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Aims: Impaired lung function has been strongly associated with cardiovascular
disease (CVD) events. We aimed to assess the additive prognostic value of
spirometry indices to the risk estimation of CVD events in Eastern European
populations in this study.

Methods: We randomly selected 14,061 individuals with a mean age of 59 +
7.3 years without a previous history of cardiovascular and pulmonary diseases
from population registers in the Czechia, Poland, and Lithuania. Predictive values
of standardised Z-scores of forced expiratory volume measured in 1s (FEV1),
forced vital capacity (FVC), and FEV1 divided by height cubed (FEV1/ht?) were
tested. Cox proportional hazards models were used to estimate hazard ratios
(HRs) of CVD events of various spirometry indices over the Framingham Risk
Score (FRS) model. The model performance was evaluated using Harrell's
C-statistics, likelihood ratio tests, and Bayesian information criterion.

Results: All spirometry indices had a strong linear relation with the incidence of
CVD events (HR ranged from 1.10 to 1.12 between indices). The model stratified
by FEV1/ht® tertiles had a stronger link with CVD events than FEV1 and FVC. The
risk of CVD event for the lowest vs. highest FEV1/ht® tertile among people with
low FRS was higher (HR: 2.35; 95% confidence interval: 1.96-2.81) than among
those with high FRS. The addition of spirometry indices showed a small but
statistically significant improvement of the FRS model.

Conclusions: The addition of spirometry indices might improve the prediction of
incident CVD events particularly in the low-risk group. FEV1/ht? is a more sensitive
predictor compared to other spirometry indices.
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HAPIEE, Health, Alcohol and Psychosocial Factors in Eastern Europe; FRS, Framingham risk score; SCORE,
Systematic Coronary Risk Evaluation; FEV1, forced expiratory volume measured in 1; FEV1% predicted,
percent predicted values of forced expiratory volume in 1s; FVC, forced vital capacity; GLI, Global Lung
Initiative; COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; HR, hazard ratio;
SD, standard deviation; CI, confidence interval; LR, likelihood ratio; BIC, Bayesian information criterion.
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Introduction

In view of the increasing aging population, cardiovascular
disease (CVD) remains the major cause of morbidity, mortality,
and economic burden accounting for almost one-third of deaths
worldwide (1). Existing prognostic risk stratification models have
facilitated the identification and subsequent treatment for people
at the high risk of this condition (2-7). The majority of
prediction models estimate the individual risk of fatal and non-
fatal cardiovascular events based on the presence of risk factors
(e.g., age, sex, smoking status, cholesterol, and blood pressure
levels) and comorbidities including coronary artery disease,
hypertension, and diabetes (3, 5-7). While these models have
shown a good discriminative ability in the majority of cases, they
are less efficient at the individual level in different populations
(2, 8, 9). To improve the prediction value of these models,
several new biomarkers have been tested demonstrating different
results (10-15). The search for new risk factors that can be easily
measured in primary care and can facilitate the management of
cardiovascular disease particularly in the population at a high
risk for this condition is pivotal.

Previous studies have demonstrated the prognostic value of
forced expiratory volume measured in 1 s (FEV1) (16-18) and/or
forced vital capacity (FVC) (19, 20) in association with all-cause
and cardiovascular mortality in different populations and
independent from chronic conditions and smoking status (19,
21). Compared to other common risk factors, lung function has
a stronger affinity with the risk of mortality and CVD events
seen even in people with a relatively modest level of lung
function impairment (22, 23). Most studies tested spirometry
indices standardised as the percentage of predicted values
(%predicted) or Z-scores, and it has also been shown that lung
by FEV1 divided by height cubed
(FEV1/ht®) demonstrated a strong dose-response relationship

function assessment
with cardiovascular mortality (24).

Studies that investigated the additive prediction of lung
function to the CVD risk assessment are limited. The study by
Lee at al. found the improved performance of the Framingham
risk score (FRS) model combined with FVC and FEV1 to predict
all-cause mortality in people with moderate risk of death (25).
Another study demonstrated the consistent incremental additive
percent predicted values of forced expiratory volume in 1s
(FEV1% predicted) for predicting CVD mortality among other
19 new risk factors added to the Systematic Coronary Risk
Evaluation (SCORE) model in the Danish population (14).
Models including Framingham risk score and SCORE found to
be comparable in predicting CVD events (2, 26, 27); however,
the performance of the FRS model has not been thoroughly
tested in Eastern Europe. This region remains to experience a
high prevalence of CVD, leading to an increased burden of CVD
mortality compared to Western Europe (28-30). The major
factors contributing to high CVD mortality include health
behaviours (e.g., unbalanced diet, higher level of tobacco and
alcohol use, and inadequate level of physical activity) (28, 31,
32), pronounced disparities in socioeconomic status (29, 33), and
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environmental factors (34, 35). In light of these concerns, we
aimed to investigate the performance of the FRS model and the
additive prediction of spirometry indices including FEV1 and
FVC Z-score transformed and FEV1/ht’ to the risk estimation of
fatal and non-fatal CVD events among people from Eastern
European countries.

Materials and methods
Study design and participants

The prospective Health, Alcohol and Psychosocial factors in
Eastern Europe (HAPIEE) cohort study has been designed to
investigate the risk factors for high rates of mortality and
cardiovascular diseases in Eastern European countries (e.g.,
Czechia, Poland, and Lithuania) (36). It includes randomly
selected people with a mean age of 59+7.3 years from
population registers in urban centres in Czechia, Poland, and
Lithuania (N=26,746). The centres of data collection were
located in seven towns in Czechia and in big cities such as
Krakow in Poland and Kaunas in Lithuania. Data on age, sex,
health status, medical examination, lifestyle, and socioeconomic
and psychosocial factors were collected during 2002-2005. The
follow-up survey in the Czechia and Poland and the baseline
survey in Lithuania were conducted in 2005-2008 with the use of
face-to-face computer-assisted personal interviews combined with
clinical examination.

The follow-up time was estimated based on deaths occurring
until the end of 2020 in Czechia, until 31 July 2017 in Poland,
and until 31 March 2019 in Lithuania. Persons with complete
follow-up data were included in the study. Participants were
censored on the date of CVD event or the end of the study
depending on data availability for each country.

Ethics approval and consent to participate

All participants provided written informed consent. The study
was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Joint UCL/UCLH
Committees on the Ethics of Human Research (Committee
Alpha), reference 99/0081; the Ethics Committee of the Kaunas
Medical ~ University P1-09/2005); and Ethics
Committee at the National Institute of Public Health, Prague
(reference 2002-01-08/P1).

(reference

Spirometry and predicted values

Spirometry was performed using a Micro-Medical Microplus
spirometer. Participants with acute pulmonary infections and
(e.g.
procedures, and cardiovascular conditions [e.g., myocardial

illnesses vomiting and nausea), recent surgical

infarction (MI) and stroke] were excluded from testing (37).
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Two or more measurements of FEV1 and FVC within 150 ml
variation were considered for the study (37). For each
participant, the highest values of FEV1 and FVC were selected
for further analysis.

Predicted values of FEV1 and FVC were obtained for all
participants with age and height as main predictors separately for
men and women. Z-scores of FEV1 and FVC were calculated
using the Global Lung Initiative (GLI) equations (38). In
addition, FEV1 was standardised by height and defined as FEV1
divided by height cubed (FEV1/height’). All three predicted
spirometry indices were also expressed at levels of tertiles of their
distribution for further analyses. These spirometry indices were
selected based on our previous analyses demonstrating a strong
relationship between these measures and all-cause and CVD
mortalities in our population (24, 39).

Outcome

The primary outcomes were fatal and non-fatal CVD events,
defined as a composite event of cardiovascular mortality
including deaths due to coronary heart disease, heart failure, and
CVD
infarction (MI) and stroke. The outcome was defined for people

stroke, and non-fatal events including myocardial
without a previous history of coronary heart disease, myocardial
infarction, and stroke. Dates of death were obtained from the
national death registers in each country. All registers have shown
a complete coverage of deaths (36). Cause-specific mortality was
based on underlying causes of death, which were determined
according to the selection and application rules of ICD-10
World Health Organization (WHO).
Participants were followed-up until the incident case of stroke or

MI, CVD death, or end of the registration period.

maintained by the

Covariates

Data on covariates were obtained from questionnaires and
medical examination (36). The selection of predictors was based
on the original FRS model including age, sex, systolic blood
pressure (SBP), hypertension and the use of anti-hypertensive
therapy, current smoking, diabetes, total cholesterol (TC), and
high-density lipoprotein (HDL) concentrations (3). Smoking
status was classified as current in case of currently and regularly
smoking at least one cigarette per day. SBP was measured three
times, with a 2-min interval between measurements using a
digital blood pressure monitor (Omron MS5-I). Cholesterol
concentrations were measured in fasting venous blood samples
with an enzymatic method. This method was calibrated and
validated. We also identified the
comorbidities: stroke, myocardial infarction, ischaemic heart

following  self-reported
disease, hypertension (defined as measured blood pressure >140/
90 mmHg and/or self-reported treated hypertension), diabetes
(treated and/or untreated), asthma, and chronic obstructive
pulmonary disease (COPD).
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Statistical analyses

(Version 17;
StataCorp). Descriptive statistics are presented as means with

All analyses were performed with Stata

standard deviations (SDs) or frequencies with proportions.

The FRS scores were derived using the STATA module based on
validated predictors and coefficients from the FRS Cox proportional
hazards regression model (40). Subsequently, FRS scores were
categorised into low CVD risk (FRS<10%), intermediate CVD
risk (FRS 10%-19%), and high CVD risk (FRS >20%). The FRS
model was used for people between 30 and 75 years that is within
the age range of HAPIEE cohort participants. Spirometry indices
were entered into the model as continuous variables and as
categorical variables accounting for the level of lung function
impairment with highest tertile as a reference. Linear trend was
explored by adding polynomials and splines. Based on the original
FRS methods, the association of predictors alone and with
addition of spirometry with the risk of CVD events was estimated
using Cox proportional hazards regression models stratified by
country. We used the robust variance estimator to account for
possible interactions between groups and multiple comparisons.
Proportional hazards assumptions were confirmed by exploring
parallelism of log-negative and log-estimated survival curves for
each covariate (Supplementary Figures $3-S5). Hazard ratios
(HRs) with their corresponding 95% confidence intervals (ClIs)
were also estimated by crude (included sex and age) and
confounder-adjusted models. Using these data, we assessed
whether each type of spirometry indices had an independent
predictive value and provided additional information on the risk
beyond that predicted by the FRS model.

The discriminative ability of each model was assessed with
Harrell’s C-statistic applying cross-validation of predictive powers
in training and testing sets (41). However, this measure was less
sensitive to compare multiple models with varying number of
predictors; therefore, we also employed Bayesian information
criterion (BIC) and likelihood ratio (LR) for nested models as
evaluation criteria for quantifying added value of spirometry
indices (42, 43). Calibration was assessed with the Grennesby
and Borgan test (43-45).

We also conducted separate sensitivity analysis by fitting
flexible survival models that provide smooth estimates of the
baseline cumulative hazards to allow non-proportional effects of
age, sex, and spirometry indices (46-49).

Results
Descriptive statistics

Altogether 26,746 individuals were recruited at baseline, of
whom 14,061 met the inclusion criteria (Figure 1). Spirometry
tests were performed only on random 50% of respondents in the
second year of baseline survey in Poland resulting in a reduced
sample size. In addition, non-response in clinical examination
among 15%-20% of Czech and Polish participants was another
reason for missing data. Data regarding the comparison between
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Primary HAPIEE cohort
n=26746
Lost to follow-up l Spirometry test was not
n=298 < > performed
L n=8813
Sample with complete data
n=17635
People with previous
history on following
= conditions were
excluded:
-CVD n=3138
-COPD&Asthma n=436
Final sample
n=14061
Czech Republic Poland Lithuania
n=5202 n=3421 n=5438
FIGURE 1
Flowchart of exclusion criteria of the HAPIEE study cohort.

countries and spirometry groups are provided in Supplementary
Tables 1-2 respectively.

In total, 1,690 CVD events occurred and 987 people died from
other causes during the average of 13 years of follow-up (Table 1).
CVD events included 463 incident MI, 381 incident strokes, and
846 CVD deaths. Those with CVD events were older (mean age
62+7 years) with a higher prevalence of cardiovascular risk
factors and reduced spirometry values (Table 1).

Framingham risk score model

The FRS model classified the majority of the study sample as
having a low cardiovascular risk (68%), and 18% and 14% of
persons comprised the intermediate and high cardiovascular risk
groups, respectively (Table 2). Among people with low FRS risk,
a substantial proportion were women (78.4%), and the highest
number of men were present in the intermediate-risk group
(Supplementary Figure S1A). The distribution of CVD risk
factors increased in a dose-response manner from low to high
CVD risk groups (Table 2). The Z-score standardised spirometry
indices showed a similar trend with slight decrease in values
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towards the high-risk group, whereas the highest values of lung
function measured by FEV1/ht> was seen in the intermediate-risk
group (Table 2). The overall ability of the FRS model to
discriminate events from non-events was good and comparable
with other populations (C-statistic: 0.714).

Additive value of spirometry over FRS risk
factors

The distribution of the cardiovascular risk categories for the FRS
model alone and with addition of spirometry indices (FEV1/ht’
tertiles) is outlined in Supplementary Figure S2A. The incidence
rates for CVD events per 1,000 person-years progressively increased
across all FRS risk groups and from highest to lowest FEV1/ht’
tertiles (Supplementary Figure S2A). As shown in Supplementary
Figure S2A, the overall incidence rate of CVD events in the
moderate FRS risk group increased from 15.9 per 1,000 person-years
in people with no/low lung function impairment to 23.4 per 1,000
person-years in people with severe lung function impairment. The
difference in rates was more pronounced in the high-risk CVD
group, where the incidence of CVD events was higher than
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TABLE 1 Descriptive statistics of predictors by cause of death (n = 14,061).

Total Alive CVvD
events
(N=14,061) | (81%) (12%)
Age (years), mean 58.5 (7.4) 57.6 (7.2) 62.4 (6.8) 61.7 (6.9)
(SD)
Age (years), n
<50 2,383 93.0 4.0 3.0
50-59 5,436 86.1 8.4 5.5
60-69 5,457 73.4 17.1 9.5
>70 785 61.3 25.8 12.9
Sex, n
Men 6,470 75.4 15.7 8.9
Women 7,591 85.7 8.8 5.5
Country, n
Czechia 5,202 75.1 149 10.0
Poland 3,421 90.4 5.2 4.4
Lithuania 5,438 80.6 13.6 58
Smoking status, n
Current smoker 3,572 76.6 14.0 9.4
SBP mmHg, mean 138.2 (20.5) 136.5 (19.8) | 147.9 (21.8) | 141.8 (21.2)
(SD)
Total cholesterol 5.8 (1.1) 5.8 (1.1) 59 (1.1) 5.7 (1.1)
mmol/L, mean (SD)
HDL mmol/L, mean 1.5 (0.4) 1.5 (0.4) 1.4 (0.4) 1.4 (0.4)
(SD)
Comorbidities, n
Diabetes 1,163 67.2 214 114
Hypertension 8,634 76.6 15.4 8.0
Spirometry
FEV1, mean (SD) 2.8 (0.8) 2.8 (0.7) 2.7 (0.8) 2.6 (0.8)
FVC, mean (SD) 3.5 (0.9) 3.5 (0.9) 3.4 (09) 34 (1.0
FEV1 Z-score® —0.34 (1.1) —0.28 (1.1) | —=0.56 (1.1) —0.71 (1.2)
FVC Z-score® —0.84 (1.0) —0.80 (1.0) | =097 (1.1) | —1.03 (1.1)
FEV1/ht?, mean 0.56 (0.12) 0.56 (0.12) | 0.52 (0.13) 0.51 (0.14)
(SD)

°The reference values from the GLI with threshold point below lower limit of
normal (-1.645).

predicted even in people with decreased spirometry indices at modest
levels (Supplementary Figure S2A).

Trends were similar after adjustment for all components of the
Framingham risk score with elevated compared to predicted
relative risk of CVD events associated with decreasing lung
functions (Supplementary Figure S2B).

Comparison between spirometry indices

The probabilities of CVD event-free survival according to
baseline tertiles of FEVl/height3, FEV1, and FVC (Z-standardised)
spirometry indices are presented in Supplementary Figures S4,
S5. All spirometry indices remained independent predictors of
CVD events after adjustment for all FRS components, with similar
effect estimates of continuous measures (per 1 SD) of FEV1/ht®
[hazard ratio (HR): 1.10; 95% CI: 1.05-1.16], FEV1 (HR: 1.12;
95% CI: 1.08-1.16), and FVC (HR: 1.12; 95% CI: 1.08-1.18)
(Table 3). However, the effect of the continuous variable was
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TABLE 2 Descriptive statistics of predictors by the Framingham risk score
(n =14,061).

Total Low risk | Intermediate | High risk

sample risk

<10%
(68%)

10-20%
(18.4%)

>20%

(n=14,061) (13.6%)

Age (years), 58.5 (7.4) 57.2 (7.4) 59.6 (6.7) 63.4 (5.9)
mean (SD)

Age (years), n

<50 2,383 87.2 10.7 2.1
50-59 5,436 71.1 20.1 8.8
60-69 5,457 58.4 20.0 21.6
>70 785 52.9 19.7 274
Sex, n

Men 6,470 31.8 38.6 29.6
Women 7,591 98.6 1.3 0.1
Country, n

Czechia 5,202 68.5 17.7 13.8
Poland 3,421 68.2 18.8 13.0
Lithuania 5,438 67.2 18.9 13.9
Smoking status, n

Current smoker 3,572 52.6 21.6 25.8
SBP mmHg, 138.2 (20.5) | 132.3 (18.2) 144.7 (17.2) 158.9 (19.5)
mean (SD)

Total 5.8 (1.1) 5.8 (L.1) 5.8 (1.1) 6.0 (1.1)
cholesterol

mmol/L, mean

(SD)

HDL mmol/L, 1.5 (0.4) 1.5 (0.4) 1.3 (0.4) 1.2 (0.3)
mean (SD)

Comorbidities, n %

Diabetes 1,163 46.2 18.5 35.3
Hypertension 8,634 55.3 23.5 21.2
Spirometry

FEV1, mean 2.8 (0.8) 2.6 (0.7) 3.2 (0.7) 2.9 (0.6)
(SD)

FVC, mean 3.5 (0.9) 3.3 (0.9) 4.0 (0.8) 3.8 (0.7)
(SD)

FEV1 Z-score® —0.34 (1.1) —0.29 (1.1) —0.32 (1.1) —0.57 (1.1)
FVC Z-score® —0.84 (1.0) —0.82 (1.0) —0.80 (1.0) —1.00 (1.1)
FEV1/ht?, 0.56 (0.12) 0.55 (0.12) 0.59 (0.13) 0.54 (0.12)
mean (SD)

°The reference values from the GLI with threshold point below lower limit of
normal (—1.645).

driven largely by the lowest tertile of the lung function measure.
No significant improvements of the original FRS model in the C-
statistic were observed in either model (C-statistic for original FRS
model: 0.714 vs. for all spirometry indices: 0.715) (Table 3).
However, the LR chi-square test and BIC suggested the superiority
of models with the addition of spirometry. All models with
continuous spirometry indices had a better fit. Both LR and BIC
that the based on Z-transformed FEV1
measurement had a stronger contribution than other spirometry
indices (LR: 1,079.8 and BIC: 29,663.6) (Table 3). In terms of
calibration, models with added FEV1-based spirometry measures

suggest model

showed the improved separation between observed and expected
risks of CVD events in the moderate- and high-risk groups
(Supplementary Table S3 and Figure S6).
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TABLE 3 Cox model comparison between different spirometry indices for CVD events.

Predictors FRS old model FEV1_ht? FEV1_Z FVC_Z
HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)

Predictors Continuous Categorical Continuous Categorical Continuous Categorical

Age 1.08 (1.07-1.09) 1.08 (1.07-1.09) 1.08 (1.07-1.09) 1.08 (1.07-1.09) 1.08 (1.07-1.09) 1.08 (1.07-1.09) 1.08 (1.07-1.09)
Women 0.64 (0.58-0.72) 0.61 (0.54-0.68) 0.61 (0.54-0.69) 0.63 (0.57-0.70) 0.63 (0.57-0.70) 0.63 (0.57-0.70) 0.63 (0.57-0.70)
SBP 1.01 (1.01-1.01) 1.01 (1.01-1.01) | 101 (1.01-1.01) | 101 (1.01-1.01) | 101 (1.01-1.01) | 1.01 (1.01-1.01) | 1.01 (1.01-1.01)
BP treatment 1.25 (1.08-1.44) 124 (1.07-143) | 125 (1.08-1.44) | 124 (1.07-1.43) | 125 (1.08-1.44) | 124 (1.07-143) | 1.25 (1.08-1.44)
Smoking 1.68 (1.51-1.88) 1.63 (1.46-1.82) 1.64 (1.47-1.83) 1.59 (1.42-1.78) 1.61 (1.44-1.80) 1.63 (1.46-1.82) 1.65 (1.48-1.84)
Diabetes 1.51 (1.32-1.74) 1.50 (1.30-1.72) 1.50 (1.30-1.72) 1.48 (1.29-1.70) 1.48 (1.29-1.70) 1.47 (1.28-1.69) 1.48 (1.29-1.70)
HDL 0.81 (0.70-0.92) 0.82 (0.71-0.93) 0.82 (0.71-0.93) 0.82 (0.72-0.94) 0.82 (0.72-0.94) 0.83 (0.73-0.95) 0.82 (0.72-0.94)
Total cholesterol 1.06 (1.02-1.11) 1.07 (1.02-1.11) 1.07 (1.02-1.12) 1.07 (1.02-1.12) 1.07 (1.02-1.12) 1.07 (1.02-1.12) 1.07 (1.02-1.12)
Spirometry per 1 SD 1.10 (1.05-1.16) 1.12 (1.08-1.16) 1.12 (1.08-1.18)

Highest tertile 1.0 1.0 1.0
Medium tertile 0.99 (0.87-1.12) 1.06 (0.93-1.20) 1.01 (0.90-1.15)
Lowest tertile 1.21 (1.06-1.38) 1.32 (1.17-1.49) 1.23 (1.09-1.39)
Harrell’s C-statistic 0.714 0.714 0.715 0.715 0.715 0.714 0.715

LR 1,053.77 1,068.70 1,067.79 1,079.80 1,074.78 1,077.51 1,069.09
BIC 29,680.12 29,674.74 29,685.20 29,663.64 29,678.21 29,665.92 29,683.90
LR test Old vs. New 14.0%* 26.0%** 21.0%** 23.7 15.3%* 14.9%+*

New model: Old FRS risk score model based on age, sex, systolic blood pressure, hypertension, smoking, diabetes, HDL, and cholesterol + spirometry.
***P<0.001.

Table 4 shows relative risks of cardiovascular events by FRS  outlined in Supplementary Tables S4-S6 and Supplementary
groups according to increasing tertiles of spirometry indices.  Figures S7, S8. Despite the significant time-varying effect of age,
People with poorer lung function had a higher risk of CVD it did not improve the overall performance of the model. Similar
events relative to healthy individuals in all categories of FRS  results were observed in models with age interactions. Overall,
risk. In comparison between spirometry indices, the strongest the majority of women had a low risk of CVD events; therefore,
association with CVD events was seen in the model stratified by  the additive prediction of spirometry indices between sexes did
FEV1/ht’ tertiles. Among persons with low FRS, the risk of  not yield a valid comparison.

CVD events was already elevated in people with intermediate

lung function impairment (HR: 1.23; 95% CI: 1.01-1.50) and

doubled for those in the lowest FEV1/ht’ tertile (HR: 2.35; 95% Discussion
CL: 1.96-2.81).

Sensitivity analysis comparing survival models with relaxed In this study of 14,061 persons from Eastern Europeans, we
proportional hazard assumptions for age, sex, and FEV1/ht’ are  found an independent, strong, and dose-dependent association

TABLE 4 Association between degree of lung function impairment (tertiles) and CVD event by FRS groups.

Type of  No. of No. of | Person-years of =~ Deaths per 1,000 FRS low risk | FRS medium risk | FRS high risk

groups persons deaths follow-up person-years (95% Cl)  HR (95% Cl) HR (95% Cl) HR (95% Cl)
FEV1/ht® tertiles

Highest tertile 5,066 472 46,295 10.2 (9.3-11.2) 1.00 1.00 1.00
Intermediate 4717 516 43,581 11.8 (10.9-12.9) 1.23 (1.01-1.50) 1.13 (0.89-1.43) 1.33 (1.06-1.67)
tertile

Lowest tertile 4,278 702 39,342 17.8 (16.6-19.2) 235 (1.96-2.81) 1.57 (1.24-1.98) 1.61 (1.28-2.02)
FEV1_Z tertiles

Highest tertile 4,684 466 42,739 10.9 (9.9-11.9) 1.00 1.00 1.00
Intermediate 4,689 518 43 677 11.9 (10.9-12.9) L.11 (0.93-1.33) 0.93 (0.72-1.20) 1.37 (1.07-1.76)
tertile

Lowest tertile 4,688 706 42,803 16.5 (15.3-17.8) 1.63 (1.37-1.94) 1.31 (1.03-1.65) 1.75 (1.38-2.22)
FVC_Z tertiles

Highest tertile 4,681 517 43,512 11.9 (10.9-12.9) 1.00 1.00 1.00
Intermediate 4,688 519 43,896 11.8 (10.8-12.9) 1.11 (0.93-1.32) 0.87 (0.67-1.12) 1.11 (0.88-1.40)
tertile

Lowest tertile 4,692 654 41,811 15.6 (14.5-16.9) 1.53 (1.29-1.82) 1.30 (1.03-1.64) 1.27 (1.02-1.58)

FRS risk score model based on age, sex, systolic blood pressure, hypertension, smoking, diabetes, and HDL cholesterol.
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between impaired lung function and fatal and non-fatal
cardiovascular events. The association remained after adjustment
and at all levels of traditional cardiovascular risk factors. The
most informative spirometry markers for predicting CVD events
were FEV1 added as a continuous variable and FEVI/ht’
Adding

spirometry indices to conventional Framingham risk model did

stratified by level of lung function impairment.

not change the C-statistic, but it significantly improved the
prediction in some risk groups.

In this study, we used the Framingham risk score model, a
widely used and robust scoring system for predicting 10-year risk
of CVD events worldwide (3, 4). The model was extensively
validated showing a wide range of C-statistic values (0.56-0.77)
across different populations (26, 50-54). In general, this model
tends to overestimate the risk of CVD in both sexes from
Western European and American populations (26, 54). In our
population, the original FRS model showed a good performance
with a C-statistic of 0.71. Despite the declining rates in CVD
diseases globally, Eastern Europe is still considered a high-risk
region in terms of fatal and non-fatal CVD events with the
baseline risk factor pattern similar to those from the derivation
population (31, 32). These factors might explain a better risk
discrimination of this model in our study. Although models like
SCORE and SCORE2 are recommended for use in Europe, their
performance in Eastern Europe is similar to the FRS, with C-
statistic values ranging from 0.60 to 0.73 (7, 55).

Our results are partially consistent with previous studies
investigating the ability of spirometry indices to improve the
prediction rates of existing risk models (14, 25). Although
different cardiovascular risk prediction models were tested, both
studies found improved risk stratification in those with
intermediate CVD risk. Compared to the study by Lee et al., the
difference in risk rates according to the degree of lung function
impairment was observed at all risk levels estimated by the
Framingham risk score model in our study (25). The fact that
reduced spirometry indices predicted increased risk of CVD
events even in relatively healthy individuals with moderate lung
function impairment could indicate the additive value of lung
function in prediction and prevention of these outcomes in our
Although the

comparability of our results might be affected by the difference

population. risk distribution was similar,
in methods where all-cause mortality rather than a composite
outcome of fatal and non-fatal CVD events was used for risk
stratification. In addition, our cohort was older and more
homogeneous in terms of ethnicity and pattern of risk factors.
Moreover, the predicting properties of FEV1 and FVC have been
evaluated applying different standardisation methods (14, 25).
Previous studies categorised lung function impairment using
prediction equations based on reference values from the general
population (FEV1% predicted and Z-score); however, they have
some limitations for the use in the elderly population (38, 56-58).
We have previously used both approaches in the same population
(24), and they both performed similarly; therefore, only Z-
transformed values were added to the model. Previous studies
reported that FEV1 standardised with height might be a more

reliable measure for predicting survival in the elderly population
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(56, 59-61). We have previously also showed a strong dose-
response relationship between lung function (defined as FEV1/
height’) and cardiovascular mortality in our recent study (39).
This might explain the fact that the model stratified by FEV1/ht®
tertiles was superior to other spirometry indices (e.g, FEV1 and
FVC Z-transformed) in predicting the risk of CVD events across
FRS risk groups in the current study.

The validity of prognostic performance has been evaluated
applying different approaches, and the choice of the best model
for survival is not straightforward (41, 43, 62, 63). The accuracy
of traditional measures including calibration and discrimination
might be affected by censoring distribution. The widely used
discrimination measure, Harrell’s C-statistic, should be applied in
model assessment with a low censoring rate, and the Génen and
Heller K statistic is a better choice in these settings (43, 64). In
order to ensure a valid comparison of our data with findings
reported in previous studies, we utilised the C-statistic for
assessment of model performance and applied cross-validation
techniques to increase the accuracy of this measure (41). Other
approaches including likelihood-based measures (e.g., LR test and
BIC) showed to be more sensitive approaches to assess whether
new biomarkers can improve the overall model fit and
performance particularly in the comparison of nested model (15,
42, 43, 65). Therefore, these measures were also implemented for
model comparison in our study.

Limitations of the study

Several limitations deserve to be acknowledged. First, the
HAPIEE cohort cannot be seen as being fully representative for
Eastern Europe. It only includes several urban centres and does
not include data on people from rural areas, and thus it does not
cover the whole population of the included countries. Second,
the overall response rates were moderately high, and
participation in the clinical examination was lower among people
from the Czechia and Poland. This may have introduced a
selection bias. In addition, data on some risk factors including
spirometry were not complete. Both these issues might lead to
the underestimation of CVD risk in our study. Third, while the
study protocols were identical, and the follow-up time was
balanced between countries, the self-reported information in the
questionnaire may be a source of reporting bias. Fourth, the
composite outcome in our study did not include non-fatal CVD
events related to peripheral vascular disease and heart failure,
which were part of the original FRS model. This limitation may
potentially underestimate our findings.

Fifth, the addition of spirometry indices to the conventional
FRS model resulted in small increases in the ability to classify
risk, as measured by the C-statistic. On the other hand, the
improvement in model performance was detected as measured
by the LR test and BIC. Such statistics must always be
interpreted in the context of clinically meaningful results.

Finally, the numbers of women in the intermediate and high
FRS risk groups were too small for investigations with sufficient

statistical power; therefore, the comparison results between sexes
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were not performed in main analysis. Sensitivity analysis did not
show any particular trend in the model comparison between
men and women (Supplementary Table S5).

Conclusions

This is the first study investigating the additive value of
impaired lung function to predict fatal and non-fatal CVD events
in a high-risk population in Eastern European countries.
Spirometry indices predicted CVD outcomes with a clear dose-
response fashion, at levels of cardiovascular risk estimated by the
FRS. These findings suggest that including spirometry into risk
prediction may be useful in high-risk populations.

Data availability statement

The data used to conduct the research are available from the
corresponding author but restrictions by the register maintainers
apply to the availability of these data. Therefore, the data are not
publicly available. However, data are available from the authors
upon reasonable request and with permission from the register
maintainers. Requests to access the datasets should be directed to
hynek.pikhart@recetox.muni.cz.

Ethics statement

All participants provided written informed consent. The study
was performed in line with the principles of the Declaration of
Helsinki. Approval was granted by the Joint UCL/UCLH
Committees on the Ethics of Human Research (Committee
Alpha), reference 99/0081; the Ethics Committee of the Kaunas
Medical P1-09/2005); and Ethics
Committee at the National Institute of Public Health, Prague
(reference 2002-01-08/P1). The
with the local
requirements. Written informed consent for participation was

University  (reference
studies were conducted in

accordance legislation and institutional
not required from the participants or the participants’ legal
guardians/next of kin in accordance with the national legislation

and institutional requirements.

Author contributions

All  listed authors contributed to the intellectual
conceptualisation of this study. TC, HP, and MB codesigned the
paper. TC and HP performed the statistical analyses. MB, NC,
AP, and AT jointly designed the HAPIEE study. TC wrote the
first draft and finalised the paper. All co-authors provided
comments. All authors contributed to the article and approved

the submitted version.

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1228807

Funding

The authors have disclosed the receipt of the following
financial support for the research, authorship, and/or publication
of this article: the HAPIEE study was funded by the Welcome
Trust (grant WTO064947 and WT081081), the US National
Institute of Aging (grant RO1 AG23522), and the MacArthur
Foundation. Contribution of Polish authors was supported by the
grant of Polish National Science Centre (grant 2018/29/B/NZ7/
02118). The present analyses were supported by the European
Union’s Horizon 2020 Research and Innovation Programme
projects CETOCOEN Excellence (grant agreement 857560), R-
Exposome Chair (grant agreement 857487), and the National
Institute for Research of Metabolic and Cardiovascular Disease
project (Programme EXCELES, Project ID LX22NPO5104)
funded by the EU—Next Generation EU. This publication
reflects only the author’s view, and the European Commission is
not responsible for any use that may be made of the information
it contains. The authors thank the RECETOX Research
Infrastructure (No LM2023069) financed by the MEYS and the
Operational Programme Research, Development and Education
(the CETOCOEN EXCELLENCE project No. CZ.02.1.01/0.0/0.0/
17_043/0009632) for supportive background.

Acknowledgments

The authors would like to thank all local collaborators in
Prague, Havifov, Karvind, Jihlava, Usti nad Labem, Liberec,
Hradec Kréalové, Kromériz, Krakow, and Kaunas.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1228807/full#supplementary-material

frontiersin.org


mailto:hynek.pikhart@recetox.muni.cz
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1228807/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1228807/full#supplementary-material
https://doi.org/10.3389/fcvm.2023.1228807
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Court et al.

References

1. Cardiovascular diseases. Available at: https://www.who.int/health-topics/
cardiovascular-diseases#tab=tab_1 (Accessed November 10, 2022).

2. Damen JAAG, Hooft L, Schuit E, Debray TPA, Collins GS, Tzoulaki I, et al.
Prediction models for cardiovascular disease risk in the general population:
systematic review. Br Med J. (2016) 353:12416. doi: 10.1136/BMJ.12416

3. D’Agostino RB. General cardiovascular risk profile for use in primary care: the
Framingham heart study (Circulation. 2008;117:743-753). Circulation (2008)
118:743-53. doi: 10.1161/CIRCULATIONAHA.108.190154

4. Lloyd-Jones DM. Cardiovascular risk prediction. Circulation. (2010) 121:1768-77.
doi: 10.1161/CIRCULATIONAHA.109.849166

5. Conroy RM, Pyorila K, Fitzgerald AP, Sans S, Menotti A, De Backer G, et al.
Estimation of ten-year risk of fatal cardiovascular disease in Europe: the SCORE
project. Eur Heart J. (2003) 24:987-1003. doi: 10.1016/S0195-668X(03)00114-3

6. Hippisley-Cox J, Coupland C, Robson J, Brindle P. Derivation, validation, and
evaluation of a new QRISK model to estimate lifetime risk of cardiovascular
disease: cohort study using QResearch database. Br Med J. (2010) 341:93. doi: 10.
1136/BM].C6624

7. SCORE2 working group and ESC Cardiovascular risk collaboration. SCORE2
Risk prediction algorithms: new models to estimate 10-year risk of cardiovascular
disease in Europe. Eur Heart ] (2021) 42:2439-54. doi: 10.1093/EURHEART]/
EHAB309

8. Sofogianni A, Stalikas N, Antza C, Tziomalos K. Cardiovascular risk prediction
models and scores in the era of personalized medicine. J Pers Med. (2022) 12
(7):1180. doi: 10.3390/JPM12071180

9. Pate A, Emsley R, Ashcroft DM, Brown B, Van Staa T. The uncertainty with using
risk prediction models for individual decision making: an exemplar cohort study
examining the prediction of cardiovascular disease in English primary care. BMC
Med. (2019) 17:1-16. doi: 10.1186/S12916-019-1368-8/ TABLES/6

10. De Ruijter W, Westendorp RGJ, Assendelft WJJ, Den Elzen WPJ], De Craen
AJM, Le Cessie S, et al. Use of Framingham risk score and new biomarkers to
predict cardiovascular mortality in older people: population based observational
cohort study. Br Med ]. (2009) 338:A3083. doi: 10.1136/bmj.a3083

11. Vaes B, Indestege P, Serneels T, Hegendorfer E, Hegendorfer E, Van Peet PG,
et al. Biomarkers versus traditional risk factors to predict cardiovascular events in
very old adults: cross-validated prospective cohort study. BMJ Open. (2020) 10:
€035809. doi: 10.1136/BMJOPEN-2019-035809

12. Sabayan B, Gussekloo J, De Ruijter W, Westendorp RGJ, De Craen AJM.
Framingham stroke risk score and cognitive impairment for predicting first-time
stroke in the oldest old. Stroke. (2013) 44:1866-71. doi: 10.1161/strokeaha.113.001460

13. Folsom AR. Classical and novel biomarkers for cardiovascular risk prediction in
the United States. ] Epidemiol. (2013) 23:158. doi: 10.2188/JEA.JE20120157

14. Graversen P, Abildstrom SZ, Jespersen L, Borglykke A, Prescott E.
Cardiovascular risk prediction: can systematic coronary risk evaluation (SCORE) be
improved by adding simple risk markers? Results from the Copenhagen City heart
study. Eur ] Prev Cardiol. (2016) 23:1546-56. doi: 10.1177/2047487316638201

15. Aul P, Idker MR, Ifai AR, Ynda L, Ose R, Ulie J, Uring EB, Ook ARC.
Comparison of C-reactive protein and low-density lipoprotein cholesterol levels in
the prediction of first cardiovascular events. N Engl ] Med. (2002) 347(20):1557-65.
doi: 10.1056/NEJMOA021993

16. Vaz Fragoso CA, Van Ness PH, McAvay GJ. FEV(1) as a standalone spirometric
predictor and the attributable fraction for death in older persons. Respir Care. (2020)
65:217-26. doi: 10.4187/respcare.07012

17. Batty GD, Gunnell D, Langenberg C, Smith GD, Marmot MG, Shipley MJ. Adult
height and lung function as markers of life course exposures: associations with risk
factors and cause-specific mortality. Eur J Epidemiol. 21(11):795-801. doi: 10.1007/
510654-006-9057-2

18. Baughman P, Marott JL, Lange P, Martin CJ, Shankar A, Petsonk EL, et al.
Combined effect of lung function level and decline increases morbidity and
mortality risks. Eur ] Epidemiol. (2012) 27:933-43. doi: 10.1007/s10654-012-9750-2

19. Gupta RP, Strachan DP. Ventilatory function as a predictor of mortality in
lifelong non-smokers: evidence from large British cohort studies. BMJ Open. (2017)
7(7):e015381. doi: 10.1136/bmjopen-2016-015381

20. Sabia S, Shipley M, Elbaz A, Marmot M, Kivimaki M, Kauffmann F, et al. Why
does lung function predict mortality? Results from the Whitehall II cohort study. Am
J Epidemiol. (2010) 172:1415-23. doi: 10.1093/AJE/KWQ294

21. Loth DW, Ittermann T, Lahousse L, Hofman A, Leufkens HGM, Brusselle GG,
et al. Normal spirometry values in healthy elderly: the Rotterdam study. Eur
J Epidemiol. (2013) 28:329-34. doi: 10.1007/s10654-013-9800-4

22. Duong M, Islam S, Rangarajan S, Leong D, Kurmi O, Teo K, et al. Mortality and
cardiovascular and respiratory morbidity in individuals with impaired FEV1 (PURE):
an international, community-based cohort study. Lancet Global Health. (2019) 7:
E613-23. doi: 10.1016/s2214-109x(19)30070-1

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1228807

23. Weinmayr G, Schulz H, Klenk J, Denkinger M, Duran-Tauleria E, Koenig W,
et al. Association of lung function with overall mortality is independent of
inflammatory, cardiac, and functional biomarkers in older adults: the ActiFE-study.
Sci Rep. (2020) 10:11862. doi: 10.1038/s41598-020-68372-w

24. Sarycheva T, Capkova N, Pajagk A, Malyutina S, Simonova G, Tamosiunas A,
et al. Impaired lung function and mortality in Eastern Europe: results from multi-
centre cohort study. Respir Res. (2022) 23:1-10. doi: 10.1186/S12931-022-02057-Y/
TABLES/4

25. Lee HM, Le H, Lee BT, Lopez VA, Wong ND. Forced vital capacity paired with
Framingham risk score for prediction of all-cause mortality. Eur Respir J. (2010)
36:1002-6. doi: 10.1183/09031936.00042410

26. Damen JA, Pajouheshnia R, Heus P, Moons KGM, Reitsma JB, Scholten RJPM,
et al. Performance of the Framingham risk models and pooled cohort equations for
predicting 10-year risk of cardiovascular disease: a systematic review and meta-
analysis. BMC Med. (2019) 17:1-16. doi: 10.1186/512916-019-1340-7/FIGURES/7

27. Gunaydin ZY, Karagoz A, Bektas O, Kaya A, Kirig T, Erdogan G, et al.
Comparison of the Framingham risk and SCORE models in predicting the presence
and severity of coronary artery disease considering SYNTAX score. Anatol
J Cardiol. (2016) 16:412. doi: 10.5152/ANATOLJCARDIOL.2015.6317

28. Timmis A, Vardas P, Townsend N, Torbica A, Katus H, De Smedt D, et al.
European Society of Cardiology: cardiovascular disease statistics 2021. Eur Heart ].
(2022) 43:716-99. doi: 10.1093/EURHEART]/EHAB892

29. Movsisyan NK, Vinciguerra M, Medina-Inojosa JR, Lopez-Jimenez F.
Cardiovascular diseases in central and eastern Europe: a call for more surveillance
and evidence-based health promotion. Ann Glob Health. (2020) 86(1):21. doi: 10.
5334/a0gh.2713

30. Bobak M, Marmot M. East-west mortality divide and its potential explanations:
proposed research agenda. BMJ. (1996) 312:421. doi: 10.1136/BMJ.312.7028.421

31. Kolossvary E, Bjorck M, Behrendt CA. A divide between the Western European
and the central and Eastern European countries in the peripheral vascular field: a
narrative review of the literature. J Clin Med. (2021) 10(16):3553. doi: 10.3390/
JCM10163553

32. Powles JW, Zatonski W, Vander Hoorn S, Ezzati M. The contribution of leading
diseases and risk factors to excess losses of healthy life in Eastern Europe: burden of
disease study. BMC Public Health. (2005) 5:1-10. doi: 10.1186/1471-2458-5-116/
FIGURES/3

33. Vandenheede H, Vikhireva O, Pikhart H, Kubinova R, Malyutina S, Pajak A,
et al. Socioeconomic inequalities in all-cause mortality in the Czech Republic,
Russia, Poland and Lithuania in the 2000s: findings from the HAPIEE study.
] Epidemiol Community Health. (2014) 68:297-303. doi: 10.1136/JECH-2013-203057

34. Vaduganathan M, Mensah GA, Turco JV, Fuster V, Roth GA. The global burden
of cardiovascular diseases and risk: a compass for future health. ] Am Coll Cardiol.
(2022) 80:2361-71. doi: 10.1016/].JACC.2022.11.005

35, Priiss-Ustiin A, Wolf ], Corvaldn C, Neville T, Bos R, Neira M. Diseases due to
unhealthy environments: an updated estimate of the global burden of disease
attributable to environmental determinants of health. J Public Health (Oxf). (2017)
39:464-75. doi: 10.1093/PUBMED/FDW085

36. Peasey A, Bobak M, Kubinova R, Malyutina S, Pajak A, Tamosiunas A, et al.
Determinants of cardiovascular disease and other non-communicable diseases in
central and Eastern Europe: rationale and design of the HAPIEE study. BMC Public
Health. (2006) 6:255. doi: 10.1186/1471-2458-6-255

37. Graham BL, Steenbruggen I, Barjaktarevic 1Z, Cooper BG, Hall GL, Hallstrand
TS, et al. Standardization of spirometry 2019 update. An official American Thoracic
Society and European Respiratory Society technical statement. Am ] Respir Crit
Care Med. (2019) 200:e70. doi: 10.1164/RCCM.201908-1590ST

38. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, et al. Multi-ethnic
reference values for spirometry for the 3-95-year age range: the global lung function
2012 equations. Eur Respir J. (2012) 40:1324-43. doi: 10.1183/09031936.00080312

39. Sarycheva T, Capkova N, Pajak A, Malyutina S, Tamosiunas A, Bobdk M,
Pikhart H. All-cause and cardiovascular mortality in relation to lung function in
the full range of distribution across four Eastern European cohorts. Sci Rep (2022)
12:1-9. doi: 10.1038/s41598-022-17261-5

40. Linden A. Framingham: Stata module for calculating the Framingham 10-year
cardiovascular disease risk prediction. statistical software components (2017).
Available at: https://ideas.repec.org/c/boc/bocode/s457997.html (Accessed November
11, 2022).

41. Newson RB. Comparing the predictive powers of survival models using Harrell’s
C or Somers’ D. Stata J. (2010) 10:339-58. doi: 10.1177/1536867X1001000303

42. Kuk D, Varadhan R. Model selection in competing risks regression. Stat Med.
(2013) 32:3077-88. doi: 10.1002/SIM.5762

43. Cook NR. Quantifying the added value of new biomarkers: how and how not.
Diagn Progn Res. (2018) 2(14). doi: 10.1186/S41512-018-0037-2

frontiersin.org


https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1
https://www.who.int/health-topics/cardiovascular-diseases#tab=tab_1
https://doi.org/10.1136/BMJ.I2416
https://doi.org/10.1161/CIRCULATIONAHA.108.190154
https://doi.org/10.1161/CIRCULATIONAHA.109.849166
https://doi.org/10.1016/S0195-668X(03)00114-3
https://doi.org/10.1136/BMJ.C6624
https://doi.org/10.1136/BMJ.C6624
https://doi.org/10.1093/EURHEARTJ/EHAB309
https://doi.org/10.1093/EURHEARTJ/EHAB309
https://doi.org/10.3390/JPM12071180
https://doi.org/10.1186/S12916-019-1368-8/TABLES/6
https://doi.org/10.1136/bmj.a3083
https://doi.org/10.1136/BMJOPEN-2019-035809
https://doi.org/10.1161/strokeaha.113.001460
https://doi.org/10.2188/JEA.JE20120157
https://doi.org/10.1177/2047487316638201
https://doi.org/10.1056/NEJMOA021993
https://doi.org/10.4187/respcare.07012
https://doi.org/10.1007/s10654-006-9057-2
https://doi.org/10.1007/s10654-006-9057-2
https://doi.org/10.1007/s10654-012-9750-2
https://doi.org/10.1136/bmjopen-2016-015381
https://doi.org/10.1093/AJE/KWQ294
https://doi.org/10.1007/s10654-013-9800-4
https://doi.org/10.1016/s2214-109x(19)30070-1
https://doi.org/10.1038/s41598-020-68372-w
https://doi.org/10.1186/S12931-022-02057-Y/TABLES/4
https://doi.org/10.1186/S12931-022-02057-Y/TABLES/4
https://doi.org/10.1183/09031936.00042410
https://doi.org/10.1186/S12916-019-1340-7/FIGURES/7
https://doi.org/10.5152/ANATOLJCARDIOL.2015.6317
https://doi.org/10.1093/EURHEARTJ/EHAB892
https://doi.org/10.5334/aogh.2713
https://doi.org/10.5334/aogh.2713
https://doi.org/10.1136/BMJ.312.7028.421
https://doi.org/10.3390/JCM10163553
https://doi.org/10.3390/JCM10163553
https://doi.org/10.1186/1471-2458-5-116/FIGURES/3
https://doi.org/10.1186/1471-2458-5-116/FIGURES/3
https://doi.org/10.1136/JECH-2013-203057
https://doi.org/10.1016/J.JACC.2022.11.005
https://doi.org/10.1093/PUBMED/FDW085
https://doi.org/10.1186/1471-2458-6-255
https://doi.org/10.1164/RCCM.201908-1590ST
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1038/s41598-022-17261-5
https://ideas.repec.org/c/boc/bocode/s457997.html
https://doi.org/10.1177/1536867X1001000303
https://doi.org/10.1002/SIM.5762
https://doi.org/10.1186/S41512-018-0037-2
https://doi.org/10.3389/fcvm.2023.1228807
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Court et al.

44. Gronnesby JK, Borgan @. A method for checking regression models in survival
analysis based on the risk score. Lifetime Data Anal. (1996) 2:315-28. doi: 10.1007/
BF00127305

45. Demler OV, Paynter NP, Cook NR. Tests of calibration and goodness of fit in the
survival setting. Stat Med. (2015) 34:1659. doi: 10.1002/SIM.6428

46. Teshnizi SH, Ayatollahi SMT. Comparison of cox regression and parametric
models: application for assessment of survival of pediatric cases of acute leukemia
in southern Iran. Asian Pac ] Cancer Prev. (2017) 18:981. doi: 10.22034/APJCP.
2017.18.4.981

47. Royston P. Flexible parametric alternatives to the cox model, and more. Stata J.
(2001) 1:1-28. doi: 10.1177/1536867X0100100101

48. Royston P, Parmar MKB. Flexible parametric proportional-hazards and proportional-
odds models for censored survival data, with application to prognostic modelling and
estimation of treatment effects. Stat Med. (2002) 21:2175-97. doi: 10.1002/SIM.1203

49. Syriopoulou E, Mozumder SI, Rutherford MJ, Lambert PC. Robustness of individual
and marginal model-based estimates: a sensitivity analysis of flexible parametric models.
Cancer Epidemiol. (2019) 58:17-24. doi: 10.1016/].CANEP.2018.10.017

50. Brindle P, Ebrahim S, Jonathan E, Lampe F, Walker M, Whincup P, et al.
Predictive accuracy of the Framingham coronary risk score in British men:
prospective cohort study. Br Med J. (2003) 327:1267. doi: 10.1136/BM].327.7426.1267

51. D’Agostino RB, Grundy S, Sullivan LM, Wilson P. Validation of the
Framingham coronary heart disease prediction scores: results of a multiple ethnic
groups investigation. JAMA. (2001) 286:180-7. doi: 10.1001/jama.286.2.180

52. Boudik F, Reissigova ], Hrach K, Tomeckova M, Bultas J, Anger Z, et al. Primary
prevention of coronary artery disease among middle aged men in Prague: twenty-year
follow-up results. Atherosclerosis. (2006) 184:86-93. doi: 10.1016/]. ATHEROSCLEROSIS.
2005.02.011

53. Piko P, Kosa Z, Sandor J, Adany R. Comparative risk assessment for the
development of cardiovascular diseases in the Hungarian general and Roma
population. Sci Rep (2021) 11:1-12. doi: 10.1038/s41598-021-82689-0

54. Cook NR, Ridker PM. Calibration of the pooled cohort equations for
atherosclerotic cardiovascular disease: an update. Ann Intern Med. (2016)
165:786-94. doi: 10.7326/M16-1739

55. Vikhireva O, Pajak A, Broda G, Malyutina S, Tamosiunas A, Kubinova R, et al.
SCORE performance in central and Eastern Europe and former soviet union:

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2023.1228807

MONICA and HAPIEE results. Eur Heart J. (2014) 35(9):571-77. doi: 10.1093/
eurheartj/eht189

56. Pedone C, Scarlata S, Scichilone N, Forastiere F, Bellia V, Antonelli-Incalzi R.
Alternative ways of expressing FEV1 and mortality in elderly people with and
without COPD. Eur Respir J. (2013) 41:800-5. doi: 10.1183/09031936.00008812

57. Sylvester KP, Clayton N, CIliff I, Hepple M, Kendrick A, Kirkby J, et al. ARTP
statement on pulmonary function testing 2020. BMJ Open Respir Res. (2020) 7(1):
€000575. doi: 10.1136/bmjresp-2020-000575

58. Miller MR, Thinggaard M, Christensen K, Pedersen OF, Sigsgaard T. Best lung
function equations for the very elderly selected by survival analysis. Eur Respir J.
(2014) 43:1338-46. doi: 10.1183/09031936.00100313

59. Miller MR, Pedersen OF. New concepts for expressing forced expiratory volume
in 1s arising from survival analysis. Eur Respir J. (2010) 35:873-82. doi: 10.1183/
09031936.00025809

60. Chinn S, Gislason T, Aspelund T, Gudnason V. Optimum expression of adult
lung function based on all-cause mortality: results from the Reykjavik study. Respir
Med. (2007) 101:601-9. doi: 10.1016/].RMED.2006.06.009

61. Bhatta L, Leivseth L, Mai X-M, Henriksen AH, Carslake D, Chen Y, et al.
Spirometric classifications of COPD severity as predictive markers for clinical
outcomes: the HUNT study. medRxiv. BMC Med Res Methodol. (2013) 13:33.
doi: 10.1101/2020.11.03.20221432

62. Steyerberg EW, Vergouwe Y. Towards better clinical prediction models: seven
steps for development and an ABCD for validation. Eur Heart ]. (2014)
35:1925-31. doi: 10.1093/EURHEARTJ/EHU207

63. Harrell FE, Lee KL, Mark DB. Tutorial in biostatistics multivariable prognostic
models: issues in developing models, evaluating assumptions and adequacy, and
measuring and reducing errors. Stat Med. (1996) 15:361-87. doi: 10.1002/(SICI)
1097-0258(19960229)15:4

64. Royston P, Altman DG. External validation of a Cox prognostic model:
principles and methods. BMC Med Res Methodol. (2013) 13:33. doi: 10.1186/1471-
2288-13-33

65. Palatini P, Penzo M, Racioppa A, Zugno E, Guzzardi G, Anaclerio M, et al.
Clinical relevance of nighttime blood pressure and of daytime blood pressure
variability. Arch Intern Med. (1992) 152:1855-60. doi: 10.1001/ARCHINTE.1992.
00400210081013

frontiersin.org


https://doi.org/10.1007/BF00127305
https://doi.org/10.1007/BF00127305
https://doi.org/10.1002/SIM.6428
https://doi.org/10.22034/APJCP.2017.18.4.981
https://doi.org/10.22034/APJCP.2017.18.4.981
https://doi.org/10.1177/1536867X0100100101
https://doi.org/10.1002/SIM.1203
https://doi.org/10.1016/J.CANEP.2018.10.017
https://doi.org/10.1136/BMJ.327.7426.1267
https://doi.org/10.1001/jama.286.2.180
https://doi.org/10.1016/J.ATHEROSCLEROSIS.2005.02.011
https://doi.org/10.1016/J.ATHEROSCLEROSIS.2005.02.011
https://doi.org/10.1038/s41598-021-82689-0
https://doi.org/10.7326/M16-1739
https://doi.org/10.1093/eurheartj/eht189
https://doi.org/10.1093/eurheartj/eht189
https://doi.org/10.1183/09031936.00008812
https://doi.org/10.1136/bmjresp-2020-000575
https://doi.org/10.1183/09031936.00100313
https://doi.org/10.1183/09031936.00025809
https://doi.org/10.1183/09031936.00025809
https://doi.org/10.1016/J.RMED.2006.06.009
https://doi.org/10.1101/2020.11.03.20221432
https://doi.org/10.1093/EURHEARTJ/EHU207
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4
https://doi.org/10.1186/1471-2288-13-33
https://doi.org/10.1186/1471-2288-13-33
https://doi.org/10.1001/ARCHINTE.1992.00400210081013
https://doi.org/10.1001/ARCHINTE.1992.00400210081013
https://doi.org/10.3389/fcvm.2023.1228807
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Can spirometry improve the performance of cardiovascular risk model in high-risk Eastern European countries?
	Introduction
	Materials and methods
	Study design and participants
	Ethics approval and consent to participate
	Spirometry and predicted values
	Outcome
	Covariates
	Statistical analyses

	Results
	Descriptive statistics
	Framingham risk score model
	Additive value of spirometry over FRS risk factors
	Comparison between spirometry indices

	Discussion
	Limitations of the study

	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


