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of deaths. The aim of this paper is to understand and model the awareness of 
cardiologists of the potential impact of AP on CVD in both nations. A full-scale 
survey covering 321 cardiologists was conducted in Vietnam (27 hospitals across 
the country) and the Philippines (members of the Philippine Heart Association 
with a subset from Davao Province). The paper reports on extensive results 
obtained through descriptive analysis and logistic regression modelling.

Keywords: particular matter; AP; air pollution; CVD; cardiovascular disease; 
pathophysiological pathway; developing countries.
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1 Introduction

Cardiovascular Diseases (CVDs) are responsible for the largest number of deaths in 
the world, especially in low and middle-income countries (WHO, 2011). For over fi ve 
decades, to prevent CVD mortality and morbidity, a spectrum of studies were instigated 
and revealed many potential causes for CVDs, such as cigarette smoking, alcohol, 
physical inactivity, diabetes, obesity, genetic predisposition and gender (Ayres, 2006). 
Scientists and professionals have additionally focused on the identifi cation of novel Risk 
Factors (RFs), for example AP, in pursuance of the prediction of future development of 
CVDs, such as ischaemic heart disease and atherosclerosis (Bhatnagar, 2011). Thus, the 
consideration of the potential association between AP and CVD has recently been exposed 
and studied in developed countries, such as the USA and UK. According to Tofl er and 
Muller (2006), occurrences of cardiac events can be posed by AP after days’ or even hours’ 
exposure, especially to small particles, also known as Particulate Matter (PM). In the 21st 
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century, the main sources of AP not only in the Western countries, but also in developing 
nations, are motor vehicle emissions and industrial pollutants, which usually comprise 
many complex constituents. Hence, the primary ambient air pollutants, such as ozone, 
sulphur dioxide and PM, have been the centre of focus to investigate their impact upon 
cardiovascular health.

Scientifi cally, a wealth of epidemiologic, cohort and cross-sectional studies have affi rmed 
that airborne pollutants have deleterious effects on mortality and morbidity of CVD in relation 
to long-term and short-term exposures (Bhatnagar, 2006). Developed countries, where the 
standards of the environment in ambient and indoor areas are in line with the Air Quality 
Standards from the World Health Organization (WHO), have widely acknowledged, and are 
fully aware of this issue. However, in many developing countries, such as Vietnam and the 
Philippines, which suffer from high concentrations of ambient PM and where the mortality 
from CVD is in the top ten of all causes of deaths, AP is a signifi cant problem (Nguyen et al., 
2011a). Su et al. (2011) reviewed all studies on AP impact on cardiovascular health in Asia 
that were published in peer-reviewed English journals since the 1980s and no paper on this 
topic was found from any country of the South East Asian region. It is, therefore, important to 
investigate the awareness of the populations in these countries about the association between 
environmental pollution and CVD to estimate the increase in risk and consequently contribute 
to strengthening effective preventive interventions. However, owing to the characteristic 
nature of AP, it is very diffi cult for lay people to differentiate between this and other more 
obvious RFs, such as (passive) smoking (Samet and Spengler, 1991). Therefore, this study 
is aimed at targeting cardiologists as an important group of healthcare professionals who 
combat CVD on a routine basis to ascertain and evaluate their level of awareness regarding 
the association between AP and CVD from a professional standpoint.

The study is divided as follows: Section 2 briefl y explains the methodology of the study; 
Section 3 summarises the descriptive results of the survey; Section 4 gives information 
relating to the coding of the variables in SPSS®17 and the adopted statistical modelling 
approach; Section 5 discusses the effectiveness of multinomial Logistic Regression 
modelling; Section 6 reports on the results of the multivariate Logistic Regression analysis 
and the multicollinearity issue; fi nally, in Section 7, conclusions are given.

2 Methodology

A study of this nature necessitates the use of a formal approach to corroborate the hypothesis 
under investigation. Triangulation was applied in this study and comprises: the analysis and 
results of a pilot study, a comprehensive environmental and clinical literature review, a full-
scale study conducted in Vietnam and the Philippines (Figure 1). The combination of the 
above-mentioned approaches leads to the formulation and support of a hypothesis relating to 
the awareness of South East Asian cardiologists of the potential links between AP and CVD.

Following the model for qualitative–quantitative triangulation proposed by Newman and 
Benz (1998), the pilot study, which was performed as a qualitative study, gives an account of 
the survey initially conducted at two specialised cardiac hospitals in Hanoi, Vietnam, with 
a sample size of 55 cardiologists. The data was analysed and indicated that the awareness 
of the impact of AP on CVD by the Vietnamese cardiologists is rather superfi cial and 
not commensurate with the depth of the subject, especially from the pathophysiological 
pathway understanding perspective. Could this be an isolated case in Vietnam or could it be 
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symptomatic of a wider problem that spans across South East Asia? This has become the 
hypothesis for a full-scale study that eventually covered many other provinces in Vietnam 
and also covered the Philippines.

The content of the survey endeavoured to cover a number of points, such as the metadata 
pertaining to the physicians, the current mortality rates of CVD in both countries, the changes 
in patterns of the diseases and patient profi les in the last 10 years, some CVD RFs of concern, 
the potential association between AP and CVD and some basic environmental knowledge of 
those cardiologists. The questionnaire was divided into either multiple-choice or open-ended 
questions with a total of 22 items. For Vietnam, the questionnaire was translated into the 
Vietnamese language to avoid any confusion that may have arisen and then translated back 
into English. Some of the questions resulted in one or two missing cases, and such missing 
cases were accounted for during the analysis. The analysis was classifi ed into fi ve main parts:

 • Basic information about the interviewees

 • Cardiologists’ opinions with regard to CVD mortality

 • Cardiologists’ views about the current patterns of CVD and common RFs in either 
country

 • Cardiologists’ awareness of the impact of AP and of the effects of various emissions 
on CVD

 • Suggestions to combat AP in the country.

Through an extensive review of the established literature, it is evident that, in developed 
countries, physicians, in general, and cardiologists, in particular, are fully aware of the possible 
impacts of AP on cardiac events and are fully versant in the mechanisms that may induce CVD 
as a result of ambient AP. However, as was clear from our initial investigation, this is not the 
case in many developing countries in South East Asia, which are renowned for their notoriously 

Figure 1 Triangulation methodology as applied to the study (see online version for colours)
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polluted ambient air environment and where CVDs are the leading cause of mortality. 
To confi rm the hypothesis of the pilot study, a full-scale study has thus been implemented 
covering, in total, 321 subjects from Vietnam and the Philippines. Comprehensive qualitative 
and quantitative analyses have been undertaken for investigating and testing this hypothesis.

3 Statistical descriptive summary

The complete full-scale study included 321 valid responses: 179 cardiologists from Vietnam 
and 142 from the Philippines.

3.2 Demographic data

Cardiologists’ experiences ranged from 1 to 43 years (mean: 9 years; median: 7 years). 
The mean experience (in years) of the Vietnamese cardiologists is slightly lower than that 
for their Philippine counterparts, with the longest experience being 43 and 35 years in the 
Philippines and Vietnam, respectively. The majority of cardiologists (76.7%) in the survey 
practise at tertiary or provincial hospitals/organisations, whereas the rest of the physicians 
practise at either secondary or rural health centres.

In the initial pilot study, one drawback was that there were not many different sub-
specialisms, this being a common characteristic of cardiology departments in Vietnam; 
therefore, a related classifi cation was not made. Subsequently, this issue was addressed in the 
ensuing full-scale study, which included a variety of sub-specialisms from the Philippines, as 
well as some additional ones from Vietnam. In the end, three types of cardiology were classifi ed, 
including general, intervention and ‘other’ cardiology (such as cardiac anaesthesiology). This 
division was based on the actual number of sub-specialists and their equitable distribution.

3.2 Preliminary Descriptive Analysis

When asked about their affi rmation that CVD is the leading cause of mortality in the entire 
South East Asian region, 97.8% of the respondents was in agreement. Coincidently, a 
similarly high percentage of cardiologists also agreed with a noticeable tendency for current 
additional demands for hospitalisation, medication and surgical interventions. This result 
also concurs with the actual situations in both countries according to the investigations 
outlined in the annual reports from the Ministry of Health (MOH), Vietnam, and Department 
of Health (DOH), the Philippines (MOH, 2009; DOH, 2010).

The majority (95.6%) of respondents noted that the population being affl icted by the 
disease has been getting increasingly younger over the last 10 years. Moreover, there is 
a noticeable widespread variation in the spectrum of patients, regardless of their socio-
economic status or geographical location (whether urban or rural areas), which was observed 
by the cardiologists.

3.3 Detailed descriptive results of the cardiologists’ opinions about the 
association between air pollution and CVD

Analysis of the survey revealed that 64% of all cardiologists identified that many of 
their patients suffered from CVD without being subjected to any of the obvious RFs, 
such as alcohol, cigarette smoking, high blood pressure, obesity and diabetes. This 
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means that the majority of physicians have problems diagnosing patients who do not 
present with any of the RFs that commonly lead to the disease. There is, therefore, a 
need to clinically and scientifically explore any unusual RFs that may be linked to 
CVD. Furthermore, 56% of the sample tended to agree with the fact that AP is an RF to 
CVD. Out of the total of those who positively agreed that AP was an RF, 50.3% (n = 90) 
confidently proposed one or more mechanisms that involved a clear clinical pathway 
for cardiovascular events.

Approximately seven cardiologists suggested that AP, combined with other RFs or more 
general factors, such as heat or noise, would lead to CVD. Such affi rmation is rather general 
and ambiguous; it does not provide a clinically valid explanation of the pathophysiological 
pathway of AP in relation to CVD. Therefore, seven responses were qualifi ed as invalid 
mechanisms.

With regard to the proposed mechanisms not matching the established literature, stress and 
anxiety resulting from either long- or short-term exposure to ambient AP were proposed by 
19 cardiologists. However, no scientifi cally supported evidence was proposed that they may 
also be a precursor to CVD. It can thus be deduced that the observations of those cardiologists 
who articulated a stress mechanism in relation to CVD are not based on established RFs, but 
that such stress mechanism is an indirect symptom that leads cardiologists to diagnose the 
disease. Therefore, this stress justifi cation may not be strictly considered as a mechanism. 
One Philippine physician proposed that exposure to AP can promote oxidative stress and 
lead to the development of immature red blood cells. The former part of the mechanism 
complies with the literature, while the latter part (development of immature red blood cells) 
was not confi rmed through previous studies. Hence, this mechanism once again qualifi ed as 
not matching the literature.

For the mechanism(s) that matched the literature, only one physician mentioned that 
exposure to AP might result in congenital heart disease. Through the literature analysis, 
Nguyen (2011b) provided such evidence resulting from a few studies on gene-environment 
interaction in high-risk groups, especially in relation to AP. In Vietnam, there is a prevalence 
of children with congenital heart disease who live in the vicinity of industrial zones. The 
largest proportion of cardiologists (33 cardiologists) believes that CVD can develop from 
‘respiratory diseases’ such as COPD. Hypertension was one of the cardiac events that was 
mentioned as a pathway; however, such pathway is not found in the established literature. 
An open question for research is to investigate whether hypertension is a consequence 
of respiratory disease owing to exposure to AP. Moreover, a Philippine cardiologist 
suggested cigarette smoking as a mechanism, which is an extremely broad reference. It 
can, therefore, be classifi ed under the respiratory disease mechanism, although this may 
still not correctly refl ect what he actually meant. The same situation is true of the passive 
smoking mechanism.

In relation to likely sources of pollution, only 133 out of 204 cardiologists could propose 
either one or more such sources, and these are described in Figure 2. Some other air pollutants 
were also mentioned in the survey, such as metal dusts, ammonia (NH3) and other mixtures, 
however the authors will not report on the details of those pollutants as their frequency of 
occurrence in the responses was extremely limited.

With regard to physicians’ opinions about CVD exacerbation states, the proportional 
positive agreement towards the element of exacerbation of CVD conditions owing to AP, 
which was approximately 64% (204 respondents), was slightly higher than for AP as an RF 
(mentioned earlier). This fi gure also refl ects the fact that, when asked, out of every three 
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physicians in either country, there would be one cardiologist considering no impact at all of 
AP on CVD exacerbation. This is an alarmingly high proportion, which refl ects the lack of 
knowledge and awareness of the associated link between AP and the disease. In addition, 
those who agreed with the AP exacerbation effects were asked to list at least one individual 
harmful airborne pollutant.

This gives a clear picture that the deeper the knowledge of the physicians was examined, 
the more the respondents showed a low appreciation of the link between AP and CVD as 
refl ected through the fewer number of positive responses the authors obtained. In fact, with 
each drilling-down step undertaken, there was an approximate decrease of one-third of the 
sample in the overall valid responses.

Focusing on the effects of PM, and as part of the questionnaire, the authors suggested 
three main mechanisms, which were mentioned by Brook et al. (2004) and recorded three 
types of responses: agreement, indecision and disagreement. Those mechanisms are:

 • Inhaled particles accumulating in the lungs may cause systemic infl ammation via 
oxidative stress, which mediates endothelial dysfunction and atherosclerosis (M1).

 • Inhaled particles accumulating in the lungs may cause systemic infl ammation, which 
may also increase blood coagulability (M2).

 • Short-term exposure to air particles can be linked to Myocardial Infarction and 
Arrhythmia (M3).

The percentages of positive agreements decreased from the fi rst through to the third 
mechanism, above, and these were 65, 58% and 31%, respectively. This, in a broad 
sense, matches with other studies on the PM pathways in relation to CVD and its cardiac 
events. For the fi rst mechanism (M1), a spectrum of studies have shown that exposure 
to PM can enhance the progression and instability of underlying atherosclerosis. For 
the second mechanism (M2), PM inhalation can also enhance arterial thrombosis and 

Figure 2 Number of occurrences of listed air pollutants by the cardiologists (see online version for 
colours)
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coagulation; however, some studies are still in contention in this respect. With regard to 
the third mechanism (M3), there has also been a great deal of debate and contentious 
studies undertaken. Studies, such as the one conducted by Pope et al. (2006), suggested 
that AP, especially fi ne particles, can trigger myocardial infarction. Brook et al. (2004) 
also proposed and provided evidence, in vitro, that AP can generate arrhythmia. However, 
there is no clinical evidence to support this mechanism in humans; hence, it remains 
controversial. The survey results also refl ect this fact since 45% of the cardiologists were 
indeed undecided in relation to this mechanism.

With regard to the different possible sources of AP, the majority of physicians agreed that 
emissions from vehicles and industrial plants are the main contributors to CVD (70 and 72%, 
respectively). These fi gures are higher than the more general fi gure of 56% of cardiologists 
who agree that AP is an RF to CVD. This uncovers an element of misunderstanding, or 
shortage in knowledge, by the cardiologists that vehicles and industrial plants emissions are 
an important source of AP. According to the most recent report released by the Clean Air 
Initiative, Asia (CAI-Asia), emissions from motor vehicles in the Philippines and Vietnam 
are the major source of AP, followed by industrial plants (CAI-Asia, 2009).

Beyond their cardiac expertise, it is also important to uncover the general environmental 
knowledge of the respondents. After all, this is one of the core concerns of this study, and 
it is important to ascertain that physicians are aware and knowledgeable of the enormous 
measures developed by their respective authorities to combat ambient AP. To investigate this 
issue, a question probed the physicians’ awareness of their respective governments’ efforts 
in combating environmental pollution. It further encouraged cardiologists to raise additional 
suggestions that could practically lead to the development of effective environmental 
regulations and legislations. Statistically, more than half of the total numbers of physicians 
(55%) were not aware of any governmental efforts to battle AP issues.

4 Precoding preparation

To investigate factors affecting the cardiologists’ awareness of the potential association 
between AP and CVD, and based on the results of the above-mentioned section, a hypothesis 
can be established that the awareness of the cardiologists about the potential link between AP 
and CVD is associated with their experiences, their sub-specialisms, the type of organisations 
where they practise, their opinions about the pathophysiological pathway of AP in relation 
to the disease and their basic environmental knowledge. As a result of the nature of the data 
obtained from the questionnaire – mostly multinomial variables – multinomial and binary 
Logistic Regression models are suitable tools to use to predict and highlight the awareness 
of cardiologists about the potential link between AP and CVD, and to expose the relative 
relationships and strengths of the various RFs to CVD.

For the best model that fi ts the data to be achieved, all potential alternative Logistic 
Regression models, which comprise all possible main effects (9 predictors) and all 
possible two-way interactions, were included in the test. The reason why the authors 
selected two-way interactions is because there may be an effect on a Dependent Variable 
(DV) from two separate but interacting Independent Variables (IDVs). Table 1 explains 
the coding scheme adopted for the explanatory (or independent) variables, IDVs, and for 
DVs in SPSS®17.
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10 Q.T. Nguyen et al.

Table 1 Dependent and independent variables

Dependent variables coding – DV
APRF: whether a cardiologist considers AP as a risk factor to CVD or not. One of the 3 possible 
answers may be selected: 
0 = No; 1 = Yes; 2 = Undecided
APRFG: the same context as APRF, however the ‘No’ and ‘Undecided’ categories are merged:
0 = No or Undecided; 1 = Yes

Dependent variables coding – IDV
Pathophysiological Mechanism 1 (PM1): Inhaled particles accumulating in the lungs may 
cause systemic infl ammation via oxidative stress, which mediates endothelial dysfunction and 
atherosclerosis?
Pathophysiological Mechanism 2 (PM2): Inhaled particles accumulating in the lungs may cause 
systemic infl ammation, which may also increase blood coagulability?
Pathophysiological Mechanism 3 (PM3): Short-term exposure to air particles can be linked to 
Myocardial Infarction and Arrhythmia?
Vehicle Emissions: Emissions from vehicles can be a signifi cant contributor to CVD?
Industrial Plant Emissions: Emissions from industrial plants can be a signifi cant contributor to CVD?
Those above IDVs have the same 3 possible answer of which 1 is selected:
0 = No; 1 = Yes; 2 = Undecided
Grouping of cardiologists’ experience (EXPG): The length of experience of cardiologists taking part 
in the survey
0 = 1–3 years; 1 = 4–7 years; 2 = 8–11 years;
3 = 12 years and above
Awareness of governmental measures against AP: cardiologists were asked of their knowledge of any 
governmental effort to combat air pollution. The answer can be:
0 = No; 1 = Yes
Type of hospitals: Type of organisation where cardiologists are practising. It can be:
0 = Secondary or district hospital; 1 = Tertiary or provincial hospital; 99 = other hospital type
Cardiologists’ sub-specialisms: The type of cardiologist which may be:
1 = General cardiology; 2 = Interventional cardiology;
0 = Other cardiology specialism

The Logistic Regression model tests the signifi cance of each variable and determines 
whether a variable should be removed from the model if its effect is of minimal signifi cance. 
Stepwise methods, specifi cally Backward Elimination (using the Likelihood Ratio (LR)) in 
SPSS®17, are applied to automatically delete indicators of statistical insignifi cance in the 
model and achieve model parsimony. The default signifi cance level for removal in SPSS®17 
is set at 0.1.

Whilst Table 1 presents 9 IDVs, correlation analysis, nevertheless, yields low pairwise 
correlation between APRF/APRFG (as DV) with governmental measures, type of hospitals 
and cardiologists’ sub-specialisms. These three IDVs were consistently being omitted by the 
Logistic Regression test models, thus providing evidence that they were not of signifi cance 
to the analysis.

Moreover, the pairwise correlation test shows that emissions from vehicles and industrial 
plants are highly correlated (r = 0.87); hence, Logistic Regression Backward LR also omits 
one of those two variables from the models, but will consider each one alternately. Therefore, 
for ongoing testing, all models will be examined with fi ve main-effect predictors and 
two-way interactions.
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5 The effectiveness of multinomial logistic regression modelling

Ordinarily, the Multinomial Logistic Regression model would be applied to investigate 
the effects of the explanatory variables to forecast a probability of the agreements since, 
originally, APRF has three values: 0 = ‘No’, 1 = ‘Yes’, 2 = ‘Undecided’. One of the critically 
important elements of the modelling is to explore whether the model adequately fi ts the data 
of the survey. According to the literature, the Pearson Chi-square (χ2) test is a reliable one to 
obtain judgement on the goodness-of-fi t of a model (King et al., 2010). The null hypothesis 
(H0) of this test states that there is no signifi cant difference between a theoretical frequency 
distribution and a frequency distribution of observed data for which each observation may 
fall into one of the several classes. Therefore, to infer that our model fi ts the data well, it 
is required to not reject H0. This corresponds to the value of χ2, with an attached Degree of 
Freedom (df), falling (at least) below its value at the 95th percentile.

As an example, the Multinomial Logistic Regression with 5 IDVs for the above-
mentioned model has a Pearson χ2 distribution with 90 dfs, i.e., χ2(90), of 235.34. This is 
much larger than the value at the 95th percentile of the distribution, i.e., [χ2(90)]95th of 113.14. 
Thus, the H0 is rejected implying that this Multinomial Logistic Regression does not fi t the 
data. The authors attempted to evaluate all other possible Multinomial Logistic Regression 
models, which combine the DV and all IDVs (main effects and two-way interactions) 
through SPSS®17 and the R Foundation for Statistical Computing software. However, the 
null hypothesis was always rejected owing to Pearson’s χ2 values being larger than those of 
the 95th percentile of the χ2 distribution and its degrees of freedom. Therefore, this is not an 
effective means of modelling in terms of predicting the awareness of cardiologists about the 
potential link between AP and CVD. To attain a best-fi tting model, merging the categories of 
the DV into APRFG, which is now a binary variable, is the only option available.

6 Multivariate logistic regression modelling

Statisticians are traditionally more in favour of using the Akaike Information Criterion 
(AIC) and Bayesian Information Criterion (BIC) in selecting the ‘best’ model. Both AIC and 
BIC provide a means for comparing between models and are not in themselves a test of the 
model in terms of goodness-of-fi t hypothesis testing. The ‘best’ model would be obtained 
from the smallest values of AIC and BIC. The pseudo-R2 measurement of fi tness measures 
how effectively the model describes the response variable. For SPSS®17, in Logistic 
Regression, Nagelkerke’s R2 is used to measure the goodness-of-fi t for a given model. 
This measurement provides a simple and clear interpretation, takes values between 0 and 
1, and becomes larger as the model ‘fi ts better’, in particular when adding more predictors. 
However, Nagelkerke’s R2 does not bring to light the prediction errors associated with the 
model. Classifi cation accuracy, which is also part of the Logistic Regression output, fulfi ls 
this requirement. The accuracy rate compares predicted group membership based on the 
logistic model with the actual known group membership, which is the value for the DV. 
Obviously, the higher the accuracy rate the better the Logistic Regression model is.

A total of 9 Logistic Regression models, including main effects and two-way interactions, 
were considered to predict the probability of the awareness of cardiologists about the 
potential association between AP and CVD with the DV; all of the models satisfy the null 
hypothesis of a good fi t through the Pearson χ2 test (Nguyen, 2011). Of these, two models, 
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which included only main effects, were selected owing to their lowest values of AIC and 
BIC and highest values of accuracy rate (%) and Nagelkerke R2 (Table 2).

Model 2 would be the best model owing to the lowest values of AIC and BIC. However, 
since vehicle emissions have long been established in the literature as a main source of AP – 
even more so than industrial plant emissions – then Model 1 will be the one to adopt.

In SPSS®17, Logistic Regression computes dummy coding predictors owing to the 
multinomial explanatory variables. The 0 value is chosen to be the reference group, i.e., for all 
of the mechanisms PM1–PM3, we use: 1 for Yes, 2 for Undecided and 0 as a reference group. 
In the case of experience, the EXPG groupings assume the following coding: 1 for 4–7 years, 
2 for 8–11 years, 3 for 12 years and over and 0 for 1–3 years (as reference group). Figure 
3 illustrates the outcomes of the Logistic Regression modelling for Model 1, together with 
regression coeffi cients (B) and their Standard Errors (SEs). Specifi cally, Logistic Regression 
provides the maximum likelihood estimates of the model parameters together with estimates 
of their SE. Then, a 95% confi dence interval for the odds ratio associated with a unit rise/
decline in a predictor is adjusted for the other covariates in the model (this is displayed in the 
last two columns of Figure 3 with the Wald upper and lower confi dence intervals).

Discussion: Statistically, the odds (Exp (B)) of a physician who agrees with the harmful 
impact of emission from vehicles, compared with the odds of those who disagree, are such 
that the physician is approximately 10 times (95% CI: 2.01–54.18) more likely to agree 
positively that AP is a risk factor to CVD. Similarly, a physician who is in the 4–7 years 
experience group is three times more likely to agree that AP is an RF to CVD than those in 
the shortest experience group. For the cardiologists with the longest experience, the odds 
ratio shows that they are four times more likely to agree with this fact. With regard to the 
third mechanism, the odds of a cardiologist who does not express an opinion in this respect, 
compared with the odds of those who do not agree, show that he/she is 0.4 times (95% 
CI: 0.18–0.88) more likely to agree about AP as being an RF. In a similar way, odds of 
agreeing that inhaled particles accumulating in the lungs may cause systemic infl ammation 
via oxidative stress, which might mediate endothelial dysfunction and atherosclerosis, show 
that the respective cardiologists are over seven times (95% CI: 1.1–47) more likely to agree 
that AP is an RF, compared with the odds of those who disagree; similarly, comparison 

Table 2 Best-fi tting models

Model 1: Main Effects – 5 IDVs: EXPG, PM1, PM2, PM3 and Vehicle Emissions
Pearson distribution
(χ2 = 96.22, df = 75)
Akaike’s Information (AIC)
Bayesian Information (BIC)
Nagelkerke R2

Accuracy rate (%)

χ2 = 65.651: satisfi ed

160.278
205.535
0.517
78.5%

Model 2: Main Effects – 5 IDVs: EXPG, PM1, PM2, PM3 and Industrial Plant Emissions
Pearson distribution
(χ2 = 96.22, df = 72)
Akaike’s Information (AIC)
Bayesian Information (BIC)
Nagelkerke R2

Accuracy rate (%)

χ2 = 63.01: satisfi ed

154.2
199.46
0.492
77.6%
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between the odds of agreeing that inhaled particles accumulating in the lungs may cause 
systemic infl ammation, which may also increase blood coagulability and the odds of those 
who disagree show that the former group is over four times (95% CI: 1.2–18.6) more likely 
to consider AP as an RF.

Multicollinearity: In Logistic Regression, multicollinearity can be detected by the 
presence of very large SEs for the B coeffi cients (Sheskin, 2007). All the values of the SE 
from Figure 3 are close to or below 1.0. Cross-checking multicollinearity with SPSS®17, all 
Tolerance values are greater than 0.1 and the Variance Infl ation Factor values are undoubtedly 
below 10. Therefore, there is no multicollinearity problem in Model 1.

Outliers diagnosis: Although the fi t of Model 1 was completed in the previous section, 
the identifi cation of outliers and their infl uence – necessary for checking the adequacy of the 
fi tted model – were not addressed. Clearly, there are many methods to detect outliers that badly 
fi t the Logistic Regression model. The simplest way to achieve this is through the output of 
Logistic Regression for SPSS®17, which provides the casewise diagnostics that enable to 
identify any cases of outliers outside two standard deviations (Weinberg and Abramowitz, 
2002). On the basis of the scatter plot in Figure 4, all of those extreme values can be rechecked 

Figure 3 Logistic regression of model 1, which characterises the positive agreement between AP as 
RF to CVD
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and cases that badly fi t the model can be taken out. The Logistic Regression model can be 
tested once again after removing potential outliers to ascertain whether the model is a better fi t. 
In our analysis, Model 1 detected 10 cases with standard deviations exceeding 2.0. However, 
the outliers should typically be in the range of [–3; 3]. Hence, fi ve cases were considered as 
outliers and discarded.

After discarding those fi ve outliers and testing Model 1 again, Logistic Regression 
gives similar results to the original Model 1; this is now a better model compared with the 
original owing to the smaller values of AIC and BIC values, which are 145.98 and 191.05, 
respectively.

7 Conclusions and limitations of the study

7.1 Conclusions

Logistic Regression modelling results suggest that a gap in cardiologists’ knowledge exists 
when expressing the link between the various AP pathophysiological mechanisms and CVD. 
This gap was shown to exist in Model 1 where the physicians clearly exhibit more awareness 
of the harmful impacts from vehicular emissions. Moreover, the experience of the physicians 
also had a slight impact on their knowledge in relation to this topic. Similarly, cardiologists 
who were undecided that inhaled particles accumulating in the lungs may cause systematic 
infl ammation via oxidative stress, which mediates endothelial dysfunction and atherosclerosis 
(M1) are approximately fi ve times more likely to agree that AP is an RF to CVD (95% CI 0.7–
32.06). As this confi dence interval value includes 1.0, the difference between those who did 
not express their opinion and those who did not agree with this mechanism is not statistically 
signifi cant at the 0.05 level (Lang and Secic, 2006). Nevertheless, the aforementioned 

Figure 4 Outliers scatter plot for model 1
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confi dence levels in relation to that mechanism still provide some evidence for a degree of 
association with the physicians’ decision that AP is an RF. In Model 1, applied separately to 
the two countries, mechanism 2 is not statistically associated with cardiologist’s agreements 
that AP is an RF to CVD for the Philippine cardiologists only.

In contrast to prior expectations, the working environments and the sub-specialisms are 
not statistically signifi cant in relation to the cardiologists knowing the potential link between 
AP and CVD. The outliers of Model 1 point to more cardiologists who are practising at 
secondary or rural organisations than in tertiary or provincial hospitals. This indicates that 
physicians who practise at secondary or rural hospitals may be confused about the AP impact 
on CVD more than physicians who work at tertiary or provincial hospitals.

In conclusion, it appears that the awareness of the impact of AP on CVD, in general, by 
Vietnamese and Philippine cardiologists is rather superfi cial and not commensurate with 
the depth of the subject, especially from the pathophysiological pathway understanding 
perspective. Besides, the obviously worsening mortality patterns of CVD in both countries 
and their associated RFs are not given enough attention from the health research perspective 
and from the level of disease management.

According to the WHO (2002), ‘50% death and disability from CVD can be reduced by 
a combination of simple effective national efforts and individual actions to reduce major 
cardiovascular risk’. On the basis of accumulated scientifi c evidence from epidemiological 
studies and in vivo research from developed countries on the potential association between 
AP and CVD, the South East Asian region cannot deny this existing association. Besides, 
the composition and relative contribution of ambient AP in the region are characteristically 
different from those in developed nations; hence, there is a pressing need to establish 
studies on the link in greater detail. Obviously, a spectrum and variety of cardiovascular 
risk prevention tools, strategies, programmes and frameworks have been formulated and 
put into action in different nations, especially in developed countries. Yet, guidelines or 
regulatory frameworks that include AP risk have not been established or embedded in 
any of the ones currently adopted by the respective governments or local environmental 
authorities (Nguyen et al., 2011b). Moreover, not only in Vietnam and the Philippines, but 
also in the whole region, the current environmental health legislations and regulations, as 
well as the preventive interventions for the disease, were exhaustively evaluated in terms of 
their effectiveness and effi ciency. Given the critical emerging issues about the AP situation 
and the rapid escalation in morbidity and mortality rates from CVD in South East Asia, 
especially in Vietnam and the Philippines, it is vitally necessary to raise the awareness of all 
stakeholders about the link of the disease to AP.

7.2 Limitations

In terms of statistical analysis, one limitation of this study as indicated by Logistic Regression 
modelling is that the size of the sample should have been increased, with a greater number 
of responses, to support more comprehensive analyses. Second, the types of organisations/
hospitals should have been more proportionate (e.g., through the inclusion of secondary 
hospitals) and types of sub-specialisms (such as paediatric or academic cardiology) also 
should have been included in the study to affi rm whether the type of organisation or area of 
cardiology practised impinged on the cardiologists’ knowledge in relation to AP impacts. 
Those can be indeed construed as (minor) weaknesses of the current analysis and best taken 
into consideration in any future such investigation.
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The area of environmental health research is very wide. Even when narrowed down to 
consider the effects of AP alone on human health, it still remains a very broad area. It was 
thus necessary to limit the scope of the study to cardiologists to evaluate their appreciation of 
the effects of AP when diagnosing or treating CVD. By the same token, a study designed to 
cover an entire geographical region, such as South East Asia, is extremely intricate to handle. 
Not only are logistic or fi nancial limitations a problem, but also the characteristics of many 
countries in the region are different, as highlighted through the two case countries presented 
in this study. This imposes an inevitable time limitation on the scope of the activities carried 
out for the duration of the study.

In addition, a further limitation of implementing a potentially regional framework is 
the possible inability to delineate gaps in environmental cardiovascular health knowledge 
applicable to each country in the region. This may be due to the disparity of the AP sources 
and their characteristics; healthcare cultures, intervention programmes and policies; or the 
involvement of a multitude of different stakeholders for each area/nation.

7.3 Future work

One direction for future work in this area of research might be the inclusion of other 
developing countries in the region, such as Cambodia, Laos and Myanmar within a similar 
study to provide a much wider scope of results, which, in theory, ought to lead to a more 
accurate assessment of clinical cardiology diagnostic and curative habits in relation to 
AP impacts. Such an exercise will also inevitably lead to a refi nement in any regulatory 
framework suggested to respective governments.

The population affl icted by CVD was not categorised when the survey was conducted. 
Thus, no information about gender, age, educational level, employment, income, etc., was 
sought by the authors in the course of the survey. Even though some parts of the study 
touched upon a few perceptible (by the cardiologists) changes in CVD patterns and, in other 
parts, on congenital heart disease, it would be of benefi t to consider the various different 
cardiovascular events that may incur as a result of AP exposure, based on age (especially 
for the newborn and the elderly), gender (especially pregnant women) or socio-economic 
predisposition.

Finally, this  research considered the effects of AP on CVD. Many similar studies could 
be initiated that focus on other chronic diseases such as cancer (with its raft of different 
types) or diabetes. It would be of interest to uncover the fi ndings for such other diseases 
and to develop corresponding national regulatory frameworks that cater for a multitude of 
ailments caused by AP.
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