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Summary
Background Increased body mass index (BMI) and metabolic abnormalities are controversial prognostic factors of
lung cancer. However, the relationship between metabolic overweight/obesity phenotypes and hospital readmission
in patients with lung cancer is rarely reported.

Methods We established a retrospective cohort using the United States (US) Nationwide Readmissions Database
(NRD). We included adult patients diagnosed with lung cancer from January 1, 2018 to November 30, 2018 and
excluded patients combined with other cancers, pregnancy, died during hospitalization, low body weight, and those
with missing data. The cohort was observed for hospital readmission until December 31, 2018. We defined and dis-
tinguished four metabolic overweight/obesity phenotypes: metabolically healthy with normal weight (MHNW), met-
abolically unhealthy with normal weight (MUNW), metabolically healthy with overweight or obesity (MHO), and
metabolically unhealthy with overweight or obesity (MUO). The relationship between metabolic overweight/obesity
phenotypes and 30-day readmission risk was assessed by multivariable Cox regression analysis.

Findings Of the 115,393 patients included from the NRD 2018 (MHNW [58214, 50.4%], MUNW [44980, 39.0%],
MHO [5044, 4.4%], and MUO [7155, 6.2%]), patients with the phenotype MUNW (6531, 14.5%), MHO (771, 15.3%),
and MUO (1155, 16.1%) had a higher readmission rate compared to those with MHNW (7901, 13.6%). Compared
with patients with the MHNW phenotype, those with the MUNW (hazard ratio [HR], 1.10; 95% CI, 1.06−1.14),
MHO (HR, 1.15; 95% CI, 1.07−1.24), and MUO (HR, 1.28; 95% CI, 1.20−1.36) phenotypes had a higher risk of read-
mission, especially in men, those without surgical intervention, or those aged >60 years. In women, similar results
with respect to readmission were observed in people aged >60 years (MUNW [HR, 1.07; 95% CI, 1.01−1.13], MHO
[HR, 1.19; 95% CI, 1.06−1.35], and MUO [HR, 1.28; 95% CI, 1.16−1.41]). We also found increased costs for 30-day
readmission in patients with MHO (OR, 1.18; 95% CI, 1.07−1.29) and MUO (OR, 1.11; 95% CI, 1.02−1.20).

Interpretation Increased BMI and metabolic abnormalities are independently associated with higher readmission
risks in patients with lung cancer, whereas increased BMI also increases the readmission costs. Follow-up and inter-
vention method targeting increased BMI and metabolic abnormalities should be considered for patients with lung
cancer.
Abbreviations: NRD, Nationwide Readmissions Database; MS, metabolic syndrome; HCUP, Healthcare Cost and Utilization Proj-

ect; ICD-10, International Classification of Diseases, 10th Revision; PCS, Procedure Coding System; HR, hazard ratio; OR, odds

ratio; CI, confidence interval; BMI, body mass index; MHNW, metabolically healthy with normal weight; MUNW, metabolically

unhealthy with normal weight; MHO, metabolically healthy with overweight or obesity; MUO, metabolically unhealthy with over-

weight or obesity; LOS, length of stay
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Research in context

Evidence before this study

We searched PubMed for studies published in English
until Mar 30, 2022, using combinations of “readmission”,
“phenotype” and “lung cancer”. We only identified one
meta-analysis but it was not related to our study. There
was no study exploring the relationship between meta-
bolic overweight/obesity phenotype and readmission
risk in patients with lung cancer. We also used combina-
tions of “BMI” and “lung cancer”, “metabolic syndrome”
and “lung cancer”. We found that patients with over-
weight or obesity had a lower risk of death, which was
known as the “obesity paradox”. The relationship
between metabolic syndrome and lung cancer was
controversial.

Added value of this study

This study was the first to make an exploration of the
relationship between metabolically defined over-
weight/obesity and readmission risk in patients with
lung cancer using the large national retrospective
cohort study.

Implications of all the available evidence

We found increased BMI and metabolic abnormalities
are independently associated with higher readmission
risks in patients with lung cancer, whereas increased
BMI also increases the 30-day readmission costs in
patients with lung cancer. Follow-up and intervention
method targeting increased BMI and metabolic abnor-
malities could be considered for patients with lung can-
cer to reduce hospital readmission and disease burden.
Introduction
Hospital readmission is an important predictor of
resource utilization and a metric used to improve nurs-
ing quality and cut down costs associated with patient
care.1 Identifying readmission factors can help design
more personalized follow-up plans to reduce readmis-
sion for patients and decrease the disease burden
according to the Hospital Readmissions Reduction Pro-
gram (HRRP), although cancer is not currently included
in this program.2
Lung cancer is the leading cause of cancer-related
death with 18.4% mortality, which is the first in males
and the second in females around the world.3 It has a
lower five-year survival rate than other cancers. The
numbers of incident cases and deaths from lung cancer
increased globally during the past decade which
makes patients with lung cancer have a high disease
burden.4 As the global data show, the burden of
lung cancer worldwide will remain substantial for
the foreseeable future.5 Therefore, identifying read-
mission factors for lung cancer is necessary to
decrease this constant burden.

Obesity is a risk factor and a negative prognostic fac-
tor for cancers.6 In America alone, people with obesity
account for more than one-third of adults and another
one-third are patients with overweight.7 To this trend,
the global incidence of obesity is expected to reach about
20% by 2025.8 However, epidemiological studies of
lung cancer have shown that patients with overweight
or obesity have a lower risk of death, which is known as
the “obesity paradox”.9 The reasons for this confound-
ing phenomenon remain unclear. Obesity, especially
central obesity, is also an important constituent part of
metabolic syndrome (MS) which also includes hyperten-
sion, hyperlipidemia, and hyperglycemia.10 Due to its
high incidence all around the world, MS has become a
noteworthy public health problem and significant
comorbidity.11 Studies have found that MS is associated
with the risk of lung cancer and the reason may be their
shared pathophysiological mechanisms, such as low-grade
chronic inflammation.12 However, other reports indicated
that MS didn’t increase the risk of lung cancer.13 Consid-
ering these contradictory opinions, it seems to be more
fitting to consider overweight/obesity or metabolic status
separately or in combination to identify novel risk factors
for readmission in patients with lung cancer.

To our knowledge, few studies have explored the
relationship between metabolically defined over-
weight/obesity and the readmission risk in patients
with lung cancer. It is not clear whether the effect of
overweight/obesity on readmission risk is influenced
by metabolic abnormalities. Therefore, we used the
Nationwide Readmissions Database (NRD) to investi-
gate the relationship between different metabolic
overweight/obesity phenotypes and readmission risk
in patients with lung cancer in this study to address
this important knowledge gap.
www.thelancet.com Vol 51 Month , 2022
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Methods

Study design and data source
In this retrospective cohort study, we used data from
the United States (US) NRD 2018 which has a large
sample size and provides sufficient data for various
types of analyses of national readmission rates for all
patients, regardless of the expected payer (method of
payment: Medicare, Medicaid, private insurance, self-
pay, no charge or others) for the hospital stay.14 This
nationally representative database is part of the
Healthcare Cost and Utilization Project (HCUP),
which was built by the Agency for Healthcare
Research and Quality to conduct national readmis-
sion estimations. Depending on a unique linkage
number, it allows to track of patients between hospi-
tals within a state but does not allow patients to be
tracked across years. It contains clinical and non-clin-
ical variables to support readmission analysis and
provides safeguards to protect the privacy of patients,
doctors, and hospitals.14 The NRD 2018, containing
data from 28 states and representing 60% of the US
population, makes diagnoses with the International
Classification of Diseases, 10th Revision (ICD-10)
codes to give a maximum of 40 diagnoses, and with
Procedure Coding System (PCS) codes to give up to
25 procedures per patient. The study was based on
STROBE reporting guidelines and complied with the
United States Agency for Healthcare Research and
Quality’s Healthcare Cost and Utilization Project
Data Use Agreement and was exempt from research
ethics board review. Data from the NRD 2018 was
de-identified; therefore, consent to participate was
not applicable.
Study population
We included adults with discharge diagnoses of lung
cancer from January 1, 2018 to November 30, 2018
using the ICD-10 codes from the NRD 2018. We
excluded (1) patients aged < 18 or with pregnancy for
the first hospitalization, (2) patients combined with
other cancers (malignant skin tumor, thyroid cancer,
prostatic cancer, bladder cancer, breast cancer, endome-
trial cancer, colorectal cancer, cervical cancer, ovarian
cancer, esophagus cancer, gastric cancer, carcinoma of
small intestine, liver cancer, and pancreatic cancer), (3)
patients discharged in December 2018, allowing a fol-
low-up period of 30 days, (4) missing data for baseline
characteristics for analyzing, (5) patients with body
mass index (BMI) 19.9 or less (Z681 based) which was
considered low body weight according to ICD-10 codes,
(6) patients died during the first hospitalization. In
addition, we excluded planned readmissions. The study
population was followed until December 31, 2018. The
details of the inclusion and exclusion criteria and the
www.thelancet.com Vol 51 Month , 2022
ICD-10 codes used are given in Supplementary Figure 1,
Supplementary Table 1, respectively.
Data collection
We collected the following patients’ characteristics
using NRD variables: age, sex, disposition of the patient,
admission types (whether unplanned), length of stay
(LOS), total charges, expected primary payer (Medicare,
Medicaid, private insurance, self-pay, no charge or
others), patient location, emergency record, resident
(identify patient as a resident of the State in which he or
she received hospital care), median household income,
risk mortality, severity, same day events (same-day stay
collapsed records), rehab transfer (transfer to rehabilita-
tion, evaluation, or other aftercare). We also collected
data on surgery (lobectomy or pneumonectomy) using
the ICD-10 PCS. According to Charlson’s comorbidity
index and assigned weights for diseases,15 we calculated
comorbidity score in our study. The comorbidities
included myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, connective tissue
disease, ulcer disease, mild liver disease, hemiplegia,
moderate/severe renal disease, leukemia, lymphoma,
moderate/severe liver disease, Acquired Immune Defi-
ciency Syndrome (AIDS). All the ICD-10 codes used to
identify comorbidities were shown in Supplementary
Table 2.
Definitions and outcomes
Patients were classified into BMI categories: normal
weight (BMI <25 kg/m2), and overweight/obesity (BMI
≥25 kg/m2). Metabolic status was defined by the compo-
nents of MS except for waist circumference (WC) which
was collinear with BMI: (1) hyperlipidemia: high serum
triglyceride (TGs) levels or high high-density lipoprotein
(HDL)-cholesterol levels, etc.; (2) hypertension; (3)
hyperglycemia. We defined the metabolically unhealthy
as the appearance of ≥ 2 of these components according
to the Adult Treatment Panel-III (ATP-III) criteria.16

Based on BMI categories and metabolic status, we dis-
tinguished four metabolic overweight/obesity pheno-
types: (1) metabolically healthy with normal weight
(MHNW); (2) metabolically unhealthy with normal
weight (MUNW); (3) metabolically healthy with over-
weight or obesity (MHO); and (4) metabolically
unhealthy with overweight or obesity (MUO). All the
above diagnoses were determined using ICD-10 codes
(Supplementary Table 3).

We also divided the patients in our study into 8 groups
based on BMI categories and simple metabolic abnormal-
ity types: (1) normal weight with no metabolic abnormal-
ity; (2) normal weight only with hyperlipidemia; (3)
normal weight only with hypertension; (4) normal weight
only with hyperglycemia; (5) overweight/obesity with no
3
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metabolic abnormality; (6) overweight/obesity only with
hyperlipidemia; (7) overweight/obesity only with hyperten-
sion; (8) overweight/obesity only with hyperglycemia. In
addition, we divided the population into another 8 groups
based on BMI categories and the number of metabolic
abnormalities: (1) normal weight with no metabolic abnor-
mality; (2) normal weight with one metabolic abnormality;
(3) normal weight with two metabolic abnormalities; (4)
normal weight with three metabolic abnormalities; (5)
overweight/obesity with no metabolic abnormality; (6)
overweight/obesity with one metabolic abnormality; (7)
overweight/obesity with two metabolic abnormalities; (8)
overweight/obesity with three metabolic abnormalities.

Our primary outcome was 30-day readmission. We
defined the readmission as diagnoses with lung cancer
and unplanned hospital readmissions from the dis-
charge which did not include planned readmission like
regular treatment. To reduce the impact of other dis-
eases, we adjusted the comorbidities of patients. With
regard to the patients who had more than one readmis-
sion, we only included the first record. The secondary
outcome was readmission cost which was divided into
quartiles to be ordinal variables.
Statistical analysis
The baseline characteristics in patients with different
metabolic overweight/obesity phenotypes were
described. Continuous variables were evaluated by the
one-way ANOVA and denoted as mean and standard
deviation, while categorical variables by the chi-square
test and denoted as frequency counts and percentages.
Two-sided tests were used in all hypothesis tests with a
significance level of p < 0.050. 30-day readmission of
lung cancer and readmission cost were analyzed using
multivariable Cox regression model and ordered logistic
regression model, respectively. Relevant variables were
selected as covariates if p < 0.050 in univariate analysis.
Results in the regression model were represented by
hazard ratios (HRs) or odds ratios (ORs) with an accom-
panying 95% confidence interval (CI). Additionally,
stratified analyses were performed based on: (1) age at
first hospitalization (< 46 years; 46−60 years; > 60
years), (2) sex (male, female), (3) surgery (with or with-
out lobectomy or pneumonectomy). The SPSS (Statisti-
cal Product Service Solutions) 26.0 software was used
to conduct all statistical analyses in our study.
Sensitivity analysis
(1) We used another cutoff (30 kg/m2) of BMI to classify
metabolic obesity phenotype for sensitivity analysis to
demonstrate the reliability of our results (Supplementary
Text 1). (2) Lung cancer related readmission was defined
as 30-day readmission with diagnoses of lung cancer in
top five diagnoses and it was analyzed with Fine and Gray
competitive risk model (Supplementary Text 2).
Role of funding source
The funder of the study had no role in study design,
data collection, data analysis, data interpretation or writ-
ing of this report. ZY, XF and JZ had access to dataset
and had final responsibility for the decision to submit
for publication.
Results

Baseline characteristics of patients with lung cancer
with metabolic overweight/obesity phenotypes
Table 1 shows the baseline characteristics of each study
group. Among 17,686,511 patients with discharge
records in NRD 2018, we identified 115,393 records for
analysis of which 50.4% (n = 58,214) were MHNW,
39.0% (n = 44,980) were MUNW, 4.4% (n = 5044)
were MHO, and 6.2% (n = 7155) were MUO, respec-
tively. The average age was 70 years and females
accounted for 50.1%.

Patients with MUNW or MUO were older on average
compared to the patients with MHNW or MHO, which
meant metabolically unhealthy patients were older (p <
0.050). Patients with MHO or MUO representing
patients with overweight or obesity had a longer length
of stay, cost more, and seemed to be at a higher severity
level. In addition, patients with overweight or obesity
were more likely to require surgery compared to
patients without overweight or obesity (all p < 0.050).
Compared to the MHNW phenotype, patients with
MUNW, MHO, and MUO were more likely to transfer
to other institutions, less likely to be routinely dis-
charged and had higher comorbidity score (p < 0.050).
Regarding readmission (Figure 1), patients with
MUNW (6531, 14.5%), MHO (771, 15.3%), and MUO
(1155, 16.1%) had a higher risk compared to the patients
with MHNW (7901, 13.6%), which meant overweight/
obesity and metabolic abnormality both increased 30-
day readmission in patients with lung cancer, especially
in males, patients without previous surgery, and those
aged >60 years group (all p < 0.050). Moreover, in the
general population, females, patients without previous
surgery and age >60 years group, and even patients
with MUO had a higher prevalence than those with
MUNW (p < 0.050). Interestingly, no differences in 30-
day readmission were observed between the MHNW
and MHO groups in females. Namely, overweight/obe-
sity increased 30-day readmission in patients with lung
cancer, irrespective of metabolic status.
Readmission risk of patients with lung cancer with
metabolic overweight/obesity phenotypes
Compared with MHNW, we found that MUNW (HR,
1.10; 95% CI, 1.06−1.14), MHO (HR, 1.15; 95% CI, 1.07
−1.24), and MUO (HR, 1.28; 95% CI, 1.20−1.36) had
higher 30-day readmission risk after adjusting the
www.thelancet.com Vol 51 Month , 2022



Normal weight (n=103,194) Overweight/obesity (n=12,199) Total (N=115,393) P value

Metabolically healthy
(MHNW) n=58,214

Metabolically unhealthy
(MUNW) n=44,980

Metabolically healthy
(MHO) n=5044

Metabolically unhealthy
(MUO) n=7155

Age (years), mean (SE) 68 (11) a 73 (9) b 66 (11) c 70 (9) d 70 (10) < 0.0001

LOS 6 (6) a 6 (6) b 7 (7) c 7 (7) c 6 (6) < 0.0001

Total charge 71,759 (88,608) a 74,236 (84,727) b 87,156 (102,522) c 83,876 (92,128) c 74,149 (88,095) < 0.0001

Comorbidity score 1.35 (1.37) a 1.92 (1.56) b 1.46 (1.38) c 2.00 (1.52) d 1.62 (1.49) < 0.0001

Age groups < 0.0001

< 46 years, n (%) 1250 (2.1) a 78 (0.2) b 156 (3.1) c 35 (0.5) d 1519 (1.3)

46−60 years, n (%) 13,384 (23.0) a 4296 (9.6) b 1385 (27.5) c 1106 (15.5) d 20,171 (17.5)

>60 years, n (%) 43,580 (74.9) a 40,606 (90.3) b 3503 (69.4) c 6014 (84.1) d 93,703 (81.2)

Sex < 0.0001

Male, n (%) 28,056 (48.2) a 23,935 (53.2) b 2145 (42.5) c 3454 (48.3) a 57,590 (49.9)

Female, n (%) 30,158 (51.8) a 21,045 (46.8) b 2899 (57.5) c 3701 (51.7) a 57,803 (50.1)

Weekend, n (%) 10,247 (17.6) a 8014 (17.8) a 871 (17.3) a 1198 (16.7) a 20,330 (17.6) 0.14

Rehab transfer, n (%) 426 (0.7) a 490 (1.1) b 55 (1.1) b 89 (1.2) b 1060 (0.9) < 0.0001

Resident, n (%) 54,788 (94.1) a 42,626 (94.8) b 4761 (94.4) a, b 6781 (94.8) a, b 108,956 (94.4) < 0.0001

Same day events, n (%) 1522 (2.6) a 1530 (3.4) b 214 (4.2) c 321 (4.5) c 3587 (3.1) < 0.0001

Nonelective, n (%) 44,086 (75.7) a 34,185 (76.0) a 3662 (72.6) b 5036 (70.4) c 86,969 (75.4) < 0.0001

Emergency record, n (%) 37,575 (64.5) a 30,129 (67.0) b 3206 (63.6) a, c 4466 (62.4) c 75,376 (65.3) < 0.0001

Surgery, n (%) 9453 (16.2) a 7508 (16.7) a 998 (19.8) b 1586 (22.2) c 19,545 (16.9) < 0.0001

Readmission < 0.0001

Total, n (%) 7901 (13.6) a 6531 (14.5) b 771 (15.3) b, c 1155 (16.1) c 16,358 (14.2)

Male, n (%) 4016 (14.3) a 3706 (15.5) b 354 (16.5) b 580 (16.8) b 8656 (15.0)

Female, n (%) 3885 (12.9) a 2825 (13.4) a 417 (14.4) a, b 575 (15.5) b 7702 (13.3)

Without surgery 7495 (15.4) a 6154 (16.4) b 735 (18.2) c 1073 (19.3) c 15,457 (16.1)

With surgery 406 (4.3) a 377 (5.0) a 36 (3.6) a 82 (5.2) a 901 (4.6)

< 46 years, n (%) 198 (15.8) a 5 (6.4) a 23 (14.7) a 7 (20.0) a 233 (15.3)

46 to 60 years, n (%) 2063 (15.4) a 725 (16.9) a 220 (15.9) a 193 (17.5) a 3201 (15.9)

> 60 years, n (%) 5640 (12.9) a 5801 (14.3) b 528 (15.1) b, c 955 (15.9) c 12,924 (13.8)

Disposition of the patient < 0.0001

Routine, n (%) 32,465 (55.8) a 22,870 (50.8) b 2710 (53.7) c 3773 (52.7) c 61,818 (53.6)

Transfer to Short-term Hospital,

n (%)

612 (1.1) a 450 (1.0) a 57 (1.1) a 56 (0.8) a 1175 (1.0)

Transfer Other: Includes SNF, ICF,

Another Type of Facility, n (%)

9179 (15.8) a 7882 (17.5) b 822 (16.3) a, b 1211 (16.9) a, b 19,094 (16.5)

HHC, n (%) 15,257 (26.2) a 13,442 (29.9) b 1420 (28.2) b 2078 (29.0) b 32,197 (27.9)
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Normal weight (n=103,194) Overweight/obesity (n=12,199) Total (N=115,393) P value

Metabolically healthy
(MHNW) n=58,214

Metabolically unhealthy
(MUNW) n=44,980

Metabolically healthy
(MHO) n=5044

Metabolically unhealthy
(MUO) n=7155

AMA, n (%) 630 (1.1) a 298 (0.7) b 31 (0.6) b 34 (0.5) b 993 (0.9)

Discharge alive, destination

unknown, n (%)

71 (0.1) a 38 (0.1) a 4 (0.1) a 3 (0.0) a 116 (0.1)

Primary expected payer < 0.0001

Medicare, n (%) 36,739 (63.1) a 35,606 (79.2) b 3046 (60.4) c 5350 (74.8) d 80,741 (70.0)

Medicaid, n (%) 6287 (10.8) a 2245 (5.0) b 565 (11.2) a 438 (6.1) c 9535 (8.3)

Private insurance, n (%) 12,536 (21.5) a 5803 (12.9) b 1194 (23.7) c 1162 (16.2) d 20,695 (17.9)

Self-pay, n (%) 1104 (1.9) a 305 (0.7) b 93 (1.8) a 66 (0.9) b 1568 (1.4)

No charge, n (%) 119 (0.2) a 39 (0.1) b 11 (0.2) a 7 (0.1) a, b 176 (0.2)

Other, n (%) 1429 (2.5) a 982 (2.2) b, c 135 (2.7) a, c 132 (1.8) b 2678 (2.3)

Patient Location: NCHS Urban-

Rural Code

< 0.0001

"Central" counties of metro areas

of >=1 million population, n (%)

14,062 (24.2) a 11,499 (25.6) b 1188 (23.6) a 1753 (24.5) a, b 28,502 (24.7)

"Fringe" counties of metro areas of

>=1 million population, n (%)

15,377 (26.4) a 12,496 (27.8) b 1390 (27.6) a, b 1955 (27.3) a, b 31,218 (27.1)

Counties in metro areas of

250,000−999,999 population,

n (%)

13,097 (22.5) a 9892 (22.0) a 1110 (22.0) a 1597 (22.3) a 25,696 (22.3)

Counties in metro areas of 50,000

−249,999 population, n (%)

5935 (10.2) a 4465 (9.9) a 522 (10.3) a 753 (10.5) a 11,675 (10.1)

Micropolitan counties, n (%) 5358 (9.2) a 3616 (8.0) b 462 (9.2) a, c 590 (8.2) b, c 10,026 (8.7)

Not metropolitan or micropoli-

tan counties, n (%)

4385 (7.5) a 3012 (6.7) b 372 (7.4) a, b 507 (7.1) a, b 8276 (7.2)

Median household income for

patient's ZIP Code

< 0.0001

0-25th percentile, n (%) 15,827 (27.2) a 12,035 (26.8) a 1353 (26.8) a 1877 (26.2) a 31,092 (26.9)

26th to 50th percentile (median),

n (%)

16,448 (28.3) a 12,293 (27.3) b 1499 (29.7) a 2091 (29.2) a 32,331 (28.0)

51st to 75th percentile, n (%) 14,312 (24.6) a 11,197 (24.9) a 1294 (25.7) a, b 1905 (26.6) b 28,708 (24.9)

76th to 100th percentile, n (%) 11,627 (20.0) a 9455 (21.0) b 898 (17.8) c 1282 (17.9) c 23,262 (20.2)

Risk Mortality < 0.0001

No class specified, n (%) 0 (0.0) a 1 (0.0) a 0 (0.0) a 0 (0.0) a 1 (0.0)

Minor likelihood of dying, n (%) 7732 (13.3) a 4383 (9.7) b 692 (13.7) a 716 (10.0) b 13,523 (11.7)

Table 1 (Continued)
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Normal weight (n=103,194) Overweight/obesity (n=12,199) Total (N=115,393) P value

Metabolically healthy
(MHNW) n=58,214

Metabolically unhealthy
(MUNW) n=44,980

Metabolically healthy
(MHO) n=5044

Metabolically unhealthy
(MUO) n=7155

Moderate likelihood of dying, n (%) 16,882 (29.0) a 11,014 (24.5) b 1273 (25.2) b 1773 (24.8) b 30,942 (26.8)

Major likelihood of dying, n (%) 25,818 (44.4) a 22,911 (50.9) b 2367 (46.9) c 3625 (50.7) b 54,721 (47.4)

Extreme likelihood of dying, n (%) 7782 (13.4) a 6671 (14.8) b 712 (14.1) a, b 1041 (14.5) b 16,206 (14.0)

Severity < 0.0001

No class specified, n (%) 0 (0.0) a 1 (0.0) a 0 (0.0) a 0 (0.0) a 1 (0.0)

Minor loss of function, n (%) 5254 (9.0) a 2780 (6.2) b 312 (6.2) b 292 (4.1) c 8638 (7.5)

Moderate loss of function, n (%) 19,453 (33.4) a 14,397 (32.0) b 1374 (27.2) c 2040 (28.5) c 37,264 (32.3)

Major loss of function, n (%) 22,704 (39.0) a 19,442 (43.2) b 2164 (42.9) b 3262 (45.6) c 47,572 (41.2)

Extreme loss of function, n (%) 10,803 (18.6) a 8360 (18.6) a 1194 (23.7) b 1561 (21.8) b 21,918 (19.0)

Comorbidity

Myocardial infarction 3187 (5.5) a 5932 (13.2) b 269 (5.3) a 854 (11.9) c 10,242 (8.9) < 0.0001

Congestive heart failure 5945 (10.2) a 9275 (20.6) b 732 (14.5) c 1887 (26.4) d 17,839 (15.5) < 0.0001

Peripheral vascular disease 4314 (7.4) a 5822 (12.9) b 335 (6.6) a 730 (10.2) c 11,201 (9.7) < 0.0001

Cerebrovascular disease 3162 (5.4) a 3766 (8.4) b 200 (4.0) c 401 (5.6) a 7529 (6.5) < 0.0001

Dementia 2358 (4.1) a 2634 (5.9) b 131 (2.6) c 215 (3.0) c 5338 (4.6) < 0.0001

Chronic pulmonary disease 29,265 (50.3) a 24,608 (54.7) b 2702 (53.6) b 4215 (58.9) c 60,790 (52.7) < 0.0001

Connective tissue disease 1884 (3.2) a 1461 (3.2) a 194 (3.8) a 242 (3.4) a 3781 (3.3) 0.12

Ulcer disease 699 (1.2) a 626 (1.4) b 60 (1.2) a, b 92 (1.3) a, b 1477 (1.3) 0.053

Mild liver disease 2609 (4.5) a 1711 (3.8) b 277 (5.5) c 326 (4.6) a, c 4923 (4.3) < 0.0001

Hemiplegia 1486 (2.6) a 1079 (2.4) a, b 95 (1.9) b 137 (1.9) b 2797 (2.4) < 0.0001

Moderate/severe renal disease 9339 (16.0) a 13,067 (29.1) b 978 (19.4) c 2362 (33.0) d 25,746 (22.3) < 0.0001

Leukemia 407 (0.7) a 315 (0.7) a 26 (0.5) a 54 (0.8) a 802 (0.7) 0.43

Lymphoma 445 (0.8) a 379 (0.8) a 33 (0.7) a 62 (0.9) a 919 (0.8) 0.30

Moderate/severe liver disease 325 (0.6) a, b 174 (0.4) c 40 (0.8) b 30 (0.4) a, c 569 (0.5) < 0.0001

AIDS 157 (0.3) a 68 (0.2) b 11 (0.2) a, b 6 (0.1) b 242 (0.2) < 0.0001

Table 1: Baseline characteristics of patients with lung cancer with metabolic overweight/obesity phenotypes.
The small letters (a, b, c, d) in this table refer to comparisons between groups. There is no statistical difference between groups with the same small letters. LOS, length of stay; SNF, Skilled Nursing Facility; ICF, Intermediate Care

Facility; HHC, Home Health Care; AMA, Against Medical Advice; NCHS, National Center for Health Statistics; AIDS, Acquired Immune Deficiency Syndrome.
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Figure 1. Readmission in patients with lung cancer with metabolic overweight/obesity phenotypes. (A) In total population and
by sex. (B) By surgery. (C) By age. *, The p value of inter-group comparison was less than 0.050. MHNW, metabolically healthy with
normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight or obesity; MUO,
metabolically unhealthy with overweight or obesity.
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covariates of age, sex, disposition of the patient, LOS,
admission types, expected primary payer, patient loca-
tion, emergency record, resident, median household
income, same day events, lobectomy or pneumonec-
tomy, comorbidity score and rehab transfer (Table 2,
Figure 2A). Male patients with MUNW, MHO, and
MUO had 1.15-fold (p < 0.0001), 1.17-fold (p = 0.0050)
and 1.28-fold (p < 0.0001) increased readmission risk
compared to the MHNW phenotype. Similarly, in all
patients without previous surgery at baseline, the
MUNW, MHO, and MUO phenotypes had 1.13-fold,
1.15-fold, and 1.29-fold increased risk to readmit com-
pared to patients with MHNW (all p < 0.0001) (Table 2).
No differences were found in patients with surgery and
females with MHO. However, we found a higher
Variable
Metabolic ov
obesity phen

Total MHNW

MUNW

MHO

MUO

Sex Male MHNW

MUNW

MHO

MUO

Female MHNW

MUNW

MHO

MUO

Surgery Without Lobectomy or pneumonectomy MHNW

MUNW

MHO

MUO

With Lobectomy or pneumonectomy MHNW

MUNW

MHO

MUO

Age < 46 years MHNW

MUNW

MHO

MUO

46−60 years MHNW

MUNW

MHO

MUO

> 60 years MHNW

MUNW

MHO

MUO

Table 2: 30-day readmission risk in patients with lung cancer as compa
a Adjustment for age, sex, disposition of the patient, LOS, admission types, e

household income, same day events, lobectomy or pneumonectomy, comorbidity

MHNW, metabolically healthy with normal weight; MUNW, metabolically unheal

sity; MUO, metabolically unhealthy with overweight or obesity; CI, confidence int

www.thelancet.com Vol 51 Month , 2022
readmission risk in the age >60 years females with
MHO (HR, 1.19; 95% CI, 1.06−1.35; p = 0.0040) and
age 46 to 60 years male with MUNW (HR, 1.17; 95%
CI, 1.04−1.31; p = 0.010) (Table 3).

Separately, in all age > 60 years patients, the
MUNW (HR, 1.10; 95% CI, 1.06−1.15), MHO (HR, 1.21;
95% CI, 1.10−1.32), and MUO (HR, 1.30; 95% CI, 1.22
−1.40) phenotypes had increased readmission risks
than the MHNW (all p < 0.0001). Whereas in the age
46 to 60 years group, only metabolically unhealthy
groups had a higher readmission risk compared to the
MHNW phenotype (MUNW: HR, 1.10; 95% CI, 1.01
−1.20; p = 0.029; MUO: HR, 1.17; 95% CI, 1.01−1.36;
p = 0.035). Conversely, there was a decreased readmis-
sion risk in MUNW with the age < 46 years group (HR,
Population (n) Hazard Ratio
(95% CI)a

P value
erweight/
otypes

58,214 1(reference)

44,980 1.10(1.06,1.14) < 0.0001

5044 1.15(1.07,1.24) < 0.0001

7155 1.28(1.20,1.36) < 0.0001

28,059 1(reference)

23,935 1.15(1.10,1.21) < 0.0001

2145 1.17(1.05,1.31) 0.0050

3454 1.28(1.18,1.40) < 0.001

30,158 1(reference)

21,045 1.09(1.04,1.15) 0.0010

2899 1.09(0.98,1.20) 0.10

3701 1.26(1.15,1.37) < 0.0001

48,761 1(reference)

37,472 1.13(1.09,1.17) < 0.0001

4046 1.15(1.07,1.24) < 0.0001

5569 1.29(1.21,1.37) < 0.0001

9453 1(reference)

7508 1.03(0.89,1.19) 0.72

998 0.81(0.57,1.13) 0.21

1586 1.01(0.80,1.29) 0.93

1250 1(reference)

78 0.38(0.15,0.95) 0.038

156 1.01(0.66,1.57) 0.95

35 1.47(0.68,3.20) 0.33

13,384 1(reference)

4296 1.10(1.01,1.20) 0.029

1385 1.05(0.92,1.21) 0.46

1106 1.17(1.01,1.36) 0.035

43,580 1(reference)

40,606 1.10(1.06,1.15) < 0.0001

3503 1.21(1.10,1.32) < 0.0001

6014 1.30(1.22,1.40) < 0.0001

red with MHNW.
xpected primary payer, patient location, emergency record, resident, median

score and rehab transfer.

thy with normal weight; MHO, metabolically healthy with overweight or obe-
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Figure 2. Cox survival curve of 30-day readmission in patients with lung cancer. (A) By metabolic overweight/obesity phenotype. (B) By sex. (C) By surgery. (D) By age. MHNW, metaboli-
cally healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight or obesity; MUO, metabolically unhealthy with over-
weight or obesity.
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Variable Female Male

Hazard Ratio (95% CI)a P value Hazard Ratio (95% CI)a P value

< 46 years Metabolic overweight/obesity phenotypes

MHNW 1(reference) 1(reference)

MUNW 0.68(0.21,2.16) 0.51 0.32(0.08,1.32) 0.12

MHO 1.21(0.69,2.10) 0.51 0.75(0.36,1.57) 0.45

MUO 1.70(0.67,4.29) 0.26 0.82(0.18,3.76) 0.80

46−60 years MHNW 1(reference) 1(reference)

MUNW 1.04(0.91,1.18) 0.60 1.17(1.04,1.31) 0.010

MHO 0.96(0.79,1.16) 0.64 1.19(0.97,1.46) 0.099

MUO 1.21(0.99,1.48) 0.066 1.14(0.91,1.42) 0.25

> 60 years MHNW 1(reference) 1(reference)

MUNW 1.07(1.01,1.13) 0.019 1.13(1.08,1.19) < 0.0001

MHO 1.19(1.06,1.35) 0.0040 1.21(1.06,1.38) 0.0040

MUO 1.28(1.16,1.41) < 0.0001 1.32(1.19,1.45) < 0.0001

Table 3: 30-day readmission risk in patients with lung cancer.
a Adjustment for disposition of the patient, LOS, admission types, expected primary payer, patient location, emergency record, resident, median household

income, same day events, lobectomy or pneumonectomy, comorbidity score and rehab transfer.

MHNW, metabolically healthy with normal weight; MUNW, metabolically unhealthy with normal weight; MHO, metabolically healthy with overweight or obe-

sity; MUO, metabolically unhealthy with overweight or obesity; LOS, length of stay; CI, confidence interval.
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0.38; 95% CI, 0.15−0.95; p = 0.038) (Table 2). Overall,
there were higher readmission risks in males, patients
without surgery, and patients aged 46 to 60 years
(Figure 2B, C, and D).
Readmission risk of patients with lung cancer in
further metabolic overweight/obesity analysis
With respect to overweight/obesity with simple meta-
bolic abnormality groups, we only observed a higher
risk of readmission in patients with overweight/obesity
but no metabolic abnormality (HR, 1.21; 95% CI, 1.07
−1.37; p = 0.0030) and overweight/obesity only with
hypertension (HR, 1.14; 95% CI, 1.02−1.27; p = 0.018)
group (Supplementary Table 4). Moreover, overweight/
obesity only with hyperlipidemia group in males had a
higher readmission risk (HR, 1.49; 95% CI, 1.07−2.06;
p = 0.018) and overweight/obesity with no metabolic
abnormality only increased the risk in females (HR,
1.19; 95% CI, 1.01−1.41; p = 0.041). In addition, our
overweight/obesity and abnormality number groups
found that more than one metabolic abnormality was
associated with a higher readmission risk in both
females and males, while overweight/obesity with no
metabolic abnormality only increased the readmission
risk of females (HR, 1.18; 95% CI, 1.00−1.40;
p = 0.049) (Supplementary Table 5).
Readmission costs of patients with lung cancer with
metabolic overweight/obesity phenotypes
We found increased costs for 30-day readmission after
adjusting for sex, disposition of the patient, LOS,
www.thelancet.com Vol 51 Month , 2022
admission types, expected primary payer, patient loca-
tion, emergency record, resident, median household
income, same day events, lobectomy or pneumonec-
tomy, comorbidity score and rehab transfer in patients
with MHO (OR, 1.18; 95% CI, 1.07−1.29; p = 0.0010)
and MUO (OR, 1.11; 95% CI, 1.02−1.20; p = 0.013).
Only phenotype MHO in males (OR, 1.16; 95% CI, 1.01
−1.34; p = 0.034), MUNW in all patients with surgery
(OR, 1.22; 95% CI, 1.03−1.46; p = 0.025) and MHO in
age >60 years group (OR, 1.18; 95% CI, 1.06−1.33;
p = 0.0040) had significantly higher costs compared to
MHNW (Supplementary Table 6). No significant differ-
ence was found in patients aged <46 years.
Discussion
As stated in the NRD overview,14 it has a large sample
size, which provides sufficient data for analysis across
hospital types and the study of readmissions for rela-
tively uncommon disorders and procedures. The NRD
is designed to support various types of analyses of
national readmission rates for all patients, regardless of
the expected payer for the hospital stay which ensures
the cohort in our study is representative for the wider
population of patients with lung cancer. Based on the
NRD 2018, the association between metabolic over-
weight/obesity phenotypes and the 30-day readmission
risk in patients with lung cancer was evaluated. We
found that the risk increased by 1.10-fold, 1.15-fold, and
1.28-fold in patients with MUNW, MHO, and MUO
compared to patients with MHNW, respectively. There
were similar trends in males, patients without surgery
at baseline, and the oldest age group (>60 years) in our
11



Articles

12
study. In addition, we documented that overweight/obe-
sity seemed to increase the readmission risk in older
females and the readmission costs. Further analyses
indicated that the number of metabolic abnormalities
was associated with the readmission risk in patients
with lung cancer as well. For all we know, this study
was the first to make an exploration of the relationship
between metabolically defined overweight/obesity and
readmission risk in patients with lung cancer using the
large national retrospective cohort study.

Hospital readmission, especially within 30 days, has
already attracted public attention and is used as an indi-
cator of health care because of its accompanying heavy
burden and resource utilization.17 Using Medicare
claims data from 2003 to 2004, a study denoted that
about one-fifth of the discharged patients were readmit-
ted to the hospital within 30 days.1 There were complex
reasons associated with readmission like biological,
social, or surgical factors.18 However, it is common
knowledge that reducing readmission and identifying
relevant factors were of great importance to the public
welfare.

Increased BMI had long been considered a protective
prognostic factor for lung cancer. Petrelli et al. had
shown that the mortality risk of lung cancer with obesity
was lower than patients without obesity.19 A meta-analy-
sis also confirmed that patients with lung cancer with
overweight or obesity had better survival rates and out-
comes, and omentin may serve as a prognostic factor
explaining the obesity paradox.20 However, some
research had also found that there were confounders
between increased BMI and lung cancer which may be
physical fitness, muscle-fat crosstalk, endocrinal
changes or smoking.21 The existing study had shown
that MS and its components were associated with sev-
eral cancers, especially cancers of the digestive system.
The mechanism for that was not entirely clear, one
explanation was that MS was a substitution for other
risk factors like reduced physical activity, high fat
intake, or oxidative stress.22 Circadian rhythms and the
gut microbiota may play a role as well.23 However, previ-
ous studies have shown that MS did not affect the mor-
bidity, survival, or outcomes of lung cancer.13,24 In our
further 8-group exploration, we found that more than
one metabolic abnormality was a risk factor for readmis-
sion risk in patients with lung cancer. If metabolic
abnormality was regarded as comorbidity, consistent
with our view, Zhu et al. would show that the readmis-
sion risk in patients with lung cancer who combined
with comorbidities was significantly higher and the
readmission risk increased with the number of comor-
bidities.5 The effects of metabolic status on overweight
or obesity-associated risk assessments were not consid-
ered in previous clinical studies. In our study, we
reduced the interaction of two factors by using the meta-
bolic overweight/obesity phenotypes and observed that
increased BMI and metabolic abnormalities were
independent risk factors for readmission in patients
with lung cancer, and illustrated the need to take tar-
geted measures on these patients after discharge.

To analyse whether sex or age influenced the rela-
tionship between metabolic overweight/obesity pheno-
types and readmission risk in patients with lung cancer,
we divided the population accordingly and suggested
that overweight/obesity in total females did not increase
the readmission risk in patients with lung cancer, but it
did in females over 60 years. In addition, our further
analyses of 8 groups identified that overweight/obesity
with no metabolic abnormality only increased readmis-
sion risk in females, not males. This finding further
reflected the modification of metabolic status on over-
weight/obesity and sex difference. As a previous study
found, in chemotherapy-treated non-small cell lung can-
cer (NSCLC), females exhibited longer progression-free
survival than males, indicating that female was a favor-
able prognostic factor for lung cancer, which may
explain our results.25 As another study showed, the
potential mechanism of obesity affecting lung cancer
was through the endogenous estrogen which appeared
protection via the combination of estrogen receptors on
lung tissue which reduced exposure to other risk fac-
tors.26 In females over 60 years, most in menopause,
the protective effects of estrogen diminished and even
disappeared, which caused a higher readmission risk.
Age difference also showed up across the total popula-
tion in our study, which was reflected as the increased
readmission risk induced by overweight/obesity and
metabolic abnormality focused on older patients. Meta-
bolic abnormality even showed a protective effect in
patients <46 years. A current review reported that the
survival between younger and older patients with lung
cancer was significantly different.27 Yet another possible
explanation was that lung cancer was most likely to
occur in elderly people, making the population differ-
ence in patient number,28 and the population <46 years,
really small in our study. Though specific reasons
needed to be further explored and with certain limita-
tions, elderly patients with lung cancer, especially
females, were required to be given close attention and
further methods should be identified to reduce rehospi-
talization in this population.

To the best of our knowledge, this was the first study
to assess the readmission risk in patients with lung can-
cer with metabolic overweight/obesity phenotype. Our
study had the strength that we used the national repre-
sentative database to establish a retrospective cohort
study, ensuring the size and range of our sample. More-
over, unlike most institutional or other data sets with
only a specific insurance class, the NRD includes all
payers. Despite the many strengths, there were several
limitations to our study. First, we used the ICD-10 and
PCS codes to make diagnoses and there were potential
coding errors because of selection bias. Nevertheless,
HCUP quality control procedures are carried out to
www.thelancet.com Vol 51 Month , 2022
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ensure the reliability and validity of the NRD data.29

Second, the database lacks the death information of
patients after discharge, which acted as an important
role in the analysis. We limited the analysis of readmis-
sion to 30 days according to the recommendations of
HCUP to reduce the bias due to patient mortality and
future research should take this into account.14 Third,
the NRD lacks personal medication data, personalized
therapeutic interventions and pathologic information
like histological types and stages of lung cancer. How-
ever, it was inconsistent in the impact of drugs like aspi-
rin and metformin on metabolic status or
bodyweight.21,30 Fourth, the sensitivity of BMI defined
by ICD-10 codes rather than exact value was low.
Finally, we could not confirm the exact cause of the
admission. But we limited the readmission with the
lung cancer diagnosis and we adjusted the comorbid-
ities to make the readmission related to lung cancer as
far as possible. We also conducted sensitivity analysis to
validate our findings. Considering our results were not
completely generalizable, further research using actual
calculated BMI and specifical laboratory data would be
necessary to verify our findings.

In conclusion, we found that increased BMI and
metabolic abnormalities were independently associated
with the increased 30-day readmission risk in patients
with lung cancer. Increased BMI also enhanced the risk
when having unhealthy metabolic status, especially in
women. Increased BMI, not metabolic abnormalities,
increased the costs for 30-day readmission. Follow-up
and intervention method targeting increased BMI and
metabolic abnormalities should be considered for
patients with lung cancer.
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