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Who are at risk for COPD?
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Factors that influence disease development and 
progression

▪ Genetic factors

▪ Age and sex

▪ Lung growth and development

▪ Exposure to particles

▪ Socioeconomic status

▪ Asthma and airway hyper-reactivity

▪ Chronic bronchitis

▪ Infections

▪ Preserved ratio impaired spirometry

GOLD 2019



Smoking

The maximal 

(or “plateau”)

FEV1 level attained 

during the third decade 

of life

Lange et al. NEJM 2015 373;2

7.1%

26.5%



▪ National Survey of Health and Development (NSHD)

▪ 5,362 individuals; born during 1 wk in March 1946 within England,
Scotland, and Wales

▪ Early-life exposure: infant lower respiratory infection (2yrs old), home
overcrowding (2yrs old), father’s social class (4, 11, or 15 yrs old),
pollution exposure (domestic local coal consumption at ages 0 and 2 yrs)

▪ At age 43 yrs, 53 yrs and 60–64 years; interviewed at home by
research nurses.

▪ How early-life exposures impacted adult FEV1and FVC level and
decline between ages 43 and 60–64 years and whether these
relationships were modified by smoking.

Allinson AJRCCM 2017
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N=2,172
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Odds ratios (95% CI) of having an infant lower respiratory infection



Allinson AJRCCM 2017

60%

In models including only age,
estimated mean FEV1 at age 43 : 3.02 L
overall FEV1 decline: 24.8 ml/yr



Allinson AJRCCM 2017

In models including only age
estimated mean FVC at age 43 years: 3.62 L
an overall FVC decline: 21.7 ml/yr



Allinson AJRCCM 2017

Estimated average FEV1 and FVC trajectories ages 43 ~ 60–64 years 
males of average height at age 43 years (175 cm), average weight at age 43 years (78 kg), 
and average birth weight (3.5 kg)



PRISm (Preserved ratio impaired spirometry)

- post-BD FEV1/FVC ≥ 0.7 and an FEV1 < 80% pred.

- post-BD FEV1/FVC ≥ 0.7 and increased lung
volume

- post-BD FEV1/FVC ≥ 0.7 and decreased diffusion
capacity

- post-BD FEV1/FVC ≥ 0.7 and imaging features
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Iyer et al. Chest 2011



Iyer et al. Chest 2011

Sraw: specific airway resistance
VA: alveolar volume

PF pattern at last follow-up



Wan et al. AJRCCM 2018

12.4% 12.5%
Prevalence of PRISm



Wan et al. AJRCCM 2018

GOLD 0

GOLD 1-4

PRISm
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Change in lung function 
categories among 
subjects with PRISM
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Park et al. Respir Res 2018

11.7%
25.8%
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▪ Retrospective EHR from nationwide Veterans Administration 

Informatics and Computing Infrastructure (VINCI) database: 

7,479 patients
- at risk for COPD; current or former smokers >40 years of age

- Preserved PFT; FEV1:FVC or FEV1> LLN

- full PFT between 1985 and 2017

▪ Healthcare outcomes
- clinical diagnoses, respiratory medication prescribed, outpatient office visits, 

ER visits, hospital admissions and ICU admissions with a COPD diagnosis

- all-cause mortality

Zeng et al. Thorax 2019



Zeng et al. Thorax 2019

abnormal 
RV:TLC

normal RV:TLC 

low-normal high-normal 

median value of 
the distribution of 
normal RV:TLC.

(n=2300)
>upper limit of normal 

(n=5179)
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Adjusted by age, sex, height and years of follow-up

Zeng et al. Thorax 2019

Respiratory-related health

outcomes
Abnormal RV:TLC (%) RV:TLC (%) continous

Clinical diagnosis of COPD 1.41 (1.29-1.55) 1.033(1.03-1.04)

Respiratory medications 1.07 (1.05-1.08) 1.005 (1.004-1.006)

Office visits 1.16 (1.14-1.18) 1.016 (1.014-1.017)

ER visits 0.95 (0.87-1.03) 1.007 (1.002-1.013)

Hospital admissions 1.34 (1.26-1.42) 1.031 (1.027-1.035)

ICU admissions 1.12 (0.95-1.33) 1.016 (1.004-1.029)

Mortality 1.31 (1.19-1.44) 1.019 (1.013-1.025)

COPD on fu spirometry 1.3 (1.00-1.69) 1.022 (1.003-1.041)



Zeng et al. Thorax 2019

IRR: incidence rate ratio



▪ Prevalent air trapping: 1/3 of those at risk for COPD with PRISM having

RV:TLC>ULN

▪ Patients with air trapping (RV:TLC>ULN)

▪ more likely to receive clinical diagnoses of COPD and to progress to

develop spirometric COPD

▪ higher all-cause mortality

▪ increased healthcare utilisation and hospitalisation associated with COPD

diagnosis

▪ Without overt air trapping (normal RV:TLC), high-normal RV:TLC - worse

outcomes compared with their low-normal counterparts

▪ Lung volume measurements and air trapping: predictive usefulness of in PRISm

Zeng et al. Thorax 2019



Harvey et al. ERJ 2015

▪ Smokers recruited from NY metropolitan area

▪ 1570 active smokers

▪ 1173: normal spirometry/normal Dlco

▪ 397: normal spirometry/low Dlco

▪ Return for additional PFT assessments

▪ 59 smokers with normal spirometry/normal Dlco

▪ 46 smokers with normal spirometry/low Dlco



Harvey et al. ERJ 2015

Isolated impairment in gas transfer may precede COPD

Normal spirometry/low Dlco Normal spirometry/normal Dlco

Change in FEV1/FVC per month -0.14 ± 0.18% -0.07 ± 0.11%

(P<0.02)



Diaz et al. Chest 2018

▪ COPDGene study

▪ 3,390 smokers with baseline and 5-year fu

▪ Total lung capacity-adjusted lung density (TLC-PD15)
▪ lung density at 15th percentile (PD15) of the Hounsfield unit

distribution adjusted for predicted total lung capacity (TLC)

▪ At Risk, PRISm, GOLD I, GOLD II, GOLD III-IV



Diaz et al. Chest 2018

N=306

N=656

N=428

N=372

N=1,628



Effects of Within-Subject TLC-PD15 on FEV1

Over 5 Years of Follow-up According to Smoking 

Group

Diaz et al. Chest 2018

- inflammation

- irregular deposition of matrix

- remodeling of respiratory 

bronchiole/surrounding alveolar 

structures

- fibrosis

- gains d/t inflammation and 

remodeling

- loss of healthy parenchyma

Gain of tissue No net change Loss of tissue



• Chinese Han nationality; Ninth Hospital of Xi’an Affiliated 
Hospital of Xi’an Jiaotong University between Oct 2014 and Sep 
2017

• risk factors for COPD and had respiratory symptoms 

• 77 CB with normal lung function (FEV1/FVC > 70%, &FEV1% ≥ 80%)

• 80 CB with PRISm (FEV1/FVC > 70%, & FEV1%pred < 80%)

• 186 early COPD (GOLD 1+2)

• CT
• %WA: 4-7th generation (BUL, BML), 4-9th generation (BLL)

• %LAA−950, the mean emphysema density (MLD), the lung capacity (LC), 
and emphysema heterogeneity index (HI).

Wei et al. Lung 2018

%WA: % of wall area

%LAA-950: % of low attenuation value below -950 HU



Wei et al. Lung 2018

 CB c NL CB c PRISm early COPD P -value

LC whole 4306 4029* 5264 < 0.001

%LAA whole 10.7 9.77 16.6 < 0.001

MLD whole -816.4 -799.9 -834.5 0.003

HI whole 0.2 0.15 0.12 0.075

Comparison of 
emphysema related 
parameters among 
the three groups

Comparison of %WA in the CB group, the 

PRISm group, and the early COPD group

LC: lung capacity
%LAA−950,
MLD: mean emphysema density 
HI: emphysema heterogeneity index P-value: compared to the group of CB c NL and CB c PRISm



SUMMARY

▪ Strategy for prevention of COPD
- Start from fetus

▪ High risk for COPD but spirometrically impaired with
preserved ratio

Worse clinical outcomes

More medical expenses

Higher mortality

Wan et al. AJRCCM 2018

than those with normal lung function

Distinct subgroups? Transitory state?

risk stratification tool




