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Abstract

Background In the literature, obesity has been correlated with coronary artery diseases (CADs) and high health
costs. This study aimed to investigate the relationships between obesity parameters and the health costs among
patients with CADs undergoing cardiac catheterization.

Method A secondary data analysis was done for an original study. The original study was conducted among 220
hospitalized patients undergoing cardiac catheterization from two main hospitals located in the Middle and Northern
regions of Jordan. Bivariate Pearson’s correlation and forward linear regression analysis were calculated in this study.

Results The average health cost for the participants was 1,344 JOD (1,895.63 USD). A significant positive moderate
correlation (r=0.4) was found between hip circumference (HC) and health cost. There were significant positive

weak correlations between low-density lipoprotein (LDL), triglycerides, high-sensitivity C-reactive protein (HS-CRP),
hemoglobin Alc (HbA1c), and depression, and the health cost (correlation coefficient 0.17,0.3,0.29,0.22 and 0.17,
respectively. HC, waist circumference (WC), waist-height ratio (WHtR), waist-hip ratio (WHR), and body adiposity index
(BAI) were significantly associated with health costs among male participants. In contrast, among females, none of
the obesity parameters was significantly associated with health costs. The forward regression analysis illustrated that
an increase of HC by 3.9 cm (3 (0.292) * SD (13.4)) will increase the health cost by 1 JOD (0.71 USD). The same analysis
revealed that HS-CRP increased by 0.4 mg/dl (B (0.258)*SD (1.43)), or triglycerides increased by 8.3 mg/dl (3 (0.241)*
SD (34.3)), or depression score increased by 0.32 score (3 (0.137)* SD (2.3)), or total cholesterol increased by 4 mg/dl (3
(0.163)* SD (24.7)), the health cost will increase by one JOD (0.71 USD).

Conclusion Healthcare providers, including nurses, should significantly consider these factors to reduce the health
costs for those at-risk patients by providing the appropriate healthcare on time.
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Introduction

On a global scale, coronary artery disease (CAD) is con-
sidered a main cause of mortality and disability. It was
estimated that 8.9 million people died from ischemic
heart disease in 2015 [1]. Nowadays, developing coun-
tries carry the huge financial burden of cardiovascular
diseases. It is thought that the worldwide prevalence of
unhealthy lifestyle choices, such as smoking, being over-
weight, and leading a sedentary lifestyle, have contrib-
uted to an increased incidence of CAD in recent years
[2].

Obesity has been found to have nearly tripled since
1975, thus becoming a major concern worldwide [3].
More than 1.9 billion adults aged 18 years and older
were identified as being overweight in 2016. Of these,
over 650 million were obese [3]. Obesity and overweight
were defined by the World Health Organization (WHO)
in 2022 and the Obesity Society in 2013, as an abnormal
excessive fat collection that affects health. In adults, if the
body mass index (BMI) is equal to or greater than 25 kg/
m?, an individual is considered overweight, whereas a
BMI greater than or equal to 30 kg/m? is considered
obese. Obesity is associated with biological, psychosocial,
socioeconomic, and environmental factors [4—7].

Furthermore, WHO [8] reported that, worldwide,
between 74% and 86% of females and between 69% and
77% of males are overweight or obese. Correspondingly,
obesity is considered a risk factor for coronary artery
disease [9]. Numerous obesity parameters are used to
measure and classify obesity into categories. These obe-
sity parameters were addressed in terms of their relations
with coronary artery disease and its related risk factors
[10].

Being overweight or obese increases the individual’s
susceptibility to cardiac diseases, diabetes, stroke, and
high blood pressure [11]. Maintaining a healthy weight
is essential, not only for lowering the risk of developing
these chronic conditions but also for helping a person
to feel energetic and able to enjoy life [11]. Correspond-
ingly, obesity is a significant risk factor for CAD, and it
has been increasing progressively in the last decades
[12, 13]. In this context, different obesity parameters
were studied in relation to CAD and its risk factors. The
parameters include waist-height ratio (WHtR), waist-
hip ratio (WHR), body adiposity index (BAI), BMI, body
shape index (BSI), waist circumference (WC), and hip
circumference (HC) [12]. Each of these parameters offers
a unique insight into fat distribution and body composi-
tion, which are considered key factors in cardiovascular
health [12]. For example, HC and WC, whether applied
individually or in combination, offer valuable information
about metabolic risk and fat distribution [14, 15]. Under-
standing obesity parameters and their relation to cardiac
diseases could help healthcare professionals identify
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individuals at risk of CAD and develop interventions to
manage and prevent its progression and complications
(12, 16, 17].

Patients with CAD could need to undergo coronary
angiography, or it might be an elective procedure to iden-
tify the reason for abnormal stress test results or high-
risk features on non-invasive imaging [18]. However,
patients who experience chest pain or other symptoms
indicative of a heart attack or unstable angina require
urgent intervention to assess the severity of CAD and
guide immediate treatment decisions [18]. Knowing the
reason for angiography in the study population is vital to
interpreting the results and identifying the different obe-
sity parameters in relation to CAD based on the patient’s
clinical presentations [17].

Obesity is associated with numerous chronic diseases
and health condition variables that necessitate advanced
treatment. Each of these variables incurs increased direct
medical expenditures for patients who are obese and
overweight [19]. Cawley and colleagues [20] reported
that obesity had caused elevated health costs in every
class of care, such as inpatient, outpatient, and prescrip-
tion drugs. Consequently, the medical care costs incurred
as a result of an obese population amount to almost
$173 billion per year in the United States [21], with the
prediction that the figure might reach $48 to $66 billion
per year in 2030 [22]. Su and colleagues [23] revealed a
triple-fold increase in health expenditures for all obe-
sity classes from 1 to 3. Specifically, for each kilogram of
excess weight, the health costs rise by an average of $140
annually.

The overall medical costs have increased over time,
influenced by a group of factors, such as the increase in
the size of the adult population, rising healthcare charges,
prevalence of obesity, an increase in the number and type
of comorbidities, and the fact that obese individuals are
being given more expensive treatments and services [20].
This study aimed to investigate the relationships between
all traditional obesity parameters (WHtR, WHR, BAI,
BMI, BSI, WC, and HC) and the health cost among
patients with CADs undergoing cardiac catheterization.

Methods

Research design

A secondary data analysis was done for an original study
[24]. The original study was conducted for 220 patients
with symptomatic CAD, undergoing cardiac catheter-
ization. Among the 220 patients, 175 participants had at
least one severely stenotic coronary artery (=60%), while
the other participants (45) had mild to moderate stenotic
arteries (<60%). This analysis was utilized to determine
the potential variations in health costs based on the tra-
ditional obesity parameters among patients with CADs
undergoing cardiac catheterization.
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Setting and sample

The original study [24] was conducted in the two main
hospitals located in the Middle and Northern regions of
Jordan. These two hospitals are considered major refer-
ral centers for the study target population. In the origi-
nal study [24], a convenient sample of 220 patients with
CADs was recruited as a sample size based on G power
calculation. G*Power was used to calculate the required
sample size, given the F test as a family test and linear
hierarchical multiple regression with an effect size of
0.15, alpha error probability of 0.05, power of 0.8, and
number of predictors of 25. Therefore, the calculated
sample size was 181. However, to compensate for any
possible attrition among the study participants, 25% of
the sample size was added. Thus, a total of 220 partici-
pants were recruited as the study sample [24].

The inclusion criteria in the original study [24] meant
that all participants were Jordanian citizens, minimum
age of 18 years, diagnosed with CADs by a physician,
and undergoing cardiac catheterization. Exclusion crite-
ria in [24] ruled out participants diagnosed with severe
organ impairment, such as renal failure and liver disease,
pregnant women, patients having coronary artery bypass
graft surgery, and those diagnosed with autoimmune dis-
ease, cancer, and/or immunosuppressed conditions.

Data collection

In [24], the basic data (weight, height, WC, and HC),
used to calculate the parameters, were measured by
skilled nurses. The nurses who collected the data under-
went three training sessions. Upon admission, the data
were gathered prior to undergoing a cardiac catheter-
ization using flexible and rigid anthropometric tapes.
Recruitment for [24] was completed between March 18,
2021 and July 18, 2021.

Measurements

In [24], the socio-demographic variables were gathered
from the patients themselves and their electronic health
records. Serum levels of hemoglobin Alc (HbAlc), high-
sensitivity C-reactive protein (HS-CRP), high-density
lipoprotein cholesterol concentration (HDL), low-density
lipoprotein cholesterol concentration (LDL), triglycer-
ide, and random blood sugar (RBS) were assessed for all
participants upon admission to the hospitals and before
undergoing cardiac catheterization. Daily activity was
measured using a valid pedometer after the participants
had been discharged and allowed to resume normal daily
activity by the primary healthcare provider.

In [24], a standard stadiometer and rigid measure-
ment devices were used to measure height and weight,
respectively. The HC was measured at the greatest pro-
trusion of the gluteal muscles. The WHR and the WHtR
were operationally defined as WC/HC and WC/height,
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respectively. The BSI, the BMI, and the BAI were calcu-
lated using the formulas reported in the original study
[24]. In the current study, the health cost was measured
by Jordanian dinar (JOD) (continuous variable). This data
was collected from the Financial Department of each
hospital. The total health cost was recorded before sub-
tracting the values that were covered by health insurance
or exemption. The analyzed health costs include the total
expenses, from admission to undergoing cardiac cath-
eterization through to discharge. This includes the cost of
the cardiac catheterization procedure, medications dur-
ing the hospitalization period, diagnostic tests, and dis-
charge medication prescriptions.

Statistical analysis

Multiple statistical analyses (correlation, regression, and
analysis of variance) were carried out between all the pre-
dictors (sociodemographic and obesity parameters) and
the dependent variable (health costs). However, each of
these tests was conducted once without repetition, which
did not necessitate a correction. The bivariate Pearson’s
correlation statistical analysis was measured for the
strength of the relationship between the obesity param-
eters and the health cost. Forward linear regression was
performed to examine the role of obesity parameters
in predicting the variations in the health cost among
patients with CADS undergoing cardiac catheterization.
A significance regression level of 0.05 was considered
in this study. The Statistical Package for Social Sciences
(SPSS) software version 25 was used to do all required
analyses.

Ethical considerations

In the original study [24], the Institutional Review Board
(IRB) approval was obtained from the Jordan University
of Science and Technology (Ref#20210093). All methods
were carried out in accordance with relevant guidelines
and regulations. The aims and benefits of the study were
clarified for all the participants. The participants had
ample time to read and sign the written informed con-
sent form, after having any questions fully addressed by
the researchers. The participants were made aware of
their right to proceed or withdraw from the study with-
out prejudice. No minors took part in the study.

Results

The mean age of the patients with CADS in [24] was 49.9
years old, while the overall age range was between 24 and
90 years old. Of the 220 participants in [24], 161 (73.2%)
were male. Most of the participants in [24] were married
(62.3%). Approximately half (49.1%) of the patients in [24]
were employed. More than half (61.8%) were smokers.
43.6% of patients were classified as having hypertension
stage I, 36.4% were classified as having pre-hypertension,
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Table 1 Health cost (JOD) for the participants (N=220)

N (%) Mean Median
(SD) (Min, Max)
Health Cost (JOD) 1344 (583) 1374 (290,4211)

and the remaining (20%) had normal blood pressure in
the original study [24]. The health cost (JOD) for the cur-
rent study participants is shown in Table 1.

As shown in Table 2, the following correlation model
was built to evaluate and investigate the relationships
between obesity parameters and health costs. A signifi-
cant positive moderate correlation (r=0.4) was found
between HC and health costs. Significant weak positive
correlations were found between “WC, WHtR, and BAI”
and health costs. While a significant negative correlation
was found between WHR and health costs.

As shown in Table 3, the correlation model was built to
evaluate and investigate the relationships between health
variables and health costs. Moreover, the analysis of vari-
ance (ANOVA) test was employed to test mean group
differences between categories of blood pressure and
health costs. There were significant positive weak cor-
relations between (LDL, triglycerides, HS-CRP, HbAlc,
and depression) and health costs (correlation coefficient
0.17,0.3, 0.29, 0.22, and 0.17, respectively).
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As shown in Table 4, the correlation model was built to
evaluate and investigate the relationships between socio-
demographic variables and health costs. The ANOVA
test was employed to test the differences between catego-
ries of education, marital status, and employment, and
health costs. There were statistical differences between
education levels in relation to health costs (F=2.39,
P=0.04). Illiterate participants had higher health costs
(Mean=43.2, SD=5.2) than participants who had com-
pleted primary school (Mean=34.7, SD=8.4) (P=0.04).
There were statistical differences between marital status
categories in relation to health costs (F=3.1, P=0.03).
Accordingly, single patients (Mean=1523, SD=661) had
higher health costs than married (Mean=1261, SD=510),
while no difference was detected with other categories
(widowers and divorced).

To test the relationship and the prediction role between
the model of obesity parameters and health costs, sta-
tistical analysis was carried out using forward regres-
sion analysis, as shown in Table 5. Model (1), which had
the sole predictor of hip circumference (HC), explained
12.9% of the variation of health costs (P<0.001), while
model (5) which had five predictors, explained 29.2% of
the variation of health costs (P=0.03). Model (5) illus-
trated that an increase of HC by 3.9 cm (B (0.292) * SD
(13.4)) will increase health costs by 1 JOD. Model (5)

Table 2 Pearson’s correlations (r) between obesity parameters and health costs (N=220)

Health Cost

Mean (SD) Median (Min, Max) r P value
Weight kg 80.02 (14.42) 80.00 (50, 126) 0.03 0.61
Waist Circumference 102.72 (13.26) 102.00 (65, 140) 0.27 <0.001
Hip Circumference 110.59 (13.42) 110.50 (68, 151) 0.4 <0.001
Waist Height Ratio 0.64 (0.10) 0.63(0.37,0.98) 0.25 <0.001
Waist Hip Ratio 0.92 (0.07) 0.92 (0.45,1.20) -0.16 0.02
Body Adiposity Index 0.35(0.10) 0.35(0.05, 0.67) 033 <0.001
Body Mass Index 32.2(4.59) 32.3(23.0,42.1) 0.05 0.50
Body Shape Index 0.09 (0.08) 0.09 (0.01,0.90) -0.04 0.58
Table 3 The bivariate analysis between health variables and health costs (N=220)
Health Variable Health Cost Statistic Test P value
Blood Pressure F=2.90 ANOVA (F) 0.06
Smoking r=-0.09 Pearson’s Correlation (r) 0.22
Daily Activity r=-0.09 r 0.2
LDL r=0.17 r 0.01
HDL r=-013 r 0.052
Triglycerides r=0.30 r <0.001
Total Cholesterol r=-0.09 r 0.21
HS-CRP r=0.29 r <0.001
RBS r=0.02 r 0.94
HbA1c r=0.22 r 0.002
Anxiety r=0.04 r 0.57
Depression r=0.17 r 0.02

Note: HDL: High-density lipoprotein, RBS: Random blood sugar, LDL: Low-density lipoprotein, HS-CRP: High-sensitivity C-reactive protein, HbAlc: Hemoglobin Alc
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Table 4 The bivariate analysis between socio-demographics and the health cost (N=220)

Socio-demographic Variable Health Cost Statistic Test Pvalue
Age r=0.04 Pearson’s Correlation (r) 0.58
Income r=-0.04 Pearson’s Correlation (r) 0.61
Gender t=0.12 t Test 0.91
Mean (SD)
Males Ref 1347 (568)
Females 1337 (622)
Education F=239 ANOVA 0.04
Mean (SD) Post hoc Tukey test
Primary School & llliterate 34.7 (84) 0.04
43.2(5.2)
Marital Status F=3.1 ANOVA (F) 0.03
Mean (SD) Post hoc Tukey test
Single fef 1523 (661) 0.03
Married 1261 (510)
Employment F=033 ANOVA (F) 0.72
Note: Ref: Reference group
Table 5 Forward regression analysis between obesity parameters and health variables, and health costs (JOD) (N=220)
Model R2 for the Model Standardized Coefficients (f) P Cl95% UL
(P) LL
1 HC (m) 0.129 0.359 <0.001 202 442
(<0.001)
2 HC (m) 0.199 0.352 <0.001 199 431
HS-CRP (mg/dl) (<0.001) 0.265 <0.001 254 736
3 HC (m) 0.248 0323 <0.001 176 402
HS-CRP (mg/dl) (0.001) 0.246 <0.001 225 696
Triglycerides (mg/dl) 0.223 0.001 46 166
4 HC (m) 0.273 03194 <0.001 156 382
HS-CRP (mg/dl) (0.011) 0.256 <0.001 246 710
Triglycerides (mg/dl) 0.255 <0.001 60 181
Total Cholesterol (mg/dl) 0.164 0.011 -194 -25
5 HC (m) 0.292 0.292 <0.001 150 373
HS-CRP (mg/dl) (0.03) 0.258 <0.001 253 712
Triglycerides (mg/dl) 0.241 <0.001 54 174
Total Cholesterol (mg/dl) 0.163 0.011 -192 -25
Depression (score) 0.137 0.013 21 413

Note: The last model explained 29.2% of the variation of total health cost (P=0.03). JOD: Jordanian Dinar, HC: Hip circumference, HS-CRP: High-sensitivity C-reactive

protein

showed that if HS-CRP increased by 0.4 mg/dl (p (0.258)*
SD (1.43)), or triglycerides increased by 8.3 mg/dl (B
(0.241)* SD (34-3)), or depression score increased by 0.32
score (P (0.137)* SD (2.3)), or total cholesterol increased
by 4 mg/dl (B (0.163)* SD (24.7)), health costs would
increase by 1 JOD.

To test the relationship and the prediction role between
obesity parameters and health costs in males and females
separately, statistical analysis was carried out using
regression analysis, as shown in Table 6. Accordingly,
among males, five obesity parameters were significantly
associated with health costs. Among them, four (WC,
HC, WHtR, and BAI) are positively associated with
health costs, while WHR is inversely associated with
health costs. On the other hand, among females, none of

the obesity parameters were significantly associated with
health costs.

Discussion

The world has witnessed a dramatic rise in the preva-
lence of obesity in recent decades. Since obesity is con-
sidered a risk factor and an associated variable for CADs,
there is an urgent need to take stock of the healthcare
costs of obesity [12]. This study aimed to investigate the
relationships between obesity parameters and health
costs among patients with CADs undergoing cardiac
catheterization.

In the current study, the average expenditure for the
participants was 1,344 JOD (1,895.63 USD). Numer-
ous previous studies consistently reported that patients
diagnosed with obesity have higher healthcare costs
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Table 6 The linear regression analysis between obesity
parameters and health costs in males and females (N=220)

Obesity Parameter B Pvalue
Weight kg

Male —0.002 0.61

Female 0.008 0.09
Waist Circumference

Male 0.009 <0.001

Female 0.006 0.14
Hip Circumference

Male 0.015 <0.001

Female 0.004 0.35
Waist Height Ratio

Male 145 <0.001

Female 0.67 0.23
Waist Hip Ratio

Male -2.81 <0.001

Female 0.74 037
Body Adiposity Index

Male 202 <0.001

Female 0.98 0.19
Body Mass Index

Male —0.001 0.89

Female 0.02 0.13
Body Shape Index

Male -0.39 0.59

Female 43 0.50

compared to those who are not obese. Another study
revealed a total annual cost of $1250 per obese partici-
pant. Consequently, obesity can be reliably associated
with higher costs of care for patients with cardiovascular
disease [25]. This might be due to the higher risk of severe
health complications and hospitalization among patients
who are overweight and/or obese [26]. Moreover, the
additional incurred health costs of obesity-related dis-
eases and complications place an economic burden on
patients, their families, and governments [27, 28]. As a
result, determining these specific possible predictors for
health costs using the obesity parameters among patients
with CADs undergoing cardiac catheterization provides
scientific indications as to how these parameters could be
related to the high health costs of treating these at-risk
patients.

Regarding predictors of health costs, this study
revealed that hip circumference was significantly cor-
related with increased health costs among patients with
CAD undergoing cardiac catheterization during hospi-
talization. Consistently, Wang and colleagues found that
HC is positively associated with increased cardiovascular
events [29]. However, this positive association between
HC and cardiovascular disease events is considered
unusual and needs further investigation. Hip circumfer-
ence is not commonly used as a marker of cardiovascular
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risk or obesity compared to other parameters like waist
circumference or body mass index (BMI) [30].

Indeed, larger hip circumferences are considered a
protective factor against specific health risks, known as
the “obesity paradox” or “lipid paradox [14]. However,
hip circumference could be used to measure adiposity,
which reflects overall body fat distribution and adipose
tissue deposition, leading to metabolic abnormalities and
CVD risk factors [14, 15]. Furthermore, individuals with
larger hip circumferences may have a lower risk of meta-
bolic syndrome and lower visceral adiposity. However,
they are still at higher risk of other obesity-related condi-
tions, such as sleep apnea and musculoskeletal disorders,
which could necessitate additional treatment and associ-
ated costs [14, 15]. More research is needed to explain
the mechanism linking health costs and hip circumfer-
ence among patients with CAD, which could be used in
clinical practice and managing obesity-related condi-
tions. Although it is widely known that health costs can
be affected by the general health condition of the patient,
there is limited research on the relationship between var-
ious obesity parameters and health costs in patients with
CAD undergoing cardiac catheterization.

Interestingly, among males, five obesity parameters
(WC, HC, WHtR, WHR, and BAI) were significantly
associated with health costs. On the contrary, no signifi-
cant relationship between any of the obesity parameters
and health costs among females was found. This differ-
ence could be explained as females having a lower risk
for coronary artery disease due to hormonal protection
effects, which could affect the significance of the relation-
ship between obesity parameters and healthcare costs
among females [31]. Also, in Jordan, females tend to have
lower smoking percentages than males, which makes
males more susceptible to CAD complications [32]. Con-
sistently, in our study, the mean smoking cigarette among
males is 30 cigarettes/day, while among females is 19 cig-
arettes/day. Consequently, females have two alleviating
factors (hormonal protection and a lower smoking per-
centage) that could reduce the impact of obesity on the
participant’s health condition and thus, on health costs.

Additionally, our study found that depression had a
significant positive association with participants’ health
costs during hospitalization. Having consistent results,
Nigatu and colleagues [33] found a positive association
between abdominal obesity (WC of 2102 c¢cm for males
and >88 c¢m for females), depression, and health costs.
They explained their results by emphasizing that obesity
is associated causally with serious medical conditions
aggravated by an increase in serum lipids and insu-
lin resistance. They also illustrated that depression was
associated with decreased quality of life and higher co-
morbidity of medical conditions. These findings could be
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attributed to poor compliance with treatment plans that
result in higher health costs.

Our study found that triglycerides and total choles-
terol had a significant positive association with health
costs. The results of the current study were consistent
with those of Bahia and colleagues [34], who found a
positive correlation between the level of triglyceride and
total cholesterol, and an increase in health costs among
patients with CADs. They illustrated their results by stat-
ing that either hypertriglyceridemia or hypercholester-
olemia is a considered contributing factor for CAD, and
both increase the need for an advanced level of medical
care. This higher medical care involved conducting more
serology tests, radiology diagnostic tests, and pharmaco-
logical treatment, all of which are considered costly.

The current results showed that there was a weak posi-
tive correlation between “WHR and BAI” and health
costs. These results are consistent with those reported
by Cawley [35], Au [36], and Withrow and Alter [37].
Their results supported the positive association between
adiposity and added financial burden on the healthcare
system.

The study also revealed that there is a positive weak
relationship between “LDL and triglycerides” and health
costs. This was supported by Zhao and colleagues [38]
who studied CVD healthcare costs concerning Lipopro-
tein (a) (Lp(a)). This study revealed that increased lev-
els of Lp (a) are leading to higher risk for patients with
CVD, particularly for patients with LDL-C>70 mg/dL,
and in turn, higher health costs. This is also consistent
with Toth and colleagues [39] who used a retrospective
observational analytic method to evaluate cardiovascular
outcomes, healthcare utilization, and health costs among
patients with high triglycerides and high risk of cardio-
vascular complications. Their study revealed that the
high risk of cardiovascular complications and high tri-
glycerides (2.26—5.64 mmol/L [200-499 mg/dL]) among
Statin-treated patients had negative cardiovascular out-
comes, more healthcare utilization, and higher health
costs compared to those who had triglycerides below
1.69 mmol/L (<150 mg/dL) and HDL-C more than 1.04
mmol/L (>40 mg/dL).

Furthermore, this study reported a positive weak cor-
relation between HbAlc and depression and health
costs, a finding that was previously reported by Lang-
berg and colleagues [40]. During an 8-year study based
on the Medical Expenditures Panel Survey (MEPS), they
addressed the cost of diabetes and depression. They
revealed that health costs were significantly higher in
patients with both diabetes and depression, in which the
incremental cost was above $6000/participant/year.

Our study found that HS-CRP had a significant positive
association with health costs, a finding that corresponded
with the results of Schnell-Inderst and colleagues [41].
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They affirmed that HS-CRP is considered a predictor for
heart disease severity and, consequently, increased CAD
severity that requires additional medical care, including
more medical interventions, serology tests, and radiol-
ogy tests which all increase health costs. Another analy-
sis, conducted by Lee and colleagues [42] among patients
with intermediate and low cardiovascular risk, revealed
that an increase in HS-CRP indicates an increased risk
for cardiac patients. However, this was not found to be
a cost-effective screening tool. A recent study supported
that HS-CRP could be a predictor of the incidence of
CAD, but HS-CRP was not used previously in many
studies because of its elevated cost [43].

Previous studies have asserted that the use of statin
treatment for patients with CVDs is a cost-effective treat-
ment [44, 45]. CVDs are associated with elevated tri-
glyceride levels within the context of statin treatment in
addition to its parallel association with higher medical
costs [46, 47]. High triglyceride (TG) levels are associated
with cardiovascular disease risk. It is categorized as mild
to moderate when fasting levels are 2150 mg/dl, non-
fasting levels are =175 mg/dl to <500 mg/dl, and severe
when levels are 2500 mg/dl, especially>1000 mg/dl. Fur-
ther, hypertriglyceridemia is defined as levels>175 mg/dl
after lifestyle intervention and management of secondary
causes [48, 49].

Recent studies have reported that high TG levels (200—
499 mg/dL) are associated with increased CV events,
cost, and healthcare usage [39, 49, 50]. Patients with
hypertriglyceridemia with levels at or above 500 mg/dL
had a higher rate of cardiovascular events (HR 1.19; 95%
CI 1.10-1.28), diabetes-related events (HR 1.42; 95% CI
1.27-1.59), and kidney disease (HR 1.13; 95% CI 1.04—
1.22) compared to those with triglyceride levels below
500 mg/dL. These associations remained significant after
adjusting for important confounders [51].

Toth et al’s [39] study revealed that the total health-
care cost for patients with high triglyceride levels was
15% higher than for patients with normal levels, which
increased the cost to around $183$ per month per patient
with high triglycerides. In addition, according to heart
disease and stroke statistics [52], the direct and indirect
costs of cardiovascular disease and stroke are around
$330 billion per year.

Limitations

Among the limitations of the current study is the fact that
it is considered a secondary analysis of a previous cross-
sectional study, in which the cross-sectional research design
does not provide causal relationships between the variables.
Moreover, the sample size needs to be larger in order to sup-
port a more robust methodology, and in turn, more accurate
results. The current study needs to be replicated with more
years of follow-up of the healthcare cost of the utilization of
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numerous obesity parameters among patients with CAD
undergoing cardiac catheterization.

Conclusion

The significant variations in health costs based on the tra-
ditional obesity parameters among patients with coronary
artery diseases undergoing cardiac catheterization were
associated with an increase in HC, HS-CRP, total choles-
terol, triglycerides, and depression. Interestingly, among
males, five obesity parameters (WC, HC, WHtR, WHR, and
BAI) were significantly associated with health costs. In con-
trast, among females, no significant relationship between
any of the obesity parameters and health costs was found.
Healthcare providers, including nurses, should significantly
consider these factors to reduce health costs for those at-risk
patients by providing the appropriate healthcare on time.
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