
was faster than among individuals with higher vitamin levels
(see online supplementary figure S5). However in the COPD
group, only the association between decline in FEV1 % pre-
dicted and vitamin D reached statistical significance.

Risk of spirometrically de� ned COPD
In the cross-sectional analysis, multivariable adjusted ORs for
COPD defined by spirometry using GOLD criteria or LLN cri-
teria increased with decreasing levels of 25(OH)D (figure 3).

Figure 3 ORs for chronic obstructive pulmonary disease (COPD) by seasonally adjusted plasma 25-hydroxyvitamin D (25(OH)D) quintiles. Models
were adjusted for gender, age, smoking status, cumulative tobacco consumption, body mass index, physical activity and income. Based on 10 166
participants from the Copenhagen City Heart Study and 8391 participants from the Copenhagen General Population Study.
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The ORs for lowest versus highest quintile were 2.30 (95% CI
1.55 to 3.41) and 3.06 (1.97 to 4.76) in the Copenhagen City
Heart Study for GOLD and LLN criteria, respectively. The cor-
responding ORs were 1.82 (1.13 to 2.92) and 2.23 (1.35 to
3.69) in the Copenhagen General Population Study.

In the Copenhagen City Heart Study many participants had
follow-up spirometry carried out at 10-year (N=5819) and
20-year (N=2631) intervals, which were used for prospective
development of COPD as a function of baseline 25(OH)D levels
(figure 4). Longitudinal analyses restricted to these participants
and excluding participants with spirometrically defined COPD
at baseline comprised 5341 and 5527 individuals with at least
two measurements for analyses when using GOLD criteria and
LLN criteria, respectively. Multivariable adjusted HRs for
COPD for lowest versus highest quintile were 1.58 (1.05 to
2.40) and 2.00 (1.19 to 3.36) for GOLD and LLN criteria,
respectively.

DISCUSSION
In this study based on two independent samples of the general
population, we present two novel findings showing that lower
levels of plasma 25(OH)D were associated with a higher decline
in lung function and with a higher risk of spirometrically
defined COPD in prospective analyses. Furthermore, lower
levels of plasma 25(OH)D were associated with lower FEV1 and
FVC and a higher risk of spirometrically defined COPD in
cross-sectional analyses.

The latter finding is in accordance with the third National
Health and Nutrition Examination Survey.14 One study has
shown a similar association only among smokers and another
study has shown no association at all.15 17 Compared with pre-
vious studies our study provides a larger total sample size and
independent validation in a second data set that differs with
regard to population structure and time of examination, thus
extending the external validity of the results. Additionally, we
have shown that the association is present among smokers and
never smokers alike, although it is strongest among smokers
regarding FEV1 % predicted. Furthermore, the association
seems to be strongest among the subgroup with spirometrically
defined COPD, typically those that smoke the most.

The association of lower plasma 25(OH)D with faster decline
of FEV1 % predicted and FVC % predicted in the general popu-
lation is a novel finding. Previously, the Normative Aging Study

found a similar association in a smaller population consisting of
men only16; however, the association was restricted to smokers
only. Another study examining a cohort of smokers with COPD
did not show any association between plasma 25(OH)D and
rate of decline in lung function;15 that study was probably
underpowered to detect an association given the relatively
modest association of plasma 25(OH)D with lung function. In
contrast to the latter study, we found that lower plasma 25(OH)
D was associated with faster decline in FEV1 % predicted in
those with spirometrically defined COPD at baseline. In add-
ition, studies of lung function decline in established COPD may
show considerable variation depending on survival bias, regres-
sion to the mean and confounding by stage of COPD.25

The prospective association of lower plasma 25(OH)D with
increased risk of COPD is another novel finding. This study and
previous cross-sectional analyses have shown that COPD
patients have lower levels of plasma 25(OH)D.26 27 However,
cross-sectional associations cannot show whether lower levels of
plasma 25(OH)D precedes COPD, or vice versa. Our prospect-
ive analyses uniquely indicate that lower plasma 25(OH)D is
associated with higher risk of future development of spirometri-
cally defined COPD.

A somewhat puzzling finding was that lower 25(OH)D was
associated with increased risk of spirometrically defined COPD,
but not with decline in FEV1/FVC. However, our interaction
analyses suggest that the association is stronger with higher
cumulative tobacco consumption and among those with spiro-
metrically defined COPD, that is, low levels of vitamin D may
play a stronger role among individuals who smoke more and/or
have a lower lung function. Nevertheless, these observations do
not fully explain our findings and additional research is required
to answer this question.

A potential limitation of our study is that our cohort consists
of only white individuals of Danish descent living in Denmark
(55°–58° latitude North), with less sun exposure than closer to
the equator; consequently, our findings would be most applic-
able to individuals with a similar skin colour and a similar level
of sun exposure. The delay in measurement from 1981 to 1983
or 2004–2005 to 2009–2010 could raise concern of potential
decay of plasma 25(OH)D, but this seems unlikely to have dis-
torted our analyses for several reasons: we noticed the expected
seasonal variation of 25(OH)D concentrations in both studies,
median levels of plasma 25(OH)D across plasma samples from

Figure 4 HRs for chronic obstructive
pulmonary disease (COPD) in
participants with follow-up spirometry
and without spirometrically defined
COPD at baseline. Models were
adjusted for gender, age, smoking
status, cumulative tobacco
consumption, body mass index,
physical activity and income. Based on
5341 (COPD GOLD criteria) and 5527
(COPD lower limit of normal (LLN)
criteria) participants from the
Copenhagen City Heart Study.
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three different examinations on the same healthy participants
from the Copenhagen City Heart Study with storage times of
10 years, 20 years and 30 years were similar,24 28 previous
studies have shown high stability during storage,29 the median
concentration observed in our studies were similar to those in
comparable populations,30 and a low sample quality for the 25
(OH)D measurement would tend to weaken rather than inflate
an association. A limitation is that we did not have information
regarding intake of vitamin D supplement use at baseline or
during follow-up. Furthermore, we only used one measurements
of 25(OH)D, which could fluctuate with time; however, we and
others have previously shown that 25(OH)D levels remain rela-
tively stable with follow-up of up to 20 years.24 31

Our study has several strengths: independent replication of
the results in a second large general population study; up to
three spirometry measurements spanning 20 years with no
losses to follow-up; information on other major risk factors
associated with COPD; and the highest statistical power to date
to examine the associations of plasma 25(OH)D levels with
lung function variables and risk of COPD. Also, in Denmark
UV-B radiation from the sun is only adequate for endogenous
vitamin D production in the skin during the summer months
and food has never been fortified with vitamin D. Thus, this
cohort from the Danish general population allows determin-
ation of the natural history of the association of vitamin D
levels with lung function and risk of COPD.

In conclusion, we observed an association of lower plasma 25
(OH)D levels with lower lung function, a faster decline in lung
function and a higher risk of COPD.
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Table S1. Distribution of missing information in baseline characteristics among the 10116 

participants from the Copenhagen City Heart Study and 8391 participants from the Copenhagen 

General Population Study. 

  

Copenhagen City Heart Study Missing information, N(%) 

Gender 0 (0) 

Age 0 (0) 

Smoking (Ever/Never) 0 (0) 

Current tobacco consumption, g/day 0 (0) 

Cumulative tobacco consumption, pack-years 0 (0) 

Body mass index, kg/m
2
 17 (0.2) 

Physical activity 2 (0.02) 

Income 123 (1.2) 

Total 142 (0.2) 

Copenhagen General Population Study  

Gender 0 (0) 

Age 0 (0) 

Smoking (Ever/Never) 0 (0) 

Current tobacco consumption, g/day 164 (2.0) 

Cumulative tobacco consumption, pack-years 191 (2.3) 

Body mass index, kg/m
2
 29 (0.3) 

Physical activity 86 (1.0) 

Income 92 (1.1) 

Total 562 (0.8) 



Table S2. Seasonal variation in 25-hydroxyvitamin D levels according to month. 

  

 Plasma 25-hydroxyvitamin D (nmol/L) 

 Copenhagen City Heart Study  Copenhagen General Population 

Study
a
 

Month Median 25th 

percentile 

75th 

percentile 

N  Median 25th 

percentile 

75th 

percentile 

N 

January 33 20 50 669  37 26 50 754 

February 32 20 48 987  35 23 47 828 

March 35 20 54 849  36 23 50 876 

April 35 21 53 892  41 28 56 836 

May 37 24 52 1011  39 27 50 445 

June 42 29 59 910  – – – – 

July 45 31 60 790  43 31 55 278 

August 51 36 69 886  58 45 74 1012 

September 57 40 75 975  55 43 70 908 

October 47 32 63 685  50 38 64 810 

November 39 24 54 924  46 33 62 1001 

December 34 20 49 538  39 28 52 643 

Total 41 26 58 10116  44 30 60 8391 
a
Note that June was not represented in the Copenhagen General Population Study, since samples 

were only measured from July 2004 to May 2005 

 


