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ABSTRACT 

Studies have shown that persons with lower pulmonary function have a 
higher risk for developing cardiovascular diseases including 
hypertension. The objectives of this paper are to examine: (i) the 
relationship between lung function and hypertension; and (ii) the correct 
functional forms of the continuous predictors of hypertension using 
fractional polynomials.  
This analysis was based on data from a cross-sectional community study 
of 1,834 adult subjects aged 18-79 years conducted in 2003 in Humboldt, 
Saskatchewan, Canada. Clinical measurements were made during a 
clinic visit, and other information was collected from a questionnaire. 
Logistic regression analysis was conducted to determine associations 
between hypertension and lung function measurements. Multivariate 
fractional polynomial logistic regression model was used to preserve the 
continuous nature of the predictor variables.  
There was an expected significant difference between men and women in 
values for FVC and FEV1. We observed that the ordinary logistic 
regression model and fractional polynomial model gave the same 
functional form when stratified by gender. The data suggest an 
increasing risk of hypertension with decreasing FVC and FEV1 values. 
After adjusting for potential risk factors including age, body mass index, 
parental history of hypertension and smoking, there was increased risk of 
hypertension among women with low FVC [ORadj: 0.73 (95% CI: 0.56, 
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0.95)]. We did not see this association for men [ORadj: 1.10 (95% CI: 
0.90, 1.33)]. We observed that the risk of hypertension increases with 
decreasing FVC for women after adjusting for potential risk factors.  
 

Key words: Forced vital capacity (FVC), Forced expiatory volume in 
one second (FEV1), Systolic blood pressure (SBP), Diastolic blood 
pressure (DBP), High blood pressure (HBP), Chronic obstructive 
pulmonary disease (COPD), Hypertension, Fractional polynomials (FP). 
 

1. Introduction 
 
Numerous studies [1-7] have demonstrated that blood pressure is a risk 
factor for future cardiovascular diseases. Also these studies have shown 
that persons with lower pulmonary function indicators, forced expiratory 
volume in one second (FEV1) [2,4-5, 8-9], forced vital capacity (FVC) 
[6-9] and FEV1/FVC ratio [3] have a higher risk for developing 
cardiovascular diseases including hypertension. There may be several 
possible pathophysiological mechanisms for these associations including 
impaired left ventricular performance and cigarette smoking. Strachan [5] 
has suggested that longitudinal study measurements of ventilatory 
function may assist clinical decisions about whether to treat mild 
hypertension. Engström et al. [8] found that the incidence of 
cardiovascular disease and death associated with hypertension is 
increased in the presence of reduced lung function.  
 
Many studies demonstrated that patients with Chronic Obstructive 
Pulmonary Disease (COPD) had at least one chronic co-morbidity 
condition like hypertension, diabetes, coronary artery disease, heart 
failure, cancer and lung infections in addition to COPD [10-13]. Also, 
authors of three of these reports hypothesized that COPD was not only a 
lung disease but also a part of chronic systemic inflammatory syndrome 
[11-13]. 
Previous analyses have confirmed that weight gain, alcohol consumption, 
parental history of hypertension and excessive use of salt are predictive 
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factors of developing hypertension [6, 14-16].  In this paper we 
examined: (i) the relationship between lung function measures (FVC and 
FEV1) and hypertension in a Canadian rural population; and (ii) the 
correct functional forms of the continuous predictors for hypertension.  
 
2. Methods 
A cross-sectional community study of adults was conducted in 2003 in 
Humboldt, Saskatchewan, Canada. The study population included all 
town residents. This analysis was based on the data from adult subjects 
aged 18-79 years. The participants were identified by means of a 
community canvass as previously described [17] that invited each eligible 
subject to participate in the project and to provide a written consent for 
clinical studies including spirometry and blood pressure assessment. If 
the subjects were not willing to participate in the clinical testing, the 
reasons for nonparticipation were identified. All participants brought 
completed questionnaires to a health screening centre located in the 
community. Of the 2897 adults who were eligible for the study, 2090 
persons (909 men and 1181 women) completed the questionnaire and 
attended the health clinic, yielding an overall response rate of  71.0 %.  
For this analysis, 1834 participants had complete information on lung 
function and blood pressure. 
The questionnaires were self-administered and elicited information on 
socio-demographic factors, smoking, alcohol consumption, home 
environment, individual and family history of pulmonary and 
cardiovascular diseases and diabetes. Each participant had a clinic visit 
that included measurements of lung function, blood pressure, height and 
weight. Guidelines for blood pressure measurements were those 
recommended by the Canadian Coalition for High Blood Pressure [18]. 
Standard mercury sphygmomanometers and 15 inch stethoscopes were 
used. Appropriately sized blood pressure cuffs were used based on 
subjects’ arm circumference:  regular adult cuff (22-23 cm), large adult 
cuff (33-41 cm) and thigh cuff (> 41 cm). Prior to blood pressure reading, 
each subject rested quietly for a minimum of 5 minutes. Two blood 
pressure readings were obtained and the mean of the two measurements 
was used for this analysis. Weight was measured to the nearest 0.1 kg 
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using a calibrated hospital spring scale with subjects dressed in normal 
indoor clothing but without shoes. Height was measured in centimeters 
against a wall, using a fixed tape measure and head square, with subjects 
standing in stocking feet on a hard surface. 
Chen et al [19] reported that subjects tended to underreport high blood 
pressure (HBP) for a self reported HBP question. Therefore, in this study 
we defined hypertension as a combination of self-reported and measured 
HBP together with current medication use for HBP. Hypertension was 
defined as systolic blood pressure (SBP) ≥140 mm Hg or diastolic blood 
pressure (DBP) ≥90 mm Hg, or a positive response the self-reported 
question “has a doctor ever said you had HBP?”, or a report of current 
use of anti-hypertensive medication. 
BMI was calculated as weight (kg)/ height (m)2 and was based on 
objectively measured information. Pulmonary function tests were 
conducted using a MedGraphics CPF-S system spirometer (Medical 
Graphics Corp. St. Paul, MN 55127, 1992), according to American 
Thoracic Society criteria [20].  Forced vital capacity (FVC [L]) and 
forced expiratory volume in one second (FEV1 [L]) were used in the 
current analysis. 
 
Smoking status was established as “yes” if there was a report of smoking 
in the past year or no report of current smoking and a past history of 
smoking at least 20 packs; otherwise smoking status was coded as “no”. 
Current alcohol consumption was categorized into groups of none, less 
than 1 day per week, 1 day per week, 2 days per week, and 3 or more 
days per week. Due to lack of information on amount of alcohol currently 
used and questionable reliability of the response, alcohol consumption 
was not included into the statistical models and was only presented 
descriptively. 
 
Parental history of high blood pressure was determined by a positive 
response to any of the following: “Has (did) your biological father had 
(have) high blood pressure?” or “Has (did) your biological mother had 
(have) high blood pressure?”. 
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Subjects signed a witnessed informed consent. Prior to the study, 
approval by the Biomedical Research Ethics Board of the University of 
Saskatchewan was obtained. 
 
Descriptive statistics were expressed as mean ± standard deviation (SD) 
or percentage. Differences in continuous and categorical variables were 
examined by two-independent sample t-tests and chi-squared tests, 
respectively. Logistic regression analysis was conducted to determine 
associations between hypertension and lung function measurements after 
adjusting for age, body mass index, parental history of blood pressure, 
and smoking.  Statistical analyses were performed using STATA 
(STATA Corp LP, Texas, USA). In order to investigate associations 
between hypertension and lung function testing variables adjusting for 
important covariates, univariate analysis was conducted to determine 
candidate variables for the multivariable model [21]. Variables with p-
value < 0.20 were selected for the multivariable logistic regression 
analysis. Multivariate fractional polynomial logistic model was used to 
preserve the continuous nature of the predictor variables.  
 
Fractional polynomials (FPs) are a flexible family of parametric models 
proposed by Royston [22-24]. It is possible to fit one (FP1), two (FP2) or 
more (FPm) power transformations of the form pX , where the 
exponent(s) p being chosen from a small, predefined set S= {-2,-1,-0.5, 0, 
0.5, 1, 2, 3} and 0X  denotes log X. An FP function with two terms (FP2) 
is a model 21

21
pp XX ββ +  with exponents’ 1p  and 2p . For ppp == 21

(repeated powers), FP2 is defined as .log21 XXX pp ββ +  These models 
provide 8 FP1 functions (including linear) and 36 FP2 functions. More 
than two terms are rarely required in practical applications. The 
multivariate fractional polynomial model is useful when it is desirable to 
preserve the continuous nature of the predictor variables when most or all 
of the relationships are non-linear. When there are several continuous 
variables, fractional polynomial transformation for each of predictor 
should be performed in turn, while holding the fractional forms of the 
other predictors temporarily fixed. The algorithm converges when the 
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fractional forms of the predictors do not change. It is possible to select 
the best fitted model according to deviance D, where D= -2× log-
likelihood. Royston [22] recommended that it is convenient to use the 
deviance D(1, 1) associated with the straight line model as a baseline for 
reporting the deviances of other models. The gain (G) for a given model 
with m degree and powers of p can be defined as follows: G= D(1, 1)-
D(m, p). A larger gain indicates a better model fit. The best model was 
selected using above criteria. 
 
3. Results 
There were 1834 individuals (798 men and 1036 women) in the study. 
Mean age was 50.9 (±SD=15.6) years. Of the 1834 participants, 967 
persons (52.7%) had hypertension (only 26% of participants self-reported 
high blood pressure and only 19.6% were on treatment for high blood 
pressure). There were significant difference between those with and 
without hypertension in the distribution of age, body mass index, gender, 
alcohol consumption and lung function values. Participants with 
hypertension had a higher proportion of parental history of hypertension 
compared to participants without hypertension (Table 1).  
 
There was a lower proportion (46%) of high blood pressure in women 
compared to men (61.4%), but more women (22.3%) were taking anti-
hypertensive medication compared to men (16.0%). Women had a higher 
proportion of parental history of hypertension compared to men. 
 
Multivariate logistic regression models (model 1 and model 2) were fitted 
to determine the relationship between hypertension and lung function 
(FVC and FEV1) adjusting for covariates (Table 2). FVC and FEV1 
values were plotted against the residuals to evaluate the goodness of fit of 
the models graphically (Figure 1 and Figure 2, respectively). Multivariate 
fractional polynomial logistic regression models (model 3 and model 4) 
were fitted after adjusting for covariates. For both FVC and FEV1 the best 
fitted model was a second degree fractional polynomial with powers (2, 
2) (Table 3 and Table 4 respectively) and the functional form (two terms) 
of the lung function would be X2 + X2logX. Results are shown in Table 5. 
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Residual plots for FVC and FEV1 are shown in Figure 3 and Figure 4, 
respectively.  Comparison of four figures (Figure 1-4), indicates that 
fractional polynomial provides a better functional form compared to 
linear relationship of lung function values FVC and FEV1.  
 
Next a stratified analysis by gender was performed because our 
descriptive analysis indicates that lung function measures were smaller 
for females compared to males and there was significant difference in 
lung function values between males and females (p<0.0001 for both FVC 
and FEV1). An ordinary logistic regression model and fractional 
polynomial model were fitted to the stratified data. In this case the same 
linear forms of lung function (FVC and FEV1) were seen for both 
fractional polynomial and ordinary logistic regression models. Results of 
stratified analysis of the relationship between hypertension and lung 
function was given in Tables 6 and 7.  Table 6 shows an increasing risk 
of hypertension with decreasing pulmonary function FVC and FEV1 
values for both males and females before adjustment for covariates. After 
adjusting for age, body mass index, parental history of hypertension and 
smoking, lower FVC was significantly associated with a higher risk of 
hypertension in women but not in men and there was no significant 
association between FEV1 and hypertension. Also we observed that older 
age and higher BMI were significantly related to an increased risk of 
hypertension in both sexes. Parental history of blood pressure was 
significantly related to hypertension of women participants. 
 
4. Discussion 
 
In most regression analysis continuous predictors such as lung function 
variables are included into the model as a linear term. However, in some 
situations the relationship with outcome and predictor is not linear, but 
can be a polynomial form. Therefore it is important to examine the 
functional form of continuous predictors. In this study both lung function 
measures (FVC and FEV1) had a fractional polynomial (2, 2) functional 
form. Age and BMI had a linear form after adjusting for other covariates. 
However, the functional form for the lung function variables varied with 
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gender and the linear functional form of lung function variables fits better 
to the data when stratified by gender.     
 
There is a strong relationship between hypertension and cardiovascular 
diseases [1, 25-26]. Although lung function is inversely related to risk of 
cardiovascular disease, the mechanism of observed associations 
particularly by gender remains unclear. Our study reveled that lower FVC 
was associated with the prevalence of hypertension in women but not in 
men.   
 
Several recent studies have shown similar results of the relationship 
between lung function and hypertension after adjusting for potential 
confounders [9, 12, 27-28]. Schnabel et al. [9] reported that high blood 
pressure was associated with reduced lung function (for both % predicted 
FVC and FEV1) in general adult population adjusting for gender and 
other covariates. In contrast to our study, Margretardottir et al [12] found 
that significantly stronger inverse association between FVC and 
hypertension in men than in women. Few longitudinal associations [6, 7, 
28, 29] between lung function and incidence of hypertension have been 
reported. Sparrow et al. [7] and Selby et al. [6] reported a significant 
association between FVC and the incidence of hypertension. A study 
from the People’s Republic of China [28] reported weaker associations 
between lung function (For both FVC and FEV1) and incidence of 
hypertension among men and women. But significant inverse association 
was observed only for women. Engström et al. [29] reported that blood 
pressure increase was inversely related to lung function for men 55 to 68 
years of age.  
 
The reasons for the association between reduced lung function and 
hypertension are not known.  It is possible that left ventricular failure 
causes pulmonary vascular engorgement and interstitial oedema, which 
may reduce the compliance of the lungs and then result in lower values 
for FVC.  Another possible explanation is the confounding effect of age, 
since blood pressure increases with age and lung function decreases. 
Therefore, we adjusted our analysis for age. One other possibility is that 
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cigarette smoking is a common risk factor for both lung function and 
hypertension. As demonstrated in other studies [6, 28, 30] cigarette 
smoking was not associated with risk of hypertension among the 
population that we studied. Another possibility is that antihypertensive 
medications could affect the lung function test values. It has been shown 
[31] that Atenolol, an antihypertensive medication resulted in significant 
decline of FVC and FEV1, whereas antihypertensive agents such as 
Amlodipine did not show any significant change on pulmonary 
parameters. In our study, we did not have the sufficient information about 
specific drugs taken needed to further evaluate the affect of various drugs 
used to treat hypertension on lung function. 
 
Previous studies have been identified other risk factors for hypertension 
such as physical inactivity, higher BMI, excessive salt intake, smoking 
and alcohol consumption [8, 19, 28, 12, 32-33]. Chen et al. [19] reported 
that the relationship between obesity and hypertension was stronger in 
the younger subjects than in the older subjects. We therefore adjusted for 
BMI and found that for both men and women, BMI is a significant risk 
factor for hypertension. In a previous study [34] parental history of 
hypertension appeared to be a predictor of future hypertension only in 
women, and our study provided consistent results.  
 
Identification and control of raised blood pressure is currently the main 
strategy for prevention of stroke and heart failure. Therefore 
measurements of FVC and FEV1 may be more or just as useful as are 
certain other conventional cardiovascular risk factors currently used to 
guide clinical decisions about the management of patients with mild 
hypertension [5, 35].  
 
Fabbri and Rabe [10] conclude that clinical practice guidelines in general 
seem to ignore the fact that most patients with a chronic disease have 
additional co-morbidities. Recognizing the possibility of comorbities as 
suggested by the chronic systemic inflammatory syndrome may lead to 
better overall management of chronic diseases and their influence 
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systemically [10]. Gender differences also need to be taken into account 
when examining co-morbid conditions. 
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Table 1:  Frequencies (%) and means (standard deviation) for 1834 
participants with and without hypertension and other covariates 

 
Variable Total With 

hypertension 
Without 

hypertension 
p value 

N (%) 1834 (100.0) 967 (52.7) 867 (47.3)  
Sex, n (%) 
   Male 
   Female 

 
798 (43.5) 

1036 (56.5) 

 
490 (50.7) 
477 (49.3) 

 
308 (35.5) 
559 (64.5) 

 
<0.0001 

Self-reported high blood 
pressure, n (%) 
      Yes 
       No 

 
 

477 (26.0) 
1357 (74.0) 

 
 

477 (49.3) 
490 (50.7) 

 
 

0 (0.0) 
867 (100.0) 

 
<0.0001 

Treatment for high blood 
pressure, n (%) 
      Yes 
       No 

 
359 (19.6) 

1475 (80.4) 

 
359 (37.1) 
608 (62.9) 

 
0 (0.0) 

867 (100.0) 

 
<0.0001 

Current smoker, n (%) 
     Yes 
      No 

 
227 (12.4) 

1607 (87.6) 

 
109 (11.3) 
858 (88.7) 

 
118 (13.6) 
749 (86.4) 

 
0.129 

Alcohol Consumption, n (%)     
  None 705 (38.4) 419 (44.0) 286 (33.5) <0.0001 
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  <1 day per week 224 (12.2) 92 (9.7) 132 (15.4)  
  1 day per week 448 (24.4) 199 (20.9) 249 (29.1)  
  2 days per week 246 (13.4) 128 (13.4) 118 (13.8)  
  3 or more days per week 185 (10.1) 115 (12.1) 70 (8.2)  
   Missing (n=26)     
Parental history of 
hypertension, n (%) 
    Yes 
    No 

 
 

869 (47.4) 
965 (52.6) 

 
 

493 (51.0) 
474 (49.0) 

 
 

376 (43.4) 
491 (56.6) 

 
 

0.001 

Age (years) 50.9 (15.6) 56.7 (14.5) 44.6 (14.3) <0.0001 
Body Mass Index (Kg/m2) 28.6 (5.5) 29.9 (5.6) 27.2 (5.1) <0.0001 
Systolic blood pressure 
(mmHg) 

136.2 (16.8) 146.9 (14.2) 124.2 (9.9) <0.0001 

Diastolic blood pressure 
(mmHg) 

80.6 (9.8) 85.3 (9.4) 75.4 (7.3) <0.0001 

Observed FVC (L) 3.9 (1.1) 3.8 (1.2) 4.1 (1.0) <0.0001 
Observed FEV1 (L) 3.2 (0.9) 3.1 (0.9) 3.3 (0.8) <0.0001 
 
 

Table 2: Multivariate logistic regression analysis for the relationship 
between hypertension and lung function 

 
Variable Model 1-Using 

linear 
Model 2- Using 

linear 
FVC* (L)  FEV1 #(L) 

OR (95% CI) OR (95% CI) 

Age, in years 1.06 (1.05, 1.07) 1.06 (1.05, 1.07) 
Lung function: X 0.95 (0.82, 1.11) 0.99 (0.83, 1.21) 

BMI 1.09 (1.07, 1.11) 1.09 (1.07, 1.12) 

Sex (Reference is Male) 0.46 (0.34, 0.63) 0.49 (0.37, 0.66) 
Parental history of blood 
pressure (Reference is No) 

1.72 (1.39, 2.13) 1.72 (1.39, 2.12) 

Smoking status (Reference 
is Non-smoker) 

1.23 (0.89, 1.69) 1.24 (0.90, 1.70) 

 

*Functional form of FVC= linear. #Functional form of FEV1=linear. 
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Table 3: Deviance difference in comparison to a straight line for 
fractional polynomial FVC as a continuous predictor adjusting for other 
covariates 

Fractional polynomials 
First Degree Second Degree 

Power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

p1 p1 p2 p1 p2 p1 p2 

-2 4.5552 -2 -2 5.6768 -1 1 9.9606 0 2 14.9068 
-1 4.8982 -2 -1 4.9092 -1 2 11.8862 0 3 15.9202 

-0.5 3.8900 -2 -0.5 4.5718 -1 3 13.3666 0.5 0.5 13.3786 
0 2.4062 -2 0 4.6656 -0.5 -0.5 8.0296 0.5 1 14.4184 

0.5 0.9686 -2 0.5 5.1162 -0.5 0 9.3500 0.5 2 15.8502 
1# 0 -2 1 5.8032 -0.5 0.5 10.5976 0.5 3 16.5416 
2 -0.1124 -2 2 7.4908 -0.5 1 11.7322 1 1 15.3398 
3 1.3524 -2 3 9.1552 -0.5 2 13.5894 1 2 16.459 

  -1 -1 5.7886 -0.5 3 14.8708 1 3 16.7978 
  -1 -0.5 6.7076 0 0 10.8090 2 2 16.8690 
  -1 0 7.7716 0 0.5 12.1050 2 3 16.4948 
  -1 0.5 8.8788 0 1 13.2206 3 3 15.4946 
&Gain G=D(1,1)-D(m,p); D(1,1)=First degree fractional polynomial with power 1 
(straight line), D(m=2, p)= Second degree fractional polynomial with power p. Highest 
gain gives the better fit model. #Deviance of straight line model=2099.1298.  
 
Table 4: Deviance difference in comparison to a straight line for 
fractional polynomial FEV1 as a continuous predictor adjusting for other 
covariates 

&Gain G=D(1,1)-D(m,p); D(1,1)=First degree fractional polynomial with power 1 
(straight line), D(m=2, p)= Second degree fractional polynomial with power p. Highest 
gain gives the better fit model. #Deviance of straight line model=2099.4704. 

Fractional polynomials 
First Degree Second Degree 

Power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

power &Gain= 
Deviance 
difference 

p1 p1 p2 p1 p2 p1 p2  
-2 3.8254 -2 -2 3.9102 -1 1 9.0674 0 2 13.2132 
-1 3.2764 -2 -1 3.9066 -1 2 10.9312 0 3 14.1484 

-0.5 2.3112 -2 -0.5 4.2070 -1 3 12.3296 0.5 0.5 11.6960 
0 1.1796 -2 0 4.7276 -0.5 -0.5 7.1136 0.5 1 12.6470 

0.5 0.3174 -2 0.5 5.4368 -0.5 0 8.2380 0.5 2 14.0070 
1# 0 -2 1 6.2802 -0.5 0.5 9.3502 0.5 3 14.6376 
2 0.9828 -2 2 8.1122 -0.5 1 10.4018 1 1 13.4862 
3 3.0190 -2 3 9.7638 -0.5 2 12.1754 1 2 14.5534 

  -1 -1 5.1610 -0.5 3 13.3714 1 3 14.8584 
  -1 -0.5 6.0316 0 0 9.4476 2 2 14.9678 
  -1 0 7.0090 0 0.5 10.5858 2 3 14.6304 
  -1 0.5 8.0392 0 1 11.6106 3 3 13.7522 
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Table 5: Multivariate fractional polynomial logistic regression analysis 

for the relationship between hypertension and lung function 
                    Model 3-Using 

quadratic fractional 
polynomials for 

FVC* (L) 

Model 4- Using 
quadratic fractional 

polynomials for 
FEV1 #(L) 

Variable OR (95% CI) OR (95% CI) 
Age, in years 1.05 (1.04, 1.06) 1.06 (1.04, 1.07) 
Lung function:  X2 0.72 (0.61, 0.85) 0.68 (0.55, 0.84) 

                          X2log(X) 1.17 (1.08, 1.27) 1.24 (1.11, 1.39) 

BMI 1.09 (1.07, 1.11) 1.09 (1.07, 1.11) 
Sex (Reference is Male) 0.42 (0.31, 0.58) 0.48 (0.35, 0.64) 
Parental history of blood 
pressure (Reference is No) 

1.76 (1.42, 2.18) 1.76 (1.42, 2.18) 

Smoking status (Reference 
is Non-smoker) 

1.20 (0.87, 1.65) 1.21 (0.88, 1.66) 

 
*Functional form of FVC= (FVC)2 + (FVC)2ln(FVC). 

#Functional form of FEV1= (FEV1)2 + (FEV1)2 ln(FEV1). 
 
 
Table 6: Logistic Regression Analysis for the relationship between 

hypertension and lung function- Crude odds ratios (OR) and 95% 
confidence intervals (95% CI) 

 
  Male n=798 Female   n=1036 

  OR (95% CI) OR (95% CI) 

FVC (L) 0.67 (0.57, 0.78) 0.33 (0.27, 0.41) 

FEV1 (L) 0.62 (0.52, 0.74) 0.29 (0.23, 0.36) 
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Table 7: Logistic Regression Analysis for the relationship between 

hypertension and lung function stratified by gender- Adjusted 
odds ratios and 95% confidence intervals (95% CI), Adjusted for 
age, body mass index, parental history of blood pressure, and 
smoking 

 
Variable FVC (L) FEV1 (L) 

OR (95% CI) OR (95% CI) 

(a) Males (n=798) 

Age, in years 1.05 (1.04, 1.07) 1.06 (1.04, 1.07) 
Lung function 1.10 (0.90, 1.33) 1.15 (0.91, 1.46) 

BMI 1.09 (1.05, 1.13) 1.09 (1.05, 1.13) 

Parental history of blood 
pressure (Reference is No) 

1.33 (0.97, 1.83) 1.34 (0.98, 1.83) 

Smoking status (Reference is 
Non-smoker) 

1.37 (0.88, 2.15) 1.40 (0.89, 2.19) 

(b) Females (n=1036) 

Age, in years 1.06 (1.04, 1.07) 1.06 (1.04, 1.07) 
Lung function 0.73 (0.56, 0.95) 0.75 (0.55, 1.02) 

BMI 1.09 (1.06, 1.11) 1.09 (1.06, 1.12) 

Parental history of blood 
pressure (Reference is No) 

2.16 (1.61, 2.88) 2.14 (1.60, 2.86) 

Smoking status (Reference is 
Non-smoker) 

1.05 (0.66, 1.68) 1.05 (0.66, 1.67) 

OR: Odds ratio   CI: Confidence Interval 
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Figure 1: Plot of residuals verses FVC values (considering linear form) 
adjusted for covariates 
 

 
 
Figure 2: Plot of residuals verses FEV1 values (considering linear form) 
adjusted for covariates 
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Figure 3: Plot of residuals verses FVC values (considering fractional 
polynomial (2, 2) form) adjusted for covariates 
 

 
Figure 4: Plot of residuals verses FEV1 values (considering fractional 
polynomial (2, 2) form) adjusted for covariates 
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