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Abstract

Objective　  To  investigate  the  relationship  between  physical  activity  and  genetic  risk  and  their
combined effects on the risk of developing chronic obstructive pulmonary disease.

Methods　  This prospective cohort study included 318,085 biobank participants from the UK. Physical
activity  was  assessed  using  the  short  form  of  the  International  Physical  Activity  Questionnaire.  The
participants  were  stratified  into  low-,  intermediate-,  and  high-genetic-risk  groups  based  on  their
polygenic  risk  scores.  Multivariate  Cox  regression  models  and  multiplicative  interaction  analyses  were
used.

Results　 During a median follow-up period of 13 years, 9,209 participants were diagnosed with chronic
obstructive pulmonary disease. For low genetic risk, compared to low physical activity, the hazard ratios
(HRs) for moderate and high physical activity were 0.853 (95% confidence interval [CI]: 0.748–0.972) and
0.831  (95% CI:  0.727–0.950),  respectively.  For  intermediate  genetic  risk,  the  HRs  were  0.829  (95% CI:
0.758–0.905) and 0.835 (95% CI: 0.764–0.914), respectively. For participants with high genetic risk, the
HRs  were  0.809  (95% CI:  0.746–0.877)  and  0.818  (95% CI:  0.754–0.888),  respectively.  A  significant
interaction was observed between genetic risk and physical activity.

Conclusion　  Moderate  or  high  levels  of  physical  activity  were  associated  with  a  lower  risk  of
developing chronic obstructive pulmonary disease across all genetic risk groups, highlighting the need to
tailor activity interventions for genetically susceptible individuals.
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 INTRODUCTION

C hronic  obstructive  pulmonary  disease
(COPD) is the third leading cause of death
globally[1].  Between 2020 and 2050, COPD

is projected to cause an economic loss of USD 4.326
trillion  worldwide[2],  underscoring  its  substantial
public  health  burden.  COPD  develops  as  a  result  of
interactions  between  genetic  and  environmental
factors[3,4].

The  association  between  physical  activity  (PA)
and  lung  diseases  has  been  explored  in  relevant
studies[5-7].  One  study  showed  that  moderate  PA
enhanced  lung  function  and  improved  lung
capacity[5].  Another  study  demonstrated  that  PA
levels predicted important outcomes in COPD[6], with
low PA levels  associated with  higher  mortality  rates
in  COPD.  Although  PA  is  recommended  as  a
preventive measure[7],  it  remains uncertain whether
it can effectively prevent incident COPD, particularly
in individuals with varying genetic risk levels.

Although  smoking  is  the  primary  risk  factor  for
COPD,  not  all  smokers  develop  the  disease,
suggesting  that  genetic  factors  contribute  to
susceptibility.[4] More than 80 genetic loci have been
linked  to  COPD,  which  influences  early  life  events
and  shapes  lung  function  over  time.[8] Advances  in
genome-wide association studies (GWAS) have led to
the  identification  of  multiple  genetic  variants
associated with COPD risk and related phenotypes.[9]

Based  on  GWAS  data,  polygenic  risk  scores  (PRS)
have  been  developed  to  predict  an  individual’s  risk
of  COPD.[10] One  study  reported  that  a  higher  PRS
was associated with decreased lung function and an
increased risk of COPD.[11] However, the relationships
between  genetic  risk  scores,  PA,  and  COPD
outcomes,  as  well  as  their  potential  synergistic
effects, remain unclear.

This  study  aimed  to  investigate  the  association
between  PA  and  the  incidence  of  COPD  among
individuals  with  low,  intermediate,  or  high  genetic
risk and to assess the potential  interaction between
genetic risk and PA in the development of COPD.

 METHODS

 Study Design

The  UK  Biobank  is  a  comprehensive  biomedical
database containing de-identified genetic and health
information  of  over  500,000  UK  participants  aged
40–69  years.  Baseline  data  were  collected  between
2006  and  2010  using  touchscreen  questionnaires,

interviews,  physical  measurements,  and  health
records.  These  data  include  demographic,  health,
and  lifestyle  information  (such  as  PA),  supporting
vital  research  on  common  and  life-threatening
diseases.  This  prospective  cohort  study  analyzed
participants who did not have COPD at baseline and
had  available  data  on  both  PA  and  genetic  risk.  A
total  of  318,085  participants  were  included  in  the
analysis (Supplementary Figure S1).

 Physical Activity

PA  was  assessed  using  the  short  form  of  the
International  Physical  Activity  Questionnaire  (IPAQ),
which  records  the  frequency  and  duration  of
walking,  moderate-intensity,  and  vigorous-intensity
activities within a week.[12] The Metabolic Equivalent
of  Task (MET) was used to estimate the intensity  of
PA, with one MET defined as the energy expenditure
rate  of  a  person  at  rest.[13] The  IPAQ  assigns  MET
values of 3.3 for walking, 4.0 for moderate-intensity
activities, and 8.0 for vigorous-intensity activities. PA
levels  were  calculated  as  MET  ×  frequency
(days/week)  ×  duration  (min/day).  Total  physical
activity  (TPA)  was  obtained  by  summing  the  MET
values  for  all  activity  types.  Based  on  the  IPAQ
recommendations,  participants  were  categorized
into  three  PA  levels:  low  (<  600  MET-min/week),
moderate  (600–3000  MET-min/week),  and  high
(>3000 MET-min/week).  The detailed guidelines  can
be  obtained  from  the  IPAQ  data  processing  and
analysis manual.[14]

 Polygenic Risk Scores

The UK Biobank collected genetic and phenotypic
data  from  approximately  500,000  individuals  across
the  UK,  with  detailed  information  available  from  a
study  by  Bycroft  et  al.[15] The  participants  were
genotyped  using  either  the  custom  UK  Biobank
Axiom  array  (Affymetrix)  or  the  UK  Biobank  Lung
Exome  Variant  Evaluation  Axiom  (Affymetrix).
Genotype  data  were  imputed  using  the  1000
Genomes Phase 3 and UK10K reference panels.  The
PRS for COPD was developed using GWAS data from
individuals  of  European  ancestry.[16] Single
nucleotide  polymorphisms  (SNPs)  missing  from  the
UK  Biobank  dataset  were  excluded.  Independent
SNPs were selected using the linkage disequilibrium
clumping  procedure  (at  r2 <  0.01)  based  on  a
genome-wide  significance  threshold  (P <  10-8)  using
PLINK  version  2.0  (PLINK;  Broad  Institute,
Cambridge,  MA,  USA).[17] This  approach  minimizes
the  inclusion  of  highly  correlated  SNPs,  thereby
reducing  multicollinearity  and  improving  the
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accuracy  and  statistical  power  of  the  PRS.  The  PRS
was  computed  across  all  selected  SNPs  associated
with COPD (Supplementary Table S1).[18] The PRS was
calculated  for  each  UK  Biobank  participant  as  the
sum  of  the  risk  alleles  (0,  1,  or  2)  at  each  locus,
weighted  by  the  natural  logarithm of  the  estimated
odds  ratio  (OR)  for  that  locus.[16] The  resulting  PRS
values  were  normally  distributed  (Supplementary
Figure  S2).  Quintiles  of  the  PRS  were  defined  using
cutoffs at -0.0097 (0%), 0.0011 (20%), 0.0028 (40%),
0.0042 (60%), 0.0058 (80%), and 0.0155 (100%). The
highest quintile (5th quintile)  was designated as the
high  genetic  risk  group.  Accordingly,  PRS  was
categorized  into  three  groups:  low  (PRS ≤ 0.0011),
intermediate  (0.0011  <  PRS ≤ 0.0042),  and  high
(PRS > 0.0042), corresponding to the lowest quintile,
quintiles  2–4,  and  the  highest  quintile,
respectively.[19]

 Outcome

Incident  COPD  was  identified  through  linkage
with  hospital  admissions  and  death  register  records
using  the  International  Classification  of  Diseases
(ICD)  codes  ICD-9  (490-492,  494,  496)  and  ICD-10
(J40-J44).  The  follow-up  time  was  defined  as  the
time from the date of recruitment to the earliest  of
the  following  events:  the  first  diagnosis  of  COPD,
censoring  date  (August  31,  2022,  for  Scotland;  May
31, 2022, for Wales; October 31, 2022, for England),
or date of death.

 Covariates

The covariates included age, sex, race, body mass
index  (BMI),  Townsend  deprivation  index  (TDI),
smoking status, alcohol consumption, diet, and sleep
patterns.  Age  was  categorized  as  <60  years  or ≥60
years.  Sex  was  categorized  as  male  or  female.  Race
was  categorized  as  white  or  non-white.  BMI  was
categorized  as  normal/underweight  (<25  kg/m2),
overweight  (25–30  kg/m2),  and  obese  (≥30  kg/m2).
The  TDI  was  divided  into  quartiles.  Smoking  status
was  classified  as  current,  former,  or  never  smoked.
Alcohol  consumption  was  categorized  as  current,
past, or never. Dietary information was collected via
touchscreen questionnaires, and a healthy diet score
was  calculated  based  on  the  intake  of  vegetables,
fruits,  fish,  unprocessed  red  meat,  and  processed
meat,  with  scores  ranging  from  0  (unhealthy)  to  5
(healthiest)[20] (Supplementary  Table  S2).  Sleep-
related  variables  included  sleep  duration,  insomnia,
snoring,  chronotype,  and  daytime  sleepiness.
Composite  sleep  scores  ranging  from  0  to  5  were
calculated  and  categorized  as  healthy  sleep  (≥4),

intermediate  sleep  (2-3),  or  poor  sleep  (≤1)
(Supplementary Table S3).[21] Detailed measurement
information is available from the UK Biobank.[22]

 Statistical Analysis

Missing  covariate  values  were  imputed  using
multiple imputations by chained equations with five
imputations  (R  package  'mice').[23] The  detailed
missing  rates  are  provided  in  Supplementary  Table
S4. Cox proportional hazard regression models were
used  to  estimate  the  hazard  ratios  (HRs)  and  95%
confidence  intervals  (CIs)  for  the  independent  and
combined associations between PA, genetic risk, and
incident COPD after adjusting for age, sex, BMI, race,
TDI,  smoking  status,  drinking  status,  sleep  scores,
and diet scores. The proportional hazard assumption
was  tested  using  Schoenfeld  residuals,  and  no
violation  of  this  assumption  was  observed.  Genetic
data  analyses  were  additionally  adjusted  for  the
genotyping  chip  and  the  first  ten  principal
components of ancestry.

The  interactions  between  PRS  and  PA  were
tested  by  adding  a  cross-product  term  to  the  Cox
model.  The  statistical  significance  of  the  interaction
was  assessed  using  the  likelihood  ratio  test  by
comparing the goodness of fit between models with
and  without  the  interaction  term.  Nonlinear
relationships  among  genetic  risk,  TPA,  and  incident
COPD  were  evaluated  using  restricted  cubic  spline
curves  in  multivariable  Cox  models,  with  four  knots
placed at the 5th, 35th, 65th, and 95th percentiles of
TPA (referred to as the 5th percentile).

Sensitivity  and  subgroup  analyses  were
performed.  First,  to  minimize  reverse  causality,
participants  who  developed  COPD  within  the  first
two  years  of  follow-up  were  excluded  from  the
analysis.  Second,  we  reanalyzed  the  risk  of  incident
COPD  by  removing  missing  data  from  all  variables.
Third,  Cox  proportional  hazards  models  were
conducted  stratified  by  age  groups  (≤45,  45–55,
55–65,  >65  years)  and  sex  (male  or  female).  To
account  for  multiple  testing  across  models  and
covariates, P-values  were  adjusted  using  the
Benjamini–Hochberg method to control for the false
discovery  rate  (FDR).  Statistical  significance  was
determined  at  an  FDR-adjusted P-value  of  <  0.05.
Finally,  to  mitigate  potential  selection  and
confounding  biases,  we  used  multivariable-adjusted
propensity  score  matching  (PSM)  to  assess  the
robustness  of  the  results[24] after  adjusting  for  age,
sex,  BMI,  race,  TDI,  smoking  status,  drinking  status,
sleep  scores,  diet  scores,  and  other  covariates.  A
matching ratio of 1:n should not exceed 1:4 to avoid
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overfitting.  In  this  study,  we  used  a  1:1  to  1:3  PSM
(matching  low  PA  with  moderate-to-high  PA  in  a
ratio of 1:1–1:3).

All analyses were conducted using the R software
(version  4.3.1,  R  Project  for  Statistical  Computing,
Vienna,  Austria).  All  statistical  tests  were two-sided,
with P < 0.05 considered statistically significant.

 RESULTS

 Baseline Characteristics

Among  the  318,085  participants,  9,209  were
diagnosed  with  COPD  during  a  median  follow-up
period  of  13.0  years.  Of  these  participants,  131,931
(41.5%)  were  aged  60  years  or  older,  169,135
(53.2%)  were  female,  and  303,205  (95.3%)  were
White.  With  regard  to  genetic  risk,  63,678
participants  (20.0%)  had  low  genetic  risk,  127,230
(40.0%)  had  intermediate  genetic  risk,  and  127,177
(40.0%)  had  high  genetic  risk.  Most  participants
achieved  moderate  or  high  PA  levels  (>80.0%).
Compared  with  participants  without  COPD,  those
who  developed  COPD  were  significantly  more  likely
to  be  aged  60  years  or  older,  male,  obese,  in  the
fourth  quartile  of  the  TDI,  current  or  former
smokers,  former  drinkers,  have a  healthy  diet  score
of <3, and have poor sleep scores (Table 1).

 Association Between Physical Activity, Genetic Risk,
and Incident COPD

Model  1  was  adjusted  for  age,  sex,  BMI,  race,
TDI, smoking status, drinking status, sleep score, and
dietary  score  (Table  2).  Compared  with  low  PA,
moderate and high PA were associated with a lower
risk of developing COPD, with HRs of 0.822 (95% CI:
0.779–0.868)  and  0.824  (95% CI:  0.780–0.871),
respectively.  Compared  with  low  genetic  risk,
intermediate and high genetic  risks were associated
with  a  higher  risk  of  developing  COPD,  with  HRs  of
1.105  (95% CI:  1.042–1.173)  and  1.339  (95% CI:

1.264–1.418),  respectively.  Model  2  was  further
adjusted  for  either  the  genetic  risk  category  or  PA
level,  and  the  results  remained  consistent.
Compared with low PA, moderate and high PA were
associated  with  HRs  of  0.824  (95% CI:  0.780–0.870)
and  0.826  (95% CI:  0.782–0.873),  respectively.
Compared  with  low  genetic  risk,  intermediate  and
high genetic risks were associated with HRs of 1.105
(95% CI:  1.041–1.172)  and  1.337  (95% CI:
1.262–1.416), respectively.

 Impact of Physical Activity on Incident COPD Across
Different Genetic Risks

A significant interaction was observed between
PA  and  genetic  risk  for  incident  COPD  (P for
interaction < 0.001). Based on this, we conducted a
stratified analysis by genetic risk and observed that
moderate  and  high  PA  had  protective  effects  on
incident  COPD  across  different  genetic  risk
categories  compared  to  low  PA.  For  individuals
with  low  genetic  risk,  compared  with  low  PA,  the
HRs for moderate and high PA were 0.853 (95% CI:
0.748–0.972)  and  0.831  (95% CI:  0.727–0.950),
respectively.  Among  those  with  intermediate
genetic  risk,  the  HRs  for  moderate  and  high  PA
were  0.829  (95% CI:  0.758–0.905)  and  0.835  (95%
CI:  0.764–0.914),  respectively.  In  the  high  genetic
risk  group,  the  HRs  were  0.809  (95% CI:
0.746–0.877)  and  0.818  (95% CI:  0.754–0.888),
respectively (Figure 1). In summary, compared with
low  PA,  moderate  and  high  PA  were  associated
with an approximately 20% lower risk of COPD. We
further examined the combined effects of PA levels
and  genetic  susceptibility.  Individuals  with  a  low
genetic  risk  and  high  PA  had  a  40% lower  risk  of
developing  COPD  than  those  with  a  high  genetic
risk  and  low  PA  (Figure  2).  A  dose-response
relationship  was  observed,  with  the  lowest  risk  of
developing  COPD  observed  within  the  range  of
1,800–1,900  MET-min/week  across  all  genetic  risk
strata (Figure 3).

 

Table 1. Baseline characteristics of the study participants stratified by COPD

Characteristic Overall (n = 318,085) No Incident COPD (n = 308,876) Incident COPD (n = 9,209) P value

Age, n (%) < 0.001

< 60 years 186154 (58.5) 183236 (59.3) 2918 (31.7)

≥ 60 years 131931 (41.5) 125640 (40.7) 6291 (68.3)

Sex, n (%) < 0.001

Male 148950 (46.8) 143729 (46.5) 5221 (56.7)

Female 169135 (53.2) 165147 (53.5) 3988 (43.3)
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Continued
 

Characteristic Overall (n = 318,085) No Incident COPD (n = 308,876) Incident COPD (n = 9,209) P value

Race, n (%) < 0.001

White 303205 (95.3) 294256 (95.3) 8949 (97.2)

Non-white 14880 (4.7) 14620 (4.73) 260 (2.82)

BMI, n (%) < 0.001
Normal/underweight
(< 25 kg/m2) 108030 (34.0) 105440 (34.1) 2590 (28.1)

Overweight (25-30 kg/m2) 136794 (43.0) 133122 (43.1) 3672 (39.9)

Obese (≥ 30 kg/m2) 73261 (23.0) 70314 (22.8) 2947 (32.0)

TDI, mean (SD), n (%) < 0.001

Quartile 1 79527 (25.0) 77948 (25.2) 1579 (17.1)

Quartile 2 79520 (25.0) 77708 (25.2) 1812 (19.7)

Quartile 3 79520 (25.0) 77339 (25.0) 2181 (23.7)

Quartile 4 79518 (25.0) 75881 (24.6) 3637 (39.5)

Smoking status, n (%) < 0.001

Current 30839 (9.7) 27618 (8.94) 3221 (35.0)

Former 111498 (35.1) 107261 (34.7) 4237 (46.0)

Never 175748 (55.3) 173997 (56.3) 1751 (19.0)

Drinking status, n (%) < 0.001

Current 296005 (93.1) 287750 (93.2) 8255 (89.6)

Former 10127 (3.2) 9540 (3.09) 587 (6.37)

Never 11953 (3.8) 11586 (3.75) 367 (3.99)

Diet scores, n (%) < 0.001

0 5171 (1.6) 4897 (1.59) 274 (2.98)

1 34219 (10.8) 32866 (10.6) 1353 (14.7)

2 82112 (25.8) 79429 (25.7) 2683 (29.1)

3 107403 (33.8) 104642 (33.9) 2761 (30.0)

4 67989 (21.4) 66373 (21.5) 1616 (17.5)

5 21191 (6.7) 20669 (6.69) 522 (5.67)

Sleep scores, n (%) < 0.001

Poor 28098 (8.8) 26730 (8.65) 1368 (14.9)

Intermediate 185614 (58.4) 179834 (58.2) 5780 (62.8)

Healthy 104373 (32.8) 102312 (33.1) 2061 (22.4)

Physical activity level, n (%) < 0.001

Low 58370 (18.4) 56277 (18.2) 2093 (22.7)

Moderate 130218 (40.9) 126624 (41.0) 3594 (39.0)

High 129497 (40.7) 125975 (40.8) 3522 (38.2)

PRS, n (%) < 0.001

Low 63678 (20.0) 62071 (20.1) 1607 (17.5)

Intermediate 127230 (40.0) 123750 (40.1) 3480 (37.8)

High 127177 (40.0) 123055 (39.8) 4122 (44.8)

　　Note.  COPD,  chronic  obstructive  pulmonary  disease;  BMI,  body  mass  index;  TDI,  Townsend  deprivation
index; PA, physical activity; PRS, polygenic risk scores. All statistical tests were two-sided.
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 Subgroup Analyses

To  better  understand  these  associations  across
different  population  subgroups,  we  performed
stratified  analyses  according  to  age  and  sex.  For

individuals  with  high  genetic  risk,  the  HRs  for
moderate  PA  were  0.720  (95% CI:  0.591–0.879),
0.842  (95% CI:  0.753–0.941),  and  0.775  (95% CI:
0.663–0.905) in the 45–55, 55–65, and >65-year age
groups,  respectively.  For  participants  with  high  PA,

 

Table 2. Risk of incident COPD according to physical activity level or genetic risk

Subgroup Cases/N
Model 1 Model 2

HR P value HR P value

PA level

Low 2093/58370 1.000(reference) - 1.000(reference) -

Moderate 3594/130218 0.822(0.779–0.868) <0.001 0.824(0.780–0.870) <0.001

High 3522/129497 0.824(0.780–0.871) <0.001 0.826(0.782–0.873) <0.001

PRS

Low 1607/63678 1.000(reference) - 1.000(reference) -

Intermediate 3480/127230 1.105(1.042–1.173) <0.001 1.105(1.041–1.172) <0.001

High 4122/127177 1.339(1.264–1.418) <0.001 1.337(1.262–1.416) <0.001

　　Note.  Data  are  expressed  as  HR  (95% CI);  Model  1  was  adjusted  for  age,  sex,  BMI,  race,  TDI,  smoking
status, drinking status, sleep score, and diet score. Model 2 was additionally adjusted for genetic risk category
and  physical  activity  level.  All  statistical  tests  were  two-sided.  HR,  hazard  ratio;  CI,  confidence  interval;  PA,
physical  activity;  PRS,  polygenic  risk  score;  COPD,  chronic  obstructive  pulmonary  disease;  BMI,  body  mass
index; TDI, Townsend deprivation index
 

Subgroup

Low genetic risk

  Low PA

  Moderate PA

  High PA

Intermediate genetic risk

  Low PA

  Moderate PA

  High PA

High genetic risk

  Low PA

  Moderate PA

  High PA

Total 

 participants, n

11,485

26,138

26,055

23,349

51,814

52,067

23,536

52,266

51,375

COPD 

 cases, n

353

641

613

787

1,358

1,335

953

1,595

1,574

Hazard ratio 

 (95% CI)

1.000 (reference)

0.853 (0.748-0.972)

0.831 (0.727-0.950)

1.000 (reference)

0.829 (0.758-0.905)

0.835 (0.764-0.914)

1.000 (reference)

0.809 (0.746-0.877)

0.818 (0.754-0.888)

P value

< 0.05

< 0.05

< 0.001

< 0.001

< 0.001

< 0.001

0.50 0.75 1.00 1.25

Figure 1. Combined effect of genetic risk and physical activity on incident COPD . The multivariate model
was  adjusted  for  age,  sex,  BMI,  race,  TDI,  smoking  status,  drinking  status,  sleep  scores,  diet  scores,
genetic risk category, and low physical activity levels. All statistical tests were two-sided. HR, hazard ratio;
CI,  confidence  interval;  PA,  physical  activity;  COPD,  chronic  obstructive  pulmonary  disease;  BMI,  body
mass index; TDI, Townsend deprivation index.
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the HRs in the 55–65 and >65 years age groups were
0.846  (95% CI:  0.764–0.959)  and  0.727  (95% CI:
0.620–0.853),  respectively  (Supplementary  Table
S5). Among females with low genetic risk, compared
to those with low PA, the HRs for moderate and high
PA were 0.756 (95% CI: 0.622–0.919) and 0.749 (95%
CI:  0.613–0.915),  respectively.  Among  females  with
intermediate  genetic  risk,  the  HRs  were  0.874  (95%
CI:  0.766–0.997)  and  0.750  (95% CI:  0.652–0.862),
respectively.  Among  females  with  high  genetic  risk,
moderate  and  high  PA  levels  were  associated  with
HRs  of  0.736  (95% CI:  0.652–0.831)  and  0.763  (95%
CI:  0.673–0.865),  respectively.  While  moderate  and
high PA levels had protective effects against incident
COPD  in  both  sexes,  the  effect  was  more
pronounced in females (Supplementary Table S6).

 Sensitivity Analyses

We  conducted  several  sensitivity  analyses.  First,
the exclusion of participants with missing covariates
yielded  results  consistent  with  the  main  findings
(Supplementary  Table  S7).  To  minimize  reverse
causality,  participants  who  developed  COPD  within
the  first  two years  of  follow-up  were  excluded,  and
the  associations  remained  stable  (Supplementary
Table  S8).  Finally,  the  PSM  approach  was  used  to
rebalance the distribution of the low and moderate-
to-high  PA  groups  at  a  1:1  to  1:3  ratio,  confirming

the  robustness  of  the  findings  (Supplementary
Tables S9–12).

 DISCUSSION

In  this  large  prospective  cohort  study  involving
318,085  individuals  without  a  prior  diagnosis  of
COPD,  we  observed  that  PA  had  a  protective  effect
against  the  development  of  COPD  across  different
genetic  risk  groups.  A  U-shaped  dose-response
relationship was observed between TPA and incident
COPD,  with  the  greatest  protective  effect  occurring
within  the  range  of  1,800–1,900  MET-min/week.
Among individuals with varying levels of genetic risk,
moderate  or  high  PA  was  associated  with  an
approximately  20% lower  risk  of  developing  COPD
than  was  low  PA.  These  results  highlight  the
advantages of PA in preventing COPD.

Previous studies have explored the impact of PRS
on COPD or lung function as well as the role of PA as
a  protective  factor  against  COPD  risk.[25-28] For
instance, a GWAS involving over 400,000 individuals
identified 139 new lung function-related signals that
predicted COPD across multiethnic cohorts.[25] Other
studies  have  reported  an  inverse  association
between  PA  and  COPD  risk,  indicating  PA  as  an
effective primary prevention strategy.[26-28] However,
few studies  have examined the combined effects  of
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Figure 2. Joint  effect  of  physical  activity  and  genetic  susceptibility  on  incident  COPD.  The  multivariate
model was adjusted for age, sex, BMI, race, TDI, smoking status, drinking status, sleep scores, diet scores,
genetic risk categories, and physical activity levels. All  statistical tests were two-sided; HR, hazard ratio;
CI,  confidence  interval;  PA,  physical  activity;  COPD,  chronic  obstructive  pulmonary  disease;  BMI,  body
mass index; TDI, Townsend deprivation index
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PA  and  genetic  susceptibility  on  the  incidence  of
COPD.  Most  existing  studies  have  focused  on
patients already diagnosed with COPD,[29,30] leaving it
unclear  whether  different  PA  levels  can  mitigate
COPD  risk  in  individuals  with  different  genetic
profiles. Genetic susceptibility to COPD varies among
individuals and is believed to play a substantial role.
GWAS  evaluating  common  genetic  polymorphisms,
such as  SNPs,  have identified many genetic  variants
associated with COPD.[31] To capture the cumulative
genetic  influence,  we  constructed  a  genetic  risk
score  based  on  multiple  SNPs.  In  our  study,
individuals with moderate or high levels of PA had a
lower risk of incident COPD compared to those with
low  PA  (moderate  vs.  low,  HR  =  0.822, P  < 0.001;
high  vs.  low,  HR  =  0.824, P  < 0.001).  Moreover,
across  all  levels  of  genetic  risk,  moderate  or  high
levels  of  PA  were  consistently  associated  with  an
approximately  15–20% lower  risk  of  COPD.  These

findings  underscore  the  importance  of  PA  as  a
modifiable  behavior  that  can  mitigate  genetic
predisposition to COPD. Our conclusions align with a
previous  study.[32] PA  may  reduce  systemic
inflammation by lowering levels of pro-inflammatory
markers  such  as  interleukin-6  (IL-6),  tumor  necrosis
factor  alpha  (TNF-α),  and  C-reactive  protein  while
upregulating  anti-inflammatory  mediators,  including
interleukin-10 (IL-10) and transforming growth factor
beta (TGF-β). This anti-inflammatory effect may help
slow  the  decline  in  lung  function.[5] In  addition,  PA
increases  the  number  of  CD4-positive  T  cells  and
enhances  immune  function,  potentially  explaining
the  observed  reduction.[33] Regular  PA  influences
epigenetic regulation, including the DNA methylation
of  genes  involved  in  the  inflammatory  response,
oxidative  stress,  and  immune  response,[34]

mechanisms  closely  linked  to  the  pathogenesis  of
COPD.[35]
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Figure 3. Dose-response associations between TPA and incident COPD. A-D:  Dose-response associations
between TPA and incident COPD in (A) the general population, (B) low genetic risk, (C) moderate genetic
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COPD  is  the  leading  cause  of  morbidity,
mortality,  and  healthcare  burden  globally.[36] Its
pathogenesis  involves  a  complex  interaction
between the genetic background and environmental
factors. PA is crucial for maintaining functional status
and  is  linked  to  reduced  risks  of  adverse  outcomes,
such  as  all-cause  mortality,[37] cancer,[38]

cardiovascular disease,[39] and depression.[40] Regular
PA was significantly correlated with improved health
outcomes, enhanced PA capacity, quality of life, and
delayed disease progression. Research indicated that
PA  positively  affects  individuals  with  COPD.[41]

However,  in  real-world  settings,  sustaining  PA
among patients with COPD is challenging because of
symptoms such as dyspnea, which limits PA levels.[42]

From  a  public  health  perspective,  preventing  COPD
by  promoting  timely  PA  appears  to  be  a  promising
strategy.  Our  results  demonstrate  a  significant
inverse  association  between  moderate  or  high  PA
and  the  risk  of  COPD  onset,  even  in  those  with
elevated  genetic  susceptibility.  The  observed  U-
shaped  dose-response  relationship  further  suggests
an optimal  PA range of  1,800–1,900 MET-min/week
for  maximal  benefit.  These  results  are  consistent
with those of previous studies. One study reported a
U-shaped  relationship  between  PA  and  COPD  risk,
with moderate PA (approximately 1,500–2,000 MET-
min/week)  associated  with  the  lowest  COPD  risk,
whereas  PA  levels  below  or  above  this  range  were
associated  with  an  increased  risk.[32] Another  study
noted  a  nonlinear  relationship  between  PA,
mortality,  and  hospitalization  rates  associated  with
lower  respiratory  tract  infections,  with  the  lowest
risk  observed  at  a  PA  level  of  1,500–1,800  MET-
min/week and a decreasing trend in risk beyond this
range.[43] The U-shaped relationship between PA and
the  risk  of  COPD  may  reflect  the  dual  effects  of  PA
on  lung  health.  Moderate  PA  helps  enhance  lung
function,  reduce  inflammation  levels,  and  improve
immune function, thereby lowering the risk of COPD.
However, extremely low or excessively high PA levels
may have adverse effects,  potentially  increasing the
risk  of  COPD.  Excessive  PA  can  contribute  to  the
development  or  progression  of  COPD  through
mechanisms  such  as  oxidative  stress,  inflammation,
mechanical  stress,  or  lung  injury.  Therefore,  it  is
recommended that individuals engage in a moderate
amount of PA, specifically approximately 1800–1900
MET-min/week,  to  achieve  optimal  lung  health
benefits.[44]

COPD is closely related to age, with lung function
typically  declining  with  age,  making  older  adults
more susceptible to the disease. Genetic factors may

contribute  to  COPD  development  in  younger
individuals.[45] The pathogenesis  of  COPD may begin
earlier  in  life,  and  respiratory  disorders  during
childhood  and  adolescence  can  increase  the  risk  of
reduced  lung  function  in  adulthood.[46] Moreover,
early-onset  COPD  does  not  necessarily  indicate  a
mild  disease.  One  study  showed  that  the  decline  in
lung function is much faster in the early stages than
in  the  later  stages[47] and  that  patients  with  clinical
COPD under 55 years of age may experience disease
severity similar to those over 65 years.[48] Therefore,
early  intervention  and  health  promotion  measures
can  significantly  reduce  the  risk  and  severity  of  this
disease.  Our  research  observed  that  in  the  45–55
year  age  group,  regardless  of  low,  intermediate,  or
high genetic risk, moderate or high levels of PA were
associated  with  a  reduced  risk  of  COPD  compared
with low PA, and these individuals may benefit more
than  those  aged  55  years  and  above.  Sex-stratified
subgroup analyses indicated that varying levels of PA
were linked to a  7%–21% decreased risk  of  incident
COPD  in  males  and  a  13%–27% decreased  risk  in
females,  depending  on  the  genetic  risk  level.
Individuals  of  different  sexes  may  differ  in  their
lifestyles  and  behavior  patterns.[49-51] One  study
observed that females achieved the greatest survival
benefit with approximately 140 min of moderate-to-
vigorous-intensity  PA  per  week,  whereas  males
required  approximately  300  min  to  achieve  similar
benefits.[52] Additionally, females are more proactive
in seeking healthcare and may be more consistent in
their  health-promoting  behaviors,  including  regular
PA.  This  increased  health  awareness  could  lead  to
earlier  detection  and  management  of  COPD
symptoms,  potentially  enhancing  the  protective
effects of PA.[53] These studies support our results.

This  study  has  several  strengths,  including  its
prospective design, large sample size, more than ten
years  of  follow-up,  and  comprehensive  PA  data.  A
unique feature of this study is its investigation of the
combined  influence  of  PA  and  genetic  risk  on  the
incidence of COPD.

However, this study has certain limitations. First,
as  an  observational  study,  we  could  not  establish  a
causal  relationship  between  PA  and  incident  COPD,
although  our  results  remained  largely  consistent
after  excluding  participants  who  developed  COPD
within  two  years.  Second,  the  age  range  of
participants  was  limited  to  40–69  years,  which  may
not represent the broader population. Third, PA was
assessed  via  self-reporting,  which  may  have  caused
information  bias.  Future  studies  should  consider
combining accelerometer-based measurements with

Genetic Risk, Physical Activity, and COPD 9



self-report methods to validate our findings. Fourth,
the  study  population  was  limited  to  individuals  of
European  ancestry,  which  potentially  limits  its
generalizability.  Genetic  and  lifestyle  differences
across  populations  may  have  influenced  the
observed associations. Future studies should include
more  diverse  cohorts.  Finally,  patients  with  COPD
were  identified  through  hospital  records  and  death
registries,  which  may  have  missed  a  few  patients
with  COPD  who  did  not  seek  medical  care  or  were
not  hospitalized  or  may  have  missed  mild  or
undiagnosed cases.

 CONCLUSIONS

Compared  to  low  PA,  moderate  or  high  PA  was
significantly  associated  with  a  lower  risk  of  COPD
across  the  different  genetic  risk  groups.  The  dose-
response  relationship  showed  a  U-shaped
association  between  TPA  and  incident  COPD.
Individuals with a low genetic risk and high PA levels
exhibited the lowest risk, whereas those with a high
genetic  risk  benefitted  significantly  from  moderate
and  high  PA  levels.  These  findings  highlight  the
potential  of  PA intervention as  an effective strategy
to  mitigate  the  risk  of  COPD  across  the  entire
population,  including  those  with  a  high  genetic
predisposition to the disease.
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