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ABSTRACT

BACKGROUND In middle-aged and elderly populations, circulating natriuretic peptide
concentrations are negatively associated with several components of the metabolic syndrome.
Whether these negative associations are also present in healthy adolescents and young adults
from the general population are unknown.

METHODS In a cross-sectional setting, we measured plasma concentrations of mid-regional
pro-atrial natriuretic peptide (MR-proANP) in 343 adolescents (age 14-16 years) and 616
young adults (age 20-28 years) from the Danish site of the European Youth Heart Study,
which is a population-based study of cardiovascular disease risk factors in children,
adolescents and young adults. We used linear regression analysis to examine the associations,
expressed as standardized regression coefficients, of various variables of interest with MR-
proANP stratified according to age group, adjusting for age and gender.

RESULTS Among the young adults, MR-proANP was negatively associated with body mass
index (BMI) ($=-0.10, P=0.02), waist circumference (WC) (5=-0.14, P<0.001), systolic blood
pressure (BP) (=-0.08, P=0.03), diastolic BP ($=-0.23, P<0.001), insulin (=-0.15, P<0.001),
and triglycerides (5=-0.14, P<0.001). Among the adolescents a somehow different pattern was
observed since MR-proANP was not significantly associated with BMI (5=-0.00, P=0.98), WC
(5=-0.01, P=0.90) and insulin ($=-0.02, P=0.69). Nevertheless, among the adolescents, MR-
proANP was negatively associated with triglycerides (f=-0.13, P=0.01), diastolic BP (5=-0.12,
P=0.01) and systolic BP (=-0.10, P=0.10), although the latter association was of borderline
significance.

CONCLUSIONS The young adults displayed significant negative associations between MR-
proANP and several components of the metabolic syndrome, whereas such associations were

not found among the adolescents besides triglycerides and diastolic BP.



INTRODUCTION

The cardiac natriuretic peptides (NPs), atrial NP (ANP) and B-type NP (BNP), have diuretic,
natriuretic and vasodilatory properties, and are thought to play a major role in blood pressure
(BP) regulation.}2 Overweight is a major determinant of hypertension.3 During the last
decade, it has become clear that overweight adults have lower than expected circulating NP
concentrations, and therefore it has been proposed that the lower amount of circulating NPs,
resulting in diminished diuresis, natriuresis and vasodilation, could be involved in the
pathogenesis of overweight-related hypertension.3# The mechanisms underlying the relative
NP deficiency in overweight adults are not fully understood, but estimates of insulin
resistance (IR) and components belonging to the metabolic syndrome, such as higher body
mass index (BMI), larger waist circumference (WC) and hypertriglyceridemia, have been
found to be associated with lower circulating NP concentrations.3- In the same period, it has
also become clear that the NPs are involved in the regulation of lipolysis and lipid oxidation,
and therefore it has been proposed that there is an important cardio-metabolic crosstalk
between the endocrine heart, adipose tissue and muscle, and that this cross-talk could be
disrupted in overweight-related diseases.3*

Little is known about circulating NP concentrations in relation to anthropometric and
metabolic parameters as well as BP in healthy adolescents and young adults (<30 years old)
from the general population, although such relationships have been widely studied in
community-based middle-aged and elderly persons (>40 years old).>-72 Therefore, we studied
a large sample of adolescents and young adults from the Danish site of the European Youth
Heart Study (EYHS), which is an international population-based study of cardiovascular
disease (CVD) risk factors in children, adolescents and young adults.1011 The EYHS includes

standardised BP measurements, anthropometric measurements, such as BMI and WC,



measurements of lipids, insulin and glucose, and a bio-bank, enabling us to measure plasma
concentrations of mid-regional pro-atrial NP (MR-proANP), a stable proANP fragment. MR-
proANP measurement essentially seems to match that of the related proBNP with one major
difference: circulating MR-proANP concentrations are much higher than that of proBNP-
related peptides in non-cardiac patients and thus allow for accurate and reliable information

on decreased concentrations compared with reference individuals.12

METHODS
Study population

This study is a cross-sectional study using Danish EYHS data.l! A detailed description of the
EYHS protocol has been reported elsewhere.1? In 2009-2010, random samples of 709 14-16
year-old healthy adolescents, 469 20-22 year-old healthy adults and 658 26-28 year-old
healthy adults were invited to take part in the Danish part of the study. The participation rate
was 59% (n=399) for the adolescents and 46% (n=650) for the young adults. Exclusion
criteria were pregnancy (n=12), diabetes (n=3) and non-fasting (n=32), leaving 959
individuals for the study. In the case of missing data, these were handled with the pairwise
deletion technique, which involves deleting a case when it is missing a variable required for a
particular analysis, but including that case in analyses for which all required variables are
present. Because of this, total number varies in the various models. In analyses assessing IR,
expressed by the Homeostatic Model Assessment 2 for IR (HOMAZ2-IR),13 we excluded, as
prescribed, individuals with fasting glucose concentrations outside the range of 3.5-25.0
mmol/L and with fasting insulin concentrations outside the range of 20-400 pmol/L (n=3
glucose <3.5 mmol/L, n=0 glucose >25.0 mmol/L, n=83 insulin <20 pmol/L and n=2 insulin >

400 pmol/L), leaving 873 individuals for the IR analyses. We performed age-group stratified



analyses because this would enable us to identify changes in the strength of the various
associations with increasing age. The study was approved by the Regional Scientific Ethical
Committee for Southern Denmark, and data were collected according to the Declaration of

Helsinki. All participants gave their written informed consent.

Anthropometry and maturity

Weight, height, and WC were measured while the participants were wearing light clothing,
without shoes. WC was measured midway between the lower rib margin and the iliac crest at
the end of gentle expiration. BMI was calculated as weight (kg)/height? (m?). Pubertal status
was assessed according to Tanner,1# as described elsewhere.1> Maturity stage among the
adolescents was almost exclusively stage 3, 4 and 5, thus, we collapsed maturity to a 3-point

ordinal variable (Tanner 2-3, Tanner 4 and Tanner 5).

Blood measurements

Venous blood samples were drawn in the morning after at least 8 hours of fasting. Plasma
concentrations of MR-proANP were measured with a commercially available sandwich
chemiluminescence immunoassay (Thermo-Fisher, MA, USA) with intra-assay and inter-assay
coefficients of variation below 2% and 6%, respectively, and a lower detection limit of 4.5
pmol/L. Glucose, high-density lipoprotein (HDL), total cholesterol, low-density lipoprotein
(LDL) cholesterol and triglyceride concentrations were measured by standard methods using
a Olympus AU600 random access analyser. Insulin was analysed using an enzyme

immunoassay (microtiter plate format - Dako Diagnostics, Ely, U.K.).

BP measurements



BP was measured with participants in the upright sitting position after resting for 5 min,
using a Dinamap monitor (Dinamap model XL- Kivex/Critikron, Tampa, FL, USA). Five
measurements were conducted with 2 min intervals between each, and the mean of the last
three measurements was used. The Dinamap monitor has previously been validated in
children and adolescents against direct radial artery readings (mean error 0.24 mmHg

systolic (S) BP and 1.28 mmHg diastolic (D) BP).16

Statistical analysis

All statistical analyses were performed in STATA 13.0 (STATA Corporation, College Station,
TX, US). Normally distributed continuous data are presented as mean#standard deviation
(SD) and non-normally distributed continuous data as median (interquartile range).
Categorical data are presented as frequency percent. Group comparisons were performed
using t-test for continuous data and chi-squared test for categorical data. To fulfil the model
assumptions of the t-test, non-normally distributed variables (MR-proANP, triglycerides,
insulin and HOMAZ2-IR) had to be log-transformed prior to group comparisons. Linear
regression was used to examine the associations, expressed as standardized regression
coefficients, of various variables of interest with MR-proANP stratified according to age group,
adjusting for age and gender. In the regression models, non-normally distributed variables
(MR-proANP, triglycerides, insulin and HOMAZ2-IR) had to be log-transformed to fulfil the
model assumptions of linear regression. Furthermore, we specifically looked for age-group
dependent MR-proANP interactions All statistical tests were 2-sided, and a P-value <0.05 was

considered significant.

RESULTS



General characteristics of the study population are presented in Table 1. A few of these
results have been published previously in a paper reporting the effect of gender and pubertal
stage on circulating MR-proANP concentrations in adolescents.1> As expected, our study
subjects had overall normal BP and lipids.

Among the adolescents, males were significantly older, heavier and taller compared with
females (P<0.01), but there were no significant gender differences in BMI and WC (P>0.09).
Males had higher SBP but lower DBP compared with females, and they had lower LDL
cholesterol (P<0.01). Regarding metabolic variables, males had higher glucose concentrations,
but, despite higher SBP, they had lower plasma concentrations of MR-proANP (36.4 pmol/L
(30.4-44.7) vs. 42.2 pmol/L (32.0-50.2), P<0.01), whereas there were no significant gender
differences in insulin concentrations and HOMA2-IR (P>0.13).

In the adult group, males were taller, heavier, had higher BMI and larger WC compared with
females (P<0.01). They had higher SBP and DBP, and they had lower HDL cholesterol
(P<0.01). Concerning metabolic variables, males had higher glucose concentrations (P<0.01)
but lower insulin concentrations (P<0.01) and lower degree of IR (P<0.05), and, despite
higher SBP, they had lower plasma concentrations of MR-proANP (41.5 pmol/L (32.9-53.0)
vs. 52.5 pmol/L (43.1-67.7), P<0.01).

With respect to gender differences between age groups, adult females were heavier, had
higher BMI and larger WC compared with adolescent females (P<0.05). They also had higher
DBP, but not higher SBP, and they had higher lipid concentrations (P<0.05). Regarding
metabolic variables, the adult females had higher glucose concentrations and higher plasma
concentrations of MR-proANP but lower insulin concentrations and lower degree of IR
compared with adolescent females (P<0.05). Regarding differences between adolescent males

and adult males, adult males were taller, heavier, had higher BMI and larger WC (P<0.05).



They had higher BP and higher triglyceride and LDL cholesterol concentrations (p<0.05).
Regard metabolic variables, adult males had higher glucose concentrations and higher plasma
concentrations of MR-proANP, but lower insulin concentrations and degree of IR (P<0.05).

Table 2 summarizes linear regression-based associations of plasma MR-proANP with
variables of interest. Among the adolescents, all anthropometric, hemodynamic, lipid (except
for HDL cholesterol) and metabolic variables were negatively associated with MR-proABP, but
the strength of the associations only reached statistical significance regarding triglycerides
and DBP (P<0.04). Nevertheless, the strength of the association between SBP and MR-proANP
was borderline significant (P=0.10). Among the adults, all anthropometric, hemodynamic,
lipid (except for HDL cholesterol) and metabolic variables were negatively associated with
MR-proANP, and the strength of the associations reached statistical significance for all
variables except for glucose (P=0.16). Numerically, 9 of the 10 variables showed stronger
associations among the adults compared with the adolescents, and for BMI, WC, DBP and
HDL-cholesterol, the strength of the associations were statistically significant different
between the age groups, as reflected by a P<0.05 in the interaction analyses.

Finally, associations of SBP and DBP with variables of interest are displayed in Table 3 and 4
to document that the expected associations between anthropometric and metabolic variables

and BP were also found in our study population.

Sensitivity analysis

Adjusting for Tanner stage did not materially change any of the relationships with MR-

proANP among the adolescents (data not shown).

DISCUSSION



This study is the first to have measured plasma MR-proANP in a large sample of adolescents
and young adults from the general population. Among the adolescents, the well-described
negative relationships between the NPs and BMI, WC, insulin and estimates of IR seen later in
life were not present.3-° In contrast, among the young adults, all these well-described
relationships were present. The only significant metabolic relationship found among the
adolescents was a negative relationship between plasma MR-proANP and triglycerides. This
relationship was also present in the young adults in whom plasma MR-proANP was also
positively associated with HDL-cholesterol. Furthermore, we found that in both study groups
plasma MR-proANP were negatively associated with DBP and in the adult study group also
with SBP. Finally, based on our interaction analyses, the strength of the relationships between
MR-proANP and BMI, WC and DBP were significantly stronger among the young adults
compared with the adolescents. Thus our study, although cross-sectional, may provide some
understanding about changes in circulating NP concentrations with changes in

anthropometry and BP over time.

NPs in children and adolescents

Several smaller studies (n<150), almost all hospital-based,17-23 have studied the relationships
between NPs and anthropometry, metabolism and BP in children and adolescents. The studies
are heterogeneous, and the results are conflicting. Most studies measured proBNP-related
peptides which in non-cardiac patients circulate in much lower concentrations than that of
proANP-related peptides, thus making it difficult to obtain accurate and reliable information
on decreased concentrations compared with reference individuals.12

In a Greek study, from an obesity clinic, involving 47 girls and 49 boys, aged 10-16 years,

without cardiac, hepatic and renal diseases, plasma NT-proBNP concentrations did not
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correlate with BMI neither in girls nor in boys, although the obese boys, despite higher SBP
(119.7£19.1 vs. 106.5+13.1 mm Hg, P<0.001), had non-significantly lower plasma NT-proBNP
concentrations (31.4 8+14.3 pg/mL vs. 46.9 8+33.9 pg/mL) compared with the normal weight
boys.17 One could have expected that the higher SBP would have been associated with higher
plasma NT-proBNP concentrations.! Furthermore, plasma NT-proBNP concentrations did not
correlate with SBP and DBP neither in girls nor in boys, although among the obese boys
plasma NT-proBNP concentrations correlated significantly with SBP (r=0.45, P=0.03).17 Ina
second report from the same population,!8 focusing further on metabolic relationships,
plasma NT-proBNP concentrations correlated negatively with HDL-cholesterol (r=-0.36,
P=0.03) in boys, a finding in contrast with our findings, whereas no significant correlations
were found between plasma NT-proBNP and glucose, insulin, HOMA index, cholesterol and
triglycerides. In these studies, no further adjusted analyses or interaction analyses were
reported.

In an Italian study, performed in a hospital setting, 29 obese adolescents without cardiac
dysfunction, mean age 11.8+0.4 years, mean BMI 29.8 0.82 kg/m?2, were found to have lower
plasma BNP concentrations (18.8+2.6 vs 36.9+5.5 pg/mL, P=0.003) compared with reference
values specific for Italian children and adolescents.1? In that study, no information regarding
BNP and BP were provided, but among the 29 obese adolescents BNP was reported to
correlated with glycaemia (r=0.33, P<0.05), HDL-cholesterol (r=0.4, P=0.029) and
triglycerides (r=0.5, P=0.005). However, in another Italian study from the same group, also
from a hospital setting, involving 82 children and adolescents, mean age 12.8+2.4 years, of
whom 27 were normal weight, 10 overweight and 45 obese, no significant differences were

found in circulating concentrations of NT-proBNP or MR-proANP among the 3 groups. This
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result did not change after further adjustment for age and sex.2% Also in this study, no BP data
was provided.2°

In a Turkish study, done in a hospital setting, including 50 obese children and 20 age- and
sex-matched healthy normal weight control children, mean age around 10 years, the obese
children had significantly higher plasma NT-proBNP concentrations (109.25£48.53 vs.
51.96%22.36 pg/mL, P=0.001) compared with the normal weight children.2! In that study,
plasma NT-proBNP concentrations were not associated with BP, although the obese children
had higher SBP and DBP compared with the normal weight children.2! In another Turkish
study, also from a hospital setting, involving 68 obese children and 35 healthy controls
matched for age and sex, no significant difference was found in plasma NT-proBNP
concentrations (56.9+32.9 vs. 53+40.1 pg/mlL, P=0.46) between the 2 groups, although the
obese children had significantly higher SBP (12015 vs. 1069 mm Hg, P=0.001).22
Furthermore, no differences were found in plasma NT-proBNP concentrations when the study
population was subdivided according to presence of the metabolic syndrome, hypertension or
IR.

In a Chinese study, involving 114 children and adolescents, 32% females, with a median age
of 10.8 years, who were enrolled because of habitual snoring and symptoms suggestive of
obstructive sleep apnoea, stepwise multiple regression analysis identified BMI z-score as the
only factor significantly (and negatively) associated with ANP and BNP.23 In this context, it is
worth noting that the Chinese children and adolescents, who based on z-score were defined to
be obese, had higher BP and lower plasma concentrations of ANP and BNP compared with the
non-obese Chinese children and adolescents.23

Among 138 children and adolescents, age 5 to 17 years, 55% females, recruited as part of a

population-based genetic study from 3 remote villages in southern Italy, BMI was not
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associated with Nt-proBNP (r=0.003, P=0.97) in univariate analysis, whereas WC was (r=-
0.30, P<0.001).24 In that study, no BP measurements were reported, and after adjustment for

age, only age was associated with Nt-proBNP.24

NPs and BP

The relationship between circulating NP concentrations and BP is complex and non-linear. It
is well-established that hypertensive patients with severe hypertension and signs of
hypertensive heart disease with enlargement of the left ventricle or the left atrium have
increased circulating concentrations of NPs.25-30 However, several studies,3! including genetic
studies,3233 have shown that NPs in the high normal range are associated with lower BP and
lower risk of hypertension. Our data confirms this observation. Thus, in our healthy
adolescents and young adults from the general population, higher circulating MR-proANP
concentrations were associated with lower BP. This suggests that a low amount of circulating

NPs could play a role in the early stages of hypertension development.34-36

NP and age

In this study, the young adults had higher circulating MR-proANP concentrations compared
with the adolescents. In this context it is worthy of note that a study from the Framingham
Heart study, consisting of a healthy reference sample of 911 subjects (mean age 55 years,
62% women) who were free of hypertension, valvular disease, diabetes, atrial fibrillation,
obesity, coronary heart disease, congestive heart failure, and renal failure, and who had
normal left ventricular systolic function, showed that the strongest predictors of higher
natriuretic peptide levels were older age and female sex.37 Why our young adults had higher

circulating MR-proANP concentrations is not exactly clear, because between the 2 age groups,
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significant differences were found both in factors expected to be associated with lower and
higher circulating NP concentrations, respectively Thus, the young adults had higher BM],
larger WC and hypertriglyceridemia, factors expected to be associated with lower circulating
NP concentrations, but they also had lower insulin levels and lower degree of IR, elements
expected to be associated with higher circulating NP concentrations. Clearly more research is

needed in this area.

Strengths and limitations

The strengths of this study are its large sample size (although the participation rate was
modest), its community-based nature and its measurement of a proANP-related peptide,
because in the normal heart, it is predominantly ANP not BNP that is released in response to
normal physiological stimuli.12 [t is a limitation of this study that we have no measurements of
factors, for example sodium intake and body composition, that could have affected our MR-
proANP results.1.2.3839 [t is also a limitation that we have no follow-up data, because in a
prospective population-based study, higher circulating concentrations of MR-proANP was

associated with lower prevalence of IR at follow-up 16.5 years later.40

Conclusions

In this study, among healthy young adults from the general population, we found basically
the same relationships between a NP-related peptide and anthropometry, metabolism and BP
as found in several other studies including community-based middle-aged and elderly
persons.3-%37-39, However, among healthy adolescents from the general population, we only
found relationships between a NR-related peptide and triglycerides and DBP. Nevertheless,

our results do support the view that lower circulating concentrations of NPs could play a role
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in the early stages of hypertension development. Future prospective studies are needed to
track changes in circulating NP concentrations with changes in anthropometry, metabolism

and BP from childhood to adolescents and from adolescents to adulthood.
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Table 1. General characteristics of the participants stratified by age group and gender

Variables

Demographic

Age, years

Occasional or regular smoking

(%)

Frequency of alcohol intake,
once/month or more often (%)

Anthropometric
Height, cm

Weight, kg

BMI, kg/m?2

Waist circumference, cm
Hemodynamic

Systolic BP, mmHg
Diastolic BP, mmHg
Lipid

Triglycerides, mmol/L
HDL cholesterol, mmol/L
LDL cholesterol, mmol /L
Metabolic and cardiac
Glucose, mmol/L

Insulin, pmol/L

HOMAZ2-IR, units

MR-proANP, pmol/L

Adolescents, n=335-343

Female,
n=187-191

15.6x0.36
28.2%

64.4%

166.5+6.5
58.8+9.5
21.2+3.2
71.9+7.3

109.6+9.9
62.9+6.3

0.9 (0.6-1.3)
1.30.3
2.4%0.6

4.8+0.5

50.4 (37.1-
66.3)

1.5 (1.1-
2.2)

42.2 (32.0-
50.2)

Male,
n=148-152

15.7+0.41"
24.7%

63.2%

177.0£7.1"

65.0+10.7
20.7+3.1
73.3+8.7

116.8+11.4"
60.4+6.3"

0.8 (0.6-1.1)
1.240.3
2.2+0.6"

5.0+0.4"

46.5 (34.5-
61.5)

1.5 (1.2-2.0)

36.4 (30.4-
44.7)"

Young Adults, n=611-616

Female,
n=319-322

24.1£3.0f
22.8%

70.9

167.1+6.7
66.1+12.2F
23.7+4.3t

77.1£9.8f

110.5+£8.7
68.9+7.61

1.1 (0.8-1.4)t
1.5+0.3
2.7+0.8t

4,9+0.41

44.0 (32.9-
61.1)t

1.4 (1.1-2.0)t

52.5 (43.1-
67.7)t

Male,
n=292-294

24.4+3.01
32.4%"

87.0

180.9+6.8"t

81.4+14.4"
24.8+3.9

84.5+10.7"t

120.0 9.8t
70.6+8.3"

1.1 (0.8-1.4)t
1.240.3°
2.7+0.7t

5.2+0.4"t

33.7 (23.9-
50.1)"t

1.3 (1.0-
1.8)t

41.5 (32.9-
53.0)"
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Tanner

Post pubertal?, (%) 85 88 - -

Data are presented as mean +SD or median (interquartile range) or percent frequency. BMI: body
mass index, BP: blood pressure, HDL: high-density lipoprotein, LDL: low-density lipoprotein, HOMA2-
IR: homeostasis model assessment of insulin resistance, MR-proANP: mid-regional pro-atrial
natriuretic peptide. @aTanner stage 4 and 5. *Difference between gender P<0.01. tDifference within

gender between age group P<0.05. *Difference between gender P<0.05.
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Table 2. Linear regression-based associations of serum MR-proANP with variables of

interest stratified by age group

Variables

BM], kg/m?2

Waist
circumference,
cm

Systolic BP,
mmHg

Diastolic BP,
mmHg

Triglycerides,
mmol/L

HDL cholesterol,
mmol/L

LDL cholesterol,
mmol/L
Glucose, mmol/L

Insulin, pmol/L

HOMAZ2-IR, units

Adolescents, n=335-

343

Standardized beta
or odds ratio

(95% CI)

-0.001 (-0.09-
0.09)

-0.01 (-0.09-
0.08)

-0.10 (-0.21-
0.02)

-0.12 (-0.21- -
0.03)

-0.13 (-0.24- -
0.01)

0.03 (-0.08-0.14)

-0.08 (-0.17-
0.02)

-0.04 (-0.16-
0.08)

-0.02 (-0.13-
0.09)

-0.03 (-0.14-
0.07)

P

0.98

0.90

0.10

0.01

0.03

0.57

0.14

0.50

0.69

0.56

Young Adults, n=611-

616

Standardized beta
or odds ratio

(95% CI)

-0.10 (-0.19- -
0.02)

-0.14 (-0.22- -
0.06)

-0.08 (-0.16~ -
0.01)

-0.23 (-0.31- -
0.15)

-0.14 (-0.22- -
0.06)

0.17 (0.09- 0.25)

-0.11 (-0.20- -
0.02)

-0.06 (-0.14-
0.02)

-0.15 (-0.24- -
0.07)

-0.10 (-0.18--0.03

P

0.02

<0.001

0.03

<0.001

<0.001

<0.001

0.01

0.16

<0.001

0.01

MR-proANP
interaction

0.04

0.003

0.92

0.01

0.82

0.002

0.50

0.49

0.24

0.26

P for age-group by

All data are and adjusted for age and gender. BMI: body mass index, BP: blood pressure, HDL: high-

density lipoprotein, LDL: low-density lipoprotein, HOMA2-IR: homeostasis model assessment of

insulin resistance, MR-proANP: mid-regional pro-atrial natriuretic peptide.
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Table 3. Linear regression-based associations of variables of interest with systolic

blood pressure stratified by age group

Variables Adolescents, n=335- Young Adults, n=611-
343 616
Standardized P Standardized P P for age-group by
beta (95% CI) beta (95% CI) variable of interest
interaction
BM]I, kg/m?2 0.43 (0.30- <0.001 0.27 (0.21- <0.001 0.02
0.56) 0.34)
Waist 0.43 (0.29- <0.001 0.27 (0.20- <0.001 0.03
circumference, 0.56) 0.34)
cm
Triglycerides, 0.16 (0.05- 0.005 0.24 (0.17- <0.001 0.23
mmol/L 0.26) 0.31)
HDL cholesterol, -0.03 (-0.14- 0.64 -0.03 (-0.10- 0.45 0.72
mmol/L 0.09) 0.04)
LDL cholesterol, 0.20 (0.07- 0.002 0.10 (0.03- 0.005 0.08
mmol/L 0.32) 0.16)
Glucose, mmol /L 0.07 (-0.04- 0.20 0.17 (0.10- <0.001 0.03
0.18) 0.24)
Insulin, pmol/L 0.16 (0.05- 0.004 0.24 (0.18- <0.001 0.29
0.27) 0.31)
HOMAZ2-IR, units 0.16 (0.04- 0.01 0.25 (0.17- <0.001 0.18
0.28) 0.33)
MR-proANP -0.10 (-0.21- 0.10 -0.08 (-0.16- - 0.03 0.92
0.02) 0.01)

All data are and adjusted for age and gender. BMI: body mass index, BP: blood pressure, HDL: high-
density lipoprotein, LDL: low-density lipoprotein, HOMAZ2-IR: homeostasis model assessment of

insulin resistance, MR-proANP: mid-regional pro-atrial natriuretic peptide.
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Table 4. Linear regression-based associations of diastolic blood pressure with

variables of interest stratified by age group

Variables Adolescents, n=335- Young Adults, n=611-
343 616
Standardized P Standardized P P for age-group by
beta (95% CI) beta (95% CI) variable of interest
interaction
BM]I, kg/m?2 0.14 (0.04- 0.007 0.18 (0.10- <0.001 0.72
0.25) 0.25)
Waist 0.14 (0.03- 0.012 0.23 (0.15- <0.001 0.09
circumference, 0.25) 0.30)
cm
Triglycerides, 0.11 (0.03- 0.009 0.34 (0.27- <0.001 <0.001
mmol/L 0.19) 0.41)
HDL cholesterol, -0.04 (-0.13- 0.40 -0.08 (-0.15- 0.056 0.17
mmol/L 0.05) 0.002)
LDL cholesterol, 0.09 (-0.002-  0.055 0.10 (0.03- 0.008 0.60
mmol/L 0.19) 0.17)
Glucose, mmol /L 0.10 (0.02- 0.017 0.23 (0.15- <0.001 0.001
0.18) 0.30)
Insulin, pmol/L 0.16 (0.07- <0.001 0.28 (0.21- <0.001 0.15
0.25) 0.36)
HOMAZ2-IR, units 0.16 (0.06- 0.001 0.31 (0.22- <0.001 0.03
0.25) 0.40)
MR-proANP -0.12 (-0.21-- 0.010 -0.23 (-0.31-- <0.001 0.01
0.03) 0.15)

All data are and adjusted for age and gender. BMI: body mass index, BP: blood pressure, HDL: high-

density lipoprotein, LDL: low-density lipoprotein, HOMAZ2-IR: homeostasis model assessment of

insulin resistance, MR-proANP: mid-regional pro-atrial natriuretic peptide.
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