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Parental educational status 
independently predicts the risk 
of prevalent hypertension in young 
adults
Sang Heon Suh, Su Hyun Song, Hong Sang Choi, Chang Seong Kim, Eun Hui Bae, 
Seong Kwon Ma* & Soo Wan Kim*

Identification of individuals at risk of hypertension development based on socio-economic status 
have been inconclusive, due to variable definitions of low socio-economic status. We investigated 
whether educational status of individuals or their parents predicts prevalent hypertension in young 
adult population, by analyzing data of more than 37,000 non-institutionalized subjects from Korea 
National Health and Nutrition Examination Survey 2008 to 2017. Although low educational status of 
individual subjects was robustly associated with elevation of systolic blood pressure and increased 
prevalence of hypertension in general population, its impact on prevalent hypertension differed 
across age subgroups, and was remarkably attenuated in young adults. Parental educational status 
was significantly associated with prevalent hypertension in young adults, but not or only marginally 
in elderly population. Low parental educational status was also associated with high sodium intake 
in young adults, irrespective of subject’s own educational status. These collectively indicate that 
parental educational status, rather than individual’s own educational status, better and independently 
predicts prevalent hypertension in young adults, and that young adults with low parental educational 
status are prone to intake more sodium, possibly contributing to the increased risk of hypertension 
development. We expect that our findings could help define young individuals at risk of high sodium 
intake and hypertension.

Hypertension (HTN) is a potentially modifiable risk factor for cardiovascular  mortality1–3, and is related to the 
progression of chronic illness, such as chronic kidney disease (CKD)4. Given the significant impact of HTN on 
the overall clinical outcomes, HTN per se has been a target of numerous interventional  trials5–7. For a couple of 
decades, nevertheless, the incidence of HTN has been  plateaued2, or, with a growing number of older individuals, 
is increasing even in the developed  countries8. Moreover, the optimal management of HTN is compounded by 
several socio-economic  conditions2, which is best illustrated by the young individuals with  HTN9. The awareness 
of being hypertensive and the rate of blood pressure (BP) control in this population remain still poor, despite the 
remarkable improvement in the general  population2,8,9. The disparity in health care delivery for HTN manage-
ment, therefore, is yet to be overcome for such vulnerable populations.

Under-diagnosis of HTN in young subjects is an issue of particular medical importance. Previous cohort 
 studies10,11 proved that HTN increases risk of cardiovascular and all-cause mortalities also in young adults. The 
diagnosis and management of HTN in young adults should also be distinct from those of the elderly, since the 
prevalence of secondary HTN is relatively high in this  population12, although essential HTN is still the most 
common cause. Most importantly, the absence of evidence from randomized clinical trials on the benefit with 
pharmacologic interventions among the young hypertensive patients lead to a lack of recommendation for 
optimal BP management in this  population13, emphasizing the primary prevention of HTN in young subjects 
with high risk.

Identification of young individuals at risk of HTN development based on socio-economic status (SES) has 
been previously  reported14–17. Albeit the association of SES with HTN incidence has been suggested, a conclusive 
result has not been established yet, due to the lack of a consistent definition of SES that is variably assessed by 
educational status as well as income levels, marital status, and occupation of an  individual14–17. Rather, since 
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some of those factors are determined and only measurable later in adulthood, it is necessary that more simple 
and definitive criteria of high risk young individuals with HTN development should be presented. In this context, 
here we report low parental educational status as an independent risk factor of prevalent HTN in young adults, 
which is an essentially simple and pre-determined socio-economic condition. By analyzing a nation-wide survey 
data from more than 37,000 non-institutionalized subjects, we demonstrated that parental educational status 
better predicts the prevalence of HTN than the subject’s own educational status, especially in young adults.

Results
Baseline characteristics of study subjects by educational status. To address the baseline char-
acteristics according to educational status, study subjects were divided by educational years into 4 subgroups 
(Table 1). The mean age was significantly younger in the subjects with longer education years. The frequency of 
female subjects decreased as the educational duration increased. Parental educational status was significantly 
associated with education status of the study participants; in subjects with educational duration ≤ 6 years, more 
than 90 % of parents were educated for ≤ 6 years, while only less than 1 % of parents were educated for > 12 years. 
In subjects with educational duration > 12 years, 27.7% of parents were educated for ≤ 6 years, whereas 23.1% of 
parents were educated for > 12 years, suggesting that the educational attainments of parents and their offspring 
are roughly proportionate. The ratio of urban residence significantly increased with the educational duration 
of individual subjects. Urinary sodium excretion  (Na+/Cr) in random urine sample and estimated 24-h urine 
sodium was inversely related with subject’s educational duration. SBP, DBP, waist circumference (WC) and body 
mass index (BMI) were also inversely correlated with subject’s educational duration. Estimated glomerular fil-
tration rate (eGFR) were more preserved in subjects with longer educational years, although no clear trend was 
observed between the prevalence of proteinuria and the subject’s educational status. The prevalence of co-mor-
bid conditions, such as HTN, diabetes mellitus (DM), dyslipidemia, coronary artery disease, stroke, anemia, and 
history of smoking, was significantly higher in subjects with lower educational status. Collectively, these suggests 
that the educational status of individuals is closely related with their medical conditions.

Table 1.  Baseline characteristics of study subjects by educational status. Values for categorical variables are 
given as number (percentage); values for continuous variables, as mean ± standard deviation. P value by one-
way analysis of variance and χ2 test for continuous and categorical variables, respectively. GFR, estimated 
glomerular filtration rate.

Education years

 ≤ 6 7–9 10–12  > 12

Numbers 9129 4211 12,564 12,088

Age (years) 66.668 ± 9.275 58.076 ± 10.636 44.667 ± 15.153 41.872 ± 12.516  < 0.001

Female (%) 6289 (68.9) 2240 (53.2) 6509 (51.8) 5802 (48.08)  < 0.001

Urban residence (%) 3695 (40.5) 2121 (50.4) 6706 (53.4) 7258 (60.0)  < 0.001

Parental education years ≤ 12 (%)  < 0.001

 ≤ 6 6804 (91.1) 2947 (78.6) 5466 (45.5) 3305 (27.7)

7–9 353 (4.7) 428 (11.4) 2219 (17.3) 2064 (17.3)

10–12 256 (3.4) 297 (7.9) 2824 (23.5) 3816 (31.9)

 > 12 56 (0.7) 78 (2.1) 1507 (12.5) 2764 (23.1)

Urine chemistry

Random urine  Na+ (mEq/L) 126.672 ± 48.230 126.535 ± 49.690 121.151 ± 51.852 115.550 ± 50.988  < 0.001

Random urine Cr (mg/dL) 115.360 ± 64.727 130.784 ± 69.874 159.626 ± 89.487 168.258 ± 87.148  < 0.001

Random urine  Na+/Cr 1.453 ± 0.958 1.233 ± 0.783 0.994 ± 0.660 0.864 ± 0.563  < 0.001

Estimated 24-h urine  Na+ (g) 8.589 ± 2.193 8.562 ± 2.061 8.092 ± 2.055 7.814 ± 1.965  < 0.001

Systolic blood pressure (mmHg) 127.753 ± 17.585 122.437 ± 16.921 116.106 ± 15.872 112.963 ± 14.519  < 0.001

Diastolic blood pressure (mmHg) 75.117 ± 10.208 76.474 ± 10.251 75.300 ± 10.319 74.931 ± 10.281  < 0.001

Waist circumference (cm) 84.168 ± 9.253 83.502 ± 9.238 80.944 ± 10.058 80.412 ± 10.282  < 0.001

Body mass index (kg/m2) 24.264 ± 3.335 24.193 ± 3.182 23.677 ± 3.488 23.447 ± 3.440  < 0.001

eGFR (mL/min/1.73  m2) 81.187 ± 16.219 87.510 ± 16.014 96.252 ± 18.006 96.547 ± 16.835  < 0.001

Urine protein ≥ 1+ (%) 800 (8.8) 338 (8.0) 1172 (9.3) 976 (8.1) 0.002

Co-morbidities

Hypertension (%) 4993 (54.8) 1637 (38.9) 2863 (22.8) 2040 (16.9)  < 0.001

Diabetes (%) 1786 (20.2) 662 (16.1) 1071 (8.7) 650 (5.5)  < 0.001

Dyslipidemia (%) 1941 (38.9) 817 (34.0) 1358 (19.8) 987 (13.7)  < 0.001

Coronary artery disease (%) 470 (10.4) 163 (7.5) 203 (3.1) 136 (2.0)  < 0.001

Stroke (%) 415 (9.2) 137 (6.4) 167 (2.6) 70 (1.0)  < 0.001

Anemia (%) 1049 (11.6) 330 (7.9) 1051 (8.4) 843 (7.0)  < 0.001

History of smoking (%) 2819 (31.2) 1846 (44.0) 5309 (42.4) 4912 (40.7)  < 0.001
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The impact of educational status on prevalent HTN differs across age subgroups. To better 
characterize the impact of educational status on BP and prevalent HTN, since the gap in the mean age of subjects 
with the lowest and highest educational attainments was more than 20 years, the subjects were further stratified 
by their ages; 19–39 years, 40–59 years, and 60–80 years (Supplementary Table S1 online). The comparison of 
systolic blood pressure (SBP), diastolic blood pressure (DBP), and prevalent HTN in each subgroup revealed 
that SBP increased as educational duration decreased, regardless of age (Supplementary Table S2 online). DBP 
also peaked in subjects with education duration ≤ 6 years, except but in subgroups with age 60–80 years, where 
DBP peaked in subjects with educational duration 10–12 years. However, in subjects with age 19–39 years, the 
prevalence of HTN did not significantly differ by educational status, while in subjects with age 40–59 and age 
60–80 years, prevalence of HTN were inversely correlated with educational status.

To figure out whether educational status was independently associated with SBP and prevalent HTN, a series 
of regression models were analyzed. The analyses of entire subjects revealed that low educational status signifi-
cantly increases SBP and prevalence of HTN, even after adjustment of co-variates (Supplementary Tables S3 and 
S4 online). Similarly, in the analyses of subgroups stratified by age, low educational status was independently 
associated with increased SBP in all subgroups (Table 2). Conversely, the prevalence of HTN in subjects with age 
19–39 years was not significantly associated with their educational status, even though low educational status 
independently increased the prevalence of HTN in subgroups with age 40–59 and 60–80 years. The analysis of a 
restricted cubic spline model with adjustment of co-variates demonstrated the overall impact of an individual’s 
own educational status becomes more evident as the age increases (Figure S2). Taken together, despite the 
robust association in general population, the impact of educational status on prevalent HTN differed across age 
subgroups, and was remarkably attenuated in young adults.

Parental educational status independently predicts prevalent HTN in young adults. Pursu-
ing a socio-economic factor that predicts the risk of prevalent HTN in young adults, we focused on the role of 
parental educational status (Supplementary Table S5 online), as we hypothesized that the parental educational 
status might be critical for the socio-economic environment during childhood and juvenile periods of the sub-
ject, contributing to the formation of health behavior thereafter. In contrast to the educational status of study 
subjects, the educational status of parents significantly altered SBP, DBP, and prevalence of HTN in all age sub-
groups (Table 3). To validate independent associations of parental educational status with SBP and prevalent 
HTN, co-variates including the educational status of study subjects were adjusted in regression analyses, which 
revealed that low parental educational status was not independently associated either with SBP or with prevalent 
HTN (Supplementary Tables S6 and S7 online). Intriguingly, the association between low parental educational 
status and prevalent HTN was seen before adjustment with educational status of study subjects, but turned to 
be not significant after adjustment with the co-variate. As the impact of educational status on prevalent HTN 
differed across age subgroups (Table 2), the subgroups were analyzed to test age-specific impact of parental edu-
cational attainment on SBP or prevalent HTN (Table 4), where parental educational status was independently 
associated with both SBP and prevalent HTN in the subjects with age 19–39 years. Parental educational status 
was not independently associated with SBP in analyses of subjects with age 40–59 and age 60–80 years. The asso-
ciation of parental educational status and prevalent HTN was not significant in the analysis of subjects with age 
40–59 years, and was only marginally significant (P = 0.049) in the analysis of subjects with age 60–80 years. To 
summarize, low parental educational status independently predicted elevated SBP and prevalent HTN specifi-
cally in young adults, although its association with SPB or prevalent HTN was much weaker in general popula-

Table 2.  Impact of low educational status on SBP and prevalent HTN in the subgroups stratified by age. 
Model 1, unadjusted. Model 2, adjusted for age and sex. Model 3, model 2 + adjusted for co-morbidities (high 
body mass index, high waist circumference, diabetes, dyslipidemia, coronary artery disease, stroke, and 
history of smoking). Model 4, model 3 + adjusted for eGFR and proteinuria). CI, confidence interval; HTN, 
hypertension; SBP, systolic blood pressure.

SBP

Model 1 Model 2 Model 3 Model 4

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Age, 19–39 years 1.385 (0.727, 
2.042)  < 0.001 1.114 (0.483, 

1.746) 0.001 0.803 (0.194, 
1.413) 0.010 0.830 (0.219, 

1.440) 0.008

Age, 40–59 years 3.845 (3.128, 
4.562)  < 0.001 2.954 (2.224, 

3.685)  < 0.001 2.438 (1.723, 
3.152)  < 0.001 2.400 (1.681, 

3.118)  < 0.001

Age, 60–80 years 3.698 (2.414, 
4.981)  < 0.001 2.198 (0.890, 

3.489) 0.001 2.003 (0.699, 
3.307) 0.003 1.915 (0.611, 

3.220) 0.004

Prevalent HTN
Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Age, 19–39 years 0.923 (0.789, 
1.080) 0.317 1.112 (0.944, 

1.311) 0.205 1.021 (0.792, 
1.316) 0.874 1.033 (0.801, 

1.332) 0.805

Age, 40–59 years 1.457 (1.343, 
1.581)  < 0.001 1.304 (1.195, 

1.424)  < 0.001 1.261 (1.112, 
1.431)  < 0.001 1.263 (1.112, 

1.433)  < 0.001

Age, 60–80 years 1.346 (1.197, 
1.514)  < 0.001 1.177 (1.042, 

1.330) 0.009 1.200 (1.018, 
1.413) 0.029 1.199 (1.017, 

1.413) 0.030
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tion. No significant association between low parental educational status and SBP was observed in the subgroups 
stratified by a number of variables, such as sex, WC, BMI, and history of DM, dyslipidemia, stroke, or CKD 
(Table 5).

Low parental educational status is associated with high sodium intake in young adults. To 
unveil the mechanism linking the parental educational status and prevalent HTN in young adults, we com-
pared urine sodium excretion of the subjects (Fig. 1), as evidences so far indicate an essential role of excess 
sodium intake in the development of  HTN5–7,18,19.  Na+/Cr in random urine and estimated 24-h urine sodium 
increased as the subject ages increase.  Na+/Cr in random urine and estimated 24-h urine sodium significantly 
differ according to parental educational status in the subjects with age 19–39 years and, to a less degree, in the 
subjects with age 40–59 years, which finding was remarkably blunted in subjects with age 60–80 years. Although 
the association between low parental educational attainment and random urine  Na+/Cr was significant before 
adjustment with educational status of study subjects, but was no more valid after adjustment with the co-variate 
in the regression analysis of the entire study subjects (Supplementary Table S8 online), while subgroup analyses 
demonstrated that parental educational status was independently associated with increased random urine  Na+/

Table 3.  Comparison of SBP, DBP, and prevalent HTN according to parental educational status in subgroups 
stratified by age. Values for categorical variables are given as number (percentage); values for continuous 
variables, as mean ± standard deviation. aP < 0.05, bP < 0.001 vs. subjects with parental education year ≤ 6; 
cP < 0.05; dP < 0.01 vs. subjects with parental education year 7–9; eP < 0.01 vs. subjects with parental education 
year 10–12 by one-Way ANOVA with Tukey’s multiple comparison test. fP value by Pearson Chi-square test. 
DBP, diastolic blood pressure; HTN, hypertension; SBP, systolic blood pressure.

Parental education (years)

 ≤ 6 7–9 10–12  > 12 P value

Age, 19–39 years

SBP (mmHg) 109.904 ± 12.339 109.572 ± 12.548 109.592 ± 12.127 108.427 ± 11.362b,c,e

DBP (mmHg) 73.244 ± 10.118 72.946 ± 10.533 72.905 ± 9.946 72.068 ± 9.124b,c,e

Prevalent HTN 147 (7.6) 138 (7.4) 259 (6.2) 117 (4.5)

Age, 40–59 years

SBP (mmHg) 118.652 ± 16.105 116.15.866b 115.586 ± 15.154b 115.016 ± 15.154b,d  < 0.001

DBP (mmHg) 77.967 ± 10.286 77.803 ± 10.467 77.420 ± 10.361 77.301 ± 10.549 0.042

Prevalent HTN 2166 (28.0) 553 (23.2) 494 (21.2) 316 (23.7)  < 0.001f

Age, 60–80 years

SBP (mmHg) 128.013 ± 17.452 126.776 ± 16.391 126.345 ± 16.217 125.739 ± 17.832a 0.002

DBP (mmHg) 74.332 ± 9.980 74.784 ± 9.337 75.242 ± 9.892 75.069 ± 9.082 0.044

Prevalent HTN 5041 (57.0) 446 (55.5) 376 (57.6) 215 (48.0) 0.002f

Table 4.  Impact of low parental educational status on SBP and prevalent HTN in the subgroups stratified by 
age. Model 1, unadjusted. Model 2, adjusted for age and sex. Model 3, model 2 + adjusted for co− morbidities 
(high body mass index, high waist circumference, diabetes, dyslipidemia, coronary artery disease, stroke, and 
history of smoking). Model 4, model 3 + adjusted for eGFR and proteinuria). Model 5, model 4 + adjusted 
for educational status of individual subjects. CI, confidence interval; HTN, hypertension; SBP, systolic blood 
pressure.

SBP

Model 1 Model 2 Model 3 Model 4 Model 5

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Age, 19–39 years 1.363 (0.645, 
2.081)  < 0.001 1.205 (0.540, 

1.870)  < 0.001 0.861 (0.223, 
1.498) 0.008 0.863 (0.225, 

1.500) 0.008 0.803 (0.164, 
1.442) 0.014

Age, 40–59 years 2.433 (1.273, 
3.593)  < 0.001 1.468 (0.344, 

2.591) 0.010 1.017 (− 0.074, 
2.108) 0.068 0.993 (− 0.098, 

2.085) 0.074 0.131 (− 0.994, 
1.255) 0.820

Age, 60–80 years 2.875 (0.844, 
4.906)  < 0.001 1.906 (− 0.106, 

3.918) 0.063 1.746 (− 0.265, 
3.757) 0.089 1.730 (− 0.279, 

3.740) 0.091 0.990 (− 1.091, 
3.071) 0.351

Prevalent HTN
Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI) P value

Odds ratio 
(95%CI)

P 
value

Age, 19–39 years 1.558 (1.269, 
1.912)  < 0.001 1.261 (1.019, 

1.560) 0.033 1.427 (1.054, 
1.934) 0.022 1.436 (1.060, 

1.946) 0.019 1.442 (1.064, 
1.956) 0.018

Age, 40–59 years 1.123 (0.983, 
1.282) 0.087 0.980 (0.855, 

1.124) 0.776 0.928 (0.765, 
1.125) 0.445 0.851 (0.697, 

1.039) 0.113 0.851 (0.697, 
1.039) 0.113

Age, 60–80 years 1.434 (1.186, 
1.733)  < 0.001 1.278 (1.055, 

1.549) 0.012 1.369 (1.061, 
1.767) 0.016 1.370 (1.06, 1.769) 0.16 1.304 (1.001, 

1.699) 0.049
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Cr in subjects with age 19–39 years, irrespective of subject’s own educational status, but not in subjects with age 
40–59 or with age 60–80 years (Table 6). Therefore, these suggest that low parental educational status is associ-
ated with sodium intake in young adults, possibly contributing to the increased risk of HTN development.

Discussion
In the present study, we discovered that low parental educational status predicts prevalent HTN in young adults, 
but not in the middle-aged and elderly population. Although educational status of individual subjects is robustly 
associated with increases SBP and prevalence of HTN in general population, its impact on prevalent HTN dif-
fers across age subgroups, and is remarkably attenuated in young adults. Low parental educational status is also 
associated with high sodium intake in young adults, irrespective of subject’s own educational status, possibly 
contributing to the increased risk of HTN development.

Of noticeable finding in this study is that the association between low parental attainment and HTN (Sup-
plementary Table S7 online) or between low parental attainment and high dietary sodium intake (Supplementary 

Table 5.  Impact of low parental educational status and SBP in various subgroups stratified by other than age. 
Models were adjusted for age, sex, co-morbidities (high body mass index, high waist circumference, diabetes, 
dyslipidemia, coronary artery disease, stroke, and history of smoking), estimated glomerular filtration rate, 
proteinuria, and educational status of individual subjects. BMI, body mass index; CI, confidence interval; 
CKD, chronic kidney disease; WC, waist circumference.

Coefficients (95%CI) P value

Sex

Male 0.271 (− 0.655, 1.197) 0.566

Female − 0.244 (− 1.120, 0.631) 0.584

WC

 ≥ 90 cm for male, ≥ 80 cm for female − 0.275 (− 1.010, 0.461) 0.464

 < 90 cm for male, < 80 cm for female 0.069 (− 1.185, 1.322) 0.914

BMI

 ≥ 25 kg/m2 − 0.394 (− 1.146, 0.358) 0.304

 < 25 kg/m2 0.272 (− 0.934, 1.478) 0.658

History of diabetes

Yes 2.865 (− 0.019, 5.749) 0.052

No − 0.211 (− 0.866, 0.443) 0.527

History of dyslipidemia

Yes 1.979 (− 0.216, 4.175) 0.077

No − 0.138 (− 0.805, 0.529) 0.684

History of stroke

Yes 3.147 (− 6.543, 12.836) 0.523

No 0.013 (− 0.630, 0.655) 0.969

History of CKD

Yes 1.453 (− 0.739, 3.644) 0.194

No − 0.056 (− 0.724, 0.613) 0.870

Figure 1.  Comparison of urine sodium excretion by educational attainment and age. Error bars mean standard 
deviation. *P < 0.05, †P < 0.01, ‡P < 0.001 vs. subjects with parental education year ≤ 6; §P < 0.05, ||P < 0.001 vs. 
subjects with parental education year 7–9; ¶P < 0.001 vs. subjects with parental education year 10–12 by one-Way 
ANOVA with Tukey’s multiple comparison test.
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Table S8 online) is only significant before adjustment with subject’s own educational status in general population, 
suggesting that the impact of parental educational attainment on HTN and dietary sodium intake is substantially 
overcome by educational status of individual subjects. The analyses of subgroups stratified by ages also revealed 
that the effect of parental educational status on BP (Table 3) and dietary sodium intake (Table 4) was much 
clearly observed in the young adults, and was no more or only marginally valid in the subgroups with age > 40. 
These are in line with the previous studies of HTN in childhood and adolescent periods, where elevated BP 
was consistently associated with parental educational  attainment20–22, but not with grandparental educational 
 attainment23,24 in this population, collectively suggesting that, as the age increases, the role of parental education 
status as a ‘socio-economic legacy’ fade away, and that the educational status of individual subjects emerges to 
dominantly determine lifestyle and health behavior.

An observational study including 498 adolescent participants previously reported that the effect of parental 
education on BMI, lipid profiles, and SBP during young adulthood was statistically significant, but was no more 
significant after adjusting for participants’ own  education25. The result may seem slightly contradictory to our 
findings, since the cross-sectional analyses of more than 37,000 participants in the current study demonstrated 
that low educational attainment of parents is still a risk factor for high salt intake and HTN in young adults even 
after adjusting for educational status of individual study subjects. We, however, also observed that, with aging, 
the role of the individual’s own educational status predominates in HTN prevalence and dietary sodium intake. 
(Tables 3 and 4). Therefore, findings both from the previous and current studies commonly emphasize that 
educated individuals would be less likely to develop HTN.

The mechanism how educational status is biologically transduced into HTN development is still elusive. 
A previous study indicated the BP in early life of the subjects with low parental educational attainment might 
track into  adulthood26, while the rationale for elevated BP during childhood and adolescent period is lacking. 
Another study proved that the educational status of the young individual subjects overcomes the impact of 
parental educational attainment on  BP25, although the biological explanation to link parental educational status 
and HTN development was not presented. In this regard, we hypothesized the contribution of sodium intake to 
HTN development in relation to educational status of individual subjects and their parents. Indeed, it has been 
believed that high sodium intake is closely linked to HTN development. Experimental evidences demonstrated 
that high dietary salt inhibits normal function of vascular endothelial cells to reduce nitric oxide synthesis and 
promote arterial  stiffness18, leading to the elevation of BP. Cross sectional analysis of clinical data revealed that 
the excess amount of daily sodium intake is associated with poor BP control  rate19. Most importantly, inter-
ventional studies to restrict dietary sodium intake alone or along with body weight reduction have proved the 
benefits in SBP and DBP  control5–7. We demonstrated that random urine  Na+/Cr is significantly associated with 
parental educational status specifically in young adults (Table 4), proving the hypothesis that high sodium intake 
of the young individuals with low parental educational status contributes to HTN development. Nevertheless, 
our results do not exclude the possible role of other factors in the development of HTN of individuals with low 
parental educational status, and the precise mechanism should be further clarified to more delicately guide the 
prevention of HTN in the vulnerable population.

In conclusion, we report that parental educational status, rather than individual’s own educational status, 
better and independently predicts prevalent HTN in young adults, and that young adults with low parental 
educational status are prone to intake more sodium, possibly contributing to the increased risk of HTN develop-
ment. Particular concerns are required for young hypertensive subjects, as the delivery optimal medical care is 
compounded in this population. We, therefore, expect that our findings could help define young individuals at 
risk of high sodium intake and HTN development.

Methods
Study design and participants. The Korea National Health and Nutrition Examination Survey 
(KNHANES) is a nationwide population-based cross-sectional study of the health and nutritional status of the 
noninstitutionalized Korean population. It consists of a health questionnaire, physical/laboratory examinations, 
and nutrition survey. The present study analyzed data obtained from KNHANES 2008 to 2017 (Figure S1 in 
Supplemental Data), because the measurement of urine sodium and creatinine has been included in the data 
since 2008. Written informed consent was obtained from each participant in KNHANES at the time of enroll-

Table 6.  Impact of low parental educational status on random urine  Na+/Cr in the subgroups stratified by 
age. Model 1, unadjusted. Model 2, adjusted for age and sex. Model 3, model 2 + adjusted for co-morbidities 
(high body mass index, high waist circumference, diabetes, dyslipidemia, coronary artery disease, stroke, and 
history of smoking). Model 4, model 3 + adjusted for eGFR and proteinuria). Model 5, model 4 + adjusted for 
educational status of individual subjects. CI, confidence interval.

Model 1 Model 2 Model 3 Model 4 Model 5

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Coefficients 
(95%CIs) P value

Age, 19–39 years 0.647 (0.623, 0.671)  < 0.001 0.036 (0.007, 0.065)  < 0.001 0.035 (0.006, 0.065) 0.018 0.033 (0.005, 0.062) 0.021 0.030 (0.001, 0.058) 0.042

Age, 40–59 years 0.088 (0.044, 0.132)  < 0.001 0.052 (0.010, 0.095) 0.016 0.050 (0.007, 0.092) 0.022 0.040 (− 0.002, 
0.082) 0.059 0.010 (− 0.033, 

0.053) 0.652

Age, 60–80 years 0.135 (0.036, 0.234) 0.008 0.110 (0.014, 0.207) 0.029 0.108 (0.011, 0.205) 0.029 0.107 (0.012, 0.203) 0.027 0.088 (− 0.011, 
0.187) 0.082
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ment. Of 85,036 participants in the health questionnaire and physical/laboratory examination of KNHANES 
2008 to 2017, those who are less than 19 years old, pregnant, or lacking one of the following information were 
excluded (n = 47,044): SBP and DBP, urine sodium and creatinine measurement, serum creatinine measurement, 
dip stick urine protein in subjects with eGFR ≥ 60 mL/min/1.73 m2, or educational attainment of the subject and 
parents. Finally, 37,992 participants were included in analyses. This study protocol was approved by the Institu-
tional Review Board of Chonnam National University Hospital (CNUH-EXP-2019-294), and was conducted in 
accordance with the Declaration of Helsinki and its later amendments or comparable ethical standards.

Anthropometric and laboratory data. Trained medical staff performed physical examinations follow-
ing standardized procedures. BP was measured manually 3 times at 30-s intervals after a minimum of 5 min of 
rest in a seated position and recorded as the average value of the 2nd and 3rd measurements. Blood samples were 
collected after at least an 8-h fast, properly processed, immediately refrigerated, and transported in cold storage 
to the central laboratory (Neodin Medical Institute, Seoul, Korea) within 24 h. eGFR was calculated from serum 
creatinine level using the CKD-Epidemiology Collaboration  equation27. Urine sodium and creatinine concen-
tration were determined in random urine specimen. Proteinuria was defined as albuminuria (≥  1+) determined 
by dipstick urine test.

Demographic and clinical characteristics. Educational status was dichotomized into high and low both 
in the subjects and in their parents, where education year > 12 was considered as  high20, and education year ≤ 12 
was considered as relatively low. The highest among paternal and maternal educational attainment was deter-
mined as parental educational attainment. Smoking was dichotomized as current/former smoker or non-smok-
ers. BMI ≥ 25 kg/m2 was defined as high. WC ≥ 90 cm in men or ≥ 80 cm in women was defined as high. HTN 
was defined as SBP  ≥ 140 mmHg, DBP ≥ 90 mm Hg, or use of anti-hypertensive medication. DM was defined as 
serum fasting glucose level ≥ 126 mg/dL, use of antidiabetic medicine, or a physician diagnosis of diabetes mel-
litus. Anemia was defined as hemoglobin level < 13 g/dL for men and < 12 g/dL for women. History of coronary 
artery disease including angina pectoris and acute myocardial infarction, stroke, and dyslipidemia was defined 
either by self-report or physician diagnosis. CKD was defined as the presence of proteinuria or eGFR < 60 mL/
min/1.73  m228.

Estimation of daily sodium intake from random urine specimen. To evaluate daily sodium intake, 
instead 24-h urine  collection29,30, 24-h urinary sodium excretion was estimated from the sodium and creatinine 
of random urine samples according to the following  equation31: 24-h urinary  Na+ excretion (mEq/day) = 21.98 × 
 UNa/UCr × [–2.04 × Age + 14.89 × Weight (kg) + 16.14 × Height (cm) – 2244.45]0.392, where  UNa and  UCr indicate 
sodium concentration (mEq/L) and creatinine concentration (mg/dl) in the spot urine, respectively. Since the 
correlation with 24-h urinary sodium excretion has been  validated32, the ratio of sodium to creatinine  (Na+/Cr) 
in random urine specimen was also calculated.

Statistical analysis. Data are presented as the mean ± standard deviation for continuous variables, and as 
number, or percent for categorical variables. To compare the difference in the baseline characteristics according 
to educational status of individuals and their parents, one-way analysis of variance and χ2 test were used for 
continuous and categorical variables, respectively. The association between educational attainments of the sub-
jects or their parents and BP, prevalence of HTN, or urinary sodium excretion was investigated by multivariate 
logistic regression methods adjusting for indicated variables in each table. A restricted cubic spline model with 
adjustment of indicated variables was analyzed to delineate the association between age and the risk of HTN 
by the individual subject’s educational status. Statistical analyses were performed with SPSS (version 20.0; SPSS 
Inc). P < 0.05 was considered statistically significant.

Received: 16 April 2020; Accepted: 18 January 2021

References
 1. Laugesen, E. et al. Invasively measured aortic systolic blood pressure and office systolic blood pressure in cardiovascular risk 

assessment: A prospective cohort study. Hypertension 68, 768–774. https ://doi.org/10.1161/HYPER TENSI ONAHA .116.07495  
(2016).

 2. Egan, B. M., Zhao, Y. & Axon, R. N. US trends in prevalence, awareness, treatment, and control of hypertension, 1988–2008. JAMA 
303, 2043–2050. https ://doi.org/10.1001/jama.2010.650 (2010).

 3. Fan, J.-H. et al. Longitudinal change in blood pressure is associated with cardiovascular disease mortality in a Chinese cohort. 
Heart 104, 1764–1771. https ://doi.org/10.1136/heart jnl-2017-31285 0 (2018).

 4. Go, A. S., Chertow, G. M., Fan, D., McCulloch, C. E. & Hsu, C.-Y. Chronic kidney disease and the risks of death, cardiovascular 
events, and hospitalization. N. Engl. J. Med. 351, 1296–1305. https ://doi.org/10.1056/NEJMo a0410 31 (2004).

 5. The Trials of Hypertension Prevention. Effects of weight loss and sodium reduction intervention on blood pressure and hyper-
tension incidence in overweight people with high-normal blood pressure, phase II. Arch. Intern. Med. 157, 657–667. https ://doi.
org/10.1001/archi nte.1997.00440 27010 5009 (1997).

 6. Kumanyika, S. K. et al. Sodium reduction for hypertension prevention in overweight adults: Further results from the Trials of 
Hypertension Prevention Phase II. J. Hum. Hypertens. 19, 33–45. https ://doi.org/10.1038/sj.jhh.10017 74 (2005).

 7. Li, N. et al. The effects of a community-based sodium reduction program in rural China—A cluster-randomized trial. PLoS ONE 
11, e0166620. https ://doi.org/10.1371/journ al.pone.01666 20 (2016).

https://doi.org/10.1161/HYPERTENSIONAHA.116.07495
https://doi.org/10.1001/jama.2010.650
https://doi.org/10.1136/heartjnl-2017-312850
https://doi.org/10.1056/NEJMoa041031
https://doi.org/10.1001/archinte.1997.00440270105009
https://doi.org/10.1001/archinte.1997.00440270105009
https://doi.org/10.1038/sj.jhh.1001774
https://doi.org/10.1371/journal.pone.0166620


8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:3698  | https://doi.org/10.1038/s41598-021-83205-0

www.nature.com/scientificreports/

 8. Kang, S. H. et al. Prevalence, awareness, treatment, and control of hypertension in Korea. Sci. Rep. 9, 10970. https ://doi.org/10.1038/
s4159 8-019-46965 -4 (2019).

 9. Johnson, H. M. et al. Undiagnosed hypertension among young adults with regular primary care use. J. Hypertens. 32, 65–74. https 
://doi.org/10.1097/HJH.00000 00000 00000 8 (2014).

 10. Yano, Y. et al. Isolated systolic hypertension in young and middle-aged adults and 31-year risk for cardiovascular mortality: 
The Chicago Heart Association Detection Project in Industry study. J. Am. Coll. Cardiol. 65, 327–335. https ://doi.org/10.1016/j.
jacc.2014.10.060 (2015).

 11. Miura, K. et al. Relationship of blood pressure to 25-year mortality due to coronary heart disease, cardiovascular diseases, and 
all causes in young adult men: The Chicago Heart Association Detection Project in Industry. Arch. Intern. Med. 161, 1501–1508. 
https ://doi.org/10.1001/archi nte.161.12.1501 (2001).

 12. Camelli, S. et al. LB01.11: Prevalence of secondary hypertension in young hypertensive adults. J. Hypertens. 33, e47. https ://doi.
org/10.1097/01.hjh.00004 67473 .21331 .70 (2015).

 13. Liakos, C. I., Grassos, C. A. & Babalis, D. K. 2013 ESH/ESC guidelines for the management of arterial hypertension: What has 
changed in daily clinical practice?. High Blood Press. Cardiovasc. Prev. 22, 43–53. https ://doi.org/10.1007/s4029 2-014-0071-2 (2015).

 14. Leng, B., Jin, Y., Li, G., Chen, L. & Jin, N. Socioeconomic status and hypertension: A meta-analysis. J. Hypertens. 33, 221–229. 
https ://doi.org/10.1097/HJH.00000 00000 00042 8 (2015).

 15. Yamashita, M. et al. Association between socioeconomic factors and urinary sodium-to-potassium ratio: The Nagahama Study. 
Hypertens. Res. 41, 973–980. https ://doi.org/10.1038/s4144 0-018-0101-x (2018).

 16. de Mestral, C. et al. Socioeconomic determinants of sodium intake in adult populations of high-income countries: A systematic 
review and meta-analysis. Am. J. Public Health 107, e1–e12. https ://doi.org/10.2105/AJPH.2016.30362 9 (2017).

 17. Blane, D. et al. Association of cardiovascular disease risk factors with socioeconomic position during childhood and during adult-
hood. BMJ 313, 1434–1438. https ://doi.org/10.1136/bmj.313.7070.1434 (1996).

 18. Edwards, D. G. & Farquhar, W. B. Vascular effects of dietary salt. Curr. Opin. Nephrol. Hypertens. 24, 8–13. https ://doi.org/10.1097/
MNH.00000 00000 00008 9 (2015).

 19. Lee, J. et al. A higher salt intake leads to a lower rate of adequate blood pressure control. J. Korean Med. Sci. 29(Suppl 2), S103-108. 
https ://doi.org/10.3346/jkms.2014.29.S2.S103 (2014).

 20. Bouthoorn, S. H. et al. Maternal educational level and blood pressure, aortic stiffness, cardiovascular structure and functioning 
in childhood: The generation R study. Am. J. Hypertens. 27, 89–98. https ://doi.org/10.1093/ajh/hpt18 0 (2014).

 21. Howe, L. D., Lawlor, D. A. & Propper, C. Trajectories of socioeconomic inequalities in health, behaviours and academic achieve-
ment across childhood and adolescence. J. Epidemiol. Community Health 67, 358–364. https ://doi.org/10.1136/jech-2012-20189 
2 (2013).

 22. van den Berg, G., van Eijsden, M., Galindo-Garre, F., Vrijkotte, T. G. & Gemke, R. J. Explaining socioeconomic inequalities in 
childhood blood pressure and prehypertension: The ABCD study. Hypertension 61, 35–41. https ://doi.org/10.1161/HYPER TENSI 
ONAHA .111.00106  (2013).

 23. Kwok, M. K., Schooling, C. M., Leung, G. M. & Subramanian, S. V. Grandparental education, parental education and adolescent 
blood pressure. Prev. Med. 90, 59–65. https ://doi.org/10.1016/j.ypmed .2016.06.015 (2016).

 24. Kwok, M. K., Schooling, C. M., Subramanian, S. V., Leung, G. M. & Kawachi, I. Pathways from parental educational attainment 
to adolescent blood pressure. J. Hypertens. 34, 1787–1795. https ://doi.org/10.1097/HJH.00000 00000 00100 3 (2016).

 25. Kvaavik, E., Glymour, M., Klepp, K. I., Tell, G. S. & Batty, G. D. Parental education as a predictor of offspring behavioural and 
physiological cardiovascular disease risk factors. Eur. J. Public Health 22, 544–550. https ://doi.org/10.1093/eurpu b/ckr10 6 (2012).

 26. Kivimäki, M. et al. Early socioeconomic position and blood pressure in childhood and adulthood. Hypertension 47, 39–44. https 
://doi.org/10.1161/01.HYP.00001 96682 .43723 .8a (2006).

 27. Levey, A. S. et al. A new equation to estimate glomerular filtration rate. Ann. Intern. Med. 150, 604–612. https ://doi.
org/10.7326/0003-4819-150-9-20090 5050-00006  (2009).

 28. Suh, S. H. et al. Chronic kidney disease attenuates the impact of obesity on quality of life. Sci. Rep. 10, 2375. https ://doi.org/10.1038/
s4159 8-020-59382 -9 (2020).

 29. Kawasaki, T., Itoh, K., Uezono, K. & Sasaki, H. A simple method for estimating 24 h urinary sodium and potassium excretion from 
second morning voiding urine specimen in adults. Clin. Exp. Pharmacol. Physiol. 20, 7–14. https ://doi.org/10.1111/j.1440-1681.1993.
tb014 96.x (1993).

 30. Group, T. I. C.-O. R. An international co-operative study on the relation of blood pressure to electrolyte excretion in populations. 
I. Design and methods. J. Hypertens. 4, 781–787 (1986).

 31. Tanaka, T. et al. A simple method to estimate populational 24-h urinary sodium and potassium excretion using a casual urine 
specimen. J. Hum. Hypertens. 16, 97–103. https ://doi.org/10.1038/sj.jhh.10013 07 (2002).

 32. Kim, J. G., Han, S. W., Yi, J. H., Park, H. C. & Han, S. Y. Development of objective indicators for quantitative analysis of sodium 
intake: The sodium to potassium ratio of second-void urine is correlated with 24-hour urinary sodium excretion. Nutr. Res. Pract. 
14, 25–31. https ://doi.org/10.4162/nrp.2020.14.1.25 (2020).

Acknowledgements
This research was supported by the Bio & Medical Development Program of the National Research Foundation 
(NRF) funded by the Korean government (MSIT) (2017M3A9E8023001) and by a grant of the Korea Health 
Technology R&D Project through the Korea Health Industry Development Institute (KHIDI) funded by the 
Ministry of Health & Welfare, Republic of Korea (Grant number: HI18C0331, HR20C0021).

Author contributions
Conceptualization, S.H.S.; data curation, S.H.S.; formal analysis, S.H.S., S.H.Song, H.S.C., C.S.K.; funding acqui-
sition, S.W.K.; methodology, S.H.Song, E.H.B.; project administration, S.K.M., S.W.K.; supervision, S.K.M., 
S.W.K.; writing-original draft, S.H.S.; writing-review and editing; S.H.S., H.S.C., C.S.K., E.H.B., S.K.M., S.W.K.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https ://doi.
org/10.1038/s4159 8-021-83205 -0.

Correspondence and requests for materials should be addressed to S.K.M. or S.W.K.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1038/s41598-019-46965-4
https://doi.org/10.1038/s41598-019-46965-4
https://doi.org/10.1097/HJH.0000000000000008
https://doi.org/10.1097/HJH.0000000000000008
https://doi.org/10.1016/j.jacc.2014.10.060
https://doi.org/10.1016/j.jacc.2014.10.060
https://doi.org/10.1001/archinte.161.12.1501
https://doi.org/10.1097/01.hjh.0000467473.21331.70
https://doi.org/10.1097/01.hjh.0000467473.21331.70
https://doi.org/10.1007/s40292-014-0071-2
https://doi.org/10.1097/HJH.0000000000000428
https://doi.org/10.1038/s41440-018-0101-x
https://doi.org/10.2105/AJPH.2016.303629
https://doi.org/10.1136/bmj.313.7070.1434
https://doi.org/10.1097/MNH.0000000000000089
https://doi.org/10.1097/MNH.0000000000000089
https://doi.org/10.3346/jkms.2014.29.S2.S103
https://doi.org/10.1093/ajh/hpt180
https://doi.org/10.1136/jech-2012-201892
https://doi.org/10.1136/jech-2012-201892
https://doi.org/10.1161/HYPERTENSIONAHA.111.00106
https://doi.org/10.1161/HYPERTENSIONAHA.111.00106
https://doi.org/10.1016/j.ypmed.2016.06.015
https://doi.org/10.1097/HJH.0000000000001003
https://doi.org/10.1093/eurpub/ckr106
https://doi.org/10.1161/01.HYP.0000196682.43723.8a
https://doi.org/10.1161/01.HYP.0000196682.43723.8a
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.1038/s41598-020-59382-9
https://doi.org/10.1038/s41598-020-59382-9
https://doi.org/10.1111/j.1440-1681.1993.tb01496.x
https://doi.org/10.1111/j.1440-1681.1993.tb01496.x
https://doi.org/10.1038/sj.jhh.1001307
https://doi.org/10.4162/nrp.2020.14.1.25
https://doi.org/10.1038/s41598-021-83205-0
https://doi.org/10.1038/s41598-021-83205-0
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:3698  | https://doi.org/10.1038/s41598-021-83205-0

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

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 Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Parental educational status independently predicts the risk of prevalent hypertension in young adults
	Results
	Baseline characteristics of study subjects by educational status. 
	The impact of educational status on prevalent HTN differs across age subgroups. 
	Parental educational status independently predicts prevalent HTN in young adults. 
	Low parental educational status is associated with high sodium intake in young adults. 

	Discussion
	Methods
	Study design and participants. 
	Anthropometric and laboratory data. 
	Demographic and clinical characteristics. 
	Estimation of daily sodium intake from random urine specimen. 
	Statistical analysis. 

	References
	Acknowledgements


