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Abstract

Purpose This study aims to identify the risk factors for the progression from pulmonary tuberculosis (PTB) to spinal
tuberculosis (STB), which is crucial for early disease intervention, optimizing treatment strategies, and improving
patient prognosis.

Methods A retrospective analysis was conducted on 326 patients diagnosed with PTB between January 2017 and
October 2024. Demographic, clinical, and socioeconomic data were collected, including age, gender, body mass
index (BMI), Karnofsky Performance Status (KPS), Nutritional Risk Screening 2002 (NRS-2002) score, diabetes, per capita
income, smoking status, alcohol consumption, and a history of recurrent PTB. Univariate and multivariate logistic
regression analyses were performed to identify significant risk factors for the progression to STB, and interaction effect
analysis and risk stratification based on the NRS-2002 score were conducted to assess its predictive value.

Results Univariate logistic regression revealed that the NRS-2002 score (OR=2.762, p <0.001), recurrent PTB
(OR=15.370, p<0.001), and living in relative poverty (OR=10.000, p=0.002) were significant risk factors for the
progression from PTB to STB. Multivariate logistic regression confirmed that the NRS-2002 score (OR=11.22, p<0.001),
recurrent PTB (OR=5.08, p <0.001), and living in relative poverty (OR=2.58, p <0.001) were independently associated
with increased likelihood of STB progression. Stratified analysis revealed a clear dose-response relationship between
higher NRS-2002 scores and the risk of progression to STB, with those having scores > 6 exhibiting the highest odds
(OR=91.59, p<0.001).

Conclusions This study highlights critical risk factors for the progression from PTB to STB, particularly the NRS-2002
score, recurrent PTB, and socioeconomic status (living in relative poverty). The NRS-2002 score was identified as the
most significant predictor, demonstrating a strong dose-response relationship with disease progression. Clinically,
early identification of patients with elevated NRS-2002 scores, alongside timely nutritional interventions and efforts
to alleviate poverty, can significantly reduce the risk of STB development. These findings can inform clinical decision-
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making, enhance early intervention strategies, and guide public health policies aimed at preventing STB, particularly

in high-risk populations.

Keywords Pulmonary tuberculosis, Spinal tuberculosis, Logistic regression, Recurrent pulmonary tuberculosis, Risk

stratification

Introduction

In 2022, the World Health Organization (WHO)
reported approximately 10.6 million new cases of tuber-
culosis (TB) globally [1]. By 2023, the situation had
deteriorated further, with an estimated 10.8 million indi-
viduals affected by TB, including 8.2 million newly diag-
nosed cases—marking the highest incidence recorded
since global monitoring began in 1995 [2, 3]. Although
TB-related mortality slightly decreased from 1.32 mil-
lion in 2022 to 1.25 million in 2023, TB continues to be
the leading cause of death from a single infectious disease
[2—-4]. The disease remains highly prevalent in regions
such as Southeast Asia, Africa, and the Western Pacific,
with countries like India, Indonesia, and China shoulder-
ing a disproportionate share of the global burden [2—4].

TB caused by the airborne transmission of Mycobacte-
rium TB, is one of the most prevalent infectious diseases
globally [5]. Although the lungs are the primary site of
infection for Mycobacterium TB, more than 15% of TB
cases worldwide are caused by extrapulmonary infec-
tions, which can affect any organ system [6]. TB contin-
ues to make a significant contribution to global morbidity
and mortality [7], causing over one million deaths annu-
ally [8, 9]. Due to anatomical vascular supply, the lower
thoracic and upper lumbar vertebrae are commonly
affected by TB in the spine [10, 11]. The progression of
pulmonary tuberculosis (PTB) to spinal tuberculosis
(STB) can lead to a series of complications, including
chronic back pain, neurological deficits, and kyphotic
deformity. In severe cases, it may result in Pott’s paraple-
gia [10, 11].

There are various risk factors for the progression of
PTB to STB. The presence of comorbidities such as diabe-
tes or immunodeficiency diseases (e.g., HIV) is one of the
factors contributing to the progression of PTB [12, 13].
Risk factors for the progression of PTBs to STB include
socioeconomic factors such as poverty, overcrowding,
and malnutrition, which increase the transmission risk
of TB [14, 15]. Demographic factors, including age and
household conditions, also play a significant role, par-
ticularly in individuals aged 20—64 years [12, 13]. Other
health conditions, such as alcoholism, substance abuse,
and chronic diseases, can impair the immune system,
thereby increasing the risk of STB [14, 15].

Nevertheless, the analysis of risk factors for the pro-
gression of PTB to STB in existing studies remains
limited, particularly in terms of in-depth explora-
tion of specific risk factors such as the Nutritional Risk

Screening 2002 (NRS-2002) score. Investigating the iden-
tification of risk factors is crucial for early disease inter-
vention, optimizing treatment strategies, and improving
patient prognosis. Furthermore, analyzing such studies
holds potential value for the formulation of TB control
and prevention policies. This study aims to identify the
risk factors for the progression of PTB to STB through
logistic regression analysis, with a particular focus on risk
stratification using the NRS-2002 score, to explore its
predictive value in disease progression.

Methods

Patient population

After obtaining approval from the institutional review
board, a retrospective analysis was conducted on the
demographic and imaging data of patients diagnosed
with PTB who visited the outpatient clinic from January
2017 to October 2024. Informed consent was obtained
from all participants prior to their inclusion in the study.
Diagnosis was confirmed through a comprehensive
review of medical records and imaging data. The inclu-
sion criteria were as follows: patients with a confirmed
diagnosis of PTB, and the ability to collect the following
variables: age, gender, body mass index (BMI), Karnofsky
Performance Status (KPS) score, NRS-2002 score (Sup-
plementary Table 1), diabetes, per capita income, history
of recurrent PTB, smoking status, alcohol consumption,
and family history of TB. Specifically, per capita income,
defined as living in relative poverty, refers to an individ-
ual’s income being below 60% of the median income in
the general population [16]. Smoking was defined as as
someone who has smoked at least 100 cigarettes in their
lifetime and currently smokes, whether daily or occa-
sionally [17]. The definition of “moderate drinking” pro-
vided by the Centers for Disease Control and Prevention
(CDC) generally refers to up to 2 alcoholic beverages per
day for men and up to 1 alcoholic beverage per day for
women.

Patients with incomplete data or insufficient imaging
information were excluded from the study. The meth-
odology employed in this study involved a retrospective
analysis, with logistic regression used to identify poten-
tial factors associated with the progression from PTB to
STB among the outpatient cohort.

Statistical analysis
Since the progression of PTB to STB is a binary out-
come, we initially applied univariate logistic regression
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to identify potential risk factors (p <0.05). Subsequently,
multivariate logistic regression was performed to fur-
ther pinpoint significant risk factors while adjusting for
potential confounders. To explore potential interaction
effects among variables, an interaction effect analysis was
conducted. Additionally, we performed risk stratification
analysis on the most prominent risk factors. All statisti-
cal analyses were carried out using R software (R version
4.3.3), with a p-value of <0.05 considered statistically
significant.

Results

Patient demographics

A total of 326 PTB patients were identified (see Table 1),
with a mean age of 56.5+15.8 years (range, 16—84).
Among these, 16 were diagnosed with STB (Fig. 1). The

Table 1 Baseline demographics of 326 outpatients with
pulmonary tuberculosis
Variables

Total(n=326)

1. Demographic Factors

Age 56.5+15.8 (range, 16-84)
Gender

Male 202

Female 124

2. Clinical Factors

BMI 172+08
KPS score 508121
NRS—2002 score 20+1.7
Diabetes

Yes 46

No 280
Recurrent Pulmonary Tuberculosis

Yes 33

No 293

3. Socioeconomic and Lifestyle Factors
Per Capita Income (living in relative poverty)

Yes 10

No 316
Having a Family Member with Tuberculosis

Yes 9

No 317
Smoking

Yes 193

No 133
Alcohol Consumption

Yes 30

No 296

BMI, body mass index; KPS score, Karnofsky Performance Status Score; NRS-
2002 score, Nutritional Risk Screening 2002 score

Per Capita Income (living in relative poverty) refers to an individual’s income
being below 60% of the median income in society

Smoking was defined as someone who has smoked at least 100 cigarettes in
their lifetime and currently smokes, whether daily or occasionally. “Moderate
drinking” refers to up to 2 alcoholic beverages per day for men and up to 1
alcoholic beverage per day for women
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mean BMI of the cohort was 17.2+0.8. The average
KPS score was 50.8 +12.1, indicating a moderate level of
functional impairment. The mean NRS-2002 score was
2.0+1.7, reflecting the nutritional risk of the patients.

Regarding medical history, 33 patients had a history of
recurrent PTB, while 293 did not. In terms of socioeco-
nomic and lifestyle factors, 10 patients were classified as
living in relative poverty, with a per capita income below
60% of the median national income, whereas 316 patients
did not meet this criterion. A family history of TB was
reported by 9 patients, while 317 patients did not have a
family history of the disease. Smoking was reported by
193 patients, and 133 patients were non-smokers. Alco-
hol consumption was noted in 30 patients, while 296
patients did not consume alcohol regularly.

Notably, a total of 16 patients progressed from PTB to
STB. The mean age was 54.5+9.6 years (range, 40-70).
Among them, one patient had comorbid systemic lupus
erythematosus and had been maintained on low-dose
glucocorticoid therapy for two years. Another patient
was diagnosed with rheumatoid arthritis and received
nonsteroidal anti-inflammatory drugs (NSAIDs) for
symptomatic management over a two-year period with-
out additional immunosuppressive treatment. None of
the 16 patients demonstrated characteristics of multi-
drug-resistant tuberculosis (MDR-TB).

Univariate logistic regression analysis results

Univariate logistic regression was performed to iden-
tify factors associated with the progression from PTB
to STB. The results are summarized in Table 2. Among
the demographic factors, age and gender did not show
a statistically significant association with the progres-
sion to STB (p>0.05). Similarly, clinical factors such as
BMI, KPS score, diabetes and the NRS-2002 score were
assessed. While BMI, diabetes and KPS score did not
exhibit a significant relationship with STB progression,
the NRS-2002 score was found to be strongly associated
with an increased likelihood of progression (OR=2.762,
p<0.001). In terms of medical history, a history of
recurrent PTB was found to be a significant risk factor,
with an odds ratio of 15.370 (p<0.001), suggesting that
patients with recurrent PTB are significantly more likely
to develop STB. Among the socioeconomic and lifestyle
factors, per capita income (living in relative poverty) was
also found to be a significant risk factor for the progres-
sion to STB (OR =10.000, p =0.002). In contrast, having a
family member with TB, smoking, and alcohol consump-
tion did not show significant associations with the pro-
gression to STB (p>0.05).

Multivariate logistic regression analysis results
To further identify independent risk factors for the
progression from PTB to STB, a multivariate logistic
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Fig. 1 Radiological data of a 65-year-old male patient with pulmonary tuberculosis progressing to spinal tuberculosis. a, b) CT scan images; ¢) MRI scan

image.

regression analysis was performed, adjusting for poten-
tial confounders (Table 3). The results revealed that three
factors were independently associated with an increased
likelihood of progression to STB: NRS-2002 score: The
NRS-2002 score remained a strong predictor of pro-
gression, with an OR of 11.22 (p<0.001). Patients with
a higher NRS-2002 score are over 11 times more likely

to develop STB compared to those with a lower score.
Recurrent PTB: A history of recurrent PTB was also
found to be an independent risk factor, with an odds ratio
of 5.08 (p<0.001). This suggests that patients with recur-
rent PTB are over five times more likely to develop STB
compared to those without a history of recurrence. Per
Capita Income (living in relative poverty): Patients living
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Table 2 Univariate logistic regression analysis of factors associated with the progression to spinal tuberculosis

Variables Estimate Odds ratio Std.Error zvalue Pr(>|z])
1. Demographic Factors

Age -0.012 0.987 0.016 -0.745 0457
Gender (male) 0315 1.371 0.5519 0.571 0.568

2. Clinical Factors

BMI 0332 1.393 0.235 1414 0.157
KPS score -0.0018 0.998 0.0212 -0.085 0.932
NRS—2002 score 1.016 2.762 0.19 5335 <0.001
Diabetes -0.9350 0.3924 1.0453 -0.894 0.371
Recurrent Pulmonary Tuberculosis 2.729 15.370 0.547 4.990 <0.001
3. Socioeconomic and Lifestyle Factors

Per Capita Income (living in relative poverty) 2302 10.000 0.746 3.085 0.002
Having a Family Member with Tuberculosis 0.923 2517 1.093 0.844 0.399
Smoking -0.392 0.676 0513 -0.764 0.445
Alcohol Consumption -0437 0.646 1.051 -0416 0.678
BMI, body mass index; KPS score, Karnofsky Performance Status Score; NRS-2002 score, Nutritional Risk Screening 2002 score

Table 3 Multivariate logistic regression analysis of factors associated with the progression to spinal tuberculosis

Variables Estimate Odds ratio Std.error Statistic P value
(Intercept) -6.925 / 1.03 -6.72 <0.001
NRS—2002 score 2419 11.22 0.676 3.581 <0.001
Recurrent Pulmonary Tuberculosis 1623 5.08 1.078 1.506 <0.001
Per Capita Income (living in relative poverty) 0.947 2.58 0.208 4562 <0.001

NRS-2002 score, Nutritional Risk Screening 2002 score

in relative poverty, with a per capita income below 60%
of the median national income, had a significantly higher
risk of progression to STB (OR =2.58, p<0.001).

We performed ROC curve analysis to validate the diag-
nostic efficacy of the NRS-2002 score, recurrent PTB,
and living in relative poverty (Fig. 2). All three factors
demonstrated diagnostic utility, with the NRS-2002 score
showing the highest diagnostic effectiveness.

Interaction effect analysis and stratified analysis

To examine potential interaction effects between signifi-
cant risk factors, interaction terms were incorporated
into the multivariate logistic regression model (Table 4).
The analysis revealed no significant interactions between
the NRS-2002 score and recurrent PTB (p=0.883), the
NRS-2002 score and per capita income (p=0.337), or
recurrent PTB and per capita income (p=0.992). These
findings suggest that the influence of each factor on the
progression to STB is independent of the others.

To further investigate the impact of the NRS-2002
score on the progression to STB, a stratified analysis
was performed (Table 5). The results demonstrated a
clear dose-response relationship between the NRS-
2002 score and the odds of progression (with a baseline
defined as an NRS-2002 score of 0-3): For patients with
an NRS-2002 score of 4-5, the odds of progression were
significantly elevated, with an odds ratio (OR) of 45.98
(p<0.001). For those with an NRS-2002 scorez6, the

odds of progression further increased, with an OR of
91.59 (p<0.001).

These findings underscore that a higher NRS-2002
score is strongly associated with an increased risk of
progression from PTB to STB, with the risk escalating
sharply as the score threshold rises.

Discussion

Statement of principal findings

We performed logistic regression analysis on the base-
line data of 326 patients with PTB, adjusting for potential
confounders. The results from the multivariate logistic
regression identified three primary risk factors associ-
ated with the progression from PTB to STB: the NRS-
2002 score, recurrent PTB, and per capita income (living
in relative poverty). The NRS-2002 score emerged as the
most significant predictor of progression, with patients
at higher nutritional risk (as indicated by a higher NRS-
2002 score) being more than 11 times more likely to
develop STB compared to those with lower scores. This
underscores the critical role of nutritional status in dis-
ease progression. A history of recurrent PTB was iden-
tified as a substantial risk factor, with individuals who
had experienced recurrent episodes of PTB being over
five times more likely to develop STB. Patients with a per
capita income below 60% of the median national income,
classified as living in relative poverty, were found to be at
a significantly higher risk of progressing to STB. These
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Table 4 Analysis of interaction effects in the multivariate logistic regression model
Variables Estimate Std.Error z value Pr(>|z|)
NRS—2002 score: Recurrent pulmonary tuberculosis 0.072 0.488 0.147 0.883
NRS—2002 score: Per capita income -0.599 0.624 -0.96 0.337
Recurrent pulmonary tuberculosis: Per capita income 15.498 1696.735 0.009 0.992

NRS-2002 score, Nutritional Risk Screening 2002 score

Table 5 Stratified analysis of the effect of NRS-2002 score on the
progression to spinal tuberculosis

NRS-2002score  Estimate Oddsratio  Std.Error P value
0-3 (baseline) —4.920 0.007 0.710 <0.001
4-5 3.821 45.980 0.798 <0.001
>6 4515 91.590 0.959 <0.001

NRS-2002 score, Nutritional Risk Screening 2002 score

findings highlight the substantial impact of nutritional
status, disease recurrence, and socioeconomic factors in
the progression from PTB to STB.

NRS-2002 score is a widely utilized tool designed to
assess the risk of malnutrition in hospitalized patients

[18, 19]. The NRS-2002 score is derived from three main
components: (1) Nutritional Status: This is assessed
based on BMI, recent weight loss, and food intake over
the past week. (2) Severity of Disease: This factor takes
into account the increased nutritional needs arising from
recent medical conditions or treatments (e.g., surgeries,
chronic illnesses). (3) Age Adjustment: An additional
point is added for patients aged 70 years or older [19-21].
The total score ranges from 0 to 7, where: 0-3 indicates
a low risk of malnutrition, 4-7 suggests a moderate to
severe risk of malnutrition [18, 20, 21].

When we performed a stratified analysis of the NRS-
2002 score (Table 5), we found that the risk of developing
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STB in patients with an NRS-2002 score of 4-5 was 46
times higher compared to the baseline group with a score
of 0-3. Furthermore, patients with an NRS-2002 score of
>6 had a risk that was 92 times higher than the baseline

group.

Comparison with previous studies

Individuals with a history of TB are at an increased risk of
recurrence [22, 23]. This is consistent with our findings,
as individuals with recurrent PTB are at a higher risk of
developing STB. Studies have reported that younger indi-
viduals, particularly those in the 25—44 age group, exhibit
an elevated risk of recurrence [23, 24]. However, age
was not found to be a significant risk factor in our study.
Some studies have also identified inadequate supervision
during treatment as a risk factor, particularly in cases
of poor adherence to prescribed regimens [22, 24]. Our
findings support this conclusion. Per Capita Income (liv-
ing in relative poverty) was identified as a risk factor for
the progression of PTB to STB in this study. We hypothe-
size that poverty, coupled with poor living conditions and
long-term malnutrition, increases susceptibility to PTB.
Additionally, limited access to educational resources
may lead to poorer treatment adherence among these
patients, potentially contributing to recurrence.

Clinical significance

Our study highlights the critical role of the NRS-2002
score, recurrent PTB, and per capita income (living in
relative poverty) as significant risk factors for the pro-
gression from PTB to STB. Among these, the NRS-2002
score stands out as the most impactful predictor, indicat-
ing that nutritional status plays a crucial role in the pro-
gression of TB. This is clinically significant, as it suggests
that early identification and management of malnutrition
in PTB patients could serve as a preventive strategy to
reduce the risk of developing STB, particularly in those
with moderate to high NRS-2002 scores.

Additionally, our findings that a history of recurrent
PTB and living in relative poverty are associated with a
higher risk of progression underscore the importance of
addressing both medical and socioeconomic factors in
TB management. These findings could inform health-
care policies, leading to improved TB control strategies
that incorporate nutritional support and targeted inter-
ventions for individuals with a history of recurrent TB or
those living in poverty.

Limitations

Despite the strengths of our study, there are several limi-
tations that should be considered. Firstly, the retrospec-
tive design of this study means that causal inferences
cannot be made. The identification of risk factors is
based on existing clinical records, which may have led to
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potential biases in data collection and interpretation. This
limitation may have affected the robustness of the find-
ings, as retrospective studies are more prone to informa-
tion bias, selection bias, and recall bias. Additionally, we
could not control for all confounders that might influence
the progression from PTB to STB, and some relevant fac-
tors may have been overlooked. Future prospective stud-
ies with a more comprehensive data collection approach
could help mitigate these issues and provide stronger evi-
dence on the risk factors identified. Another limitation of
this study is the relatively small number of patients who
progressed to STB among the 326 patients with PTB.
With only 16 cases of progression to STB, the statisti-
cal power of the multivariate analysis was limited, which
may have affected the reliability of the findings. Although
we performed rigorous statistical analysis, including uni-
variate and multivariate logistic regression, the small
sample size for the STB group means that the estimates
for risk factors, particularly for rarer outcomes, may be
less precise. The low number of STB cases also restricts
the ability to detect more subtle associations or inter-
actions between variables that might exist. As such, we
recommend that future studies with larger sample sizes
are needed to confirm these findings and provide more
definitive conclusions. Another limitation is the reli-
ance on medical records and self-reported data for vari-
ables such as smoking, alcohol consumption, and family
history of TB, which may have introduced recall bias or
inaccuracies. Moreover, the NRS-2002 score was used
to assess nutritional risk, but it does not capture the full
complexity of nutritional status, including factors like
micronutrient deficiencies or protein-energy malnutri-
tion, which could further influence disease progression.

Conclusion

This study provides clear evidence that the NRS-2002
score, recurrent PTB, and socioeconomic factors (such
as living in relative poverty) are significant predictors of
the progression from PTB to STB. The NRS-2002 score
emerged as the most important predictor, demonstrat-
ing a pronounced dose-response relationship with dis-
ease progression. These findings have important practical
implications for clinical practice: healthcare providers
should prioritize the early screening of PTB patients,
especially those with high nutritional risk (high NRS-
2002 score), a history of recurrent PTB, and low socio-
economic status. Implementing targeted nutritional
interventions, alongside efforts to improve living condi-
tions, could significantly reduce the risk of STB develop-
ment. Furthermore, these results can contribute to the
design of more efficient TB control strategies, tailored to
address both clinical and socioeconomic vulnerabilities,
potentially improving patient outcomes and reducing the
burden of TB-related complications.
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