and ASDR of tuberculosis attributable to HFPG from 1990 to 2019. ASMR, Age-standardized mortality rates; ASDR, Age-standardized 
disability-adjusted life years rates; SDI, socio-demographic index; HFPG, high fasting plasma glucose
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ASMR and ASDR of 5 SDI regions in 1990 was 2–3 times 
higher than that in 2019. In addition, the ASMR and 
ASDR of high SDI region, high-middle SDI region and 
middle SDI region had been at a relatively low level. From 
1990 to 2019, high SDI region had the greatest change 
in ASMR (EAPC: −65.8%) and ASDR (EAPC: −65.54%), 
while low SDI region had the lightest change in ASMR 
(EAPC: −43.18%) and ASDR (EAPC: −42.54%).

In order to analyze the relationship between economic 
development level and TB burden attributed to HFPG, 
we conducted a correlation analysis in specific SDI 
regions (Fig.  3). A total of 21 geographic super-regions 
and global estimation were included in this study. Inter-
estingly, the estimated relationships between SDI and 
expected ASMR and ASDR for TB deaths attributable 
to HFPG were both strongly negatively correlated (r = 
−0.64, p < 0.00001; r = −0.57, p < 0.00001) when SDI was 
less than 0.45. A weak negative correlation was exhib-
ited when SDI was between 0.45 and 0.65 (r = −0.22, 
p < 0.00001; r = −0.21, p < 0.00001), while a moderate neg-
ative correlation was observed when SDI was more than 
0.65 (r = −0.55, p < 0.00001; r = −0.54, p < 0.00001). The 
ASMR and ASDR for TB attributable to HFPG in West-
ern Sub-Saharan Africa, North Africa and Middle East 
and East Asia were much higher than expected according 
to the results of the Gaussian regression. It can be seen 
that the improvement of economic level may effectively 
reduce the TB burden attributed to HFPG.

Burden of TB attributable to HFPG by genders
In the analysis of genders, we found that the ASMR 
and ASDR of TB attributed to HFPG were significantly 
higher in males than in females across all age groups, and 
this phenomenon remained robust from 1990 to 2019 
(Fig. 4). In addition, the male-female sex ratio of ASMR 
and ASDR of TB attributable to HFPG in high and high-
middle SDI regions showed an overall decreasing trend 
from 1990 to 2019, especially in high SDI regions, while 
the ratio in other SDI regions showed a slow increasing 
trend (Fig. 5).

Burden of TB attributable to HFPG by different age groups
Over the 30 years from 1990 to 2019, we found lower 
declines in both ASMR and ASDR in the middle-aged 
and the elderly groups (45–79 years old) than in the 
younger group (< 45 years old) and the older group (> 79 
years old) in both high SDI and high-middle SDI regions. 
Overall, the higher the level of SDI, the greater the 
decreasing values of ASMR and ASDR by all age group. 
It should be particularly noted that the decreasing values 
of ASMR and ASDR for people aged 85 years or older 
in high SDI regions are lower than all other age groups 
(Fig. 6).

Discussion
In this global analysis of 204 countries and territories 
across 30 years, we assessed global trends and changes in 
tuberculosis (TB) ASMR and ASDR attributable to high 
fasting plasma glucose (HFPG) from 1990 to 2019. Our 
findings show that the TB burden associated with HFPG 
remained high in 2019, especially in male, older adults, 
low SDI and low-middle SDI regions. The burden of TB 

Table 1 The ASMR and EAPC in TB attributed to high fasting 
plasma glucose from 1990 to 2019
Group ASMR,1990 ASMR,2019 EAPC
Global 2.70(1.64,3.94) 1.46(0.91,2.08) −45.99%
Sex
Male 3.93(2.37,5.76) 2.10(1.28,3.01) −46.69%
Female 1.70(1.00,2.53) 0.89(0.53,1.33) −47.41%
SDI levels
High SDI 0.24(0.14,0.36) 0.08(0.05,0.12) −65.68%
High-middle SDI 0.80(0.49,1.16) 0.29(0.18,0.41) −64.16%
Middle SDI 2.94(1.66,4.47) 1.13(0.66,1.69) −61.62%
Low-middle SDI 7.78(4.64,11.63) 4.09(2.47,6.00) −47.37%
Low SDI 9.75(5.70,14.71) 5.54(3.21,8.21) −43.18%
GDB regions
Andean Latin 
America

2.79(1.60,4.32) 0.65(0.36,1.02) −76.66%

Australasia 0.04(0.02,0.06) 0.02(0.01,0.04) −44.72%
Caribbean 0.82(0.51,1.22) 0.50(0.32,0.72) −39.17%
Central Asia 0.57(0.35,0.79) 0.64(0.40,0.90) 11.36%
Central Europe 0.38(0.23,0.55) 0.14(0.09,0.20) −62.64%
Central Latin America 1.72(1.02,2.54) 0.38(0.23,0.55) −77.81%
Central Sub-Saharan 
Africa

13.96(7.78,22.15) 10.84(6.05,17.04) −22.37%

East Asia 1.52(0.85,2.32) 0.20(0.11,0.31) −86.75%
Eastern Europe 0.27(0.17,0.39) 0.30(0.18,0.43) 9.61%
Eastern Sub-Saharan 
Africa

12.79(7.42,19.25) 6.29(3.67,9.51) −50.85%

High-income Asia 
Pacific

0.56(0.31,0.85) 0.13(0.07,0.22) −76.19%

High-income North 
America

0.08(0.04,0.11) 0.03(0.02,0.04) −62.01%

North Africa and 
Middle East

1.18(0.65,1.85) 0.49(0.28,0.73) −58.70%

Oceania 4.92(2.72,7.83) 3.75(2.09,5.82) −23.85%
South Asia 9.56(5.70,14.33) 4.64(2.80,6.85) −51.43%
Southeast Asia 5.98(3.24,9.50) 2.75(1.51,4.20) −54.01%
Southern Latin 
America

0.40(0.23,0.61) 0.18(0.10,0.26) −55.58%

Southern Sub-Saha-
ran Africa

5.02(2.98,7.44) 5.74(3.44,8.27) 14.23%

Tropical Latin 
America

0.79(0.49,1.14) 0.26(0.16,0.37) −67.58%

Western Europe 0.14(0.07,0.21) 0.04(0.02,0.07) −68.17%
Western Sub-Saharan 
Africa

6.19(3.22,9.91) 4.10(2.10,6.60) −33.73%

ASMR, Age-standardized mortality rates; EAPC, Estimated annual percent 
change; SDI, socio-demographic index
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attributable to HFPG has decreased globally, particularly 
in regions such as East Asia, Andean Latin America and 
High-income Asia Pacific.

It has been reported that poorly controlled diabetes 
mellitus (DM) may increase active tuberculosis (TB) 
risk [14]. On the one hand, HFPG increased the inci-
dence of TB by affecting immune cell function [15]. Ele-
vated glucose concentration can lead to the production 
of advanced glycation end products and the constant 
inflammation associated with type 2 diabetes (T2D), ulti-
mately altering the patient’s immune response and facili-
tating bacterial infection [16, 17]. Due to the change of 
monocyte in diabetes and opsonins in serum, the ability 
of monocyte to bind and phagocytosis mycobacterium 
tuberculosis in patients with poorly controlled glucose is 
significantly reduced, which will increase the susceptibil-
ity to TB [18]. A prospective cohort based on Lu Peng et 
al. [19] showed that individuals with diabetes increased 
TBrisk, although it is only observed in diabetes with 

a BMI less than 24  kg/m2. A study from South Korea 
showed that the course of diabetes is related to the inci-
dence of TB [1]. On the other hand, HFPG can affect the 
pharmacokinetics of anti-tuberculosis drugs by reducing 
plasma concentrations, thereby effecting disease treat-
ment [20]. A study conducted by Peru suggested that 
persistent dysglycemia was associated with unfavorable 
treatment outcomes in patients with pulmonary TB [21]. 
In this research, we found that TB disease burden attrib-
uted to HFPG across the world remains serious, implying 
that more attention should be paid to glycemic control.

Firstly, we conduct a comparison of TB burden attrib-
utable to HFPG in different SDI regions. SDI is a strong 
predictor of health-related indicators, emphasizing the 
significance of income, education, fertility, and cross-
sectoral health development actions [22]. Our study 
revealed that low and low-middle SDI regions experi-
enced a higher TB burden due to HFPG. This could be 
explained by three factors. Firstly, the proportion of TB 

Table 2 The ASDR and EAPC in TB attributed to high fasting plasma glucose from 1990 to 2019
Group ASDR,1990 ASDR,2019 EAPC
Global 79.70(50.26,112.51) 45.53(29.06,62.29) −42.88%
Sex
Male 111.03(71.27,158.02) 64.57(41.18,88.24) −41.85%
Female 51.05(30.88,72.51) 27.40(17.14,38.64) −46.32%
SDI levels
High SDI 6.13(3.81,8.68) 2.11(1.36,2.91) −65.54%
High-middle SDI 24.28(15.20,34.35) 9.82(6.24,13.49) −59.57%
Middle SDI 75.92(48.40,109.05) 31.37(19.91,43.16) −58.68%
Low-middle SDI 216.09(136.99,305.35) 120.73(75.50,166.75) −44.13%
Low SDI 262.42(164.84,375.30) 150.78(94.72,211.61) −42.54%
GDB regions
Andean Latin America 74.65(45.20,109.24) 17.27(10.51,25.69) −76.87%
Australasia 0.85(0.49,1.30) 0.45(0.26,0.68) −46.67%
Caribbean 26.23(16.71,36.30) 17.67(11.31,25.02) −32.63%
Central Asia 21.69(13.68,29.58) 24.03(15.32,32.94) 10.80%
Central Europe 10.99(6.86,15.22) 4.62(2.90,6.28) −57.91%
Central Latin America 43.40(27.73,60.57) 11.23(7.32,15.70) −74.11%
Central Sub-Saharan Africa 374.96(222.28,557.79) 302.23(181.23,453.00) −19.40%
East Asia 41.51(25.19,61.14) 6.61(4.00,9.57) −84.07%
Eastern Europe 10.10(6.35,14.11) 12.03(7.35,17.21) 19.09%
Eastern Sub-Saharan Africa 333.77(208.47,474.65) 165.41(101.49,235.45) −50.44%
High-income Asia Pacific 13.65(8.40,19.69) 2.64(1.58,3.89) −80.66%
High-income North America 2.02(1.26,2.85) 0.74(0.47,1.04) −63.31%
North Africa and Middle East 29.82(17.67,42.65) 13.15(8.28,19.06) −55.89%
Oceania 149.52(84.73,227.52) 118.45(70.80,177.91) −20.78%
South Asia 264.77(166.77,375.78) 138.58(87.33,193.60) −47.66%
Southeast Asia 143.16(88.42,208.96) 66.44(40.56,96.34) −53.59%
Southern Latin America 11.04(6.74,15.99) 4.76(3.01,6.74) −56.87%
Southern Sub-Saharan Africa 145.15(91.74,204.10) 160.37(102.19,221.06) 10.48%
Tropical Latin America 23.63(15.01,32.29) 7.92(5.09,10.94) −66.48%
Western Europe 3.14(1.88,4.66) 0.98(0.61,1.38) −68.90%
Western Sub-Saharan Africa 138.76(83.53,207.01) 94.18(54.50,143.29) −32.12%
ASDR, Age-standardized disability-adjusted life years rates; EAPC, Estimated annual percent change; SDI, socio-demographic index
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Fig. 2 Spatial distributions of age-standardized mortality rates(per 100,000 Population) for tuberculosis attributable to HFPG in 1990(A) and 2019(B) and 
1990–2019(C). ASMR, Age-standardized mortality rates; ASDR, Age-standardized disability-adjusted life years rates; HFPG, high fasting plasma glucose
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Fig. 4 Gender distribution of the mortality and DALY rate for tuberculosis attributable to HFPG for different age groups in 1990(A, E), 1999(B, F), 2009(C, 
G) and 2019(D, H). HFPG, high fasting plasma glucose

 

Fig. 3 Association between the ASMR(A) and ASDR(B) of tuberculosis attributable to HFPG and SDI for each country worldwide in 2019. Each dot repre-
sents the estimated value of ASDR or ASMR for a specific country or region in a specific year. Pearson correlation coefficients and p-values are shown; SDI, 
socio-demographic index; ASMR, Age-standardized mortality rates; ASDR, Age-standardized disability-adjusted life years rates; SDI, socio-demographic 
index; HFPG, high fasting plasma glucose
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patients in developing countries was far higher than that 
in developed countries, further leading to an increase 
in the TB burden due to HFPG. The 2022 World Health 
Organization report on TB pointed out that there were 
about 10.6 million new cases of tuberculosis in the world 
in 2021, with more than two-thirds of the global TB bur-
den in 8 developing countries including India, Indone-
sia, China, Philippines, Pakistan, Nigeria, Bangladesh 
and the Democratic Republic of the Cong (https://www.
who.int/publications/i/item/9789240061729). Secondly, 
Low-income countries often face challenges with diag-
nosing and treating TB effectively, especially drug-resis-
tant strains. At present, the success rate of treatment for 
drug-resistant tuberculosis globally was only 60%, while 
it has a lower rate in developing countries (https://www.
who.int/publications/i/item/9789240061729). Thirdly, 
low SDI countries also paid less attention to early hyper-
glycemia or diabetes screening than high SDI countries, 
for which the lack of funds and health personnel may be 
the deeper reason [23]. In conclusion, we argue that low 
SDI countries may represent a weak link in global tuber-
culosis eradication efforts necessitating additional eco-
nomic and medical support for improvement.

We further compared the disease burden of TB patients 
attributed to HFPG by gender, and found that men had a 
higher disease burden than women across all age groups, 
which is consistent with many research results [24, 25]. 
It showed that the incidence rate of male is significantly 
higher than that of female, with strong evidence that men 
are disadvantaged in seeking and accessing TB care in 
many cases [26]. In addition, men tended to have higher 
rates of tobacco, alcohol use, and other known risk fac-
tors for TB [27–30]. Because of men’s role and occupa-
tional risks, they are considered to be more likely to be 
exposed to Mycobacterium tuberculosis [25]. Therefore, 
it is important to enhance awareness about glycemic con-
trol and occupational exposure related to TB among the 
male population.

After that, we analyzed the change of TB burden in dif-
ferent age groups across 30 years. Although there was a 
consistent stable trend of percentage change across all 
age groups, the elderly and middle-aged people in high 
SDI areas showed higher and lower percentage changes, 
respectively. We speculated that population aging may 
be responsible for the low percentage change in high SDI 
region. Previous studies have shown a higher burden of 
MTB infection among the elderly [31] and an association 

Fig. 5 Male to female of ASMR and ASDR for tuberculosis attributable to HFPG in different SDI regions from 1990 to 2019. ASMR, Age-standardized mor-
tality rates; ASDR, Age-standardized disability-adjusted life years rates; SDI, socio-demographic index; HFPG, high fasting plasma glucose
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between unsuccessful treatment and increasing age [32]. 
Children and adolescents have reduced resistance to TB 
infection, coupled with increased opportunities for cross 
infection in collective life, making them also a high-risk 
group for TB [33, 34]. From a sociological perspective, 
middle-aged individuals, being crucial for social develop-
ment, typically exhibit better health awareness and are 
more efficient in implementing health policies. Hence, 
more investment in health resources for projects such 
as screening, diagnosis, and treatment of TB infection in 
adolescents and the elderly would be essential in reduc-
ing the burden of TB due to HFPG.

To our knowledge, it was the first study to compre-
hensively analyze the global burden of TB attributed to 
HFPG, emphasizing the importance of glycemic con-
trol strategies aimed at TB control. However, there are 
some limitations that need to be acknowledged. First, all 
data used in this study were sourced from GBD 2019, so 
methodological limitations reported based on the GBD 
2019 database also apply here. Second, the TB burden 
attributed to HFPG globally are estimated values, but 
inevitably there are measurement errors in this process, 
which may increase the uncertainty of the estimation 

results. Thirdly, due to a lack of detailed provincial or 
state-level data in this study, more specific population 
reports could not be obtained. In the future, it is crucial 
not only to protect high-risk populations but also to con-
tinue promoting TB control strategies through glycemic 
control measures.

Conclusion
Globally, the ASMR and ASDR for TB attributable to 
HFPG decreased from 1990 to 2019, but remained high 
in low and low-middle SDI regions, some GBD regions 
(such as Central Sub-Saharan Africa region, Eastern Sub-
Saharan Africa and South Asia), and some high-risk pop-
ulations (such as the male and the elderly). It is urgent to 
take effective measures in reducing the high TB burden 
in these regions and populations. At the same time, it is 
necessary to strengthen the awareness of early glycemic 
control and TB treatment.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-024-18260-z.

Fig. 6 Percentage change of mortality and DALY rate for tuberculosis attributable to HFPG in different SDI regions for all every 5 years age groups. ASMR, 
Age-standardized mortality rates; ASDR, Age-standardized disability-adjusted life years rates; SDI, socio-demographic index; HFPG, high fasting plasma 
glucose; EAPC, Estimated annual percent change

 

https://doi.org/10.1186/s12889-024-18260-z
https://doi.org/10.1186/s12889-024-18260-z


Page 10 of 11Bian et al. BMC Public Health          (2024) 24:782 

Supplementary Material 1

Acknowledgements
We would like to thank everyone who has contributed to the GBD study 
(2019).

Author contributions
QB: Conceptualization, Data curation, Methodology, Visualization, Writing– 
original draft. YZ: Methodology, Supervision. CX: Curation, Supervision. 
WJL: Curation, Supervision. WL: Curation, Supervision. FP: Data curation, 
Supervision. YL: Conceptualization, Writing– review & editing.

Funding
This research received no specific grant from any funding agency in the 
public, commercial or not-for-profit sectors.

Data availability
To download the data used in these analyses, please visit the Global Health 
Data Exchange at http://ghdx.healthdata.org/gbd-2019.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Received: 5 September 2023 / Accepted: 3 March 2024

References
1. Yoo JE, Kim D, Han K, Rhee SY, Shin DW, Lee H. Diabetes Status and Associa-

tion with risk of tuberculosis among Korean adults. JAMA Netw Open. 
2021;4(9):e2126099. https://doi.org/10.1001/jamanetworkopen.2021.26099.

2. Ridolfi F, Peetluk L, Amorim G, et al. Tuberculosis treatment outcomes in 
Brazil: different predictors for each type of unsuccessful outcome. Clin Infect 
Diseases: Official Publication Infect Dis Soc Am. 2023;76(3):e930–7. https://
doi.org/10.1093/cid/ciac541.

3. Odone A, Houben RM, White RG, Lönnroth K. The effect of diabetes and 
undernutrition trends on reaching 2035 global tuberculosis targets. 
Lancet Diabetes Endocrinol. 2014;2(9):754–64. https://doi.org/10.1016/
s2213-8587(14)70164-0.

4. Ruesen C, Chaidir L, Ugarte-Gil C, et al. Diabetes is associated with geno-
typically drug-resistant tuberculosis. Eur Respir J. 2020;55(3). https://doi.
org/10.1183/13993003.01891-2019.

5. Kumar NP, Moideen K, Sivakumar S, et al. Tuberculosis-diabetes co-morbidity 
is characterized by heightened systemic levels of circulating angiogenic fac-
tors. J Infect. 2017;74(1):10–21. https://doi.org/10.1016/j.jinf.2016.08.021.

6. Liu Q, You N, Pan H, et al. Glycemic trajectories and treatment outcomes 
of patients with newly diagnosed tuberculosis: a prospective study in 
Eastern China. Am J Respir Crit Care Med. 2021;204(3):347–56. https://doi.
org/10.1164/rccm.202007-2634OC.

7. (2020) Global burden of 87 risk factors in 204 countries and territories, 1990–
2019: a systematic analysis for the global burden of Disease Study 2019. 
Lancet (London England) 396(10258): 1223–49. https://doi.org/10.1016/
s0140-6736(20)30752-2.

8. (2022) Global, regional, and national sex differences in the global burden 
of tuberculosis by HIV status, 1990–2019: results from the global burden of 
Disease Study 2019. Lancet Infect Dis 22(2): 222–41. https://doi.org/10.1016/
s1473-3099(21)00449-7.

9. Safiri S, Nejadghaderi SA, Karamzad N, et al. Global, Regional and National 
Burden of Cancers Attributable to high fasting plasma glucose in 204 

countries and territories, 1990–2019. Front Endocrinol. 2022;13:879890. 
https://doi.org/10.3389/fendo.2022.879890.

10. (2020) Global age-sex-specific fertility, mortality, healthy life expectancy 
(HALE), and population estimates in 204 countries and territories, 1950–2019: 
a comprehensive demographic analysis for the global burden of Disease 
Study 2019. Lancet (London England) 396(10258): 1160–203. https://doi.
org/10.1016/s0140-6736(20)30977-6.

11. (2022) Assessing performance of the Healthcare Access and Quality 
Index, overall and by select age groups, for 204 countries and territories, 
1990–2019: a systematic analysis from the global burden of Disease Study 
2019. Lancet Global Health 10(12): e1715–43. https://doi.org/10.1016/
s2214-109x(22)00429-6.

12. (2022) Global, regional, and national burden of colorectal cancer and its 
risk factors, 1990–2019: a systematic analysis for the global burden of 
Disease Study 2019. Lancet Gastroenterol Hepatol 7(7): 627–47. https://doi.
org/10.1016/s2468-1253(22)00044.

13. Scharl T, Grü B, Leisch F. Mixtures of regression models for time course gene 
expression data: evaluation of initialization and random effects. Bioinf (Oxford 
England). 2010;26(3):370–7. https://doi.org/10.1093/bioinformatics/btp686.

14. Huang HL, Huang WC, Lin KD, et al. Completion rate and safety of program-
matic screening and treatment for latent tuberculosis infection in Elderly 
patients with poorly controlled Diabetic Mellitus: a prospective Multi-
center Study. Clin Infect Diseases: Official Publication Infect Dis Soc Am. 
2021;73(6):e1252–60. https://doi.org/10.1093/cid/ciab209.

15. Cheng P, Wang L, Gong W. Cellular immunity of patients with tuberculosis 
combined with diabetes. J Immunol Res. 2022;2022(6837745). https://doi.
org/10.1155/2022/6837745.

16. Ferlita S, Yegiazaryan A, Noori N, et al. Type 2 diabetes Mellitus and altered 
Immune System leading to susceptibility to pathogens, especially Myco-
bacterium tuberculosis. J Clin Med. 2019;8(12). https://doi.org/10.3390/
jcm8122219.

17. Ayelign B, Negash M, Genetu M, Wondmagegn T, Shibabaw T. (2019) Immu-
nological Impacts of Diabetes on the Susceptibility of Mycobacterium tuber-
culosis. J Immunol Res 2019: 6196532. https://doi.org/10.1155/2019/6196532.

18. Ronacher K, van Crevel R, Critchley JA, et al. Defining a Research Agenda 
to address the converging epidemics of tuberculosis and diabetes: part 2: 
underlying biologic mechanisms. Chest. 2017;152(1):174–80. https://doi.
org/10.1016/j.chest.2017.02.032.

19. Lu P, Zhang Y, Liu Q, et al. Association of BMI, diabetes, and risk of tuberculo-
sis: a population-based prospective cohort. Int J Infect Dis. 2021;109:168–73. 
https://doi.org/10.1016/j.ijid.2021.06.053.

20. Cáceres G, Calderon R, Ugarte-Gil C. Tuberculosis and comorbidities: 
treatment challenges in patients with comorbid diabetes mellitus and 
depression. Ther Adv Infect Dis. 2022;9:20499361221095831. https://doi.
org/10.1177/20499361221095831.

21. Calderon RI, Arriaga MB, Aliaga JG, et al. Persistent dysglycemia is associated 
with unfavorable treatment outcomes in patients with pulmonary tubercu-
losis from Peru. Int J Infect Dis. 2022;116:293–301. https://doi.org/10.1016/j.
ijid.2022.01.012.

22. (2016) Measuring the health-related Sustainable Development Goals in 188 
countries: a baseline analysis from the global burden of Disease Study 2015. 
Lancet (London England) 388(10053): 1813–50. https://doi.org/10.1016/
s0140-6736(16)31467-2.

23. Hwang J, Rudnisky C, Bowen S, Johnson JA. Measuring socioeconomic 
inequalities in eye care services among patients with diabetes in Alberta, 
Canada, 1995–2009. Diabetes Res Clin Pract. 2017;127:205–11. https://doi.
org/10.1016/j.diabres.2017.02.024.

24. Zhang CY, Zhao F, Xia YY, et al. Prevalence and risk factors of active pul-
monary tuberculosis among elderly people in China: a population based 
cross-sectional study. Infect Dis Poverty. 2019;8(1):7. https://doi.org/10.1186/
s40249-019-0515-y.

25. Hertz D, Schneider B. Sex differences in tuberculosis. Semin Immunopathol. 
2019;41(2):225–37. https://doi.org/10.1007/s00281-018-0725-6.

26. Horton KC, MacPherson P, Houben RM, White RG, Corbett EL. Sex differences 
in Tuberculosis Burden and notifications in low- and Middle-Income coun-
tries: a systematic review and Meta-analysis. PLoS Med. 2016;13(9):e1002119. 
https://doi.org/10.1371/journal.pmed.1002119.

27. N’Diaye DS, Nsengiyumva NP, Uppal A, Oxlade O, Alvarez GG, Schwartzman 
K. The potential impact and cost-effectiveness of tobacco reduction strate-
gies for tuberculosis prevention in Canadian Inuit communities. BMC Med. 
2019;17(1):26. https://doi.org/10.1186/s12916-019-1261-5.

https://doi.org/10.1001/jamanetworkopen.2021.26099
https://doi.org/10.1093/cid/ciac541
https://doi.org/10.1093/cid/ciac541
https://doi.org/10.1016/s2213-8587(14)70164-0
https://doi.org/10.1016/s2213-8587(14)70164-0
https://doi.org/10.1183/13993003.01891-2019
https://doi.org/10.1183/13993003.01891-2019
https://doi.org/10.1016/j.jinf.2016.08.021
https://doi.org/10.1164/rccm.202007-2634OC
https://doi.org/10.1164/rccm.202007-2634OC
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.1016/s0140-6736(20)30752-2
https://doi.org/10.1016/s1473-3099(21)00449-7
https://doi.org/10.1016/s1473-3099(21)00449-7
https://doi.org/10.3389/fendo.2022.879890
https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.1016/s0140-6736(20)30977-6
https://doi.org/10.1016/s2214-109x(22)00429-6
https://doi.org/10.1016/s2214-109x(22)00429-6
https://doi.org/10.1016/s2468-1253(22)00044
https://doi.org/10.1016/s2468-1253(22)00044
https://doi.org/10.1093/bioinformatics/btp686
https://doi.org/10.1093/cid/ciab209
https://doi.org/10.1155/2022/6837745
https://doi.org/10.1155/2022/6837745
https://doi.org/10.3390/jcm8122219
https://doi.org/10.3390/jcm8122219
https://doi.org/10.1155/2019/6196532
https://doi.org/10.1016/j.chest.2017.02.032
https://doi.org/10.1016/j.chest.2017.02.032
https://doi.org/10.1016/j.ijid.2021.06.053
https://doi.org/10.1177/20499361221095831
https://doi.org/10.1177/20499361221095831
https://doi.org/10.1016/j.ijid.2022.01.012
https://doi.org/10.1016/j.ijid.2022.01.012
https://doi.org/10.1016/s0140-6736(16)31467-2
https://doi.org/10.1016/s0140-6736(16)31467-2
https://doi.org/10.1016/j.diabres.2017.02.024
https://doi.org/10.1016/j.diabres.2017.02.024
https://doi.org/10.1186/s40249-019-0515-y
https://doi.org/10.1186/s40249-019-0515-y
https://doi.org/10.1007/s00281-018-0725-6
https://doi.org/10.1371/journal.pmed.1002119
https://doi.org/10.1186/s12916-019-1261-5


Page 11 of 11Bian et al. BMC Public Health          (2024) 24:782 

28. Huang L, Abe EM, Li XX, et al. Space-time clustering and associated risk 
factors of pulmonary tuberculosis in southwest China. Infect Dis Poverty. 
2018;7(1):91. https://doi.org/10.1186/s40249-018-0470-z.

29. Bestrashniy J, Nguyen VN, Nguyen TL, et al. Recurrence of tuberculosis 
among patients following treatment completion in eight provinces of Viet-
nam: a nested case-control study. Int J Infect Dis. 2018;74:31–7. https://doi.
org/10.1016/j.ijid.2018.06.013.

30. Feng Y, Xu Y, Yang Y, et al. Effects of smoking on the severity and transmission 
of pulmonary tuberculosis: a hospital-based case control study. Front Public 
Health. 2023;11:1017967. https://doi.org/10.3389/fpubh.2023.1017967.

31. Xin H, Zhang H, Liu J, et al. Mycobacterium Tuberculosis infection among the 
elderly in 20 486 rural residents aged 50–70 years in Zhongmu County, China. 
Clinical microbiology and infection: the official publication of the European 
Society of Clinical Microbiology. Infect Dis. 2019;25(9):1120–6. https://doi.
org/10.1016/j.cmi.2019.01.021.

32. Karo B, Hauer B, Hollo V, van der Werf MJ, Fiebig L, Haas W. (2015) Tuberculosis 
treatment outcome in the European Union and European Economic Area: 

an analysis of surveillance data from 2002–2011. Euro surveillance: bulletin 
Europeen sur les maladies transmissibles = European communicable disease 
bulletin 20(49). https://doi.org/10.2807/1560-7917.es.2015.20.49.30087.

33. Swanepoel J, Zimri K, van der Zalm MM, et al. Understanding the biol-
ogy, morbidity and social contexts of adolescent tuberculosis: a pro-
spective observational cohort study protocol (teen TB). BMJ open. 
2022;12(12):e062979. https://doi.org/10.1136/bmjopen-2022-062979.

34. Sobral L, Arriaga MB, Souza AB, et al. Determinants of losses in the tubercu-
losis infection cascade of care among children and adolescent contacts of 
pulmonary tuberculosis cases: a Brazilian multi-centre longitudinal study. 
Lancet Reg Health Americas. 2022;15:119–26. https://doi.org/10.1016/j.
lana.2022.100358.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s40249-018-0470-z
https://doi.org/10.1016/j.ijid.2018.06.013
https://doi.org/10.1016/j.ijid.2018.06.013
https://doi.org/10.3389/fpubh.2023.1017967
https://doi.org/10.1016/j.cmi.2019.01.021
https://doi.org/10.1016/j.cmi.2019.01.021
https://doi.org/10.2807/1560-7917.es.2015.20.49.30087
https://doi.org/10.1136/bmjopen-2022-062979
https://doi.org/10.1016/j.lana.2022.100358
https://doi.org/10.1016/j.lana.2022.100358

	﻿Global and regional estimates of tuberculosis burden attributed to high fasting plasma glucose from 1990 to 2019: emphasis on earlier glycemic control
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources
	﻿Definition of the TB, HFPG and SDI
	﻿Statistical analysis

	﻿Results
	﻿Global tuberculosis (TB) burden attributable to high fasting plasma glucose (HFPG) from 1990 to 2019
	﻿TB Burden attributable to HFPG by SDI regions
	﻿Burden of TB attributable to HFPG by genders
	﻿Burden of TB attributable to HFPG by different age groups

	﻿Discussion
	﻿Conclusion
	﻿References


