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ABSTRACT
Objectives Adolescent obesity is linked to metabolic 

and cardiovascular risk, but its associations with 

adolescents’ experienced health and morbidity are less 

clear. Morbidities experienced by overweight/obese 

adolescents and associations between morbidities and 

timing of overweight/obesity were examined.

Methods Data were from the Health of Young 

Victorians Study (HOYVS; 1997, 2000, 2005), a 

school-based longitudinal study. Outcomes were 

blood pressure, health status (Pediatric Quality of Life 

Inventory 4.0 (PedsQL), global health), mental health 

(Strengths and Diffi culties Questionnaire), psychological 

distress (Kessler-10), physical symptoms, sleep, asthma, 

dieting, and healthcare needs and visits. Regression 

methods assessed associations with body mass index 

status and timing of overweight/obesity.

Results Of the 923 adolescents (20.2% overweight, 

6.1% obese), 63.5% were classifi ed as “never” 

overweight/obese, 8.5% as “childhood only”, 7.3% 

as “adolescence only” and 20.8% as “persistent”. 

Compared to non-overweight, current obesity was 

associated with lower PedsQL physical summary 

scores (mean −6.58, 95% CI −9.52 to −3.63) and 

good/fair/poor global health (OR 3.52, 95% CI 1.95 

to 6.36), hypertension (systolic 8.86, 95% CI 4.70 to 

16.71; diastolic 5.29, 95% CI 2.74 to 10.20) and dieting 

(OR 5.79, 95% CI 3.28 to 10.23), with intermediate 

associations for overweight. Associations with 

psychosocial morbidity were weaker and inconsistent 

and there were few associations with health symptoms 

and problems. Only dieting (OR 2.30, 95% CI 1.36 

to 3.89) was associated with resolved childhood 

overweight/obesity.

Conclusions Despite poorer overall health, 

overweight/obese adolescents were not more likely 

to report specifi c problems that might prompt health 

intervention. Morbidity was mainly associated with 

concurrent, rather than earlier, overweight/obesity.

INTRODUCTION
There is surprisingly little information about 
the health of overweight and obese adolescents 
as experienced by the adolescents themselves 
or observed by their parents. In cross-sectional 
clinical1 and, to a lesser extent, community2 3 

samples, social, emotional and physical health 
is generally poorer in obese than in non-obese 
adolescents. However, little is known about the 
prevalence of more specifi c health issues which, 
if present, might drive both perceptions of poorer 
general health and healthcare utilisation.4 5 If spe-
cifi c health issues are absent, there may be little 
incentive to modify behaviours, so that symptom-

Comorbidities of overweight/obesity experienced in 
adolescence: longitudinal study
Melissa Wake,1–3 Louise Canterford,1,2 George C Patton,2,4 Kylie Hesketh,5 Pollyanna 

Hardy,1,2,6 Joanne Williams,2,4 Elizabeth Waters,7 John B Carlin2,3,6

What is already known about this topic

▶  Surprisingly little has been reported about the 
health of overweight and obese adolescents 
as experienced by the adolescents 
themselves or observed by their parents.

▶  It is also not known whether health issues are 
more common in teens with long-standing 
overweight/obesity, or resolve when childhood 
obesity resolves.

What this study adds

▶  Overweight/obese adolescents experience 
poorer physical health than their non-
overweight peers but do not report 
specifi c health problems that might prompt 
intervention to reduce their body mass index.

▶  Many adverse health and psychological 
effects of childhood obesity could be 
reversed if the obesity were treated before 
adolescence.

free overweight adolescents may not act to reduce 
their long-term risk for adverse adult outcomes.

Regarding physical health, adolescent obesity 
is clearly associated with higher blood pressure, 
higher fasting insulin, adverse lipid profi les and 
abnormal glucose tolerance tests, which are usu-
ally all asymptomatic at this age and detected 
only opportunistically or via surveillance. 
Obesity is believed to cause a range of more 
overt physical problems, with a recent system-
atic review citing symptoms such as heat intol-
erance, excessive sweating, intertrigo, heat rash, 
tiredness, shortness of breath on exercise, joint 
pain and headaches.6 Asthma has been weakly 
related to overweight/obesity in some, but not 
all, good-quality epidemiological studies,7 par-
ticularly those in which asthma is self-reported 
or clinically treated8 rather than more objectively 
assessed via lung function testing.

Suspected psychosocial impacts of adolescent 
obesity9 include dieting and eating disorders, as 
well as other mental health problems. However, 
the current literature is biased towards clinically 
obese samples in which the presence of a mental 
health problem may be the trigger for presenta-
tion. Population studies suggest that psychological 
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than 0.5 cm, the median of three measurements was used in 
analyses.

At each wave, BMI was calculated (kg/m2) and participants 
were classifi ed as non-overweight, overweight or obese accord-
ing to age- and gender-specifi c International Obesity TaskForce 
cut points.16 In the third wave, adolescents 19 years of age or 
older were classifi ed as non-overweight (<25 kg/m2), over-
weight (≥25 and <30 kg/m2) or obese (≥30 kg/m2). Participants 
were further categorised according to timing and persistence 
of overweight/obesity as “never” (non-overweight at all three 
waves), “childhood only” (overweight/obese in 1997 and/or 
2000, but not 2005), “adolescence only” (only overweight/
obese in 2005) or “persistent” (overweight/obesity in one or 
both of the 1997 or 2000 waves, as well as in 2005).

Potential comorbidities (outcomes)
Potential comorbidities are summarised in table 1 and com-
prised parent- and adolescent-reported measures as well as 
measured blood pressure.

Socioeconomic and demographic variables (covariates)
Socioeconomic and demographic variables were the adoles-
cent’s sex (male/female), the adolescent’s age in months and 
the Socio-Economic Indexes for Areas (SEIFA)17 disadvantage 
index for the most recent (2005) postcode of residence categor-
ised into quintiles according to the distribution of the Victorian 
population. SEIFA values are standardised scores by geograph-
ical area compiled from 2001 census data to numerically 
summarise the social and economic conditions of Australia 
(national mean 1000, SD 100; higher values represent greater 
advantage). Due to missing data and lack of clear association 
with adolescent BMI status (table 2), mothers’ highest com-
pleted educational level (collected in 1997) was not included as 
an additional covariate.

Statistical analysis
Regarding morbidities experienced by overweight/obese ado-
lescents (the cross-sectional 2005 analyses) (aim 1), adolescent 
BMI status was the categorical primary exposure. Regarding 
associations between morbidities and timing of overweight/
obesity (the longitudinal analyses) (aim 2), the primary expo-
sure was the four categories summarising the timing and per-
sistence of overweight/obesity. Multivariable analyses were 
adjusted for adolescents’ sex, adolescents’ age in months and 
SEIFA disadvantage index.

Linear, logistic and proportional odds ordinal logistic 
regression models were used to model the continuous, binary 
and ordinal health outcomes, respectively, with each model 
including a single dependent variable (outcome). Results for 
the cross-sectional analyses (aim 1) present the effect esti-
mates (mean differences for linear regression analyses; OR for 
logistic and ordinal logistic regression analyses) and 95% CI 
for overweight versus non-overweight and obese versus non-
overweight, BMI status. Results for the longitudinal analyses 
(aim 2) are presented similarly, comparing health outcomes for 
the overweight/obese in the “childhood only”, “adolescence 
only” and “persistent” overweight/obesity categories with the 
“never” (reference) category.

Some outcomes were modestly skewed, so CIs for linear 
regression parameters were re-estimated using the bootstrap 
method; as the results were similar, the standard estimates 
are presented. One outcome, the healthcare utilisation vari-
able, was suffi ciently skewed that analysis on a log scale was 

well-being may in fact be well preserved in many overweight 
and obese children,10 11 with major determinants being prior 
psychopathology12 and severe obesity.13

No community study to our knowledge has investigated 
associations between body mass index (BMI) status and a 
wide range of both mental and physical health problems 
simultaneously in a population-ascertained cohort of adoles-
cents. Therefore, the fi rst aim of this paper was to determine 
the morbidities experienced by overweight and obese ado-
lescents in a population sample, compared to their non-over-
weight peers. We hypothesised that the frequency of these 
problems would rise with increasing BMI status (ie, from non-
 overweight through overweight to the obese category).

A further question relates to whether any experienced 
health problems relate to the duration of an adolescent’s obe-
sity, or which symptoms (if any) are reversible in adolescents 
whose earlier overweight/obesity has resolved. This is impor-
tant in the context of approaching obesity-related morbidities 
as curable or as problems that must be chronically managed. 
Therefore, our second aim was to assess whether the likeli-
hood of adolescent health problems is increased by over-
weight/obesity in earlier childhood, independently of current 
BMI status.

METHOD
Design and sample
This study draws on the three waves (1997, 2000 and 2005) of 
the Health of Young Victorians Study (HOYVS). Sampling and 
methods have been reported previously.14 15 Briefl y, 24 elemen-
tary schools were selected from across the state of Victoria, 
Australia (population 4.6 million in 1997), using a stratifi ed 
two-stage random sampling design based on school education 
sector (government, Catholic or independent) and school class 
level. The baseline response rate for prep (fi rst school year) 
through third grade students in 1997 was 83.2% (1943 of 2336 
identifi ed children; age range 5.0–10.7 years). The achieved 
sample mirrored Victorian census data for age distribution, 
sex, ethnicity (parental county of birth) and proportion of 
indigenous persons.

Children were resurveyed 3 years later when in grades 3 
through 6 (HOYVS 2000) (age range 8.4–13.8 years; response 
rate 80.8% (1569 of 1943 children in 1997)) and then after a fur-
ther 5 years when most were in grades 8 through 12 (HOYVS 
2005, conducted September 2005 to December 2006). For 
HOYVS 2005, 960 parents agreed to participate again (58% of 
the 1662 located, 49% of the original 1943; mean age 15.9 years; 
age range 13.6–19.4 years). The main reasons for non-partici-
pation in HOYVS 2005 were adolescent not located (n=281), 
parental refusal (n=357) and parental consent not obtained 
(n=345). All waves were approved by the Royal Children’s 
Hospital Ethics in Human Research Committee and the rele-
vant education authorities and written parental informed con-
sent was obtained. In 2005, adolescents also provided written 
informed consent.

Anthropometric measures (primary exposure)
Anthropometric measures were taken by trained fi eld workers 
in each wave. Weight was measured in light clothing to the 
nearest 100 g using digital scales (Tanita, Tokyo, Japan, model 
1597 in 1997 and 2000, model THD-646 in 2005). Height was 
measured to the nearest 0.1 cm using a portable rigid stadi-
ometer (Invicta, Leicester, UK, model IPO955). Height was 
measured once in 1997 and 2000; in 2005, two height mea-
surements were averaged and, where the two differed by more 
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Table 2 Characteristics by overall sample* and by body mass index status

Characteristics Overall Not overweight Overweight Obese

Adolescent’s sex (%) (n=923)
 Boys 50.6 49.6 53.8 51.8
 Girls 49.4 50.4 46.2 48.2
Age (years) (mean (SD)) (n=923) 16.0 (1.2) 16.0 (1.3) 15.9 (1.2) 15.8 (1.1)
Mother’s highest education (%) (n=814)
 Less than 11 years 20.5 19.4 23.6 23.4
 11–12 years 36.2 36.1 37.0 36.2
 Technical certifi cate/diploma 16.6 16.0 19.4 14.9
 Tertiary degree/postgraduate 26.7 28.6 20.0 25.5
SEIFA disadvantage quintile (%) (n=915)
 First (least advantaged) 8.7 7.4 10.4 19.6
 Second 26.6 25.7 28.6 30.4
 Third 18.4 19.1 15.9 17.9
 Fourth 25.0 26.6 20.3 21.4
 Fifth (most advantaged) 21.3 21.3 24.7 10.7

SEIFA, Socio-Economic Indexes for Areas.
*681 were not overweight, 186 were overweight and 56 were obese.

Table 1 Measures of potential comorbidities (“outcomes”) of adolescent overweight/obesity

Construct and available n* Measure Additional information

Continuous outcomes
 Behaviour (n=923) Strengths and Diffi culties Questionnaire; 

12–18-year-old self-report version32
25 Items, Cronbach’s α=0.80,33 generates total diffi culties score (range 0–40) with 
higher scores representing greater problems

  Health status (n=922 and 
881 (physical); 910 and 871 
(psychosocial); self- and parent-
proxy, respectively)

Pediatric Quality of Life Inventory 4.0; 
13–18-year-old self-report and parent-proxy 
versions33

23 Items, Cronbach’s α=0.88 adolescent; 0.90 parent. 34 Physical and psychosocial 
health summary scores have possible ranges of 0–100, with 100 representing best 
possible health

  General physical symptoms 
(n=903)

Study-designed list. Empirically derived from 
symptom list that the Australian NHMRC, 
based on systematic review,6 recommends 
probing in clinical consultations with obese 
children and adolescents; self-report

List of 16 possible physical symptoms (“thinking about the last 6 months, have had 
problems with …?”) (no=0; yes, a small problem=1; yes, a big problem=2; possible 
range 0–32). Possible problems were with: muscles/ligaments, joints, breathing 
when exercising/hurrying, breathing at night, coughing, heartburn, diarrhoea, 
constipation, abdominal pain, not coping with heat, sweating, skin rashes, feeling 
tired, drinking more than other kids, toilet at night, daytime sleepiness

  Healthcare utilisation (n=771) Derived from the National Survey of Mental 
Health and Wellbeing of Adults35; parent 
report

Summed number of visits to 19 possible types of healthcare professionals, for 
example, general practitioner, surgical specialist, social worker, counsellor (“in 
the last 12 months, has your teenager seen any of the following doctors or health 
professionals regarding their health? If yes, how many times?”)

Categorical outcomes
  Global health (n=883, self; 

n=857, parent-proxy)
From the Child Health Questionnaire36; self- 
and parent-proxy reports

Adolescent self: single question (“in general, would you say your health is?”); parent-
proxy: single question (“in general, how would you say your child’s current health 
is?”); both dichotomised as “excellent/very good” vs “good/fair/poor”

  Psychological distress (n=907) Kessler-1037; self-report Global 10-item measure of anxiety/depression based on symptoms in the most 
recent 4-week period. Scores range from 10 to 50, with higher score indicating 
greater psychological distress. Strong discrimination in adults for serious mental 
illness (area under the receiver operating characteristic 0.854).38 Dichotomised as 
“low/moderate” vs “high/very high” psychological distress

  Special healthcare needs 
(n=842)

Children with Special Health Care Needs 
Screener, two-item version39; parent report

Probes whether or not a child has any condition(s) expected to last for at least 
12 months that need or use more care than parents would consider usual; 
dichotomised as yes/no

 Asthma, wheeze (n=916) Questions derived from the ISAAC study40 

and the National Population Health Survey, 
1998/9941; self-report

Teen reports asthma with medication use in the last 12 months; dichotomised as 
yes/no

 Sleep quality (n=921) Pittsburgh Sleep Quality Index42; self-report One item (“during the past month, how would you rate your sleep quality overall (how 
well do you sleep)?”); dichotomised as “fairly/very good” vs “fairly/very bad”43

 Dieting (n=916) The Adolescent Dieting Scale29; self-report Eight items measuring dieting levels. α Coeffi cient=0.8829; trichotomised as “dieting 
absent” vs “minimal dieting” vs “intermediate/extreme dieting”

 Blood pressure (n=908) Digital blood pressure monitor (A and D 
(Tokyo, Japan) Medical UA-787); measured

Three measurements, 1 min apart; mean calculated from second and third readings, 
with percentiles calculated according to gender, age and height.44 Systolic 
hypertension is defi ned as systolic blood pressure ≥95th and prehypertension 
as systolic blood pressure ≥90th and <95th percentiles. Diastolic hypertension 
is defi ned as diastolic blood pressure ≥95th and prehypertension diastolic blood 
pressure ≥90th and <95th percentiles44

ISAAC, International Study of Asthma and Allergies in Childhood; NHMRC, National Health and Medical Research Council.
*Of 960 adolescents with consent, 923 provided at least some outcome data; numbers completing each individual measure ranged from 771 to 923.
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preferred, with comparisons reported as geometric mean 
ratios. Using the Brant test, proportional odds assumptions 
were upheld for each of the ordinal logistic regression mod-
els. A non-parametric test for trend across ordered groups was 
used to assess trends in prevalence for each of the 16 physical 
symptoms across the three weight categories based on BMI.

Analyses were carried out with Stata release 10.0 (StataCorp, 
College Station, Texas, USA, 2007).

RESULTS
Of the 960 adolescents with parental consent, 923 provided 
anthropometric as well as self-reported and/or parent-reported 
data in 2005 (467 boys and 456 girls). The mean age was 
16.0 years (SD 1.2); 186 (20.2 %) were classifi ed as overweight 
and 56 (6.1%) as obese. On the 1997 baseline characteristics, the 
retained cohort was similar to those lost to follow-up in terms 
of gender (50.6% vs 50.9% male; p=0.91) and SEIFA (1996) dis-
advantage index (1027.7 vs 1021.9; p=0.05). However, those 
retained were slightly younger (7.5 vs 7.7 years; p=0.004), had 
a lower baseline mean BMI z score (0.42 vs 0.60; p=0.001), and 

smaller proportions were categorised as overweight or obese 
at baseline (14.1% and 2.8%, respectively vs 17.0% and 7.7% 
respectively; p<0.001). Table 2 presents adolescent and family 
demographics for the 2005 sample overall and by BMI status.

Table 3 quantifi es the strength of the cross-sectional associ-
ations between adolescent BMI status and the range of health 
outcomes, adjusted for the three covariates of age, sex and dis-
advantage quintile; the univariate fi ndings (available from the 
authors) were very similar. Regarding physical health, PedsQL 
(Pediatric Quality of Life Inventory 4.0; table 1) physical sum-
mary scores fell and the proportions of adolescents with poorer 
global health rose with increasing BMI, as reported both by 
adolescents and their parents. Prevalence of systolic and dia-
stolic hypertension also rose with higher BMI status.

Psychosocial measures (table 3) showed inconsistent rela-
tionships with BMI status. Parents of the obese subgroup (but 
not the adolescents themselves) reported poorer PedsQL psy-
chosocial summary scores and adolescents reported slightly 
poorer behaviour scores on the Strengths and Diffi culties 
Questionnaire (table 1) with rising BMI status; however, the 

Table 3 Summary of each comorbidity, overall and by BMI status; adjusted measures of effect for morbidities by BMI status

BMI status Adjusted measure of effect* (95% CI)

Outcome Overall
Not overweight 
(n=566–681)

Overweight 
(n=159–186)

Obese 
(n=46–56) Over weight vs normal Obese vs normal p Value

Continuous (mean (SD))
  SDQ total† 9.3 (5.0) 9.0 (5.0) 10.0 (5.1) 10.5 (5.0) 0.90 (0.09 to 1.71) 1.38 (0.02 to 2.74) 0.02
  PedsQL‡ (self-report)
   Physical summary 85.8 (10.9) 86.3 (10.2) 85.6 (11.7) 79.6 (14.7) −0.96 (−2.73 to −0.80) −6.58 (−9.52 to −3.63) <0.001
   Psychosocial summary 76.5 (12.4) 77.1 (12.0) 75.2 (13.2) 74.0 (14.2) −1.85 (−3.89 to 0.20) −3.12 (−6.55 to 0.32) 0.06
  PedsQL‡ (parent proxy)
   Physical summary 84.7 (16.6) 85.9 (15.8) 82.6 (17.8) 76.5 (19.8) −3.76 (−6.50 to −1.02) −9.51 (−14.14 to −4.89) <0.001
   Psychosocial summary 78.9 (14.3) 79.7 (13.5) 78.2 (15.4) 72.5 (17.9) −1.33 (−3.71 to 1.05) −6.69 (−10.73 to −2.65) 0.004
  General symptoms 4.2 (3.1) 4.1 (3.0) 4.4 (2.9) 5.1 (3.8) 0.31 (−0.19 to 0.82) 0.93 (0.09 to 1.77) 0.06
  Healthcare visits§,¶ 7.3 (2.3) 7.2 (2.3) 8.3 (2.4) 6.2 (2.5) 1.20 (1.04 to 1.39) 0.90 (0.70 to 1.15) 0.03
Categorical (n (%))
  Health good/fair/poor**, self-report 41.0 35.4 53.6 65.5 2.18 (1.55 to 3.08) 3.52 (1.95 to 6.36) <0.001
  Health good/fair/poor**, parent proxy 13.4 10.9 18.1 28.9 1.91 (1.18 to 3.10) 3.42 (1.75 to 6.69) <0.001
  K-10 psychological distress 18.3 17.7 20.0 20.0 1.09 (0.71 to 1.67) 1.16 (0.57 to 2.33) 0.87
  Special healthcare needs 15.7 14.3 19.5 19.2 1.38 (0.88 to 2.17) 1.35 (0.64 to 2.82) 0.32
  Asthma with medication 16.7 15.4 19.6 23.6 1.36 (0.89 to 2.08) 1.55 (0.80 to 3.02) 0.21
  Sleep quality fairly/very bad 14.1 13.8 15.7 12.5 1.15 (0.72 to 1.82) 0.90 (0.39 to 2.07) 0.81
  Dieting behaviour†† – – – – 2.72 (1.93 to 3.85) 5.79 (3.28 to 10.23) <0.001
  Absent 24.3 28.9 13.4 5.5 – – –
  Minimal 61.2 60.4 64.5 60.0 – – –
   Intermediate/extreme 14.4 10.7 22.0 34.6 – – –
  Systolic hypertension‡‡ – – – – 3.04 (1.8 to 4.91) 8.86 (4.70 to 16.71) <0.001
  Normotensive 88.3 92.6 80.0 62.5 – – –
  Prehypertensive 5.1 3.7 9.1 8.9 – – –
  Hypertensive 6.6 3.7 10.9 28.6 – – –
  Diastolic hypertension‡‡ – – – – 2.02 (1.18 to 3.45) 5.29 (2.74 to 10.20) <0.001
  Normotensive 90.5 93.1 86.9 71.4 – – –
  Prehypertensive 5.4 3.8 8.0 16.1 – – –
  Hypertensive 4.1 3.1 5.1 12.5 – – –

BMI, body mass index; K-10, Kessler-10; PedsQL, Pediatric Quality of Life Inventory 4.0; SDQ, Strengths and Diffi culties Questionnaire.
*Logistic regressions (categorical outcomes), adjusted for age, sex and disadvantage quintile.
†A higher score indicates more behavioural problems.
‡A higher score indicates better health.
§Geometric mean (relative SD).
¶Effect: ratio of geometric means.
**Reference category: health excellent/very good.
††ORs from ordinal logistic regression represent estimated relative increase in odds of child being in a higher, compared to a lower, dieting category.
‡‡ORs from ordinal logistic regression represent estimated relative increase in odds of child being in a higher, compared to a lower, blood pressure category.
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more markedly associated with rising BMI status than were 
psychosocial morbidity and distress. However, obese ado-
lescents were not more likely to report specifi c health issues 
(eg, asthma and sleep, muscle and joint problems) that might 
prompt health intervention. Most morbidity was associated 
with current BMI; those whose childhood overweight/obesity 
had resolved did not report excess morbidity, with the excep-
tion of a doubling in the odds of dieting.

Strengths of the study include the population, rather than 
clinical, nature of the sample and its prospective design. Height 
and weight were directly measured on three occasions using 
standardised techniques and the prevalence of overweight and 
obesity mirrored that in other recent surveys.18 We specifi ed 
a priori a wide range of common conditions, based on initial 
literature review and current clinical guidelines,6 for which it 
was reasonable to hypothesise a disproportionate excess in 
obese adolescents. A further strength was the inclusion of par-
allel adolescent self-reports and parent proxy-reports for three 
measures of adolescent health. Relationships with adolescent 
BMI status were very similar between parents and adolescents 
for each of these measures.

Limitations include potential bias introduced by the 50% 
loss to follow-up by the third wave, with a higher rate of base-
line obesity in those lost. If these children subsequently expe-
rienced greater morbidity, we may have underestimated the 
true contribution of childhood obesity to morbidity in adoles-
cence. Nonetheless, the prevalence of obesity in our adolescent 
cohort mirrored that recently reported in the Australian gen-
eral population.18 As our primary aim was to describe perceived 
health, we did not sample blood or undertake imaging, which 
might have shown irreversible metabolic abnormalities in sub-
jects whose overweight or obesity had resolved by adolescence. 
Although we used validated, widely used measures wherever 
possible, we relied on self-report of conditions such as asthma 
and physical health symptoms, noting, however, that self-per-
ception of problems largely drives not only healthcare provision 
but also clinical guidelines.6 The number of obese adolescents at 
the third wave was not large, but nonetheless the fi ndings were 
robust in terms of the strength and consistency of the observed 
associations between related measures, between parents and 

prevalence of severe psychological distress on the Kessler-10 
(table 1) was similar across the BMI categories. Concurrent 
dieting behaviour was strongly associated with rising BMI 
status.

Although general physical symptoms, special healthcare 
needs and asthma requiring medication rose slightly with 
increasing BMI status, none reached statistical signifi cance. 
The weak evidence (p=0.03) of an association between BMI 
and number of healthcare visits was mainly due to the over-
weight (geometric mean ratio 1.20, 95% CI 1.04 to 1.39) rather 
than the obese (0.90, 95% CI 0.70 to 1.15) group. Similarly, as 
seen in fi gure 1, there was little evidence of increasing preva-
lence of physical symptoms with increasing BMI status, except 
for three of the 16 symptoms (trouble breathing when exercis-
ing/hurrying, p=0.008; not coping with the heat, p=0.001; and 
sweating too much, p=0.01).

Table 4 shows the associations between BMI status and 
health outcomes according to timing and persistence of over-
weight/obesity, drawing on the longitudinal data (aim 2). 
Overall, 516 (63.5%) children were categorised as “never” 
overweight/obese, 69 (8.5%) as “childhood only”, 59 (7.3%) as 
“adolescence only” and 169 (20.8%) as “persistent”. Where dif-
ferences in adolescent health status were observed (hyperten-
sion, good/fair/poor health and lower PedsQL scores), those 
with “childhood only” obesity had only marginally increased 
risk, while those with persistent and “adolescent only” obesity 
were at increased risk compared to the never-obese. The only 
outcome that also showed clear associations with “childhood 
only” overweight/obesity was dieting (OR 2.30, 95% CI 1.36 
to 3.89); however, the odds of dieting were even greater with 
concurrent adolescent overweight/obesity (“adolescence only”, 
OR 3.15, 95% CI 1.80 to 5.51; “persistent”, OR 4.18, 95% CI 
2.86 to 6.11). No morbidity was associated solely with child-
hood overweight/obesity that had subsequently resolved.

DISCUSSION
Overweight and obese adolescents were more likely than their 
non-overweight peers to experience poorer health, and systolic 
and diastolic hypertension and to engage in dieting behaviour. 
Poorer general physical functioning was more consistently and 

Figure 1 Physical symptoms 
reported by adolescents according 
to body mass index status. p Values, 
obtained from a non-parametric test 
for trend, are shown.
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is also now known that reversal of even morbid obesity reverses 
much morbidity and substantially improves health-related 
quality of life in adults.23 24 Second, childhood overweight/
obesity in four British longitudinal cohorts was not associated 
with increased risk of fatal heart disease to middle age and 
beyond,25 26 whereas high adolescent BMI has been associated 
with 30–40% higher adult mortality.27 Finally, Viner and Cole 
recently showed that obesity in childhood that subsequently 
resolved on self-report was not associated with a range of self-
reported physical, psychological and social outcomes in adult-
hood.28 Our similar fi ndings for adolescents are strengthened by 
direct measures of anthropometry and blood pressure.

The fi nding that overweight/obesity at any age was associ-
ated with dieting is consistent with earlier studies.29 It is pos-
sible that dieting has actively contributed to the maintenance 
of a healthier weight in the 8% whose childhood overweight/
obese resolved. Yet dieting is the major risk factor for adoles-
cent eating disorders and it remains possible that the cost of 
healthier weight in this group is a continuing higher risk for 
anorexic and bulimic syndromes.30

CONCLUSIONS
High rates of overweight and obesity translate into gener-
ally lower adolescent physical health scores. However, over-
weight/obese adolescents are not more likely to report specifi c 
health complaints that might prompt them to see their doc-
tor and neither hypertension nor dieting (the two specifi c 
problems that had striking associations with BMI status) 
typically present spontaneously unless extreme. Therefore, 

adolescents and (for the cross-sectional analyses, where the 
most literature exists) with other studies. Further, the conclu-
sions did not alter when we repeated the analyses using Centers 
for Disease Control cut points, which classify more individu-
als as obese. Finally, healthcare utilisation was parent-reported 
rather than obtained from a state or national database.

We are not aware of previous population-based reports 
examining associations of adolescent overweight/obesity 
with such a wide range of health outcomes based on a pub-
lished review of the literature. General physical impacts were 
more marked than specifi c physical or psychosocial problems. 
Australian19 and Swedish20 population studies support this 
fi nding well into early adulthood, with a clearer negative asso-
ciation between obesity and physical health than between 
obesity and mental health in obese 16–34-year olds and more 
marked mental health associations developing in older adults 
(35–64-year olds). Our study also supports others’ fi ndings 
that the general experience of obesity in the community2 3 is 
different from that of clinical populations,1 and that psycho-
social morbidity in community studies particularly affl icts the 
most obese.20 21 Bell’s recent report22 that a wide range of mor-
bidities, including depression, increased across the BMI range 
in 6–13-year olds may have been infl uenced by nearly a third 
of the sample comprising treatment-seeking obese children.

The generally favourable outcome associated with childhood 
overweight/obesity that resolves by adolescence is a novel fi nd-
ing but is consistent with other recent lines of enquiry. One 
explanation may be that those whose overweight or obesity 
resolved were less overweight and healthier to begin with, but it 

Table 4 Adjusted measures of effect for morbidities according to period of overweight/obesity, compared to “never overweight/obese”

     Adjusted measure of effect* (95% CI)

Outcome N As child only (n=69) As child and adolescent (n=169) As adolescent only (n=59) p Value

Continuous
 SDQ total† 806 0.18 (−1.07 to 1.44) 0.70 (−0.18 to 1.57) 1.93 (0.57 to 3.29) 0.03
 PedsQL (self-report)‡
  Physical summary 805 −0.26 (−3.02 to 2.49) −1.82 (−3.75 to 0.11) −3.24 (−6.23 to −0.25) 0.07
  Psychosocial summary 794 −1.17 (−4.31 to 1.97) −1.76 (−3.98 to 0.45) −3.78 (−7.19 to −0.36) 0.10
 PedsQL (parent proxy)‡
  Physical summary 768 −2.37 (−6.65 to 1.91) −5.90 (−8.83 to −2.96) −4.38 (−8.94 to 0.19) <0.001
  Psychosocial summary 760 −0.52 (−4.22 to 3.19) −1.79 (−4.35 to 0.77) −5.68 (−9.63 to −1.73) 0.03
 General symptoms 786 −0.28 (−1.06 to 0.50) 0.43 (−0.11 to 0.97) 0.15 (−0.69 to 0.98) 0.33
 Healthcare visits§ 668 1.02 (0.80 to 1.29) 1.10 (0.94 to 1.29) 1.37 (1.06 to 1.76) 0.09
Categorical
 Health good/fair/poor¶ (self-report) 771 1.22 (0.71 to 2.08) 2.66 (1.83 to 3.85) 2.38 (1.35 to 4.22) <0.001
 Health good/fair/poor¶ (parent proxy) 747 1.19 (0.51 to 2.78) 2.75 (1.66 to 4.55) 2.60 (1.24 to 5.48) <0.001
 K-10 psychological distress 792 1.51 (0.82 to 2.79) 1.03 (0.64 to 1.65) 1.56 (0.80 to 3.05) 0.37
 Special healthcare needs 736 1.03 (0.48 to 2.19) 1.43 (0.88 to 2.32) 1.72 (0.83 to 3.56) 0.31
 Asthma with medication 800 0.90 (0.44 to 1.83) 1.42 (0.91 to 2.21) 1.12 (0.54 to 2.32) 0.44
 Sleep quality fairly/very bad 804 1.24 (0.63 to 2.44) 0.79 (0.46 to 1.36) 1.81 (0.92 to 3.56) 0.20
 Dieting behaviour** 799 2.30 (1.36 to 3.89) 4.18 (2.86 to 6.11) 3.15 (1.80 to 5.51) <0.001
 Systolic hypertension†† 794 0.86 (0.30 to 2.53) 4.45 (2.66 to 7.45) 4.69 (2.38 to 9.26) <0.001
 Diastolic hypertension†† 794 1.25 (0.50 to 3.10) 2.61 (1.52 to 4.49) 2.85 (1.31 to 6.19) 0.002

K-10, Kessler-10; PedsQL, Pediatric Quality of Life Inventory 4.0; SDQ, Strengths and Diffi culties Questionnaire.
*Coeffi cient estimates for linear regressions (continuous variables); OR for logistic and proportional odds ordinal logistic regressions (categorical outcomes).
†A higher score indicates more behavioural problems.
‡A higher score indicates better health.
§Effect: ratio of geometric means.
¶Reference category: health excellent/very good.
**Dieting categorised on three levels (absent, minimal, intermediate/extreme); ORs from ordinal logistic regression represent estimated relative increase in odds of 
child being in a higher, compared to a lower, dieting category.
††Hypertension categorised on three levels (normotensive, prehypertensive, hypertensive); ORs from ordinal logistic regression represent estimated relative increase 
in odds of child being in a higher, compared to a lower, blood pressure category.
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opportunistic community and/or primary care surveillance 
may be the only way to systematically detect important mor-
bidities in this group. Obesity limited to childhood had little 
lasting impact on morbidity and the new Cochrane systematic 
review provides some evidence-based optimism that obesity 
can be treated effectively in younger children.31 This lends 
greater urgency to systematic attempts to manage and treat 
overweight in the preschool and primary school years to avert 
these consequences.
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