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Adolescent Hypertension and Risk for
Early-Onset Type 2 Diabetes: A
Nationwide Study of 1.9 Million Israeli
Adolescents

The incidence of adolescent hypertension is growing worldwide, mostly in
conjunction with the growing obesity
prevalence (1,2). Adolescent hypertension was shown to be a risk factor for
cardiovascular and renal outcomes later
in life, thus promoting current guidelines
to screen all pediatric and adolescent population for hypertension (1,3). Here, we
elucidate the association of adolescent hypertension and early-onset type 2 diabetes
in a nationwide cohort of adolescents.
In this population-based, retrospective cohort study we linked the Israeli
Defense Forces conscription center database with the Israeli National Diabetes
Registry (INDR). One year prior to mandatory military service at age 17 years,
Israeli adolescents undergo comprehensive medical evaluation based on their
medical history, an interview and physical examination that includes measurements of height, weight, and blood
pressure. Included were adolescents

who were examined between 1 January
1993 and 31 December 2016. Excluded
were those with prior diagnosis of dysglycemia and those with missing baseline
height or weight data (3.8% in total).
Essential hypertension diagnosis was
conﬁrmed by a board-speciﬁed nephrologist based on a preexisting diagnosis or
screening for hypertension as described
previously (1). Brieﬂy, adolescents with
blood pressure measurement during the
screening assessment of .140/90 mmHg
were referred for further investigation.
The ﬁnal diagnosis was made when the
average of 10 additional outpatient
blood pressure measurements was
.140/90 mmHg, when at least 50% of
the measurements were above this level,
and after exclusion of secondary hypertension. The primary outcome was incident type 2 diabetes as documented by
the INDR, which captures all cases of
diabetes in Israel with a sensitivity of
95.1% (2).

Cox models were applied. Follow-up
started at the day of the ﬁrst medical
examination and ended at the date of
diabetes diagnosis, 31 December 2016,
or deathdwhichever came ﬁrst. Due to
the previously described signiﬁcant interaction among BMI, hypertension, and
type 2 diabetes, which was also evident in
our cohort (Pinteraction , 0.01 for BMI
used as either a categorical or a continuous variable), we analyzed separately adolescents with lean and high
BMI by overweight cutoff (85th BMI
percentile of the Centers for Disease
Control and Prevention, age and sex
matched). We prespeciﬁed the multivariable model to include the following
variables that were assessed or received
from other governmental ministries at
study entry: birth year, age, sex, BMI
(continuous), country of birth, residential socioeconomic status, education
level, and cognitive performance, as
used previously (2).
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Figure 1—A: Cumulative incidence of type 2 diabetes according to BMI group and hypertension status (N 5 1,659,197). The table presents (for lean- and
high-BMI groups separately) the number of persons at risk, cumulative person-years, and cumulative type 2 diabetes cases by the following follow-up
time intervals since study entry: 5, 10, 15, and 20 years. PY, person-years; T2D, type 2 diabetes. B and C: The association of adolescent hypertension and
incident type 2 diabetes in young adults according to adolescent BMI. Adjustment for age at study entry, sex (except in the analysis limited for men),
birth year, country of birth, BMI (continuous), residential socioeconomic status, years of formal education, and cognitive performance. Description of
these covariates and their classiﬁcation was previously published (2). §Unimpaired health was deﬁned as absence of any chronic comorbidities (apart
from hypertension) that require medical treatment or follow-up, history of a major surgery, or cancer.
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Previous longitudinal studies on associations of hypertension or increased blood
pressure with incident type 2 diabetes
reported HRs that ranged between 1.4
and 2.4. Most of those studies included
middle-aged adults who developed diabetes usually in the 6th decade of life or
later. We are unaware of similar longitudinal studies among adolescents or
studies that speciﬁcally examined the
incidence of early-onset type 2 diabetes,
which was shown to have even more
deleterious effects than older age of
diabetes onset (4).
In our study, 60% of those with hypertension had high BMI at study entry.
Hypertension among overweight and
obese adolescents remained a risk factor
for incident type 2 diabetes in both BMI
groups. Importantly, the substantial absolute attributable risk of hypertension
for incident type 2 diabetes was higher in
the high-BMI group. This corroborates
the evidence in adults that hypertension
signiﬁcantly augments the obesity-driven
risk for type 2 diabetes. Therefore, our
study adds that adolescent hypertension,
in the presence and even in the absence
of high BMI, and without other comorbidities, is a potential risk factor or risk
marker for early-onset type 2 diabetes.
Several mechanisms may underlie this
association such as insulin resistance as a
common pathway for both hypertension
and type 2 diabetes and vascular damage
induced by hypertension leading to endothelial dysfunction (5).
Our study is limited by absence of
longitudinal data regarding weight,
blood pressure, lifestyle, and pharmacological treatment for hypertension. Also,
detailed assessment of body composition, with particular relevance to the
high-BMI group, was not available. Finally, our study poorly represents some
ethnicities, such as East Asians and subSaharan Africans. The strengths of our
study include systematic screening of a
young population for hypertension, systematic collection of medical and sociodemographic data, and linkage between
two national databases that provided
sufﬁcient statistical power to detect an
association with onset of diabetes that
occurred before the age of 40 years.
In conclusion, our results emphasize
the association between two growing
public health issues among young adults.

Adolescent hypertension was associated
with future early-onset adulthood type 2
diabetes, both among individuals with
lean and high BMI at adolescence. These
individuals should be viewed as a population at risk and warrant awareness
regarding the need for a tight medical
follow-up and preventive and early therapeutic interventions.
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Of 1,659,197 adolescents in total,
4,143 (0.3%) were diagnosed with essential hypertension at study entry. Of the
1,386,310 (83.6%) adolescents in the
lean group, 1,645 (0.1%) had hypertension. Of the 272,887 adolescents in the
high-BMI group, 2,498 (0.9%) had hypertension. Men comprised 57% of the cohort but .90% of those with hypertension.
The mean BMI at study entry was higher
among those with than without hypertension, both for the lean-BMI group,
21.6 vs. 20.3 kg/m2, and for the high-BMI
group, 30.9 vs. 28.3 kg/m2.
During a cumulative follow-up of
21,171,855 person-years (median followup 12.8 years [interquartile range 6.7–
18.7]), 6,263 persons were diagnosed
with type 2 diabetes (3,179 [0.2%] in
the lean-BMI group and 3,084 [1.1%] in
the high-BMI group). Among those with
hypertension at study entry, 13 (0.8%)
and 59 (2.3%) developed type 2 diabetes
in the lean- and high-BMI groups, respectively. The mean 6 SD age of diagnosis of
type 2 diabetes was 32.0 6 4.8 years.
Figure 1A presents Kaplan-Meier survival
curves of cumulative incidence of type 2
diabetes by BMI group and hypertension
status. Crude rates of incidence of type 2
diabetes (per 105 person-years) were 17.5
for those without hypertension in the
lean-BMI group, 59.7 for those with hypertension in the lean-BMI group, 98.9
for those without hypertension in the
high-BMI group, and 198.5 for those with
hypertension in the high-BMI group.
In unadjusted models, the hazard ratio
(HR) for incident type 2 diabetes among
adolescents with compared with adolescents without hypertension was 3.6 (95%
CI 2.1–6.2) for those who were lean at
study entry and 2.1 (1.7–2.7) for those
with high BMI (Fig. 1B and C). The adjusted models yielded HRs of 2.3 (1.4–
4.1) in the lean-BMI and 1.3 (1.02–1.7) in
the high-BMI groups (Fig. 1B and C).
Results persisted when the study sample
was limited to men or to individuals with
unimpaired health at study entry (Fig. 1B
and C). Logistic regression models that
included an additional 383 persons (6%
of the overall incident cases) with missing
date of diabetes diagnosis resulted in
adjusted odds ratios that were similar to
those of the Cox modeling: 2.6 (95% CI
1.6–4.4) in the lean-BMI group and 1.4
(1.04–1.8) in the high-BMI group.

