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Background: Data on the association of isolated diastolic
hypertension (IDH) in childhood with adult cardiovascular
risk are scarce. This study aimed to estimate the
prevalence of IDH in adolescents and to explore the impact
of IDH in childhood on adult subclinical target organ
damage (STOD).

Methods: This longitudinal study consisted of 1738 school
children (55.4% boys) aged 6–15 years from rural areas of
Hanzhong, Shaanxi, who were followed for 30 years. Their
blood pressure was recorded to define the hypertension
subtypes: normotension, IDH, isolated systolic hypertension
(ISH) and mixed hypertension. Tracked STOD included
arterial stiffness (n¼1738), albuminuria (n¼1652) and left
ventricular hypertrophy (LVH) (n¼1429).

Results: Overall, the prevalence of IDH, ISH and mixed
hypertension was 5.4, 2.2 and 3%, respectively, and there
was no gender difference. Over 30 years, 366 (21.1%) of
participants developed arterial stiffness, 170 (10.3%)
developed albuminuria and 68 (4.8%) developed LVH.
Compared with normotensive participants, IDH in
childhood had higher risk ratio (RR) of experiencing arterial
stiffness (RR, 1.66; 95% CI, 1.01–2.76) and albuminuria
(RR, 2.27; 95% CI, 1.35–4.16) in adults after being fully
adjusted but not LVH. However, if the elevated blood
pressure in children was used as the reference standard,
IDH in childhood was associated with adult LVH (RR, 2.48;
95% CI, 1.28–4.84).

Conclusion: IDH accounts for a higher proportion of
adolescent hypertension subtypes and can increase the risk
of adult STOD. These results highlight the necessity of
improving the prevention, detection and treatment of IDH
in adolescents.

Keywords: epidemiology, hypertension subtypes, isolated
diastolic hypertension, prospective cohort study, subclinical
target organ damage

Abbreviations: AUC, area under the curve; baPWV,
brachial-ankle pulse wave velocity; BMI, body mass index;
DBP, diastolic blood pressure; IDH, isolated diastolic
hypertension; ISH, isolated systolic hypertension; LVH, left
ventricular hypertrophy; MH, mixed hypertension; SBP,
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systolic blood pressure; STOD, subclinical target organ
damage; uACR, urinary albumin-to-creatinine ratio
INTRODUCTION
H
ypertension remains the predominant driver of
cardiovascular disease [1,2]. According to hyper-
tension guidelines, hypertension can be subdi-

vided into IDH, ISH and mixed hypertension using the
proposed thresholds of various blood pressure compo-
nents [3]. DBP used to be regarded as an important risk
predictor as it reflects the peripheral resistance that the
heart has to overcome to eject blood [4]. The 2018 ESC/ESH
Guidelines indicated that the association between the DBP
treatment target and cardiovascular end-point events
remains a knowledge gap in the field of hypertension [5].

Recently, based on NHANES 2013–2016 and ARIC Study,
McEvoy et al. [6] found that IDH was not significantly
associated with an increased risk of adverse cardiovascular
outcomes. Similarly, prior studies have suggested that IDH
is generally not associated with atherosclerotic cardiovas-
cular disease outcomes independent of baseline SBP [7,8].
On the contrary, Li et al. [9] reported that DBP levels were a
major driver of cardiovascular death, total death, and all
cardiovascular end events in the population under 50 years.
From the early 1970s, Framingham Heart Study investiga-
tors and other researchers found that with advancing age,
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IDH in childhood and adult target organ damage
there was a gradual shift from DBP to SBP as the main
predictor of cardiovascular risk. DBP was the strongest
predictor of cardiovascular outcomes below 50 years of
age [10].

In brief, it has been shown that the relationship between
IDH and cardiovascular outcomes is strongly associated
with age. However, previous studies have focused on
adults, or the elderly. Data on the association of IDH in
childhood with adult cardiovascular outcomes are scarce.
Consequently, the aims of this study are to estimate the
prevalence of IDH in adolescents and to explore the impact
of IDH in childhood on adult subclinical target organ
damage.

METHODS

Study population
This study is based on the Hanzhong Adolescent Hyper-
tension Cohort, an ongoing prospective cohort study. The
study began in 1987, when 4623 schoolchildren aged 6–
15 years were enrolled from Hanzhong, Shaanxi, China.
Later, information was collected in 1989 (n¼ 3592), 1992
(n¼ 3918), 1995 (n¼ 3794) and 2013 (n¼ 3018). The fol-
low-up rates were 77.7, 84.8, 82.1 and 65.3%, respectively.
The most recent follow-up of our cohort was in 2017, with a
maximum follow-up of 30 years and a follow-up rate of
60.1% (n¼ 2780). The reasons for loss of follow-up mainly
included death and mental illness (about 5%), military
service (about 10%), and migration (about 85%). The de-
tailed study design and procedures have been published
previously [11,12]. Individuals who had no blood samples
and/or missing measurements and were unable to provide
informed consent at follow-up were excluded, and finally,
1738 individuals were included in the analysis. The partici-
pant selection process is described in Fig. 1.

This study followed the principles of the Helsinki Dec-
laration. This study was approved by the Academic Com-
mittee of the First Affiliated Hospital of Xi’an Jiaotong
University (XJTU1AF2015LSL-047) and was clinically regis-
tered (NCT02734472). All participants in this study signed
informed consent forms at baseline and during follow-up.
For participants younger than 18 years of age at baseline,
informed consent from a parent/guardian was obtained.

Blood pressure measurement
Seated BP was measured in a quiet environment by trained
and certified staff according to the procedures recom-
mended by the WHO. Participants were required to avoid
coffee/tea, alcohol, cigarette smoking and strenuous exer-
cise for at least 30min before the BP measurement. BP was
measured three times, with an interval of 2min between
each measurement, and the BP levels were defined as the
mean values of the three BP measurements.

The hypertension subtypes included normotension,
IDH, ISH and mixed hypertension. Normotension (SBP
<95th percentile and DBP <95th percentile), IDH (SBP
<95th percentile and DBP �95th percentile), ISH (SBP
�95th percentile and DBP <95th percentile) and mixed
hypertension (SBP �95th percentile and DBP �95th per-
centile) were defined according to the Chinese Guidelines
for Pediatric Hypertension (Blood Pressure Reference
Journal of Hypertension
Standard Tables on the basis of age, sex, and height tables
of Chinese children aged 3–17 years old) [13].

Other measurements
We used questionnaires to obtain basic personal informa-
tion, family medical history, smoking status and alcohol
consumption habits. Height, body weight, the waist and hip
circumferences were measured. BMI was calculated as
kilograms per square meters. Fasting venous blood samples
were obtained after the participants had fasted for 8–10 h
and stored at �80 8C until analysis. Urine samples were
collected for the first time in the morning and were kept
frozen at�40 8C until analysis. Standardized measurements
of the serum lipid profile, blood glucose, serum uric acid,
urine creatinine and albumin levels were evaluated with an
automatic biochemical analyzer (model 7600; Hitachi Ltd.,
Tokyo, Japan). Details of these assays were described
previously [14,15]

Assessment of subclinical target organ damage
The brachial–ankle pulse wave velocity (baPWV) was
assessed using an automatic arteriosclerosis diagnostic de-
vice (BP-203RPEII; Nihon Colin, Tokyo, Japan). The
baPWV was calculated by time-phase analysis between
the right brachial and volume waveforms at both ankles.
A baPWV of 1400 cm/s or greater was defined as a high-risk
baPWV level for arterial stiffness [16].

Albuminuria has been identified as the most sensitive
marker for abnormal kidney function. Measuring albumin
levels from a 24-h urine sample has been considered the
gold standard. The urinary albumin-to-creatinine ratio
(uACR) is convenient and equivalent to the gold standard
technique, with ratio greater than 30mg/g being classified
albuminuria [17].

The internationally used Cornell product index was
adopted to access the occurrence of LVH [18]. Routine
12-lead ECG examinations were conducted under quiet
conditions. The Cornell product index (mmms) was calcu-
lated as (RavLþ Sv3)�QRS for men or (RavLþ Sv3þ 8)�
QRS for women. A Cornell product index at least
2440mmms was used as the diagnostic criterion for LVH
[19].

Statistical analysis
Continuous data are reported as the mean� SDs if normally
distributed; otherwise, they are reported as medians (25th,
75th percentile ranges). Categorical data are presented as
frequencies and percentages. Differences between contin-
uous variables were analyzed by one-way ANOVA for the
four groups when the distribution and variance met the
conditions; otherwise, the Kruskal–Wallis test was used.
Categorical variables between different groups were com-
pared with chi-squared tests. Multivariable-adjusted logistic
regression analysis were used to determine the association
between IDH in childhood and adult STOD. To make the
results more accurate, we made the corresponding model
adjustment as follows: model 1 is adjusted for sex, age;
model 2 is adjusted for model 1 plus BMI, bust and heart
rate at baseline; model 3 is adjusted for model 2 plus
smoking, drinking, family history of hypertension, fasting
www.jhypertension.com 1557
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FIGURE 1 Flow of participants.

Liao et al.
plasma glucose and serum uric acid at follow-up. Several
sensitivity analyses were also conducted to test the robust-
ness of our findings. All statistical analyses were performed
using Python version 3.7 and SPSS version 25.0 (IBM,
Armonk, New York, USA). Statistical significance was set
as a two-tailed P value of less than 0.05.

RESULTS

Demographic and clinical characteristics
Themedian age of the 1738 participants was 12 (9, 14) years
old at baseline. Among them, 963 participants (55.4%) were
1558 www.jhypertension.com
boys, and 775 (44.6%) were girls. The characteristics of the
participants according to different hypertension subtypes
are shown in Table 1. Individuals with IDH, ISH and mixed
hypertension were younger than normotensive individuals,
and thus, had lower BMI and a smaller bust at baseline.
Over 30 years, these individuals had higher blood glucose
and serum uric acid than normotensive individuals. BMI,
waist, hips, serum lipid profile, smoking, drinking and
family history of hypertension among different hyperten-
sion subtypes were not different. Compared with the nor-
motension group, Individuals with IDH, ISH and mixed
hypertension in childhood have higher baPWV (P¼ 0.027),
Volume 40 � Number 8 � August 2022



TABLE 1. Demographic characteristics and cardiovascular risk factors of the different hypertension subtypes

Normotension
Isolated diastolic
hypertension

Isolated systolic
hypertension

Mixed
hypertension P value

Number of patients 1553 (89.4%) 94 (5.4%) 39 (2.2%) 52 (3.0%) –

Gender (M/F) 862/691 54/40 21/18 26/26 0.845

Baseline (children)

Age (years) 12 (9, 14) 10 (8, 12) 10 (8, 13) 10 (8, 11) <0.001

SBP (mmHg) 102.2�9.6 107.8�6.9 118.6�6.0 119.5�6.4 <0.001

DBP (mmHg) 62.7 (58.7, 69.3) 77.3 (73.0, 80.0) 65.9 (62.0, 70.9) 80.0 (76.2, 84.7) <0.001

Height (cm) 137.6 (124.8, 149.0) 130.2 (119.0, 142.7) 126.6 (116.9, 141.3) 127.3 (119.9, 134.5) <0.001

Weight (kg) 30.1 (23.3, 39.4) 24.1 (20.9, 34.2) 24.5 (20.3, 39.4) 25.3 (22.1, 29.0) <0.001

BMI (kg/m2) 16.0 (14.8, 17.7) 15.4 (14.5, 17.1) 15.6 (14.7, 18.2) 15.5 (14.7, 16.4) 0.014

HR (bpm) 78 (72, 84) 80 (72, 84) 80 (72, 88) 80 (76, 86) 0.016

Bust (cm) 62.0 (57.1, 68.0) 60.0 (56.3, 64.5) 60.0 (55.9, 65.5) 58.8 (54.8, 62.3) 0.001

Follow-up (adults)

Age (years) 42 (39, 44) 40 (38, 42) 40 (38, 43) 40 (38, 41) <0.001

SBP (mmHg) 120.7 (112.0, 130.3) 125.7 (116.3, 133.8) 122.8 (115.0, 132.8) 132.0 (121.3, 139.0) <0.001

DBP (mmHg) 76.7�11.5 80.7�11.2 77.7�8.3 82.6�11.9 <0.001

Height (cm) 162.9�7.9 164.0�7.9 162.3�8.0 162.0�6.6 0.314

Weight (kg) 64.2�10.7 65.2�11.9 62.9�12.1 64.3�9.5 0.612

BMI (kg/m2) 24.1�3.2 24.1�3.1 23.7�3.1 24.2�2.8 0.799

HR (bpm) 73 (66, 80) 72 (68, 82) 77 (68, 84) 77 (71, 83) 0.027

Waist (cm) 85.0�9.3 84.6�10.0 85.6�8.9 85.6�9.3 0.423

Hips (cm) 92.5�5.4 92.6�5.3 91.8�5.1 92.6�5.0 0.700

Smoking (%) 679 (43.7%) 39 (41.5%) 15 (38.5%) 22 (42.3%) 0.893

Drinking (%) 465 (29.9%) 25 (26.6%) 7 (17.9%) 11 (21.2%) 0.192

FH.hypertension (%) 810 (52.2%) 51 (54.3%) 16 (41.0%) 31 (59.6%) 0.354

TC (mmol/l) 4.51 (4.04, 5.03) 4.24 (3.90, 5.00) 4.55 (3.91, 4.96) 4.55 (4.21, 4.94) 0.179

HDL-C (mmol/l) 1.14 (0.99, 1.33) 1.14 (0.99, 1.32) 1.22 (1.05, 1.47) 1.14 (0.99, 1.35) 0.403

LDL-C (mmol/l) 2.53�0.65 2.45�0.64 2.46�0.76 2.53�0.57 0.526

Triglycerides (mmol/l) 1.37 (0.97, 1.97) 1.24 (0.93, 1.78) 1.04 (0.83, 1.75) 1.39 (0.87, 2.03) 0.134

Fasting glucose (mmol/l) 4.57 (4.28, 4.91) 4.50 (4.20, 4.85) 4.61 (4.38, 5.08) 4.76 (4.42, 5.12) 0.010

Serum uric acid (mmol/l) 280.3 (226.1, 335.6) 301.8 (220.0, 369.0) 254.9 (199.9, 306.4) 260.8 (215.1, 316.4) 0.015

uACR (mg/g) 8.37 (5.53, 14.74) 8.64 (5.97, 16.71) 8.54 (6.12, 13.77) 12.52 (8.74, 21.48) 0.014

baPWV (cm/s) 1209.5 (1089.0, 1355.0) 1267.0 (1108.5, 1413.0) 1266.8 (1155.3, 1375.4) 1273.8 (1128.3, 1581.8) 0.027

Cornell index (mmms) 1378.0 (1044.0, 1728.0) 1589.5 (1209.8, 1842.0) 1536.0 (1299.4, 1688.0) 1462.5 (1102.7, 1793.6) 0.017

Continuous variables were shown as mean � SDs if normally distributed or median (quartile 1, quartile 3) if nonnormally distributed. Categorical variables were expressed as numbers
and percentages of participants. Statistical ANOVA was performed by one-way ANOVA when normally distributed; otherwise, the Kruskal–Wallis test was used. Differences between
groups of categorical variables were compared with chi-squared tests. baPWV, brachial-ankle pulse wave velocity; FH.hypertension, history of hypertension; HDL-C, high-density
lipoprotein cholesterol; HR, heart rate; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; uACR, urinary albumin-to-creatinine ratio.

IDH in childhood and adult target organ damage
uACR (P¼ 0.014) and Cornell index (P¼ 0.017) than nor-
motensive individuals at follow-up.

Prevalence and target organ measurements of
different hypertension subtypes
The prevalence of different hypertension subtypes in ado-
lescents is shown in Fig. 2. The prevalence of IDH, ISH, and
mixedhypertensionwas5.4, 2.2 and3% (5.6, 2.2 and2.7% for
boys vs. 5.2, 2.2 and 3.4% for girls), respectively and there
were no gender differences. The levels and differences of the
target organ measurements in the different hypertension
subtype groups are shown in Fig. 3. Compared with normo-
tension group, the IDH group had higher baPWV (1267 vs.
1209.5 cm/s,P¼ 0.047), uACR (8.64 vs. 8.37mg/g,P¼ 0.042)
and Cornell index (1589.5 vs. 1378.0mmms, P¼ 0.010). The
mixed hypertension group had higher baPWV (P¼ 0.035)
and uACR (P¼ 0.002) than the normotension group but not
Cornell index (P¼ 0.324). There was no difference in the
target organ measurements between the normotension
group and the ISH group (all P> 0.05).
Journal of Hypertension
Association between hypertension subtypes in
childhood and adult subclinical target organ
damage
We used multivariable adjusted logistic regression to ex-
amine the associations of different hypertension subtypes
in childhood with adult STOD. The results are shown in
Table 2. After adjusting for sex, age, BMI, bust, heart rate at
baseline and smoking, drinking, family history of hyper-
tension, fasting plasma glucose and serum uric acid at
follow-up, participants in the IDH group had higher risk
of arterial stiffness (RR, 1.66; 95% CI, 1.01–2.76) and albu-
minuria (RR, 2.27; 95% CI, 1.35–4.16) than normotensive
participants, but not LVH (RR, 1.79; 95% CI, 0.73–4.39).
Furthermore, we redefined the hypertension subtypes in
childhood according to the 90th percentile of SBP/DBP
(elevated blood pressure reference criterion in children
according to Chinese Guidelines for Pediatric Hyperten-
sion) and reassessed the associations. As shown in Table 3,
IDH in childhood was still associated with adult LVH (RR,
2.48; 95% CI, 1.28–4.84).
www.jhypertension.com 1559



FIGURE 2 Prevalence of different hypertension subtypes in adolescents.

FIGURE 3 The levels and differences of the target organ measurements (a: baPWV; b: uACR; c: Cornell index) in the different hypertension subgroups. baPWV, brachial–
ankle pulse wave velocity; IDH, isolated diastolic hypertension; ISH, isolated systolic hypertension; MH, mixed hypertension; uACR, urinary albumin-to-creatinine ratio.

Liao et al.
We performed additional analyses after excluding indi-
viduals who had received antihypertensive drugs to elimi-
nate the effect of this factor on the results. And the results
remained the same (Supplemental Table 1, http://links.
lww.com/HJH/B957). Compared with the normotension
TABLE 2. Multivariable-adjusted risk ratio of the association between
target organ damage

Subclinical target organ damage Percentage (%)

Arterial stiffness (n¼1738)
Normotension 20.5%

Isolated diastolic hypertension 26.6%

Isolated systolic hypertension 20.5%

Mixed hypertension 28.8%

Albuminuria (n¼1652)

Normotension 9.2%

Isolated diastolic hypertension 19.4%

Isolated systolic hypertension 15.8%

Mixed hypertension 22.4%

Left ventricle hypertrophy (n¼1429)
Normotension 4.5%

Isolated diastolic hypertension 7.7%

Isolated systolic hypertension 6.1%

Mixed hypertension 7.5%

Model 1 is adjusted for sex, age; model 2 is adjusted for model 1 plus body mass index, bust a
history of hypertension, fasting plasma glucose and serum uric acid at follow-up.

1560 www.jhypertension.com
group, the IDH in childhood had higher risk of arterial
stiffness (RR, 1.72; 95% CI, 1.02–2.91) and albuminuria
(RR, 2.28; 95% CI, 1.27–4.10) than normotensive partic-
ipants, but not LVH (RR, 1.14; 95% CI, 0.55–2.37). Taken
together, the results of our study indicated that IDH in
different hypertension subtypes in children and adult subclinical

Model 1 Model 2 Model 3

Ref Ref Ref

1.68 (1.02–2.74) 1.67 (1.02–2.76) 1.66 (1.01–2.76)

1.18 (0.53–2.65) 1.19 (0.53–2.67) 1.29 (0.56–2.99)

2.05 (1.08–3.90) 2.05 (1.07–3.90) 1.95 (1.01–3.79)

Ref Ref Ref

2.33 (1.34–4.05) 2.29 (1.32–3.98) 2.27 (1.35–4.16)

1.82 (0.75–4.45) 1.73 (0.70–4.23) 1.61 (0.62–4.14)

2.76 (1.37–5.58) 2.70 (1.33–5.45) 2.51 (1.21–5.21)

Ref Ref Ref

1.75 (0.72–4.25) 1.77 (0.73–4.30) 1.79 (0.73–4.39)

1.36 (0.32–5.84) 1.41 (0.33–6.08) 1.60 (0.37–6.99)

1.71 (0.51–5.78) 1.75 (0.52–5.93) 1.63 (0.47–5.61)

nd heart rate at baseline; model 3 is adjusted for model 2 plus smoking, drinking, family
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TABLE 3. Multivariable-adjusted risk ratio of the association between different hypertension subtypes by the reference standard of
elevated blood pressure in children, and adult subclinical target organ damage (sensitivity analysis)

Subclinical target organ damage Percentage (%) Model 1 Model 2 Model 3

Arterial stiffening (n¼1738)
Normotension 19.1% Ref Ref Ref

Isolated diastolic hypertension 27.1% 1.76 (1.21–2.57) 1.78 (1.22–2.60) 1.81 (1.24–2.66)

Isolated systolic hypertension 24.8% 1.53 (0.95–2.47) 1.57 (0.97–2.55) 1.57 (0.95–2.57)

Mixed hypertension 28.8% 2.01 (1.34–3.00) 2.06 (1.37–3.09) 2.04 (1.35–3.09)

Albuminuria (n¼1652)
Normotension 9.0% Ref Ref Ref

Isolated diastolic hypertension 13.7% 1.58 (0.97–2.56) 1.52 (0.93–2.47) 1.59 (0.97–2.62)

Isolated systolic hypertension 13.1% 1.52 (0.82–2.81) 1.44 (0.72–2.67) 1.42 (0.75–2.67)

Mixed hypertension 15.8% 1.85 (1.12–3.04) 1.78 (1.08–2.94) 1.76 (1.06–2.95)

Left ventricle hypertrophy (n¼1429)
Normotension 3.9% Ref Ref Ref

Isolated diastolic hypertension 8.8% 2.39 (1.24–4.60) 2.48 (1.28–4.79) 2.48 (1.28–4.84)

Isolated systolic hypertension 3.7% 0.89 (0.27–2.95) 0.91 (0.27–3.02) 0.94 (0.28–3.15)

Mixed hypertension 8.1% 2.13 (1.00–4.51) 2.11 (1.00–4.49) 2.14 (1.00–4.58)

Model 1 is adjusted for sex, age; model 2 is adjusted for model 1 plus body mass index, bust and heart rate at baseline; model 3 is adjusted for model 2 plus smoking, drinking, family
history of hypertension, fasting plasma glucose and serum uric acid at follow-up.

IDH in childhood and adult target organ damage
childhood was important for the development of STOD in
later life.

Association of the long-term burden and
trends of DBP from childhood to adulthood
with target organ measurements
The BP growth curves of 1553 individuals aged 6–15 years
who had been examined four or more times for BMI and BP
since childhood were constructed using a random-effects
model. The long-term burden and trends of BP were
measured as the area under the curve (AUC) [20]. A cubic
curve was fit for SBP and DBP. As seen in Fig. 4, the total
AUC (a þ b) can be considered a measure of the long-term
cumulative burden; the incremental AUC (a), determined
by the within-participants variability, represents a combi-
nation of linear and nonlinear longitudinal trends [21].

Table 4 shows the association of the long-term burden
and longitudinal trends of DBP from childhood to adult-
hood with target organ measurements in adults. After
adjusting for sex, age, BMI, bust, heart rate and SBP at
baseline, the long-term burden of DBP from childhood to
adulthood was all associated with adult baPWV (b¼ 7.74; P
< 0.001), uACR (b¼ 0.57; P< 0.001) and Cornell index (b¼
7.97; P¼ 0.001). The longitudinal trend of DBP was
FIGURE 4 Illustration of the area under the curve of DBP. The area under the curve (AU
up period in each of these two participants. a ¼ incremental AUC; b ¼ baseline AUC; to

Journal of Hypertension
associated with adult baPWV (b ¼ 2.34; P < 0.001) and
uACR (b ¼ 0.33; P< 0.001), but not LVH (b ¼ 1.72;
P¼ 0.364).
DISCUSSION

Our analysis included 1738 school children aged 6–15 years
who were enrolled from rural China in 1987 and followed
for 30 years. In this study, we assessed the prevalence of
different hypertension subtypes in adolescents and ex-
plored the impact of IDH in childhood on adult STOD.
We found that IDH accounts for a higher proportion of
adolescent hypertension subtypes. The key finding was that
IDH in childhood significantly increased the risk of some
measures of subclinical target organ damage in adults. The
cumulative long-term burden and longitudinal trends of
DBP from childhood to adulthood was also associated with
target organ measurements in adults.

With the change to a sedentary lifestyle and an increasing
prevalence of obesity, diabetes, and other metabolic dis-
orders, hypertension patients have shown a tendency to be
younger. In the early phase of hypertension or in young
adults, diastolic hypertension with or without elevation of
SBP was a major subtype of hypertension [22]. Mahajan
C) of DBP was calculated as the integral of the curve parameters during the follow-
tal AUC ¼ a þ b.
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TABLE 4. Multiple-adjusted liner regression of measures of target organ at follow-up on the long-term burden and longitudinal trends of
DBP

Long-term burden of DBP (TAUC) Longitudinal trend of DBP (IAUC)

Measure of target organ N B (95% CI) P value B (95% CI) P value

Pulse wave velocity (cm/s) 1553

A 8.39 (7.15–9.63) <0.001 3.97 (2.98–5.00) <0.001

FA 7.74 (6.49–8.99) <0.001 2.34 (1.36–3.32) <0.001

uACR (mg/g) 1477

A 0.61 (0.37–0.86) <0.001 0.47 (0.27–0.66) <0.001

FA 0.57 (0.32–0.82) <0.001 0.33 (0.15–0.52) <0.001

Cornell index (mmms) 1278

A 8.26 (3.63–12.88) <0.001 0.85 (-2.69–4.38) 0.639

FA 7.97 (3.25–12.69) 0.001 1.72 (-1.99–5.43) 0.364

Adjusted models (A) is adjusted for sex, age, BMI, bust and heart rate at baseline; fully adjusted models (FA) is adjusted for adjusted models (A) plus baseline SBP. IAUC, incremental
area under the curve; TAUC, total area under the curve; uACR, urinary albumin-to-creatinine ratio.

Liao et al.
et al. used data from the China PEACE Million Persons aged
35–75 years between 2014 and 2018 and assessed the
prevalence, awareness and treatment of IDH. The results
show that IDH affected a large number of adults in China,
especially in the young-aged and middle-aged population.
With increasing age, there was a gradual shift from IDH to
ISH and mixed hypertension [23]. From these, the younger
the age, the more likely the prevalence of IDH. However,
few studies have focused on the prevalence of IDH in
adolescents and the impact of adolescent IDH on long-
term cardiovascular risk. Our study found that the preva-
lence of IDH was higher in adolescents than in adults. And
among the different hypertension subtypes in adolescents,
the proportion of IDH was higher than that of ISH and
mixed hypertension. The most likely explanation for the
higher prevalence of IDH in adolescents than in adults is the
fall in DBP because of increased large artery stiffness with
increasing age [24]. Therefore, the effect of IDH on long-
term target organ damage cannot only focus on middle-
aged or elderly people nor simply be used to understand
IDH as ‘not a disease’. It is more important and meaningful
to assess the impact of IDH in adolescents on long-term
target organ damage.

Brachial–ankle pulse wave velocity measured noninva-
sively is often used as an indicator of arterial stiffness and is
closely related to long-term cardiovascular events and all-
cause mortality [25]. Our results found that IDH and mixed
hypertension in adolescents significantly increased the risk
of adult arterial stiffness. In fact, this finding is similar with
an early Framingham report. In patients less than 50 years of
age, DBP was predictive of CHD risk and SBP was not, with
hazard ratios of 1.42 (P¼ 0.001) and 0.95 (P¼ 0.49), respec-
tively [10]. The finding was also consistent with increased
peripheral resistance being dominant in determining the
CHD risk in young hypertensives. DBP and isolated dia-
stolic hypertension drive arterial stiffness in younger par-
ticipants. IDH in adolescents and young adults is an
important risk factor for long-term arterial stiffness that
must be treated.

Albuminuria has already been widely used as the most
sensitive marker of kidney damage. Fangfei et al. analyzed
the association of kidney damage with 24-h DBP levels and
found that 24-h DBP and IDH related to the uACR below
middle age (<55 years old) [22]. However, the participants
1562 www.jhypertension.com
in this study were still adults. Differently, but more impor-
tantly, our results complement the data on IDH in children
and adolescents and provide direct evidence of the associ-
ation between IDH in childhood and long-term renal injury.
We emphasize the importance of prevention, detection,
and treatment of IDH, especially among adolescents.

Left ventricular hypertrophy independently predicts in-
creased cardiovascular morbidity and mortality. Levy et al.
[26] concluded that approximately 30% of hypertensive
patients may have LVH, and the detection rate of LVH is
positively correlated with the severity of hypertension. Our
study assessed the impact of the different hypertension
subtypes in adolescents on adult LVH and found that
hypertension (including all the hypertension subtypes) in
childhood was not associated with adult LVH. However,
when the cutoff levels for adolescent hypertensionwere the
levels of the 90th percentile of SBP and DBP, IDH in
adolescents increased the risk of adult LVH. Although the
association between mixed hypertension in adolescents
and adult LVH was not statistically significant, there was
a similar trend. The failure to reach significance was mainly
because of the small number of patients with LVH as
detected by electrocardiography [27]. Our results have also
shown an association between a long-term cumulative
burden of DBP from childhood to adulthood and the
Cornell index in adults. Therefore, IDH in adolescents is
indeed a risk factor for LVH in adults. This result was in line
with the finding from the Bogalusa Heart Study that indi-
cated adverse influence of elevated BP levels on LVH
begins in childhood [21]. Our findings underscore the
importance of BP control during childhood especially the
control of IDH for long-term cardiac health.

The strength of this study is that a large number of Chinese
school-going childrenwere randomly selected and followed
for 30 years into adulthood. This longitudinal cohort allowed
us to fully explore the impact of childhood risk factors on
adult outcome events. In this study,we focused on exploring
the impact of different hypertension subtypes in adolescents,
especially IDH, on subclinical target organ damage in adults.
To our knowledge, this impact has rarely been explored in
previous studies. Our current study has some potential lim-
itations. First, the participants were recruited from multiple
rural areas in northern China, and most of themwere of Han
ethnicity. Therefore, the findings of this studyhave important
Volume 40 � Number 8 � August 2022
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implications for most Chinese populations and even Asian
populations. However, our results will require replication in
other cohorts to determine their generalizability to other
ethnicities and to populations with different backgrounds.
Second, the absence of fitness or physical activity data and
dietary habits is also an important limitation of this study.
Third, participants with a mean age of 42 years at the last
follow-uphad a relatively lowprevalenceof LVH,possibly as
we used the Cornell index rather than the Gold standard
echocardiography as an indicator of LVH or as the young
people themselves may have a lower prevalence of LVH.
Finally, as our cohort consisted mainly of young adults, we
could not investigate the association between different hy-
pertension subtypes in childhood and adult cardiovascular
endpoint events. Instead, we used subclinical target organ
damage as outcome variables. The prospective design of our
study provides us an opportunity to perform further follow-
ups to determine the future risk of cardiovascular events.

In conclusion, the present study demonstrated that IDH
accounts for a higher proportion of adolescent hyperten-
sion subtypes and can increase the risk of adult STOD.
These results highlight the necessity to improve the pre-
vention, detection and treatment of IDH in adolescents.
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