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Abstract

Background: The aging population and its burden on health care systems warrant early detection of patients at risk of functional decline and 
mortality. We aimed to assess frailty transitions and its accuracy for mortality prediction in participants with impaired spirometry (Preserved 
Ratio Impaired Spirometry [PRISm] or chronic obstructive pulmonary disease [COPD]).
Methods: In participants from the population-based Rotterdam Study (mean age 69.1 ± 8.9 years), we examined whether PRISm (forced 
expiratory volume in 1 second [FEV1]/forced vital capacity [FVC] ≥ 70% and FEV1 < 80%) or COPD (FEV1/FVC < 70%) affected frailty 
transitions (progression/recovery between frailty states [robust, prefrailty, and frailty], lost to follow-up, or death) using age-, sex- and smoking 
state-adjusted multinomial regression models yielding odds ratios (OR). Second, we assessed the diagnostic accuracy of frailty score for 
predicting mortality in participants with COPD using c-statistics.
Results: Compared to participants with normal spirometry, participants with PRISm were more likely to transit from robust (OR 2.2 [1.2–
4.2], p < .05) or prefrailty (OR 2.6 [1.3–5.5], p < .01) toward frailty. Participants with PRISm (OR 0.4 [0.2–0.8], p < .05) and COPD (OR 
0.6 [0.4–1.0], NS) were less likely to recover from their frail state, and were more likely to progress from any frailty state toward death (OR 
between 1.1 and 2.8, p < .01). Accuracy for predicting mortality in participants with COPD significantly improved when adding frailty score 
to age, sex, and smoking status (90.5 [82.3–89.8] vs 77.9 [67.2–88.6], p < .05).
Conclusion: Participants with PRISm or COPD more often developed frailty with poor reversibility. Assessing physical frailty improved risk 
stratification for participants with impaired spirometry for predicting increased life years.

Keywords:  Epidemiology, Frailty, Pulmonary, Resilience

With the aging population, more people suffer from chronic illnesses, 
increasing the importance of early detection of the most vulnerable 
in order to improve quality of life and prevent a high burden on 
health care systems (1). Physical frailty, as defined by the Fried frailty 
phenotype, is a clinical syndrome in which a progressive,  cumulative 
decline in the reserve capacity of multiple physiological systems 

elicits a state of increased vulnerability to stressor events and sus-
ceptibility to adverse outcomes (2). Distinction of frail older people 
from those that are robust is essential in an aging population, par-
ticularly in those with several chronic conditions, because frailty 
changes their therapeutic approach and prognosis (3). In addition, 
the possibility to delay frailty on the one hand, and poor reversibility 
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of frailty on the other hand, warrants health systems to shift toward 
preventive primary care to timely detect prefrailty (4).

It is becoming increasingly evident that frailty plays a role in worse 
health outcomes of patients with chronic obstructive pulmonary 
disease (COPD), and conversely that COPD may increase the risk of 
frailty (3,5,6). Participants with COPD and participants with frailty 
share risk factors such as aging, smoking, and common pathophysio-
logical mechanisms of chronic inflammation, immune system dys-
function, and impaired neuroendocrine regulation (5). Longitudinal 
studies observed that having COPD or respiratory impairment (air-
flow limitation or restrictive-pattern) was associated with a higher 
risk of transferring from robust to prefrail/frail (5,7,8). Participants 
with COPD were also less likely to recover from frailty compared to 
participants without COPD (5,9). Longitudinal studies on frailty in 
participants with Preserved Ratio Impaired Spirometry (PRISm) are 
lacking to date, despite the increasing awareness for PRISm as an im-
portant spirometric phenotype associated with mortality (10).

Assessing frailty transitions in participants with lung function 
impairment might help to identify those persons with COPD at high 
risk of functional decline and mortality. Therefore, our first aim was 
to investigate how lung function impairment (PRISm or COPD) 
affects frailty transitions in a large population-based cohort study. 
Second, we aimed to examine mortality in participants with lung 
function impairment and frailty combined. Third, within partici-
pants with impaired spirometry, we aimed to examine the accuracy 
for mortality prediction of the physical frailty score.

Method

Study Design and Population
This study was conducted within the Rotterdam Study, a population-
based cohort study that started in 1990 in Rotterdam, the 
Netherlands, comprising almost 15 000 participants aged ≥45 years. 
The Rotterdam Study aims to assess the occurrence of, and risk fac-
tors for, chronic diseases in the older (11). Every 4–5  years, par-
ticipants undergo a home interview and clinical examinations at 
the research center. Implementation of spirometry started in 2009. 
Participants were included in the study if an interpretable spirom-
etry was completed at one (baseline cross-sectional analysis be-
tween 2009 and 2014) or 2 study visits (longitudinal analysis with 
follow-up between 2014 and 2016, Supplementary Figure 1).

The Rotterdam Study has been approved by the Medical Ethics 
Committee of the Erasmus MC (registration number MEC 02.1015) 
and by the Dutch Ministry of Health, Welfare and Sport (Population 
Screening Act WBO, license number 1071272-159521-PG). All parti-
cipants provided written informed consent to participate in the study 
and to have their information obtained from treating physicians.

COPD Assessment and Classification
Prebronchodilator spirometry was performed by trained para-
medical personnel using a Master Screen PFT Pro (Care Fusion, 
Houten, the Netherlands) according to the ATS/ERS guidelines (12). 
Postbronchodilator spirometry and total lung capacity were not 
available in participants of the Rotterdam Study. For diffusion cap-
acity of the lung, the transfer factor using carbon monoxide was used 
corrected for hemoglobin (DLCO [mmol/min/kPA]) (13). Predicted 
forced expiratory volume in 1 second (FEV1) and forced vital cap-
acity (FVC) values were calculated using Global Lung Initiative ref-
erence equations taking age, sex, height, and ethnicity into account 
(14). Normal spirometry (controls; FEV1/FVC ≥ 70% and an FEV1 
≥ 80%), PRISm (FEV1/FVC ≥ 70% and FEV1 < 80%), and COPD 

(FEV1/FVC < 70%) were distinguished. Severity of obstruction was 
determined according to the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) criteria: mild COPD (GOLD1, FEV1 ≥ 80%) 
and moderate to very severe COPD (GOLD2–4, FEV1 < 80%).

Frailty Assessment
We determined frailty using the physical definition of frailty by Fried 
et  al., which is the most widely used and validated instrument in 
frailty research (2,15,16). The definition and assessment of the Fried 
frailty phenotype within the Rotterdam Study have been extensively 
described previously (17). Frailty was defined as meeting 3 or more of 
the 5 established criteria evaluating (a) weight loss, (b) low physical 
activity (18), (c) slow gait velocity (19), (d) reduced grip strength, and 
(e) self-reported exhaustion (20,21) (Supplementary Table 1). These 
criteria are in line with the criteria used to define frailty by Fried et 
al., except that weight loss was not self-reported over the previous 
year, but derived from directly measured weight at each center visit 
and covered a time span of multiple years. Only participants who had 
a sufficient number of criteria to confirm or to exclude frailty were 
included (ie, at least 3 concordant positive or negative criteria evalu-
ated). Participants fulfilling 1 or 2 criteria were defined as prefrail. 
Participants fulfilling no criteria were defined as robust.

Covariables
Smoking status (never, former, and current) and pack-years (years 
smoked multiplied by a daily number of smoked cigarettes divided 
by 20) were assessed by interview. Information on medication use 
was obtained from interview and from pharmacy records. Venous 
blood samples for the determination of levels of serum glucose, chol-
esterol, hemoglobin, and DNA were obtained using an automated 
enzymatic method (22).

We calculated a composite comorbidity score for each partici-
pant by summing one point for each fulfillment of the following nine 
comorbidity criteria. Hypertension was defined as a systolic blood 
pressure ≥ 140 mmHg, a diastolic blood pressure ≥ 90 mmHg, or 
the use of blood pressure-lowering drugs (23). Clinical diagnosis of 
heart failure, stroke, coronary heart disease, diabetes, and cancer 
were based on or included active follow-up using the medical rec-
ords of the participants (22,23). Coronary heart disease includes 
myocardial infarction, coronary artery bypass grafting, and percu-
taneous coronary intervention (23). Diabetes was defined as a fasting 
plasma glucose level ≥ 7 mmol/L, a nonfasting plasma glucose level 
≥ 11.1 mmol/L, or the use of glucose-lowering medication applying 
World Health Organization (WHO) criteria (24). Kidney disease 
was defined according to the National Kidney Foundation guidelines 
as having an estimated glomerular filtration rate (eGFR) <60 mL/
min/1.73 m). The eGFR was obtained based on the formula as pro-
vided by the Chronic Kidney Disease Epidemiology Collaboration 
(25). Osteoporosis was defined using femoral neck and lumbar spine 
bone mineral density measured by Dual-energy x-ray absorptiometry 
applying WHO criteria (26). Anemia was defined according to the 
WHO guidelines <120  g/L hemoglobin for women and <130  g/L 
hemoglobin for men (27).

Statistical Analysis
We compared baseline characteristics between robust, prefrail, and 
frail participants using the Student’s t test, Mann–Whitney U test, 
and chi-square test, as appropriate, and calculated incidence rates 
(IR) for frailty per 1  000 person-years in different lung function 
categories (normal spirometry, PRISm, and COPD) after excluding 
prevalent cases.
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Age, sex, and smoking status-adjusted multinomial logistic re-
gression models yielding odds ratios (OR) evaluated whether lung 
function affected frailty progression (ie, the likelihood of transi-
tioning from a robust toward a prefrail/frail state compared with 
maintenance of a robust state, or the likelihood of transitioning from 
any frailty state toward death or lost to follow-up compared with 
active follow-up) and frailty recovery (ie, the likelihood of transi-
tioning from a prefrail/frail state toward a robust state compared 
with maintenance of a prefrail/frail state).

We calculated mortality rate per 1 000 person-years in different 
lung function categories (normal spirometry, PRISm, or COPD) 
and frailty states (robust, prefrail, or frail), and compared age- and 
sex-adjusted Cox proportional hazard ratios for mortality in par-
ticipants with or without the combination of frailty and impaired 
spirometry. Schoenfeld residuals were checked to test whether the 
assumptions for Cox models were satisfied.

To assess whether adding physical frailty score to a model with 
age, sex, and smoking status improved the prediction of mortality in 
participants with impaired spirometry, we used receiver operating 
characteristic curves with the areas under the curve (AUCs). The 
nonparametric method described by DeLong et al. was used to com-
pare differences in AUCs across different combinations of tests (28). 
All statistical analyses were performed using R version 3.6.

Results

Study Population
At baseline, the physical frailty status could be determined for 
5  442 participants with interpretable spirometry (mean age 
69.1 ± 8.9 years, 55.8% female sex): 183 (3.4%) out of 5 442 par-
ticipants met the criteria for being frail, and 2  656 (48.8%) for 
prefrail (Table 1). A  comparison of the clinical characteristics of 
the 16.6% participants with COPD and 7.0% participants with 

PRISm to those 76.4% at baseline with normal spirometry is pre-
sented in Supplementary Table 2. Of 5 442 included participants at 
baseline, 2 818 participants were invited for reexamination between 
2014 and 2016 (follow-up). Of those, 323 had died, 526 were lost 
to follow-up, and 378 had not interpretable spirometry or frailty 
assessments at the follow-up visit (Supplementary Figure 1). Thus, 
1  591 of reinvited participants had both interpretable spirometry 
and their frailty status determined twice (mean age 73.8 ± 4.9 years, 
55.0% female sex) and were included in the longitudinal analysis: 
49 (3.1%) out of these 1 591 participants met the criteria for frailty, 
and 859 (54.0%) participants met the criteria for prefrailty at base-
line. Comparison of clinical characteristics of participants with 
and without reexamination is presented in Supplementary Table 3. 
The median time between baseline and follow-up examination was 
4.5 years (interquartile range [IQR] 4.3–4.9). The number of parti-
cipants who transitioned toward a different frailty category between 
baseline and follow-up after a median of 4.5 years (IQR 4.3–4.9) is 
shown in Figure 1.

Association Between Lung Function and Frailty 
Progression
Between baseline and follow-up, 118 out of the 1 542 nonfrail parti-
cipants at baseline transitioned toward incident frailty (cumulative in-
cidence 7.7%, IR 16.6 per 1  000 person-years). In these robust and 
prefrail participants, the incidence of frailty was higher in participants 
with PRISm at baseline (cumulative incidence 14.3%, IR 31.0 per 1 000 
person-years, IR ratio [IRR] 2.1) and in participants with COPD at base-
line (cumulative incidence 9.0%, IR 19.6 per 1 000 person-years, IRR 
1.3), than in participants with normal spirometry at baseline (cumulative 
incidence 7.0%, IR 15.1 per 1 000 person-years). Participants with in-
cident frailty had lower lung function values at baseline, even after ad-
justment for age, sex, body mass index (BMI), and current smoking (p < 
.001 for FEV1 % predicted and p = .002 for FVC % predicted).

Table 1. Baseline Characteristics of Participants That Meet the Criteria for Frailty or Prefrailty (n = 5 442)

 

Robust Prefrail 

p* 

Frail 

p* N = 2 603 N = 2 656 N = 183

Age (years) 66.3 (7.6) 71.3 (9.0) <.001 77.7 (8.5) <.001
Female sex (%) 1 353 (52.0%) 1 553 (58.5%) <.001 132 (72.1) <.001
BMI (kg/m²) 27.3 (4.1) 27.8 (4.5) <.001 27.4 (5.2) .751
Current smoking (%) 296 (11.4%) 345 (13.0%) .080 23 (12.6%) .710
Pack-years (years) 4.5 (0.0–21.0) 6.0 (0.0–25.0) .006 2.4 (0.0–27.0) .777
Total cholesterol 5.6 (1.1) 5.4 (1.1) <.001 5.0 (1.0) <.001
Glucose 5.7 (1.1) 5.9 (1.4) <.001 5.9 (1.7) .015
Hemoglobin 8.9 (0.7) 8.7 (0.8) <.001 8.4 (0.8) <.001
White blood cell count 7.0 (2.0) 7.2 (2.0) .003 7.4 (2.1) .022
Serum creatinine 80.4 (17.4) 80.8 (24.2) .476 81.4 (36.4) .503
Slow gait speed (%) 0 (0.0%) 21 (1.7) <.001 28 (30.4) <.001
Weight loss (%) 0 (0.0%) 868 (33.6) <.001 136 (74.7%) <.001
Low physical activity (%) 0 (0.0%) 435 (18.9) <.001 95 (64.6) <.001
Low grip strength (%) 0 (0.0%) 1 406 (53.4) <.001 166 (92.2) <.001
Exhaustion (%) 0 (0.0%) 614 (23.3) <.001 140 (76.5) <.001
PRISm (%) 150 (5.8%) 214 (8.1%) .001 17 (9.3%) .075
COPD (%) 379 (14.6%) 471 (17.7%) .002 53 (29.0%) <.001
FEV1 % predicted 99.2 (17.3) 96.0 (19.0) <.001 88.6 (22.7) <.001
FVC % predicted 99.9 (14.9) 96.7 (16.1) <.001 91.6 (17.7) <.001
FEV1/FVC 76.5 (7.0) 75.9 (7.9) .009 73.4 (11.4) <.001

Notes: BMI = body mass index; COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity; 
PRISm = Preserved Ratio Impaired Spirometry. Bold values indicate statistically significant results (p < 0.05).

*p values are comparing characteristics of prefrail or frail participants, respectively, with robust participants.
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In multinomial logistic regression analyses, progression toward a 
frail state was more likely in older participants, female participants, 
and in participants with lower FEV1 % predicted, lower FVC % pre-
dicted or PRISm at baseline, whereas the progression of frailty status 
toward death or lost to follow-up/not interpretable follow-up was 
more likely in older, male, or current smoking participants, and in 
participants with lower FEV1 % predicted, lower FVC % predicted, 
PRISm, or COPD at baseline (Table 2).

Association Between Lung Function and Frailty 
Recovery
The large majority of 183 frail participants at baseline were lost to 
follow-up/not interpretable follow-up (40.3%) or died (27.9%) be-
fore the follow-up visit. Out of 49 participants with frailty at base-
line also interpretably assessed at follow-up, 34 transitioned toward 
robust or prefrail. Out of 908 participants with frailty or prefrailty 
at baseline also interpretably assessed at follow-up, 157 transi-
tioned toward robust (CI 17.3%, IR 37.3 per 1 000 person-years). 
Participants with reversibility of frailty or prefrailty toward robust 
were younger at baseline and had higher FEV1, and FVC % pre-
dicted values (Supplementary Table 4).

In multinomial logistic regression analyses, recovery of frailty 
toward a less severe frailty state was more likely in younger partici-
pants, female participants, and in participants with higher FEV1 % 
or FVC % predicted values at baseline (Table 3). The prevalence of 
PRISm or COPD in those still assessable impeded recovery of frailty 
(Table 3).

Association of Lung Function Impairment and 
Frailty With Mortality
Within a maximum follow-up of 9.8 years from baseline, 678 out of 
5 414 participants with informed consent for follow-up died: 157 

(6.1%) robust participants, 458 (17.3%) prefrail participants, and 
63 (34.4%) frail participants (Supplementary Table 5). Participants 
with lung function impairment (PRISm or COPD) and frailty com-
bined had unadjusted mortality rates worse than participants with 
normal spirometry and frailty (Figure 2). Compared to frail partici-
pants with normal spirometry, additional COPD was an independent 
significant predictor of all-cause mortality in age- and sex-adjusted 
Cox proportional hazard regression analyses (Supplementary Table 
5). Survival in nonfrail participants (robust or prefrail) with COPD 
GOLD1 was similar to survival in nonfrail participants with normal 
spirometry (Supplementary Figure 2, panel C).

Predicting Mortality in COPD
Accuracy for predicting 1-year (90.5 [82.3–98.8]) and 3-year mor-
tality (78.9 [73.7–84.2]) significantly improved when adding frailty 
score to a model with age, sex, and smoking status (Supplementary 
Table 6). Accuracy for predicting 5-year (83.6 [79.9–87.2]) and 
9-year mortality (86.5 [83.8–89.3]) significantly improved when 
adding frailty score, lung function, and comorbidities to a model 
with age, sex, and smoking status. However, accuracy for predicting 
5-year and 9-year mortality did not improve when adding frailty 
score to a model with age, sex, smoking status, lung function, and 
comorbidities.

Discussion

Results of this large population-based cohort study advocate a com-
plementary role for impaired spirometry and physical frailty as a 
tool to identify vulnerable older participants and COPD patients 
with an increased mortality risk. First, in the longitudinal analyses 
of the total population, a lower FEV1 and FVC % predicted were 
associated with the progression of frailty status, whereas a higher 

Figure 1. Transition of frailty status in participants with interpretable frailty and spirometry measures at baseline that were invited for a follow-up visit 
(n  = 2 818). Transition of frailty status in (A) participants with normal spirometry, (B) participants with PRISm, and (C) participants with COPD at baseline. 
Dead = no follow-up visit and date of death before last visit date of round 6 of the Rotterdam Study, Lost = lost to follow-up (no follow-up visit in a survivor), not 
interpretable = recorded follow-up visit in survivor but either spirometry or frailty assessment is not interpretable. NI = not interpretable. Transitions between 
robust and frail were omitted from the right panel of the figure. PRISm = Preserved Radio Impaired Spirometry; COPD = chronic obstructive pulmonary disease.
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FEV1 and FVC were associated with a recovery of frailty. Second, 
frailty and impaired spirometry together posed a significantly higher 
risk of mortality compared to either frailty or impaired spirometry 
alone. Third, diagnostic accuracy for predicting 1-year and 3-year 
mortality in participants with COPD improved when adding frailty 
score to a model with age, sex, and smoking status. Moreover, frailty 
was able to distinguish in mild COPD those with increased mor-
tality risk from those with a mortality risk equal to participants with 
normal spirometry.

Participants from this study with lower FEV1 and FVC % pre-
dicted values at baseline were more likely to become frail after a 
median of 4.5 years of follow-up, whereas participants with higher 
FEV1 and FVC % predicted values at baseline were more likely to 
recover from frailty. Similarly, participants with PRISm or COPD 
at baseline were more likely to transit from a robust state toward 
prefrailty or frailty, as well as toward death. We confirmed that the 
combination of frailty and COPD results in a more than the addi-
tive risk of mortality (8), and moreover add that participants with 
PRISm at baseline are particularly vulnerable to develop frailty as 
well (29). We previously observed that participants with persistent 
PRISm had higher BMI and more frequent chronic heart failure, and 
both have been recently shown to be independent risk factors for 
frailty in older patients with multimorbidity (10,30). Results of this 
article affirm the clinical importance of PRISm, a relatively prevalent 
spirometric phenotype that has been understudied in the past, and 
indicate that FEV1 reductions are associated with frailty even if these 
are aligned with reductions in FVC.

Given a large number of people with mild COPD worldwide 
(31), and the importance of identifying patients with poor prognosis, 
the Fried Frailty tool may provide a useful tool for risk stratification. 
Early identification of prefrailty in COPD allows for preventive and 
therapeutic interventions, where a key goal is to prevent the occur-
rence of incident frailty, clinical deterioration, and death. Moreover, 

in prefrail persons, it is key to further distinguish those with a tran-
sition toward frailty or poor survival versus those with the recovery 
of their frail state and better survival, 2 groups almost equally large 
in number. Herein, the results of this study advocate a role for lung 
function in the risk stratification of these older participants. Whether 
prevention of frailty progression in persons with impaired spirom-
etry is feasible is a topic of debate and should be further investigated.

Combining the Fried Frailty phenotype with age, sex, and 
smoking status improved accuracy for predicting mortality in 
participants with COPD. Different factors were associated with 
either short-term (1-year and 3-year) or longer-term (5-year and 
9-year) mortality. More specifically, frailty score, but not lung func-
tion, improved accuracy for predicting 1-year or 3-year mortality, 
advocating a role for frailty as a screening instrument for predicting 
short-term mortality. In contrast, the lung function or comorbidity 
score resulted in a greater improvement of accuracy for predicting 
5-year and 9-year mortality than the frailty score. A poor prognosis 
in patients with COPD has been predicted using different frailty as-
sessment tools or modifications of the BODE index (3,4,6,32,33). 
However, not all frailty indices provide an equally robust association 
with mortality as the Fried Frailty phenotype, and the phenotype ap-
pears to identify other vulnerable participants than the BODE index 
(7,34).

This study has several strengths. First, a large number of partici-
pants with both spirometry and frailty measures were recruited from 
the general population, ensuring generalizability to an older target 
population. Second, with a follow-up duration of up until 10 years 
and repeated measurements of both spirometry and frailty, this study 
adds to previous publications in the field with shorter follow-up 
times. With this, we improve risk stratification by means of frailty 
and lung function impairment combined. Third, although PRISm is 
a phenotype previously often neglected in research, we investigated 
frailty not only in participants with COPD, but also in participants 
with PRISm. Fourth, longitudinal analyses of frailty are sparse, es-
pecially in combination with longitudinal spirometry measurements, 
as done in this study.

Also, limitations must be taken into account. Despite the 
population-based cohort setting, we used data from the fifth 
and sixth rounds of the Rotterdam Study. Results of this study, 

Table 3. Factors Associated With Frailty Recovery

 

Prefrail to Robust Frail to Prefrail 

N = 155 N = 32

Model A
 Age 0.9 (0.9–0.9) 0.9 (0.9–1.0)
 Female sex 0.8 (0.6–1.0) 0.6 (0.4–0.9)
 Past vs never smoking 0.9 (0.7–1.1) 0.8 (0.5–1.2)
 Current vs never smoking 1.3 (0.8–2.0) 1.3 (0.6–3.1)
 FEV1 % predicted* 1.1 (1.0–1.2) 1.2 (1.1–1.3)
Model B
 FVC % predicted* 1.1 (1.0–1.2) 1.3 (1.1–1.4)
Model C
 PRISm vs NL spirometry 0.9 (0.5–1.5) 0.4 (0.2–0.8)
 COPD vs NL spirometry 1.1 (0.8–1.6) 0.6 (0.4–1.0)

Notes: Data are presented as OR (95% CI) with p values from multinomial 
logistic regression analyses. Model A is fully depicted in the table. Models B 
and C are similar to model A with the exception that models B and C include 
FVC % predicted and spirometric groups, respectively, instead of FEV1 % pre-
dicted as a covariate. *OR per 10% change in FEV1 % predicted or FVC %  
predicted are depicted. COPD  =  chronic obstructive pulmonary disease; 
FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity, NL 
= normal; PRISm = Preserved Ratio Impaired Spirometry; OR = odds ratio; 
CI = confidence interval. Two cases that transited from frail to robust were 
omitted from the table.

Bold values indicate statistically significant results with p < 0.05. Bold and 
underlined values indicate statistically significant results with p < 0.01.

Figure 2. Kaplan–Meier plot for survival in participants with frailty measures 
at baseline (n  =  5  414). COPD  =  chronic obstructive pulmonary disease, 
PRISm = Preserved Ratio Impaired Spirometry.
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especially those of the longitudinal part with repeated measures, 
may be susceptible to a healthy survivor bias. We addressed this by 
including participants with loss to follow-up and death in our lon-
gitudinal multinomial logistic regression analyses: those with frailty 
or impaired spirometry at baseline were more likely to be lost at 
follow-up, were more likely to have a not interpretable spirometry/
frailty assessment at follow-up and were more likely to die in be-
tween the 2 study visits (Figure 1, Table 2, Supplementary Figure 
2). These numbers imply better health in those that were reassessed, 
meaning that we likely drew inferences in a more healthy selection 
of the general population, typically resulting in a dilution of effect 
estimates. Our results argue in favor of identifying both respiratory 
impairment and frailty as early as possible, even if airflow limita-
tion is still mild (COPD GOLD 1) or even if FVC reductions align 
FEV1 reductions (PRISm), although the feasibility of such screening 
and cost-effectiveness of linked actions to increase resilience should 
be further investigated. Second, prebronchodilator spirometry was 
used to identify participants with COPD, which might be con-
sidered a limitation, although it has proven useful and in line with 
other population-based cohort studies (35). Third, we measured 
frailty by means of the most widely used Fried Frailty phenotype, a 
purely physical dimensional instrument. While showing similar or 
even better accuracy in predicting adverse events as compared to 
other frailty instruments, the Fried Frailty phenotype may be chal-
lenging to implement in clinical practice, considering the need for 
physical space, time, and tools (4).

To conclude, participants with PRISm or COPD frequently de-
veloped frailty with poor reversibility and poor prognosis. Results of 
this study indicate that spirometry in combination with the physical 
frailty assessment, improved risk stratification for participants with 
impaired spirometry for predicting increased life years. Especially in 
the large group of people with still mild COPD worldwide, adequate 
risk stratification by means of frailty assessment may help clinicians 
in identifying patients with better or worse prognosis.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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