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Medicine, Seoul, Republic of Korea, *Research Institute of Human Ecology, Seoul National University,
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Purpose: Dietary and psychological status contributes to the development of
coronary artery disease. However, these lifestyle factors may vary depending
on ethnic and environmental background, and secondary prevention programs
dealing with these factors in a specific population are not well-established. We
aimed to assess dietary and psychological characteristics in Korean patients with
acute coronary syndrome (ACS) and analyze their interactions as independent risk
factors for ACS.

Methods: Ninety-two patients with ACS (29 acute myocardial infarction and 63
unstable angina) and 69 controls were subjected to dietary and psychological
analyses. Dietary intake was assessed by a food frequency questionnaire.
Psychological depression and perceived stress were assessed using the Patient
Health Questionnaire-9 and the Perceived Stress Scale, respectively. Eight
domains of life satisfaction (marital/love relationship, leisure, standard of living, job,
health, family life, sex life, and self) were assessed using the Domain Satisfaction
Questionnaire (DSQ).

Results: The ACS group had a higher consumption of sweets and fish/seafood,
as well as higher levels of depressive symptoms. Additionally, they had lower
DSQ scores in total, and all eight individual domains compared with the control
group. In multivariate logistic regression analysis, sweet intake (OR 4.57, 95% Cl:
1.94-11.40) and total DSQ scores (OR 0.34, 95% Cl. 0.14-0.81) were identified as
independent risk factors for ACS. Furthermore, these factors, which displayed a
significant inverse correlation (p = —0.23, p = 0.01), were determined as having a
synergistic contribution to the development of ACS.

Conclusion: High sweet food intake and low life satisfaction can act as risk
factors for ACS through a synergistic interaction, which emphasizes a demand
for a more comprehensive approach to secondary prevention of ACS. In addition,
these data highlight the role of positive psychological wellbeing factors in
cardiovascular health.
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Introduction

The mortality rate of coronary artery diseases (CAD), a top
leading cause of death and disease burden globally (1), has notably
decreased in recent decades in substantial part due to improved
medical management strategies for major modifiable risk factors
such as high blood pressure or blood cholesterol levels (2).
Along with conventional medical interventions, the adoption of
therapeutic lifestyle changes has been acknowledged as the essential
basis for managing these risk factors (3, 4). Despite the guidelines
that emphasize cardiac rehabilitation on comprehensive lifestyle
core components, most programs in the field are under-resourced,
especially regarding patient-centered nutritional and psychological
counseling (5).

According to the recent systematic analysis conducted on the
Global Burden of Disease (GBD) Study, cardiovascular disease
(CVD) was revealed as the primary cause of mortality and
disability-adjusted life-years attributed to diet (6). In that vein,
diet is one of the most studied lifestyle factors for cardiovascular
risk, as highlighted in international dietary recommendations such
as the dietary approaches to stop hypertension (DASH) (7) and
the American Heart Association (AHA) guidelines (8). These
guidelines recommend a holistic change in the dietary pattern
to have more fruits, vegetables, nuts, legumes, fish, vegetable oil,
low-fat dairy, and whole grains and to limit red meats, processed
meats, refined grains, added sugars, and salts. However, compliance
with the guidelines remains poor in many countries, especially in
populations with higher CVD risk (9-11). This indicates a demand
for more practical strategies of nutritional care on major food
sources that contribute most to cardiovascular risk in a particular
population of interest.

Psychological health is another emerging risk and prognostic
factor for CAD. The role of psychological maladjustments, such
as depression (12), anxiety (13), hostility (14), and stress (15),
in developing CAD has been reported. However, as “health” is a
complete physical, mental, and social wellbeing and not merely
the absence of physical illness (16), psychological wellbeing also
needs to be focused on to maintain cardiovascular health (17, 18).
Indeed, growing evidence of distinct impacts of psychological
maladjustment and wellbeing on cardiovascular biomarkers (19)
and future events (20) suggests that both aspects should be well
considered in the psychological management of CAD patients.

These lifestyle components can be significantly influenced by
ethnic, cultural, and environmental backgrounds, and they can
affect each other as well. Cardiac rehabilitation programs that
incorporate comprehensive core components have been reported
more effective in reducing cardiovascular events (21). For such
a comprehensive and strategic intervention program, a careful

Abbreviations: ACS, acute coronary syndrome; BMI, body mass index;
CAD, coronary artery diseases; CVD, cardiovascular diseases; DASH, dietary
approaches to stop hypertension; DSM-1V, diagnostic and statistical manual
of mental disorders IV; DSQ, domain satisfaction questionnaire; FFQ, food
frequency questionnaire; KNHANES, Korea National Health and Nutrition
Examination Survey; K-PSS, Korean version of the perceived stress scale; OR,
odds ratio; PHQ-9, patient health questionnaire 9; SSB, sugar-sweetened

beverages.
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evaluation of the patient’s lifestyle should be preceded. To this end,
we assessed the lifestyles of patients with acute coronary syndrome
(ACS) by targeting their dietary behaviors and psychological status.
We focused on identifying major food items or food groups
that are mostly associated with ACS risk, and for psychological
status, the indices of both psychological maladjustment and
wellbeing were studied. Furthermore, an interactive association
of diet and psychological status with the risk of developing ACS
was determined.

Methods
Study design and participants

Ninety-two patients with ACS and 69 control participants,
aged 18-70 vyears, were recruited and completed the study
from January 2012 to March 2013 at Ewha Womans University
Mokdong Hospital. The ACS patients had been diagnosed with
acute myocardial infarction or unstable angina 2-4 weeks before
the analysis. Acute myocardial infarction, which encompasses
both non-ST segment elevation myocardial infarction and ST
segment elevation myocardial infarction, was diagnosed based on
the following three criteria: (1) typical ischemic chest pain, (2)
increased cardiac enzyme (hs-cardiac troponin T and CK-MB), and
(3) EKG change (ST-T change and pathologic Q wave if present).
Unstable angina was diagnosed based on the presence of ischemic
chest pain with at least one of the following three features: (1)
occurrence at rest, (2) recent onset within the past 2 weeks, and (3)
a crescendo pattern characterized by increasing severity, frequency,
or duration. Coronary angiography and echocardiography were
performed for all patients with ACS. The exclusion criteria included
active infection, malignant disease, autoimmune disease, > stage
4 chronic kidney disease (eGFR <30 ml/min/1.73 m?), any
other serious medical/surgical illnesses, and a family history of
premature CAD or stroke. During the same time period, upon
consent, individuals who visited the Health Promotion Center
of the hospital for medical check-ups were initially screened for
significant CVD or any other medical/surgical conditions based
on the record of their annual check-ups. Additionally, participants
who were identified to have those conditions through physical
examination and laboratory analyses (e.g., EKG, echocardiography,
or 3D heart CT angiogram) during the current check-up were
subsequently excluded from the study. All participants signed
written informed consent, and the study protocol was approved
by the Institutional Review Board of Ewha Womans University
Mokdong Hospital (ECT 12-01-10).

Data collection

For the ACS patients, anthropometric information and blood
samples were collected during the first or second outpatient visit,
which occurred after 1-3 weeks of discharge. Subsequently, on
the same day, diet and psychological health assessments were
conducted by trained dietitians and psychologists in a separate
session by collecting demographic information. For the control
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participants, all information was collected on the day of their
medical check-up visits.

Diet assessment

Dietary intake was assessed using a food frequency
questionnaire (FFQ) during an interview conducted by trained
dietitians. The FFQ utilized in this study consists of 103 food items
and was developed by the Korea Centers for Disease Control and
Prevention specifically for the Korean Genome and Epidemiology
Study (KoGES). Its validation was conducted on Korean adults
22, 23). Detailed instructions were given to participants to record
food intake estimates over the previous one-year period, especially
for patients, for the year preceding their diagnosis. The frequency
of consumption was divided into 9 categories: never or seldom,
once a month, 2-3 times a month, 1-2 times a week, 3-4 times a
week, 5-6 times a week, once a day, twice a day, and three times
or more per day. Portions were classified as small, medium, and
large, according to the median value of each food consumption
from the Korea National Health and Nutrition Examination
Survey (KNHANES).

To estimate the nutritional composition of the diet and
the frequency of food intake, all FFQs were analyzed by the
same dietitians using KoGES software and Can-Pro 4.0 (Korean
Nutrition Society, Korea) based on the KoGES database. Can-
Pro 4.0 was used to generate data on more nutrients and
conduct flexible food grouping. The consistency between the
data generated by these two tools was confirmed (data not
shown). Each food item, except for 8 items, was classified
into one of the main food group categories: rice and grains,
starch and starchy vegetables, noodles, instant ramen, meat and
poultry, fish and seafood, salted fish, eggs, legumes, nuts, fruits,
vegetables, salted vegetables, seaweeds, dairy, sweets, and fast foods
(Supplementary Table 1).

Psychological health assessment

The Patient Health Questionnaire 9 (PHQ-9) was used to assess
the severity of depressive symptoms based on the Diagnostic and
Statistical Manual of Mental Disorders Fourth Edition (DSM-IV)
criteria (24). Participants were asked to rate 9 depressive symptoms
over the past 2 weeks using a 4-point scale. The total score ranges
from 0 to 27 points with a higher score indicating a higher level
of depression (clinical depression: >10 points). Cronbach’s alpha is
0.83 in the current study.

To measure the level of perceived stress in daily life, we used a
modified Korean version of the Perceived Stress Scale (K-PSS), a 10
item-scale, which was developed from the original version with 14
items (25). Participants were asked to rate the level of experienced
stress during the previous month based on a five-point scale. An
overall score ranges from 0 to 40 points, and a higher score indicates
a higher level of stress. Cronbach’s alpha was 0.74 in this study.

Life satisfaction was assessed by the Domain Satisfaction
Questionnaire (DSQ) which measures eight domains of satisfaction
in life: marital/love relationship, leisure, standard of living, job,
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health, family life, sex life, and self (26). The level of satisfaction in
each life domain was rated using a seven-point Likert scale ranging
from 1 (very dissatisfied) to 7 (very satisfied). Satisfaction in health
was excluded from the analysis as it can be confounded by the
diagnosis of ACS in patients. Cronbach’s alpha was 0.92 in the
present study.

Assessment of other socioeconomic and
lifestyle information

Socioeconomic information, including education, household
income, and marital status, as well as other lifestyle components,
such as smoking, physical activity, and alcohol consumption, was
assessed. Smoking status was determined by smoking experience
and daily smoking frequency, resulting in the categorization into
1 of the 4 groups: never smoker, former smoker, and current
smoker with <1 pack per day or 1 or more packs per day. The
level of alcohol consumption was assessed based on the weekly
frequency and the quantity consumed per occasion. Heavy alcohol
consumption was defined as both drinking at least twice per
week and consuming five or more glasses of alcohol on a single
occasion. The assessment of physical activity level took into account
the frequency of exercise sessions that are longer than 30 min in
duration: light (1-2 sessions per week), moderate (3-5 sessions per
week), and heavy (6-7 sessions per week). Low-intensity walking
was considered as half a session.

Anthropometric data including waist circumference and body
mass index (BMI) were measured. Serum concentrations of
glucose, LDL cholesterol, HDL cholesterol, and triglycerides were
measured after 12 h of fasting.

Statistical analysis

Data were presented as means £ SDs or geometric means =+
interquartile range, and all analyses were conducted in R version
4.1.0 (27). In a comparison of variables between ACS patients
and controls, generalized linear regression models or logistic
regression models were used with adjustment for relevant risk
factors: sex, age, total energy intake for diet-related variables, and
total household income for psychological variables. Multivariate
logistic regression models were used to determine independent
dietary or psychological risk factors for the development of ACS
with adjustment for sex, age, smoking, and/or total energy intake.
To explore the interplay between sweet food consumption and total
DSQ scores in relation to the risk of ACS, we initially categorized
the participants into four groups based on their sweet food intake
and DSQ scores, relative to the median values: “Sweets (low)
x DSQ (high),” “Sweets (low) x DSQ (low),” “Sweets (high) x
DSQ (high),” and “Sweets (high) x DSQ (low)”. Following that,
the risk of ACS development was assessed in comparison to the
“Sweets (low) x DSQ (high)” group through a multivariate logistic
regression analysis while controlling for sex, age, smoking, and/or
total energy intake. A linear relationship between daily sweet
intake and total DSQ scores was assessed using the Spearman
correlation coeflicient.
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TABLE 1 General characteristics of study participants.

10.3389/fnut.2023.1221916

Variable ACS (n =92) Control (n = 69) p-value?
ACS subtype (%)

Acute myocardial infarction 29 (31.5) - NA
Unstable angina 63 (68.5) -

Men (%) 73 (79.3) 42 (60.9) 0.02
Age, year 5324102 48.7 £ 6.7 0.002
Smoking (%)

Never 21(22.8) 29 (42.0) 0.005
Former 24 (26.1) 11 (15.9)

Current (<1 pack/day) 14 (15.2) 7 (10.1)

Current (>1 pack/day) 32(34.8) 11 (15.9)

No response 1(1.1) 11 (15.9)

Alcohol consumption® (%)

None 32(34.8) 16 (23.2) 0.08
Moderate 28 (30.4) 30 (43.5)

Heavy 31(33.7) 21 (30.4)

No response 1(1.1) 2(2.9)

Physical activity® (%)

None 59 (64.1) 30 (43.5) 0.02
Light 17 (18.5) 10 (14.5)

Moderate 11 (12.0) 18 (26.1)

Intense 4(4.3) 9 (13.0)

No response 1(1.1) 2(2.9)

Waist circumference, cm

Males 88.4+84 84.0£9.1 0.003
Females 83.0 £10.6 78.6 £ 8.6 0.80
Body mass index, kg/m?* 24.7+35 238433 0.05
Hy]::ertensiond (%) 32(34.8) 4(5.8) 0.07
Dyslipidemia® (%) 39 (42.4) 12 (17.4) 0.003
Diabetes' (%) 28 (30.4) 3(4.3) 0.001
Metabolic syndrome® (%) 30 (32.6) 3(4.3) <0.001
Systolic blood pressure, mmHg 125+ 15 121+12 0.13
Diastolic blood pressure, mmHg 76 £9 73+ 8 0.06
Triglycerides', mg/dl 116 90 91+75 0.02
Total cholesterol, mg/dl 179 £ 40 177 £26 0.67
HDL cholesterol, mg/dl 44 £11 51+ 11 <0.001
LDL cholesterol, mg/dl 113 £40 109 £26 0.61
Fasting glucose, mg/dl 114 £ 48 89+£9 <0.001

Values are presented as means + SDs or Tgeometric mean = interquartile range. n = 161. Participants who completed either dietary or psychological assessments were included.

ACS, acute coronary syndrome; HDL-C, high-density lipoprotein; LDL, low-density lipoprotein.

2p values for the comparison between ACS and control groups, except for sex and age variables, were determined using generalized linear models with adjustment for sex and age.

YHeavy alcohol consumption is defined as >twice per week and >5 glasses at once.

“Based on the frequency of exercise per week. Exercise longer than > 30 min counted only. Walking is counted as 0.5. Light = 1-2/week; moderate = 3-5/week; heavy = 6-7/week.

4Blood pressure >140/90 mmHg or use of antihypertensive drugs.

€Adult Treatment Panel (ATP) III of the National Cholesterol Education Program (NCEP) (1); total cholesterol >240 mg/dl, LDL cholesterol >160 mg/dl, triglycerides >200 mg/dl or HDL
cholesterol <40 mg/dl.

fFastxing blood glucose >126 mg/dl, HbAlc >6.5, or use of antidiabetics.

8Three of the following five criteria were met: waist circumference >90 cm (men) or 85 cm (women), triglycerides >150 mg/dl, HDL cholesterol < 40 mg/dl (men) or 50 mg/dl (women), blood
pressure >140/90 mmHg, and fasting blood glucose >100 mg/dl.

p-value in bold indicates p-value <0.05.
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TABLE 2 Nutrient and food group intakes in male and female ACS patients and controls.

Variable

Men

Control
(n = 38)

10.3389/fnut.2023.1221916

Women

Control
(n =23)

Frontiersin Nutrition
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a) Energy intakes', kcal 2,083 &+ 523 1,863 + 565 0.03 1,998 + 451 1,842 + 563 0.89
b) Nutrient intakes
Macronutrients
Carbohydrate, g 374493 337 4 101 0.78 371483 3344110 0.31
Dietary fiber, g 19+6 18£8 0.57 2245 22£10 0.06
Fat, g 39 £17 35+17 0.78 32+22 33+15 0.40
Cholesterol, mg 250 £ 129 202 £ 142 0.22 206 £ 128 212 £ 141 0.86
SFA, g 9.9+52 84+43 0.33 8.5+6.7 8.6+54 0.53
MUFA, g 10.5+£5.7 8.5+4.0 0.21 92478 9.8+6.5 0.86
PUFA, g 54+29 40+ 16 0.05 44429 45423 0.61
Protein, g 78 £24 67 £23 0.36 74 £25 70 £25 0.50
Fat-soluble vitamins
Vitamin A, g RAE 547 £ 264 562 £ 318 0.27 646+ 285 672 £ 429 0.23
Vitamin D, g 44+38 31420 0.17 40+£26 26+15 0.003
Vitamin E, mg a-TE 95439 79432 0.47 89426 87432 0.20
Vitamin K, pug 178 £137 146 £ 111 0.53 205 + 92 219 + 185 0.53
Water-soluble vitamins
Vitamin C, mg 80 + 44 81 +49 0.41 106 + 36 1124+72 0.09
Niacin, mg NE 1746 15+5 0.51 1746 167 0.92
Vitamin B6, mg 1.6+£04 14+05 0.88 17404 1.6+0.6 0.46
Folate, jLg DFE 481 + 167 427 £ 193 0.79 533 4 137 5194 209 0.28
Vitamin B12, g 7.6+42 55+32 0.10 8.0 £5.1 57434 0.02
Minerals
Calcium, mg 466 £ 194 425 4228 0.84 489 £ 135 451 £214 0.92
Phosphorus, mg 1,061 & 327 907 + 338 0.38 1,099 & 278 990 =+ 355 0.42
Sodium, mg 3,001 =+ 1,269 2,617 + 1,548 0.42 2,645 + 1,229 2,446 + 1,158 0.86
Iron, mg 14+5 1244 0.87 15+£3 14+6 0.41
Selenium, jg 118 434 97 £32 0.01 106 + 36 97 £32 0.28
c) Food group intakes, servingi
Rice and grains 2.90 £0.83 2.60 £0.93 0.61 2.65 £ 0.80 2.26 £0.99 0.92
Starch and starchy vegetables 0.46 £ 0.49 0.34 £0.42 0.36 0.92+1.23 0.54 £0.47 0.48
Noodles 0.2240.23 0.27 4 0.37 0.08 0.15 4+ 0.30 0.18 4 0.20 0.18
Instant ramen 0.18 +0.20 0.15 4 0.24 0.65 0.06 +0.12 0.08 £ 0.07 0.30
Meat and poultry 0.89 £ 0.66 0.84 £ 0.66 0.81 0.65 £ 0.85 0.76 £ 0.69 0.60
Fish and seafood 1.69 & 1.19 1.05 £ 0.65 0.03 2.28 £1.70 1.27 £0.83 0.008
Salted fish 0.06 £ 0.14 0.04 £ 0.05 0.21 0.04 £ 0.07 0.04 £ 0.06 0.78
Eggs 0.33 £0.34 0.29 £ 0.46 0.61 0.21 £ 0.24 0.31 £ 0.40 0.32
Legumes 1.00 £ 1.12 0.73 4 0.62 0.64 0.72 £ 047 1.06 £ 0.78 0.01
Nuts 0.13 +0.26 0.09 £ 0.16 0.98 0.22+0.39 0.23 +0.31 0.57
Fruits 118 & 1.24 1.48 & 1.70 0.10 1.84 £1.53 2.02 £2.14 0.27
(Continued)
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TABLE 2 (Continued)

10.3389/fnut.2023.1221916

Variable Men

Control

(n=42)
Vegetables 3114238 2514224 0.53 377 +£2.12 4.87 +3.50 0.07
Salted vegetables 2,98+ 1.98 2,51 +2.07 0.36 2.86 £ 1.99 2.69 = 1.67 0.75
Seaweeds 0.56 == 0.42 0.50 = 0.60 0.77 0.79 = 0.49 0.56 == 0.65 0.06
Dairy 0.82 4+ 0.91 0.9341.23 0.36 0.59 + 0.54 0.57 4+ 0.51 0.86
Sweets 2,95+ 201 1.55 + 2.67 0.005 1.50 4 1.41 0.56 = 0.43 0.02
Fast foods 0.06 £ 0.14 0.04 + 0.05 0.28 0.0140.01 0.03 £ 0.03 0.08

Values are means = SDs. n = 152. Participants who completed dietary assessment were included in this analysis. p-values for the comparison between ACS and control groups were determined

using generalized linear models with adjustment for age and total energy intake.
Tp value adjusted only for age.

*See Supplementary Table 1 for food grouping details.

p-value in bold indicates p-value <0.05.

TABLE 3 Psychological characteristics of ACS patients and controls.

Variable ACS (n = 85) Control (n =63) p-value

Model 1? Model 2°
Patient health questionnaire-9 (PHQ-9) 54+47 42+36 0.04 0.07
Perceived stress scale (PSS) 174+ 44 17.0 £ 4.1 0.50 0.88
Domain satisfaction questionnaire (DSQ)
Marital/love relationship 437 +1.41 4.73 +£1.32 0.02 0.045
Leisure 422+1.26 481+ 1.12 0.006 0.045
Standard of living 4.07 £ 1.05 4.80 £ 1.06 <0.001 0.003
Job 4.20 £+ 1.08 4.60 £ 1.16 0.02 0.04
Health 398 +£1.13 4.59 £+ 0.92 <0.001 0.005
Family life 435+ 1.27 484+ 1.14 0.004 0.03
Sex life 373 +£1.25 4.60 £+ 0.97 <0.001 <0.001
Self 4.04 £+ 1.17 4.72 £ 1.10 <0.001 0.001
Average 4.16 £ 0.90 4.69 £ 0.96 <0.001 0.001

Values are means & SDs. n = 148. Participants who completed psychological assessment were included in this analysis.
2p-values for the comparison between ACS and control groups were determined using generalized linear models with adjustment for sex and age.

b p-values were additionally adjusted for total household income.
p-value in bold indicates p-value <0.05.

Results

Demographic data of subjects

Comparisons of the general characteristics between the ACS
patients and controls are presented in Table 1. Compared with
the controls, the ACS patients (29 with acute myocardial
infarction and 63 with unstable angina) were older, composed
of more men, and had heavier smoking habits with lower
physical activities. Socioeconomically, the ACS patients belonged
to lower household income categories (Supplementary Table 2).
The ACS patients tended to have higher BMI and higher waist
circumference only in men. The proportion of participants
with CAD risk factors, such as dyslipidemia, diabetes, or
metabolic syndrome, was higher in the ACS group than
controls. Medications taken by the ACS group are shown in
Supplementary Table 3.

Frontiersin Nutrition

Comparison of dietary intakes

The nutrient and food group intakes were compared between
the ACS patients and the controls, separated by sex (Table 2)
or without separation of sex (Supplementary Table 4). The total
energy intake of the ACS patients was significantly higher than
that of the controls in men but not in women (Table 2a). With age
and total energy intake adjusted, men in the ACS group consumed
22% more selenium, and women in the ACS group consumed 54%
more vitamin D and 40% more vitamin B12 than in the controls
over the past 1 year (Table 2b). Since the content of these nutrients
is typically high in foods of animal origin, we analyzed animal-
source protein and fat intakes but found no significant inter-group
difference in both men and women (data not shown).

Next, we compared food intakes between the two groups by
categorizing the food items into 17 different food groups and
estimating the total daily servings of each food group (Table 2¢).
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This was calculated based on the serving sizes of food items from
the KoGES FFQ database. The most notable differences in both
men and women were higher intake of sweets and fish/seafood in
the ACS patients than in the controls (Table 2¢). Among the food
items analyzed, the most notable differences between the groups
were observed in the consumption of added sugars in coffee/tea,
specifically sugars added in coffee mixes, under the sweets category,
and mackerel in the fish/seafood category (Supplementary Table 5).
The women ACS patients consumed significantly less legumes than
the controls (Table 2¢).

Comparison of psychological status

While no difference was observed between the groups in
perceived stress levels estimated using the K-PSS scores, the levels
of depressive symptoms measured using the PHQ-9 scores were
significantly higher in the patients than in the controls (Table 3).
There was no significant difference in clinical depression (PHQ-
9 score >10) between the ACS patients and the controls (15.3
vs. 8.1%). The total DSQ score, which refers to the average life
satisfaction scores across the 8 life domains, was significantly lower
in the patients than in the controls, with the lower DSQ scores
in all 8 individual domains (marital/love relationship, leisure,
standard of living, job, health, family life, sex life, and self; Table 3).
These between-group differences remained even after additional
adjustment for total household income.

Associations of dietary and psychological
factors to ACS development

In this cohort, we determined the risk of developing
ACS associated with each of the aforementioned dietary and
psychological factors using multivariate logistic regression models
with adjustment for sex, age, and smoking. Especially for estimating
the risk related to each food group intake, the models were tested
with an additional adjustment for total energy intake. Among
the food groups that showed significant differences between the
groups, only sweet intake had a significant association with ACS
risk with an OR of 4.57 (95% CI 1.94-11.40; Table 4a). However,
no significant association was observed between fish/seafood
intake and ACS risk. Regarding psychological measures, only
the total DSQ score showed a significant inverse association
with the risk of ACS with an OR of 0.34 (95% CI 0.14-0.81;
Table 4b).

Next, we examined an interactive association between sweet
food consumption and total DSQ score on the risk of ACS. First,
a modest but significant inverse correlation between daily sweet
intake and total DSQ score was observed (p = —0.23, p = 0.01,
Figure 1), indicating that those with lower life satisfaction tend to
consume more sweet foods or vice versa. In addition, a multivariate
logistic regression analysis revealed significantly incremental ACS
risks depending on four different combinations of sweet food intake
and total DSQ score (Table 5). Compared with the participants
who consumed sweets less than the median of 1.71 daily servings
and had total DSQ scores higher than the median of 4.43, those
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TABLE 4 Odd ratios of ACS associated with select lifestyle factors.

Variable (0] 95% Cl p-value
a) Dietary factors

Sweet intake (high 4.57 (1.94-11.40) <0.001
vs. low)?

Fish/seafood intake 2.18 (0.92-5.34) 0.08
(high vs. low)®

b) Psychological factors

PHQ-9 score (high 2.08 (0.89-5.01) 0.10
vs. low)©

Total DSQ score 0.34 (0.14-0.81) 0.02
(high vs. low)?

The odds ratios were determined using logistic regression model adjusted for sex, age, and
smoking, and for dietary factors, additionally adjusted for total energy intake. n = 142
for dietary factors and 118 for psychological factors. CI, confidence interval; DSQ, domain
satisfaction score; OR, odds ratio; and PHQ-9, patient health questionnaire 9.

?Divided by the median intake of 1.52 daily servings. high (serving >1.52, n = 70); low
(serving <1.52, n =72).

" Divided by the median intake of 1.3 daily servings. high (serving >1.3, n = 71); low (serving
<1.6,n=71).

“Divided by the median score of 4. high (score >4, n = 59); low (score <4, n = 59).
dDivided by the median score of 4.43. high (score >4.43, n = 60); low (score <4.43, n = 58).
p-value in bold indicates p-value <0.05.
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8 rho= -0.23 (p=0.01)
L]
L]
% . “'? < ¢ .
8 . »? ] ®
L] e L] e -
O ° L] L] » .{ ...
(D ' L] o L] LN ]
B4l A ge,0 8
— o0
% L] L] e o
L]
— 5 . A
L]
L[]
0
0 2 4 6
Sweets intake (serving/d)
FIGURE 1
A correlation between daily sweet intake and total domain
satisfaction score. The correlation was determined using the
Spearman rank correlation coefficient (rho, p). Each point represents
individual participants: ACS (red) and controls (black). The
correlation coefficient and its p-value are presented in the top right
corner.

with lower sweet consumption but lower DSQ scores had increased
ACS risks with an OR of 8.64 (95% CI 2.06-43.77). For a group
of participants who had higher DSQ scores but consumed larger
quantities of sweets, the OR for ACS was 14.99 (95% CI 3.42—
85.02). A combination of higher sweet consumption and lower
total DSQ score further increased the risk by an OR of 20.72 (95%
CI5.10-111.64).
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TABLE 5 Odd ratios of ACS associated with the combinations of select lifestyle factors.

Sweet intake

Total DSQ score

OR (95% Cl)

Model 12 Model 20
Sweets (low) x DSQ (high) 35 0.50 + 0.55 5.08 +0.58 1 1
Sweets (low) x DSQ (low) 21 0.79 £+ 0.61 3.61 £0.75 8.19 (2.05-39.65)** 8.64 (2.06-43.77)**
Sweets (high) x DSQ (high) 23 3.71 £1.48 5.02 +£0.58 14.58 (3.53-77.15)*** 14.99 (3.42-85.02)***
Sweets (high) x DSQ (low) 35 3.76 £2.29 3.67 £0.74 26.96 (6.50-149.67)*** 20.72 (5.10-111.64)***

Values are presented as means =+ SDs. n = 114. The odds ratios were determined using logistic regression model with adjustment for sex, age, and smoking. High sweet intake was defined as

daily sweet intake more than the median of 1.71 daily servings, and high DSQ score as a total score higher than the median score of 4.43.

CI, confidence interval; OR, odds ratio.
#p <0.01.
D < 0,001,

2ORs for developing ACS were determined using generalized linear models with adjustment for sex, age, and smoking.
YORs for developing ACS were determined using generalized linear models with adjustment for sex, age, smoking, and total energy intake.

Discussion

The importance of maintaining healthy lifestyle choices has
long been acknowledged in the prevention of CAD (28). However,
integrative approaches to managing lifestyle components for CAD
prevention and treatment are still limited in the field. In the
current study, we identified the most distinguishing nutritional
and psychological factors in the lifestyle of Korean ACS patients,
which can be useful to understand lifestyle-associated risks in this
population. We found that a dietary habit of consuming sweet
foods that are high in added sugars and a lower level of overall life
satisfaction were most significantly associated with increased risks
of developing ACS individually and synergistically. Notably, as for
psychological status, the measure of psychological wellbeing, i.e.,
life satisfaction, is better associated with the risk of ACS rather than
that of psychological maladjustments in our study population.

The most noticeable characteristics in the diet of ACS patients,
compared with that of the controls, were a high intake of
sweets (>1.52 servings/day), which included added sugars in
coffee/tea and several dessert foods. It was identified as a significant
independent risk factor for ACS (OR 4.57). Intriguingly, the daily
consumption of sugars added in coffee mixes was 2.36 servings out
of 2.65 servings of overall sweet intake (~90%) in the ACS patients,
which was almost three times higher than that of the controls. The
consumption of added sugars has drawn great attention due to its
exponential increases over the past few decades in many countries
along with the obesity epidemic worldwide (29). According to a
recent systematic analysis of the GBD study (6), the consumption
of SSB was far higher than the optimal intake, especially in North
and Latin America, Europe, and high-income Asia Pacific areas. In
Western populations, the influences of consuming high amounts of
added sugars or SSB on the risk of obesity/metabolic syndrome (30—
32), type 2 diabetes (31, 33), hypertension (34, 35), and CAD (32,
36) have been well-established. Similar trends have been reported in
Korean adults: the consumption of SSB is associated with a higher
risk of obesity/metabolic syndrome (37, 38), hypertension (39), and
CAD (40). While SSB has been identified to account for the largest
proportion of added sugar intake in the Korean diet (41), the main
source of SSB that drives the association with CAD risk remains
relatively unstudied. It has been reported that instant coffee was the
top source of sugar intake from SSB for Korean adults aged over 30
years but soft drinks for those under 30 years of age (42). This may
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be attributed to a distinctive coffee consumption pattern observed
among Koreans, particularly in middle-aged or older generations.
They prefer instant coffee mixes that come pre-packaged with sugar
and non-dairy creamer, contrary to the increasing consumption
of brewed black coffee among younger adults (43). Increased
sugar intake, coupled with inadequate physical activity, may have
contributed to the development of metabolic syndrome or type 2
diabetes in the ACS group, as indicated in their higher prevalence
of diabetes (30 vs. 4%) and metabolic syndrome (33 vs. 4%) than the
control group. This is in line with the increased risk of metabolic
syndrome observed in Korean adults who have a high intake of
coffee mixes (at least three times per day) (44). Taken together, our
data suggest that high sweet food consumption could contribute
significantly to the development of ACS probably, at least in part,
through metabolic syndrome or type 2 diabetes.

Eating fish and/or seafood, as good sources of very
long-chain omega-3 fatty acids and protein, has long been
considered protective against CVD risk, and therefore, dietary
recommendations generally encourage consuming a variety of
fish, preferably oily fish, at least two servings per week for CVD
prevention (45, 46). Unexpectedly, in our study, ACS patients had
a higher intake of fish or seafood than the controls, although fish
intake was not significantly associated with ACS risk. One thing to
be considered is that the favorable associations reported between
fish intake and CVD risk factors, such as dyslipidemia or high
blood pressure among Korean adults, were specifically for oily fish
or omega-3 fatty acid intake (47, 48). Furthermore, recent studies
revealed heterogeneity in the associations between fish intake and
CVD risk which vary by geographic region or CVD history of
individuals (49, 50). The lower CVD risk with high fish intake
was observed in CVD patients or high-risk individuals but not in
general populations without CVD. Moreover, globally, the trend is
neutral in general except for China and Africa (50), which may be
attributable to different types of fish consumed, cooking methods,
mercury levels, and environmental contaminants in fish.

In addition to diet, psychological factors are known to
contribute to the development and prognosis of CAD (51, 52).
In this study, we examined the association between psychological
health and incident ACS by assessing both psychological
maladjustments, including depressive symptoms and perceived
stress, and psychological wellbeing such as life satisfaction. The
ACS patients had higher levels of depressive symptoms with
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lower life satisfaction than the controls. The total DSQ score,
which represents overall satisfaction across eight life domains,
was inversely associated with ACS risk when adjusted for sex,
age, and smoking status. This is consistent with a previous study
that showed life satisfaction score as a predictor of physical health
outcomes including mortality (53). As psychological health is now
denoted as a state of complete wellbeing in various aspects (54),
the measures of psychological wellbeing should also be included
in the prevention and care of patients with CAD. Nonetheless,
while the detrimental effects of psychological maladjustments,
such as depression (55) and stress (52), on CAD risk have
traditionally been examined, studies on associations between
psychological wellbeing and cardiovascular health remain limited.
In this context, our findings that life domain satisfaction, rather
than depressive symptoms or perceived stress levels, is inversely
associated with ACS risk add to the evidence on the beneficial
role of maintaining psychological wellbeing in cardiovascular
health, especially for individuals with suboptimal levels of
psychological maladjustment.

The influence of psychological status on cardiovascular
health is beyond its independent effect because psychological
maladjustment tends to be accompanied by other unfavorable
lifestyle changes, for example, smoking and an unhealthy diet,
thereby increasing the risk of CAD (52). We also observed a
modest but significant inverse correlation between overall life
satisfaction and sweet intake. Reversely, the impact of high sugar
intake on increasing the risk of psychological disorders has also
been proposed with plausible biological mechanisms (56). Sugar
overconsumption can alter neural pathways that are involved in
addiction, stress, and depression (56), and several hormone levels
that have the potential to affect mood states (57). Based on these
links reported between psychological health and diet, we further
assessed their interactive association with the risk of developing
ACS using a subgroup analysis. Participants with a combination
of daily sweet intake higher than 1.71 servings and total DSQ
scores lower than 4.43 had a higher ACS risk with an OR of 20.72
compared with those with lower sweet intake and higher DSQ
scores. Our data suggest a synergistically interactive role of these
lifestyle factors in developing CAD, emphasizing a demand for a
more comprehensive approach to secondary prevention.

We acknowledge that this study has several limitations. Our
patient data was collected cross-sectionally after the incidence of
ACS events. Though we intentionally asked the patients to recall
their dietary habits and psychological status for a period of 1
year and 2-4 weeks, respectively, preceding the ACS events, this
might have introduced some bias in their answers. In addition, the
control group was not perfectly matched with the ACS patients in
terms of sex and age due to practical challenges in recruitment.
To account for these differences between the groups, we have
taken sex, age, and other potential variations as covariates in all
our analyses. In addition, because the FFQ used in this study was
not strictly designed to assess the amount of added sugars or SSB
consumed, we used sweet intake as a proxy variable. Nonetheless,
our study provides useful information on the main components
that best represent the dietary and psychological status of Korean
ACS patients and their potential interaction, which could lay the
groundwork for secondary prevention program development. To
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the best of our knowledge, this is the first study that identifies
both dietary and psychological factors associated with CAD risk,
especially in Korean adults, and further suggests their synergistic
role. Furthermore, the strength of the present study is that
psychological wellbeing factors and psychological maladjustment
factors were assessed together.

Conclusion

Our data show that high sweet food intake and low life
satisfaction can act as risk factors for ACS through a potential
synergistic interaction. This urges improvements in current
cardiac rehabilitation programs to deal with comprehensive
core components including patient-centered diet counseling and
psychological factors pertaining to a specific population for
greater effectiveness.
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