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Introduction

Miliary tuberculosis (TB) is a potentially life-threatening 
disease caused by lymphohematogenous dissemination of 
Mycobacterium tuberculosis (1,2). Since a clinical course of 
miliary TB is nonspecific and quite variable, it is difficult 
to predict a prognosis early in the disease. Manifestations 

are likely to be subacute or chronic, but can be rapidly 
developed into fulminant state such as acute respiratory 
distress syndrome (ARDS) or septic shock with multi-organ 
failure (3-7).

Mortality rate of miliary TB has been reported to be 25–
30% and up to 65% for patients with mechanical ventilation 
(8-10). Predictors for miliary TB in previous studies have 
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been found to be aging, female sex, presence of underlying 
comorbidity, hyponatremia, hypoalbuminemia, leukopenia, 
elevated transaminase level, and poor nutritional status 
(2,6,9-15). However, the aforementioned factors have not 
demonstrated consistent results. 

Neutrophil-lymphocyte ratio (NLR) is defined as the 
number of neutrophils in whole blood divided by the number 
of lymphocytes in whole blood (16). It draws attention as 
recent demonstration of a readily available laboratory marker 
used to estimates systemic inflammation has been found to 
be a useful biomarker for predicting mortality in various 
clinical setting including cancers and coronary heart diseases  
(17-21). In case of respiratory diseases, it has been studied 
mainly for lung cancer (22,23). Although NLR has been 
shown to be useful for differentiating TB from bacterial 
pneumonia or sarcoidosis in a few studies on TB (24,25), the 
association of NLR with clinical outcome in patients with 
miliary TB has not been reported. We hypothesized that 
NLR could reflect independent prognostic significance in 
patients with miliary TB. 

Methods

Study design and data collection

We conducted a retrospective cohort study on hospitalized 
patients diagnosed with miliary TB at the Ewha Womans 

University Mokdong Hospital in Korea from January 
1996 to May 2015. Following acquisition of disease code 
for miliary TB based on code designation by the National 
Health Service Center of Korea, we searched for patients 
on monitoring track with such code for miliary TB. 
Among these patients, we excluded those who were already 
diagnosed with miliary TB and on TB medication prior to 
being hospitalized (Figure 1).

We defined the diagnosis of miliary TB with appearance 
of lung nodule with miliary pattern reported by a board-
certified radiologist as a result of chest radiography and 
computed tomography. In addition, assessment of TB was 
carried out to find a match with at least one of the following 
criteria: (I) positive smear for acid-fast bacilli or positive 
polymerase chain reaction or culture for M. tuberculosis 
in specimens of sputum, bronchoalveolar lavage fluid, 
pleural fluid or other tissue specimen; (II) histopathologic 
implication of TB infection in tissue specimen such as 
lung biopsy or lymph node biopsy; and (III) radiological 
improvement after anti-TB treatment.

We reviewed the medical records and examined age, 
sex, height, weight, symptoms, comorbidity, medication 
history, duration of hospitalization, duration of intensive 
care unit (ICU) admission, and development of ARDS. In 
order to identify factors relevant to mortality, laboratory 
data were collected based on the first available data at the 
time of admission and included complete blood cell counts 

Patients screened* n=132

Eligible patients with 
miliary tuberculosis n=96

Excludede: n=36
Insufficient clinical or laboratory data
(n=28)
Follow-up loss (n=3)
Begin treatment before admissiom (n=3)
Not suitable for diagnosis criteria of
miliary tuberculosis (n=2)

Death during 
hospitalization n=17

Death during 
follow-up n=9

Survivors during 
hospitalization n=79

Survivors during 
1-year follow-up n=70

1-year follow-up

Figure 1 Study design flow diagram. *, screening of patients with disease code for miliary TB based on code designation by the National 
Health Service Center of Korea, among those admitted between January 1995 and January 2016.
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(CBC), chemistry panel, inflammatory biomarkers such as 
C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR).

The definition of clinical outcome is as follows; ARDS 
was defined as a clinical situation satisfying the Berlin 
criteria (26). In-hospital mortality was defined as death in 
hospital, and 1-year mortality was defined as death within 
1 year after diagnosis of miliary TB. Mortality included all 
deaths due to other causes as well as death from miliary TB.

Our study protocol was approved by the institutional 
review board of the Ewha Womans University Mokdong 
Hospital (IRB number: 12-09A-36).

Statistical analysis

Descriptive and frequency analyses of the data were 
presented in mean with standard deviation and numbers 
with percentage, respectively. Unpaired T-test and Chi-
square test or exact test was conducted where applicable. 
Logistic regression and Cox regression were performed 
for univariate and multivariate analysis to evaluate the 
predictors for prognosis for patients with miliary TB.
The area under the curve (AUC) was calculated from the 
receiver operating characteristic (ROC) curve to compare 
the predictability of several inflammatory markers. Kaplan-
Meier survival curves of two groups were compared using 
the log rank test. P-values less than 0.05 were considered to 
denote statistical significance. All data were analyzed using 
SPSS version 24.0 (SPSS Inc., Chicago, IL, USA).

Results

Among a total of 96 patients diagnosed with miliary TB, in-
hospital mortality was 18%, and 1-year mortality was 27% 
(Figure 1).

Table 1 shows comparison of clinical characteristics 
between survivors and non-survivors. There was no 
statistically significant difference in gender and age 
distribution between survivors and non-survivors. The 
most common symptoms for miliary TB included fever, 
poor oral intake, and dyspnea. Twenty-nine patients (30%) 
were admitted to the ICU, and the number of patients 
accompanied with ARDS was 18 (19%) and more common 
in the non-survivors (P=0.017). Of the 33 patients who 
underwent drug susceptibility testing for M. tuberculosis, 
seven patients were drug resistant and belonged to the 
survivor group. In the non-survivor group, however, only 
seven patients were tested for drug susceptibility and all 

were drug-sensitive. Of the seven drug-resistant patients, 
two were diagnosed with multidrug-resistant TB and two 
with extended multidrug-resistant TB. Three patients were 
resistant to rifampin alone.

Compared with survivors, hemoglobin level was lower 
(P=0.02) and NLR was higher in the non-survivors (P=0.01). 
There was no significant statistical difference in the other 
laboratory tests (Table 2). 

In univariate analysis, difference of clinical characteristics 
between patients with ARDS and those without ARDS was 
not found. However, in the baseline laboratory tests, the 
levels of serum albumin, sodium, and platelet counts were 
lower and the levels of CRP, ESR, and NLR were higher 
in patients with ARDS than those without ARDS. Except 
for ESR, there was a correlation between these laboratory 
variables. Therefore, multiple logistic regression models for 
ARDS including age, sex, NLR, and ESR were obtained. 
Only NLR remained as a significant variable for the 
development of ARDS (Table 3).

For in-hospital mortality, hemoglobin, aspartate 
aminotransferase (AST), NLR were identified as significant 
variables from univariate analysis. These variables remain 
independently valid in Cox proportional hazard model with 
adjustment of sex and age. For one-year mortality, age, sex, 
hemoglobin, AST, BMI and NLR appeared to be significant 
in univariate analysis. Cox proportional hazard model 
showed that old age, male, low hemoglobin, high AST, and 
high NLR were associated to 1-year mortality (Table 4). 

When areas under the ROC curves were analyzed to 
evaluate usefulness of several inflammatory markers in 
predicting 1-year mortality of patients with miliary TB, the 
AUC of the NLR (0.722) was the largest (Figure 2). Using 
the ROC curve analysis, the cut-off value of NLR for one-
year mortality was set at 5.2, and remarkable decrease in 
survival rate was observed in the group with NLR ≥5 in the 
Kaplan-Meier curves at follow-up (log rank test, P=0.005) 
(Figure 3).

Discussion

Our study demonstrated that NLR is the most powerful 
predictor for both mortality and the occurrence of ARDS 
in patients with miliary TB. NLR indicates relative 
neutrophil elevation and lymphocyte decrease and is an 
inflammatory marker that can be easily obtained at low 
cost. For prediction of 1-year mortality in miliary TB, NLR 
was more significant than other inflammatory markers 
such as WBC, CRP and ESR based on the AUC using 
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Table 1 Clinical characteristics of survivors and non-survivors during hospitalization for patients with miliary tuberculosis

Variables Total (N=96) Non-survivors (N=17) Survivors (N=79) P

Age, years 61±23 61±23 56±21 0.354

<40 years 24 (25.0) 4 (23.5) 20 (25.3) 0.300

≥40 and <70 years 36 (37.5) 4 (23.5) 32 (40.5) –

≥70 years 36 (37.5) 9 (52.9) 27 (34.2) –

Sex, female 52 (54.2) 10 (58.8) 42 (53.2) 0675

Past history of tuberculosis 16 (16.7) 2 (11.8) 14 (17.7) 0.550

Diabetes mellitus 19 (22.4) 2 (11.8) 17 (21.8) 0.349

BMI, kg/m2 20.8±3.2 19.6±3.2 21.1±3.1 0.079

<18 kg/m2 21 (21.8) 5 (29.4) 16 (20.3) 0.189

≥18 and <23 kg/m2 52 (54.2) 10 (58.8) 42 (53.2) –

≥23 kg/m2 23 (24.0) 2 (11.8) 21 (26.6) –

Smoking, pack-years 8.3±17.9 5.6±11.4 8.9±8.9 0.530

Current smoker 19 (20.7) 3 (18.8) 16 (21.1) 0.582

Ex-smoker 6 (6.5) 0 6 (7.9) –

Never smoker 67 (72.8) 13 (81.2) 54 (71.1) –

Symptoms 0.299

Fever 37 (38.5) 5 (29.4) 32 (29.4)

Poor oral intake 29 (30.2) 7 (41.2) 22 (27.8)

Dyspnea 15 (15.6) 2(11.8) 13 (11.8)

Cough 11 (11.5) 1 (5.9) 10 (12.7)

Others 4 (4.2) 2 (11.8) 2 (2.5)

Symptom duration, days 33±61 35±64 21±44 0.387

Days elapsed from hospital visit to 
initiation of TB treatment 

3±1 3±4 3±6 0.560

Positive smear for AFB* 22 (25.9) 3 (18.8) 19 (27.5) 0.353

Positive culture for M. tuberculosis* 60 (70.6) 11 (68.8) 49 (71.0) 0.539

Positive PCR for M. tuberculosis** 44 (62.9) 6 (60.0) 38 (63.3) 0.551

Histopathologic diagnosis of TB 3 (3.1) 0 (0.0) 3 (3.8) 0.553

Number of involved organs by M. 
tuberculosis

2.6±1.8 2.6±1.8 2.6±1.8 0.989

Drug resistance of M. tuberculosis*** 7 (21.2) 0(0.0) 7 (26.9) 0.512

Length of hospital stay, days 46±22 52±233 15±15 0.543

ICU admission 29 (30.2) 11 (64.7) 18 (22.8) 0.001

Length of ICU stay, days 19±4 20±17 17±19 0.719

ARDS 18 (18.8) 7 (38.9) 11 (14.1) 0.017

Data are presented as mean ± SD or number (%). *, 85 patients underwent AFB smear and culture for sputum or other specimens; **, 
70 patients underwent polymerase chain reaction examination for M. tuberculosis; ***, 33 patients underwent drug-sensitivity test for 
M. tuberculosis. BMI, body mass index; TB, tuberculosis; AFB, acid-fast bacilli; M. tuberculosis, mycobacterium tuberculosis; PCR, 
polymerase chain reaction ICU, intensive care unit; ARDS, acute respiratory distress syndrome.
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Table 2 Laboratory finding of survivors and non-survivors during hospitalization for patients with miliary tuberculosis

Variables Total (N=96) Non-survivors (N=17) Survivors (N=79) P

Albumin, g/dL 3.0±0.7 2.8±0.8 3.0±0.7 0.171

Creatinine, mg/dL 1.03±0.99 1.0±0.5 2.0±1.1 0.985

AST, IU/L 65.5±104.6 100.8±214.8 57.9±59.4 0.425

ALT, IU/L 49.5±95.0 52.0±118.6 49.0±90.1 0.904

Sodium, mEq/L 134.1±5.5 132.2±5.8 134.5±5.4 0.112

Hemoglobin, g/dL 11.3±2.1 10.3±2.1 11.6±2.0 0.020

WBC, /mm3 7,920±5,148 9,864±10,712 7,502±2,783 0.086

Neutrophil (%) 76.4±11.5 81.3±9.4 75.3±11.6 0.057

Lymphocyte (%) 14.3±8.8 11.6±8.0 15.0±9.0 0.169

Eosinophil (%) 0.8±1.1 0.6±0.9 0.9±1.1 0.552

NLR 9.0±8.2 13.6±13.8 7.8±5.9 0.010

Platelet counts, /mm3 257.2±118.6 222.7±103.4 264.6±120.9 0.153

ESR, mm/hr 29.8±25.2 21.6±20.5 31.7±26.0 0.166

C-reactive protein, mg/dL 7.2±6.3 7.8±6.8 7.1±6.4 0.713

Data are presented as mean ± SD. AST, aspartate transaminase; ALT, alanine transaminase; WBC, white blood cell counts; NLR, neutrophil 
to lymphocyte ratio; ESR, erythrocyte sedimentation rate.

Table 3 Factors associated with development of acute respiratory distress syndrome in patients with miliary tuberculosis

Variables Odds ratio (95% CI) P

Age, years 1.01 (0.98–1.04) 0.627

Sex, male 1.60 (0.39–6.62) 0.519

Blood neutrophil-lymphocyte ratio 1.19 (1.05–1.34) 0.008

Erythrocyte sedimentation rate, mm/hr 0.96 (0.92–1.00) 0.076

CI, confidence interval.

Table 4 Cox proportional hazards regression model with mortality as outcome in miliary tuberculosis*

Variables
In-hospital mortality 1-year mortality

aHR (95% CI) p aHR (95% CI) P

Age, years 1.01 (0.98–1.05) 0.259 1.03 (1.00–1.05) 0.046

Sex, male 2.57 (0.79–8.34) 0.115 2.70 (1.03–7.11) 0.044

BMI, kg/m2 NA – 0.96 (0.83–1.11) 0.573

Hemoglobin, g/dL 0.65 (0.49–0.85) 0.002 0.72 (0.58–0.90) 0.004

AST, IU/L 1.01 (1.00–1.01) 0.001 1.01 (1.00–1.01) 0.002

NLR 1.08 (1.03–1.13) 0.002 1.08 (1.05–1.13) <0.001

*, The variables included in each model were selected as the significant variables in the univariate analysis. aHR, adjusted hazard ratio; CI, 
confidence interval; BMI, body mass index; NA, not applicable; AST, aspartate aminotransferase; NLR, blood neutrophil-lymphocyte ratio.
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ROC. Association of high NLR with high mortality in 
cancers or cardiovascular diseases has been reported in a 
number of studies (18,20,23,27,28). In patients with lung 
cancer, high NLR may have a higher cancer stage in the 
perioperative period (27) and predict poor prognosis after 
chemotherapy (22). Explanation for the correlation between 
the increase in NLR and poor outcome has not yet been 
clarified. Although lymphopenia has been reported to be 
associated with poor prognosis in several previous analyses 
on TB (1,10,29), NLR has not been investigated in miliary 

TB. In cancer patients, some studies hypothesized that 
relatively low lymphocyte counts are associated with a poor 
response to chemotherapy in relation to cell-mediated 
immunity (22,30). Cell-mediated immunity is important in 
the immune response to M. tuberculosis and high NLR may 
reflect relative lymphopenia. Therefore, the similar pathway 
may have affected the progression and prognosis of miliary 
TB. Recently, it has been reported that NLR correlate with 
the severity of pulmonary TB (31) and high NLR seems to 
increase the likelihood of retreatment of pulmonary TB (32). 

Progression of miliary TB to ARDS may occur as part 
of a multi-organ dysfunction syndrome or in association 
with immune reconstitution inflammatory syndrome (IRIS) 
(6,8,14,33,34). Coexistence of miliary TB and ARDS 
links to high mortality, which is already shown in previous 
studies on miliary TB (6,7). A multicenter study in Korea 
reported that mortality rate of ARDS patients with miliary 
TB was 61.2%, which was higher than mortality in ARDS 
patients with other causes (7). There has not been much 
data on the prognosis of miliary TB patients with ARDS, 
thus it is difficult to provide an exact explanation. Inferring 
the reason for this, it can be considered that the diagnosis 
of miliary TB is likely to be delayed and nosocomial 
pneumonia is frequently accompanied (35). It is not easy 
to suspect and diagnose miliary TB because of ARDS, 
and the guideline of effective treatment for ARDS is not 
yet established (6,7). In our study, there were 18 miliary 
TB patients with ARDS, which was 19% of the entire 
patients enrolled, and among them, 39% (7/18) died during 
hospitalization. This figure was lower than other studies 
(6,7), but 1-year mortality was similar as it being 55%. This 
gap of in-hospital mortality rate might be due to differences 
in concomitant disease or initial severity. 

Several nutritional factors are also known to be involved 
in poor prognosis in TB including miliary TB (1,10,11,29). 
Our study found no significant difference in mortality 
associated with BMI. However, mean albumin and sodium 
levels were lower in non-survivors compared to those in 
survivors, which may be linked to nutritional status or 
secretory abnormalities of antidiuretic hormone (29,36). 

We demonstrated that NLR is helpful in predicting poor 
prognosis in miliary TB patients; however, our research 
has some limitations. Not only the study was performed in 
retrospective setting but also long study period was required 
to enroll a large number of patients with miliary TB. 
Although our study is an institutional study, it is possible 
that the patient’s treatment was inconsistent care because 
of the long study period. Nevertheless, this study provides 
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clinical value in that it offers a relatively large number of 
patients with rare diseases such as miliary TB and presents 
NLR as a new biomarker to predict prognosis.

Conclusions

Our study demonstrated that elevated NLR is associated 
with an increased risk of poor outcome such as in-hospital 
and 1-year mortality and the development of ARDS in 
patients with miliary TB. If patients with miliary TB have 
an NLR greater than 5, prompt investigation and active 
treatment is needed.
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