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Abstract

Objectives: Although lung function decline is a normal ageing process, it can
be potentiated by risk factors. However, the potential impact of early life fac-
tors on lung function decline has been scarcely studied. The aim of this study
was to investigate the potential correlation between birth season and adult
lung function. Methods: We enrolled 1008 South Korean patients (530 men
and 478 women; age range, 40 - 80 years) who were hospitalized for urological
surgery, irrespective of respiratory disease. All patients underwent the pul-
monary function test before any surgery or procedure. Based on their birth
season, the patients were divided into two groups (spring, summer, and fall vs.
winter). Results: Forced vital capacity (FVC), forced expiratory volume in 1
second (FEV1), and FEV1 % predicted of men born in winter were lower than
those of men born in other seasons. Univariate and multivariate analyses us-
ing linear regression models also showed that birth season was a significant
predictive factor for FVC, FEV1, and FEV1 % predicted in men. However,
birth season was not correlated with lung function in women. Among male
ever-smokers, FEV1 and FEV1 % predicted were lower for men born in win-
ter than for those born in other seasons. Conclusions: Unlike women, men
born in winter had lower lung function than did men born in other seasons.
These results suggest that birth season might be an early life factor that pre-
dicts airway function. Furthermore, birth season has different effects on adult
lung function depending on the patient’s sex.
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1. Introduction

Chronic obstructive pulmonary disease (COPD) is set to become the third most

important cause of death worldwide [1]. It is an umbrella term for a spectrum of
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diseases characterized by an airflow limitation that is not fully reversible. Al-
though tobacco smoking is known to be the major risk factor for COPD and the
main determinant of a poor outcome in patients with COPD [2] [3], 5% - 10% of
non-smoking young adults and up to 30% of non-smoking adults aged 60 years
or more have symptoms of COPD [4]. Also only a portion of smokers develop
COPD, suggesting that an individual smoker’s susceptibility to COPD is deter-
mined by the interaction between environmental factors (tobacco smoke or air
pollutants) and host factors (genetics, early lung growth, race, or sex) [4] [5] [6].

An increasing body of evidence suggests that COPD is not simply a disease of
old age that is largely restricted to heavy smokers, but may be associated with
insults to the developing lung during fetal life and the first few years of postnatal
life, when lung growth and development are rapid [7] [8]. Recently, two Euro-
pean multi-center cohort studies, namely, the Swiss Study on Air Pollution and
Lung Disease in Adults (SAPALDIA) and the European Community Respiratory
Health Survey (ECRHS) [9], showed that early life factors predicted lung func-
tion decline in old age, suggesting that lung ageing is programmed early in life.
One of the novel findings of these studies was the association of lung function
decline with birth season. Participants born in winter months had a more rapid
decline in lung function than did those born in other months.

To date, the potential impact of birth season as an early life factors on lung
function has been scarcely studied. The aim of this study was to investigate the
potential correlation between birth season (month of birth) and adult lung

function.

2. Methods
2.1. Patient Selection

The study was approved by the Gachon University Gil Hospital Institutional Re-
view Board (GCIRB2016-107). A total of 1008 South Korean patients (530 men
and 478 women; age range, 40 - 80 years) who were hospitalized for urological
surgery at a single tertiary academic center were enrolled in our investigation ir-
respective of respiratory disease. Based on the smoking histories, “never-
smokers” were defined as those who had smoked on average <1 cigarette/day
for <6 months or had never smoked. For the “ever-smokers”, pack-years were
calculated to quantify tobacco use, with 1 pack-year being equivalent to smoking

an average of 20 cigarettes/day for 1 year.

2.2. Pulmonary Function Tests (PFTs)

All 1008 patients underwent spirometry before undergoing any operation or
procedure. The tests were performed according to the American Thoracic Soci-
ety guidelines [10] [11]. Spirometry indices included the forced vital capacity
(FVC), forced expiratory volume in 1 second (FEV1), and FEV1/FVC ratio. The
predicted values, FVC % predicted and FEV1% predicted, were calculated using
formulas that take into account the race, sex, age, height, and weight of a person.
We did not measure post-bronchodilator responses.
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2.3. Birth Season

We recorded the patients’ birth seasons based on their birth months as follows:
spring (March-May), summer (June-August), fall (September-November), and
winter (December-February, mean temperature of January in Korea: —6°C -
3°C). Comparisons were performed between patients born in winter and those

born in other seasons.

2.4. Statistical Analysis

The relationships between the study variables were analyzed using Pearson’s
linear correlation. To identify the independent predictive factors influencing
lung function, we performed univariate and multivariate analyses using linear
regression modeling. Student’s #-test was used to compare variables between the
two study groups according to birth seasons (ie., spring, summer, and fall vs.
winter) and sex. All analyses were performed using SPSS 12.0 (SPSS Inc., Chi-
cago, IL, USA) and p < 0.05 was considered statistically significant.

3. Results

3.1. Patient Characteristics
Characteristics of all 1008 patients are summarized in Table 1. Of the PFT
findings, FVC and FEV1 were higher in men than in women (Table 1). The

FEV1/FVC ratio and FEV1 % predicted were lower in men than in women
(Table 1).

Table 1. Characteristics of the study population.

Men (N = 530) Women (N = 478)
p-value
Mean + SD Mean + SD
Age (years) 68.4+7.0 67.6+7.2 0.08
Height (cm) 166.8 £5.9 153.6 £ 6.0 <0.05
Weight (kg) 65.6 £9.0 58.6 +9.2 <0.05
BMI (kg/m?) 23.5+2.7 24.8 £3.6 <0.05
FVC (L) 3.60 + 0.68 2.48 £ 0.46 <0.05
FEV1 (L) 2.60 + 0.63 1.96 + 0.40 <0.05
FEV1/FVC (%) 719 £10.3 789+ 6.8 <0.05
predFVC (%) 95.6 £16.3 94.1+17.1 0.15
predFEV1 (%) 99.8 £22.1 102.6 £22.5 0.05
Smoking (PY) 14.4 +£20.8 0.6 +4.0 <0.05
Smoker (%) 46.4% (246/530) 3.1% (15/478) <0.05
Smoking of smoker (PY) 32.7 +19.6 19.0 £ 12.8 <0.05
FEV1/FVC < 70 (%) 32.6% (173/530) 7.3% (35/478) <0.05

Abbreviations: BMI, Body mass index; FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1
second; predFVC, FVC % predicted; predFEV1, FEV1 % predicted; PY, pack-years.
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3.2. Comparison between Birth Seasons (Spring, Summer, and
Fall vs. Winter)

FEV1 % predicted of men born in winter was lower than that of women born in
winter (96.3 + 21.9 vs. 104.3 £ 20.1, p < 0.05) (Figure 1). However, there were no
differences in FEV1 % predicted between men and women born in spring,
summer, and fall (Figure 1).

FVC, FEV1, and FEV1 % predicted of men born in winter were lower than
those of men born in other seasons (Table 2). However, no differences in PFT
findings were observed between women in the two groups based on birth season

(spring, summer, and fall vs. winter) (Table 2).

3.3. Correlation Study

Univariate analysis using linear regression models showed that birth season was
a significant predictive factor for FVC, FEV1, and FEV1 % predicted in men
(FVC: r = 0.090, p < 0.05 ; FEVI: r = 0.104, p < 0.05; FEV1 % predicted: r =
0.105, p < 0.05) (Table 3). Furthermore, multivariate analysis using linear re-
gression models showed that birth season was still a significant factor for pre-
dicting lung function in men (FVC: g = 0.080, p < 0.05; FEV1: = 0.094, p <
0.05; FEV1 % predicted: S = 0.103, p < 0.05) (Table 4). In contrast, birth season

was not correlated with lung function in women (Table 3 and Table 4).

3.4. Smoking

Out of the 530 men, 246 (46.4%) were ever-smokers; mean smoking exposures

110+ Male g
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Figure 1. Comparison of lung functions between men and women according to
birth seasons. *p < 0.05; FEV1 % predicted was lower in men born in winter than
in women born in winter (December-February).
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Table 2. Comparison between birth seasons (spring, summer, and fall vs. winter).

Spring, summer,

and fall Winter p-value

Male N 371 159
Age (years) 684+73 68.5+6.3 0.85
Height (cm) 166.9 + 6.1 166.7 £5.3 0.62
Weight (kg) 65.6+9.2 65.3 +8.6 0.73
BMI (kg/mz) 23.5+2.8 235+2.6 0.92
FVC (L) 3.64 +0.70 3.51 £0.63 <0.05
FEV1 (L) 2.64 + 0.64 2.50 + 0.61 <0.05
FEV1/EVC (%) 72.3 £10.0 70.9 +10.8 0.15
predFVC (%) 96.4 + 16.6 93.7 + 15.6 0.08
predFEV1 (%) 101.3 £22.0 96.3 +21.9 <0.05
Smoking (PY) 14.7 £ 21.8 13.8 +18.1 0.64
Smoker (%) 45.3% (168/371) 49.1% (78/159) 0.43
FEV1/FVC < 70 (%) 32.1% (119/371) 34.0% (54/159) 0.67

Female N 361 117
Age (years) 67.8+6.9 67.0 + 8.2 0.37
Height (cm) 153.7 £ 6.0 153.5+5.8 0.86
Weight (kg) 585+09.1 588+94 0.75
BMI (kg/mz) 24.8 +3.6 25.0+3.9 0.60
FVC (L) 2.47 +0.46 2.51 +0.44 0.44
FEV1 (L) 1.95 + 0.40 1.99 + 0.38 0.28
FEV1/EVC (%) 78.7 £ 6.9 79.5+6.5 0.28
predFVC (%) 93.8 £17.5 95.0 +15.5 0.51
predFEV1 (%) 102.0 +£23.2 104.3 +£20.1 0.33
Smoking (PY) 0.7+44 02+1.9 0.10
Smoker (%) 3.3% (12/361) 2.6% (3/117) 0.68
FEV1/FVC < 70 (%) 7.2% (26/361) 7.7% (9/117) 0.86

Abbreviations: BMI, Body mass index; FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1
second; predFVC, FVC % predicted; predFEV1, FEV1 % predicted; PY, pack-years; Spring, March-May;
Summer, June-August; Fall, September-November; Winter, December-February.

of all men and male ever-smokers were 14.4 + 20.8 and 32.7 + 19.6 pack-years,
respectively. However, out of the 478 women, only 15 (3.1%) were ever-smokers;
mean smoking exposure of all women and female ever-smokers were 0.6 + 4.0
and 19.0 * 12.8 pack-years, respectively (Table 1).

When the patients were divided into two groups based on birth season,
among the male ever-smokers (N = 246), lung functions (FEV1 and FEV1 %
predicted) were lower in men born in winter than in those born in other seasons
(Table 5). However, among the never-smokers (men = 284 and women = 463),
lung functions were not different between the two groups based on birth season
(Table 5).
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Table 3. Relationships between pulmonary function test findings and study variables
(univariate analysis using linear regression models) in men (N = 530) and women (N =
478).

FvC FEV1 FEV1/FVC predFVC  predFEV1
Men Age r -0.315 -0.413 -0.273 0.011 -0.001
P <0.05 <0.05 <0.05 0.80 0.98
Height r 0.424 0.347 0.023 —-0.051 -0.019
P <0.05 <0.05 0.60 0.25 0.67
Weight r 0.233 0.266 0.152 -0.097 0.007
P <0.05 <0.05 <0.05 <0.05 0.88
BMI r 0.015 0.102 0.168 —-0.085 0.022
P 0.74 <0.05 <0.05 0.05 0.62
Smoking r —-0.093 -0.218 -0.261 —-0.040 -0.185
P <0.05 <0.05 <0.05 0.37 <0.05
Birth r 0.090 0.104 0.063 0.076 0.105
season
P <0.05 <0.05 0.15 0.08 <0.05
Women Age r -0.386 —-0.430 -0.176 0.065 0.151
P <0.05 <0.05 <0.05 0.16 <0.05
Height r 0.519 0.494 0.054 —-0.147 -0.204
p <0.05 <0.05 0.24 <0.05 <0.05
Weight r 0.160 0.188 0.106 —-0.186 -0.139
P <0.05 <0.05 <0.05 <0.05 <0.05
BMI r -0.103 —-0.060 0.086 -0.127 —-0.047
P <0.05 0.19 0.06 <0.05 0.30
Smoking r -0.097 -0.147 -0.185 -0.125 -0.158
P <0.05 <0.05 <0.05 <0.05 <0.05
Birth r -0.035 -0.050 -0.050 —-0.030 —-0.044
season
P 0.44 0.28 0.28 0.51 0.33

Abbreviations: BMI, Body mass index; FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1
second; predFVC, FVC % predicted; predFEV1, FEV1 % predicted; Smoking, pack-years; Birth season,
Spring, Summer, and Fall vs. Winter. r: Pearson correlation coefficient.

Figure 2 shows that male smokers with <30 pack-years born in winter had a
more rapid decline in FEV1 % predicted than did those born in other seasons
(95.2 £ 19.7 vs. 103.8 £ 19.5, p < 0.05). However, among both never-smokers
and heavy smokers with >30 pack-years, there were no differences in FEV1 %

predicted between the two groups based on birth season (Figure 2).

4. Discussion

In the present study, we found that FEV1 % predicted was lower in men born in
winter than in those born in other seasons (spring, summer, and fall), suggesting

that the birth season as an early life factor somehow affects adult lung function
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Table 4. Multivariate analysis using linear regression models in men (N = 530) and
women (N = 478).

FVC FEV1 FEV1/FVC predFVC  predFEV1
Men Age g -0.255 —-0.344 -0.234 0.001 0.024
P <0.05 <0.05 <0.05 0.99 0.60
Height g 0.392 0.256 -0.090 -0.011 -0.034
P <0.05 <0.05 0.07 0.84 0.51
Weight g —-0.046 0.031 0.131 -0.116 -0.006
P 0.33 0.49 <0.05 <0.05 0.91
Smoking Y] -0.054 —-0.168 -0.228 —-0.055 -0.192
P 0.17 <0.05 <0.05 0.22 <0.05
Birth
season g 0.080 0.094 0.061 0.076 0.103
p <0.05 <0.05 0.14 0.08 <0.05
Women Age Y] -0.272 -0.325 -0.170 0.018 0.101
P <0.05 <0.05 <0.05 0.69 <0.05
Height Y] 0.476 0.424 -0.017 —-0.080 —-0.146
P <0.05 <0.05 0.73 0.11 <0.05
Weight g —-0.068 -0.030 0.080 -0.157 -0.073
P 0.09 0.45 0.10 <0.05 0.13
Smoking g -0.111 -0.160 -0.184 -0.127 -0.154
P <0.05 <0.05 <0.05 <0.05 <0.05
Birth Y] -0.022 -0.031 -0.031 -0.026 -0.041
season
P 0.55 0.40 0.48 0.56 0.36

Abbreviations: BMI, Body mass index; FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1
second; predFVC, FVC % predicted; predFEV1, FEV1 % predicted; Smoking, pack-years; Birth season,
Spring, Summer, and Fall vs. Winter. 3 Standardized coefficient beta.

depending on an individual’s sex. Our finding also agrees with those of the two
recent European multi-center cohort studies, which showed an association be-
tween lung function decline and birth season [9].

Early childhood is a critical time window for subsequent lung health. Adverse
childhood environmental exposures can restrain growth [12], modulate lung
function [12] [13], and induce changes in gene expression, thereby modulating
airway pathophysiology [14] [15]. Various pathways leading from early life fac-
tors to adult respiratory health outcomes in later life have been relatively well
studied, including fetal and early infant growth patterns, preterm birth, maternal
obesity, diet and smoking, children’s diet, allergen exposure and respiratory tract
infections, and genetic susceptibility [16]. However, the potential impact of early
life factors on lung function decline has been scarcely studied. Nevertheless, data
from two recent European cohort studies (SAPALDIA and ECRHS) showed
early life factors could predict lung function decline in old age [9]. Taken to-
gether, the data from these studies revealed that the season of birth, higher ma-
ternal age at delivery, maternal smoking, and the presence of younger siblings
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Table 5. Comparison between birth seasons according to smoking history (male nev-
er-smokers, N = 284; female never-smokers, N = 463; male ever-smokers, N = 246).

Spring,
summer, Winter p-value
and fall
Never-smoker Male N 203 81
(N =284) Age (years) 682174 68.4+5.7 0.79
Height (cm) 167.0 £ 6.0 167.0 £ 5.4 0.98
Weight (kg) 66.5+9.4 66.7 + 8.6 0.87
BMI (kg/mz) 23.8+2.7 239+25 0.84
FVC (L) 3.65+0.70 3.52+£0.59 0.16
FEV1 (L) 2.70 + 0.62 2.60 + 0.58 0.21
FEV1/FVC (%) 74.0 £9.2 73.5+9.1 0.64
predFVC (%) 96.2 £16.9 93.6 £14.2 0.22
predFEV1 (%) 103.5 £ 22.1 100.3 £21.0 0.27
FEV1/FVC <70 24.6% 24.7%
(%) (50/203) (20/81) 0-99
Female N 349 114
(N =463) Age (years) 67.9+6.8 67.0 8.2 0.28
Height (cm) 153.5+5.9 153.5+5.8 0.10
Weight (kg) 58.5+9.1 589+9.5 0.72
BMI (kg/mz) 248 +3.5 25.0+3.9 0.63
FVC (L) 2.47 £ 0.46 2.50 £ 0.44 0.56
FEV1 (L) 1.96 £ 0.39 1.99 £ 0.38 0.43
FEV1/FVC (%) 79.0 £ 6.7 79.5+6.5 0.46
predEVC (%) 942 +17.5 94.8 +£15.7 0.74
predFEV1 (%) 102.8 +22.9 104.2 £20.3 0.57
FEV1/FVC <70 7.9%
(%) 6.6% (23/349) (9/114) 0.63
Ever-smoker Male N 168 78
(N = 246) Age (years) 68.6 +7.1 68.6 £7.0 1.00
Height (cm) 166.9 £ 6.2 166.3 +5.3 0.48
Weight (kg) 64.6 + 8.8 639+ 84 0.58
BMI (kg/mz) 232+27 23.1+2.6 0.84
FVC (L) 3.64+0.71 3.50 £ 0.67 0.14
FEV1 (L) 2.57 +0.65 2.39+0.62 <0.05
FEV1/FVC (%) 70.3 £ 10.5 68.3+11.9 0.18
predFVC (%) 96.6 + 16.2 93.8+17.1 0.21
predFEV1 (%) 98.7 +21.6 92.1+222 <0.05
Smoking (PY) 342 +21.1 29.5+15.5 0.09
FEV1/FVC <70 41.1% 43.6%
(%) (69/168) (34/78) 071

Abbreviations: BMI, Body mass index; FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1
second; predFVC, FVC % predicted; predFEV1, FEV1 % predicted; PY, pack-years; Spring, March-May;
Summer, June-August; Fall, September-November; Winter, December-February.
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Figure 2. Comparison of lung functions between birth seasons in men according to
smoking history (never-smoker vs. ever-smoker with <30 pack-years vs. heavy smoker
with 230 pack-years). *p < 0.05; FEV1 % predicted showed a more rapid decline in male
smokers with <30 pack-years born in winter (December-February) than in those born in
other seasons.

were associated with more rapid lung function decline, whereas early day-care
attendance, the presence of older siblings, and childhood pet keeping appeared
to be associated with a less rapid decline. Moreover, similar to our patients, the
participants in those studies who were born in the winter months had a more
rapid decline in lung function than did those born in the other months. Being
born in winter has been related to in utero exposures to viral infections or aller-
gens and to a higher frequency of respiratory infections in the first months of
life, both of which probably are major influences on the subsequent establish-
ment of immune response [17] [18]. In particular, in utero and early life vitamin
D deficiency, which is more frequent in winter, could be associated with the in-
creased risk of recurrent wheezing illness and the diagnosis of asthma in child-
hood [19]. This observation may be attributable to the fact that vitamin D mod-
ifies the risk for viral infection, as shown by birth cohort studies that have corre-
lated maternal vitamin D intake or cord blood 25-hydroxyvitamin D (25[OH]D)
levels with early childhood respiratory infections and wheezing. This finding
might also suggest a potential pathway for reducing asthma risk. However, some
uncertainty still remains in this area of research, because Camargo et al. reported
no association between cord blood 25(OH)D levels and incident asthma at 5
years in a New Zealand cohort of 922 infants.

The sex of an individual plays a major role in both the healthy and diseased
lung from very early life onwards. Sex hormones exert regulatory effects on lung
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development, physiology, and pathology [20]. Sex also affects airway inflamma-
tion and the prevalence and severity of many major lung diseases, including
pulmonary fibrosis, asthma, and lung cancer. Data from both human and animal
studies indicate that sex hormones might contribute to disease pathogenesis or
serve as protective factors, depending on the disease involved [21]. Traditionally,
COPD has been regarded a male-specific disease owing to the difference in the
prevalence of smokers between the sexes [22]. Although there is controversy
about the association between sex and the incidence of COPD according to
country [23] [24], male sex was found to be an independent risk factor for
COPD after adjustment for smoking in Korea (prevalence of COPD among non-
smokers: male 14.6% vs. female 7.6%) [25]. Furthermore, accumulating evidence
suggests that sex has an impact on the incidence and severity of and susceptibil-
ity to COPD. Many studies have assessed the role of sex hormones in the patho-
genesis of COPD. It is now known that the human airway smooth muscle is ac-
tively involved in the inflammatory process crucial for COPD pathogenesis. An-
drogens appear to be detrimental in the pathogenesis of lipopolysaccharide-in-
duced airway inflammation and hyperresponsiveness [26]. In contrast, estrogen
suppresses lung inflammatory responses through its effects on vascular cell ad-
hesion molecules and proinflammatory cytokines [27]. In other words, male sex
hormones promote lung inflammatory responses while female sex hormones
ameliorate these processes [26] [27]. Consistent with the findings of these stud-
ies, we also found a stronger overall impact of birth season in men than in
women, even after adjustment for pack-years among smokers. Several known
mechanisms may explain the sex-related differences in susceptibility to lifetime
exposures, [28] [29] [30] and several studies have shown a higher respiratory
vulnerability in men than in women. Another interesting observation was that
the deficit in lung function associated with the winter season appeared to be
larger in male smokers.

Smoking is known as the main risk factor for accelerated lung function de-
cline in adults; however, the mechanisms underlying the variations in suscepti-
bility to tobacco exposure between individuals are not well understood. In our
study, lung function decline was more pronounced in male smokers who were
born during winter than in those born during other seasons. This indicates that
susceptibility to lung insults in later adulthood might be programmed early in
life. When the patients were divided into two groups based on birth season
(winter vs. spring, summer, and fall), among male ever-smokers (N = 246), lung
functions (FEV1 and FEV1 % predicted) were lower in men born in winter than
in those born in other seasons (spring, summer, and fall). This means that if a
man born in winter smoke, he will have lower lung function than those born in
other seasons. However, among male and female never-smokers, lung functions
were not different between the two groups based on birth season. A synergistic
effect of parental smoking has been described by Guerra et al. [31] who found a
steeper decline of lung function in young adults exposed to both parental and

individual smoking. Previous findings on synergistic effects support our novel
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finding about an increased susceptibility to smoking in subjects born during the
winter season. In case of female smokers, we could not find a correlation be-
tween smoking and birth season because of their small number in the study
population. Moreover, we did not observe a significant effect of birth season on
lung function in heavy smokers with more than 30 pack-years. These findings
suggest that heavy smoking is the most powerful risk factor for accelerated lung
function decline.

Investigating early life factors and their potential interactions requires large
study populations; however, we enrolled patients from a very specific demo-
graphic group, thus limiting the generalizability of our observations to other
populations. Therefore, we investigated only birth season, sex, and smoking ex-
posure and did not investigate other early life factors such as fetal and early in-
fant growth patterns, preterm birth, maternal obesity, diet and smoking, child-
ren’s diet, allergen exposure and respiratory tract infections, and genetic suscep-
tibility. Another limitation of our study was the use of pre-bronchodilator spi-
rometric values for evaluating lung function. Because of the lack of post-bron-
chodilator measurements, we could not rule out some cases of transient airflow
obstruction. Another limitation, as we discussed above, was the relatively small
number of female smokers in our study group, which made it difficult to eva-

luate the correlation between birth season and smoking in women.

5. Conclusion

Our study demonstrated that unlike female patients, male patients born during
winter had lower lung function than did those born in other seasons. These re-
sults suggest that birth season might be a predictor of lung function as an early
life factor. Furthermore, birth season has different effects on adult lung function

depending on the patient’s sex.
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