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Obesity, Insulin Resistance, Hypertension and Sleep in the Child
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Abstract: Sleep loss produces various insults on human health. The current mini-review introduces recent evidence on
the relationship among sleep loss, obesity, insulin resistance, hypertension, and sleep apnea with paying special
attention to children. Ten relationships were explained; 1. Sleep loss induces obesity. 2. Obesity induces sleep apnea. 3.
Obesity induces insulin resistance. 4. Obesity induces hypertension. 5. Sleep loss induces insulin resistance. 6. Sleep
loss induces hypertension. 7. Sleep apnea with obesity induces insulin resistance. 8. Sleep apnea with obesity induces
hypertension. 9. Sleep apnea without obesity induces insulin resistance. 10. Sleep apnea without obesity induces
hypertension. To secure child health, the need for paying attention to sleep was emphasized.
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INTRODUCTION

Sleep is an essential physiological activity for
humans. However, recently, sleep has been paid little
attention, resulting in the increased of sleep deprived
people [1]. Sleep loss directly impacts health, including
increasing the risk of accidental and automobile crash
injuries, as well as potentially resulting in long-term
deleterious effects on the cardiovascular, immune, and
various metabolic systems [2]. These facts have
recently been recognized especially in adults, but the
similar facts have also been pointed out in children [3].
The current mini-review introduced recently published
evidence on the relationship among sleep loss, obesity,
insulin resistance, hypertension, and sleep apnea with
paying special attention to children (Figure 1).

METHODS

To review recent findings on relationships between
child sleep including sleep apnea and obesity, insulin
resistance, and hypertension, author searched
evidence by means of Pubmed as well as recent
abstracts on medical meetings on sleep.

RESULTS

Finally, 44 references cited [1-44] here was
considered to be worth discussing on ten relationships
between child sleep and obesity, insulin resistance,
and hypertension; 1. sleep loss and obesity, 2. obesity
and sleep apnea, 3. Obesity and insulin resistance, 4.
Obesity and hypertension, 5. Sleep loss and insulin
resistance, 6. Sleep loss and hypertension, 7. Sleep
apnea and insulin resistance, 8. Sleep apnea and
hypertension, 9. Sleep apnea without obesity and
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insulin resistance, 10. Sleep apnea without obesity
induces hypertension. Author also found it important to
discuss on the relationship between child sleep and
metabolic syndrome. In the following section, the above
mentioned 11 issues are discussed.

DISCUSSION
1. Sleep Loss and Obesity (Line 1 in Figure 1)

According to the review published in 2008 [4], there
have been prospective studies that have observed an
association between sleep duration and weight gain,
including four studies in children [5-8] and five in adults
[9-13]. All but one [9] of these prospective studies
found a significant association between shorter sleep
duration at baseline and greater weight gain during the
period of follow-up. Short sleep duration has also been
shown to significantly increase the subsequent risk of
obesity in young children [14].

2. Obesity and Sleep Apnea (Line 2 in Figure 1)

The overall prevalence of obstructive sleep apnea
(OSA) in the general population is 2% to 4% [15], and
in obese adult individuals the prevalence of OSA is
30% [16]. Obesity among adults is the largest risk
factor for OSA [17]. This is also true for children [18].

3. Obesity and Insulin Resistance (Line 3 in Figure
1)

According to the review by Kim & Caprio [19], the
National Health and Nutrition Examination Survey
(NHANES) from 1999 to 2002 examined the
prevalence of insulin resistance, defined as the
homeostasis model assessment method (HOMA-IR)
greater than 4.39 (upper 2.5 percentile) or greater than
2 SD above mean HOMA-IR, and determined that
obesity was a major determinant of insulin resistance
independent of age, gender, or ethnicity [20].
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4. Obesity and Hypertension (Line 4 in Figure 1)

Hypertension seems to be the most common
obesity-related health problem, although the true
mechanisms of obesity-related hypertension remain to
be determined [21]. According to the review by Sorof &
Danieles [22], obese children are at approximately a 3-
fold higher risk for hypertension than nonobese
children. Recently,  overweight/obese  children
compared with normal-weight children was reported
among Greek children ((9.2 +/- 1.8 years old) to have
higher blood pressure [23].

5. Sleep Loss and Insulin Resistance (Line 5 in
Figure 1)

According to the review in 2010 [2], sleep restriction
results in metabolic and endocrine alterations, including
decreased glucose tolerance, decreased insulin
sensitivity, increased evening concentrations of
cortisol, increased levels of ghrelin, decreased levels of
leptin and increased hunger and appetite. However, the
same review stated that there has been no laboratory
study so far that has examined the impact of
experimental recurrent sleep restriction on hormones
and metabolism in children.

6. Sleep Loss and Hypertension (Line 6 in Figure 1)

Recent epidemiological studies have revealed
relationships  between sleep deprivation and
hypertension, probably due to increased sympathetic
tone [24]. For children, however, Mratikainen et al., [25]
reported that neither quantity nor quality of sleep was
related to 24-hour ambulatory blood pressure or
cardiovascular reactivity after accounting for major
covariates (sex, age, height, body mass index, and
parental education).

Tonai et al., investigated the life style and blood
pressure of 685 children who were the first to third
grade of elementary schools in 1985. They followed the
same children at 1988 and 1991. They picked up 43
short sleepers, who showed short sleep duration than
the average at every three-time investigations, and 113
long sleepers, who had long sleep duration than the
average at every three checks, and compared their
blood pressure. They found that the average both
systolic and diastolic blood pressures showed
significantly higher values in the 43 short sleepers than
in the 113 long sleepers in 1991 [26]. Short sleep
duration may have effect on blood pressure in children.

7. Sleep Apnea and Insulin Resistance (Line 7 in
Figure 1)

According to Lindberg et al., sleep disordered
breathing is independently related to the development
of insulin resistance and thereby the risk of manifest
diabetes mellitus [27]. Children with OSA have found
increased fasting insulin [28], and in obese pubertal
children, OSA was associated with worse insulin
resistance [29].

8. Sleep Apnea and Hypertension (Line 8 in Figure
1)

Compared with participants without OSA, the
presence of OSA was associated with increased
adjusted risk of incident hypertension in adults [30].

Marcus et al., [31] were first to systematically study
blood pressure in children with obstructive sleep apnea
syndrome, and found that child patients with
obstructive  sleep apnea syndrome exhibited
significantly higher diastolic blood pressure during both
wakefulness and sleep. Kohyama et al., [32] concluded
that blood pressure in pediatric patients with sleep
disordered breathing is positively correlated with the
degree of sleep disordered breathing. Both Marcus et
al., [31] and Kohyama et al., [32] stated that multiple
linear regression showed that blood pressure could be
predicted also by body mass index. Recently, Horne et
al., reported that sleep disordered breathing,
regardless of the severity, was associated with
increased blood pressure during sleep and wake
compared with nonsnoring control children [33].

9. Sleep Apnea without Obesity and Insulin

Resistance (Line 9 in Figure 1)

As cited before, sleep disordered breathing is
reported to be independently related to the
development of insulin resistanc [27]. Yang et al.,
described that accumulating evidence implicates that
adult OSA may be associated with insulin resistance,
glucose intolerance, and metabolic syndrome, but
independent of obesity [34]. Clarenbach et al., [35] also
stated that the present evidence from experimental
studies in animals and humans indicate that
intermittent hypoxia and concomitant oxidative stress
may have a negative impact on glucose metabolism,
predisposing to insulin resistance. However, they [35]
also concluded in their abstract that further carefully
conducted clinical studies are needed to clarify the
effects of OSA on insulin resistance.
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Figure 1: The relationship among sleep loss, obesity, insulin resistance, hypertension, and sleep apnea.

. Sleep loss may induce obesity.

. Obesity may induce sleep apnea.

. Obesity may induce insulin resistance.

. Obesity may induce hypertension.

. Sleep loss may induce insulin resistance.

. Sleep loss may induce hypertension.

. Sleep apnea with obesity may induce insulin resistance.
. Sleep apnea with obesity may induce hypertension.

. Sleep apnea without obesity induces insulin resistance.
10. Sleep apnea without obesity may induce hypertension.
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Kohyama et al., reported a disturbance of glucose
metabolism in child non-obese OSA patients [36, 37].
They [38] also investigated the relationship between
OSA and insulin resistance. Insulin resistance was
estimated by the fasting serum insulin levels, the
insulin resistance index based on HOMA-IR, and the
quantitative insulin sensitivity check index (QUICKI). A
total of 85 children aged 25-168 months (average
72.8) who had been referred for polysomnography in
order to evaluate OSA were included in the study.
Available serum samples were obtained from 64
children. These 64 children were divided into mild and
severe groups based on the degree of desaturation.
Among 50 non-obese children (39 mild, 11 severe) and
14 obese children (10 mild, 4 severe), children in the
severe group had significantly higher average levels of
fasting serum insulin and HOMA-IR than in the mild
group. Obese children were defined as those with a
body mass index of more than 95" percentile for age
and sex. However, among 41 normal-weighted children
(those whose body mass index was in the 90"
percentile or less and also the 10" percentile or more
for each age and sex) (33 mild, 8 severe), insulin
resistance showed no significant differences between
the groups, although multiple regression analysis
showed that body mass index was not a significant
predictor variable for both the fasting serum glucose
levels HOMA-IR, or QUICKI. Based on these results,

an association between OSA and insulin resistance in
non-obese children could be suggested. However,
Gozal et al., reported that OSA does not appear to
induce insulin resistance in nonobese pediatric patients
but seems to play a significant role in obese patients
[39].

10. Sleep Apnea without Obesity and Hypertension
(Line 10 in Figure 1)

OSA was independently associated  with
hypertension in nonobese adult patients [40]. In
children, multiple linear regression revealed a
significant association between oxygen desaturation
index and apnea-hypopnea index with daytime and
nocturnal blood pressure, respectively, independent of
obesity [41]. OSA was associated with elevated
daytime and nocturnal blood pressure, and is an
independent predictor of nocturnal hypertension. This
has important clinical implications as childhood
elevated BP predicts future cardiovascular risks. Future
studies should examine the effect of therapy for OSA
on changes in BP [42].

11. Sleep and Metabolic Syndrome in Children

As described above, recent evidence suggests that
sleep disturbances have strong association with weight
gain, insulin resistance, hypertension [43], although
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evidence was not obvious for lines 5, 6, and 9 in
children. Insulin  resistance and hypertension
composed of the significant aspect of metabolic
syndrome. The metabolic syndrome is a clinical
condition composed of anthropometric, physiologic,
and biochemical abnormalities predisposing affected
individuals to the development of type 2 diabetes and
cardiovascular disease, and the principal metabolic
abnormality is considered to be insulin resistance [43].
Recently accumulating epidemiological and genetic
evidence indicates that disruption of circadian rhythms
can be directly linked to many pathological conditions,
including sleep disorders, depression, metabolic
syndrome and cancer [44]. The relation between sleep
and metabolic syndrome should be paid more attention
from various areas. Although metabolic syndrome has
begun to pay attention in the pediatric area, recent
review [43] on the pediatric metabolic syndrome had no
description on sleep.

CONCLUSION

Sleep loss, obesity, insulin resistance, hypertension,
and sleep apnea have close mutual relationships.
Among these, sleep has been paid little attention. We
should pay more attention to sleep to secure child
health. Finally it should also be noted that delayed
bedtimes result in sleep loss [45]. Future studies
investigating the details of relationships between sleep
and the various physiologic issues described are
needed.

REFERENCES

[1] Kohyama J. Sleep, serotonin and suicide in Japan. J Physiol
Anthropol 2011; 30: 1-8.
http://dx.doi.org/10.2114/jpa2.30.1

[2] Leproult R, Van Cauter E. Role of sleep and sleep loss in
hormonal release and metabolism. Endocr Dev 2010; 17: 11-
21.
http://dx.doi.org/10.1159/000262524

[3] Mindell JA, Owens J, Alves R, et al. Give children and
adolescents the gift of a good night’s sleep: a call to action
(editorial). Sleep Med 2011; 12: 203-4.
http://dx.doi.org/10.1016/j.sleep.2011.01.003

[4] Van Cauter E, Knutson KL. Sleep and the epidemic of
obesity in children and adults. Eur J Endocrinol 2008; 159:
S59-S66.
http://dx.doi.org/10.1530/EJE-08-0298

[5] Agras WS, Hammer LD, Mcnicholas F, Kraemer HC. Risk
factors for childhood overweight: a prospective study from
birth to 9.5 years. J Pediatr 2004; 145: 20-5.
http://dx.doi.org/10.1016/j.jpeds.2004.03.023

[6] Reilly JJ, Armstrong J, Dorosty AR, et al. Early life risk
factors for obesity in childhood: cohort study. BMJ 2005; 330:
1357.
http://dx.doi.org/10.1136/bmj.38470.670903.E0

[7] Lumeng JC, Somashekar D, Appugliese D, Kaciroti N,
Corwyn RF, Bradley RH. Shorter sleep duration is associated

8l

19

[10]

[11]

[12]

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

with increased risk for being overweight at ages 9 to 12
years. Pediatrics 2007; 120: 1020-9.
http://dx.doi.org/10.1542/peds.2006-3295

Taveras EM, Rifas-Shiman SL, Oken E, Gunderson EP,
GillmanMW. Short sleep duration in infancy and risk of
childhood overweight. Arch Pediatri Adolesc Med 2008; 162:
305-11.

http://dx.doi.org/10.1001/archpedi.162.4.305

Stranges S, Cappuccio FP, Kandala NB, et al. Cross
sectional versus prospective associations of sleep duration
with changes in relative weight and body fat distribution: the
Whitehall Il Study. Am J Epidemiol 2008; 167: 321-9.
http://dx.doi.org/10.1093/aje/kwm302

Patel SR, Malhotra A, White DP, Gottlieb DJ, Hu FB.
Association between reduced sleep and weight gain in
women. Am J Epidemiol 2006; 164: 947-54.
http://dx.doi.org/10.1093/aje/kwj280

Gangwisch JE, Malaspina D, Boden-Albala B, Heymsfield
SB. Inadequate sleep as a risk factor for obesity: analyses of
the NHANES . Sleep 2005; 28: 1289-96.

Hasler G, Buysse D, Klaghofer R, et al. The association
between short sleep duration and obesity in young adults: a
13-year prospective study. Sleep 2004; 27: 661-6.

Chaput JP, Despres JP, Bouchard C, Tremblay A. The
association between sleep duration andweight gain inadults:
a6-year prospective study from the Quebec family Study.
Sleep 2008; 31: 517-23.

Bell JF, Zimmerman FJ. Shortened nighttime sleep duration
in early life and subsequent childhood obesity. Arch Pediatr
Adolesc Med 2010; 164: 840-5.
http://dx.doi.org/10.1001/archpediatrics.2010.143

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S.
The occurrence of sleep-disordered breathing among middle-
aged adults. N Engl J Med 1993; 328: 1230-5.
http://dx.doi.org/10.1056/NEJM199304293281704

Kyzer S, Charuzi |. Obstructive sleep apnea in the obese.
World J Surg 1998; 22: 998-1001.
http://dx.doi.org/10.1007/s002689900506

Panossian LA, Veasey SC. Daytime Sleepiness in Obesity:
Mechanisms Beyond Obstructive Sleep Apnea—A Review.
Sleep 2012; 35: 605-15.

Kelly-Pieper K, Lamm C, Fennoy |. Sleep and obesity in
children: a clinical perspective. Minerva Pediatr 2011; 63:
473-81.

Kim G, Caprio S. Diabetes and insulin resistance in pediatric
obesity. Pediatr Clin North Am 2011, 58: 1355-61.
http://dx.doi.org/10.1016/j.pcl.2011.09.002

Lee JM, Okumura MJ, Davis MM, Herman WH, Gurney JG.
Prevalence and determinants of insulin resistance among US
adolescents. Diabetes Care 2006; 29: 2427-32.
http://dx.doi.org/10.2337/dc06-0709

Kurukulasuriya LR, Stas S, Lastra G, Manrique C, Sowers
JR. Hypertension in obesity. Med Clin North Am 2011; 95:
903-17.

http://dx.doi.org/10.1016/j.mcna.2011.06.004

Sorof J, Daniels S. Obesity hypertension in children: a
problem of epidemic proportions. Hypertension 2002; 40:
441-7.
http://dx.doi.org/10.1161/01.HYP.0000032940.33466.12

Kollias A, Skliros E, Stergiou GS, Leotsakos N, Saridi M,
Garifallos D. Obesity and associated cardiovascular risk
factors among schoolchildren in Greece: a cross-sectional
study and review of the literature. Pediatr Endocrinol Metab
2011; 24: 929-38.

Nagai M, Hoshide S, Kario K. Sleep duration as a risk factor
for cardiovascular disease- a review of the recent literature.
Curr Cardiol Rev 2010; 6: 54-61.
http://dx.doi.org/10.2174/157340310790231635




Obesity, Insulin Resistance, Hypertension and Sleep in the Child

International Journal of Child Health and Nutrition, 2012 Vol. 1, No. 1 27

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Martikainen S, Pesonen AK, Feldt K, et al. Poor sleep and
cardiovascular function in children. Hypertension 2011; 58:
16-21.

http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.172395

Tonai S, Arakawa Y, Yanagisawa M. Blood pressure in
childhood and lifestyle (in Japanese). J Pediatr Practice
(Shounika-Shinryou) 1995; 58: 1961-7.

Lindberg E, Theorell-Hagléw J, Svensson M, Gislason T,
Berne C, Janson C. Sleep apnea and glucose metabolism - a
long-term follow-up in a community-based sample. Chest in
press.

delaEva R, Baur L, Donaghue K, Waters K. Metabolic
correlates with obstructive sleep apnea in obese subjects. J
Pediat 2002; 140: 641-3.

Kelly A, Dougherty S, Cucchiara A, Marcus CL, Brooks LJ.
Catecholamines, adiponectin, and insulin resistance as
measured by HOMA in children with obstructive sleep apnea.
Sleep 2010; 33: 1185-91.

Marin JM, Agusti A, Villar I, et al. Association between
treated and untreated obstructive sleep apnea and risk of
hypertension. JAMA 2012; 307: 2169-76.
http://dx.doi.org/10.1001/jama.2012.3418

Marcus CL, Greene MG, Carroll JL. Blood pressure in
children with obstructive sleep apnea. Am J Respir Crit Care
Med 1998; 157: 1098-103.

Kohyama J, Ohinata JS, Hasegawa T. Blood pressure in
sleep disordered breathing. Arch Dis Child 2003; 88: 139-
142.

http://dx.doi.org/10.1136/adc.88.2.139

Horne RS, Yang JS, Walter LM, et al. Elevated blood
pressure during sleep and wake in children with sleep-
disordered breathing. Pediatrics 2011; 128: €85-92.
http://dx.doi.org/10.1542/peds.2010-3431

Yang D, Liu Z, Yang H, Luo Q. Effects of continuous positive
airway pressure on glycemic control and insulin resistance in
patients with obstructive sleep apnea: a meta-analysis. Sleep
Breath in press.

Clarenbach CF, West SD, Kohler M. Is obstructive sleep
apnea a risk factor for diabetes? Discov Med 2011; 12: 17-
24,

(36]

(37]

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

Kohyama J, Hasegawa T, Ohinata JS. Glucose metabolism
in sleep disordered breathing. Arch Dis Child 2003; 88: 89.
http://dx.doi.org/10.1136/adc.88.1.89

Kohyama J, Hasegawa T, Ohinata JS, Furushima W.
Glycosylated hemoglobin (HbAlc) in children with sleep-
disordered breathing. Sleep Biol Rhythm 2004; 2: 49-52.

Kohyama J, Hasegawa T, Ohinta JS, et al. Obstructive sleep
apnea and insulin resistance in Japanese children. Sleep
Biol Rhythm 2005; 3: 106-13.
http://dx.doi.org/10.1111/j.1479-8425.2005.00184.x

Gozal D, Capdevila OS, Kheirandish-Gozal L. Metabolic
alterations and systemic inflammation in obstructive sleep
apnea among nonobese and obese prepubertal children. Am
J Respir Crit Care Med 2008; 177: 1142-9.
http://dx.doi.org/10.1164/rccm.200711-16700C

Lin QC, Zhang XB, Chen GP, Huang DY, Din HB, Tang AZ.
Obstructive sleep apnea syndrome is associated with some
components of metabolic syndrome in nonobese adults.
Sleep Breath 2012; 16: 571-8.
http://dx.doi.org/10.1007/s11325-011-0544-7

Li AM, Au CT, Sung RY, et al. Ambulatory blood pressure in
children with obstructive sleep apnoea: a community based
study. Thorax 2008; 63: 803-9.
http://dx.doi.org/10.1136/thx.2007.091132

Cho LW. Metabolic syndrome. Singapore Med J 2011; 52:
779-85.

Bremer AA, Mietus-Snyder M, Lustig RH. Toward a Unifying
Hypothesis of Metabolic Syndrome Pediatrics 2012; 129:
557-70

Sahar S, Sassone-Corsi P. Regulation of metabolism: the
circadian clock dictates the time. Trends Endocrinol Metab
2012; 23: 1-8.

http://dx.doi.org/10.1016/j.tem.2011.10.005

Kohyama J, Shiiki T, Ohinata-Sugimoto J, Hasegawa T.
Potentially harmful sleep habits of 3-year-old children in
Japan. J Dev Behav Pediatr 2002; 23: 67-70.
http://dx.doi.org/10.1097/00004703-200204000-00001

Received on 08-06-2012

http://dx.doi.org/10.6000/1929-4247.2012.01.01.03

© 2012 Jun Kohyama; Licensee Lifescience Global.
This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in

any medium, provided the work is properly cited.

Accepted on 23-08-2012

Published on 25-09-2012



