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ABSTRACT
Introduction  Previous population-based studies, mainly 
from high-income countries, have shown that a higher 
forced vital capacity (FVC) is associated with a lower risk 
of developing cardiometabolic diseases. The aim of this 
study was to assess the longitudinal association between 
spirometry measures and the onset of cardiometabolic 
diseases across sites in low-income, middle-income and 
high-income countries.
Methods  The study population comprised 5916 
individuals from 15 countries participating in the Burden 
of Obstructive Lung Disease baseline and follow-up 
assessments. Postbronchodilator forced expiratory 
volume in 1 s (FEV1), FVC and FEV1/FVC were measured 
at baseline. Participants who reported having doctor-
diagnosed hypertension, diabetes, heart disease and 
stroke at follow-up but not at baseline were considered 
new cases of these diseases. The association between 
lung function and the onset of participant-reported 
cardiometabolic diseases was assessed in each site using 
regression models, and estimates were combined using 
random effects meta-analysis. Models were adjusted for 
sex, age, smoking, body mass index and educational level.
Results  Participants with greater per cent predicted 
FVC were less likely to have new-onset diabetes (OR 
per 10%=0.91, 95% CI 0.84 to 0.99), heart disease (OR 
per 10%=0.86, 95% CI 0.80 to 0.92) and stroke (OR per 
10%=0.81, 95% CI 0.73 to 0.89) during the follow-up 
period (mean±SD 9.5±3.6 years). A greater percentage 
of FEV1 was associated with a lower risk of onset of heart 
disease and stroke. No significant association was found 
between FEV1/FVC and onset of reported cardiometabolic 
diseases, except for a higher risk of diabetes (OR per 
10%=1.21, 95% CI 1.08 to 1.35) in participants with 
higher FEV1/FVC.
Conclusions  The findings of this study suggest that 
a low FVC is more important than a low FEV1/FVC as a 
risk factor for developing cardiometabolic diseases. The 
value of including FVC in risk score models to improve 
their precision in predicting the onset of cardiometabolic 
diseases should be explored.

INTRODUCTION
Many patients with chronic obstructive 
pulmonary disease (COPD) have cardiovas-
cular disease and diabetes.1 2 COPD is spiro-
metrically characterised by chronic airflow 
obstruction. In a cross-sectional analysis of 
the populational-based Burden of Obstruc-
tive Lung Disease (BOLD) study, Triest et al 
found no significant association of postbron-
chodilator airflow obstruction with hyperten-
sion, diabetes and cardiovascular disease after 
adjusting for confounders.3 This suggests that 
the coexistence of chronic airflow obstruction 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Many patients with COPD have cardiovascular dis-
ease and diabetes. Previous studies, however, sug-
gest that cardiometabolic diseases are more closely 
related to low lung function than airflow obstruction. 
Most of these studies have been cross-sectional and 
are from high-income countries.

WHAT THIS STUDY ADDS
	⇒ This longitudinal study with almost 6000 randomly 
selected participants from 15 countries with differ-
ent income levels showed that persons with a bet-
ter lung function expressed as forced vital capacity 
(FVC) were less likely to develop diabetes, heart dis-
ease and stroke over 10 years.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The potential value of including FVC in risk score 
models to improve their precision in predicting 
the onset of cardiometabolic diseases should be 
explored.

B
M

J O
pen R

espiratory R
esearch: first published as 10.1136/bm

jresp-2024-002442 on 19 January 2025. D
ow

nloaded from
 https://bm

jopenrespres.bm
j.com

 on 16 F
ebruary 2025 by guest. P

rotected by copyright,
 including for uses related to text and data m

ining, A
I training, and sim

ilar technologies.

http://bmjopenrespres.bmj.com/
https://www.brit-thoracic.org.uk/
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjresp-2024-002442&domain=pdf&date_stamp=2025-01-18
https://doi.org/10.1136/bmjresp-2024-002442
https://doi.org/10.1136/bmjresp-2024-002442
https://doi.org/10.1136/bmjresp-2024-002442
http://orcid.org/0000-0001-5093-6980
http://orcid.org/0000-0002-4098-7765
http://orcid.org/0000-0003-4389-7084
http://orcid.org/0000-0002-0024-4887
http://orcid.org/0000-0001-5573-4413
http://orcid.org/0000-0001-8635-5678
http://orcid.org/0000-0002-0369-9449


2 Janson C, et al. BMJ Open Respir Res 2025;12:e002442. doi:10.1136/bmjresp-2024-002442

Open access

and cardiometabolic diseases is due to shared risk factors, 
such as age and smoking.

Another cross-sectional BOLD analysis found an asso-
ciation between a low forced vital capacity (FVC) and 
hypertension, diabetes and cardiovascular disease.4 In 
other analyses from European subsamples of BOLD, 
hypertension was found to be associated with lower 
FVC and forced expiratory volume in 1 s (FEV1),5 and a 
greater pulse wave velocity was associated with both low 
total lung capacity and low FVC.6 These findings suggest 
that a low lung function is more important than airflow 
obstruction in developing cardiometabolic diseases. This 
is also supported by other studies showing that having 
a low FVC and FEV1 is associated with a higher risk of 
hypertension,7 diabetes,8–10 myocardial infarction and 
cardiovascular death.11 12 The biological explanation for 
the association is unclear, but several studies have shown 
an association between low FVC and FEV1 and systemic 
inflammatory markers such as fibrinogen,11 C reactive 
protein (CRP)13 14 and interleukin-6 (IL-6).15 16

The aim of this investigation was to study associations 
between lung function and the onset of participant-
reported cardiometabolic diseases in a longitudinal 
setting with participants from low-income, middle-
income and high-income countries. We hypothesised 
that the onset of hypertension, diabetes, heart disease 
and stroke is more closely associated with low lung func-
tion than airflow obstruction.

METHODS
Study population
The baseline BOLD study was conducted between 2003 
and 2016 and included 41 sites across Africa, Asia, 
Europe, North America, the Caribbean and Oceania and 
collected high-quality prebronchodilator and postbro-
nchodilator spirometry from 28 828 randomly selected 
participants of the age of 40 years and higher. Between 
2019 and 2021, a BOLD follow-up study was conducted in 
18 sites across Africa, Asia, Europe and the Caribbean. At 
baseline, there were 12 502 participants with high-quality 
spirometry at these sites. A total of 6452 participants were 
followed up, with 5936 completing the study core ques-
tionnaire. The current analyses included 5916 (47.3%) 
participants with data on cardiometabolic disease at base-
line and follow-up (figure 1).17

Lung function
FVC and FEV1 were measured at baseline before and 
after bronchodilation (200 µg salbutamol). The spirom-
etry was conducted with the participant sitting upright, 
wearing a disposable mouthpiece and a nose clip. FEV1 
and FVC values were obtained by spirometry using the 
ndd EasyOne (ndd Medizintechnik, Zurich, Switzer-
land). The postbronchodilator values of FVC, FEV1 and 
FEV1/FVC were expressed as per cent of the predicted 
using the reference values from the third US National 
Health and Nutrition Examination Survey (NHANES III) 

for adult European American men and women.18 Airflow 
obstruction was defined according to the lower limit of 
normal (LLN, <5th percentile) FEV1/FVC.3 Restrictive 
lung function was defined as having a postbronchodi-
lator FVC below LLN.4

All spirometry curves were checked centrally at the 
BOLD Operations Centre, and usable tests had to include 
at least three acceptable curves, with the two best blows 
being within 200 mL of each other. Before the start of 
the surveys, study site staff underwent intensive training 
covering consenting, questionnaire data collection, 
spirometry testing and quality control, anthropometry 
measurements and data transfer.17

Onset of cardiometabolic diseases
Participants who reported that they had been told by a 
doctor or healthcare provider they had hypertension, 
diabetes, heart disease and stroke at follow-up but not at 
baseline were defined as having an onset of these diseases.

The sites were classified into the level of income using the 
2022–2023 World Bank Country Lending Group guidelines 
https://datahelpdesk.worldbank.org/knowledgebase/​
articles/906519-world-bank-country-and-lending-groups.

Potential confounders
Height and weight were measured, and body mass index 
(BMI) was calculated as weight in kilograms divided by 
the square of height expressed in metres. Information on 
smoking history (current, ex-smoker and never-smoker), 
educational level and cardiometabolic diseases was 
obtained through a structured interview.

Statistics
Data were analysed using Stata V.17 (Stata). Character-
istics and onset of hypertension, diabetes, heart disease 
and stroke are presented by site and described as n (%) 
or mean (SD). χ2 test and unpaired t-test were used to 
compare responders and non-responders.

Figure 1  Study population of the Burden of Obstructive 
Lung Disease (BOLD) follow-up study.
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The association between postbronchodilator FVC, FEV1 
and FEV1/FVC expressed as per cent of predicted at base-
line with the onset of hypertension, diabetes, heart disease 
and stroke were assessed by logistic regression in each site 
and then combined by random effects meta-analyses. The 
models were adjusted for age, sex, smoking history, BMI and 
educational level. All regression models were adjusted for 
sampling weights within each site. Study sites that reported 
a low number of people with specific comorbidity were 
excluded from the meta-analysis because these sites could 
not be fitted into the model. Differences were considered to 
be significant if the p value was less than 0.05. Heterogeneity 
across sites was estimated using the I2 statistic. I2 values of 0%, 
25%, 50% and 75% were considered no, low, moderate and 
high heterogeneity, respectively.

Sex-stratified analyses were performed because of 
previous findings of sex differences in the association 
between lung function and cardiometabolic diseases.3 
Sensitivity analyses were done by excluding participants 
with a BMI≥30,19 those with any cardiometabolic disease 
and those with an FVC<LLN, respectively. We also used 
a multilevel (mixed effects) logistic regression model 
in our analyses. This allowed us to include partici-
pants from sites where the number of participants with 
comorbidities was too low to include in some of the 
meta-analyses.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
The characteristics of the study population are presented 
in table 1. The mean age of the population at baseline 
was 54 years, and 55% of the participants were women. 
There was a large variation in the prevalence of current 
smokers and level of education across the various study 
sites. Participants who took part in both surveys were 
comparatively younger, more likely to be women, had 
a slightly lower BMI, were more often highly educated 
and had a lower prevalence of reported cardiometa-
bolic diseases than those who only participated in the 
first survey. The participants also had slightly higher 
mean lung function values than those not participating 
in the follow-up study (online supplemental table S1). 
The mean follow-up time was 9.5 years (table 1). During 
this period, 1144 had an onset of hypertension, 424 had 
diabetes, 607 had heart disease and 154 had an onset 
of stroke (table 2). Of those included, 453 (7.7%) had 
airflow obstruction, and 2303 (38.8%) had restrictive 
lung function.

Table 1  Characteristics of the population of the BOLD follow-up study at baseline and length of follow-up (n% and 
mean±SD)

Country Site n
Age 
(years) Women BMI (kg/m2)

Current 
smokers

Follow-up 
(years)

Country level 
of income

Malawi Chikwawa 371 53±10 188 (51) 21.8±3.8 63 (18) 6.2±4.2 Low

Sudan Khartoum 56 52±9 24 (45) 27.1±5.5 12 (21) 8.1±2.5 Low

Benin Seme-Kpodji 117 51±9 62 (53) 27.8±5.7 1 (1) 7.4±3.6 Low middle

Nigeria Ife 461 55±12 322 (70) 25.8±5.7 9 (2) 8.3±3.0 Low middle

Tunisia Sousse 269 52±8 143 (53) 29.7±5.2 62 (23) 1+0.4±1.2 Low middle

Morocco Fes 64 53±9 28 (44) 27.7±4.9 7 (11) 10.9±1.9 Low middle

Philippines Nampicuan-Talugtug 472 52±9 259 (55) 21.8±4.0 157 (33) 10.8±1.4 Low middle

Pakistan Karachi 259 51±9 151 (58) 26.7±5.5 28 (11) 5.7±3.8 Low middle

India Mysore 537 46±7 313 (58) 24.7±3.7 40 (7) 7.4±1.5 Low middle

India Pune 694 51±9 303 (44) 22.1±3.8 51 (7) 10.9±1.5 Low middle

India Kashmir 89 53±11 39 (43) 22.2±3.7 10 (11) 12.5±5.0 Low middle

Kyrgyzstan Chui 469 52±9 323 (69) 28.7±5.2 88 (19) 6.2±1.8 Low middle

Kyrgyzstan Naryn 622 53±10 392(63) 27.2±5.0 88 (14) 6.3±1.9 Low middle

Jamaica 95 56±11 53 (56) 28.8±6.9 8 (8) 5.9±1.7 High middle

Estonia Tartu 391 58±11 199 (51) 28.2±4.9 74 (19) 10.8±1.2 High

Iceland Reykjavik 378 52±8 171 (45) 27.9±4.6 65 (17) 15.2±1.0 High

Sweden Uppsala 274 55±9 125 (46) 26.7±3.9 36 (13) 12.9±0.7 High

Norway Bergen 298 54±9 138 (46) 26.3±4.0 82 (28) 15.1±0.8 High

All 5916 54±11 3233 (55) 26.0±5.5 881 (15) 9.5±3.6

BMI, body mass index; BOLD, Burden of Obstructive Lung Disease.
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Unadjusted analyses
High postbronchodilator FVC and FEV1 expressed as 
per cent of predicted at baseline were associated with a 
lower risk of onset of participant-reported hypertension, 
diabetes, heart disease and stroke. Higher FEV1/FVC 
expressed as per cent of predicted was associated with a 
higher risk of onset of diabetes (table 3). A moderate site 

heterogeneity was found for the associations with higher 
lung function, diabetes and stroke.

Adjusted analyses
There was a statistically significant association between 
higher FVC and FEV1 and a lower risk of onset of heart 

Table 2  The onset of cardiometabolic disease at different sites among participants without the disease at baseline (n (%))

Country Site
Hypertension
(n=4820)

Diabetes
(n=5624)

Heart disease
(n=5480)

Stroke
(n=5858)

Malawi Chikwawa 20 (6) 5 (1) 11 (3) 2 (1)

Sudan Khartoum 11 (22) 16 (29) 4 (7) 0

Benin Seme-Kpodji 16 (19) 2 (2) 3 (3) 2 (2)

Nigeria Ife 64 (14) 11 (2) 5 (1) 4 (1)

Tunisia Sousse 41 (19) 43 (17) 13 (5) 9 (3)

Morocco Fes 6 (15) 6 (11) 8 (14) 3 (5)

Philippines Nampicuan-Talugtug 124 (33) 33 (7) 42 (10) 21 (5)

Pakistan Karachi 57 (30) 43 (19) 13 (5) 8 (3)

India Mysore 28 (6) 9 (2) 7 (1) 0

India Pune 77 (12) 68 (10) 14 (2) 13 (2))

India Kashmir 25 (40) 4 (5) 3 (3) 0

Kyrgyzstan Chui 118 (36) 19 (4) 104 (27) 18 (4)

Kyrgyzstan Naryn 215 (41) 43 (7) 168 (30) 19 (3)

Jamaica Jamaica 27 (44) 27 (32) 9 (10) 7 (7)

Estonia Tartu 72 (30) 24 (7) 53 (21) 20 (5)

Iceland Reykjavik 99 (34) 32 (9) 72 (20) 8 (2)

Sweden Uppsala 75 (35) 25 (9) 37 (14) 4 (1)

Norway Bergen 69 (30) 14 (5) 41 (15) 16 (5)

All 1144 (24) 424 (7.5) 607 (11) 154 (3)

Table 3  Association between lung function measures as per cent of predicted and cardiometabolic diseases

FVC I2 FEV1 I2 FEV1/FVC I2

Unadjusted

 � Hypertension 0.93 (0.88–0.98) 0% 0.94 (0.90–0.99) 16% 0.95 (0.89–1.02) 24%

 � Diabetes 0.85 (0.79–0.92) 56% 0.92 (0.87–0.99) 49% 1.25 (1.12–1.40) 39%

 � Heart disease 0.86 (0.80–0.92) 0% 0.88 (0.83–0.93) 0% 0.94 (0.88–1.02) 13%

 � Stroke 0.80 (0.73–0.88) 55% 0.82 (0.76–0.89) 66% 0.98 (0.89–1.11) 54%

Adjusted

 � Hypertension 0.97 (0.92–1.03) 0% 0.97 (0.92–1.02) 15% 0.94 (0.87–1.01) 24%

 � Diabetes 0.91 (0.84–0.99) 45% 0.96 (0.90–1.03) 39% 1.21 (1.08–1.35) 54%

 � Heart disease 0.86 (0.80–0.92) 4% 0.88 (0.83–0.94) 0% 0.94 (0.86–1.03) 0%

 � Stroke 0.81 (0.73–0.89) 48% 0.83 (0.76–0.90) 66% 1.02 (0.91–1.13) 58%

Unadjusted and adjusted OR (95% CI) for 10 units change. The association was assessed in each site and then combined by random effects 
meta-analyses. Statistically significant estimates are marked with bold numbers. I2 values of 0%, 25%, 50% and 75% were considered no, 
low, moderate and high heterogeneity.
Adjusted for sex, age, smoke history, BMI and educational level baseline.
BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
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disease and stroke after adjustment for sex, age, smoking 
history, BMI and educational level (table 3 and figure 2). 
High FVC was also associated with a lower risk of diabetes, 
whereas a high FEV1/FVCA was associated with a higher 
risk in the adjusted analyses. Moderate heterogeneity 
across sites was found for the associations of diabetes and 
stroke with high lung function. The association between 
FVC and diabetes was larger in the sites from high-
income than in low-income and middle-income coun-
tries (figure 2). No income-related association was found 
for other associations (figure 2).

Sensitivity analyses
In the sensitivity analyses, slight reductions were observed 
in the estimates when participants who were obese or had 
any cardiometabolic disease were excluded. Excluding 
participants with a BMI≥30 kg/m2 resulted in the asso-
ciation between FVC and diabetes becoming statistically 
non-significant (online supplemental table S2). The asso-
ciation between FEV1/FVC and diabetes remained statis-
tically significant even after excluding participants with 
FVC<LLN (OR (95% CI) 1.29 (1.10 to 1.51)).

Sex-stratified analyses
The association between a high FVC and high FEV1/FVC 
and the onset of diabetes after adjustment for sex, age, 
smoking history, BMI and educational level was statisti-
cally significant in men but not in women. No sex differ-
ences were found regarding the association between 
lung function and heart disease or stroke (online supple-
mental table S3). Excluding obese participants did not 
change these associations.

Analyses using multilevel modelling
Analyses using multilevel logistic regression gave esti-
mates that were very close to what was found in the 
models using meta-analyses (online supplemental table 
S4)

DISCUSSION
In this longitudinal study, a higher postbronchodilator 
FVC and FEV1 were associated with a decreased risk 
of developing participant-reported heart disease and 
stroke, and a higher FVC was associated with a lower risk 
of diabetes. The risk of developing heart disease per 10% 
predicted FVC decreased by 14%. For the same increase 
in FVC, the risk of diabetes decreased by 9%, and the risk 
of stroke decreased by 19%. A high FEV1/FVC was asso-
ciated with an increased risk of developing diabetes. The 
association between lung function and the onset of heart 
disease was consistent across all geographical locations. 
However, there was moderate heterogeneity between 
sites regarding the risk of diabetes and stroke.

In the present study, participants with a high FVC 
had a decreased risk of having a participant-reported 
onset of diabetes during a mean follow-up period of 

approximately 10 years. This result matches Engström et 
al’s findings in a Swedish population study.8 They found 
that a low FVC was associated with insulin resistance at 
baseline and a higher incidence of diabetes during the 
follow-up.20 This is also in line with the results of McKeever 
et al, who reported that plasma glucose level 2 hours after 
oral glucose administration was inversely related to FVC 
and FEV1.

9 An inverse association between FVC and the 
risk of type 2 diabetes was also found in a meta-analysis 
of 13 cohorts of patients with COPD.21 Surprisingly, we 
found that the association between high FVC and a lower 
risk of onset of diabetes was significant in men but not 
in women. In contrast to our results, Lee et al found no 
difference between men and women regarding the asso-
ciation between reduced FVC and 12-year incidence of 
diabetes,22 and Zaigham et al also reported a similar risk 
of diabetes in men and women with low lung function.20 
We have no clear explanation for the difference between 
our results and those previously reported, except that the 
present study included participants from countries with 
different income levels. In contrast, previous studies have 
been conducted in high-income countries.

In the current study, high FVC and FEV1 were inde-
pendently associated with a lower risk of onset of 
participant-reported heart disease. Previous studies have 
found that a low FVC is associated with increased coro-
nary heart disease, myocardial infarction and cardiovas-
cular death.11 12 The association between lung function 
and cardiometabolic diseases remained statistically signif-
icant in the sensitivity analysis, where we only included 
participants without any other cardiometabolic disease. 
We found no difference in the association between 
low lung function and heart disease between men and 
women. This is similar to what was reported by Lee et al23 
but contrary to the findings of Schroeder et al, where the 
association between FEV1 and FVC and the 10-year inci-
dence of coronary heart disease was stronger in women 
than men.12 The current study found that higher FVC 
and FEV1 were associated with a lower risk of stroke onset. 
This is in line with what has been reported by Li et al in a 
study using data from the UK Biobank.10 Previous studies 
have found that lower FEV1 and FVC were associated with 
signs of atherosclerosis, such as higher carotid intima–
media thickness24 and reduced ankle-brachial pressure 
index.25

Like Lee et al and Cuttica et al,23 26 we found no asso-
ciation between cardiovascular disease and a low FEV1/
FVC. However, we found that participants with a high 
FEV1/FVC were more likely to have an onset of diabetes. 
This result does not align with that of a meta-analysis of 
a large number of patients with COPD, where no signif-
icant association between FEV1/FVC and risk of type 2 
diabetes was found.21 These results are, however, similar 
to the analyses of the baseline BOLD study, where airflow 
obstruction was inversely associated with diabetes.3 The 
association between high FEV1/FVC and low FVC to a 
higher risk of diabetes supports a recent meta-analysis 
that concludes that restrictive but not obstructive lung 
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Figure 2  Association between forced vital capacity expressed as per cent of predicted and onset of diabetes, heart disease 
and stroke. Adjusted OR* (95% CI) for 10 units change. The association was assessed in each site and combined by random 
effects meta-analyses. I2 values of 0%, 25%, 50% and 75% were considered no, low, moderate and high heterogeneity. 
*Adjusted for age, sex, smoke history, BMI and educational level baseline. BMI, body mass index.
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function impairment is significantly associated with type 
2 diabetes.27 As we have not done diagnostic tests such as 
high-resolution CT scans, we cannot know to what extent 
this association with diabetes is related to interstitial lung 
disease or other restrictive lung disorders.

The explanation for the association between low lung 
function and cardiometabolic disease is not clear. It could 
be due to residual confounding from risk factors shared 
by a low lung function and cardiometabolic disease that 
have not been considered in the current and previous 
analyses. However, studies using polygenic scores28 and 
Mendelian Randomisation studies29 30 suggest that FVC 
and FEV1 are independent risk factors for cardiomet-
abolic disease. Systemic inflammation could be one 
of the mechanisms connecting low lung function and 
cardiometabolic disease. In a recent study using data from 
two large Swedish populations, Rydell et al found that a 
low FVC and, to a lesser extent, FEV1 were associated 
with higher levels of many cardiovascular disease-linked 
plasma proteins. In contrast, no such association was 
found for FEV1/FVC.16 Likewise, Nerpin et al, analysing 
data from the NHANES population, found that a low 
FVC and FEV1 but not FEV1/FVC was associated with 
higher CRP levels.14 Another possibility is that the asso-
ciation between low lung and cardiometabolic diseases 
could result from suboptimal development of the lung 
and other organs related to environmental influences in 
utero and early childhood.31

The strengths of this study are its longitudinal design 
and inclusion of several geographical regions. Previous 
studies have mostly included participants from high-
income countries, whereas the present study also includes 
low-income and middle-income countries. This is also the 
first study to examine the association between lung func-
tion and cardiometabolic diseases using postbronchodi-
lator lung function. Another advantage is the rigorous 
quality control of the spirometry. The main limitation 
is that we use self-reported onset of cardiometabolic 
diseases. This is likely to be particularly problematic in 
low-income and middle-income countries with poorly 
developed health services focusing more on communi-
cable diseases than non-communicable diseases. It is, 
therefore, possible that some of the associations related 
to diabetes and heart disease could be a consequence 
of undiagnosed preclinical disease. Diabetes is known 
to be associated with abnormal lung function, probably 
because of the effects of glucose on lung vasculature base-
ment membranes.32 Similarly, low FVC and heart disease 
could reflect the effects of undiagnosed, mild, undiag-
nosed heart failure that is known to be associated with 
reduced FVC.33 The data also do not enable us to distin-
guish between different heart diseases or stroke. Another 
limitation is the average response rate below 50%, which 
we addressed using inverse probability weights. Levels of 
particulate matter were not included in the regression 
models. However, in most cases, the associations found 
in this study were similar across sites with high levels of 
particulate matter, such as Karachi, and sites with low 

levels of particulate matter, such as Reykjavik.34 Another 
potential limitation is that we have not adjusted for the 
use of corticosteroids. We know, however, from a previous 
publication that the proportion of participants using 
corticosteroids is low in this population.35 Therefore, it 
is unlikely that the use of corticosteroids has influenced 
our results substantially.

In the present study, high FVC was independently asso-
ciated with a lower risk of participant-reported diabetes, 
heart disease and stroke. To our knowledge, FVC is 
not included in any risk score for predicting the risk 
of cardiometabolic events, although data also suggests 
that FVC predicted mortality more strongly than systolic 
blood pressure or BMI.36 Our results and several previous 
studies suggest that including FVC will improve the preci-
sion of risk scores used to predict the onset of diabetes 
and cardiovascular diseases.
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