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ABSTRACT
Background: The impact of lobectomy versus segmentectomy on body composition changes, particularly adipose tissue, in 
patients with early-stage lung cancer remains unclear. This study aimed to determine the association between these surgical 
approaches and postoperative changes in adipose tissue.
Methods: We retrospectively analysed visceral fat area (VFA) and waist circumference (WC) at the L3 level using cross-sectional 
computed tomography images from 346 recurrence-free patients who underwent lobectomy (n = 240) or segmentectomy (n = 106) 
for clinical stage 0–I primary lung cancer between January 2016 and December 2018. Long-term postoperative changes in VFA 
and WC by the third postoperative year (POY3) were compared between the lobectomy and segmentectomy groups using two-
way repeated measures analysis of variance (ANOVA). Risk factors for VFA reduction were identified through multivariable 
analysis using logistic regression model. Propensity score matching (PSM, 1:1 matching) was also performed to compare VFA 
and WC changes between the lobectomy and segmentectomy groups.
Results: At 6 months postoperatively, VFA and WC decreased by 16.4% and 1.0% in the lobectomy groups, respectively, and 
increased by 0.1% and 0.2% in the segmentectomy groups (p < 0.001 and p = 0.029, respectively). The two-way repeated measure 
ANOVA showed that the VFA and WC significantly decreased in the lobectomy group compared with the segmentectomy group 
within the POY3 (p < 0.001 and p = 0.038, respectively). Patients with a VFA change of ≥ −13% at POY3 (n = 238) had significantly 
better OS than those with a change of < −13% (n = 108) (5-year OS rate, 97.7% vs. 93.4%, p = 0.017), and VFA change < −13% at 
POY3 was an independent poor prognostic factor for OS (hazard ratio, 4.14; p = 0.013). Lobectomy was identified as an independ-
ent risk factor for a VFA change of < −13% at POY3 (odds ratio, 2.86; p < 0.001). After PSM (n = 93 for each group), VFA and WC 
significantly decreased in the lobectomy group compared with the lobectomy group within the POY3 (p = 0.009 and p = 0.020, 
respectively).
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Conclusions: In patients with early-stage lung cancer without recurrence, long-term postoperative changes in VFA and WC 
differed between lobectomy and segmentectomy. Lobectomy resulted in a greater decrease in VFA from 6 months to 3 years post-
operatively. In contrast, segmentectomy was associated with neither long-term postoperative VFA nor WC reduction.

1   |   Introduction

Although lobectomy is the standard procedure for early-stage pri-
mary lung cancer [1], recent clinical trials have demonstrated that 
segmentectomy is an acceptable alternative procedure [2–4]. In the 
JCOG0802/WJOG4607L clinical trial, the overall survival (OS) 
was compared after segmentectomy and lobectomy for early-stage 
non-small cell lung cancer with solid-dominant tumours of ≤ 2 cm 
in size. Segmentectomy was associated with a significantly better 
OS than lobectomy (5-year OS rate, 94.3% vs. 91.1%; p < 0.0001) 
[2]. Furthermore, the non–lung cancer-related deaths were less 
frequent after segmentectomy than after lobectomy [2]. This may 
account for the difference in OS between the two procedures and 
highlights the minimally invasive nature of segmentectomy.

Recent clinical trials and meta-analyses have reported that 
segmentectomy preserves respiratory function better than lo-
bectomy within the first postoperative year [2, 3, 5]. However, 
long-term follow-up demonstrates that the difference in respira-
tory function between the two surgical techniques diminishes 
over time [6, 7]. Further studies are necessary to elucidate the 
physiological changes that may influence the prognosis of pa-
tients undergoing lobectomy or segmentectomy.

We have previously demonstrated that reduction of psoas major 
muscle mass persists after lobectomy, not segmentectomy, in 
patients with early-stage lung cancer [8]. The decrease in psoas 
major muscle mass after segmentectomy was 4.7% less than that 
after lobectomy at the 3-year postoperative follow-up [8]. This 
indicates that segmentectomy may prevent the progression to 
sarcopenia and preserve the patient's body and function long 
after surgery.

In this study, we focused on the changes in adipose tissue after 
segmentectomy and lobectomy. According to recent studies, ad-
ipose tissue, including visceral fat and subcutaneous fat, are as-
sociated with the prognosis of patients with primary lung cancer 
[9–14]. Visceral fat and waist circumference (WC) represent the 
true visceral obesity or body fat mass, which affects the patient's 
immune system, inflammatory status and nutrition [14–18]. 
Several recent studies have demonstrated that a low visceral fat 
content, or adipopenia, is associated with poor prognosis in pa-
tients with lung cancer [12–14]. Patients with lung cancer and 
adipopenia have reduced energy stores, which induces systemic 
inflammation following tumour or surgical intervention and 
increases the mortality risk, especially of non-cancer-related 
death, due to energy imbalance [9, 19, 20].

Maintenance of body composition, including visceral fat and 
WC, is important following minimally invasive surgery for lung 
cancer. However, the differences in body composition changes 
between lobectomy and segmentectomy for early-stage lung 
cancer remain insufficiently understood. Thus, we aimed to 
compare the amount of adiposity change after segmentectomy 

and lobectomy and determine its association with prognosis in 
patients with lung cancer.

2   |   Material and Methods

2.1   |   Patients and Surgical Procedures

The study was approved by the review board of the Kanagawa 
Cancer Center (No: 2023 Eki-32; 12 June 2023). The need for ob-
taining consent was waived due to the retrospective nature of 
the study.

Among 532 consecutive patients who underwent lobectomy or 
segmentectomy for clinical stage 0–I primary lung cancer (8th 
edition TNM) at the Kanagawa Cancer Center from January 
2016 to December 2018, 78 experienced lung cancer recur-
rence postoperatively, 14 underwent surgery for synchronous 
or metachronous multiple lung cancers and 6 had surgery for 
an abdominal malignancy or required long-term dietary restric-
tions due to its complications, thereby excluding them from the 
study (Figure 1). From the remaining 434 patients, 346 (lobec-
tomy, n = 240; segmentectomy, n = 106) patients undergoing ab-
dominal and chest computed tomography (CT) preoperatively 
and postoperatively every 6–12 months (postoperative year 
[POY] 0.5), 12–24 months (POY1), 24–36 months (POY2) and 
36–48 months (POY3) were included in the study (Figure 1).

The segmentectomy group included patients who underwent 
segmentectomy with adjacent subsegmentectomy. This study 
included patients with early-stage lung cancer who received in-
tentional segmentectomy and passive segmentectomy in the seg-
mentectomy group. Intentional segmentectomy was performed for 
patients with small-sized (≤ 2 cm in size) or ground-glass opacity-
predominant tumours. Passive segmentectomy was performed 
for patients with solid-predominant tumours greater than 2 cm, 
as they were intolerable for lobectomy because of the patient's 
advanced age, low lung function or comorbidities. Lobectomy 
was performed for patients with early-stage lung cancer who had 
small-sized or ground-glass opacity-predominant tumours of 
≤ 2 cm in diameter that are difficult to resect by segmentectomy 
with adequate margins or patients who had solid-predominant tu-
mours of > 2 cm in diameter and could tolerate lobectomy. The pa-
tient's procedure was determined at a surgical conference based on 
patients' health condition and radiographic findings of the tumour.

2.2   |   Follow-Up

Chest and abdominal CT were performed postoperatively every 
6–12 m for 5 years. Additionally, blood tumour markers were evalu-
ated postoperatively every 3–6 m for the first 3 years and thereafter 
every 6–12 m up to 5 years. If recurrence was suspected, positron 
emission tomography–CT or magnetic resonance imaging of the 
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head was also performed. Patients without recurrence of lung can-
cer during the follow-up were eligible for this study.

2.3   |   Measurements and Calculation of Visceral 
Fat Areas and Waist Circumference Changes

CT scans were conducted using an Aquillion CT scanner 
(Toshiba Medical Systems, Tochigi, Japan), specifically the 
model AquilionCXL (120 kV, 600 mA), AquilionONE (120 kV, 
580 mA) or AquilionRX (120 kV, 500 mA). Visceral fat area 
(VFA) and WC were measured using unenhanced axial CT im-
ages at the L3 level [9, 12, 13, 16, 21, 22] with a 5-mm section 
thickness. These measurements were automatically calculated 
using SYNAPSE VINCENT (Fujifilm Medical Co., Ltd., Tokyo, 
Japan) by T.I., who was blinded to the patients' clinical and 
pathological data (Figure S1). VFA was quantified automatically 
with thresholds ranging from −200 to −50 Hounsfield units. 
Preoperative CT was obtained within 3 months before surgery. 
The amount of change in postoperative VFA and WC from the 
perioperative period was calculated as follows:

2.4   |   Statistical Analyses

The primary objective of this study is to compare the long-term 
VFA and WC change (up to 3 years) after lobectomy versus seg-
mentectomy. The secondary objective is to analyse whether 
long-term changes in VFA and WC are related to the surgical 
procedure and OS.

Mann–Whitney U or Student's t test and Fisher's exact test were 
used to compare continuous and categorical variables, respec-
tively, between the study groups. VFA and WC changes at each 
postoperative period (POY0.5, POY1, POY2 and POY3) from the 
preoperative period were analysed using one-way repeated mea-
sures analysis of variance (ANOVA) and Bonferroni adjustment. 

Two-way repeated measure ANOVA was used to compare the 
VFA and WC changes between the study groups.

The optimal cutoff values for VFA and WC changes at POY3 
were examined for survival analysis based on a Cox proportional 
hazard model, and the most significant threshold was used 
throughout all further analyses. OS was defined as the period 
from the date of surgery to the date of all-cause death, wherein 
patients were censored without any event in the last observa-
tion period. OS for the small and large VFA and WC reduction 
groups at POY3 was analysed using the Kaplan–Meier method 
and compared with the log-rank test. A Cox proportional haz-
ard regression model was used for univariable and multivariable 
(stepwise method) analyses for OS.

The risk factor for the VFA and WC change at POY3 was assessed 
using univariable and multivariable logistic regression analysis 
(the multivariable analysis was performed on all variables with a p 
value of < 0.10 in the univariate analysis). Following variables are 
included in the univariable and multivariable analysis: age, sex, 
body mass index (BMI), smoking history, Charlson comorbidity 
index, surgical approach (complete video-assisted thoracoscopic 
surgery or open thoracotomy), postoperative complications, his-
tology, tumour size, pathological stage, adjuvant chemotherapy 
and extent of lung resection (segmentectomy or lobectomy).

To reduce selection bias between patients who underwent lobec-
tomy and segmentectomy, propensity score matching (PSM) was 
performed (1:1 matching, calliper = 0.01) using the following 
preoperative factors: age, sex, BMI, smoking history, Charlson 
comorbidity index, surgical approach, histology, tumour size, 
pathological stage and adjuvant chemotherapy. After PSM, the 
VFA and WC change between segmentectomy and lobectomy 
were compared using two-way repeated measures ANOVA.

Statistical significance was set at p < 0.05. All statistical analy-
ses were performed using EZR on R Commander (version 1.30; 
Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).

Percentage of change (%)=

(postoperative value )−(preoperative value)

preoperative value
×100.

FIGURE 1    |    Consort diagram of this study. POY, postoperative year.
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TABLE 1    |    Comparison of characteristics of patients who underwent lobectomy versus segmentectomy for clinical stage 0–I primary lung cancer.

Total n = 346 Segmentectomy (n = 106) Lobectomy (n = 240) p valuesa

Age, median (IQR), years 69.5 (62.3–74.0) 69.0 (64.0–75.0) 0.628b

Male, No. (%) 46 (43.6) 119 (49.6) 0.296

Height, median (IQR), cm 159.6 (153.0–164.5) 160.4 (152.1–166.8) 0.523b

Weight, median (IQR), kg 58.8 (50.0–63.2) 56.7 (49.2–64.3) 0.560b

Body mass index, median (IQR), kg/m2 22.8 (20.6–25.0) 22.2 (20.5–24.4) 0.181b

Smoking history, No. (%) 65 (61.3) 125 (52.1) 0.128

FEV1%, median (IQR), % 74.6 (70.6–79.4) 74.1 (69.0–79.1) 0.277b

%VC, mean (SD), % 108.7 (15.0) 109.6 (14.5) 0.613c

Other cancer history, No. (%) 27 (25.5) 53 (22.1) 0.492

Comorbidity, No. (%)

Chronic obstructive pulmonary disease 5 (4.7) 14 (5.8) 0.801

Coronary disease 7 (6.6) 7 (2.9) 0.138

Hypertension 40 (37.7) 83 (34.6) 0.626

Diabetes mellitus 19 (17.9) 27 (11.2) 0.121

Charlson comorbidity index ≥ 1, No. (%) 54 (50.9) 113 (47.1) 0.560

cVATS, No. (%) 43 (40.6) 87 (36.2) 0.471

Postoperative complications ≥ G2d, No. (%) 24 (22.6) 59 (24.6) 0.785

Adenocarcinoma, No. (%) 98 (92.5) 214 (89.2) 0.435

Maximum tumour size ≥ 2.0 cm, No. (%) 27 (25.5) 151 (62.9) < 0.001

Pathological stage 0–I, No. (%) 105 (99.1) 212 (88.3) < 0.001

Adjuvant chemotherapy, No. (%) 0 (0) 42 (17.5) < 0.001

Preoperative VFA, mean (SD), cm2 110.9 (74.9) 114.0 (78.1) 0.726c

Preoperative WC, mean (SD), cm 83.2 (10.7) 82.9 (10.3) 0.820c

Preoperative SFA, mean (SD), cm2 108.5 (53.7) 101.9 (51.6) 0.278c

VFA change POY0.5, mean (SD), % 0.1 (39.4) −16.4 (26.1) < 0.001c

POY1, mean (SD), % 5.0 (45.7) −11.3 (33.8) < 0.001c

POY2, mean (SD), % 7.5 (54.9) −9.3 (33.8) < 0.001c

POY3, mean (SD), % 11.6 (43.9) −6.7 (37.4) < 0.001c

WC change POY0.5, mean (SD), % 0.2 (4.7) −1.0 (4.6) 0.029c

POY1, mean (SD), % 0.6 (5.0) −0.3 (4.9) 0.111c

POY2, mean (SD), % 1.0 (5.5) −0.3 (5.0) 0.031c

POY3, mean (SD), % 1.5 (4.9) −0.1 (5.9) 0.015c

SFA change POY0.5, mean (SD), % 5.0 (20.5) −0.3 (28.2) 0.083c

POY1, mean (SD), % 6.8 (24.7) 3.7 (34.2) 0.396c

POY2, mean (SD), % 7.4 (28.2) 3.8 (36.9) 0.369c

POY3, mean (SD), % 8.9 (23.6) 4.5 (36.1) 0.241c

Abbreviations: %VC, percentage predicted vital capacity; cVATS, complete video-assisted thoracoscopic surgery; FEV1%, percentage predicted forced expiratory 
volume at 1 s; IQR, interquartile range; POY, postoperative year; SD, standard deviation; SFA, subcutaneous fat area; VFA, visceral fat area; WC, waist circumference.
aFisher's exact test.
bMann–Whitney U test.
cStudent t test.
dBased on Clavien–Dindo classification.
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3   |   Results

The median follow-up period was 5.2 years (5.0–5.9 years). As 
shown in Table  1, the maximum tumour size was larger, and 
the pathologic stage was higher in the lobectomy group than in 
the segmentectomy group. Postoperative adjuvant chemother-
apy was administered more frequently in the lobectomy group 
than in the segmentectomy group. There was no significant dif-
ference in other characteristics between the study group. Of the 
106 patients who underwent segmentectomy, 87 patients (82.1%) 
received intentional segmentectomy, whereas only 19 patients 
(17.9%) received passive segmentectomy.

The VFA significantly decreased in the lobectomy group com-
pared with the segmentectomy group at each postoperative 
period (p < 0.001, respectively; Table  1). The WC significantly 
decreased at POY0.5 (p = 0.029), POY2 (p = 0.031) and POY3 
(p = 0.015) in the lobectomy group compared with the segmen-
tectomy group (Table 1). The histogram of VFA and WC change 
(%) at POY0.5 and POY3 was shown in Figure S2.

Two-way repeated measures ANOVA revealed that the VFA 
and WC were significantly decreased in the lobectomy group 
within the POY3 compared with the segmentectomy group 
(p < 0.001 and p = 0.038, respectively; Figure  2). In the lobec-
tomy group, VFA decreased by 16.4% at POY0.5; thereafter, the 
reduction in VFA became smaller (Figure  3a). WC decreased 
by 1.0% at POY0.5; the reduction in WC became smaller at 
POY1 (Figure  3b). In the segmentectomy group, the VFA and 
WC did not decrease over the postoperative period in the seg-
mentectomy group (Figure  3c,d). In subgroup analysis, VFA 
and WC were significantly decreased in the lobectomy group 
within POY3 than in the segmentectomy group among the 

patients with ≥65 years of age (p < 0.001 and p = 0.006, respec-
tively; Figure S3a,b). However, VFA and WC changes between 
the lobectomy and segmentectomy groups were similar among 
patients < 65 years of age (p = 0.095 and p = 0.850, respectively; 
Figure S3c,d).

Of the 13 deaths in the study, 12 occurred in the lobectomy 
group. The OS tended to be better in the segmentectomy 
group than in the lobectomy group (5-year OS rate: 99.0% vs. 
95.2%, p = 0.071; Figure 4a). The cut-off value for VFA and WC 
changes at POY3 was to be −13% (hazard ratio [HR], 3.58; 95% 
confidence interval [CI], 1.17–10.94; p = 0.025) and −5% (HR, 
3.82; 95% CI: 1.25–11.7; p = 0.019) (Figure  S4). Patients with 
a VFA change of ≥ −13% at POY3 had significantly better OS 
compared to those with a VFA change of < −13% at POY3 (5-
year OS rate: 97.7% vs. 93.4%, p = 0.017; Figure 4b). Similarly, 
patients with a WC change of ≥ −5% at POY3 had significantly 
better OS than those with a WC change of <−5% at POY3 (5-
year OS rate: 97.4% vs. 90.3, p = 0.011; Figure  4c). In a mul-
tivariable analysis of OS, VFA change < −13% at POY3 was 
a significant poor prognostic factor (HR, 4.14; 95% CI, 1.35–
12.7; p = 0.013) (Table 2).

In the multivariable analysis, lobectomy was an independent 
risk factor for VFA change < −13% (OR, 2.90; 95% CI, 1.62–5.20; 
p < 0.001) and for WC change < −5% at POY3 (OR, 4.30; 95% CI, 
1.60–11.6; p = 0.004) (Table 3).

After PSM, the clinicopathological features of the lobectomy 
and segmentectomy groups were comparable (Table S1). In ad-
dition, VFA and WC reduction were significantly greater in the 
lobectomy group than in the segmentectomy group within the 
POY3 (p = 0.009 and p = 0.020, respectively) (Figure 5a,b).

FIGURE 2    |    Comparison of VFA and WC changes after segmentectomy and lobectomy. The (a) VFA and (b) WC were considerably decreased in 
the lobectomy group within the POY3 compared with the segmentectomy group. ANOVA, analysis of variance; POY, postoperative year; VFA, vis-
ceral fat area; WC, waist circumference.
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4   |   Discussion

This study is the first to demonstrate that long-term postoper-
ative changes in VFA and WC differ between lobectomy and 

segmentectomy in patients with early-stage lung cancer without 
recurrence. Lobectomy was associated with a reduction in VFA 
and WC from POY0.5 to POY3 postoperatively, whereas segmen-
tectomy was not associated with a reduction in VFA or WC.

FIGURE 3    |    Postoperative changes in VFA and WC after lobectomy and segmentectomy. (a, b) The VFA and WC decreased at POY0.5 and gradual-
ly increased over time after lobectomy. (c, d) The VFA and WC did not decrease over the postoperative period in the segmentectomy group. ANOVA, 
analysis of variance; POY, postoperative year; VFA, visceral fat area; WC, waist circumference.
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Segmentectomy preserves more lung function, including FEV1 
and forced vital capacity, than lobectomy [2, 3, 5, 23]. In the 
JCOG0802 trial, the FEV1 reduction rates at 6 m after segmen-
tectomy and lobectomy were 10.4% and 13.1%, respectively 
(p < 0.0001) and at 12 m were 8.5% and 12.0% (p < 0.0001), respec-
tively [2]. In the CALGB140503 trial, the FEV1 reduction rate 
at 6 m was 4.0% and 6.0% after segmentectomy and lobectomy, 
respectively [3]. In the JCOG0802 trial, there were significantly 
fewer non–lung cancer-related deaths in the segmentectomy 

group than in the lobectomy group [2]. However, it was not clar-
ified whether the minimal differences in respiratory function 
between the two procedures can affect the incidence of non–
lung cancer-related deaths. Hence, further studies are required 
to assess the differences in long-term physiological changes in 
patients after segmentectomy and lobectomy.

In adipopenia, a patient's energy stores are reduced due to lipoly-
sis and decreased adipocyte size [24]. Adipopenia is associated 

FIGURE 4    |    OS after segmentectomy and lobectomy. (a) OS tended to be better in the segmentectomy group than in the lobectomy group. (b) OS 
of patients with a VFA change of ≥ −13% at POY3 was significantly better than that of patients with a VFA change of < −13% at POY3. (c) OS of pa-
tients with a WC change of ≥ −5% at POY3 was considerably better than that of patients with a WC change of < −5% at POY3. †95% CI. CI, confidence 
interval; OS, overall survival; POY, postoperative year; VFA, visceral fat area; WC, waist circumference.

TABLE 2    |    Univariable and multivariable (stepwise method) analysis for overall survival using Cox proportional hazards regression model.

Univariable analysis Multivariable analysis

Variable HR 95% CI p values HR 95% CI p values

Age ≥ 65 2.19 0.49–9.88 0.308

Male 3.84 1.06–14.0 0.041 4.44 1.22–16.2 0.024

BMI ≤ 18.5 kg/m2 0.92 0.12–7.12 0.940

Smoking history 1.88 0.58–6.12 0.292

CCI ≥ 1 1.29 0.43–3.85 0.645

Lobectomy (vs. segmentectomy) 5.33 0.69–41.0 0.108

Open thoracotomy (vs. cVATS) 0.94 0.31–2.86 0.906

Postoperative complications ≥ G2 0.25 0.03–1.96 0.189

Nonadenocarcinoma 3.02 0.83–11.0 0.093

Tumour size ≥ 2.0 cm 3.21 0.88–11.7 0.076

Pathological stage 0–I (vs. ≥ II) 3.73 1.03–13.6 0.046

Adjuvant chemotherapy 0.59 0.08–4.51 0.609

WC change < −5% at POY3 3.82 1.25–11.7 0.019

VFA change < −13% at POY3 3.58 1.17–10.9 0.025 4.14 1.35–12.7 0.013

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; CI, confidence interval; cVATS, complete video-assisted thoracoscopic surgery; OR, odds 
ratio; POY, postoperative year; VFA, visceral fat area; WC, waist circumference.
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with poor prognosis in patients with cancer because tumours 
and surgery may induce systemic inflammation and further en-
ergy imbalance [9, 19, 20]. However, obesity is associated with 
major cardiovascular risk factors, including hypertension, dys-
lipidemia, type 2 diabetes mellitus, chronic inflammation, and 
nonalcoholic fatty liver disease [25]. In patients with cancer, 
obesity is associated with a better prognosis [10, 26, 27], a phe-
nomenon known as the ‘obesity paradox’. Adipopenia is associ-
ated with poor prognosis in patients with primary lung cancer 
[9–11, 14], pancreatic cancer [28], diffuse large B-cell lymphoma 
[21] and prostate cancer [22]. COPD also exhibits the obesity 
paradox [29].

Visceral fat is the best representative of body fat mass among the 
other indices, and it exhibits correlations with the individual's 
nutritional, immune and inflammatory status [14]. Although a 
high visceral fat mass worsens the prognosis of young disease-
free individuals, it improves the prognosis of elderly patients 
with cancer and other diseases [12, 30, 31]. A Chinese multi-
centre prospective study of 14 018 patients with cancer demon-
strated that a low VFA was associated with a high mortality risk 
(HR: 1.33; 95% CI: 1.08–1.64; p = 0.007). A 10-cm2 reduction in 
VFA is associated with a 20% increase in cancer-related mortal-
ity risk. Furthermore, a low VFA was a risk factor of mortality 
in primary lung cancer (HR: 1.27; 95% CI: 1.01–1.59; p = 0.040) 
[14]. A high VFA is reportedly associated with a better postoper-
ative prognosis in patients with lung cancer [12, 13]. Hong et al. 
[32] demonstrated that the risk of all-cause mortality decreases 
with increasing VFA in older Asian adults (HR: 0.64; 95% CI: 
0.47–0.87). Patients with low VFA smoke more frequently, 
consume more alcohol, have lower nutritional and immunity 
status [14] and have poorer lung function [33] than those with 
high VFA. These factors may contribute to their poor prognosis. 

This study demonstrated that VFA change < −13% at POY3 is a 
poor prognostic factor for OS in patients with early-stage lung 
cancer, suggesting the importance of preventing postoperative 
adipopenia.

In this study, the decrease in VFA that occurred immedi-
ately after lobectomy did not occur after segmentectomy. 
Segmentectomy is reportedly associated with less frequent de-
terioration of physical and cognitive functioning, dyspnoea and 
fatigue at 12 m and faster recovery of dyspnoea than lobectomy 
[34]. Furthermore, segmentectomy avoids the long-term reduc-
tion of psoas muscle mass and may prevents it progression to 
sarcopenia [8]. The mechanism by which VFA decreases as the 
extent of resection increases is not well understood. Exposure to 
a hypoxic environment has been reported to lead to appetite sup-
pression and reduce physiological activities, such as food intake, 
digestion and nutrient absorption [35, 36]. Hypoxic conditions 
can increase energy expenditure, leading to a negative energy 
balance and ultimately weight loss, primarily due to a decrease 
in fat mass [36]. A greater extent of lung resection may expose 
patients to hypoxic conditions and increase energy expenditure, 
which can disrupt lipid metabolism, resulting in fat depletion 
[24]. Furthermore, the decrease in VFA may decrease the se-
cretion of anti-inflammatory hormones from the adipose tissue, 
resulting in long-term postoperative compromise and trauma, 
muscle weakness and decreased respiratory function, which 
worsens the prognosis [31, 33, 37].

In this subgroup analysis, VFA and WC did not decrease in the 
long term after segmentectomy, irrespective of patients' age 
(Figures 2 and S3). By contrast, VFA and WC decreased in the 
long term after lobectomy among patients ≥ 65 years of age, with 
no recovery to these preoperative levels (Figure S3a,b). However, 

FIGURE 5    |    Comparison of VFA and WC changes in the segmentectomy and lobectomy groups after PSM. (a) The postoperative VFA change was 
significantly smaller in the segmentectomy group than in the lobectomy group. (b) The postoperative WC change was significantly smaller in the 
segmentectomy group than in the lobectomy group. ANOVA, analysis of variance; POY, postoperative year; PSM, propensity score matching; VFA, 
visceral fat area; WC, waist circumference.
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patients aged < 65 years showed no significant difference be-
tween VFA and WC change postoperatively after lobectomy; 
VFA and WC decreased at POY0.5 and recovered thereafter to 
these preoperative levels (Figure S3c,d). These findings suggest 
that segmentectomy is more effective than lobectomy for pre-
venting the progression of postoperative adipopenia, especially 
in elderly patients. Because older patients with fat may eat bet-
ter, be more sociable and have greater overall well-being [32], 
they may have a better quality of life after segmentectomy than 
after lobectomy.

WC is an easily measurable indicator of visceral or central obe-
sity [17], and it reflects a truer adiposity than BMI [16, 18]. In 
our study, a decreased WC was detected in the lobectomy group 
alone. This may support the hypothesis that, as with visceral 
adipose fat, the maintenance of appetite after surgery in the 
segmentectomy group maintains body composition. A previous 
study has reported that an increase in WC increases the risk of 
mortality due to primary lung cancer [38]. However, another 
study stated that WC is not associated with lung cancer-related 
mortality [39]. Larger studies are required to clarify the associa-
tion between WC and prognosis.

This study had several limitations. First, it was a single-centre ret-
rospective study with a small sample size. Thus, there may be a 
selection bias in the two groups, despite PSM analysis. This study 
included patients who received intentional and passive segmentec-
tomy, wherein only 17.9% of vulnerable or frail patients underwent 
passive segmentectomy, which might not cause any difference in 
clinical background, such as age or comorbidities, between the lo-
bectomy and segmentectomy groups. However, further prospective 
studies are warranted to accurately match the patient background 
data of the segmentectomy and lobectomy groups. Second, this 
study excluded 88 patients (20.3%) with missing CT data during 
the POY3. Third, could not determine the mechanism by which 
differences in VFA changes affected the non–lung cancer-related 
death in this study. Finally, the mechanism by which segmentec-
tomy produces VFA changes was not analysed. Further studies 
are required to assess the molecular relationship between lung 
volume reduction and VFA reduction.

In conclusion, we demonstrated that the VFA and WC were bet-
ter maintained after segmentectomy than after lobectomy. In 
the lobectomy group, the VFA and WC decreased from POY0.5, 
and it recovered over a long period. However, in the segmentec-
tomy group, they did not decrease within the third postoperative 
year. Segmentectomy was associated with a lower likelihood of 
adipopenia progression.
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