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ABSTRACT
Purpose:  Socioeconomic status has been related to resting blood pressure (BP) levels at different 
stages of life. However, the association of childhood socioeconomic status (SES) and adulthood 
exercise BP is largely unknown. Therefore, we studied the association of childhood SES with 
adulthood maximal exercise BP.
Materials and methods: This investigation consisted of 373 individuals (53% women) participating 
in the Cardiovascular Risk in Young Finns Study who had data concerning family SES in childhood 
(baseline in 1980, at age of 6–18 years) and exercise BP response data in adulthood (follow-up in 
adulthood in 27–29 years since baseline). A maximal cardiopulmonary exercise test with BP 
measurements was performed by participants, and peak exercise BP was measured.
Results:  In stepwise multivariable analysis including childhood risk factors and lifestyle factors 
(body mass index, systolic BP, low-density lipoprotein cholesterol, high-density lipoprotein 
cholesterol, triglycerides, insulin, fruit consumption, vegetable consumption, and physical activity), 
lower family SES in childhood was associated with higher maximal exercise BP in adulthood (β 
value ± SE, 1.63 ± 0.77, p = 0.035). The association remained significant after further adjustment with 
participants SES in adulthood (β value ± SE, 1.68 ± 0.65, p = 0.011) and after further adjustment 
with adulthood body-mass index, systolic BP, maximal exercise capacity, and peak heart rate in 
exercise (β value ± SE, 1.25 ± 0.56, p = 0.027).
Conclusions:  These findings suggest that lower childhood family SES is associated with higher 
maximal exercise BP in adulthood.

PLAIN LANGUAGE SUMMARY
•	 Limited data are available about the association of childhood socioeconomic status and 

adulthood exercise blood pressure.
•	 We prospectively examined whether childhood socioeconomic status is associated with 

adulthood exercise blood pressure in 373 participants aged 6–18 years at baseline (1980) from 
the longitudinal Cardiovascular Risk in Young Finns cohort study.

•	 In multivariable analysis, including childhood cardiovascular risk factors and lifestyle factors, 
lower family socioeconomic status in childhood was associated with higher maximal exercise 
blood pressure in adulthood.

•	 The association remained significant after further adjustment with participants socioeconomic 
status in adulthood and also after further adjustment with adulthood body mass index, systolic 
blood pressure, maximal exercise capacity and peak heart rate in exercise.

•	 Low childhood socioeconomic status predicted also higher risk of exaggerated exercise blood 
pressure response in adulthood, although this finding was diluted to non-significant after 
adjustment with adulthood body mass index and systolic blood pressure.

•	 These findings suggest that lower childhood family socioeconomic status is associated with 
higher maximal exercise blood pressure in adulthood.
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Introduction

Hypertension is an important public health challenge, 
with an estimated cause of approximately 13% of 
deaths globally [1–3]. An exaggerated blood pressure 
(BP) response to exercise predicts future development 
of hypertension and the risk of cardiovascular dis-
eases and mortality [4–7], and even exercise systolic 
BP at moderate workload is linearly associated with 
coronary disease risk in healthy middle-aged men 
independently of resting BP [8]. Therefore, identifica-
tion of individuals at risk for adverse BP reaction to 
exercise and understanding determinants leading to 
excessive BP increase in exercise could be helpful in 
terms of achieving effective prevention.

Low parental socioeconomic position has been 
shown to be associated with higher BP from child-
hood to adulthood [9]. Early socioeconomic disad-
vantage influences later BP in part through BP in 
early life and in part through adulthood body mass 
index (BMI) [9].

Even though the association of low socioeconomic 
status (SES) and lifetime resting BP is well established, 
the association of childhood SES and adulthood exer-
cise BP remains largely unknown. Therefore, in this 
study, we sought to determine for the first time the 
association of childhood socioeconomic status (SES) 
with adulthood exercise BP in the Cardiovascular 
Risk in Young Finns Study.

Methods

Study population

The Cardiovascular Risk in Young Finns Study is an 
ongoing study of cardiovascular risk factors in Finland. 
The study design and protocol have been described in 
detail previously [10]. The first cross-sectional study 
was conducted in 1980 with 3,596 participants aged 
3–18 years. Several follow-up studies have been per-
formed since then. The fourth large follow-up was 
conducted in 2007, with a total of 2,204 participants. 
During the time period of 2008 to 2009, a cardiopul-
monary exercise test was performed on a total of 538 
participants at Tampere and Turku study centres. 
Participants with diabetes (n = 2), pregnant women 
(n = 2), patients with a self-reported hypertension 
medication (n = 21), participants with submaximal 
exercise output (n = 36), and participants with unde-
fined maximal oxygen uptake (n = 8) were excluded. 
In addition, participants aged 3 years in 1980 (n = 79) 
were not included in the analyses because BP mea-
surements were performed with an ultrasound device. 

17 participants had no available SES data from 1980. 
In total, 373 participants were included in this study. 
The study was conducted according to the guidelines 
of the Declaration of Helsinki, and the study was 
approved by local ethics committees (ETL-R07100). 
Informed written consent was obtained from all par-
ticipants or their closest relatives in the case of young-
est participants.

Classification of socioeconomic status

Annual income was considered as an indicator of SES 
in both childhood and adulthood. The values of 
annual family income in childhood were corrected for 
time. Annual income strata were determined on an 
8-point scale: at the time of enrolment from 1 
(<2,500€) to 8 (>16,800€) and in adulthood in 2007 
from 1 (<10,000€) to 8 (>70,000€). In sensitivity anal-
yses, we additionally defined childhood SES according 
to years of parental education [11–13].

Cardiopulmonary exercise test

Cardiopulmonary exercise was performed as described 
in detail previously [14]. Exercise tests were per-
formed in 2008 or 2009 on electronically braked 
cycle ergometers (Lode Corival 906900, Lode BV, 
Groningen, Netherlands) according to the American 
Thoracic Society guidelines and the American College 
of Chest Physicians Joint Statement on 
Cardiopulmonary Exercise Testing [15]. The partici-
pants performed an incremental test with 1-min 
intervals, until exhaustion limited maximal power 
output [14]. Otherwise, objective test termination cri-
teria were applied by the observers. Twelve-lead elec-
trocardiography (ECG) was recorded during the test 
(Corina ECG amplifier and CardioSoft acquisition 
software ver. 4.2, GE Medical Systems, Freiburg, 
Germany). Peak heart rate (HR) was obtained from 
the ECG data. Breath-by-breath measurements of 
oxygen uptake (VO2) and other respiratory parame-
ters were performed with computerised analysers 
(V-max 29 C, SensorMedics, Yorba Linda, CA, USA, 
and Jaeger Oxycon Pro, VIASYS Healthcare GmbH, 
Hoechberg, Germany). VO2peak was determined as 
the highest VO2 during the last 30 s of the test. 
Maximal metabolic equivalents (METs) were calcu-
lated by dividing the VO2peak by 3.5 [16]. A respira-
tory exchange ratio >1.10 was used to define maximal 
exercise. Peak SBP (expressed as mmHg) was mea-
sured with the cuff method by means of auscultation 
as close as possible to the end of exercise. BP 
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measurements were performed with the subject in a 
sitting position [14].

Clinical measurements and childhood and 
adulthood cardiovascular risk factors and 
adulthood health behaviours as covariates

In childhood and adulthood, height and weight were 
measured, and BMI was calculated as weight in kilo-
grams divided by height in metres squared. Standard 
methods were used to determine childhood and 
adulthood BP, high-density lipoprotein (HDL) choles-
terol, low-density lipoprotein (LDL) cholesterol, tri-
glycerides and insulin as previously described in detail 
[17–19]. Health behaviours included physical activity, 
and fruit and vegetable consumption. Physical activity 
index was calculated based on the evaluation of 
self-reported frequency and intensity of physical activ-
ity, frequency of vigorous physical activity, hours 
spent on vigorous physical activity, average duration 
of a physical activity session, and participation in 
organised physical activity. Information on dietary 
habits was obtained with a nonquantitative food fre-
quency questionnaire (FFQ). For subjects aged 6 to 
9 years, the data were requested from the parents, and 
at the ages of 12 to 18 years, study subjects were 
assisted by their parents when necessary. To examine 
the frequency of fruit and vegetable consumption, the 
subjects were asked to fill in a questionnaire on habit-
ual dietary choices for the past month with six 
response categories: 1 = daily, 2 = almost every day, 
3 = a couple of times per week, 4 = about once a week, 
5 = a couple of times per month, and 6 = more seldom. 
The response categories were converted into times of 
consumption per month (1→35; 2→25; 3→10; 4→4; 
5→2; 6→0) [20–22].

Statistical methods

The comparisons between groups were performed 
using age- and sex-adjusted linear regression analysis 
for continuous variables and χ2 tests for categorical 
variables. Sex × SES and age × SES interaction effects on 
peak exercise BP were tested, and there was no signif-
icant interaction. Therefore, the results are shown com-
bined. To study the independent effects of risk variables 
on adulthood maximal exercise BP, stepwise multivari-
able models were constructed. Association of childhood 
SES (β values are for a 1-unit decrease in family SES) 
and adulthood maximal exercise BP were performed 
using stepwise multivariable analysis. Model 1 included 
childhood risk factors (BMI, SBP, LDL cholesterol, 

HDL cholesterol, triglycerides, insulin, fruit consump-
tion, vegetable consumption, and physical activity 
index). Final model 1 consisted of age, sex, and SBP. 
Model 2 included model 1 plus participant’s own SES 
in adulthood. Model 3 included model 2 plus adult-
hood BMI, adulthood SBP, maximal METs, and peak 
HR. Logistic regression analysis was used to predict the 
adulthood exaggerated exercise BP response with child-
hood SES. Model 1 included age and sex as covariates 
and Model 2 included Model 1 plus peak exercise 
capacity (maximal METs) and peak HR. Model 3 
included Model 2 plus adulthood BMI and SBP. 
Exaggerated exercise BP definition was based on 
American Heart Association guidelines, which define 
exaggerated exercise BP during exercise testing as SBP 
> 210 mmHg for men and > 190 mmHg for women 
[19]. All analyses were performed with SPSS Statistics 
(release 29.0.0.0, IBM Corp.). Statistical significance 
was inferred at a 2-tailed p value of <0.05.

Results

The baseline and follow-up characteristics of the study 
subjects in 1980 and in 2007 by family socioeconomic 
status in adulthood are shown in Table 1. There was 
no difference in sex, age, SBP, LDL cholesterol, fasting 
insulin, vegetable consumption or physical activity 
index between SES groups in childhood. Those hav-
ing low family SES in childhood had lower annual 
family income (p < 0.001), had higher BMI (p = 0.004), 
lower HDL cholesterol (p = 0.002), higher triglycerides 
(p = 0.007) and lower fruit consumption frequency 
(p = 0.016) than those with high family SES in child-
hood. In adulthood, they had higher BMIs (p = 0.032), 
higher SBP (p = 0.008) and higher EEBP prevalence 
(p = 0.008). There was also a clear difference in peak 
SBP of the exercise test (p = 0.012), while peak HR 
did not differ between childhood family SES groups. 
VO2peak and maximal METs were lower in the low 
family SES group than in the high family SES group 
(p = 0.042 for both).

In stepwise multivariable analysis including child-
hood risk factors (BMI, SBP, LDL cholesterol, HDL 
cholesterol, triglycerides, insulin, fruit consumption, 
vegetable consumption, and physical activity index), 
lower family SES (β values are for a 1-unit decrease 
in family SES) in childhood was associated with 
higher maximal exercise BP in adulthood (β value ± SE, 
1.63 ± 0.77, p = 0.035) (Table 2). In sensitivity analyses 
that used parental educational years in place of family 
income as the indicator of childhood SES, the results 
were essentially similar (β value ± SE, 0.52 ± 0.22; 
p = 0.019). The association of lower family SES in 
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childhood with higher maximal exercise BP in adult-
hood remained significant after further adjustment 
with participants SES in adulthood (β value ± SE, 
1.68 ± 0.65, p = 0.011) and after further adjustment 
with adulthood BMI, SBP, maximal METs and peak 
HR in exercise (β value ± SE, 1.25 ± 0.56, p = 0.027) 
(Table 2).

In logistic regression analysis, low childhood SES 
predicted a higher risk of exaggerated exercise BP 
response in adulthood when adjusted with age and 
sex (1-point decrease in SES; OR = 1.15; 95% CI 
1.02–1.29, p = 0.018) and also after further adjustment 
with maximal METs and peak HR (1-point decrease 
in SES; OR 1.14; 1.01–1.28, p = 0.030). The association 
was diluted to non-significant after further adjustment 
with adult BMI and SBP (OR = 1.14; 95% CI 0.99–
1.32, p = 0.077).

Discussion

The current study showed that multivariable analysis 
including childhood cardiovascular risk factors and 
lifestyle factors, lower family SES in childhood was 
associated with higher maximal exercise BP in adult-
hood. The association remained significant even after 
further adjustment with participants SES in adulthood 
and also after further adjustment with adulthood 
BMI, SBP, maximal METs and peak HR in exercise. 
Low childhood SES predicted also higher risk of 
exaggerated exercise BP response in adulthood, 
although this finding was diluted to non-significant 
after adjustment with adult BMI and SBP.

Exaggerated exercise BP appears to be related with 
the development of hypertension [6,7], and increase 
the incidence of cardiovascular diseases and mortality 
[4]. High BP response to exercise appears to predict 
future development of hypertension in young athletes 
even after adjustment with resting BP [7], and exer-
cise systolic BP at moderate workload is linearly asso-
ciated with coronary disease risk in healthy 
middle-aged men independently of resting BP [8]. 
Therefore, understanding and modification of the life-
time determinants of exaggerated exercise BP response 
in adulthood may help in the prevention of adverse 
adulthood outcomes. The present findings expand 
current understanding of lifetime determinants of 
exercise BP response and highlight the significance of 
targeting preventive efforts, especially on children in 
low SES families, in the prevention of cardiovascular 
adverse outcomes.

Table 1.  Baseline and follow-up characteristics of study partic-
ipants according to family socioeconomic status in childhood.
Variable Low SES Mid SES High SES p Value

n (males/females) 79 (31/48) 210 (107/103) 84 (37/47) 0.634
Childhood
  Age, y 12.3 (4.4) 11.9 (4.0) 11.4 (4.1) 0.172
  Annual family 

income, 1000 €
15.0 (3.6) 33.4 (6.6) 57.6 (8.8) <0.001

  BMI, kg/m2 18.6 (3.2) 18.1 (3.0) 17.4 (2.8) 0.044
 S BP, mmHg 112 (12) 110 (10) 109 (11) 0.282
  HDL cholesterol, 

mmol/l
1.52 (0.29) 1.57 (0.32) 1.67 (0.3) 0.002

 LDL  cholesterol, 
mmol/l

3.48 (0.79) 3.29 (0.73) 3.40 (0.74) 0.315

  Triglycerides, 
mmol/l

0.69 
(0.53–
0.86)

0.60 
(0.44–
0.79)

0.53 
(0.41–
0.71)

0.007

  Fasting insulin, 
mU/l

10.8 (6.4) 10.4 (5.7) 9.5 (5.4) 0.429

  Fruit consumption, 
frequency/wk

6.2 (2.5) 6.8 (2.8) 7.3 (2.6) 0.016

  Vegetable 
consumption, 
frequency/wk

6.5 (2.7) 6.3 (3.0) 6.9 (2.5) 0.325

  Physical activity 
index, points

8.7 (1.7) 9.2 (1.9) 9.1 (1.7) 0.561

Adulthood
  Age, y 39.3 (4.4) 38.9 (4.0) 38.4 (4.2) 0.172
  BMI, kg/m2 25.6 (4.1) 26.3 (4.4) 24.2 (3.8) 0.032
 S BP, mmHg 116 (12) 117 (14) 111 (12) 0.008
Exercise test
  Peak SBP, mmHg 202 (27) 203 (27) 193 (25) 0.012
 EE BP prevalence, % 54.4 51.9 33.3 0.008
  Peak HR, 1/min 174 (12) 176 (13) 176 (13) 0.339
  Peak VO2, 

mL·kg−1·min−1
29.5 (7.6) 30.0 (8.5) 32.3 (7.9) 0.042

Maximal METs,
1 MET = 

3.5 mL*kg−1*min−1

8.4 (2.2) 8.6 (2.4) 9.2 (2.3) 0.042

Definition: Childhood family socioeconomic status was categorised as 
quintiles in three categories. Values are mean (SD) for continuous variables 
or median (25th–75th percentile) unless stated otherwise. p values are 
from comparisons between Low and High groups and were performed 
using age and sex adjusted linear regression analyses for continuous vari-
ables and and χ2 tests for categorical variables.
Abbreviations: BMI: body mass index; EEBP: exaggerated exercise blood 
pressure; HDL, high-density lipoprotein; HR: heart rate; LDL, low-density 
lipoprotein; METs: metabolic equivalents; SBP: systolic blood pressure; SES: 
socioeconomic status; and VO2: oxygen consumption.

Table 2.  Association of childhood SES on peak exercise sys-
tolic blood pressure.

Model 1

β Value ± SE (mmHg) p Value

SBP childhood 0.42 ± 0.13 <0.001
SES childhood 1.63 ± 0.77 0.035

Model 2

β Value ± SE (mmHg) p Value

SBP childhood 0.32 ± 0.12 0.010
SES childhood 1.68 ± 0.65 0.011

Model 3

β Value ± SE (mmHg) p Value

SBP adulthood 0.90 ± 0.08 <0.001
BMI adulthood 1.11 ± 0.27 <0.001
SES childhood 1.25 ± 0.56 0.027

Results are for age- and sex-adjusted linear regression, and statistically 
significant associations are presented. β values are for a 1-unit decrease in 
family SES. Results for model 1 are from stepwise multivariable analysis, 
including childhood risk factors (BMI, SBP, LDL cholesterol, HDL choles-
terol, triglycerides, insulin, fruit consumption, vegetable consumption and 
physical activity index). Final model 1 consisted of age, sex, and SBP. 
Model 2 included model 1 plus participant’s own SES in adulthood. Model 
3 included model 2 plus adulthood BMI, SBP, maximal METs, and peak HR. 
BMI indicates body mass index; HR, heart rate; METs, metabolic equiva-
lents; SBP, systolic blood pressure; and SES, socioeconomic status.
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In the current study, the association between child-
hood SES and adulthood exercise BP remained signif-
icant in the multivariable model, including several 
childhood cardiovascular risk factors and lifestyle fac-
tors, suggesting that other mediators at least partially 
underlie the association. Early socioeconomic disad-
vantage has been shown to influence adulthood rest-
ing BP, in part through BP in early life and in part 
through adulthood BMI [9]. In the present study, the 
association of childhood SES and exaggerated exercise 
BP responses diluted to non-significant after adjust-
ment with adult BMI and SBP, suggesting that adult-
hood BMI and SBP at least partially underlie this 
association. Interestingly, the association of childhood 
SES with maximal exercise BP value remained also 
after adulthood BMI and SBP, suggesting that other 
mechanisms at least partially mediated the associa-
tion. Since SES has been associated with levels of 
stress hormones [23], one potential pathophysiological 
mechanism behind the current finding could be 
stronger activation of neurohumoral sympathetic 
responses during exercise in participants with lower 
childhood SES, leading to higher BP in exercise. On 
the other hand, childhood SES has been found to pre-
dict arterial stiffness in adulthood [11]. Arterial stiff-
ness is associated with exercise pressure response in 
adulthood [24,25]. Thus, another pathophysiological 
link between the association of childhood SES and 
adulthood exercise BP could be changes in arterial 
stiffness mediating the effect of childhood BP on car-
diovascular reactivity in adulthood.

One of the strengths of the present work is that 
this study was based on a large randomly selected 
and well in baseline and in follow-up phenotyped 
cohort of young adults who were followed prospec-
tively for 27 years since childhood. Some limitations, 
however, need to be taken into consideration. The 
exercise test was performed on average 14 months 
later than the main follow-up visit. However, since 
the focus in the current study was on the association 
of childhood SES on adulthood exercise BP with a 
very long follow-up, this may not be a major limita-
tion. Although non-invasive BP measurement is the 
most useful method for exercise BP measurement, 
there remains uncertainty in the precise measurement 
of BP values during dynamic exercise. Additionally, 
the study cohort was homogenous ethnically, consist-
ing solely of white European subjects. Therefore, the 
results may not be directly generalisable to other pop-
ulations, and the findings should be confirmed in 
racially more mixed populations.

In conclusion, the current study showed that lower 
family SES in childhood was associated with higher 

maximal exercise BP in adulthood independently of 
childhood risk factors such as BMI, SBP, LDL choles-
terol, HDL cholesterol, triglycerides, insulin, fruit 
consumption, vegetable consumption and physical 
activity. The association remained significant after 
further adjustment with participants SES in adult-
hood and after further adjustment with adulthood 
BMI, SBP, maximal METs and peak HR in exercise. 
Furthermore, low childhood SES predicted higher 
risk of exaggerated exercise BP response in adult-
hood, although this finding was diluted to 
non-significant after adjustment with adulthood BMI 
and SBP. These findings help in the understanding of 
the role of childhood family SES as a lifetime deter-
minant of adulthood exercise BP response and 
through early lifestyle advice especially for children 
in low SES families may help in the prevention of 
adverse adulthood outcomes.
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