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Abstract 

Backgrounds:  We aimed to investigate whether a spouse’s cardiovascular health (CVH) metrics status affects the 
other spouse’s ideal CVH using a Korea nationwide representative survey.

Methods:  We used the health data of 6,030 married couples who participated in the Korea National Health and 
Nutrition Examination Survey from 2014 to 2019. The CVH was defined using seven metrics: smoking status, blood 
pressure, body mass index, total cholesterol, fasting blood glucose, physical activity, and diet, following the American 
Heart Association guidelines and modifications for body mass index cutoffs and diet quality. The CVH score was cal-
culated on a scale ranging from 0 to 7, with the ideal CVH defined as attaining ideal scores in at least five CVH metrics. 
Multiple logistic regression analyses were used to assess whether husband’s ideal CVH was associated with his wife’s 
odds for having ideal CVH, and vice versa.

Results:  The mean CVH scores were 3.2 and 4.0 for husband and wife, respectively. After fully adjusting for age and 
education of both partners and household income, husbands had 1.49 times (95% confidence interval [CI], 1.27–1.69) 
higher odds of achieving ideal CVH if their wives had also achieved ideal CVH. Meanwhile, wives whose husbands 
achieved ideal CVH also had 1.46 times (95% CI, 1.27–1.69) higher odds of achieving ideal CVH. Nonsmoking (57.17%), 
ideal fasting blood glucose level (34.93%), and ideal diet intake (24.18%) were the most concordant CVH metrics 
among spouses.

Conclusions:  Our study found a significant spousal concordance of ideal CVH in Korean married couples. This finding 
supports the use of a couple-based interventional strategy targeted to promote CVH.

Keywords:  Cardiovascular diseases, Spouses, Korea, Epidemiology

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Cardiovascular disease (CVD) is a major contributor 
to the world’s disease burden and remains the leading 
global cause of death (18.6 million in 2019) [1, 2], with 

CVD-associated mortality projected to only increase 
in the future (> 23.6 million by 2030) [3]. In Korea, the 
absolute number of deaths engendered by all diseases 
of the circulatory system has increased from 2009 to 
2018 (62,947 deaths in 2018), mostly due to increase in 
incidence of ischemic heart disease and heart failure 
[4]. Notably, one in every 40 adults is a stroke patient, 
and 232 people among 100,000 experience a stroke 
event every year; among them, 30 individuals die of 
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stroke-related causes [5]. In 2010, the American Heart 
Association (AHA) defined and emphasized a new con-
cept, ideal cardiovascular health (CVH), which com-
prises both ideal health behaviors (nonsmoking, body 
mass index [BMI] < 25  kg/m2, physical activity at opti-
mum levels, and pursuit of a diet consistent with cur-
rent guideline recommendations) and ideal health factors 
(untreated total cholesterol < 200  mg/dL, untreated 
blood pressure < 120/80  mmHg, and fasting blood glu-
cose < 100  mg/dL) [6]. This broad, newly introduced 
concept was adopted to expand the scope of CVD pre-
vention programs and allow interventions to not only 
focus on reducing CVD incidence but also improve CVH 
in populations as a whole [6]. Some recent studies show 
that interaction between spouses positively impacts CVD 
prevention through behavioral and lifestyle factors [7, 8]. 
In Korea, previous studies either reported the association 
of spousal concordance and metabolic syndrome (risks 
of CVD) [9–11] or presented the trend of CVH metrics 
from 2000 to 2009 [12]. However, the evidence of the 
association of spousal concordance regarding ideal CVH 
in Korea remains limited. In 2016, a systematic review 
conducted by Younus found only two papers related to 
CVH in Korea [13]. Moreover, these studies in Korea 
investigated the epidemiology of metabolic syndrome 
to identify effective strategies for CVD prevention [10, 
11]. Since the diagnostic criteria for metabolic syndrome 
does not include lifestyle factors, these studies could 
not explore the concordance of behavioral factors inde-
pendently or in conjunction with health factors among 
couples. The present study aims to address this research 
gap and uses Korean national data to find evidence of 
the spousal concordance in ideal CVH in the Korean 
population.

Methods
Ethical statements
Korea National Health and Nutrition Examination Sur-
vey (KNHANES) is administered by the Korea Cent-
ers for Disease Control and Prevention (KCDC) and 
approved by the Institutional Review Board of KCDC. 
Every participant gave their informed consent in writing 
before participating in the study.

Study population
KNHANES is a large household survey conducted 
on a national scale to examine the general health and 
nutritional status of Korean people. It consists of basic 
household interviews, health interviews, physical exami-
nations, and nutrition-related surveys. Participants are 
randomly selected from the sampled household unit 
using a stratified multistage probability sampling design 
based on geographical area, sex, and age group using 

a household census from the National Census Regis-
try in Korea. Details of the survey method are reported 
elsewhere [14, 15]. From 2014 to 2019, 74,662 individu-
als aged at least 20 years participated in the survey and 
completed the health examinations. Among them, 11,081 
married couples finished the examination and were 
included in the analyses. We further excluded 1,006 cou-
ples with at least one partner diagnosed with CVD, 1,544 
couples with one partner who had not fasted for ≥ 8  h 
before blood sample collection, and 107 couples with 
pregnant wives. Additionally, one couples were excluded 
because one person had extreme energy intake and 2,393 
couples were removed because their data for at least one 
CVH metric was missing. Finally, 6,030 couples were 
included in the analyses.

Definition of cardiovascular health
The following seven components of CVH were evaluated: 
smoking status, blood pressure, BMI, total cholesterol, 
fasting blood glucose, physical activity, and diet [6, 8]. For 
blood pressure measurements, participants underwent a 
standard exam using a mercury sphygmomanometer and 
an appropriate-sized cuff to measure blood pressure on 
the right arm after 5  min of rest. Three measurements 
were taken and the average of all three readings was used 
in the analysis. Each CVH metric was classified as ideal, 
intermediate, or poor according to the AHA guidelines 
[6], except for BMI and healthy diet score. For BMI, to 
appropriately account for Asian populations and the 
World Health Organization recommendations, we coded 
BMI as an ideal group (if BMI < 23  kg/m2), intermedi-
ate group (23  kg/m2 ≤ BMI < 25  kg/m2) and poor group 
(BMI ≥ 25 kg/m2) [16]. For healthy diet score, because of 
the difference in diet measurement tool in AHA guideline 
those in the food frequency questionnaire of KNHANES, 
we used a healthy diet score that was developed by 
another previous study and based on the guideline for the 
Dietary Approaches to Stop Hypertension and modified 
by the Korean diet guideline for dyslipidemia [12, 17]. 
A healthy diet met the following five criteria: it ensured 
a total daily fat intake < 35% of total calories, total daily 
protein intake > 15% of total calories, total daily carbo-
hydrate intake < 55% of total calories, total daily sodium 
intake < 2,300  mg, and total daily fiber intake > 20  g. We 
dichotomized the healthy diet score variable and classi-
fied each score as either ideal (met at least three criteria) 
or poor (met fewer than three criteria). The details are 
available in Table S1.

We recoded the seven metrics as dichotomous varia-
bles, granting 1 point for the ideal category versus 0 point 
for the other categories, and then calculated the CVH 
score as the sum of all seven metrics; the CVH score 
ranged from 0 to 7. In our study, ideal CVH was attained 
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when the CVH score was ≥ 5, indicating that the partici-
pant achieved ideal scores in at least five individual CVH 
metrics.

Statistical analyses
Primary analysis
The characteristics of the study population were obtained 
from descriptive statistics and demonstrated using dyads. 
Continuous variables are presented as means with stand-
ard deviations. Spearman correlation and correlation 
adjusted by age of both husband and wife were calculated 
and presented by dyads. Prevalence for husband and wife 
CVH score or category by his or her partner CVH score 
category was calculated. We also tabulated the number 
and percentage of concordant and discordant dyads.

We examined the association of each participant’s 
CVH with those of their spouses using logistic regression 
to estimate the odds ratio for the binary outcomes (ideal 
CVH vs. nonideal CVH) and two types of exposures (cat-
egory CVH score and continuous CVH score). The asso-
ciation was adjusted for the ages, education level of both 
partners, and household income.

Secondary analysis
First, to further determine whether significant associa-
tions of the CVH of couples were driven by any single 
CVH metric, we repeated the analyses using individual 
CVH metrics of each partner (husband/wife) as an out-
come (ideal status vs. nonideal status) and the individual 
CVH metrics of their partner as an exposure (ideal status 
vs. nonideal status). Second, to distinguish the contribu-
tion of health factors and behavioral factors to significant 
spousal concordance and CVH association, we repeated 
logistic regression models for behavioral outcomes 
(including physical activity, diet, BMI, and smoking) and 
health outcomes (blood pressure level, total cholesterol 
level, and fasting blood glucose level) (Table S2). Third, to 
examine the influence of age on the relationship between 
the CVH of partners in a couple, we stratified the pri-
mary analysis by the tertile of the average age between 
spouses (Fig. 3).

Sensitivity analysis
Considering the selection bias when applying the exclu-
sion criteria and the impact of missing data, we cal-
culated the descriptive statistics of the original couple 
population (Table S3). In addition, we conducted a sen-
sitivity analysis for the primary spousal concordance and 
CVH association, not excluding participants with missing 
values for any CVH metric. The missing value among the 
seven metrics of CVH was coded as 0 when calculating 
the CVH score (Table S4). All analyses were performed 
using SAS ver. 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Study participants
Table  1 presents participants’ characteristics as per sex 
and spousal correlations in 6,030 married Korean cou-
ples. All characteristics were highly correlated between 
the spouses, even after adjusting for the age of both 
spouse. Husbands were approximately 3  years older 
(54.3 ± 13.4 years) than their wives (51.2 ± 12.9 years) on 
average. Wives tended to have lower BMI, fasting blood 
glucose levels, triglyceride levels, and blood pressure, as 
well as higher high-density lipoprotein cholesterol lev-
els. The mean ± standard deviation of CVH score was 
3.2 ± 1.4 out of 7 among husbands and 18.7% of husbands 
achieved ideal CVH. The mean ± standard deviation of 
CVH score was 4.0 ± 1.5 out of 7 among wives, which is 
higher than the mean CVH score among husbands, and 
39.5% of wives achieved ideal CVH. Most of the hus-
bands (26.5%) attained three ideal CVH metrics, whereas 
most wives (24.2%) attained four ideal CVH metrics 
(Table 1, Fig. 1).

Figure 2 shows the proportion of couples whose find-
ings were concordant for each ideal CVH variable. Con-
cordance in CVH metrics was categorized as follows: 
both partners received an ideal status, both partners 
received a nonideal status, or the status was discordant 
for the respective variable. Most of the spouses’ met-
ric were concordant for individual CVH variables, with 
total concordance rates greater than 50%. The highest 
concordance in achieving individual ideal CVH metric 
were observed for nonsmoking (57.2%), followed by ideal 
fasting blood glucose level (34.9%) and ideal diet intake 
(24.2%).

Primary analysis
Husbands had 1.49 times higher adjusted odds of achiev-
ing ideal CVH if their partner also achieved ideal CVH 
(95% confidence interval [CI], 1.27–1.69). Wives also had 
1.46 times higher adjusted odds of having ideal CVH if 
their husbands also did (95% CI, 1.27–1.69) (Table  2). 
This indicated that participants whose spouses had a 
higher CVH score had a higher chance of attaining an 
ideal CVH than those whose partners had a lower CVH 
score. The adjusted odds ratios (ORs) ranged from 1.08 to 
2.46 when their spousal CVH score increased and were 
mostly significant. Significantly adjusted OR per 1 CVH 
score of 1.18 and 1.14 were found respectively for hus-
bands and wives as outcome (Table 2).

Secondary analysis
Although spousal concordance was observed in all seven 
metrics of the CVH, there were differences in the con-
cordance’s strength among metrics. The ideal smoking 
status showed the highest spousal concordance (adjusted 
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Table 1  Characteristic of study participants

Data are presented as mean ± standard deviation

BMI Body mass index, HbA1C Hemoglobin A1C, HDL High-density lipoprotein, LDL Low-density lipoprotein

Characteristic Husband
(n = 6,030)

Wife
(n = 6,030)

Correlation Age-adjusted correlation

Coefficient P-value Coefficient P-value

Age (yr) 54.3 ± 13.4 51.2 ± 12.9 0.971 < 0.001 - -

Weight (kg) 71.3 ± 10.9 58.4 ± 8.9 0.067 < 0.001 0.071 < 0.001

Waist circumference (cm) 87.2 ± 8.3 79.3 ± 9.1 0.105 < 0.001 0.107 < 0.001

BMI (kg/m2) 24.6 ± 3.1 23.5 ± 3.4 0.041 0.001 0.082 < 0.001

Fasting blood glucose (mg/dL) 104.8 ± 24.2 98.1 ± 21.1 0.149 < 0.001 0.092 < 0.001

HbA1c (%) 5.82 ± 0.85 5.68 ± 0.72 0.209 < 0.001 0.078 < 0.001

Total cholesterol (mg/dL) 192.7 ± 36.3 195.3 ± 36.2 0.053 < 0.001 0.081 < 0.001

HDL-cholesterol (mg/dL) 46.9 ± 11.1 54.5 ± 12.3 0.082 < 0.001 0.077 < 0.001

LDL-cholesterol (mg/dL) 116.6 ± 32.2 118.5 ± 32.1 0.056 < 0.001 0.076 < 0.001

Triglyceride (mg/dL) 163.3 ± 131.1 114.7 ± 75.4 0.063 < 0.001 0.099 < 0.001

Systolic blood pressure (mmHg) 121.6 ± 14.8 116.9 ± 17.2 0.205 < 0.001 0.086 < 0.001

Diastolic blood pressure (mmHg) 78.3 ± 9.9 74.3 ± 9.4 0.075 < 0.001 0.112 < 0.001

Total energy intake (kcal) 2,364.7 ± 931.8 1,713.5 ± 677.6 0.245 < 0.001 0.221 < 0.001

Fat intake (g) 50.3 ± 36.8 37.5 ± 26.4 0.423 < 0.001 0.335 < 0.001

Protein intake (g) 84.3 ± 42.9 61.2 ± 30.4 0.315 < 0.001 0.279 < 0.001

Carbohydrate intake (g) 346.4 ± 128.0 274.3 ± 113.2 0.241 < 0.001 0.246 < 0.001

Sodium intake (mg) 4,322.7 ± 2,504.9 3,073.5 ± 1,919.5 0.299 < 0.001 0.276 < 0.001

Fiber intake (g) 29.0 ± 14.4 24.9 ± 14.3 0.356 < 0.001 0.346 < 0.001

Total CVH score 3.2 ± 1.4 4.0 ± 1.5 0.138 < 0.001 0.122 < 0.001

Fig. 1  Frequencies and percentages of husband’s cardiovascular health score and wife’s cardiovascular health score
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ORs [95% CI] were 3.77 [2.71–5.26] and 3.73 [2.67–5.21] 
in husbands and wives as outcome, respectively), fol-
lowed by the ideal diet status (adjusted ORs [95% CI] 
were 2.18 [1.97–2.43] in both husbands and wives as 
outcome). Furthermore, the odds of concordances in the 
remaining five metrics ranged from 1.21 to 1.55 (Table 3). 
After dichotomizing CVH measurements into behavioral 
factors and health factors, we found positively significant 
association between husbands’ CVH status and wives’ 
CVH status. The strength of the concordance contrib-
uted by behavioral factors was minimally greater than 
that contributed by health factors (Table S2).

On examining the spousal concordance of attain-
ing ideal CVH in different age groups, we observed a 
tendency for spousal concordance ORs decreased in 
wives when ages increased (Fig.  3). However, among 
husbands no such tendency was observed in the ORs, 
but the spousal correlations were significant in all three 
groups when investigating the effect of the wife’s CVH 
status on the husband’s CVH status. In addition, we 
found a strong overlap of 95% CIs of the corresponding 
ORs in husbands, which might claim a persistent influ-
ence of the wife’s CVH on the husband’s CVH when 
they get older.

Fig. 2  Percentage of husband/wife concordance or discordance by the ideal cardiovascular health metrics

Table 2  Odds ratio of a participant having ideal CVH according to their spousal CVH

CVH, cardiovascular health; CI, confidence interval
a  Adjusted for age and education of both partners and household income

CVH metric No. of wives Husbands with ideal CVH (score ≥ 5) No. of husbands Wives with ideal CVH (score ≥ 5)

No. (%) Odds ratio (95% CI)a) No. (%) Odds ratio (95% CI)a)

Spousal CVH metrics score

  0–2 1,043 130 (12.5) 1.00 1,901 654 (34.4) 1.00

  3 1,142 178 (15.6) 1.25 (0.97–1.59) 1,599 589 (36.8) 1.08 (0.93–1.26)

  4 1,460 252 (17.3) 1.33 (1.05–1.68) 1,406 578 (41.1) 1.28 (1.09–1.49)

  5 1,342 272 (20.3) 1.53 (1.19–1.95) 772 360 (46.6) 1.44 (1.19–1.74)

  6 842 232 (27.6) 2.20 (1.70–2.86) 305 173 (56.7) 2.03 (1.54–2.66)

  7 201 60 (29.9) 2.36 (1.63–3.43) 47 31 (65.9) 2.46 (1.28–4.73)

  Per 1 higher 
(continuous)

- - 1.18 (1.13–1.25) - - 1.14 (1.09–1.18)

Spousal CVH metrics status

  Nonideal 3,645 560 (15.4) 1.00 4,906 1,821 (37.1) 1.00

  Ideal 2,385 564 (23.7) 1.49 (1.27–1.69) 1,124 564 (50.2) 1.46 (1.27–1.69)
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Sensitivity analysis
Among the original couples that we found from our data 
(11,082 married couples), the characteristics of the hus-
bands and wives in Table S3 did not significantly differ 
from those of the study participants in Table 1. Besides, 
after including participants with missing value for any 
CVH metric and recoding those missing value as 0, the 
associations between spousal concordance and ideal 
CVH in the sensitivity analysis were robust compared to 

those in the primary analysis, with some strengthening 
of point estimates but overlapping confidence intervals 
(Table S4).

Discussion
The primary finding of this study was that CVH was sig-
nificantly concordant among spouses in 6,030 married 
couples from Korea. The nonsmoking status showed the 
highest spousal concordance, following by the ideal diet 

Table 3  Spousal concordance of each CVH metric in 6,030 married couples

CVH Cardiovascular health, CI Confidence interval
a  Adjusted for age and education of both partners and household income

CVH metric Wife’s
condition

No. of wives 
(column %)

Husbands with ideal 
condition

Husband’s 
condition

No. of 
husbands 
(column %)

Wives with ideal condition

No. (%) Odds ratio
(95% CI)a)

No. (%) Odds ratio
(95% CI)a)

Blood pressure Nonideal 2,855 (47.3) 740 (25.9) 1.00 Nonideal 4,034 (66.9) 1,919 (47.6) 1.00

Ideal 3,176 (52.7) 1,257 (39.6) 1.21 (1.07–1.38) Ideal 1,997 (33.1) 1,257 (62.9) 1.23 (1.08–1.39)

Physical activities Nonideal 3,536 (58.6) 1,470 (41.6) 1.00 Nonideal 3,228 (53.5) 1,162 (36.0) 1.00

Ideal 2,495 (41.4) 1,333 (53.4) 1.54 (1.39–1.72) Ideal 2,803 (46.5) 1,333 (47.6) 1.55 (1.39–1.72)

Body mass index Nonideal 3,065 (50.8) 871 (28.4) 1.00 Nonideal 4,217 (69.9) 2,023 (47.9) 1.00

Ideal 2,966 (49.2) 943 (31.8) 1.35 (1.20–1.52) Ideal 1,814 (30.1) 943 (51.9) 1.35 (1.21–1.52)

Smoking Nonideal 203 (3.4) 52 (25.6) 1.00 Nonideal 2,140 (35.5) 1,989 (92.9) 1.00

Ideal 5,828 (96.6) 3,839 (65.9) 3.77 (2.71–5.26) Ideal 3,891 (64.5) 3,839 (98.7) 3.73 (2.67–5.21)

Total cholesterol Nonideal 3,217 (53.3) 1,514 (47.1) 1.00 Nonideal 3,082 (51.1) 1,379 (44.7) 1.00

Ideal 2,814 (46.7) 1,435 (51.0) 1.25 (1.12–1.39) Ideal 2,949 (48.9) 1,435 (48.7) 1.25 (1.12–1.39)

Fasting blood 
glucose

Nonideal 1,817 (30.1) 786 (43.3) 1.00 Nonideal 2,900 (48.1) 1,869 (64.5) 1.00

Ideal 4,214 (69.9) 2,345 (55.6) 1.30 (1.16–1.47) Ideal 3,131 (51.9) 2,345 (74.9) 1.32 (1.17–1.48)

Diet Nonideal 3,254 (53.9) 1,263 (38.8) 1.00 Nonideal 3,144 (52.1) 1,153 (36.7) 1.00

Ideal 2,777 (46.1) 1,624 (58.5) 2.18 (1.97–2.43) Ideal 2,887 (47.9) 1,624 (56.3) 2.18 (1.97–2.43)

Fig. 3  Odds ratio of a participant achieving ideal cardiovascular health if whose partner does, by age.

Odds ratios were adjusted for age and education of both partners, household income
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status. The results were generally consistent across pri-
mary, secondary and sensitivity analysis. In the age-strat-
ified analysis, a tendency for spousal concordance ORs 
decreased when ages increased was found when inves-
tigating the effect of the husbands’ CVH status on their 
wives’ CVH status.

Previously, several studies used various threshold lev-
els to classify the ideal CVH. Folsom et al. [18] defined a 
score of 10 to 14 as optimal, 5 to 9 as average, and 0 to 4 
as inadequate for CVH. Desai et al. [19] grouped partici-
pants with point scores ≤ 8 as having poor CVH, those 
with scores of 9 to 11 as having intermediate CVH, and 
those with scores ≥ 12 as having ideal CVH. The com-
mon factor in these studies is that each individual met-
ric was set as a score of 0 (poor), 1 (intermediate), or 2 
(ideal); then, the ideal CVH was classified on the basis of 
the total score. However, the ideal CVH derived from the 
total CVH scores, which were calculated through these 
methods, can be biased from the contribution of inter-
mediate metrics. To account for that bias, in our study, 
achieving the ideal CVH required achieving ideal scores 
in at least five individual CVH metrics. We also found 
some other articles with approaches similar to ours [20, 
21].

Consistent with other studies in Korea, our study dem-
onstrated a low prevalence of ideal CVH in the commu-
nity [12, 22]. Similar to previous studies, our findings 
showed strong spousal concordance for CVH and its 
metrics [7, 8]. Among the seven metrics evaluated in 
our study, factors that were most likely to be concord-
ant among couples were nonsmoking and ideal diet. 
Similar results have been reported in prior studies [7, 8]. 
When compared with previous articles in Korea, we also 
observed significant spousal concordance for metabolic 
syndrome and its components [10, 11]. Even though the 
parameters for measuring metabolic syndrome and CVH 
differ, our results showed a great mutual influence within 
a couple, which may affect CVD prevention. However, 
metabolic syndrome mainly focuses on clinical indicators 
(or health factors in CVH). Contrastingly, CVH includes 
the impact of behavioral factors, and according to our 
outcomes, the spouses’ behavioral factors outweighed 
health factors in contributing to achieving ideal CVH. 
The high concordance of nonsmoking and ideal diet 
among couples can partly explain this finding. Scientists 
have found that smoking has been linked to other clinical 
indicators in CVH metrics, such as lowering high-density 
lipoprotein cholesterol, causing thickening and narrow-
ing of blood vessels [23]. Meanwhile, the diet has con-
tributed to BMI, blood glucose level, and total cholesterol 
level. Our observations suggest that public health inter-
vention programs should increasingly focus on lifestyle 
modification.

Our findings are particularly important because ideal 
CVH are shown to predict not only the future risk of 
CVD incidence but also all-cause mortality [13, 24–27]. 
According to a systematic review, numerous prior stud-
ies have reported spousal concordance for several car-
diovascular risk factors [7, 9–11]. Cohabitation factors 
are believed to play a role in the observed spousal cor-
relations. Our study, as well as various other studies, have 
demonstrated the association between people’s health 
and their partner’s health behavior [7–9]. In general, 
spouses share common environmental factors, which 
implies the sharing of many aspects of lifestyle.

Our results suggest that in the future, couple-based 
interventions that target healthy behaviors can be effec-
tive methods for preventing CVD events. Even in indi-
vidual-based interventions, nontargeted members of 
a couple may be benefited because of the strong couple 
concordance in behavior factors. For instance, enhancing 
dyadic efficacy for smoking cessation may be a promising 
approach in couple-based prevention interventions [28, 
29].

It is necessary to further analyze the significant asso-
ciation between spousal concordance and CVH when 
stratifying by age group. In the same age strata, the odd 
of one partner having an ideal CVH when the other part-
ner also had an ideal CVH was similar when consider-
ing either the husband’s CVH or the wife’s CVH as the 
outcome. The same result was observed in the analysis 
without age stratification (Table 2). However, an interest-
ing pattern of reduction was seen in the ORs when inves-
tigating the effect of the husbands’ CVH status on the 
wives’ CVH status with increasing age. It is well known 
that higher age is probably associated with longer mar-
riage duration, which motivated us to check whether 
CVH score concordance between couples was influenced 
by the duration of marriage. Fig. S1 shows that the length 
of marriage similarly affected the husband and wife, with 
the same pattern and overlapping 95% CI. We also tested 
the interaction of partner CVH and marriage duration in 
the covariate-adjusted model; however, we did not find a 
significant interaction (Fig. S1). Combining all the above 
findings, we can hypothesize that apart from cohabitant 
factors, there are other factors that only or differently 
affect women. One explanation might be the presence of 
menstruation and menopause, which women normally 
experience during middle age. The AHA highlighted the 
complexity of menopause transition and its relevance to 
critically adverse cardio-metabolic health changes that 
are independent of chronological aging [30]. Another 
explanation could be the intriguing relationship between 
mental health disorders and CVD. The potential mecha-
nism of this phenomenon is that certain mental health 
disorders may trigger physical changes (less likely to get 
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regular exercise or more likely to drink too much alcohol) 
that can elevate heart risk in several ways [31–33]. We 
did not measure the prevalence of depression or mental 
disorder in our dataset, but major depressive disorder is 
more prevalent among Korean women than Korean men 
[34].

Our study has several limitations. First, the study 
design was cross-sectional, which limited our ability to 
interpret causal relations in our findings. Second, remov-
ing any participant with missing value for any CVH met-
ric may have led to selection bias. However, we tried to 
account for this bias by comparing our study sample’s 
descriptive statistics with those of the total couple popu-
lation (11,081 dyads) and performing a sensitivity analy-
sis. Third, we could not measure marital satisfaction, 
which is suggested to be associated with health outcomes 
at a later date [35]. Diet and exercise data were drawn 
from questionnaires, which could overestimate ideal diet 
and exercise patterns because individuals are known to 
be overoptimistic in self-reporting such traits. In addi-
tion, as mentioned previously, the criteria for a healthy 
diet are arbitrary and do not completely correspond 
with the AHA’s definition of a healthy diet. However, to 
the best of our knowledge, we adapted other available 
guidelines to the existing KNHANES data and fit them 
with CVH metrics. Finally, although we carefully con-
trolled for major known confounders, the findings may 
be partly explained by differences in unknown confound-
ers. In addition, socioeconomic status (represented by 
education and household income in our study) may be 
a significant mediator of the study finding because fam-
ily members usually belong to the same socioeconomic 
class, which is a powerful predictor of health behavior. 
Further investigation is needed in future.

Despite the limitations of this study, there are strengths 
that merit consideration when interpreting the results. 
First, we explored the association of ideal CVH as a con-
struct among couples in Korea. The findings corroborate 
those of other studies and can help identify approaches to 
preventative interventions that can help achieve the goal 
of the National Health Plan for Cardiovascular Disease in 
Korea. Second, the study sample was large (6,030 couples) 
and nationally representative. Therefore, this study had 
sufficient power to explore the prevalence and strength of 
spousal concordance in ideal CVH and to extrapolate the 
findings to the general Korean population.

Conclusions
In this study of Korean married couples, we observed 
significant interspousal concordance in CVH. The 
development and testing of dyadic interventions 

promoting ideal CVH are highly recommended. Inter-
ventional programs targeted toward improving lifestyle 
behaviors among married couples would likely benefit 
both partners.

Abbreviations
AHA: American Heart Association; BMI: Body mass index; CI: Confidence 
interval; CVD: Cardiovascular disease; CVH: Cardiovascular health; HbA1C: 
Hemoglobin A1C; HDL: High-density lipoprotein; KCDC: Korea Centers for Dis-
ease Control and Prevention; KNHANES: Korea National Health and Nutrition 
Examination Survey; LDL: Low-density lipoprotein; OR: Odds ratio.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40885-​022-​00224-3.

Additional file 1: Table S1. Cardiovascular health metrics using AHA 
criteria for adults aged ≥20 years. Table S2. Odds ratio of a participant 
having ideal cardiovascular health according to the corresponding cardio-
vascular health of their spouse, among 6030 married couples. Table S3. 
Characteristic of 11,082 married couples. Table S4. Odds ratio of a partici-
pant having ideal cardiovascular health according to the cardiovascular 
health score/status of their spouse, among 8,423 married couples. Fig. S1. 
Odds ratio of a participant achieving ideal cardiovascular health if whose 
partner also does, by marriage duration.

Acknowledgements
We are grateful to all people who conducted the national survey and 
acknowledge everyone who took part in Korea National Health and Nutrition 
Examination Survey.

Authors’ contributions
HCK and HMT contributed the conception and design of the study. HMT con-
tributed the acquisition of the data, interpretation of the analysis, and drafted 
the manuscript. HCK and HL contributed the analysis and critical revision of 
the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported under the framework of international coopera-
tion program managed by the National Research Foundation of Korea (No. 
NRF-2020K2A9A2A08000190).

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
in the Korea National Health and Nutrition Examination Survey repository 
(https://​knhan​es.​kdca.​go.​kr/​knhan​es/​sub03/​sub03_​02_​05.​do).

Declarations

Ethics approval and consent to participate
Korea National Health and Nutrition Examination Survey are administered by 
the Korea Centers for Disease Control and Prevention (KCDC) and approved by 
the Institutional Review Board of KCDC. Every participant gave their informed 
consent in writing before participating in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Public Health, Graduate School, Yonsei University, Seoul, 
Republic of Korea. 2 Department of Preventive Medicine, Yonsei University 

https://doi.org/10.1186/s40885-022-00224-3
https://doi.org/10.1186/s40885-022-00224-3
https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do


Page 9 of 9Hoang et al. Clinical Hypertension           (2022) 28:41 	

College of Medicine, Seoul, Republic of Korea. 3 Institute of Health Services 
Research, Yonsei University College of Medicine, Seoul, Republic of Korea. 

Received: 2 May 2022   Accepted: 31 August 2022

References
	1.	 GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 

diseases and injuries in 204 countries and territories, 1990–2019: a 
systematic analysis for the Global Burden of Disease Study 2019. Lancet. 
2020;396:1204–22.

	2.	 Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour 
LM, et al. Global burden of cardiovascular diseases and risk factors, 
1990–2019: update from the GBD 2019 Study. J Am Coll Cardiol. 
2020;76:2982–3021.

	3.	 Writing Committee, Jr Smith SC, Collins A, Ferrari R, Jr Holmes DR, Log-
strup S, et al. Our time: a call to save preventable death from cardiovascu-
lar disease (heart disease and stroke). Glob Heart. 2012;7:297–305.

	4.	 Baek J, Lee H, Lee HH, Heo JE, Cho SM, Kim HC. Thirty-six year trends 
in mortality from diseases of circulatory system in Korea. Korean Circ J. 
2021;51:320–32.

	5.	 Kim JY, Kang K, Kang J, Koo J, Kim DH, Kim BJ, et al. Executive summary of 
stroke statistics in Korea 2018: a report from the Epidemiology Research 
Council of the Korean Stroke Society. J Stroke. 2019;21:42–59.

	6.	 Lloyd-Jones DM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van Horn 
L, et al. Defining and setting national goals for cardiovascular health pro-
motion and disease reduction: the American Heart Association’s strategic 
Impact Goal through 2020 and beyond. Circulation. 2010;121:586–613.

	7.	 Shiffman D, Louie JZ, Devlin JJ, Rowland CM, Mora S. Concordance of 
cardiovascular risk factors and behaviors in a multiethnic US nationwide 
cohort of married couples and domestic partners. JAMA Netw Open. 
2020;3: e2022119.

	8.	 Erqou S, Ajala O, Bambs CE, Althouse AD, Sharbaugh MS, Magnani J, et al. 
Ideal cardiovascular health metrics in couples: a community-based study. 
J Am Heart Assoc. 2018;7: e008768.

	9.	 Jun SY, Kang M, Kang SY, Lee JA, Kim YS. Spousal concordance regarding 
lifestyle factors and chronic diseases among couples visiting primary care 
providers in Korea. Korean J Fam Med. 2020;41:183–8.

	10.	 Lee MH, Kim HC, Thomas GN, Ahn SV, Hur NW, Choi DP, et al. Familial con-
cordance of metabolic syndrome in Korean population: Korean National 
Health and Nutrition Examination Survey 2005. Diabetes Res Clin Pract. 
2011;93:430–6.

	11.	 Kim HC, Kang DR, Choi KS, Nam CM, Thomas GN, Suh I. Spousal concord-
ance of metabolic syndrome in 3141 Korean couples: a nationwide 
survey. Ann Epidemiol. 2006;16:292–8.

	12.	 Lee HJ, Suh B, Yoo TG, Lee H, Shin DW. Trends in cardiovascular health 
metrics among Korean adults. Korean J Fam Med. 2013;34:403–12.

	13.	 Younus A, Aneni EC, Spatz ES, Osondu CU, Roberson L, Ogunmoroti 
O, et al. A systematic review of the prevalence and outcomes of ideal 
cardiovascular health in US and non-US populations. Mayo Clin Proc. 
2016;91:649–70.

	14.	 Kweon S, Kim Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource profile: 
the Korea National Health and Nutrition Examination Survey (KNHANES). 
Int J Epidemiol. 2014;43:69–77.

	15.	 Oh K, Kim Y, Kweon S, Kim S, Yun S, Park S, et al. Korea National Health and 
Nutrition Examination Survey, 20th anniversary: accomplishments and 
future directions. Epidemiol Health. 2021;43: e2021025.

	16.	 WHO Expert Consultation. Appropriate body-mass index for Asian popu-
lations and its implications for policy and intervention strategies. Lancet. 
2004;363:157–63.

	17.	 Heart N. Lung, and Blood Institute (NHLBI). NHLBI: Your guide to lowering 
your blood pressure with DASH. Bethesda; 2006.

	18.	 Folsom AR, Shah AM, Lutsey PL, Roetker NS, Alonso A, Avery CL, et al. 
American Heart Association’s Life’s Simple 7: avoiding heart failure and 
preserving cardiac structure and function. Am J Med. 2015;128:970–6.

	19.	 Desai CS, Ning H, Liu K, Reis JP, Gidding SS, Armstrong A, et al. Cardio-
vascular health in young adulthood and association with left ventricular 
structure and function later in life: the Coronary Artery Risk Development 
in Young Adults Study. J Am Soc Echocardiogr. 2015;28:1452–61.

	20.	 Ghimire U, Shrestha N, Gyawali B, Pradhan PMS, Mishra SR. Prevalence of 
American Heart Association defined ideal cardiovascular health metrics 
in Nepal: findings from a nationally representative cross-sectional study. 
Int Health. 2020;12:325–31.

	21.	 Ren J, Guo XL, Lu ZL, Zhang JY, Tang JL, Chen X, et al. Ideal cardiovascular 
health status and its association with socioeconomic factors in Chinese 
adults in Shandong. China BMC Public Health. 2016;16:942.

	22.	 Kim JY, Ko YJ, Rhee CW, Park BJ, Kim DH, Bae JM, et al. Cardiovascular 
health metrics and all-cause and cardiovascular disease mortality among 
middle-aged men in Korea: the Seoul male cohort study. J Prev Med 
Public Health. 2013;46:319–28.

	23.	 U.S. Department of Health and Human Services. How Tobacco Smoke 
Causes Disease: The Biology and Behavioral Basis for Smoking-Attribut-
able Disease: A Report of the Surgeon General. Atlanta, GA: U.S. Depart-
ment of Health and Human Services, Centers for Disease Control and 
Prevention, National Center for Chronic Disease Prevention and Health 
Promotion, Office on Smoking and Health, 2010. https://​www.​ncbi.​nlm.​
nih.​gov/​books/​NBK53​017/

	24.	 Han L, You D, Ma W, Astell-Burt T, Feng X, Duan S, et al. National trends in 
American heart association revised life’s simple 7 metrics associated with 
risk of mortality among US adults. JAMA Netw Open. 2019;2: e1913131.

	25.	 Dong Y, Hao G, Wang Z, Wang X, Chen Z, Zhang L. Ideal cardiovascular 
health status and risk of cardiovascular disease or all-cause mortality in 
Chinese middle-aged population. Angiology. 2019;70:523–9.

	26.	 Guo L, Zhang S. Association between ideal cardiovascular health metrics 
and risk of cardiovascular events or mortality: a meta-analysis of prospec-
tive studies. Clin Cardiol. 2017;40:1339–46.

	27.	 Lee H, Yano Y, Cho SM, Lee HH, Kim DW, Lloyd-Jones DM, et al. Associa-
tions of ideal cardiovascular health and its change during young adult-
hood with premature cardiovascular events: a nationwide cohort study. 
Circulation. 2021;144:90–2.

	28.	 Meghea CI, Blaga OM, Cherecheş RM, Rus IA, Brînzaniuc A. Dyadic efficacy 
for smoking cessation in a sample of Romanian couples: Cristian Meghea. 
Eur J Public Health. 2016;26(suppl 1):ckw166021.

	29.	 Sterba KR, Rabius V, Carpenter MJ, Villars P, Wiatrek D, McAlister A. Dyadic 
efficacy for smoking cessation: preliminary assessment of a new instru-
ment. Nicotine Tob Res. 2011;13:194–201.

	30.	 El Khoudary SR, Aggarwal B, Beckie TM, Hodis HN, Johnson AE, Langer RD, 
et al. Menopause transition and cardiovascular disease risk: implications 
for timing of early prevention: a scientific statement from the American 
Heart Association. Circulation. 2020;142:e506–32.

	31.	 Harvard Health Publishing. Healthy brain, healthier heart? [Internet]. Bos-
ton: Harvard Health Publishing; 2021 [cited 2022 Feb 7]. Available from: 
https://​www.​health.​harva​rd.​edu/​blog/​healt​hy-​brain-​healt​hier-​heart-​
20210​72225​51.

	32.	 Centers for Disease Control and Prevention (CDC). Heart disease and 
mental health disorders [Internet]. Atlanta: CDC; 2021 [cited 2022 Feb 7]. 
Available from: https://​www.​cdc.​gov/​heart​disea​se/​menta​lheal​th.​htm.

	33.	 Chaddha A, Robinson EA, Kline-Rogers E, Alexandris-Souphis T, Rubenfire 
M. Mental health and cardiovascular disease. Am J Med. 2016;129:1145–8.

	34.	 Kim GE, Jo MW, Shin YW. Increased prevalence of depression in South 
Korea from 2002 to 2013. Sci Rep. 2020;10:16979.

	35.	 Sher T, Braun L, Domas A, Bellg A, Baucom DH, Houle TT. The partners for 
life program: a couples approach to cardiac risk reduction. Fam Process. 
2014;53:131–49.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.ncbi.nlm.nih.gov/books/NBK53017/
https://www.ncbi.nlm.nih.gov/books/NBK53017/
https://www.health.harvard.edu/blog/healthy-brain-healthier-heart-202107222551
https://www.health.harvard.edu/blog/healthy-brain-healthier-heart-202107222551
https://www.cdc.gov/heartdisease/mentalhealth.htm

	Spousal concordance of ideal cardiovascular health metrics: findings from the 2014–2019 Korea National Health and Nutrition Examination Survey
	Abstract 
	Backgrounds: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Ethical statements
	Study population
	Definition of cardiovascular health
	Statistical analyses
	Primary analysis
	Secondary analysis
	Sensitivity analysis


	Results
	Study participants
	Primary analysis
	Secondary analysis
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


