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Background: The purpose of this study was to identify the potential risk and protective factors of 
psychological burden in patients with pulmonary nodules (PNs) and to explore how the psychological status 
of the patients affects their treatment preferences.
Methods: In this questionnaire-based study, 1,185 outpatients were evaluated using the Hospital 
Anxiety and Depression Scale (HADS), and the correlations between psychological burden and patients’ 
sociodemographic and clinical characteristics were assessed.
Results: Prevalence of anxiety and depression was 42.1% and 27.0%, respectively, among patients with 
PNs. Binary logistic regression analysis revealed that age over 60 years old [odds ratio (OR) =0.57; 95% 
confidence interval (CI): 0.36–0.89], computed tomography (CT) scan due to physical discomfort (OR =1.58; 
95% CI: 1.11–2.24), multiple PNs (OR =1.52; 95% CI: 1.20–1.94), family history of malignancy (OR =1.28; 
95% CI: 1.01–1.64), and subjective symptoms (OR =1.70; 95% CI: 1.32–2.19) were independently associated 
with anxiety, while multiple PNs (OR =1.51; 95% CI: 1.15–1.98), subjective symptoms (OR =1.65; 95% 
CI: 1.23–2.20), and indeterminate nodules (OR =1.91; 95% CI: 1.08–3.40) were independently associated 
with depression. There was a tendency for patients with anxiety and depression to choose more aggressive 
management strategies (P<0.001 and P=0.001, respectively). Univariate analysis showed that symptomatic 
patients (χ2=9.696; P=0.021) and those with progressive nodules (χ2=18.198, P=0.033) chose more aggressive 
treatment strategies.
Conclusions: Anxiety and depression are common in patients with PNs, which might result in 
nonnegligible overtreatment. Presence of subjective symptoms can significantly exacerbate psychological 
burden and influence treatment preference. Taking psychological factors into consideration in the outpatient 
clinic may facilitate patient-centered communication and promote judicious decision-making.
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Introduction

Lung cancer is one of the leading causes of cancer-related 
death worldwide (1). During the last decade, efforts 
to increase the rate of early detection using low-dose 
computed tomography (CT) screening have led to the 
increased discovery of indeterminate pulmonary nodules 
(IPNs). Pulmonary nodules (PNs) are defined as abnormal 
opacities smaller than 3 cm in the lung parenchyma (2). 
Many patients consider PNs to be precancerous lesions 
or even early-stage lung cancer although most nodules 
are benign in nature (3). A rigorous follow-up plan and 
active surveillance, which may last for years, are usually 
recommended for nodules with indeterminate biological 
behaviors (2). This “watch and wait” approach, along 
with the fear of getting cancer, inevitably increases the 
psychological burden on these patients (4).

Recently, individuals with PNs have been found to be 
vulnerable to emotional distress or psychological burden (5). 
Studies among patients with PNs have shown that sex, age, 
education level, and smoking history may be the positive 
predictors of nodule-related distress (6-8), while high-
quality patient-clinician communication, social support, 
and noninvasive methods, such as a PN fact sheet, are 
associated with decreased distress (9-11). However, the 
psychological burden as well as the values and preferences 
of patients in the thoracic outpatient clinic have not been 
given much attention due to the large number of patients 
with PNs, which limits the duration of consultations. 
Interestingly, a recent study found that anxious patients were 
more likely to adopt aggressive management, leading to 
higher rates of false-positive misdiagnoses and unnecessary 
surgeries (4). In fact, it has been reported that a high 
proportion of patients with PNs who underwent surgery 
had benign diseases (12,13). This undoubtedly increases the 
burden on the health care system and results in wastage of 
medical resources. Disease-related psychological burden 
is a psychosocial condition, which is heavily influenced 
by personal and environmental or social factors, some of 
which may be modifiable through proper health education 
or patient-centered communication. Thus, there is a 
need to identify potential risks or protective factors for 
disease-related psychological burden in a large sample. 
The data generated may contribute to the prevention of 
overtreatment of patients with PNs and preserve medical 
resources for others in need (14).

Management of PNs varies from one clinician to 

another due to the lack of a standard approach based on 
current evidence, especially for those with nodules of 
an indeterminate or indolent nature. Although medical 
recommendations are usually based on clinical guidelines, 
the patients’ overwhelming anxiety levels sometimes cause 
clinicians to deviate from such recommendations (15). Since 
psychosocial issues have remained underrecognized and 
undertreated for a long period of time, emerging guidelines 
also emphasize the importance of eliciting patients’ 
treatment preferences (16). In particular, communication 
processes that evaluate patients’ preferences and values 
have been associated with decreased distress and with 
helping patients to make sound decisions (6,17). However, 
patients’ extrinsic and intrinsic motivations to undergo 
treatment options that are not evidence-based are not 
completely understood. We hypothesized that there may be 
risk factors for elevated levels of psychological burden and 
that knowledge of such factors may assist with the prompt 
identification of patient groups that need psychological 
consultation or tailored health education.

In this  cross-sect ional  s tudy,  we carr ied out  a 
questionnaire-based survey among patients with PNs in an 
outpatient clinic to identify the potential risk or protective 
factors for psychological burden. One aim of the study 
is to help with better understanding of how patients’ 
psychological status affects their treatment preferences. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-847/rc).

Methods

Participants

This cross-sectional study was conducted in the Thoracic 
Clinic of Guangdong Provincial People’s Hospital from 
January 1, 2021, to November 30, 2021. Patients with PNs 
who attended the outpatient clinic for the first time were 
invited to complete self-administered questionnaires. The 
inclusion criteria were as follows: (I) diagnosed with solitary 
or multiple IPNs smaller than 3 cm on a high-resolution 
CT scan; (II) aged 18 years and over; and (III) the ability to 
complete the questionnaires and sign the informed consent 
form. The exclusion criteria were as follows: (I) known 
pathological diagnosis of PNs by biopsy or surgery; (II) 
previously diagnosed mental disorder; and (III) previous 
history of malignancy at any site of the body.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-847/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-847/rc
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Data collection

The research protocol and data collection forms were 
predefined and reviewed by a multidisciplinary expert panel 
formed by surgeons, public health specialists, statisticians, 
and patient representatives. Demographic and clinical data 
were collected using a self-administered questionnaire, 
which included age, gender, smoking status, family history 
of malignancy, symptomatic complaints, reasons for CT 
workup, number and size of PNs, and dynamic change of 
PN during follow-up. Communication factors, including 
adherence to doctors’ recommendation and perception 
of follow-up periods recommended by doctors, were also 
assessed. The evaluation of psychological burden was 
undertaken using the Chinese version of the Hospital 
Anxiety and Depression Scale (HADS) (18,19).

The HADS consists of two subscales to assess anxiety 
and depression and is a reliable self-reporting tool, which is 
commonly used in clinical practice. Each subscale consists 
of seven 4-point Likert scale items, with the total score 
ranging from 0 to 21, whereby a higher score indicates 
higher levels of anxiety or depression. Based on the 
validation of the questionnaire, scores between 0 and 7 are 
considered within the normal range, while scores ≥8 suggest 
anxiety and depression (20).

Data collection was primarily conducted via web-based 
administration of the questionnaire using Wen Juan Xing 
(https://www.wjx.cn/; Changsha, China), the largest online 
platform for design and delivery of surveys in China. 
Patients who did not have access to the internet completed 
their questionnaires using available tablets and paper or 
through oral survey.

Statistical analysis

Demographic and clinical characteristics are described 
using mean with standard deviation (SD) for continuous 
data and numbers (percentages) for categorical data. 
The Shapiro-Wilk test was used to determine if the data 
were normally distributed. Categorical variables were 
compared using the Pearson chi-squared test, while 
continuous variables were compared using the Kruskal-
Wallis test. Binary logistic regression analysis was used 
to assess independent associations and their respective 
odds ratio (OR) regarding depression and anxiety. All 
tests were two-sided, and a P value <0.05 was considered 
to indicate statistical significance. All statistical analyses 
were performed using SPSS (version 26.0., IBM Corp, 
Armonk, NY, USA) software. A heatmap was generated 

using the ComplexHeatmap package in R v. 3.4.422 (The 
R Foundation for Statistical Computing), while a violin 
plot and a bar plot were generated using GraphPad Prism 
Version 8 (GraphPad Software, San Diego, CA, USA).

Ethical statement

This study was approved by the Research Ethics Committee 
of Guangdong Provincial People’s Hospital (No. KY-Q-
2021-005-03) and was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). All the patients 
enrolled in this study provided informed consent. This 
study is part of a study registered in ClinicalTrials.gov 
(registration No. NCT04857333).

Results

Demographic and clinical characteristics

Of the 1,284 patients invited for this psychological 
screening study, 1,185 (92.3%) provided informed 
consent and completed both the baseline information 
collection form and the psychological inventory. The 
demographic and clinical characteristics of the participants 
are summarized in Table 1, with their detailed information 
and corresponding psychological profile depicted using a 
comprehensive heatmap (Figure 1). In brief, the mean age 
of the overall cohort was 47 years (SD =11.4), and most of 
them (87.0%) were younger than 60. Females accounted 
for 61.8% of all patients with PNs. Notably, 77.4% of the 
patients with PNs were never-smokers, while only a small 
proportion of patients (7.5%) were current smokers, and the 
remainder had quit smoking. Family history of malignancy, 
which was defined as any malignant neoplasm in direct 
blood relatives within 3 generations, was documented in 
53.8% of patients. Interestingly, 60.7% of the patients with 
PNs reported one or more symptoms, such as abnormal 
sensation of the throat (n=382), cough (n=291), chest pain 
(n=176), expectoration (n=168), and hemoptysis (n=15). 
The proportions of patients with solitary or multiple PNs 
were balanced, at 48.5% vs. 51.5% of patients, respectively. 
Primary lesions with a maximum diameter of ≤10, 11 to 20, 
and 21 to 30 mm accounted for 81.7%, 16.2%, and 2.1% 
of the study cohort, respectively. In terms of the biological 
behavior, 76.3% of the PNs were indeterminate, while only 
16.4% of nodules were deemed benign according to the 
initial impression of the doctors involved. The results also 
showed that 1,141 (96.3%) patients reported they would 
follow the doctor’s recommendation for follow-up periods, 
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Table 1 Associations between sociodemographic characteristics and anxiety or depression burden in patients with PNs

Variables Overall cohort, n (%)
HADS-anxiety HADS-depression

N (%) P value† N (%) P value†

Age (years) 0.054 0.556

<35 202 (17.0) 91 (45.0) 60 (29.7)

35–59 830 (70.0) 366 (44.1) 222 (26.7)

≥60 153 (13.0) 52 (34.0) 38 (24.8)

Gender 0.151 0.680

Male 453 (38.2) 198 (43.7) 133 (29.4)

Female 732 (61.8) 311 (42.5) 187 (25.5)

Smoking status 0.389 0.314

Current 89 (7.5) 44 (49.4) 26 (29.2)

Ever 179 (15.1) 71 (39.7) 55 (30.7)

Never 917 (77.4) 394 (43.0) 239 (26.1)

Family history of malignancy 0.023* 0.149

Yes 637 (53.8) 293 (46.0) 183 (28.7)

No 548 (46.2) 216 (39.4) 137 (25.0)

Subjective symptoms <0.001* <0.001*

Yes 719 (60.7) 349 (48.5) 224 (31.2)

No 466 (39.3) 160 (34.3) 96 (20.6)

Reasons for CT workup 0.001* 0.029*

Physical discomfort 230 (19.4) 124 (53.9) 78 (33.9)

Health check-up 373 (31.5) 152 (40.8) 92 (24.7)

Follow-up exam for PN 582 (49.1) 233 (40.0) 150 (25.8)

PN number <0.001* <0.001*

Solitary 575 (48.5) 214 (37.2) 128 (22.3)

Multiple 610 (51.5) 295 (48.4) 192 (31.5)

Size of PN‡ 0.873 0.570

≤10 mm 968 (81.7) 415 (42.8) 261 (36.0)

11 to 20 mm 192(16.2) 82 (42.7) 50 (26.0)

21 to 30 mm 25(2.1) 12 (48.0) 9 (26.9)

Change during follow-up 0.810 0.965

Initial diagnosis 328 (27.7) 142 (43.3) 91 (27.9)

No obvious change 552 (46.6) 230 (41.7) 146 (26.4)

Progression 281 (23.7) 127 (45.2) 77 (27.2)

Remission 24 (2.0) 10 (41.7) 6 (25.0)

Table 1 (Continued)
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Table 1 (Continued)

Variables Overall cohort, n (%)
HADS-anxiety HADS-depression

N (%) P value† N (%) P value†

Initial impression of doctors 0.273 0.050

Indeterminate 904 (76.3) 394 (43.6) 249 (27.5)

Benign 194 (16.4) 74 (38.1) 41 (21.1)

Malignant 87 (7.3) 41 (47.1) 30 (34.5)

Adherence to doctors’ recommendation 0.733 0.967

High adherence 1,141 (96.3) 489 (42.9) 308 (27.0)

Low adherence 44 (3.7) 20 (45.5) 12 (27.3)

Perception of follow-up periods recommended by doctors <0.001* <0.001*

Appropriate 1,018 (85.9) 407 (40.0) 243 (23.9)

Too long 119 (10.0) 79 (66.4) 58 (48.7)

Too short 48 (4.1) 23 (47.9) 19 (39.6)
†, chi-square test; *, statistical significance; ‡, diameter of primary lesion in patients with multiple nodules. PN, pulmonary nodule; HADS, 
Hospital Anxiety and Depression Scale; CT, computed tomography.

Not anxiety Anxiety
HADS-A 
HADS-D

Age 
Gender 

Smoking status 
Family hx of malignancy 

Subjective symptoms 
Reasons of CT workup 

Number of pulmonary nodule 
Size of pulmonary nodule 
Change during follow-up 

Initial impression of doctors 
Treatment preference

P-value
<0.001
0.054 
0.151 
0.389 
0.023 
<0.001 
0.001 
<0.001 
0.873 
0.810 
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Gender 

Smoking status 
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Subjective symptoms 
Reasons of CT workup 

Number of pulmonary nodule 
Size of pulmonary nodule 
Change during follow-up 

Initial impression of doctors 
Treatment preference

P-value
<0.001
0.556 
0.680 
0.314 
0.149 
<0.001 
0.029 
<0.001 
0.570 
0.965 
0.050 
0.024

Follow-up exam for PN 
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Health check-up
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21

8

0
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11 to 20 mm 
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Follow-up 
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Figure 1 Demographic characteristics and HADS scores of participants. HADS, Hospital Anxiety and Depression Scale; HADS-A, HADS-
anxiety; HADS-D, HADS-depression.
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while 1,018 (85.9%) thought the timing of follow-up  
was appropriate.

Disease-related psychological profile

As is shown in Figure 1, patients with PNs were more 
vulnerable to anxiety than to depression. A higher 
proportion of participants tested positive (scored ≥8) for 
abnormal psychological status under the HADS-anxiety 
subscale (n=509, 42.1%) compared with the HADS-
depression subscale (n=320, 27.0%), with the mean 
scores being 11.49 (SD =3.29) and 11.13 (SD =3.01), 
respectively. The demographic and clinical characteristics 
of these anxious or depressed patients are presented in 
Table 1. Patients with a family history of malignancy 
were significantly more likely to test positive for anxiety 
than were those without a family history of malignancy 
[46.0% (293/637) vs. 39.4% (216/548); χ2=5.206; P=0.023]. 
Patients who had subjective symptoms were significantly 
more likely to test positive for anxiety [48.5% (349/719) 

vs. 34.3% (160/466); χ2=23.283; P<0.001] and depression 
[31.2% (224/719) vs. 20.6% (160/466); χ2=15.976; P<0.001]. 
Similarly, patients who had CT scans due to physical 
discomfort were more likely to be anxious [53.9% (124/230) 
vs. 40.3% (385/955); χ2=14.037; P=0.001] and depressed 
[33.9% (78/230) vs. 25.3 (242/955); χ2=7.052; P=0.029] 
than were those who did not feel uncomfortable. It is worth 
noting that significantly higher rates of both anxiety and 
depression were found in patients with multiple nodules 
(anxiety: χ2=14.999, P<0.001; depression: χ2=14.999, 
P<0.001) in patients who perceive follow-up periods 
were too long (anxiety: χ2=30.822, P<0.001; depression: 
χ2=37.445, P<0.001). However, univariate analysis showed 
that age, gender, smoking status, size of PNs, change 
of nodule during follow-up, and adherence to doctors’ 
recommendation were not correlated with anxiety and 
depression (all P values >0.05).

It is worth noting that subjective symptoms strongly 
affected the psychological burden. Thus, as demonstrated 
in Figure 2, we further explored the relationship between 
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Figure 2 Associations between subjective symptoms and anxiety or depression burden in patients with PNs. (A) HADS-A scores in respect 
to subjective symptoms. (B) HADS-D scores in respect to subjective symptoms. *P<0.05; **P<0.01; ***P<0.001. HADS, Hospital Anxiety 
and Depression Scale; HADS-A, HADS-anxiety; HADS-D, HADS-depression; PNs, pulmonary nodules.
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patients’ specific symptoms and psychological burden. 
There was a significantly higher positive rate of anxiety in 
patients with symptoms including abnormal sensation of 
throat (P<0.001), belching (P<0.01), acid reflux (P<0.001), 
chest pain (P<0.001), sputum (P<0.05), and cough (P<0.05). 
There was also a significantly higher positive rate of 
depression in patients with symptoms, such as abnormal 
sensation of throat (P<0.05), chest pain (P<0.001), 
hemoptysis (P<0.05), and cough (P<0.05).

To identify the variables that were independently 
associated with anxiety and depression, we conducted a 
binary logistic regression analysis (Table 2). The results 
indicated that age, reason for CT workup, number of PNs, 
family history of malignancy, and subjective symptoms 
were predictors of anxiety, while number of PNs, subjective 
symptoms, and initial impression of doctors predicted 
depression. Patients aged 60 years or more had lower odds 
for anxiety, compared to those aged <35 (OR =0.57; 95% 

Table 2 Binary logistic regression for influencing factors of anxiety and depression status in patients with PNs

Variables
HADS-anxiety HADS-depression

OR (95% CI) P value† OR (95% CI) P value†

Age (years)

<35 1

35–59 0.95 (0.69–1.30) 0.733

≥60 0.57 (0.36–0.89) 0.014

Reasons for CT workup

Health check-up 1 1

Follow-up exam for PN 0.94 (0.71–1.23) 0.635 1.03 (0.75–1.40) 0.866

Physical discomfort 1.58 (1.11–2.24) 0.008* 1.42 (0.97–2.08) 0.071

PN number

Solitary 1 1

Multiple 1.52 (1.20–1.94) 0.001* 1.51 (1.15–1.98) 0.003*

Family history of malignancy

No 1 1

Yes 1.28 (1.01–1.64) 0.044* 1.17 (0.89–1.53) 0.267

Subjective symptoms

No 1 1

Yes 1.70 (1.32–2.19) <0.001* 1.65 (1.23–2.20) 0.001*

Initial impression of doctors

Benign 1

Malignant 1.30 (0.89–1.91) 0.202

Indeterminate 1.91 (1.08–3.40) 0.027*

Perception of follow-up periods recommended by doctors

Too long 1 1

Too short 0.55 (0.27–1.10) 0.090 0.79 (0.40–1.59) 0.510

Appropriate 0.37 (0.25–0.56) <0.001* 0.36 (0.24–0.53) <0.001*
†, chi-square test; *, statistically significance. PN, pulmonary nodule; HADS, Hospital Anxiety and Depression Scale; OR, odds ratio; CI, 
confidence interval; CT, computed tomography.
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CI: 0.36–0.89; P=0.014). In contrast to those who did not 
undergo CT, patients who underwent a CT scan due to 
physical discomfort were more likely to be anxious (OR 
=1.58; 95% CI: 1.11–2.24; P=0.008). In addition, multiple 
PNs (OR =1.52; 95% CI: 1.20–1.94; P=0.001), family 
history of malignancy (OR =1.28; 95% CI: 1.01–1.64; 
P=0.044), and subjective symptoms (OR =1.70; 95% CI: 
1.32–2.19; P<0.001) were independently associated with 
anxiety. Meanwhile, number of PNs (OR =1.51; 95% 
CI: 1.15–1.98; P=0.003) and subjective symptoms (OR 
=1.65; 95% CI: 1.23–2.20; P=0.001) were also predictors 
of depression. Moreover, given the initial impression of 
doctors, patients were more anxious when the nature of the 
PNs was perceived to be indeterminate than when the PNs 
were considered to be benign (OR =1.91; 95% CI: 1.08–
3.40; P=0.027). After communication with their doctors, 
patients who felt follow-up periods recommended by 
doctors were appropriate were less likely to be anxious and 
depressed (anxiety: OR =0.37, 95% CI: 0.25–0.56, P<0.001; 
depression: OR =0.36, 95% CI: 0.24–0.53, P<0.001) 
compared with those who felt that the recommended 
follow-up periods were too long.

Impact on the treatment preferences of PNs

All the patients answered the item regarding what treatment 
options they would prefer if the nodule was clinically 
characterized as suspicious for malignancy. As demonstrated 
in Table 3 and illustrated in Figure 3, patients who screened 
positive for anxiety and depression chose more aggressive 
managements compared with patients who had a negative 
screen for anxiety and depression (P<0.001 and P=0.001, 
respectively). Specifically, the proportion of patients 
choosing surgery in patients who were positive for anxiety 
and depression was significantly higher than that in patients 
who were negative (42.6% vs. 34% and 43.1% vs. 35.7%, 
respectively). In contrast, patients who were negative for 
anxiety and depression were more willing to consent to 
follow-up compared to those who were positive (55.0% 
vs. 45.8% and 53.2% vs. 45.3%, respectively). It is worth 
noting that subjective symptoms significantly influenced 
psychological burden, which in turn had an impact on 
treatment preferences (χ2=9.696; P=0.021). Moreover, the 
change of PNs during follow-up also had an important 
effect on treatment preferences (χ2=18.198; P=0.033). As for 
communication factors, patients who thought the follow-up 
periods recommended by doctors were too long were more 
likely to prefer surgery (χ2=18.198; P<0.001).

Discussion

PNs have become increasingly prevalent and represent 
a medico-societal concern. Currently, the dominant 
management strategy for most PNs is active surveillance 
based on nodule characteristics and their corresponding 
risk levels (2,21-23). During active surveillance, most 
patients suffer from psychological distress (24), which 
may contribute to more aggressive treatment decisions, 
impact on doctors’ judgments and decisions (15,25), and 
pose a considerable challenge for the management of PNs. 
Even though we investigated the factors associated with 
psychological distress in patients with PNs, an even larger 
sample size may be needed to assess the potential factors 
from multiple dimensions. The results presented may allow 
for the prompt identification of distressed patients in the 
clinical setting and lead to the better management of PNs.

Our findings corroborate the impact of PN detection 
on emotional health demonstrated in prior studies (5,9,25). 
Psychological distress is commonly observed among 
patients with PNs, who show higher anxiety and depression 
scores compared with the normal population (26,27). 
Notably, there was a significant correlation between anxiety 
and depression in our study: while anxiety occurred more 
frequently, a large proportion of patients with depression 
also had anxiety. These psychological changes may be 
ascribed to a fear of developing cancer and insufficient 
knowledge about the disease. In psychology, anxiety is the 
body’s defensive response when coping with interior or 
exterior stresses (28), while depression usually correlates 
with behaviors related to withdrawal (29). A defensive 
response is usually triggered initially after the accidental 
detection of PNs. When fear and anxiety persist, the 
psychological burden is exacerbated and contributes to the 
development of depression. It has been reported that anxiety 
and depression are bidirectional risk factors for each other, 
and thus the presence of depression and anxiety complicates 
patient management (30,31). Unfortunately, our study 
showed that patients who had both anxiety and depression 
accounted for a considerable proportion. Therefore, earlier 
identification and timely psychological intervention are of 
great significance for these patients.

Concerning the possible risk factors of anxiety and 
depression in patients with PNs, in our study patients  
<35 years old were more likely to be anxious, which is 
consistent with reports that younger age is a predictor for 
anxiety for patients with PNs and other acute or chronic 
diseases, such as cancer and glaucoma (8,32,33). However, 
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Table 3 Associations between sociodemographic characteristics and treatment preferences in patients with PNs

Variables
Treatment preferences, n (%)

P value†

Surgery Follow-up Medication Other treatment

Age (years) 0.189

<35 68 (33.7) 114 (56.4) 14 (6.9) 6 (3.0)

35–59 329 (39.6) 413 (49.8) 68 (8.2) 20 (2.4)

≥60 50 (32.7) 78 (51.0) 19 (12.4) 6 (3.9)

Gender 0.788

Male 169 (37.3) 230 (50.8) 43 (9.5) 11 (2.4)

Female 278 (38.0) 375 (51.2) 58 (7.9) 21 (2.9)

Smoking status 0.750

Current 31 (34.8) 47 (52.8) 8 (9.0) 3 (3.4)

Ever 64 (35.8) 89 (49.7) 21 (11.7) 5 (2.8)

Never 352 (38.4) 469 (51.1) 72 (7.9) 24 (2.6)

Family history of malignancy 0.148

Yes 249 (39.1) 321 (50.4) 46 (7.2) 21 (3.3)

No 176 (36.7) 254 (53.0) 41 (8.6) 8 (1.7)

Subjective symptoms 0.021*

Yes 274 (38.1) 351 (48.8) 75 (10.4) 19 (2.6)

No 173 (37.1) 254 (54.5) 26 (5.6) 13 (2.8)

Reasons for CT workup 0.437

Physical discomfort 91 (39.6) 107 (46.5) 24 (10.4) 8 (3.5)

Health check-up 149 (39.9) 184 (49.3) 32 (8.6) 8 (2.1)

Follow-up exam for PN 207 (35.6) 314 (54.0) 45 (7.7) 16 (2.7)

PN number 0.528

Solitary 226 (39.3) 291 (50.6) 45 (7.8) 13 (2.3)

Multiple 221 (36.2) 314 (51.5) 56 (9.2) 19 (3.1)

Size of PN‡

≤10 mm 357 (36.9) 507 (52.4) 76 (7.9) 28 (2.9) 0.057

11 to 20 mm 81 (42.2) 88 (45.8) 19 (9.9) 4 (2.1)

21 to 30 mm 9 (36.0) 10 (40.0) 6 (24.0) 0 (0.0)

Change during follow-up 0.033*

Initial diagnosis 144 (43.9) 142 (43.3) 32 (9.8) 10 (3.0)

No obvious change 182 (33.0) 314 (56.9) 41 (7.4) 15 (2.7)

Progression 114 (40.6) 135 (48.0) 26 (9.3) 6 (2.1)

Remission 7 (29.2) 14 (58.3) 2 (8.3) 1 (4.2)

Table 3 (Continued)
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Table 3 (Continued)

Variables
Treatment preferences, n (%)

P value†

Surgery Follow-up Medication Other treatment

Initial impression of doctors 0.380

Indeterminate 348 (38.5) 452 (50.0) 80 (8.8) 24 (2.7)

Benign 66 (34.0) 104 (53.6) 19 (9.8) 5 (2.6)

Malignant 33 (38.0) 49 (56.3) 2 (2.3) 3 (3.4)

Adherence to doctors’ recommendation 0.158

High adherence 430 (37.7) 587 (51.4) 95 (8.3) 29 (2.5)

Low adherence 17 (38.6) 18 (40.9) 6 (13.6) 3 (6.8)

Perception of follow-up periods recommended by doctors <0.001*

Too long 67 (56.3) 36 (30.3) 11 (9.2) 5 (4.2)

Too short 12 (25.0) 26 (54.3) 8 (16.7) 2 (4.2)

Appropriate 368 (36.1) 543 (53.2) 82 (8.1) 25 (2.5)
†, chi-square test; *, statistically significance; ‡, the diameter of primary lesion in patients with multiple nodules. PN, pulmonary nodule; CT, 
computed tomography.
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Figure 3 Associations between patients’ treatment preferences and HADS score. (A) Associations between patients’ treatment preferences 
and HADS-A scores. (B) Associations between patients’ treatment preferences and HADS-D scores. HADS, Hospital Anxiety and 
Depression Scale; HADS-A, HADS-anxiety; HADS-D, HADS-depression.

PNs in young people are more likely to be caused by 
infection, and as such young patients’ anxiety appears 
excessive. In our study, patients with a family history of 
malignancy also had a higher proportion HADS-anxiety 
scores, which is consistent with the findings by Lee et al. (34), 
who reported that patients with a family history of malignancy 
were more anxious during breast cancer screening. The 
results of our study also revealed that the presence of 
indeterminate nodules was associated with depression in 
patients with PNs. As shown in Table 1, IPNs accounted for 

76.3% of all nodules and caused confusion and excessive 
worry in patients due to misperceptions about the natural 
history of nodules (6). Remarkably, the symptoms and 
number of PNs were significantly positive predictors of 
both anxiety and depression. It can be speculated that the 
number of PNs may be considered a sign of whether the 
PNs have metastasized. Therefore, patients should be 
educated about nodules to avoid excessive psychological 
burden. Strategies identified by other studies, such as a 
brochure that explained the safety and favorable outcomes 
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for most nodules (10) and tailoring patient-centered 
communication (15), may be helpful.

Symptoms are often the most common cause of physical 
discomfort for patients and the main reason for visiting a 
doctor. In the current study, there was a strong association 
between subjective symptoms and psychological status. 
This relationship may be bidirectional, as symptoms may 
worsen anxiety and depression, while anxiety and depression 
may induce more severe symptoms (35). The results of 
this study showed that chest pain was a salient factor for 
anxiety and depression. Patients with chest pain tend to 
experience negative emotions and a decreased quality of life 
irrespective of the cause of the pain since they commonly 
attribute the discomfort to the nodules and associate it with 
adverse outcomes (6,31,36). These findings call for more 
attention to chest pain, especially noncardiac chest pain 
among patients with PNs. However, noncardiac chest pain is 
a subjective symptom with various etiologies, with the most 
prevalent being gastroesophageal reflux disease, which is easy 
to diagnose and has effective treatment options (37). In our 
study, we discovered that 13% of patients with chest pain 
had a history of pneumonia, but the role of pleurisy needs 
further confirmation. As mentioned above, psychogenic 
chest pain should not be neglected since psychological 
disorders also account for the development of chest pain 
and many other symptoms.

In this study, there was no significant difference in anxiety 
or depression related to gender or smoking status, which is 
contradictory to the results of previous studies. Kosson et al. (8)  
and Xiao et al. (4) reported that the prevalence of anxiety 
and depression was higher in women than in men. In our 
study, although PN detection had a psychological impact 
on both male and female patients, we did not explore 
the extent of the impact on the psychological burden 
according to gender, which may explain why we could 
not determine why female patients were more likely to be 
anxious and depressed. Moreover, in our study only 7.5% 
of the patients were current smokers, and thus the statistical 
power to assess the role of smoking status was very limited. 
Interestingly, the number of PNs was associated with 
psychological burden, while the size of the PNs was not. It is 
possible that the proportion of patients with nodules ≤10 mm  
in our study was too high to mask the level of anxiety 
and depression in patients with nodules >10 mm. This 
discrepancy could also be partially due to the patients’ lack 
of knowledge about PNs, as patients may not have a precise 
idea of the size of the nodule (6).

Our study also examined the impact of psychological 

status and other factors on PN management. We postulated 
that surveillance of potentially malignant PNs within 
a defined time frame is safe and appropriate based on 
clinical guidelines, and the preference of surgical or other 
medical treatment instead of follow-up only were defined as 
aggressive treatment strategies. In our study, just about half 
of patients preferred the “watch and wait” strategy, while 
those with abnormal anxiety or depression scores were less 
likely to choose this conservative surveillance plan. Given 
that most nodules grow indolently, longitudinal surveillance 
is widely recommended to avoid overtreatment of benign 
or premalignant diseases (2,21,22). On the other hand, 
guidelines also emphasize the importance of eliciting patient 
preferences (16), which is a prerequisite for good doctor-
patient communication. However, patients’ treatment 
preferences are influenced by a variety of factors and are not 
fully understood. As mentioned above, patients with anxiety 
and depression tended to choose more radical and aggressive 
treatment modalities, which is consistent with the findings 
of other studies (15,25,38). In addition, our study also found 
that patients with subjective symptoms and progression 
of nodules tended to favor more aggressive strategies. In 
previous studies, doctor–patient communication and cancer 
risk were also significant influential factors on treatment 
preferences (39,40). It should be emphasized that an in-
depth understanding of patients’ treatment preferences 
better assists in the management of PNs than does simply 
deferring to patients’ preferences. Deferring to the patient 
often leads to overtreatment, which results in misdiagnosis, 
removal of benign tumors, and a significant waste of medical 
resources. A high proportion of benign or precursor disease 
was reported in resected/biopsied lung tissue in patients who 
underwent aggressive management (12,13). This suggests that 
psychological status should be assessed in a timely manner and 
that other influential factors should be taken seriously to assist 
patients with making more informed decisions. Therefore, 
we propose that an ideal management strategy for PN 
management should balance guidelines and patient treatment 
preferences based on an objective analysis of nodules.

On a positive note, the adherence of patients in this 
study was remarkably high, although some patients thought 
the follow-up periods recommended by doctors were not 
appropriate. It is not surprising that patients with high 
levels of anxiety and depression were more willing to 
choose surgery. Clearly, doctors play a significant role in the 
medical behavior of patients. When doctors communicate 
with patients, they should not only explain the treatment 
and how it is administered, but also be attentive to the 
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concerns and doubts of patients. Our results elucidate 
patients’ major concerns. For example, presence of cough 
was a risk factor for high levels of anxiety, and, similarly, 
patients with a family history of malignancy were more 
anxious. Implementing targeted patient education can 
promote healthy behaviors and alleviate negative emotions. 
As for patients with anxiety or depression, management 
strategies can be adjusted appropriately, such as by offering 
a shorter follow-up period. Surgery should also be included 
in the discussion when the patient is extremely distressed, 
especially for those nodules that can be wedge-resected. Of 
course, where necessary, psychosocial interventions should 
be implemented in collaboration with psychologists.

Limitations

Although this exploration has provided potentially 
valuable results, it has several limitations. First, our study 
was limited by its cross-sectional design. The lack of 
prospective studies raises concerns with regard to causal 
directionality, and thus findings need to be replicated within 
the context of longitudinal study designs. Second, anxiety 
and depression were measured using a self-reported scale 
without clinical diagnosis by psychiatrists. Although the 
HADS is convenient for research purposes, a questionnaire 
is not comparable with a formal psychiatric diagnosis of 
depression or anxiety. However, self-reports reflect patients’ 
subjective feelings and, nonetheless, assist with measuring 
patient concerns.

Conclusions

Anxiety and depression are common in patients with PNs, 
and they lead to a preference for more aggressive treatment. 
The factors influencing anxiety were age, subjective 
symptoms, family history of malignancy, number of PNs, and 
reason for CT workup, whereas depression was influenced 
by subjective symptoms, number of PNs, and the initial 
impression of doctors. Subjective symptoms significantly 
influenced treatment preferences. The results suggest that 
psychological status should be evaluated comprehensively to 
assist patients in making informed decisions.
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