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 Abstract 
  Aim:  To determine if children and adolescents who have obesity (Ob) or type 2 diabetes 
(T2DM) of relatively short duration have impaired cardiovascular function compared with lean 
subjects using 24-hour ambulatory blood pressure as a surrogate measure of evaluation. 
 Methods:  We enrolled 100 African-Caribbean subjects (45 males/55 females), mean ages 
14.4–15.2 years (range 11.8–18.5 years) and Tanner stage 4.2–4.8. Mean BMI for the Ob (n = 
40), T2DM (n = 39) and lean (n = 21) groups were 40.3, 34.2 and 20.8, respectively (p < 0.01, 
Ob and T2DM vs. lean). Mean hemoglobin A1c in lean and Ob was 5.4 and 5.5% compared to 
8.8% in T2DM (p < 0.001, T2DM vs. lean and Ob). Ambulatory blood pressure was recorded 
every 20 min over 24 h using Spacelabs 70207.  Results:  Mean 24-hour, daytime and nighttime 
systolic blood pressure was significantly higher in Ob and T2DM compared with lean subjects 
(mean 24-hour 117 and 120 vs. 109 mm Hg; daytime 121 and 123 vs. 113 mm Hg; and night-
time 109 and 115 vs. 101 mm Hg; p < 0.01 for all time periods). The nocturnal systolic dip in 
Ob and T2DM did not differ from that of lean, whereas nocturnal diastolic dip decreased sig-
nificantly in Ob and T2DM compared to lean (11.5 and 10.4 vs. 20.6 mm Hg; p < 0.01). Mean 
pulse pressure was significantly increased in the Ob and T2DM groups compared to lean sub-
jects (51 and 54 vs. 45 mm Hg; p < 0.01).  Conclusion:  Adolescent Ob and T2DM groups share 
adverse risk factors, which may be harbingers of adult cardiovascular events. 
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 Introduction 

 The obesity epidemic in the pediatric age group continues to be a global public health 
focus. The prevalence of obesity in the United States has increased 3-fold since 1963 and 
especially affects non-Hispanic Black and Hispanic children and adolescents  [1] . Longitudinal 
studies have firmly established the relationship of childhood obesity with components of 
metabolic syndrome, such as insulin resistance (IR), dyslipidemia and hypertension. Since 
childhood obesity tends to track into adulthood, obese children and adolescents appear to be 
at a higher risk of developing type 2 diabetes mellitus (T2DM) and hypertension as they age, 
thereby increasing their risk of developing cardiovascular disease (CVD)  [2, 3] .

  As high blood pressure (BP) is one of the most important modifiable risk factors for CVD, 
the increasing prevalence of hypertension in children is of concern. Postmortem studies 
have demonstrated increased atherosclerosis in adolescents with higher BP levels  [4] . 
Therefore, early and accurate detection of hypertension in childhood is important in 
preventing CVD. Ambulatory BP monitoring (ABPM) has been shown to be superior to casual 
BP for the detection of subjects at high risk for CVD  [5, 6] . Not only does ABPM reduce 
observer errors, it also provides information on dipping status (nocturnal fall in BP), morning 
BP surges, white coat hypertension, masked hypertension (office BP <140/90 mm Hg, while 
ABPM or home BP readings are in the hypertensive range) and BP load. Moreover, in children 
and adolescents, masked hypertension may be a precursor of sustained hypertension and 
left ventricular hypertrophy  [7] . Blunted nocturnal dipping is now a well-established prog-
nostic risk factor for unfavorable cardiovascular outcomes in adults  [8] , but its prognostic 
value has not been well established in the pediatric population. Many obese children have 
only isolated nocturnal hypertension  [9] , which further emphasizes the need for ABPM to 
better predict CVD outcome.

  Because obese and diabetic children appear to be at a higher risk for the development of 
CVD, an early and accurate assessment of BP is of utmost importance. The purpose of our 
study was to perform ABPM in T2DM and nondiabetic, obese children and adolescents, who 
are presumed to be at higher risk of CVD, compared with lean controls.

  Methods 

 A total of 100 African-Caribbean children, aged 14–16 years, were enrolled, including 21 lean, 40 obese 
and 39 children with T2DM. The inclusion criterion was a body mass index (BMI) between the 25th and 75th 
percentile in the normal weight group and a BMI >95th percentile in the obese group, based on 2000 Centers 
for Disease Control growth charts. Children in the T2DM group were diagnosed according to American 
Diabetes Association guidelines. Children in the lean and obese groups were free of diabetes, cardiovascular 
and other chronic diseases. No T2DM children were on insulin therapy, and no participant was receiving 
lipid-lowering agents. Informed written consent was obtained in accordance with the guidelines of Kings 
County Medical Center and State University of New York, Downstate Medical Center Institutional Review 
Boards for human subjects.

  Anthropometric Measurements 
 A pediatrician completed a detailed history and physical examination on each participant. Pubertal 

status based on Tanner staging was determined by assessing breast development in girls and testicular 
volume in boys. Height and weight were measured and expressed as percentiles using Centers for Disease 
Control norms for the child’s age and sex. BMI was calculated as weight (kg) divided by height squared (m 2 ).

  Laboratory Measurements 
 Venous blood samples were obtained in the morning after an overnight fast in all patients for measure-

ments of serum glucose, insulin and lipid profile. Glucose and insulin values were used to calculate fasting IR 
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according to the homeostasis model assessment of insulin resistance (HOMA-IR), with HOMA-IR calculated 
as fasting insulin (μU/ml) × fasting glucose (mmol/l)/22.5. Based on receiver operating characteristic 
analysis, a HOMA value >3.16 was considered diagnostic of IR in children and adolescents  [10] .

  Ambulatory Blood Pressure Monitoring 
 ABPM was performed with a Spacelabs 70207 monitor (Spacelabs Medical, Redmond, Wash., USA). The 

measurements were obtained with a BP cuff on the nondominant arm every 20 min over a 24-hour period. All 
ABPM recordings were performed on school days. Daytime and nighttime were determined for each subject 
from diaries of sleep and wake times  [11] . The upper limits for daytime systolic (SBP) and diastolic BP (DBP) 
were indexed to the 95th percentile for age, gender and height. ABPM recordings were required to have a 
minimum of 40 readings with  ≤ 2 h between successful readings. Hypertension was defined as SBP and DBP 
>95th percentile for gender, age and height. BP load was calculated as the percentage of valid ambulatory BP 
measurements for a given period above the set 95th percentile of BP for age, gender and height  [12] . A normal 
nocturnal fall (dip) in BP was defined as  ≥ 10% difference between daytime and nighttime BP values. The 
percentage of nocturnal BP dipping was calculated as [(daytime BP – nighttime BP)/daytime BP] × 100.

  Statistical Analysis 
 All statistical operations were performed using JMP software (SAS Institute, Cary, N.C., USA). All values 

were expressed as mean ± standard error of the mean. Differences in group means were determined by 
analysis of covariance (ANCOVA). Univariate associations between variables were analyzed by calculating 
the Pearson correlation coefficient (r). Statistical significance was set at a p value of <0.05.

  Results 

 Demographics ( table 1 ) 
 All the participants were of African-Caribbean descent. Mean ages and Tanner stages 

were similar in each group, ranging from 14.4 to 15.2 years and from stage 4.2 to 4.8, respec-
tively. The T2DM group had more females than males. The mean duration of diabetes in the 
T2DM group was less than 2 years (23 ± 5 months). Most of the T2DM subjects were on oral 
hypoglycemic agents, mainly metformin. Of 39 T2DM subjects, 17 were receiving antihyper-
tensive agents, mostly ACE inhibitors.

  As expected, obese and T2DM subjects were significantly heavier than lean subjects, and 
their mean BMI greatly exceeded the 95th percentile for age and gender compared to lean 
subjects (40.3 ± 1 and 34.2 ± 1 vs. 20.8 ± 1; p < 0.01). Mean glycosylated hemoglobin levels 
were 8.8 ± 1% in T2DM compared with 5.5 ± 0.1 and 5.4 ± 0.2% (p < 0.01) in obese and lean 
subjects, respectively.

Parameter Lean Obese T2DM

Number 21 40 39
Gender (male/female) 9/12 20/20 15/24
Age, years 14.9 ± 0.4 14.6 ± 0.3 15 ± 0.4
Tanner stage 4.3 ± 0.1 4.6 ± 0.1 4.6 ± 0.2
DM duration, months – – 23 ± 5
Antihypertensive treatment, n 0 1 17
Height, in 63 ± 1 65 ± 1 66 ± 1*
Weight, lb 120 ± 7 243 ± 9** 214 ± 9**
BMI 20.8 ± 0.6 40.3 ± 1** 34.2 ± 1.1**
Hemoglobin A1c, % 5.4 ± 0.2 5.5 ± 0.2 8.8 ± 1**, †

 * p < 0.05 versus lean; ** p < 0.01 versus lean; † p < 0.01 versus obese.

 Table 1.  Baseline characteristics
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  Insulin Resistance and Glycemic Control 
 Fasting serum glucose was significantly higher in T2DM subjects (147 ± 22 mg/dl) 

compared to lean and obese subjects (83 ± 3 and 87 ± 2 mg/dl; p < 0.01). Fasting plasma 
insulin levels were 32 ± 6 and 31 ± 5 μU/ml in the obese and T2DM groups (reference range: 
0–23 μU/ml). Plasma insulin levels were not obtained in lean subjects as they were not 
expected to have insulin resistance. HOMA-IR values in obese and T2DM groups were 5.9 ± 
1.5 and 11.6 ± 7.6, respectively ( table 2 ).

  Serum Lipids 
 Total cholesterol, triglyceride and HDL cholesterol levels did not differ between groups. 

LDL cholesterol was significantly higher in obese and T2DM subjects ( table 2 ).

  Nocturnal Dip ( fig. 1 ,  2 ) 
 Mean nocturnal SBP fell by 12.4, 11.4 and 8.6 mm Hg, in lean, obese and T2DM subjects, 

respectively, but between-group differences were not significant. Mean nocturnal DBP fell by 
20.6, 11.5 and 10.4 mm Hg for lean, obese and T2DM subjects, respectively. The differences 
between lean, obese and T2DM subjects were significant (obese vs. lean: p < 0.05; DM vs. lean: 
p < 0.01). Although the percentage fall in nocturnal SBP was greater in the lean group, the 

Parameter Lean Obese T2DM

Cholesterol, mg/dl 158 ± 9 168 ± 5 175 ± 8
Triglycerides, mg/dl 109 ± 19 104 ± 7 118 ± 9
HDL cholesterol, mg/dl 52 ± 6 44 ± 2 44 ± 1
LDL cholesterol, mg/dl 89 ± 8 107 ± 5** 105 ± 7**
Glucose, mg/dl 83 ± 3 87 ± 2 147 ± 22**, †

Insulin levels, μU/ml – 32 ± 6 31 ± 5
HOMA-IR – 5.9 ± 1.5 11.6 ± 7.6

** p < 0.01 versus lean; † p < 0.01 versus obese.
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between-group difference did not reach significance (11.8% in lean and 10.8 and 8.2% in 
obese and T2DM subjects, respectively). However, the percentage nocturnal DBP fall was 
significantly greater in lean subjects than in the obese and T2DM groups (21.2% for lean vs. 
16.4 and 16.9% for obese and T2DM subjects, respectively; p < 0.05).

  Twenty-Four-Hour ABPM ( fig. 3 ) 
 Mean 24-hour, daytime and nocturnal SBP was significantly higher in the obese and 

T2DM groups than in the lean group (mean 24-hour SBP: 117 ± 2 and 120 ± 1 vs. 109 ± 2 mm 
Hg; daytime: 121 ± 2 and 123 ± 1 vs. 113 ± 2 mm Hg; nighttime: 109 ± 2 and 115 ± 2 vs. 101 
± 2 mm Hg; p < 0.01 for all time periods). Although DBP was unchanged, mean daytime and 
nighttime pulse pressures were significantly increased in the obese and T2DM groups (51 
and 54 vs. 45 mm Hg; p < 0.01). Mean 24-hour SBP correlated with BMI for all subjects (r = 
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0.352; p < 0.001). Both the percentage of SBP readings exceeding the 95th percentile for age 
and height and the percentage of time the readings were elevated, were significantly greater 
in obese and T2DM subjects at all time periods ( tables 3 ,  4 ).

  Discussion 

 Our findings indicate that daytime, nocturnal and 24-hour mean SBP are significantly 
higher in nondiabetic obese and diabetic children and adolescents as compared to lean 
subjects matched for age and sexual maturation; for all subjects, the mean SBP correlated 
with BMI. These findings and the association of SBP with BMI are in strong agreement with 
cross-sectional studies conducted worldwide showing that both office and ambulatory SBP 
are positively related to BMI in obese adolescents and children  [13–15] . Although higher SBPs 
and DBPs were noted at all time periods in diabetic and obese children, between-group differ-
ences did not reach statistical significance. Both the proportion of 24-hour mean day and 
night BP readings and the percentage of time exceeding the 95th percentile for age and height 
were greater in diabetic and obese subjects compared to lean subjects, suggesting that both 
obese youngsters without diabetes and diabetic youngsters carry a substantially greater left 
ventricular load early in life and therefore are at a higher risk of cardiovascular complications 

Parameter Lean Obese T2DM

SBP, mm Hg
Mean (24 h) 109 ± 2 117 ± 2** 120 ± 1**
Day 113 ± 2 121 ± 2** 123 ± 1**
Night 101 ± 2 109 ± 2* 115 ± 2**

DBP, mm Hg
Mean (24 h) 64 ± 1 64 ± 1 67 ± 1
Day 70 ± 1 69 ± 1 70 ± 1
Night 55 ± 1 58 ± 1 61 ± 1

Heart rate, bpm
Mean (24 h) 82 ± 3 85 ± 2 85 ± 2
Day 87 ± 4 88 ± 2 89 ± 2
Night 73 ± 3 78 ± 2 77 ± 1

* p < 0.05 versus lean; ** p < 0.01 versus lean.

 Table 3. ABPM data

Parameter Lean Obese T2DM

SBP, mm Hg
Mean 6 ± 2 20 ± 5** 25 ± 4**
Day 6 ± 2 17 ± 5** 20 ± 4**
Night 6 ± 3 24 ± 5** 32 ± 5**

DBP, mm Hg
Mean 5 ± 1 6 ± 1 8 ± 2
Day 6 ± 2 7 ± 2 8 ± 2
Night 2 ± 1 3 ± 1 6 ± 2

** p < 0.01 versus lean.

 Table 4. Percent of time BP 
>95th percentile for age and 
height
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than their nonobese, nondiabetic counterparts. In diabetic subjects receiving ACE inhibitor-
based drug therapy, the achieved BP was similar to that of diabetic youngsters not receiving 
antihypertensive medication.

  In our study, the nocturnal fall in DBP was attenuated in obese and diabetic subjects, 
compared to the normal dipping pattern in lean subjects. Although the nocturnal DBP dip was 
blunted more in the diabetic compared to the obese group, the difference was not significant. 
In contrast to these findings, diabetic and obese children and adolescents, mostly girls, 
showed smaller nocturnal falls in SBP compared to the lean subjects  [16] . Among adults, 
nondipping has been seen in essential hypertension, overweight or obese persons, older-age 
individuals and in those with a family history of premature CVD. Persistent nondippers have 
been reported to be at a greater risk of developing increases in left ventricular mass index, 
interventricular septum thickness and left atrium and aortic root diameters compared with 
subjects with a normal dipping pattern, despite similar mean 24-hour values  [17] . In a recent 
meta-analysis, nocturnal BP has been shown to be superior to daytime BP in predicting both 
cardiovascular events and total mortality  [18] . Our findings of higher daytime and nocturnal 
SBP load and blunted nocturnal diastolic dip in obese and diabetic children may be linked to 
high insulin levels and HOMA index, surrogate markers of IR. IR has been demonstrated to be 
associated with overactivity of the central sympathetic nervous system, contributing to 
increased peripheral resistance, reduced baroreceptor function and activation of renal 
tubular sodium reabsorption in the kidney. The renal effects involve activation of the renin-
angiotensin-aldosterone system, resulting in volume overload and higher BP  [19–21] .

  Furthermore, in the vascular endothelium, IR is associated with a reduced local vasodi-
lator response to insulin  [22, 23] . Acute administration of insulin has been shown to have 
vasodilatory effects. In normal men, infusion of physiologic doses of insulin decreases the 
augmentation index within 1 h, consistent with increased distensibility or vasodilatation of 
large arteries, whereas the vasodilatory response to insulin in patients with T2DM occurred 
after 2 h, suggesting that the delayed insulin action due to IR could predispose patients with 
diabetes to develop systolic hypertension  [24] .

  In addition, puberty is also known to be associated with decreased insulin sensitivity 
 [25] . There was a trend towards slightly more advanced Tanner stages in our obese and 
T2DM subjects as compared to lean subjects, although the differences were not significant.

  Our study is limited by its cross-sectional study design, which does not allow an appraisal 
of the long-term cardiovascular outcomes of elevated SBP in children and adolescents. In 
addition, our study population was confined to obese and diabetic Caribbean youth, which 
may limit the extrapolation of results to the general population. However, we would not 
expect Caribbeans to differ substantially from other ethnic groups. It is possible that other 
factors, not accounted for in this study, such as salt intake and obstructive sleep apnea might 
have contributed to the BP levels and impaired nocturnal dipping in diabetic and obese 
subjects.

  Conclusions 

 Young persons with early T2DM and nondiabetic obesity have increased 24-hour mean 
SBP, absence of normal nocturnal diastolic dip and widened pulse pressure compared with 
lean controls matched for age and sexual maturation. The strong correlation of body size and 
BP in obese and T2DM youth may reflect higher IR in these groups. The adolescent T2DM and 
obese groups share adverse cardiovascular risk factors, which may be harbingers of adult 
cardiovascular events.
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