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      Abstract


      Rationale


      The available spirometric lung function equations in Canadian context have been limited to age and height as predictors and Caucasian ethnicity. The plausible equations with other individual predictors and First Nations populations are missing in the current literature.


      Objective


      To set an initial investigation in terms of study sample size and simple reference spirometric equations on the association of the set of conventional predictors in companion with two new predictors BMI and ABSI with spirometric lung function equations in Canadian First Nations Cree Populations.


      Methods


      First Nations Lung Health Project (FNLHP) was conducted in rural Saskatchewan, Canada. For this analysis, we used data obtained on healthy non-smokers. There were 37 First Nations people (24 females, 13 males) from the FNLHP. Bootstrap regression technique was utilized to predict pulmonary lung functions in terms of age, weight, abdominal girth and body mass index (BMI), and a body shape index (ABSI).


      Main results


      Controlled for age, BMI had significant association for FEF25-75 for women and no significant association for men in other outcomes. Controlled for age, ABSI had significant association for FEV1 for women and significant association for FVC and FEV1/FVC for men. In overall, ABSI was better predictor of spirometric outcomes compared to BMI.


      Conclusion


      ABSI may be considered as a key predictor for spirometric lung functions in men and women for Canadian First Nation Populations with more significant results in men.
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      Introduction


      Spirometry is used by physicians to diagnose, evaluate and monitor respiratory diseases via comparison of individual measurements with population-specific normal ranges. There have been multiple studies of spirometric measures including Forced Expiratory Volume (FEV1), Forced Vital Capacity (FVC), their ratio (FEV1/FVC ) and Forced Expiratory Flow at 25%-75% (FEF25-75) - with reasonable goodness of fit-as linear functions of age and height [1-5]; as linear functions of age, height and weight [6-9]; and as linear functions of age, height and Body mass index (BMI) [10,11] among American Indians, African Americans and Caucasian populations. The effect of BMI as a measure of obesity on pulmonary function has been inconclusive in the literature. While in some studies an increase in BMI has been associated with the reduction of lung function [12-15], in others almost no impact has been observed [16,17]. As an alternative measure of obesity, the World Health Organization has proposed abdominal girth in order to evaluate relationships between obesity and disease risk in different fields [18]. However, due to high correlation between BMI and abdominal girth it is challenging to consider them as two distinct epidemiological risk factors [19]. A body shape index (ABSI) (a function of abdominal girth, BMI and height) was developed to address this issue. It has almost complete independence from BMI due to low correlation, better prediction of mortality risk, and a potential predictive role in other areas of epidemiologic research [20]. Areas of research to date that ABSI has been considered as a predictor include anthropometry [21], cardiovascular disease [24-26] and cancer [27].


      To the best of our knowledge, there has been little research on prediction of spirometric lung function among First Nations people. Moreover, no studies to date have addressed ABSI as a potential predictor of lung function in any population. Hence, the primary objective of this study is to determine if ABSI is a predictive of lung function and further investigate if ABSI is a better predictor of lung function than BMI.


      Methods


      Subjects and locations


      A total of 796 (396 male, 400 females) participants were considered from two Saskatchewan First Nations communities who had completed surveys and clinical assessments in 2012-2013 as part of the First Nations Lung Health Project (FNLHP) [28]. As a cohort study, the aim of FNLHP was to assess potential health determinants including individual factors (e.g. smoking, weight), contextual factors (e.g. SES, colonization) and principal covariates (e.g. age, sex) related to respiratory outcomes (e.g. asthma) among Aboriginals. A healthy subject was defined as a person with no self-reported history of asthma, bronchitis, chronic bronchitis, pneumonia, sinus trouble, emphysema, sleep apnea, tuberculosis, and chronic obstructive pulmonary disease (COPD). Because of a high prevalence of smoking in the communities surveyed, a non-smoker was defined as one who had a self-reported lifetime smoking record of less than 16 cigarette packages and had lived primarily in a smoke-free house. Based on the given criteria, the final sample was 37 (24 females, 13 males) healthy never-smokers.


      Assessment procedures and variables


      Each subject was invited to visit the health care center in the community via door-to-door canvasing in order to complete an interviewer administrated questionnaire, which included individual determinants (e.g. age, smoking status), contextual determinants (e.g. income, lifestyle) and health outcomes (e.g. bronchitis, asthma) related to respiratory health; and to participate in pulmonary function testing, including measurement of anthropometric variables (age, height, weight, abdominal girth and blood pressure) and usage of Sensormedics rolling seal spirometer [29-32] in order to measure pulmonary function variables (e.g. FEV1, FVC, FEV1/FVC (%) and FEF25-75). These measurements were done in accordance with the standards of the American Thoracic Society [33]. A signed study participation consent form was obtained from each prospective subject before their participation in the study, and at the end of their participation, each was remunerated. Finally, using individual variables of weight, height, and abdominal girth, the subjects' ABSI [20] was calculated via the following formula:


      ABSI= AbdominalGirth BMI 2 3 *Height 1 2                                             (1) 


      Statistical analysis


      As the FNLHP sample used for this analysis was small and the outcome variables FEV1 and FEV1/FVC (%) were not normally distributed, nonparametric bootstrap regression was applied [34,35]. The nonparametric bootstrap multiple regression model with = 1000 iterations were fitted for the outcome variables FVC, FEV1, FEV1/FVC (%), and FEF25-75 using statistical software STATA 11 (College Station, TX: StataCorp LP). Age was always retained in the models because of its biological significance and combinations of other variables were assessed for their statistical significance and goodness-of-fit of the model. Nonparametric bootstrap regression produces MSE (MSE - Mean squared error) which is related to standard error estimate (SEE) produced by the ordinary least squared (ols) approach [36]:


      MSE (bootstrap)=SEE(ols)                              (2)


      The later value was reported in order to enable the reader to compare the current study results with other publications. Furthermore, a bootstrap linear model of outcome variable Y predicted by X1, ...Xp, was referred as:


      Y=lin bootstrap (X 1 ,..... ,X p )                                        (3)


      Conventional descriptive statistics, nonparametric bootstrap regression and plots comparing predictive values of two genders based on specific values of age, height, BMI and ABSI were reported.


      Results


      Descriptive analysis


      Table 1 presents a summary of descriptive statistics of population characteristics for participants. First, almost twice as many women as men were recruited overall; second, the study population was relatively young consistent with known population dynamics within the First Nations population [37].


      
        Table 1: Characteristics and age distributions of subjects in the First Nations Lung Health Project (FNLHP) 2012-2013. View Table 1

      


      Men were found to be younger and taller than women but had similar measures of weight and abdominal girth. As measured by BMI, women were more obese than men.


      Bootstrap regression analysis


      Tables 2 and Table 3 provide results of bootstrap linear regression, R2 and SEE values for study participants. For the spirometric outcome Y of FVC, FEV1, FEV1/FVC or FEF25-75, only models Y = linbootsrap(Age, Height), Y = linbootsrap (Age, BMI) and Y = linbootsrap (Age, ABSI) were considered as the more complete models such as Y=linbootsrap(Age, Height, BMI), Y = linbootsrap (Age, Height, ABSI) and Y = linbootsrap (Age, Height, BMI, ABSI) had either poor goodness of fit or their majority of covariates were not significant. The best fitting model determined by maximum R2 and minimum SEE values as indices of goodness of fit. On one hand, looking at the best models for both genders, Age (negative effect) and height (positive effect) were significantly associated with the majority of outcomes. BMI had a significant positive effect only on FEF25-75 outcome in women but no significant association with any outcome in men. Finally, ABSI had significant positive effect only on FEV1 outcome in women; however, it had significant negative effect on FVC outcome and significant positive effect on FEV1/FVC outcome in men. It is also clear that at weakly significant level (p < 0.10), the number of equations including significant ABSI versus significant BMI are three versus none in males; and, two versus one in females, respectively. On the other hand, looking at the best models within each gender the following results were observed:


      
        Table 2: Bootstrapped linear regression coefficients, R-values and SEE's in the First Nations lung health project 2012-2013 (males). View Table 2

      

      

      
        Table 3: Bootstrapped Linear Regression Coefficients, R- values and SEE's in the First Nations Lung Health Project 2012-2013 (Females). View Table 3

      


      A. For Men:


      (i) FVC = linbootsrap (Age, Height) the best fitting model;


      (ii) FEV1 = linbootsrap (Age, Height) the best fitting model;


      (iii) FEV1/FVC = linbootsrap (Age, ABSI) the best fitting model;


      (iv) FEF25-75 = linbootsrap (Age, ABSI) the best fitting model;


      B. For Women:


      (i) FVC = linbootsrap (Age, Height) as the best fitting model;


      (ii) FEV1 = either linbootsrap (Age, Height) or linbootsrap (Age, ABSI) as the best fitting model;


      (iii) FEV1/FVC = linbootsrap (Age, BMI) as the best fitting model


      (iv) FEF25-75 = linbootstrap (Age, BMI) as the best fitting model


      Figure 1(a-d), Figure 1(e-h) and Figure 1(i-l) plot predicted outcome variables as bootstrap linear functions of age and Height, age and BMI and age and ABSI, respectively. As it is shown, controlled for age, height, BMI or ABSI, male have higher FVC, FEV1 and FEF25-75 outcome values versus females. Furthermore, from equation (1) it follows that ABSI = AbdominalGirth*Weight 2 3 *Height 5 6 and, consequently, one expects for fixed Abdominal Girth and Weight to observe similar spirometric outcome prediction trends given by Height or ABSI. This is clear from such parallel trends in Figure 1a and Figure 1i for FVC (females), Figure 1b and Figure 1j for FEV1 (both genders), Figure 1c and Figure 1k for FEV1/FVC (females) and, Figure 1d and Figure 1l for FEF25-75 (both genders).


      
        [image: ] Figure 1: Three Dimensional Plots of forced vital capacity (FVC), forced expiratory volume in one second (FEV1), their associated ratio (FEV1/FVC) and Forced Expiratory Flaw during the middle half of the forced vital capacity (FEF25-75) of Males and Females by Age and Height (a-d); and Age and BMI (e-h); and Age and ABSI (i-l). View Figure 1

      


      Discussion


      The current study is among the investigations on establishing spirometric lung function equations (in terms of well-known predictors such as age and height and new predictors such as BMI) among Canadian First Nation populations; and, more importantly, among the ones introducing ABSI as potential predictor of the spirometric lung function in the entire pulmonology literature.


      This study shows that after controlling for age, BMI is a significant predictor of Spirometric lung function outcomes in women FEF25-75. In addition, its negative association with FVC and FEV1 in females is in agreement with findings in the past publications [12-15]; however, given its positive association with mentioned outcomes in males more investigations required. The overall results of the study indicate that age and height were significant predictors of FVC and FEV1 for both First Nations men and women as is well established in the literature.


      This study presents a comparison of spirometric lung equations between BMI and ABSI. Overall, given equal number of spirometric equations with best fit in two predictors and higher number of spirometric equations with (weakly) significant ABSI versus BMI in both genders, our findings suggest that ABSI was better predictor than BMI for spirometric volumes. One explanation for this result may be attributed to higher level of the subject's biological information in definition of ABSI given in equation (2-1) where the ABSI includes information regarding Abdominal Girth, weight and height while BMI only incudes the later two.


      The low sample size is a consequence of a very high prevalence of smoking in the population sampled in which the prevalence of current smoking was 77.6% in the FNLHP [28,38]. This low percentage of non-smokers' proportions may contribute to imprecision of regression models for this population making direct comparison to other studies challenging despite the use of the bootstrap technique to try and compensate. As such, our regression models may be limited in terms of fewer significant covariables, underestimated R2 values and overestimated SEE values. This can result in bias as well as difficulty when comparing our models with those of other studies with more comprehensive set of covariates in their reference models [39].


      This study was an initial investigation on establishing spirometry reference equations for Canadian First Nations Populations. The more comprehensive investigation on establishing such reference equations should consider several key features in terms of data and analysis: First, it requires a higher sample size preferably collected across Canadian provinces and territories; second, it may consider age in the equation in a non-linear association; third, it may consider a more complex models with more than two significant predictors in the reference equation; and, finally considering a more robust statistical methodology than maximum R2 and minimum SEE criteria in choosing the plausible variable and best fitting spirometric reference equations.


      In conclusion, this study suggests ABSI may be a useful predictor of lung function in both genders. However, until more data is available to validate and expand the findings of this study, we cannot make any firm recommendations regarding routine use of ABSI in day to day practice.
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