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Abstract
Background: Overweight/obesity is associated with cardiovascular events (CVEs) and premature death.
This study aimed to find the causal pathways between overweight/obesity and CVEs through risk factors
in a general adult population.
Methods: A total of 7,921 employees of the Electricity Generating Authority of Thailand (EGAT) were
enrolled during 2007-2009. Baseline characteristics and blood test results were collected. Body mass
index (BMI) >23kg/m2 by WHO criteria for Asians was defined as overweight/obesity. A mediation
analysis was applied to assess potential causal pathways. BMI >23kg/m2 was considered as an
independent variable, whereas diabetes mellitus (DM), hypertension (HT), and chronic kidney disease
(CKD) were considered as mediators, and CVEs (i.e., fatal and non-fatal CAD or stroke) were
considered as the outcomes.
Results: The prevalence of BMI >23kg/m2, DM and HT, and CKD were 62.7%, 7.8%, 28.1%, and
11.8% respectively. During an average of 17.2±5.5 years follow-up, BMI >23kg/m2 subjects compared
with those with lower BMIs more frequently developed CVEs (9.4% vs 6.2%, p<0.001). The effects of
BMI >23kg/m2 on CVEs was significantly mediated indirectly through DM and HT with significant
ORs of 1.61 (1.34, 2.09) and 1.57 (1.39, 1.80), respectively. The indirect effect of CKD on CVEs was
significantly increased if mediated through DMàHT or HT [ORs of 1.17 (1.09, 1.32) and 1.20 (1.10,
1.32), respectively].
Conclusion: Subjects with overweight/obesity were prone to develop CVEs which was mediated
indirectly through DM and HT. The effect of CKD on CVEs was small but enhanced if it occurred as a
complication of DM or HT.
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Introduction
Overweight/obesity is a major public health problem worldwide, and associated with
cardiovascular events (CVEs) and premature death [1, 2]. Despite increased awareness, this epidemic
problem continues growing with the prevalence of overweight and obesity in adults (aged 18 years or
older) reaching 39% and 13%, respectively, as per the WHO report in 2016 [3]. People with
overweight/obesity are prone to develop type 2 diabetes mellitus (T2DM), dyslipidemia, hypertension
(HT), so called ‘metabolic syndrome’, and to experience premature atherosclerotic cardiovascular
disease (CVD) and death [4, 5].
Dyslipidemia is associated with atherosclerotic CVD. The linkage between dyslipidemia and
atherogenesis is supported by a strong correlation between low-density lipoprotein cholesterol (LDL-C)
and major adverse CVEs [6]. Reduction in LDL-C improves CVD outcomes whether achieved through
primary or secondary prevention [7, 8]. While a causal link between dyslipidemia and CVD is well
established, such a causal association between overweight/obesity and CVD remains controversial. This
is important because the increasing prevalence of overweight/obesity may eventually offset the public
health gains achieved by improved treatment of CVD.
Multiple evidences shows that elevated body mass index (BMI) increases the risk of T2DM and
insulin resistance [9, 10]. In overweight/obese subjects, increased amount of non-esterified fatty acids,
glycerol, proinflammatory substances, and hormones are involved in the development of insulin
resistance and thus T2DM development [11]. Obesity-related HT is another important pathway to
increased CVEs, and previous evidence shows a strong association of BMI with HT [12, 13]. As the
prevalence of overweight/obesity increases, the prevalence of HT with its associated CV risk increases
as well. The pathophysiology of obesity-related HT is insulin stimulation of the sympathetic nervous
system with increased renin release, increased angiotensinogen release from intra-abdominal adipocytes
and increased aldosterone production, leading to increased sodium reabsorption and obstructive sleep
apnea [14].
In addition to T2DM and HT, there is a well-known relationship between BMI and renal function
deterioration [15]. Numerous population-based studies have shown an association between
overweight/obesity and progression of chronic kidney disease (CKD) [16–18]. The possible mechanisms

include excessive excretory load, lipid accumulation in the kidney, metabolic abnormalities in the
adipose tissue, and over activation of the renin-angiotensin-aldosterone system [19]. However, the exact
mechanisms through which overweight/obesity may worsen or cause CKD remain unclear. Certainly,
there is a significantly higher prevalence of T2DM and HT among overweight/obese patients with CKD
(both early and late stage). Some of the worsening renal function in obesity may be mediated by
downstream comorbid conditions such as T2DM or HT.
As for complex mechanisms among these diseases, we hypothesized that overweight/obesity was
associated with CVEs, and probably mediated through T2DM, HT or CKD. To our knowledge, no study
to date has demonstrated a causal relationship between T2DM, HT or CKD in overweight/obesity
subjects and CVEs. Mediation analysis offers a tool to assess the magnitude of different pathways
leading to an outcome [20]. We therefore conducted this study in a general adult population using
mediation analysis to explore the possibility of a causal relationship between overweight/obesity and
CVEs; if found, whether it was mediated directly or indirectly through T2DM, HT, or CKD.

Methods
Study design
The Electricity Generating Authority of Thailand (EGAT) Study is a large prospective cohort
study conducted in adult employees to better understand the occurrence and influence of risk factors on
CVD occurrence and progression in adult Thais. This longitudinal health study is composed of three
cohorts (EGAT 1, 2, and 3) with follow-up every five years; the cohort profiles are published [21].
Briefly, employees were enrolled in the Bangkok metropolitan area (EGAT 1 and 3) and at three
different sites in Western and Northern Thailand (EGAT 2). The age at enrollment ranged from 35 to 54
years, to maximize the probability of a CVD event, given that the retirement age in EGAT was 55 years.
A large variety of people were recruited, from illiterates working as cleaners to truck drivers, security
guards, office clerks, administrators, architectures, engineers, field explorers, lecturers, lawyers, healthcare practitioners executive board members. Inclusion criteria included the asymptomatic employees
with risk factors for atherosclerosis (no CVD symptoms). Exclusion criteria included i) a diagnosis CVD
at baseline (either CAD or stroke) and ii) no baseline BMI measurement.
The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and
was approved by the Ethics Committee of the Faculty of Medicine, Ramathibodi Hospital, Mahidol
University (# COA. No. MURA2019/402). All participants provided their informed consent.

Subjects & data collection
A total of 7,921 subjects from the EGAT 1, 2, and 3 cohorts were enrolled during 1997-2009.
Baseline characteristics, including age, sex, atherosclerosis risk factors (e.g., T2DM, HT, dyslipidemia,
smoking, and alcohol), BMI (kg/m2) and underlying diseases were recorded. To characterize metabolic
risk factors, fasting blood glucose (FPG), lipid profile [total cholesterol, high-density lipoprotein
cholesterol (HDL-C), LDL-C, triglyceride (TG)] and uric acid were collected from these subjects.
T2DM was defined as either an overnight FPG ³126mg/dL or taking anti-diabetic medications. HT was
defined as either systolic BP (SBP) ³140mmHg and/or diastolic BP (DBP) ³90mmHg, or taking antihypertensive medication. An estimated GFR (mL/min/1.73m2) was calculated based on the separate
CKD epidemiology collaboration (CKD-EPI) equations for men and women [22]. CKD was defined as
an eGFR<60 mL/min/1.73 m2.

BMI and categorization
In our study, BMI was calculated as weight in kilograms divided by height in meters squared
(kg/m2), and was categorized according to the WHO criteria for Asians [23]: as underweight (<18.5
kg/m2), normal weight (18.5–22.9 kg/m2), overweight (23–24.9 kg/m2), or obese (≥25 kg/m2).

Follow-up and clinical outcomes
All participants were invited to take a follow-up survey in December 2014 and 2019. The
primary endpoints were CVEs (i.e., fatal and non-fatal CAD; fatal or non-fatal stroke) and all-cause
deaths (ACDs). CAD was defined as the presence of at least one of the following criteria: angina, acute
coronary syndrome, acute MI, a significant (> 70% diameter stenosis) lesion on coronary angiography,
revascularization (PCI or CABG), and documented myocardial ischemia during exercise testing. Stroke
was defined as a history of ischemic or hemorrhagic stroke, or transient ischemic attack (TIA). If a
subject had two CVEs, only the first event was counted. If a subject died of a CVE, this subject was
counted as both a death and a CVE. Participants who lost to follow-up were linked with death databases
[maintained by the National Health Security Office (which contained hospital discharge records) and the
Department of Provincial Administration of the Ministry of the Interior (contained death certificates)] to
ascertain their vital status. Each cause of death was assessed by an independent adjudication committee,
comprised of cardiologists and neurologists, and classified into CAD (fatal CAD or MI or sudden

unexplained death), stroke (including ischemic, hemorrhagic and subarachnoid hemorrhage), other
vascular death (e.g. heart failure, valvular heart disease or PAD), non-CAD death [i.e., malignancy,
respiratory and gastrointestinal diseases, accident, sepsis, metabolic (T2DM, HT, DLP)], or unknown.

Statistical Analysis
The characteristics of patients were expressed as means (± standard deviation (SD)) and
percentages for continuous and categorical variables, respectively. A univariate analysis was performed
to assess the relationship of each variable with CVD using t–tests and Chi-square tests for continuous
and categorical variables, respectively.
Mediation analysis using a generalized structural equation model (GSEM) was applied to assess
potential causal pathways as described in Figure 1. Overweight/obesity (BMI>23 kg/m2) was considered
as the independent variable, whereas T2DM, HT, and CKD were considered as mediators, and CVEs
was considered as the outcome of interest. Three mediation and one outcome models were constructed
as follows: [24–26]:

Mediation models
𝑇2𝐷𝑀 = 𝑎! + 𝑎" 𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡/𝑜𝑏𝑒𝑠𝑖𝑡𝑦 + ∑# 𝑒# 𝑧#

(path a1)

𝐻𝑇 = 𝑎! + 𝑎$ 𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡/𝑜𝑏𝑒𝑠𝑖𝑡𝑦 + 𝑎% 𝑇𝐷𝑀 + ∑# 𝑒# 𝑧#

(path a2)

𝐶𝐾𝐷 = 𝑎! + 𝑏" 𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡/𝑜𝑏𝑒𝑠𝑖𝑡𝑦 + 𝑏$ 𝑇2𝐷𝑀 + 𝑏% 𝐻𝑇 + ∑# 𝑒# 𝑧#

(path b1b2b3)

Outcome model:
𝐶𝑉𝐸𝑠 = 𝑎! + 𝑐𝑂𝑣𝑒𝑟𝑤𝑒𝑖𝑔ℎ𝑡/𝑜𝑏𝑒𝑠𝑖𝑡𝑦 + 𝑐" 𝐷𝑀 + 𝑐$ 𝐻𝑇 + 𝑐% 𝐶𝐾𝐷 + ∑# 𝑒# 𝑧# ; 𝑤ℎ𝑒𝑟𝑒 𝑧# =
𝑐𝑜𝑛𝑓𝑜𝑢𝑛𝑑𝑒𝑟𝑠

The GSEM with logit link function was used to regressed T2DM and HT on overweight/obese
(called paths a1 and a2). Then, the CKD mediation model was constructed to regress CKD on
overweight/obese, T2DM, and HT using logit link, called path b1, b2, and b3. Next, these overweightobese and three mediators were fitted on the CVEs outcome using a logit link (path c, c1, c2, and c3).
Finally, three mediation and outcome models were simultaneously constructed using the GSEM
approach. Confounders whose p-values were less than 0.10 in the univariate analysis of each mediation

and outcome models were simultaneously considered but only significant confounders were finally
retained in the multivariate GSEMs.
Potential causal mediation effects were then estimated using the products of coefficients by of
the final mediation and outcome GSEM models [27]; the odds ratios (ORs) of mediation effects were
then estimated [28]. A bootstrap with 5000 replications was applied to estimate mediation effects along
with 95% confidence intervals (CIs) based on a bias-corrected bootstrap technique [29]. All analyses
were performed using STATA version 16. A P-value of less than 0.05 was considered to be statistically
significant.

Results
A total of 7,921 out of 8,028 participants had baseline BMI and were then used for analysis.
Distribution of baseline characteristics of participants grouped by BMI (i.e., BMI <23kg/m2 and
>23kg/m2) are summarized in Table 1. Participants with overweight/obesity were more frequently male,
T2DM, HT, CKD, ex/current smokers, ex/current drinkers and had higher levels of LDL-C, triglyceride
and uric acid, but lower HDL-C. During an average of 17.2±5.5 years follow-up, overweight/obese
participants developed CVEs (via both CAD and stroke) more frequently than did those nonoverweight/obese (Table 2). However, frequency of ACD, death from cancer and CAD were not
significantly different between the two groups.

Relationships between risk factors and BMI
To find factors associated with T2DM, HT, CKD and CVEs, univariate regression analyses were
performed (see Table 3). BMI >23kg/m2, older age and ex/current smoking were three common factors
and associated with T2DM, HT, CKD and CVEs. For other factors, there was some inconsistency of
association. Male gender, HDL-cholesterol and triglyceride were each associated with T2DM, HT and
CVEs, but not with CKD. Ex or current drinking was associated with T2DM, HT, CKD, but not with
CVEs. LDL-cholesterol was associated with T2DM and CKD, but not with HT nor CVEs. Uric acid was
associated with HT, CKD and CVEs, but not with T2DM.
Multivariate GSEMs were constructed, simultaneously considering BMI >23kg/m2 along with
these covariates (see Table 4). After adjusting covariables, BMI >23kg/m2 was significantly associated
with T2DM, HT and CVEs but not for CKD, with the corresponding estimated ORs (95% CI) of 1.68
(1.39, 2.04), 1.76 (1.57, 1.97), and 1.34 (1.10, 1.62), 1.09 (0.938, 1.269), respectively. This could be

interpreted as overweight/obese participants being 1.68, 1.76, and 1.34 times more likely to develop
T2DM, HT, and CVEs than subjects with non-overweight/obese.
In addition, participants with T2DM were 2.48 (2.09, 2.95) and 2.5 (1.99, 3.16) times more likely
to develop HT and CVEs, respectively, whereas the risk for developing CKD was not significant [OR of
1.106 (0.863, 1.418)]. Participants with HT were 1.6 (1.36,1.84) and 2.2 (1.86, 2.64) times more likely
to develop CKD and CVEs, respectively. Participants with CKD had a significant association with
having a CVE [estimated OR of 2.01 (1.62, 2.49)]. Other factors that associated with an increased risk of
CVEs were age >60, male gender, and being an ex/current smoker. As noted, high HDL and ex/current
alcohol drinking were protective factors for CVEs.

Mediation analysis
Indirect effects of BMI >23kg/m2 on CVEs through T2DM, HT and CKD were further estimated
using a bootstrapping analysis with 5000 replications, see Table 5. The three mediation pathways that
yielded the highest ORs were BMI >23kg/m2 àT2DM, BMI >23kg/m2 àHT, and BMI >23kg/m2
àT2DM àHT with the ORs of 1.62 (1.34, 2.09), 1.57 (1.39, 1.80), and 1.46 (1.25, 1.78), respectively.
This could be interpreted as overweight/obese participants being about 1.34 (1.11,1.67) times more
likely to develop CVEs, and their risks being increased to 1.62, 1.57 and 1.46 if they had T2DM, HT,
and T2DM plus HT, respectively. Interestingly, the effects of BMI >23kg/m2 on CVEs that were
mediated through CKD and T2DMàCKD were insignificant, with ORs of 1.063 (0.962, 1.195) and
1.037 (0.956, 1.149), respectively. However, the effect of overweight/obese on CVEs through HT and
CKD would have reached significance if mediated through HT (BMI >23kg/m2 àHTàCKD) or T2DM
(BMI >23kg/m2 àDMàHTàCKD), which yielded ORs of 1.20 (1.10, 1.32) and 1.16 (1.08, 1.32),
respectively.
Effects of overweight/obesity on CVEs contributed through T2DM, HT, and T2DM plus HT
were 29.1%, 27.2%, and 18.6%, respectively. In addition, the effects of overweight/obesity contributed
through CKD alone was 3.0%; however, effects contributed through HTàCKD or DMà HTàCKD
were 9.0% or 7.5%, respectively. As noted, the direct effect of overweight/obesity on CVEs was found
to be 14.3% of the contribution effect.
Discussion

We explored the potential causal relationship between overweight/obesity and CVEs, using
known risk factors (including T2DM, HT and CKD) as mediators based on a 17-year longitudinal cohort
study. The results from our mediation analysis suggested that overweight/obesity itself increased the risk
of CVEs about 34%, and the risks increased further to 57%, 62% and 46% if mediated through HT,
T2DM, and T2DM puls HT, respectively.
A WHO panel reported that Asian populations are at risk for T2DM and CVD at lower BMIs
than the standard WHO criteria of a BMI exceeding 25 [23]. The American Diabetes Association
recently recommended that testing for T2DM should be considered for all Asian American adults with a
BMI of >23 [30]. This cut-off is consistent with a previous report from Japan that a BMI >23 is a risk
factor for insulin resistance and T2DM [10]. Based on these sources, we used a BMI >23 as a definition
of overweight/obesity in our cohort.
The prevalence of overweight/obesity in our study was quite significant, nearly two-thirds of
participants. The majority of these overweight/obesity participants were middle-aged males; they more
frequently had atherosclerotic risk factors (T2DM, HT, CKD, ex/current smoking or alcohol use,
dyslipidemia and hyperuricemia). This cluster of risk factors, the so-called ‘metabolic syndrome’, are
positively associated with incidence of CVEs and all-cause deaths [31]. During the long-term follow-up,
the overweight/obesity subjects in our study developed CVEs (both non-fatal CAD and non-fatal
strokes) more frequently than other subjects. These findings are similar to the previous reports of higher
CVEs in overweight/obesity populations [2, 32]. Unlike the previous literatures, there was no
significantly increase in CAD and cancer deaths in our overweight/obesity population [33]. This
difference raises questions that will require further follow-up of the cohort to resolve.

Relationship between overweight/obesity and CVEs through mediators
The clinical prognosis of participants with overweight/obesity ranges from mild to severe. In
fact, some overweight/obese people never develop a CVE nor premature death. As many as 25% of
obese individuals are classified as “metabolically healthy” suggesting that increased body weight alone
is not sufficient to cause any adverse events [34]. Such individuals usually are mildly obese, young and
without complication. Our aim was to find causal relationships between overweight/obesity and CVEs,
whether mediated directly or indirectly through the most likely clinical risk factors.
Besides dyslipidemia and smoking which have well-established correlations with CVEs, three
other major risk factors that potentially have causal links between overweight/obesity and CVEs are

T2DM, HT and CKD. After adjusting for confounders, we found that these three risk factors still
mediated an increased in the effect of overweight/obesity on CVE risk. As we mentioned previously,
overweight/obesity results in complex metabolic abnormalities and may cause a high incidence of
T2DM, HT and CKD. If these chronic conditions are not modified, CVEs and premature death can
occur.
Behavior, environment, and genetic factors all have roles in causing people to be overweight and
obese. Duration and severity of overweight/obesity, and concurrent control measures, all influence the
occurrence of complications. A majority of patients are unsuccessful at changing their life-style and
continue their unhealthy habits. Our study showed that the strongest mediators associated with CVEs are
T2DM and HT. Subjects with overweight/obesity were more likely than those without to develop
T2DM, HT, or T2DM plus HT, resulting in increased development of CVEs by 1.62 times, 1.57 times,
and 1.46 times, respectively. CKD was not a strong mediator causing CVEs in contrast to T2DM and
HT. It is possible that our study population included patients with early stage CKD (eGFR<60
mL/min/1.73 m2) which had less impact on CVEs occurrence. However, if CKD occurs as a
complication in patients who have already developed T2DM plus HT, or HT alone, it increases the risk
of CVEs.

Direct effect of overweight/obesity on CVEs
As noted, the direct effect of overweight/obesity itself on CVEs is about 1.34 times more than
subjects with normal body weight, without mediation through T2DM, HT or CKD. This unidentified
mechanism might be explained by genetics, inflammatory processes, hyperuricemia or decreased HDLC level. There is evidence that accumulation of visceral fat mass increases the production of proinflammatory cytokines and adipokines, and can promote the formation of atherosclerotic plaques [35,
36]. Moreover, obesity tends to increases the risk for CVEs, by increasing macrophage infiltration and
instability of plaques [37, 38]. Hyperuricemia is another confounding factor that is reported to predict
the development of atherosclerosis. As known, hyperuricemia is frequently found in obese subjects and
carries a high risk of subclinical CVD [39, 40]. Patients with metabolic syndrome usually have
hyperuricemia along with other clinical criteria. Elevated serum uric acid has been shown to be a
predictor of coronary calcium deposition independent of conventional CV risk factors [41]. This finding
suggests that serum uric acid might be a part of mechanisms which increase the risk of CVEs in
overweight/obesity populations.

In addition, obesity is an important risk factor for decreased HDL-C levels, which predisposes to
CVD [42]. There is evidence that intra-abdominal visceral fat deposition is an important negative
correlate of HDL-C level [43]. HDL reduces coronary atherosclerosis by decreasing the expression of
adhesion molecules on endothelial cells and thereby reducing inflammation, and by inhibiting the
oxidation of LDL-C. The HDL-C level is somewhat difficult to increase, since it is mostly determined
by genetics. In current practice, decreasing of LDL-C using statins and exercise is the only way to
counterbalance this abnormality.

Clinical implication
The implication of this mediation analysis in terms of prevention is to encourage
overweight/obesity patients to reduce their BMI to prevent early onset T2DM and HT, and also possibly
to slow renal function deterioration and increase life expectancy. Early detection of all conventional risk
factors and then modifying behavior and changing life-style are appropriate ways to reduce CVEs.
These measures decrease disease progression and likelihood of premature death. The term of
‘metabolically healthy’ overweight/obesity seems to not be absolutely correct, because in our study,
subjects with BMI >23kg/m2 also carry some risk of CVEs, even in the absence of T2DM, HT and
CKD.

Strength and limitation
The strengths of this study include its prospective nature, large population and long duration of
follow-up. Also, all clinical events were reviewed and verified by an expert committee. The EGAT
project is still continuing. Its follow-up surveys every five years will continue to document clinical
outcomes and thus enable the answering of some open questions. Also, our analysis included all
confounding factors which might impact on CVEs and adjusted for these factors as much as possible.
Several limitations of this study needed to be mentioned. First, the association study between
overweight/obesity and CVEs relies on the BMI at a single point which makes it difficult to adequate
address bias associated with reverse causality. Second, the study population was enrolled only from
among EGAT employees who were mostly middle aged with higher socioeconomic status and education
than the general population. Our findings thus may not be generalized to those of younger age nor for
the whole population. In addition, this study did not examine whether concurrent treatment or
intervention with life-style modifications during the follow-up had any effect on the occurrence of

CVEs. Lastly, the BMI that we used to group participants was at the first day of survey. Participant’s
BMI may have evolved during the follow-up period.

Conclusions
Overweight/obesity is a major health problem in Thailand and likely a cause of CVE
occurrences. Participants with overweight/obesity trended to develop T2DM and HT leading to
development of CVEs during long-term follow-up. Although effects of overweight/obese through CKD
seems to have been minimal, it may be enhanced if it occurred as a complication of DM and HT. It is
important that healthy overweight/obesity people also reduce their BMI to prevent T2DM and HT,
increase likelihood of remaining free of disease and prevent premature death. Concurrent reduction in
the magnitude of all conventional risk factors is the key for successfully reducing the occurrence of
CVEs.
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