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Abstract
Background  With the prevalence of leprosy dramatically declining, the focus of leprosy control has gradually shifted 
from the implementation of multidrug therapy (MDT) to accelerating the reduction of the disease burden and 
preventing disability. Southwestern China currently bears the highest leprosy burden in China and more than half of 
the disability cases reported every year are from this region. However, the potential risk factors of leprosy disability in 
this area remain unknown.

Methods  In this study, we evaluated the physical disabilities of 4578 leprosy patients in southwest China from 2010 
to 2020. Clinical and epidemiological factors associated with physical disability resulting from leprosy were identified 
using multinomial logistic regression.

Results  A total of 4578 leprosy cases with complete information were reported in southwestern China during 
the 11 years. Among them, 1126 (24.60%) patients were diagnosed with grade 2 disability (G2D), and 737 (16.10%) 
were confirmed with grade 1 disability (G1D) at diagnosis. The potential factors associated with G2D are as follows: 
nerve damage, male, leprosy reaction, older age of the patient, the longer delay in diagnosis, and more skin lesions. 
Furthermore, nerve damage, leprosy reaction, male, older age, and longer delayed diagnosis were the main risk 
factors of G1D. Among them, nerve damage, older age, longer delayed diagnosis, male, and leprosy reaction were the 
common risk factors for G1D and G2D.

Conclusion  In our study, we found older age, longer delayed diagnosis, male, more skin lesions, more nerve 
lesions, and leprosy reactions were associated with leprosy disability. These findings provide a foundation for the 
development of targeted interventions aimed at the early identification of individuals at higher risk of physical 
disability, as well as for self-care and health education to promote timely medical consultation to prevent leprosy-
related disabilities.
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Background
Leprosy, also known as Hansen’s disease, is a chronic 
infectious disease caused by Mycobacterium leprae 
(M. leprae), and it is a significant cause of disability [1]. 
Despite being declared as nationally eliminated in China, 
it persists as a notable public health concern, especially 
due to the disability caused by leprosy affecting the physi-
cal and psychological well-being of patients [2].

Historically, leprosy was endemic worldwide, largely 
due to inadequate treatment. With the introduction 
and widespread adoption of multi-drug therapy (MDT), 
the spread of leprosy has been gradually brought under 
control, and the number of new annual cases has signifi-
cantly decreased. Nonetheless, numerous studies have 
found that many leprosy patients have already exhib-
ited some form of disability by the time they are diag-
nosed [3, 4], complicating their treatment and long-term 
management. Therefore, the focus of leprosy control 
has gradually shifted from the implementation of MDT 
to accelerating the reduction of the disease burden and 
preventing disability. To meet the goal of “zero leprosy-
related disability” proposed by the World Health Organi-
zation (WHO) [5], it is crucial to monitor the prevalence 
and evaluate the risk factors contributing to disability in 
leprosy patients.

Southwest China, which consists of Yunan Province, 
Guizhou Province, and Sichuan Province, currently bears 
the heaviest burden of leprosy in China [6]. From 2010 
to 2020, more than 50% of leprosy-associated disability in 
China were reported from these areas. Therefore, there 
is an urgent need to evaluate the potential risk factors of 
leprosy-related disability. Several studies have been con-
ducted on disabilities in leprosy only in one province in 
China and no study has comprehensively assessed the 
areas consisting of these high disease burden provinces. 
Therefore, we conducted this study to assess the charac-
teristics and disabling factors of newly diagnosed leprosy 
patients in southwest China from 2010 to 2022.

Methods
Data sources
This study was an observational retrospective study 
conducted in southwest China from January 1, 2010 to 
December 31, 2020. Data including clinical and epidemi-
ological information of leprosy patients were abstracted 
from the Leprosy Management Information System 
(LEPMIS) in China. Epidemiological data such as sex, 
age, ethnicity, education level, and clinical characteristics 
such as date of diagnosis, surveillance pattern, number of 
skin lesions, number of nerve lesions, exposure history, 

leprosy reaction, and Ridley-Jopling classification are 
included.

Inclusion and exclusion criteria
From January 1, 2010, to December 31, 2020, all newly 
detected leprosy cases including any age group in south-
west China, where patients had lived for more than six 
months (considered permanent residence) at the time of 
diagnosis, were included in our study (N = 4578). Cases of 
relapse or those without permanent residence in south-
west China were explicitly excluded (N = 162). Mean-
while, new cases without complete records (N = 61) were 
also excluded from this study.

Diagnostic criteria and variable definitions
The diagnostic criteria of leprosy and disability caused by 
leprosy [7] remain almost unchanged during the study 
period. The detailed diagnostic criteria of disability asso-
ciated with leprosy are described below:

Grade 0 disability (G0D): hands and feet: no protec-
tive sensory impairment, no visible deformity or change 
in appearance; eyes: no leprosy-induced eye disease, no 
visual impairment.

Grade 1 disability (G1D): hands and feet: protec-
tive sensory impairment, but no visible deformity or 
impairment; eyes: corneal sensory impairment, but no 
severe visual impairment and no visible deformity or 
impairment.

Grade 2 disability (G2D): hands and feet: visible defor-
mities or impairments; eyes: severe visual impairment or 
blindness and other visible eye impairments.

Diagnostic delay: The time interval between the onset 
of symptoms and the confirmation of diagnosis.

Statistical analysis
Data were cleaned and managed using Microsoft 2019. 
For quantitative information, mean ± standard devia-
tion (Mean, SD), median ± interquartile range (Medium, 
Interquartile range) were used to describe the data. For 
qualitative data, the number of cases (percentage) was 
used to describe the data. For the univariate analysis of 
the data, the chi-square test and Fisher’s exact probabil-
ity method were used. As the test of parallel lines was 
P < 0.05, the multivariate analysis of the data was done by 
multinomial logistic regression analysis. The multivariate 
analysis was used to determine potentially disabling fac-
tors of leprosy patients. All statistical analysis tests were 
conducted using SPSS (Version 24.0) software at the sig-
nificance level of P < 0.05.
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Results
Description of leprosy data
A total of 4801 cases, of which 4578 cases were recorded 
with complete information on disability. As shown in 
Tables  1, 1126 (24.60%) patients were diagnosed with 
G2D; 737 (16.10%) patients were diagnosed with G1D 
and G0D occurred in 2715 (59.30%) patients. The mean 
age at diagnosis was 40 years; 42.90% patients were 
aged 30–49 years. Disability was more common in male 
patients than females, with 823 (73.09%) patients with 

G2D and 535 (72.59%) patients with G1D. Among all 
patients, 49.58% (2270) were Han Chinese. 2706(59.11%) 
patients were detected by active surveillance. 192(4.19%) 
patients had no skin lesions; 788 (17.21%) patients had 
no nerve lesions. The mean delay in diagnosis was 31.48 
months; the median delay in diagnosis was 17 months. 
The mean delay in diagnosis for patients with G2D was 
61.63 months, and the median delay in diagnosis was 37 
months. The mean delayed diagnosis time for patients 
with G1D was 27.27 months, and the median delayed 

Table 1  Epidemiological information on disability caused by leprosy in southwest China
G0D (%) G1D (%) G2D (%) Physical disability (%) Total P-value

Total 2715 737 1126 1863 4578
Gender Male 1791 (65.97) 535 (72.59) 823 (73.09) 1358 (72.89) 3149 (68.79) < 0.001

Female 924 (34.03) 202 (27.41) 303 (26.91) 505 (27.11) 1429 (41.21)
Age(y) Median (IQR) 36 (25–48) 41 (31–51) 49 (37–60) 45 (34–58) 40 (28–52)

Mean ± SD 37.44 ± 15.49 41.75 ± 14.84 48.54 ± 15.72 48.86 ± 15.73 40.86 ± 16.13
Ethnic Group Han 1200 (44.20) 409 (55.50) 661 (58.70) 1070 (57.43) 2270 (49.58) < 0.001*

Minority 1504 (55.40) 326 (44.23) 455 (40.41) 781 (41.92) 2285 (49.91)
Unknown 11 (0.41) 2 (0.27) 10 (0.89) 12 (0.64) 23 (0.50)

Education Illiterate 554 (20.41) 176 (23.88) 335 (29.75) 511 (27.43) 1065 (23.29) < 0.001
Primary school or below 1058 (38.97) 277 (37.58) 482 (42.81) 759 (40.74) 1817 (39.69)
Junior high school 825 (30.39) 226 (30.66) 242 (21.49) 468 (25.12) 1293 (28.24)
Senior high school 135 (4.97) 36 (4.88) 24 (2.13) 60 (3.22) 195 (4.24)
University or above 78 (2.87) 13 (1.76) 18 (1.60) 31 (1.66) 109 (2.38)
Unknown 65 (2.39) 9 (1.22) 25 (2.22) 34 (1.83) 99 (2.16)

Detection mode Active 1660 (61.14) 456 (61.87) 590 (52.40) 1046 (56.15) 2706 (59.11) < 0.001
Passive 1028 (37.86) 269 (36.50) 519 (46.09) 788 (42.30) 1816 (39.67)
Other ways 27 (0.99) 12 (1.63) 17 (1.51) 29 (1.56) 56 (1.22)

Skin lesion 0 skin lesion 75 (2.76) 19 (2.58) 98 (8.70) 117 (6.28) 192 (4.19) < 0.001
1 skin lesion 222 (8.18) 56 (7.60) 154 (13.68) 210 (11.27) 432 (9.44)
2–5 skin lesion 681 (25.08) 156 (21.17) 353 (31.35) 509 (27.32) 1190 (25.99)
> 5 skin lesion 1516 (55.84) 474 (64.31) 470 (41.74) 944 (50.67) 2460 (53.74)
Unknown 221 (8.14) 32 (4.34) 51 (4.53) 83 (4.46) 304 (6.64)

Nerve lesion 0 nerve lesion 668 (24.60) 50 (6.78) 70 (6.22) 120 (6.44) 788 (17.21) < 0.001
1 nerve lesion 365 (13.44) 105 (14.25) 153 (13.59) 258 (13.85) 623 (13.61)
> 1 nerve lesion 1652 (60.85) 574 (77.88) 901 (80.02) 1475 (79.17) 3127 (68.30)
Unknown 30 (1.10) 8 (1.09) 2 (0.18) 10 (0.54) 40 (0.87)

Delayed time in diagnosis(m) Median (IQR) 13 (6–24) 18 (10–34) 37 (19–79) 26 (13–59) 17 (8–35)
Mean ± SD 20.11 ± 27.97 27.27 ± 29.41 61.63 ± 69.98 48.04 ± 59.86 31.48 ± 45.93

Leprosy reaction Absent 2375 (87.48) 599 (81.28) 981 (87.12) 1580 (84.81) 3955 (86.39) 0.002
T1R 135 (4.97) 54 (7.33) 63 (5.60) 117 (6.28) 252 (5.50)
T2R 154 (5.67) 60 (8.14) 60 (5.33) 120 (6.44) 274 (5.99)
Mixed reaction 30 (1.10) 11 (1.49) 8 (0.71) 19 (1.02) 49 (1.07)
unknown 21 (0.77) 13 (1.76) 14 (1.24) 27 (1.45) 48 (1.05)

Ridley-Jopling Classification TT 251 (9.24) 89 (12.08) 294 (26.11) 383 (20.56) 634 (13.85) < 0.001
BT 495 (18.23) 109 (14.79) 289 (25.67) 398 (21.36) 893 (19.51)
BB 233 (8.58) 64 (8.68) 67 (5.95) 131 (7.03) 364 (7.95)
BL 1050 (38.67) 278 (37.72) 249 (22.11) 527 (28.29) 1577 (34.45)
LL 647 (23.83) 190 (25.78) 220 (19.54) 410 (22.01) 1057 (23.09)
I 39 (1.44) 7 (0.95) 7 (0.62) 14 (0.75) 53 (1.16)

BI Positive 2003(73.78) 563(76.39) 577(51.24) 1140(61.20) 3143(68.65) 0.001
Negative 712(26.22) 174(23.61) 549(48.76) 723(38.80) 1435(31.35)

P-value calculated by chi-square test; * calculated by Fisher’s exact probability method
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diagnosis time was 18 months. 3955 patients, or 86.39%, 
had no leprosy reaction. 49(1.07%) patients had both lep-
rosy type I and II reactions; in both G1D and G2D, more 
than 80% of the patients had no leprosy reaction. Accord-
ing to Ridley and Jopling classification, 294(26.11%) cases 
of G2D were classified by TT; 289 (25.67%) were BT; 67 
(5.95%) were BB 249 (22.11%) were BL; and 220 (19.54%) 
were LL. Among the G1D, 89(12.08%) cases were clas-
sified by TT, 109(14.79%) were BT, 64 (8.68%) were BB, 
278(37.72%) were BL, and 190 (25.78%) were LL.

Risk factors of Grade 2 disability
Table 2 summarizes the risk factors associated with phys-
ical disability in patients with G1D and G2D.

The results revealed that age, delayed diagnosis 
time, gender, household infection, skin lesions, nerve 
lesions were the influencing factors for G2D. The older 
the patients were (OR = 1.031, 95%CI: 1.029–1.034, 
P < 0.001), the possibility of G2D increased. The lon-
ger patients delayed diagnosis (OR = 1.024, 95%CI: 
1.023–1.025, P < 0.001), the greater possibility of G2D 
occurred. Male patients (OR = 1.389, 95%CI: 1.281–1.507, 
P < 0.001) had an increased possibility compared to 
female patients. There was no statistically significant dif-
ference in passive detection mode (OR = 1.003, 95%CI: 
0.932–1.079, P = 0.942) compared to active detection 
mode. The difference was statistically significant for 
patients with household infection (OR = 0.807, 95%CI: 
0.747–0873, P < 0.001) compared to extra-household 
infection. Skin lesions greater than 5 (OR = 0.365, 95%CI: 
0.309–0.432, P < 0.001), 2–5 (OR = 0.428, 95%CI: 0.362–
0.507, P < 0.001), and 1 (OR = 0.543, 95%CI: 0.450–0.656, 
P < 0.001) compared to no skin lesions, The differences 

in the occurrence of G2D were all statistically signifi-
cant. Patients with nerve lesions greater than or equal 
to 2 (OR = 5.646, 95%CI: 4.956–6.432, P < 0.001) and 1 
(OR = 3.313, 95%CI: 2.833–3.875, P < 0.001) were more 
likely to develop G2D compared to leprosy patients with-
out nerve lesions. There was statistically significant dif-
ference in patients with leprosy reaction (OR = 1.323, 
95%CI: 1.187–1.474, P < 0.001) compared to those with-
out leprosy reaction.)

Risk factors of Grade 1 disability
The results showed that age, delayed diagnosis time, gen-
der, household infection, nerve lesions and leprosy reac-
tion were influencing factors of patient with G1D. The 
older the patient was, the more likely occurrence in G1D 
(OR = 1.018, 95%CI: 1.015–1.020, P < 0.001). The longer 
patients delayed diagnosis, the more likely they were 
diagnosed with G1D (OR = 1.010, 95%CI: 1.009–1.011, 
P < 0.001). Male patients (OR = 1.292, 95%CI: 1.190–
1.403, P = 0.009) had an increased possibility of G1D 
compared with female patients. There was no statistically 
significant difference in the passive mode of detection 
(OR = 0.954, 95%CI: 0.884–1.029, P = 0.223) compared to 
the active mode of detection. The difference was statis-
tically significant for patients with household infection 
(OR = 0.813, 95%CI: 0.750–0.881, P < 0.001) compared 
to extra-household infection. Skin lesions greater than 
5 (OR = 1.086, 95%CI: 0.861–1.369, P = 0.485), 2 to 
5 (OR = 0.865, 95%CI: 0.683–1.094, P = 0.226), and 1 
(OR = 1.001, 95%CI: 0.781–1.310, P = 0.931) compared to 
no skin lesions were all no statistical significance. There 
were statistically significant in patients with two or more 
nerve lesions (OR = 4.856, 95%CI: 4.016–5.238, P < 0.001) 

Table 2  Multinomial logistic regression analysis of disabling factors of leprosy in southwest China
Variables G1D G2D

OR (95%CI) P-value OR (95%CI) P-value
Age 1.018(1.015–1.020) < 0.001 1.031(1.029–1.034) < 0.001
Delay diagnosis 1.010(1.009–1.011) < 0.001 1.024(1.023–1.025) < 0.001
Gender Male 1.292(1.190–1.403) 0.009 1.389(1.281–1.507) < 0.001

Female 1 1
Detection mode Active 0.954(0.884–1.029) 0.223 1.003(0.932–1.079) 0.942

Passive 1 1
Source of infection Inside 0.813(0.750–0.881) < 0.001 0.807(0.747–0.873) < 0.001

Outside 1 1
Skin lesion > 5 skin lesions 1.086(0.861–1.369) 0.485 0.365(0.309–0.432) < 0.001

2–5 skin lesions 0.865(0.683–1.094) 0.226 0.428(0.362–0.507) < 0.001
1 skin lesion 1.001(0.781–1.310) 0.931 0.543(0.450–0.656) < 0.001
0 skin lesion 1 1

Nerve lesion > 1 nerve lesion 4.856(4.016–5.238) < 0.001 5.646(4.956–6.432) < 0.001
1 nerve lesion 4.144(3.533–4.860) < 0.001 3.313 (2.833–3.875) < 0.001
0 nerve lesion 1 1

Leprosy reaction Yes 1.388(1.255–1.536) < 0.001 1.323(1.187–1.474) < 0.001
No 1 1



Page 5 of 7Qiao et al. BMC Public Health          (2025) 25:798 

and one (OR = 4.144, 95%CI: 3.533–4.860, P < 0.001). 
Patients with leprosy reaction (OR = 1.388, 95%CI: 1.255–
1.536, P < 0.001) were more likely to lead to G1D com-
pared to those without leprosy reaction.) 

Discussion
A total of 4578 patients with complete records of dis-
ability information, were included in this study, of which 
2715 (59.30%) patients had no disability, 737 (16.10%) 
patients had G1D, and 1126 (24.60%) patients had G2D. 
As results showed, age, delayed diagnosis time, gender, 
household infection, nerve lesions and leprosy reaction 
were the factors affecting G1D. Age, delayed diagnosis 
time, gender, household infection, skin lesions, and nerve 
lesions influenced G2D. Among them, advanced age, 
longer delayed diagnosis, male, and nerve damage were 
common risk factors for both G1D and G2D.

In this study, we found a significantly positive associa-
tion between age, delayed diagnosis, and physical dis-
ability caused by leprosy, and other studies have shown 
similar results [8, 9]. This demonstrates the importance of 
education and publicity, early detection, and early diag-
nosis of leprosy. Nicholls and colleagues showed that the 
delayed diagnosis time in patients with G2D was twice as 
long as in patients with G0D [10]. Previous studies have 
also reported a mean total delay of 19.6 and 37 months 
in G2D cases [11, 12]. Bekri reported a mean delay of 
26 months for patients with G2D or G1D, and a mean 
delay of 12 months for G0D in 1998 [13]. In Nepal, the 
delay time from the first symptom to diagnosis was more 
than 18 months for 50% of the study participants [14]. 
The delayed time in diagnosis was longer in the present 
study compared to the above studies. A study from India 
showed that delayed diagnosis of leprosy patients was 
the main cause of the disability, emphasizing the signifi-
cance of early detection activities for leprosy cases, such 
as active surveillance in areas with high leprosy burden, 
which could reduce the delayed diagnosis time and pro-
mote early detection [15]. Previous studies have shown 
that early identification and combination with appropri-
ate chemoprophylaxis therapy are effective means to pre-
vent disability in patients with leprosy and to reduce the 
severity of disability [16].

Compared to female patients, male patients were 
1.292 times more likely to have G1D and 1.389 times 
more likely to have G2D. Similar results have also been 
reported in other studies. The difference that males are 
more prone to get physical disability caused by leprosy 
than females may be attributed to their social behavior, 
such as men being less concerned about their health and 
women having difficulty in accessing public health ser-
vices, which could lead to underestimating the preva-
lence of female physical disabilities in the population [17]. 
Leprosy not only cause physical problems, but also cause 

some psychological and economic problems. Women 
are a vulnerable group, and they are at a higher risk of 
developing depression and anxiety caused by leprosy and 
related disability [18], especially in developing countries, 
so more attention should be paid to this group [19].

We found no statistically significant difference between 
detection models and disability occurrence in our study, 
which is different than the results of a study in Brazil. In 
this Brazilian population-based study, the active surveil-
lance was associated with increased risk of physical dis-
ability compared with passive surveillance, and this study 
used community-based surveys (collective units such as 
schools, nurseries, villages), which could improve the 
detection rate of disability caused by leprosy [20]. This 
reflects the fact that better training of examiners would 
help identify leprosy complications, such as disability. In 
our study, we do not find any difference in the proportion 
of disability between active and passive detection. Lep-
rosy presents a low endemic situation in China, and we 
have made lots of efforts to eradicate disability caused by 
leprosy. Still, it remains difficult to find people at an early 
stage. Therefore, many leprosy patients have attacked dis-
ability when they are diagnosed whether they are found 
actively or passively. This phenomenon re-emphasized 
the necessity of our study. Both the active and passive 
detection modes should be coordinated and comple-
mented to detect leprosy cases more effectively, thereby 
reducing the occurrence and further deterioration of dis-
ability [21, 22].

As conclusive evidence in previous studies showed, 
an increased risk in close contact with leprosy patients, 
most likely through infectious aerosols produced by 
coughing and sneezing, but also through direct contact 
[23–25]. The molecular epidemiology study showed that 
long-term contact with those who tested positive would 
increase the risk of infection among household contacts 
and called for Mycobacterium leprae genome-wide anal-
ysis of the first person in the family suffering from this 
disease and their contacts [26]. In this study, however, we 
found that household infection was the protective fac-
tor of leprosy-related disability, this phenomenon may 
be related to the higher frequency of follow-up visits 
for household contacts of leprosy patients, making early 
detection and diagnosis relatively easier to achieve. In 
order to achieve the goal of zero leprosy-related disabil-
ity, continuous follow-up visits for household contacts of 
leprosy patients are urgent.

In previous studies, both nerve damage and leprosy 
reactions are risk factors for the physical disability in 
leprosy patients [27–29]. Our present study supported 
previous studies, indicating that the number of nerve 
damage and leprosy reactions were significant risk fac-
tors for G1D and G2D. The occurrence of leprosy reac-
tions showed a high degree of variability globally [30], 
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with the fluctuation between 20 %− 57% [31, 32], and the 
proportion of leprosy reactions in the present study was 
also in this range. Meanwhile, it is notable that leprosy 
reactions can occur at any point during the disease in 
patients, therefore disability assessment needs to be con-
tinued despite the completion of the MDT regimen.

“The WHO Global Leprosy Strategy 2021–2030” aims 
to achieve zero leprosy-related disability worldwide [5], 
emphasizing early detection of cases before disability 
occurs and on early detection in high-risk populations 
through active surveillance in high-prevalence areas. In 
a sense, our study provided information on the charac-
teristics of high-risk patients, who should be prioritized 
and targeted for preventive interventions. As the epide-
miology of the disease varies worldwide, specific factors 
of disability may be present in particular populations, 
and there may be common factors to all populations. 
Different methods of statistical analysis may also cause 
differences in various studies. In our study, multinomial 
logistic regression was applied to evaluate the correla-
tion between factors and outcome. Multinomial logistic 
regression could also control potential confounding fac-
tors, such as age, gender etc., thus improving the effi-
ciency of the study [33].

It is worth noting that although some studies have 
shown that disability and poverty due to leprosy are not 
conducive to mental health [18], but the mental health 
dimension of individuals with leprosy infection has not 
been much studied. Epidemiological data in this area are 
not yet complete or understand how to effectively reduce 
the psychosocial burden caused by leprosy and the fac-
tors that contribute to it. Therefore, it is of great value 
to conduct research in this area. It could be one areas of 
future research in leprosy epidemiology.

There are also some limitations in this study. The main 
limitation of this study is that it is a retrospective obser-
vational study and it is difficult to avoid recall bias. The 
results are dependent on the accuracy and completeness 
of patient information records, and the data covered a 
long period of time and included different regions. And 
there may include information bias in this study.

Conclusion
In summary, advanced age, longer delayed diagnosis 
time, male, number of skin lesions, nerve damages at 
diagnosis were risk factors for leprosy associated with 
disability, and the identification of these risk factors could 
help to prevent physical disability. These findings provide 
a foundation for the development of targeted interven-
tions aimed at the early identification of individuals at 
higher risk of physical disability, as well as for self-care 
and health education to promote timely medical consul-
tation to prevent leprosy-related disabilities.

Abbreviations
MDT	� Multidrug therapy
M. leprae	� Mycobacterium leprae
WHO	� World Health Organization
LEPMIS	� Leprosy Management Information System in China
G0D	� Grade 0 disability
G1D	� Grade 1 disability
G2D	� Grade 2 disability
OR	� Odds ratio

Acknowledgements
The authors thank Leprosy Management Information System (LEPMIS) for 
providing the data.

Author contributions
H.W. and M.Y. conceived and designed the study. W.Z, H.J. and Y.S. participated 
in the acquisition of data. L.Q. and M.Z. analyzed the data. Y.M. gave advice on 
methodology. L.Q. and M.Z. drafted the manuscript. H.W. and M.Y. revised the 
manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by grants from the National Natural Science 
Foundation of China (Grant 81972950, 82173431, 82103748), Jiangsu 
Provincial Medical Key Laboratory, Jiangsu Province Capability Improvement 
Project through Science, Technology and Education (ZDXYS202204, 
CXZX202216), the Nanjing Incubation Program for National Clinical Research 
Center (2019060001), Chinese Academy of Medical Sciences Innovation Fund 
for Medical Science (2022-I2M-C&T-B-094).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Ethical approval for the data has been obtained from the Ethics Committee 
in the Institute of Dermatology, Chinese Academy of Medical Sciences & 
Peking Union Medical College (2022-KY-041). Informed written consent 
was obtained from each participant, who were ensured that data would 
remain confidential and used for research purposes only. All methods were 
carried out in accordance with the Chinese Statistical Law to ensure that 
participants’ personal information was kept confidential. All experimental 
protocols conformed to the ethical standards for medical research involving 
human subjects, as laid out in the 1964 Declaration of Helsinki and its later 
amendments. Furthermore, this study was approved by the institutional 
review board of Institute of Dermatology, Chinese Academy of Medical 
Sciences & Peking Union Medical College, Nanjing, China.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1School of Population Medicine and Public Health, Chinese Academy of 
Medical Sciences and Peking Union Medical College, Beijing, China
2Hospital for Skin Diseases, Institute of Dermatology, Chinese Academy of 
Medical Sciences & Peking Union Medical College, Nanjing, China
3Center for Global Health, School of Public Health, Nanjing Medical 
University, Nanjing, Jiangsu, China
4Jiangsu Key Laboratory of Molecular Biology for Skin Diseases and STIs, 
Nanjing, Jiangsu, China

Received: 22 October 2024 / Accepted: 17 February 2025



Page 7 of 7Qiao et al. BMC Public Health          (2025) 25:798 

References
1.	 WHO. Weekly epidemiological record Global leprosy update. 2018: moving 

towards a leprosy-free world 2019 [Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​p​u​b​​l​
i​​c​a​t​​i​o​n​​s​/​i​/​​i​t​​e​m​/​w​h​o​-​w​e​r​9​4​3​5​-​3​6

2.	 Monteiro LD, Alencar CH, Barbosa JC, Novaes CC, da Silva Rde C, Heukelbach 
J. Limited activity and social participation after hospital discharge from 
leprosy treatment in a hyperendemic area in North Brazil. Revista brasileira de 
epidemiologia = Brazilian Journal of Epidemiology. 2014;17:91–104.

3.	 de Assis IS, Berra TZ, Alves LS, Ramos ACV, Arroyo LH, Dos Santos DT, et al. 
Leprosy in urban space, areas of risk for disability and worsening of this 
health condition in Foz do Iguaçu, the border region between Brazil, Para-
guay and Argentina. BMC Public Health. 2020;20:119.

4.	 de Paula HL, de Souza CDF, Silva SR, Martins-Filho PRS, Barreto JG, Gurgel RQ, 
et al. Risk factors for physical disability in patients with leprosy: a systematic 
review and Meta-analysis. JAMA Dermatology. 2019;155:1120–8.

5.	 WHO. Global Leprosy (Hansen’s disease) Strategy 2021–2030: Towards zero 
leprosy [Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​w​​h​o​.​​i​n​t​​/​n​e​w​​s​/​​i​t​e​m​/​2​6​-​0​4​-​2​0​2​1].

6.	 Zhang M, Qiao L, Sun P, Jiang H, Shi Y, Zhang W, et al. Spatiotemporal pattern 
of leprosy in southwest China from 2010 to 2020: an ecological study. BMC 
Public Health. 2024;24:465.

7.	 WHO. Enhanced Global Strategy for Further Reducing the Disease Burden 
Due to Leprosy(2011–2015) 2009 [Available from: ​h​t​t​p​s​:​​​/​​/​w​w​​w​.​​w​h​​o​​.​i​​n​​t​/​p​​u​b​​l​i​
c​​a​t​i​o​​​n​​s​​/​i​​/​i​​t​e​m​​/​S​E​A​​-​G​L​P​​-​2​0​0​9​.​3

8.	 Masresha BM, Biresaw HB, Moyehodie YA, Mulugeta SS. Time-to-disability 
determinants among Leprosy patients enrolled for treatment at ALERT 
Center, Addis Ababa, Ethiopia: a survival analysis. Infect drug Resist. 
2022;15:2729–41.

9.	 Chen X, Liu HB, Shui TJ, Zha S. Risk factors for physical disability in patients 
with leprosy disease in Yunnan, China: evidence from a retrospective obser-
vational study. PLoS Negl Trop Dis. 2021;15:e0009923.

10.	 Nicholls PG, Croft RP, Richardus JH, Withington SG, Smith WC. Delay in 
presentation, an indicator for nerve function status at registration and for 
treatment outcome–the experience of the Bangladesh Acute nerve damage 
study cohort. Lepr Rev. 2003;74:349–56.

11.	 Sarkar J, Dasgupta A, Dutt D. Disability among new leprosy patients, an 
issue of concern: an institution based study in an endemic district for 
leprosy in the state of West Bengal, India. Indian J Dermatol Venereol Leprol. 
2012;78:328–34.

12.	 Nicholls PG, Chhina N, Bro AK, Barkataki P, Kumar R, Withington SG, et al. 
Factors contributing to delay in diagnosis and start of treatment of leprosy: 
analysis of help-seeking narratives in northern Bangladesh and in West 
Bengal, India. Lepr Rev. 2005;76:35–47.

13.	 Bekri W, Gebre S, Mengiste A, Saunderson PR, Zewge S. Delay in presentation 
and start of treatment in leprosy patients: a case-control study of disabled 
and non-disabled patients in three different settings in Ethiopia. Int J Lepr 
Other Mycobact Dis. 1998;66:1–9.

14.	 Robertson LM, Nicholls PG, Butlin R. Delay in presentation and start of 
treatment in leprosy: experience in an out-patient clinic in Nepal. Lepr Rev. 
2000;71:511–6.

15.	 Srinivas G, Muthuvel T, Lal V, Vaikundanathan K, Schwienhorst-Stich EM, 
Kasang C. Risk of disability among adult leprosy cases and determinants of 
delay in diagnosis in five states of India: a case-control study. PLoS Negl Trop 
Dis. 2019;13:e0007495.

16.	 Santos VS, de Matos AM, de Oliveira LS, de Lemos LM, Gurgel RQ, Reis FP, et al. 
Clinical variables associated with disability in leprosy cases in northeast Brazil. 
J Infect Developing Ctries. 2015;9:232–8.

17.	 Marciano L, Belone AFF, Rosa PS, Coelho NMB, Ghidella CC, Nardi SMT, et al. 
Epidemiological and geographical characterization of leprosy in a Brazilian 
hyperendemic municipality. Cadernos De Saude Publica. 2018;34:e00197216.

18.	 Govindasamy K, Jacob I, Solomon RM, Darlong J. Burden of depression and 
anxiety among leprosy affected and associated factors-A cross sectional 
study from India. PLoS Negl Trop Dis. 2021;15:e0009030.

19.	 John AS, Rao PS, Das S. Assessment of needs and quality care issues of 
women with leprosy. Lepr Rev. 2010;81:34–40.

20.	 Moschioni C, Antunes CM, Grossi MA, Lambertucci JR. Risk factors for physical 
disability at diagnosis of 19,283 new cases of leprosy. Rev Soc Bras Med Trop. 
2010;43:19–22.

21.	 Moura ML, Dupnik KM, Sampaio GA, Nóbrega PF, Jeronimo AK, do, 
Nascimento-Filho JM et al. Active surveillance of Hansen’s Disease (leprosy): 
importance for case finding among extra-domiciliary contacts. PLoS Negl 
Trop Dis. 2013;7:e2093.

22.	 Wang N, Chu T, Li F, Wang Z, Liu D, Chen M, et al. The role of an active surveil-
lance strategy of targeting household and neighborhood contacts related to 
leprosy cases released from treatment in a low-endemic area of China. PLoS 
Negl Trop Dis. 2020;14:e0008563.

23.	 Maymone MBC, Laughter M, Venkatesh S, Dacso MM, Rao PN, Stryjewska BM, 
et al. Leprosy: clinical aspects and diagnostic techniques. J Am Acad Derma-
tol. 2020;83:1–14.

24.	 Ploemacher T, Faber WR, Menke H, Rutten V, Pieters T. Reservoirs and 
transmission routes of leprosy; a systematic review. PLoS Negl Trop Dis. 
2020;14:e0008276.

25.	 da Silva MB, Portela JM, Li W, Jackson M, Gonzalez-Juarrero M, Hidalgo AS, et 
al. Evidence of zoonotic leprosy in Pará, Brazilian Amazon, and risks associ-
ated with human contact or consumption of armadillos. PLoS Negl Trop Dis. 
2018;12:e0006532.

26.	 Das M, Diana D, Wedderburn A, Rajan L, Rao S, Horo I, et al. Molecular epide-
miology and transmission dynamics of leprosy among multicase families and 
case-contact pairs. Int J Infect Dis. 2020;96:172–9.

27.	 Raposo MT, Reis MC, Caminha AVQ, Heukelbach J, Parker LA, Pastor-Valero M, 
et al. Grade 2 disabilities in leprosy patients from Brazil: need for follow-up 
after completion of multidrug therapy. PLoS Negl Trop Dis. 2018;12:e0006645.

28.	 Chen X, Shui TJ. The burden of physical disability among patients with newly 
detected leprosy in Yunnan, China, 1990–2020: a population-based, cross-
sectional survey. PLoS Negl Trop Dis. 2022;16:e0010719.

29.	 Sales AM, Campos DP, Hacker MA, da Costa Nery JA, Düppre NC, Rangel E 
et al. Progression of leprosy disability after discharge: is multidrug therapy 
enough? Tropical medicine & international health: TM & IH. 2013;18:1145-53.

30.	 Motta AC, Pereira KJ, Tarquínio DC, Vieira MB, Miyake K, Foss NT. Leprosy 
reactions: coinfections as a possible risk factor. Clinics (Sao Paulo, Brazil). 
2012;67:1145-8.

31.	 Antunes DE, Araujo S, Ferreira GP, Cunha AC, Costa AV, Gonçalves MA, et al. 
Identification of clinical, epidemiological and laboratory risk factors for lep-
rosy reactions during and after multidrug therapy. Mem Inst Oswaldo Cruz. 
2013;108:901–8.

32.	 Suchonwanit P, Triamchaisri S, Wittayakornrerk S, Rattanakaemakorn P. Lep-
rosy reaction in Thai Population: a 20-Year retrospective study. Dermatology 
Res Pract. 2015;2015:253154.

33.	 Tolles J, Meurer WJ. Logistic regression: relating patient characteristics to 
outcomes. JAMA. 2016;316:533–4.

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

https://www.who.int/publications/i/item/who-wer9435-36
https://www.who.int/publications/i/item/who-wer9435-36
https://www.who.int/news/item/26-04-2021
https://www.who.int/publications/i/item/SEA-GLP-2009.3
https://www.who.int/publications/i/item/SEA-GLP-2009.3

	﻿Potentially disabling factors of newly diagnosed leprosy patients in southwest China: a retrospective observational study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Data sources
	﻿Inclusion and exclusion criteria
	﻿Diagnostic criteria and variable definitions
	﻿Statistical analysis

	﻿Results
	﻿Description of leprosy data
	﻿Risk factors of Grade 2 disability
	﻿Risk factors of Grade 1 disability

	﻿Discussion
	﻿Conclusion
	﻿References


