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Abstract
Background: Spousal similarities exist in several cardiometabolic risk factors and have been noted in
previous studies that used public biobank information from two countries. This study aimed to challenge
the in�uence of genetic factors and determine the in�uence of the environment on cardiometabolic risk
factors by using random male-female pairs rather than spouse pairs.

Methods: This cross-sectional study included 5391 spouse pairs from Japan; data were obtained from a
large biobank study. For pairings, women of the same age were randomly shu�ed to create new male-
female pairs of the same age as the original spouse pairs. Similarities in cardiometabolic risk factors
between the random male-female pairs were analysed using the Pearson's correlation or age-adjusted
logistic regression analyses.

Results: The mean ages of the men and women were 63.2 and 60.4 years, respectively. No signi�cant
similarities were noted in cardiometabolic risk factors, including the continuous risk factors
(anthropometric traits, blood pressure, glycated haemoglobin level, and lipid traits); lifestyle habits
(smoking, drinking, and physical activity); or diseases (hypertension, type 2 diabetes mellitus, and
metabolic syndrome) between the random male-female pairs. The age-adjusted correlation coe�cients
ranged from -0.002 for triglycerides to 0.071 for total cholesterol. The age-adjusted odds ratio (95%
con�dence interval) for current drinkers was 0.94 (0.81−1.09); ever smokers, 0.99 (0.83−1.18);
hypertension, 1.07 (0.93−1.23); and type 2 diabetes mellitus, 1.08 (0.77−1.50).

Conclusion: In this study, no similarities in cardiometabolic risk factors were noted among the random
male-female pairs. As spouse pairs may share environmental factors, intervention strategies targeting
lifestyle habits and prevent lifestyle-related diseases may be effective.

Background
Several epidemiological studies have investigated the traditional risk factors for cardiovascular diseases.
Hypertension, high cholesterol levels, smoking, impaired glucose tolerance, left ventricular hypertrophy,
and low levels of high-density lipoprotein-cholesterol (HDL-C) are associated with coronary heart disease
[1]. These cardiometabolic risk factors are determined by genetic and environmental factors and their
interactions [2–6].

Spousal concordance may be mainly explained by assortative mating and cohabitation effects [7].
Assortative mating is the tendency of people to select mates who bear greater similarities in
characteristics such as discernible traits and behaviours (phenotypic assortment) or in social and
environmental factors (social homogamy). This causes an initial similarity between spouses.
Cohabitation effects could be due to common environmental factors shared by couples or due to “partner
interaction effects,” with partners in�uencing each other’s behaviour [8–10]. If concordance is mainly due
to a cohabitation effect, then it should increase with the partnership duration. Assortative mating and/or
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cohabitation effects may indicate a higher degree of similarities between a spouse’s lifestyle and the
associated phenotyping (lifestyle habits, physiological indicators, and diseases).

Observational studies have explored spousal similarities in cardiometabolic risk factors such as blood
pressure (BP) [11–17], cholesterol levels [12–14, 16, 17], triglycerides levels [12, 14, 16], abnormal glucose
tolerance [11, 12, 14–19], and smoking [13, 18].

In 2021, our international collaborative study assessed data obtained from public biobanks regarding
populations in Japan and the Netherlands [20]. This cross-sectional study included 28,265 Dutch
Lifelines Cohort Study spouse pairs (recruit from 2006–2013) and 5,391 Japanese Tohoku Medical
Megabank Organization (ToMMo) Cohort Study pairs (recruited from 2013–2016). Signi�cant spousal
similarities were noted in all the cardiometabolic risk factors (lifestyle habits, anthropometric traits, and
diseases) investigated. For example, the odds ratios (ORs) [95% con�dence interval (CI)] for spouse pairs
were 4.60 (3.52–6.02) for current smoking, 2.83 (2.39–3.35) for current drinking, 2.76 (2.28–3.32) for
su�cient physical activity, 1.20 (1.05–1.38) for hypertension, and 1.72 (1.47–2.02) for metabolic
syndrome [20].

Environmental factors may play a greater role in spousal similarities than genetic factors. By comparing
the results of spouse pairs with those of random male-female pairs, the extent of the in�uence of the
environment on cardiometabolic risk factors can be determined. This study aimed to challenge the
in�uence of genetic factors and determine the in�uence of the environment on cardiometabolic risk
factors by using random male-female pairs rather than spouse pairs. Should the �ndings of this study
support the hypothesis, targeted lifestyle-related interventions are likely to reduce cardiometabolic risk
factors among spouses and prevent cardiometabolic diseases. Further, these �ndings could contribute to
important future studies on preventive strategies for cardiometabolic diseases. To investigate the study
hypothesis, we analysed data from more than 5,000 male-female pairs using data from a large public
biobank study in Japan [21, 22].

Methods

Participants
For this cross-sectional study, data were obtained from the Tohoku Medical Megabank (TMM)
Community-based Cohort Study (hereafter referred to as TMM CommCohort Study) that was conducted
in Miyagi prefecture, northern Japan (this data was previously published elsewhere) [21, 22]. For the TMM
CommCohort Study, participants were recruited for the baseline survey, using two approaches, between
May 2013 and March 2016. Participants were recruited at the sites of the annual community health
examinations conducted by local governments in Miyagi Prefecture for insured persons aged 40–74
years (Type 1 survey). Additionally, seven Community Support Centre facilities were established in Miyagi
Prefecture for voluntary admission-type recruitment and for conducting participant health assessments
(Type 2 survey). In the baseline survey, blood and urine samples were collected, as well as self-
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administered questionnaires that included information on lifestyle habits, medical histories, and family
relationships. A series of physiological tests were also performed.

Individuals aged ≥ 20 years who lived in Miyagi Prefecture were eligible for participation in the study. For
the TMM CommCohort Study, self-administered family relationship questionnaires were distributed and
collected. All participants were required to answer the following question: “If you are living with family
members who are participating in this TMM Project, please specify all their names and birthdays and
your relationships with them (your spouse, father, mother, children, grandchildren, children’s spouses,
father-in-law, mother-in-law, and others) with their consent.” Based on these responses, if a participant’s
spouse was identi�ed as a TMM CommCohort Study participant, then the spouse and the participant
were de�ned as a spouse pair [20]. However, in this study, we created new random male-female using the
original spouse pairs. After sorting women of the same age into groups, they were randomly shu�ed
using the SAS RANUNI function (SAS Institute, Cary, NC, USA), to create new male-female pairs of the
same age as the original spouse pairs. Owing to chance, it was possible that a random male-female pair
were also a spouse pair.

Data collection and variables
Data on of the following cardiometabolic risk factors were collected: anthropometric traits: height, weight,
waist circumference and body mass index (BMI); systolic (SBP) and diastolic BP (DBP); glycated
haemoglobin (HbA1c); lipid traits: total cholesterol (TC), triglycerides (TG), HDL-C and low-density
lipoprotein-cholesterol (LDL-C); and lifestyle factors. Cardiometabolic diseases such as hypertension, type
2 diabetes mellitus (T2DM), and metabolic syndrome were de�ned based on the collected data.

Speci�cally, well-trained staff measured the participants’ height, weight, and waist circumference. BMI
was calculated as weight (kg) divided by height (m) squared. BP was measured during municipal health
checks (Type 1 survey) and/or at a Community Support Centre (Type 2 survey). For the Type 2 survey, BP
was measured twice in the upper right arm using a digital automatic BP monitor (HEM-9000AI; Omron
Healthcare Co., Ltd, Kyoto, Japan) after resting in a sitting position for at least 2 min. During the TMM
CommCohort Study, non-fasting blood samples were collected using a standard protocol, and HbA1c
levels were measured using latex agglutination turbidimetry. TC was measured with cholesterol
dehydrogenase using an Ultra Violet-End (UV-End) method. HDL-C and TG were measured using direct
and enzymatic methods, respectively. LDL-C was calculated using the Friedewald formula.

Lifestyle factors
Lifestyle habits such as smoking, drinking, and physical activity levels were de�ned according to the self-
reported questionnaires. To assess smoking status, the participants were categorized as current smokers,
past smokers, or non-smokers. Ever smokers were de�ned as those who smoked currently or in the past.
Drinking status was assessed by categorizing the participants as current drinkers or non-drinkers.
Regarding physical activity, metabolic equivalent (MET) hours/day were calculated by multiplying the
MET score for a speci�c activity by the number of hours spent on that activity per day. For each cohort,
we used the 80th percentile of the men’s MET hours/day as a cutoff for dividing physical activity levels
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into two categories: (1) su�ciently active (≥ 80th percentile of men’s MET hours/day) and (2) inactive (< 
80th percentile of men’s MET hours/day) [20].

Diseases
Hypertension was de�ned as an SBP ≥ 140 mmHg, a DBP ≥ 90 mmHg, or the use of antihypertensive
medication. Diabetes was de�ned as an HbA1c ≥ 6.5% or the use of blood glucose-lowering medication.
Participants were classi�ed as having metabolic syndrome if they met the �rst criterion and at least two
of the following criteria [23]: 1) a waist circumference ≥ 85 cm in men and ≥ 90 cm in women, 2)
hypertension (SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or the use of antihypertensive medication), 3)
hyperglycaemia (HbA1c ≥ 6.0% or the use of blood glucose-lowering medication), and 4) high TG/HDL-C
levels (triglyceride levels ≥ 1.68 mmol/L [150 mg/dL] or HDL-C < 1.03 mmol/L [40 mg/dL] or the use of
lipid-lowering medication).

Educational level
Educational level was determined using the following seven categories: elementary school or junior high
school; high school; vocational school; college or technical college; university; graduate school; or other.
Educational level was then categorized as follows: low (elementary school or junior high school), medium
(high school or vocational school), and high (college or technical college, university, and graduate
school). The category “other” was treated as missing data.

Ethical considerations
This study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and the Ethics
Committee at the ToMMo, Tohoku University (Sendai, Japan) reviewed and approved this study protocol
(First edition: 2012-4-617, Latest edition: 2021-4-113). All participants provided informed consent prior to
participating in the ToMMo Study.

Statistical analyses
For continuous variables, Pearson’s correlation coe�cient was used to determine correlations between
random male-female pairs. To control for the potential confounding effect of age similarity, we also
estimated the correlation coe�cients for age-adjusted residuals among random male-female pairs. We
used separate age-adjusted linear regression models for the men and women and saved the residuals
after adjustment. TG values were log10-transformed for normalization prior to calculating the spousal
correlations. For those using antihypertensive and/or lipid lowering medication, the SBP, DBP, TC, and LDL
values were adjusted to reconstruct the original population ranking of these individuals based on the
expected treatment effects. For those using antihypertensive medication, 15 mmHg and 10 mmHg were
added to the SBP and DBP values, respectively [20, 24]. For those receiving hyperlipidaemia treatment, the
TC and LDL values were divided by 0.8 and 0.7, respectively [20, 25, 26]. When analysing HbA1c levels,
those with diabetes were excluded. Outliers (> mean + 5 standard deviation [SD] or < mean − 5 SD) were
excluded for all traits.
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For categorical variables, logistic regression analyses were performed to determine spousal concordance.
To determine the risk in men, ORs and 95% CIs were calculated for current smoking, current drinking,
su�cient physical activity, and the presence of diseases in their respective female partners, all of which
were considered exposures. To adjust for age in the analyses, two new covariates were calculated: the
average age of each spouse and the age difference between random male-female pairs. For random
male-female pairs, ORs > 1.0 indicated higher degrees of concordance.

All statistical analyses were performed using the software SAS, version 9.4 (SAS Institute Inc., Cary, NC,
USA).

Results

Basic participant characteristics in the TMM CommCohort
Study
Of the 76,955 individuals who were invited to participate in the TMM CommCohort Study, 54,952 agreed.
After excluding those who withdrew consent, 5,391 spousal pairs were identi�ed using the family
relationship questionnaires. From these, 5,391 new random male-female pairs were identi�ed.

Table 1 shows the participant characteristics. Results of the random male-female pairs in this study as
well as the spouse pairs (reported in the Atherosclerosis journal 2021) are shown.
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Table 1
Characteristics of sociodemographic and cardiometabolic risk factors among spouse pairs and random

male-female pairs
  Spouse pairs

(Reported in our earlier study)
[20]

Random male-female pairs
(Exact age-match of spouse
pairs)

  Number
of pairs

Husband Wife Number
of pairs

Male Female

General characteristics            

Mean age at baseline, years (SD) 5391 63.2
(10.5)

60.4
(10.2)

5391 63.2
(10.5)

60.4
(10.2)

Age group, years (n, %) 5391     5391    

20–39   293
(5.4%)

346
(6.4%)

  293
(5.4%)

346
(6.4%)

40–59   931
(17.3%)

1373
(25.5%)

  931
(17.3%)

1373
(25.5%)

60–69   2.678
(49.7%)

2995
(55.6%)

  2678
(49.7%)

2995
(55.6%)

≥70   1489
(27.6%)

677
(12.6%)

  1489
(27.6%)

677
(12.6%)

Education (university or graduate
school) (n, %)

5254 1295
(24.6%)

373
(7.1%)

5245 1286
(24.5%)

370
(7.1%)

Education level (n, %) 5254     5245    

Low   643
(12.2%)

443
(8.4%)

  643
(12.3%)

440
(8.4%)

Medium   3141
(59.8%)

3884
(73.9%)

  3140
(59.9%)

3884
(74.1%)

High   1470
(28.0%)

927
(17.6%)

  1462
(27.9%)

921
(17.6%)

Risk factors            

Mean weight, kg (SD) 5390 66.5
(9.6)

54.1
(8.7)

5379 66.4
(9.4)

54.1
(8.6)

Mean height, cm (SD) 5391 166.7
(6.0)

154.3
(5.6)

5391 166.7
(6.0)

154.4
(5.6)

Abbreviations: DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MET, metabolic equivalent; SBP,
systolic blood pressure; SD, standard deviation
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Mean waist circumference, cm

(SD)

3183 85.6
(8.2)

81.9
(9.2)

2143 85.6
(8.1)

82.0
(9.0)

Mean body mass index, kg/m2

(SD)

5198 23.9
(3.0)

22.7
(3.5)

5009 23.9
(3.0)

22.7
(3.5)

Mean SBP, mmHg

(SD)

5106 129.7
(16.3)

125.9
(17.7)

4839 134.9
(18.8)

129.6
(20.2)

Mean DBP, mmHg

(SD)

5106 78.9
(10.6)

75.2
(10.6)

4835 84.1
(12.9)

78.8
(13.2)

Mean HbA1c, %

(SD)

5373 5.6 (0.6) 5.6
(0.5)

4568 5.5
(0.4)

5.5
(0.3)

Mean total cholesterol, mg/dL

(SD)

1964 201.5
(33.5)

213.7
(35.9)

841 202.2
(33.6)

211.7
(36.2)

Mean triglycerides, mg/dL [IQR,
25th, 75th]

5384 126.9
[75.0–
151.0]

102.3
[64.0–
121.0]

5307 127.1
[76.0–
155.0]

104.3
[65.0–
127.0]

Mean HDL-C, mg/dL

(SD)

5384 57.0
(14.5)

66.5
(15.5)

5375 57.0
(14.4)

66.5
(15.5)

Mean LDL-C, mg/dL

(SD)

3191 118.9
(29.8)

128.1
(30.4)

2143 125.8
(33.7)

136.9
(33.6)

Lifestyle factors (n, %)            

Current smoker 5313 1104
(20.8%)

248
(4.7%)

5313 1101
(20.7%)

248
(4.7%)

Ever smoker 5313 3170
(59.7%)

918
(17.3%)

5313 3073
(57.8%)

671
(12.6%)

Current drinker 5356 4201
(78.4%)

2187
(40.8%)

5354 4195
(78.4%)

2186
(40.8%)

Su�cient physical activity (≥ 
80th percentile of men’s MET
hours/day)

5342 1074
(20.1%)

549
(10.3%)

5,322 1067
(20.1%)

550
(10.3%)

Prevalence of diseases (n, %)            

Abbreviations: DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MET, metabolic equivalent; SBP,
systolic blood pressure; SD, standard deviation
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Hypertension 4260 2411
(56.6%)

1770
(41.6%)

4037 2271
(56.3%)

1719
(42.6%)

Type 2 diabetes 3469 504
(14.5%)

246
(7.1%)

3355 501
(14.9%)

240
(7.2%)

Metabolic syndrome 3770 1565
(41.5%)

1026
(27.2%)

3697 1501
(40.6%)

1014
(27.4%)

Abbreviations: DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL, high-density
lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MET, metabolic equivalent; SBP,
systolic blood pressure; SD, standard deviation

The mean ages of the men and women who participated in this study were 63.2 years and 60.4 years,
respectively. Approximately two-third of the participants were ≥ 60 years old. More men indicated that
they were current smokers, ever smokers, and current drinkers than women. The prevalence of
hypertension, diabetes, and metabolic syndrome was higher among men than among women.

Spousal similarities in cardiometabolic risk factors
Tables 2 and 3 show the correlations and concordances of cardiometabolic risk factors among random
male-female pairs and spouse pairs. For the men and women’s’ ages, the correlation coe�cients were
0.934 for both the random male-female pairs and spouse pairs.
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Table 2
Correlations of cardiometabolic risk factors among spouse pairs and random male-female pairs

Risk factors Spouse pairs

(Reported in our earlier study) [20]

Random male-female pairs

(Exact age-match of spouse pairs)

Simple
correlation (95%
CI)

Age-adjusted
correlation (95% CI)

Simple
correlation (95%
CI)

Age-adjusted
correlation (95% CI)

Age at
baseline

0.934 (0.930,
0.937)

NA 0.934 (0.930,
0.937)

NA

Weight 0.119 (0.092,
0.145)

0.110 (0.084, 0.137) 0.008 (-0.018,
0.035)

-0.005 (-0.032,
0.002)

Height 0.297 (0.272,
0.321)

0.175 (0.149, 0.201) 0.161 (0.135,
0.187)

0.010 (-0.016, 0.037)

Waist
circumference

0.132 (0.098,
0.166)

0.126 (0.092, 0.160) 0.005 (-0.037,
0.047)

0.005 (-0.038, 0.047)

Body mass
index

0.134 (0.107,
0.161)

0.136 (0.109, 0.163) -0.009 (-0.036,
0.019)

-0.007 (-0.035,
0.021)

SBP 0.163 (0.136,
0.190)

0.086 (0.059, 0.113) 0.107 (0.079,
0.135)

0.026 (-0.003, 0.054)

DBP 0.094 (0.067,
0.122)

0.073 (0.046, 0.100) 0.046 (0.018,
0.074)

0.023 (-0.005, 0.051)

HbA1c 0.139 (0.110,
0.167)

0.080 (0.051, 0.109) 0.095 (0.066,
0.124)

0.021 (-0.008, 0.050)

Total
cholesterol

0.074 (0.030,
0.118)

0.101 (0.057, 0.145) 0.035 (-0.033,
0.102)

0.071 (0.003, 0.138)

Triglycerides 0.109 (0.083,
0.136)

0.129 (0.102, 0.155) -0.014 (0.041,
0.013)

0.002 (-0.025, 0.028)

HDL-
cholesterol

0.098 (0.071,
0.124)

0.100 (0.073, 0.126) 0.002 (-0.025,
0.029)

0.003 (-0.024, 0.030)

LDL-
cholesterol

0.084 (0.050,
0.119)

0.095 (0.060, 0.129) 0.021 (-0.022,
0.063)

0.032 (-0.011, 0.074)

Abbreviations: CI, con�dence interval; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin;
HDL, high-density lipoprotein; LDL, low-density lipoprotein SBP, systolic blood pressure
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Table 3
Concordance of cardiometabolic risk factors among spouse pairs and random male-female pairs

  Spouse pairs

(Reported in our earlier study) [20]

Random male-female pairs

(Exact age-match of spouse
pairs)

  Crude odds
ratio (95%
CI)

Age-adjusted
odds ratio (95%
CI)

Crude odds
ratio (95%
CI)

Age-adjusted
odds ratio (95%
CI)

Smoking    

Current smokers (vs. non-
current smokers)

5.61 (4.33–
7.30)***

4.60 (3.52–
6.02)***

1.41 (1.05–
1.88) *

1.06 (0.78–1.43)

Ever smokers (vs. never
smokers)

2.39 (1.94–
2.98)***

2.56 (2.06–
3.20)***

0.97 (0.82–
1.15)

0.99 (0.83–1.18)

Alcohol drinking      

Current drinkers (vs. non-
current drinkers)

2.76 (2.30–
3.31)***

2.83 (2.39–
3.35)***

1.04 (0.88–
1.22)

0.94 (0.81–1.09)

Su�cient physical activity
(vs. insu�cient activity)

2.76 (2.28–
3.32)***

2.76 (2.28–
3.32)***

1.03 (0.83–
1.29)

0.97 (0.77–1.21)

Diseases      

Hypertension (vs. absence) 1.75 (1.54–
1.98)***

1.20 (1.05–
1.38)**

1.61 (1.41–
1.83) **

1.07 (0.93–1.23)

Type 2 diabetes (vs.
absence)

1.78 (1.29–
2.42)***

1.34 (0.96–1.83) 1.50 (1.07–
2.06) *

1.08 (0.77–1.50)

Metabolic syndrome (vs.
absence)

2.15 (1.85–
2.50)***

1.72 (1.47–
2.02)***

1.35 (1.17–
1.57) **

1.02 (0.88–1.20)

*P < 0.05, **P < 0.01, ***P < 0.001

Abbreviations: CI, con�dence interval

 

Continuous risk factors
For anthropometric traits, the age-adjusted correlation coe�cients ranged from − 0.007 (BMI) to 0.071
(TC) among random male-female pairs and from 0.073 (DBP) to 0.175 (height) among spouse pairs. For
anthropometric traits, spousal correlations were stronger than those among random male-female pairs.
Among spouse pairs, the correlations between body shape, including body weight, abdominal
circumference, and BMI were high. In contrast, these correlations were low among random male-female
pairs.
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Lifestyle factors
Regarding lifestyle habits, the crude OR (95% CI) for the logistic regression analysis was 1.41 (1.05 − 
1.88) for current smokers, which demonstrated concordance between random male-female pairs.
However, no signi�cant association was noted after adjusting for age. Among spouse pairs, there was a
strong spousal concordance for currently smoking (age-adjusted OR = 4.60). Moreover, there was a
similarity among spouses for changes in smoking habits, whereby, compared with never-smoking
husbands, ever smoking husbands were more likely to have an ever-smoking spouse (OR = 2.56). Further,
there were higher degrees of spousal concordance for current drinking and su�cient physical activity (OR 
= 2.83, and OR = 2.76, respectively).

Diseases
Regarding diseases, the crude ORs (95% CIs) for the logistic regression analyses were 1.61 (1.41 − 1.83)
for hypertension, 1.50 (1.07 − 2.06) for T2DM, and 1.35 (1.17 − 1.57) for metabolic syndrome, which
demonstrated concordance between random male-female pairs. However, no signi�cant associations
were noted after adjusting for age. In contrast, there were strong spousal concordances for hypertension
and metabolic syndrome among spouse pairs, with age-adjusted ORs (95% CIs) of 1.20 (1.05–1.38) and
1.72 (1.47 − 2.02), respectively. For diabetes, although the age-adjusted OR was as high as 1.34, no
signi�cant association was shown.

Discussion
In our previous study, there were similarities in several cardiometabolic risk factors among spouse pairs
[20]. Similarly, many previous studies have shown a high degree of statistically signi�cant similarities or
concordances among spouse pairs for cardiometabolic risk factors (anthropometric traits, lifestyle habits,
and diseases) [8–19]. This may be owing to environmental factors playing a greater role in spousal
similarities than genetic factors. Here, we hypothesized that, when using random male-female pairs rather
than spouse pairs, the similarities in cardiometabolic risk factors will be reduced. Using random male-
female pairs, we found few signi�cant similarities in cardiometabolic risk factors, including continuous
risk factors (anthropometric traits, blood indicators, blood pressure, HbA1c level, and lipid traits), lifestyle
habits (smoking, drinking, and physical activity) and diseases (hypertension, T2DM and metabolic
syndrome). These �ndings support our hypothesis that, when using random male-female rather than
spouse pairs, the similarities in cardiometabolic risk factors are reduced.

To our knowledge, this is the �rst study to explore and compare spouse pairs and random male-female
pairs. Furthermore, we used a large sample size of over 5,000 pairs to compare and determine
concordance for various circulatory and metabolic indicators (blood indicators, lifestyle-related factors,
and the prevalence of diseases). Regarding the anthropometric traits, blood indicators, blood pressure,
HbA1c level, and lipid traits (continuous variables, Table 2), the age-adjusted correlation coe�cients
among random male-female pairs were extremely low (-0.007 − 0.071); however, there was a statistically
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signi�cant association for TC (correlation coe�cient = 0.071). However, this �nding should be interpreted
with caution because it has low clinical signi�cance owing to the large number of participants.

After quantifying spousal concordance for cardiometabolic risk factors, it was suggested that prevention
interventions targeting spouse pairs rather than individuals may be more effective [27]. For example, in a
randomized controlled trial focusing on the weight loss effect of exercise training, both overweight
spouses achieved signi�cant weight loss [28]. Therefore, focusing on corrective intervention for lifestyle-
related factors, which are correctable factors, may improve test values and even prevent diseases.
Couples with unfavourable lifestyles may be able to correct their lifestyles and prevent illness by
competing with and encouraging each other. Since most couples of a similar age have similar health
statuses, it may be possible to prevent cardiometabolic-related diseases by actively encouraging one
another to attend health checks (primary prevention) and disease screenings (secondary prevention) [29–
31].

This study had some limitations. First, owing to the use of a cross-sectional study design, the timing of
new onset hypertension, diabetes, and hyperlipidaemia could not be determined. We only determined the
prevalence of cardiometabolic diseases. Thus, future studies should include non-symptomatic
participants at baseline and investigate the degree of concordance in new onset cardiometabolic
diseases among random male-female pairs during follow-up. Second, the male-female pairs in this study
were selected from spouse pairs. An unmarried status has been associated with an increased frequency
of unhealthy behaviour (especially in relation to smoking) and psychological issues (especially
depression) [32, 33]. Participants in this study who were married likely had higher physical and
psychological health levels compared with unmarried individuals. Regardless, in this study, the random
male-female pairs were selected from a healthy population and had few signi�cant similarities in
cardiometabolic risk factors. We hypothesized that, if unmarried individuals were included, even fewer
associations would exist. Third, participants who undergo health check-ups may have a higher-level
health consciousness than those who do not [34], which could have caused a volunteer bias in our study.
Fourth, for this study, we only targeted the general population in Japan. In our previous study, we
performed an analysis using large-scale biobank data from two facilities, one in Japan and the other in
the Netherlands. Spouse pairs showed similarities in several cardiometabolic risk factors at both the
facilities. As this was a single-centre study, the generalizability of the study �ndings is limited.

Conclusion
In this cross-sectional study, there were no similarities in cardiometabolic risk factors among random
male-female pairs. These �ndings support our hypothesis that, when using random male-female pairs
rather than spouse pairs, the similarities in cardiometabolic risk factors are reduced. As spouse pairs may
share environmental factors, intervention strategies that target lifestyle changes and lifestyle-related
disease prevention may be effective among spouse pairs.
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