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Background: During the course of disease, some patients with primary Sjögren’s syndrome (pSS) develop 
interstitial lung disease (ILD), which leads to a poor prognosis. There is currently a lack of methods to 
identify high-risk patients with ILD and predict the prognosis. The purpose of this study was to analyze the 
predictive value of the neutrophil to lymphocyte ratio (NLR) for the occurrence of ILD and its prognosis in 
patients with pSS.
Methods: According to the inclusion and exclusion criteria, patients with pSS admitted to our hospital 
from May 2009 to November 2020 were included. The patients were divided into either an ILD group or a 
non-interstitial pneumonia [non-ILD (NILD)] group. We compared the baseline data of the two groups of 
participants, and the participants were followed up (≥1 year) at clinic visits. Logistic multivariate regression 
analysis was used to analyze the risk factors related to ILD and prognosis in patients with pSS.
Results: A total of 217 patients with pSS were included, of which 71 (32.7%) participants were diagnosed 
with ILD (ILD group) at the time of pSS diagnosis, and 146 (67.3%) participants had no obvious ILD (NILD 
group). Based on follow-up results, logistic multivariate analysis revealed that NLR [relative risk (RR) =1.81, 
95% confidence interval (CI): 1.15 to 4.73], age (RR =1.43, 95% CI: 1.06 to 3.66), non-regular treatment (RR 
=1.39, 95% CI: 1.03 to 3.38), ALB <35 g/L (RR =1.32, 95% CI: 1.05 to 3.17), and elevated CRP (RR =1.44, 
95% CI: 1.10 to 4.53) were associated with the occurrence of ILD in participants with pSS during follow-
up. Age (RR =1.28, 95% CI: 1.06 to 2.25), NLR (RR =1.43, 95% CI: 1.12 to 2.57), non-regular treatment 
(RR =1.51, 95% CI: 1.18 to 3.01), and ILD (RR =2.05, 95% CI: 1.36 to 4.72) were related to all-cause death 
during follow-up.
Conclusions: The NLR is a risk factor for ILD in patients with pSS. The higher the NLR, the worse the 
prognosis; ILD significantly increases the risk of death in patients with pSS.
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Introduction

Previous studies have shown that systemic autoimmune 
diseases increase the risk of interstitial lung disease (ILD) (1). 
Primary Sjögren’s syndrome (pSS) is a chronic autoimmune 
disease that can affect the entire system, mainly invading 
the exocrine glands and other organs outside the glands. 
The main clinical manifestations are dry mouth and eyes. 
There may also be symptoms of other system involvement, 
including fatigue, joint inflammation, myalgia, vasculitis, 
nephritis, lung disease, and other manifestations (2,3). The 
lung is a relatively common organ involved and the reported 
incidence is about 9–75% in pSS patients. Among them, 
ILD is a common type, and the prevalence of ILD in pSS 
patients is 3–11%, putting patients at high risk of ventilatory 
disorders and secondary pulmonary hypertension. There 
are currently no radical cure methods. The main mitigation 
methods are: corticosteroids, immunosuppressants, and 
CD20 monoclonal antibodies.

Once ILD occurs, the prognosis of pSS patients is often 
poor. The quality of life (QOL) is significantly reduced, 
and the 5-year mortality rate can increase by 16%. The 
10-year overall mortality rate of pSS patients with ILD is 
4 times of those patients without ILD (4-6). Therefore, it 
is particularly important to identify high-risk pSS patients 
with ILD as early as possible. Although high-resolution 
computed tomography (HRCT) can detect ILD early, it 
is not recommended in the guidelines to perform routine 
HRCT examinations on patients because of the exposure to 
radiation (7). In clinical practice, a simple, easy-to-use, low-
cost, and less harmful identification method is needed. In 
recent years, the ratio of neutrophils to lymphocytes (NLR) 
has become a commonly used indicator of inflammation. 
It is used as a risk factor for many diseases, especially the 
identification and prognosis of inflammatory diseases (8,9). 
Based on the results of previous studies, this study aimed to 
observe the value of NLR in predicting and prognosticating 
the occurrence of ILD in patients with pSS through 
retrospective analysis. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-21-1043).

Methods

Study population

In this study, patients with pSS admitted to our hospital 
from May 2009 to November 2020 were continuously 

included according to the inclusion and exclusion criteria. 
The inclusion criteria were as follows: (I) age ≥18 years; (II) 
clear diagnosis of pSS; (III) complete medical history data, 
especially commonly used inflammation-related indicators, 
including blood cell count, C-reactive protein (CRP), 
and clear treatment records; (IV) HRCT examination 
or HRCT could be performed during this study; (V) the 
patients signed an informed consent form. The exclusion 
criteria were as follows: (I) malignant tumors; (II) other 
rheumatic diseases; (III) medical history data lacks key 
indicators; (IV) ILD had been diagnosed before pSS was 
diagnosed; (V) drugs that might cause ILD had been 
taken; (VI) heart failure. This study was approved by the 
Ethics Committee of Meizhou People’s Hospital (2020-C-
102), and the study followed the Declaration of Helsinki 
(2013 revision) (10). All participants provided written 
informed consent.

Study group

The participants were allocated to either the ILD group or 
non-ILD (NILD) group based on their HRCT examination 
results. The diagnostic criteria for ILD were as follows  
(11-13): HRCT showing ground glass shadow, honeycomb 
shadow, consolidation shadow, lobular thickening shadow, 
central lobular nodule shadow, and grid shadow; clinical 
manifestations were dry cough, progressively worsening 
dyspnea, obvious after activity, with restrictive ventilation 
dysfunction and gas exchange disorder, while eliminating 
ILD caused by other diseases.

Follow-up

All patients were followed up for at least 1 year at clinic 
visits. The contents of follow-up included changes in pSS 
condition, treatment process, respiratory system symptoms 
and signs, and corresponding examination results. The 
simple lung function classification was used to assess the 
changes in the participant’s respiratory function (14,15): 
Level 0: no breathing difficulties or cyanosis during 
moderate exertion; Level 1: breathlessness and mild 
cyanosis during moderate exertion; Level 2: breathlessness 
and mild cyanosis during mild exertion; Level 3: at rest, 
patient has difficulty breathing and severe cyanosis. The 
World Health Organization Quality of Life Instrument, 
Short Form (WHOQOL-BREF) scale was used to assess 
the participants’ QOL (16,17).

http://dx.doi.org/10.21037/apm-21-1043
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Figure 1 Study flowchart. Other condition: (I) malignant tumors; (II) other rheumatic diseases; (III) the history data lacks key indicators; (IV) 
ILD has been diagnosed before pSS is diagnosed; (V) drugs that may cause ILD are taken; (VI) heart failure. ILD, interstitial lung disease; 
pSS, primary Sjögren’s syndrome; NILD, non-interstitial lung disease.

Consecutive patients with pSS (n=283)

Exclude patients with missing data (n=46)

Exclude patients with other condition (n=11)

Exclude patients with other condition (n=11)

Patients with necessary medical record (n=237)

Patients without other diseases (n=226)

Final cohort (n=217)

ILD (n=71) NILD (n=146)

Data collection

The clinical data of the participant at the first HRCT after 
the diagnosis of pSS were collected, including demographic 
data, blood test results, HRCT results, drug treatment 
plan, and follow-up results. The data was drawn from the 
participant’s medical records during hospitalization, and 
outpatient medical records (that is, follow-up records). The 
primary endpoint was death from all causes, and secondary 
endpoints included QOL, and newly diagnosed ILD. In 
order to eliminate the bias caused by data collection, data 
collectors and data analysts were unaware of the research 
purpose and plan. Patients with incomplete data were 
excluded according to the inclusion and exclusion criteria.

Statistical analysis

The software SPSS version 22.0 (IBM, Chicago, IL, USA) 
was used for statistical analysis. When the continuous 
variable conformed to the normal distribution, it was 
represented by the mean ± standard deviation (SD), and the 
Student t-test was used for comparison between groups; 
when it did not conform to normal distribution, it was 
represented by the median and quartiles, and the rank 
sum test was used for the comparison between groups. 
The qualitative data were represented by n (%), and the 
comparison between groups was performed using chi-
square test or Fisher’s exact test. Logistic regression was 

used to analyze the relationship between each factor and 
the primary and secondary endpoints, namely major adverse 
events (MAEs). A P value <0.05 indicated a statistically 
significant difference.

Results

Comparison of baseline data of participants in the ILD 
group and NILD patients

According to the inclusion and exclusion criteria (Figure 1), 
a total of 217 patients with pSS were included in this study, 
of which 71 (32.7%) participants were diagnosed with pSS 
and were also found to have complicated ILD (ILD group), 
and 146 patients (67.3%) had no obvious ILD (NILD 
group). Comparison of baseline data between the two 
groups found statistical differences in factors including age, 
NLR, and treatment (Table 1).

Follow-up outcome

In this study, 217 pSS participants were followed up for 
1–18 years, with a median follow-up of 8 [4–12] years. The 
ILD group was followed up for 8 [5–11] years, the NILD 
group was followed up for 8 [4–12] years, and there was 
no statistical difference in follow-up duration (u=0.376, 
P=0.707). During the follow-up period, 18 new ILD 
cases (8.3%) were detected in 105 participants who were 
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Table 1 Comparison of baseline data between ILD group and NILD patients

Characteristics ILD (n=71) NILD (n=146) t/χ2 value P value

Age (yrs) 60.8±12.5 56.4±10.6 2.702 0.007

Male, n (%) 12 (16.9) 11 (7.5) 4.423 0.035

Hypertension, n (%) 8 (11.3) 10 (6.8) 1.226 0.268

Diabetes, n (%) 2 (2.8) 3 (2.1) 0.017 0.896

CHD, n (%) 6 (8.5) 8 (5.5) 0.699 0.403

BMI (kg/m2) 22.7±2.6 23.0±2.7 0.777 0.438

Glucose (mmol/L) 5.7±0.8 5.6±0.6 1.029 0.035

TC (mmol/L) 5.4±0.5 5.3±0.3 1.834 0.068

TG (mmol/L) 2.2±0.5 2.1±0.4 1.589 0.114

WBC (×109/L) 6.4±1.1 6.3±1.0 0.669 0.504

NEU (×109/L) 3.6±0.7 3.4±0.5 2.413 0.017

LYM (×109/L) 1.7±0.5 2.1±0.4 3.177 0.002

NLR 2.12±0.4 1.64±0.3 9.878 <0.001

RBC (×1012/L) 4.7±0.4 4.8±0.4 1.728 0.085

Hb (g/L) 147.5±11.6 149.2±11.3 1.031 0.304

PLT (×109/L) 208.3±62.9 221.5±54.5 1.590 0.113

ALT (U/L) 24.8±4.5 24.2±3.9 1.010 0.314

Cr (μmol/L) 79.2±14.1 76.3±12.2 1.560 0.120

ALB (g/L) 41.3±6.2 43.6±6.4 2.509 0.123

CRP (mg/L) 0.81 (0.41, 1.77) 0.49 (0.25, 1.14) 2.069 0.039

ILD, interstitial lung disease, NILD, non-interstitial lung disease; CHD, coronary heart disease; BMI, body mass index; TC, total cholesterol; 
TG, triglyceride; WBC, white blood cell; NEU, neutrophil; LYM, lymphocyte; NLR, neutrophil to lymphocyte ratio; RBC, red blood cell; Hb, 
hemoglobin; PLT, platelet; ALT, alanine transaminase; Cr, creatine; ALB, albumin; CRP, C-reaction protein.

rechecked by HRCT. In total, 89 cases (41.0%) with ILD 
were identified in this study. A total of 35 cases (16.1%) died 
during follow-up. The QOL score showed that the QOL 
of participants in the NILD group was higher than that in 
the ILD group. Participants in the NILD group had better 
lung function (Table 2).

Analysis of factors related to ILD in patients with pSS

Logistic multivariate analysis showed that NLR, age, non-
regular treatment, albumin (ALB) <35 g/L, CRP (Table 3),  
and so on, were related to the presence of ILD in 
participants with pSS. In the 1–18 years of follow-up of 
146 participants with pSS without ILD, 105 underwent re-
HRCT examination, and 18 (17.1%) had ILD detected 
(Figures 2,3). A multivariate analysis of this result found that 

baseline NLR, ALB <35 g/L, CRP, age, and non-regular 
treatment were risk factors for the occurrence of ILD in 
pSS patients during follow-up (Table 4).

Analysis of factors related to the prognosis of pSS patients

Logistic regression analysis of the main adverse events 
during the follow-up period of pSS patients found that age, 
NLR, non-regular treatment, and ILD were closely related 
to all-cause death (Table 5).

Discussion

The retrospective analysis of this study found that  
71 cases of ILD (32.7%) were detected when pSS was first 
diagnosed among 217 patients, and 18 cases of ILD were 
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Table 2 Comparison of follow-up results between participants in ILD group and NILD patients

Outcomes ILD (n=71) NILD (n=146) Statistical value P value

Follow-up duration (yrs) 8 [5–11] 8 [4–12] 0.376 0.707

All-cause death, n (%) 17 (23.9) 18 (12.3) 4.764 0.029

Respiratory death, n (%) 15 (21.1) 10 (6.8) 9.553 0.002

RF hospitalization, n (%) 26 (36.6) 19 (13.0) 16.195 0.0001

New-onset ILD, n (%) – 18 (8.3) – –

WHOQOL-BREF score 58.5±11.8 63.6±12.4 2.887 0.004

Lung function, n (%) 14.665 0.002

I 25 (35.2) 69 (47.2)

II 24 (33.8) 61 (41.8)

III 16 (22.5) 14 (9.6)

IV 6 (8.5) 2 (1.4)

ILD, interstitial lung disease; NILD, non-interstitial lung disease.

newly diagnosed during the 1–18 years follow-up period 
(accounting for 17.1% of all participants who underwent 
HRCT during the follow-up period), which made a total 
of 89 cases (accounting for 41.0% of the total cases). The 
detection rate was basically the same as that of other studies 
(6,18). Our follow-up results showed that the prognosis 
of patients with ILD at the first diagnosis of pSS was 
significantly worse than that of patients without ILD. 
The main manifestation was that the incidence of adverse 
events in these patients during the follow-up period was 
significantly higher than that of NILD participants, and 
their QOL was poorer. Multivariate analysis found that 
multiple factors were related to pSS patients with ILD and 
its prognosis, including age, NLR, non-regular treatment, 
ALB, and CRP. At the same time, ILD significantly 
increased the risk of poor prognosis.

Rheumatic diseases are systemic inflammations that often 
involve lung tissues, resulting in decreased lung compliance 
and thickening of respiratory membranes, leading to 
restrictive ventilatory and gas exchange disorders. Patients 
often manifest asthma after exercise, stubborn hypoxemia, 
and eventually respiratory failure occurs (19,20). Early 
targeted treatment can delay progression of the disease 
and improve the patient’s respiratory function and QOL 
(21,22). The key point is to diagnose high-risk patients and 
lung changes at the early stage. Unfortunately, there have 
been relatively few related studies. Moreover, such studies 
are often cross-sectional studies, mainly describing that 
certain factors are statistically related to the presence of 
ILD in pSS patients at a certain point in time. In a meta-
analysis (23), He et al. examined 23 studies, including 6,157 
patients with pSS, and found that the detection rate of ILD 

Table 3 Analysis of factors related to the presence of ILD in patients with pSS

Factors RR 95% CI P value

NLR 2.36 1.29–5.01 0.006

Age 1.85 1.14–4.28 0.029

Not regular treatment 2.02 1.09–4.59 0.014

ALB <35 g/L 1.48 1.05–2.33 0.032

CRP 1.64 1.18–4.97 0.025

ILD, interstitial lung disease; pSS, primary Sjögren’s syndrome; RR, relative risk; CI, confidence interval; NLR, neutrophil to lymphocyte 
ratio; ALB, albumin; CRP, C-reactive protein.
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Figure 2 Case 1. Pulmonary manifestation of diffused ILD in a 
participant with pSS. ILD, interstitial lung disease; pSS, primary 
Sjögren’s syndrome.

Figure 3 Case 2. Pulmonary manifestation of diffused ILD, 
especially lower lobe of double lung in a participant with pSS. 
ILD, interstitial lung disease; pSS, primary Sjögren’s syndrome.

Table 4 Analysis of related factors of ILD occurrence in patients 
with pSS

Factors RR 95% CI P value

NLR 1.81 1.15–4.73 0.008

Age 1.43 1.06–3.66 0.029

Not regular treatment 1.39 1.03–3.38 0.014

ALB <35 g/L 1.32 1.05–3.17 0.039

CRP 1.44 1.10–4.53 0.027

ILD, interstitial lung disease; pSS, primary Sjögren’s syndrome; 
RR, relative risk; CI, confidence interval; NLR, neutrophil to 
lymphocyte ratio; ALB, albumin; CRP, C-reactive protein.

was 13% [95% confidence interval (CI): 9% to 19%], and 
the detection rate of Asian patients was higher than that of 
European patients (20% vs. 10 %). The risk factors for ILD 
in pSS patients include being: male [odds ratio (OR) =1.92, 
95% CI: 1.26 to 2.95], elderly [weighted mean difference 
(WMD) =9.25 years, 95% CI: 2.78 to 15.72], and having 
elevated CRP (WMD =3.92 mg/L, 95% CI: 0.27 to 1.61). 
The results of this study were inconsistent with the 
abovementioned factors, especially in that the study did 
not reveal that the male gender can be a risk factor. It can 
also be related to different populations and sample sizes. 
Some studies have found that certain new biomarkers are 
also related to the occurrence of ILD in patients with pSS, 
including interleukin-33 (IL-33) and soluble ST2 (24). The 
serum levels of angiopoietin-like protein 2 and galectin-3 
in pSS patients with ILD have been revealed as significantly 
higher than those in NILD patients (25,26). However, it 
will take a long time for these biomarkers to be applied in 
clinical work. This study first analyzed the factors related to 
the presence of ILD at the first diagnosis of pSS patients, 
and then followed up NILD participants. It was found that 
among 105 participants who reviewed HRCT during the 
follow-up period, 18 were diagnosed with ILD; we further 
did a multivariate analysis and found that baseline NLR, 
CRP, age, and non-regular treatment were risk factors for 
ILD in patients with pSS during follow-up. This result 
suggests that in clinical practice, if older patients with pSS 
are found to have higher levels of NLR and CRP at the 
first diagnosis, it should be noted that the risk of ILD in 
the future is significantly increased, and if the treatment 
of pSS is not regular, the risk of ILD will further increase, 
but there is no clear evidence on whether HRCT should 
be performed regularly for screening (27). In fact, many 
patients are currently diagnosed with ILD first, and then 

Table 5 Analysis of prognostic factors related to pSS patients

Factors OR 95% CI P value

Age 1.28 1.06–2.25 0.042

NLR 1.43 1.12–2.57 0.034

Irregular treatment 1.51 1.18–3.01 0.030

ILD 2.05 1.36–4.72 0.023

pSS, primary Sjögren’s syndrome; OR, odds ratio; CI, 
confidence interval; NLR, neutrophil to lymphocyte ratio; ILD, 
interstitial lung disease.
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diagnosed with pSS when investigating the cause (28). For 
high-risk pSS patients, noninvasive and simple methods can 
be considered for respiratory function monitoring, such as 
simple lung function grading (14,15,29), or performing lung 
function tests to detect impaired small airway ventilation as 
soon as possible (30,31).

Once ILD occurs in pSS patients, the prognosis is poor, 
and the 5-year survival rate is approximately 88.5% (32).  
The results of this study are basically consistent with 
those of previous studies. In this study, 35 participants 
(16.1%) died within 1–18 years (median follow-up time 
was 8 years) follow-up. However, it has also been observed 
clinically that although HRCT suggests interstitial lesions 
in some patients, there is no obvious manifestation of 
decreased lung function during long-term follow-up 
(19,33). Therefore, it is necessary to further identify those 
patients who have both imaging pulmonary interstitial 
changes and high clinical risk. In a study, Xu et al. found 
that extensive lung involvement is an independent risk 
factor for the progression of ILD in patients with pSS, and 
hypoproteinemia is an independent risk factor for death in 
such patients (34). In another study conducted by Kamiya  
et al., the authors found that lower percentage of forced 
vital capacity and higher serum Krebs von den Lungen-6 
(KL-6) levels are predictors of poor prognosis in patients 
with pSS-ILD (35).

In short, the results of this study initially suggested that 
NLR, which is easily testable in clinical practice, can be 
used as a predictor of ILD in patients with pSS, and can 
also be used as a predictor of long-term follow-up outcome 
for patients with pSS. The exploration of this potential use 
of NLR is worthy of further multicenter and prospective 
research. There were some limitations in this study. First, 
because it was a single-center study, the sample size was 
small. Secondly, because it was a retrospective analysis, 
not every patient diagnosed with pSS could be regularly 
followed up and undergo HRCT examination during the 
follow-up period. It is possible that some patients with ILD 
may have been missed. It is necessary to design a multi-
centered, prospective study on the basis of expanding the 
sample size to observe changes in the lung involvement and 
the prognosis of patients with pSS after the initial diagnosis 
of pSS.
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