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ABSTRACT
Objective: In this study, we focus on path modelling to identify the risk factors of diabetes mellitus types 2. Risk factors con-

sidered were age, fasting glucose level, hypertension, BMI, systolic blood pressure, HDL cholesterol and family history of CHD 
(coronary heart disease). Design: Retrospective study design.

Materials and Methods: Path analysis is the application of structural equation modelling without latent variable. This study 
was conducted using AMOS software to investigate the risk factor of diabetes mellitus types 2 based on specific indirect effect, 
and direct effects variables in the model.

Results: From the results show the risk factors deemed to have a direct statistically significant effect on diabetes mellitus 
type 2 are HDL Cholesterol (-0.053, p = 0.015), Fasting glucose level (0.705, p = 0.001), Hypertension (0.058, p = 0.008) and BMI 
(0.059, p = 0.008). There are specific indirect effects on diabetes mellitus type 2 patients such as Family history of CHD (0.103, p 
= < 0.001), Systolic blood pressure (0.049, p = < 0.001), BMI (0.152, p = < 0.001) and hypertension (0.076, p = < 0.001). 

Conclusion: The findings of this study emphasize the need for attempts to prevent and early diagnose the disease focusing on 
the top modifiable factors that may increase the risk of diabetes mellitus type 2.
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INTRODUCION

Diabetes mellitus is divided into two types: i) diabetes mellitus type 
1 (T1DM) and ii) diabetes mellitus type 2 (T2DM). The rarer T1DM 
predominantly develops in children and adolescents and is caused by a 
primary loss of insulin production due to autoimmune beta-cell destruc-
tion. The much more frequent T2DM is presented mostly in adults after 
many years of insulin resistance. Diabetes mellitus type 2 (T2DM) is a 
common disease and suffered by adults around the world. This disease 
is a silent killer in which the sufferer will not be aware of diabetes 
symptoms and at some point the person will have high blood pressure, 
stroke and so on. From 1990 to 2010, diabetes-related mortality doubled 
and since has become the worldwide ninth most prevalent cause of 
death. Inzucchi, 2012 stated that, T2DM develops when the pancreatic 
beta cells can no longer produce the increased insulin secretion required 
to compensate insulin resistance (Inzucchi, 2012). A report in 2006 
described diabetes as an epidemic based on the dramatic increase in 
prevalence in the past 10 years (Steinbrook, 2006). Diabetes is increas-
ingly diagnosed among adolescents and younger adults (Dabelea et al., 
2009). Increase in obesity is main factor thought to be driving the diabe-
tes (Mainous, Diaz, Everett, 2007). As the prevalence of diabetes rises, 
there will be more young adults and adolescents with diabetes. Thus, it 
is crucial from a clinical and public health perspective to identify these 
high-risk populations (Mainous, Diaz, Everett, 2007). 

In Malaysia, the prevalence of T2DM was 11.6% stated by the 
National Health and Morbidity Survey (NHMS) in 2006 (Institute for 

Public Health, 2006). This prevalence increased to 15.2% and 17.5% in 
NHMS 2011(Institute for Public Health (IPH), 2011) and NHMS 2015 
(Institute for Public Health, 2015) respectively. The International 
Diabetes Federation Atlas (IDFA) in 2015 estimated 415 million people 
suffer from diabetes mellitus globally and the number is expected to 
increase to 642 million (IDFA, 2015). The NHMS shows that undiag-
nosed diabetes among Malaysian population aged ≥ 30 years was 1.8% 
in 1996 to 5.4% in 2006 (Institute for Public Health, 2006), an alarming 
200% increase in a decade. Socio-demographic factors were also found 
to be associated with prevalence of T2DM such as age (Wondemagegn 
et al., 2017), higher BMI (Goto et al., 2015) and co-morbidities such as 
hypertension (Wondemagegn et al., 2017). Usually, the pre-diabetic 
insulin-resistant state is clinically silent but revealed upon finding of 
impaired fasting plasma glucose (5.6 .0 mM) and a low HDL (high-den-
sity lipoprotein) cholesterol levels below 1.05 mM in men or below 1.25 
mM in women (Inzucchi, 2012).

In this study, we focus on path modelling to identify the risk factors 
of diabetes mellitus types 2. Risk factors considered were age, fasting 
glucose level, hypertension, BMI, systolic blood pressure, HDL choles-
terol and family history of CHD (coronary heart disease). 

METHODOLOGY

Structural equation modelling (SEM) is a statistical tool or tech-
nique that can used to estimate and test a theoretical framework with 
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linear-related observed or unobserved variables. It uses the correlation 
or covariance matrix between variables rather than the raw data as the 
input format to test the validity of the theoretical model based on the 
assumption. The assumption stated that the population correlation or 
covariance matrix will be reproducible by SEM if the theoretical model 
is correct and the parameters are known. Path analysis is the application 
of structural equation modelling without latent variable. Path analysis 
was conducted using AMOS software to investigate the risk factor of 
diabetes mellitus types 2 based on specific indirect effect, and direct 
effects variables in the model. The direct effects are those influences 
unmediated by any other variable in the model. In other words, direct 
effects are depicted as an arrow emanating from an independent variable 
(exposure) leading and pointing to a dependent variable (outcome) 
(Bardenheier et al., 2013). Specific indirect effect or set of indirect 
effects is a compound of all paths that traverse a particular intervening 
variable.

In this study, we report standardized path coefficients and p values. 
The goodness fit of the SEM models is evaluated by chi-square test, 
root mean square error of approximation (RMSEA), and comparative fit 
index (CFI). The chi-square test measures the difference between the 
observed correlation or covariance matrix and the model correlation or 
covariance matrix. A chi-square test with value greater than 0.05 indi-
cates a good fit. RMSEA estimates the lack of fit in the current model 
compared to a saturated model. A good model is considered to have a 
RMSEA of 0.08 or less. Models whose RMSEA is 0.08 or more have a 
poor fit. CFI examines the fit of current model relative to independence 
models. A good model will have CFI values greater than 0.90. Model 
building and estimation was done using IBM SPSS Amos 20 software.

Based on the path model of diabetes mellitus type 2 (Figure 1) show 
that HDL cholesterol, hypertension, BMI, fasting glucose level and age 
would directly affect diabetes mellitus type 2. Family history of CHD 
and systolic blood pressure would also indirectly influence diabetes 
mellitus type 2. Likewise, the BMI through hypertension and fasting 
glucose level would directly and indirectly affect diabetes mellitus type 
2.

RESULT

The final model had excellent fit, and the fully standardized path 
coefficients are presented in Figure 2. Table 1 shows the coefficients of 
the direct and indirect effects of variables and p value on diabetes melli-
tus type 2. The goodness-of-fit statistics of the model are shown in 
Table 2.

Based on Figure 2 and Table 1 below, the following risk factors 
deemed to have a direct statistically significant effect on diabetes melli-
tus type 2: HDL Cholesterol (-0.053, p = 0.015), Fasting glucose level 
(0.705, p = 0.001), Hypertension (0.058, p = 0.008) and BMI (0.059, p 
= 0.008). Age factor is not significant effect on diabetes mellitus type 2 
(0.001, p = 0.954). The next risk factors have a direct statistically signif-
icant effect on fasting glucose level: Family history of CHD (0.125, p = 
0.001), Hypertension (0.108, p = 0.001) and BMI (0.191, p = 0.001). 
Family history of CHD (0.136, p = 0.001), Systolic blood pressure 
(0.367, p = 0.001) and BMI (0.126, p = 0.001) are risk factor to have 

direct significant effect on hypertension among diabetes mellitus type 2 
patients. Family history of CHD also significant direct effect on HDL 
cholesterol among diabetes mellitus type 2 patients (0.068, p = 0.032). 

There are specific indirect effects of Family history of CHD (0.103, 
p = < 0.001), Systolic blood pressure (0.049, p = < 0.001), BMI (0.152, 
p = < 0.001) and hypertension (0.076, p = < 0.001) on diabetes mellitus 
type 2 patients. Family history of CHD impact diabetes mellitus type 2 
mediated by HDL cholesterol, fasting glucose level and hypertension. 
Systolic blood pressure impact diabetes mellitus type 2 mediated by 
hypertension. Hypertension and fasting glucose level are mediates the 
indirect effects of BMI on diabetes mellitus type 2. Fasting glucose 
level also mediate the indirect effect of hypertension on diabetes melli-
tus type 2. Besides that, hypertension is mediates the direct effect of 
family history of CHD on fasting glucose level.

Based on Table 2, the final model demonstrated good model fit 
where Goodness of Fit index (GFI) value, Adjusted Goodness of Fit 
Index (AGFI), Normed fit Index (NFI), Comparative Fit index (CFI), 
Tucker Lewis Index (TLI) are 0.9 above. Parsimonious fit is acceptable 
fit (CMIN/df = 4.551) because less than 5.0. RMSEA value is 0.06 and 
well below the recommended limit of 0.08 or less. Hence, the model 
shows an overall are acceptable fit.

DISCUSION  AND  CONCLUSION

The findings of this study support the direct and indirect effects of 
risk factors on diabetes mellitus types 2. The review of previous studies 
showed that the direct and indirect effect of these variables has less been 
examined in Malaysia. 

Negative direct effect of HDL cholesterol show that low levels of 
HDL cholesterol are consistently associated with increased risk of type 
2 diabetes and this result has similarity with epidemiological studies by 
Schmidt et al. 2018. Low levels of HDL cholesterol and high levels of 
triglycerides are part of the diabetic dyslipidaemia (Chahil and 
Ginsberg, 2006: Ginsberg et al., 2010), and high levels of triglycerides 
have recently been shown to be a marker of type 2 diabetes rather than 
playing a causal role (De Silva et al., 2011). Experimental evidence sug-
gests that levels of HDL cholesterol may contribute to the pathophysiol-
ogy of type 2 diabetes through direct effects on plasma glucose levels 
(Siebel et al., 2013). More recently, evidence has accumulated that a 
low HDL cholesterol level is an independent risk factor for the develop-
ment of diabetes mellitus type 2. In fact, the association of low HDL 
cholesterol with increased risk of T2DM was traditionally interpreted to 
be a bystander of insulin resistance rather than an indication of patho-
genic causality. In humans, there is a strong association with low HDL 
levels and an increase in the risk of developing several diseases, includ-
ing type 2 diabetes (Abbasi et al., 2013).

In addition, patients with higher baseline glucose levels were more 
likely to develop diabetes mellitus type 2 independent of hypertension. 
Conversely, patients in the hypertensive group developed more mellitus 
type 2 independent of their baseline glucose levels. Based on previous 
study by Eun Young Lee et al., 2017, they found that were in the obese 
group (BMI > 25 kg m-2) developed diabetes compared with those in the 

Figure 1. Path Model of Diabetes Mellitus Type 2 using AMOS Figure 2. Direct and Indirect Effect of Diabetes Mellitus Type 2
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non-obese group (BMI < 25 kg m-2), which was independent of hyper-
tensive grouping (p = 0.001). Furthermore, new diagnoses of diabetes 
mellitus type 2 frequently occurred within the pre-hypertensive and 
hypertensive groups compared with those within the normotensive 
group independent of BMI. Their results indicate that more subjects in 
the hypertensive group developed incident diabetes mellitus type 2 com-
pared with subjects in the normotensive group. They also found the sub-
jects with high BMI and high glucose levels were at least 40 times more 
likely to develop diabetes mellitus type 2 compared with those with low 
baseline BMI and low glucose levels (0.3 vs. 13.2%, P = 0.001).

This study is contrast with Hasimah Ismail et al. 2018 where they 
found that the prevalence of undiagnosed diabetes mellitus increases 
with age as it was higher among those aged 60 years and above. This is 
probably due to increasing tendency to exercise less or being physical 
inactive, loss of muscle mass and gaining weight with age. It has been 
established that the more abundant the fatty tissue in the body, the more 
resistant are the cells to insulin (Wondemagegn et al., 2017).

This study also support by Nelson and Cox 2005 study where they 
found an increase in blood glucose level will result in increase in BMI 
causing increased lipid biosynthesis and hence body weight (Nelson and 
Cox, 2005). Insulin being an anabolic hormone results in energy conser-
vation and thereby signalling the body to produce fat. As BMI increases, 
insulin resistance also increases which results in increased blood glu-
cose level in body. Since body weight is associated with BMI, it may be 
expected that BMI should correlate with blood glucose levels. Insulin 
which is secreted from beta cells of islets of Langerhans from pancreas-
es act through specific cell receptor of insulin sensitive cells which 
results in enhanced glucose uptake into the cell (Henriksson, 1995). In 
other hand, since BMI is proportional to weight from its standard for-
mula; weight/square height, it is therefore expected that factors such as 
blood glucose which influence weight will ultimately affect BMI (Eun 
Young Lee et al., 2017).

BMI has direct effect on hypertension and BMI is the main factors 
of hypertension (Martín et al. 2016). The prevalence of obesity has been 
increasing throughout the world, including Europe (Kuwabara et al., 
2018: Vidra et al., 2018). It is a decisive risk factor in many chronic dis-
eases such as hypertension, dyslipidaemia, and diabetes mellitus type 2 
(Min and Cho, 2018). In general, obesity, which is usually determined 
by BMI, is one the principal risk factors for hypertension (Kuwabara et 
al., 2018), and the prevalence of hypertension increases with rising BMI 

(Lee et al., 2016). However, BMI, as the most frequent anthropometric 
measure used, does not reflect body fat distribution, and there has 
recently been some doubt concerning it as a convenient indicator of 
high body weight and obesity. Similarly, there are concerns about its 
capability to predict the risk of hypertension (Flegal and Graubard, 
2009). Individuals with higher hypertension tended to be older and had 
higher BMI, fasting glucose and lower high-density lipoprotein choles-
terol levels compared with those of subjects with no hypertension. 

This study found that a family history of CHD risk score predicts 
incident type 2 diabetes among individuals with a positive diabetes fam-
ily history. Our results are supported by recent findings (Reynolds et al., 
2006) that increased glucose levels in the normal range predicts diabetes 
development among relatives of those with early-onset CHD. The lack 
of association between family CHD history and incident diabetes among 
individuals without diabetes family history was unexpected, since stud-
ies have shown that other cardiovascular risk factors, such as hyperten-
sion are associated with family history of CHD (Li et al., 2000) and can 
precede type 2 diabetes.

Hypertension is a common health problem in most countries includ-
ing Kingdom of Saudi Arabia (KSA) (Bromfield, Samantha, and Paul 
Muntner, 2013). The cardiovascular disease risk factors (CVD) of 
hypertension are directly related to both systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) levels (Kannel and William, 1974). 
This risk is direct effect on hypertension. Subtypes of hypertension 
defined by isolated or combined elevations of systolic and diastolic 
blood pressure (BP) have gained wide clinical acceptance (Prospective 
Studies Collaboration, 2002).

Given the various risks associated with diabetes mellitus type 2, the 
findings of this study emphasize the need for attempts to prevent and 
early diagnose the disease focusing on the top modifiable factors that 
may increase the risk of diabetes mellitus type 2. Type 2 diabetes can be 
easy to ignore, especially in the early stages when you’re feeling fine. 
But diabetes affects many major organs, including your heart, blood 
vessels, nerves, eyes and kidneys. Controlling your blood sugar levels 
can help prevent these complications. Healthy lifestyle choices can help 
prevent type 2 diabetes. A healthy lifestyle includes eating healthy 
foods, getting active such as ride a bike, losing weight and avoiding 
being sedentary for long periods.
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