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Abstract

Background: Few large, long-term studies are available on the relationship between childhood and
adult obesity.

Aim: The present study examined the 30-year association between childhood and adult obesity in a
large sample of girls with essential and uncomplicated obesity.

Subjects and methods: 318 girls who had visited our Pediatric Obesity Clinic between January 1972 and
December 1974 were re-contacted between January 2002 and December 2005. All had undergone
an assessment of weight, height and pubertal status at the baseline visit. Anthropometry was
performed again on those who agreed to take part in the follow-up visit. The women’s general
practitioners were also asked to compile a health questionnaire. Hypertension, hypercholesterolemia,
hypertriglyceridemia and diabetes were defined according to current guidelines. Rates are expressed as
number of cases per 1000 person-years (’Y). Multivariable Poisson regression was used to identify
predictors of persistent obesity.

Results: 224 (70%) of the 318 girls took part to the 30-year follow-up study. They had the same baseline
anthropometry of those not available at follow-up. Sixteen per cent of them were still obese at the
30-year follow-up, giving a persistence rate of obesity of 5.2 x 1000 PY. Tanner stages >1 [rate = ratios
(RR) from 4.73 to 7.74 for different stages, p <0.021] and Z-score of BMI (RR=2.72 for one SDS,
p=0.019) were independent predictors of obesity persistence. Having a university degree vs. an
elementary degree was instead protective (RR=0.32, p=0.009). The most prevalent complication
was hypertriglyceridemia (8.8 x 1000 PY), followed by hypercholesterolemia (rate =8.4 x 1000 PY),
hypertension (rate =5.2 x 1000 PY) and diabetes mellitus (rate =1.0 x 1000 PY).

Conclusion: The study reinforces the notion that obesity should be prevented at an early age and
shows that adolescents with severe obesity and low educational degree are at greater risk of becoming
obese adults.

Keywords: Childhood, obesity, incidence, body mass index, risk factors

Correspondence: Prof. Lorenzo Iughetti, Department of Pediatrics, University of Modena and Reggio Emilia, Via del Pozzo 71,
Modena 41100, Italy. E-mail: iughetti.lorenzo@unimore.it

ISSN 0301-4460 print/ISSN 14645033 online © 2008 Informa UK Ltd.
DOI: 10.1080/03014460802232714



Downloaded By: [Harvard University] At: 07:55 2 October 2008

440 L. Iughetri er al.

Introduction

Obesity is one of the most important health problems in industrialized countries (Flegal
et al. 2007). In the USA, the prevalence of obesity has doubled in 6-12-year-old children
and tripled in 13-17-year-old children in just 20 years (Ogden et al. 2002; Slyper 2004).
A similar epidemic is undergoing in Italy, where overweight and obesity affect nearly 40%
of children in central and southern regions (SIEDP 1992).

There is increasing evidence that childhood obesity is associated with cardiovascular and
metabolic disease in adult age (Must et al. 1992; Srinivasan et al. 1996; Vanhala et al. 1998;
Freedman et al. 1999). Moreover, the same constellation of cardiovascular risk factors,
which plagues adult obesity, is frequently observed in obese children (Barlow and Dietz
1998). Childhood obesity is in fact associated with hyperinsulinemia, type 2 diabetes,
hypertension, increased low-density lipoprotein cholesterol and decreased high-density
lipoprotein cholesterol (Barlow and Dietz 1998; Freedman et al. 1999; Weiss et al. 2004).
There is also some evidence that childhood obesity is a risk factor for adult morbidity
independently from its persistence into adulthood (Srinivasan et al. 1996; Baker et al. 2007).

Obese children have an estimated 22-100% risk of remaining overweight in adulthood
(Stark et al. 1981; DiPietro et al. 1994). The risk factors for the persistence of childhood
obesity into adulthood have been systematically reviewed (Parsons et al. 1999). There are,
however, few large long-term studies of the relationship between childhood obesity and
adult obesity. We therefore evaluated the long-term relationship between childhood
obesity and adult obesity in a large sample of female obese children referred to our
Pediatric Obesity Clinic.

Materials and methods
Study design

We performed a follow-up study of the female children who had been consecutively visited
at the Outpatient Clinic of the Pediatric Obesity Center of I’Aquila University (Italy)
between January 1972 and December 1974. These years were chosen because they were the
first 2 years of activity of our Clinic. Only subjects with simple and uncomplicated obesity
were studied. Immediately after the first visit, the girls underwent dietary counseling and
were referred to their general practitioners. The subjects were contacted again between
January 2002 and December 2005. The local Ethical Committee approved the study
protocol and all subjects gave written informed consent.

Anthropometry

Weight and height were measured according to standard guidelines (Lohman et al. 1988).
Body mass index (BMI) was calculated as weight (kg)/stature (m)2. The Z-score of BMI was
calculated using US reference values and is given as standard deviation score (SDS)
(Kuczmarski et al. 2000). In children, overweight was defined as BMI > 85th (1.036 SDS)
and <95th (1.645 SDS) and obesity as a value of BMI > 95th (1.645 SDS) percentile for
gender and age. Adult obesity was diagnosed as a BMI > 30.0 kg/m? and overweight as a
BMI > 25.0 and <30.0 kg/m? (NIH 1998). Pubertal status was evaluated in five stages using
Tanner’s criteria (Tanner 1990).
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Assessment of cardiovascular risk factors

A structured questionnaire was sent to the general practitioners of the women to obtain a
history of past and present disease. The variables of the questionnaire employed for the
present analysis were: (1) hypertension (yes/no), i.e. systolic blood pressure >140 mm Hg
and/or diastolic blood pressure >90 mm Hg (Chobanian et al. 2003); (2) hypercholester-
olemia (yes/no), i.e. cholesterol >240 mgdL ™" (Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults 2001); (3) hypertriglyceridemia (yes/no),
i.e. fasting triglycerides >150mgdL ™" (NIH 1998); and (4) diabetes mellitus (yes/no),
i.e. fasting glucose >126 mgdL ™" or use of antidiabetic drugs (Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults 2001).

Statistical analysis

Continuous variables are given as medians and inter-quartile ranges (IQR) because of
skewed distributions. IQR was calculated as the difference between the 75th and the 25th
percentile. Between-group comparisons of continuous variables were performed with the
Wilcoxon—Mann—Whitney test and those of categorical variables with the Fisher’s exact test.
Persistent obesity (1 =yes; 0=no) was defined as obesity present at both baseline and
follow-up visits. Hypertension (1 =yes; 0=no), hypertriglyceridemia (1 =yes; 0=no),
hypercholesterolemia (1 =yes; 0 =no) and type 2 diabetes mellitus (1 =yes; 0 =no) at the
30-year follow-up were defined as described above. Rates are expressed as number of cases
per 1000 person-years (PY). Multivariable Poisson regression with robust 95% confidence
intervals (95% CI) was used to evaluate the contribution of baseline age (continuous,
modeled as 1-year increase), pubertal status (categorical, modeled using all Tanner stages
>1 vs. stage 1), educational level [categorical, modeled using all levels >1 (2 = high school,
3 = university school) vs. level 1 (elementary school)] and Z-BMI (continuous, modeled as
SDS) to persistent obesity, incident hypertension, incident hypertriglyceridemia and
incident hypercholesterolemia (Lumley et al. 2006). Exact multivariable Poisson regression
was used to model the relationship between incident type 2 diabetes mellitus and the
predictors of interest because of the low number of incident outcomes (Hirji et al. 1987).
Statistical significance was set to a p-value <0.05 for all tests. All statistical tests are
two-tailed. Statistical analysis was performed using STATA 10.0 (STATA Corporation,
College Station, TX, USA) and LogXact 8.0 (Cytel, Cambridge, MA, USA).

Results

Of the 318 Caucasian girls aged 3—18 years who had been evaluated at our Clinic between
January 1972 and December 1974, 224 (70%) agreed to participate in the 30-year follow-up
study. Two hundred and sixty-eight (84%) of the girls were obese and 50 (16%) were
overweight at the baseline visit.

Table I shows that the women available and not available at the 30-year follow-up had
similar anthropometric measurements at the baseline visit.

Table II gives the measurements of the 224 women available at the 30-year follow-up.
The median (IQR) follow-up time of the cohort was 31 (2) years (range: 29-33 years),
corresponding to 6911 PY.
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Table I. Baseline measurements of children available and not available at the 30-year follow-up. Values are
medians and interquartile ranges for continuous variables and number of subjects for categorical variables.
Abbreviations: SDS, standard deviation score; Z, Z-score; BMI, body mass index.

Not available at follow-up (z=94) Available at follow-up (n=224) p-value*

Age (years) 10.1 (5.0) 10.0 (4.0) 0.319
Weight (kg) 52.4 (26.7) 49.8 (23.1) 0.241
Z-weight (SDS) 2.1 (0.9) 2.0 (0.9) 0.792
Height (m) 1.45 (0.26) 1.40 (0.23) 0.267
Z-height (SDS) 0.6 (1.3) 0.6 (1.3) 0.979
BMI (kg/m?) 26.3 (4.4) 25.5 (3.9) 0.337
Z-BMI (SDS) 2.1 (0.6) 2.1 (0.5) 0.835
Tanner stage (1/2/3/4/5) 33/21/17/9/14 97/36/33/32/26 0.310

*Wilcoxon—-Mann-Whitney test for continuous variables and Fisher’s exact test for categorical variables.

Table II. Measurements of the 224 women available at the 30-year follow-up.
Abbreviations: IQR = interquartile range; other abbreviations as in Table I.

Median IQR Minimum Maximum
Age (years) 40.1 3.1 34.1 50.0
Weight (kg) 63.8 17.9 41.9 112.0
Height (m) 1.60 0.07 1.40 1.74
BMI (kg/m?) 25.1 7.3 15.4 42.5

Table III. Persistence of obesity and incidence of hypertension,
hypertriglyceridemia, hypercholesterolemia and type 2 diabetes at
the 30-year follow-up.

n Rate (95% CI)*
Obesity 36 5.2 (3.8-7.2)
Hypertension 36 5.2 (3.8-7.2)
Hypertriglyceridemia 61 8.8 (6.9-11.3)
Hypercholesterolemia 58 8.4 (6.5-10.9)
Type 2 diabetes 7 1.0 (0.5-2.1)

*Rate is number of cases per 1000 person-years.

Table III gives the persistence rate of obesity and the incidence rate of cardio-metabolic
disease at the 30-year follow-up. The persistence rate of obesity was of 5.2 x 1000 PY.
In detail, 9% of the women were underweight (z=20), 40% normal weight (z=91),
34% overweight (n=77), and 16% obese (n=36). The most prevalent complication was
hypertriglyceridemia (rate =8.8 x 1000 PY), followed by  hypercholesterolemia
(rate = 8.4 x 1000 PY), hypertension (rate =5.2 x 1000 PY) and type 2 diabetes mellitus
(rate=1.0 x 1000 PY).

Table IV gives the multivariable analysis of the predictors of persistent obesity and
incident hypertension, hypercholesterolemia, hypertriglyceridemia and type 2 diabetes
mellitus.

The rate of persistent obesity was 4.73-7.74 times higher in pubertal than in prepubertal
children. An increase of one SDS of Z-BMI increased the rate of persistent obesity
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by 2.72 times. Lastly, the rate of persistent obesity was 68% lower in subjects with a
university degree as compared to those with an elementary degree. The rate of incident
hypertension increased for increasing age at baseline but the 95% CI were wide (1.02 to
1.54); the fact that hypercholesterolemia was more incident in Tanner 2 stage is likely a
matter of chance since no trend was seen for pubertal stages from 2 to 5; the rate of incident
hypertriglyceridemia was associated with baseline Z-BMI but the 95% CI were very wide
(1.01-3.66); lastly, the incidence of type 2 diabetes mellitus was associated with age
(RR=2.43, exact-95% CI 1.20-5.82) and baseline Z-BMI, but the precision of this latter
estimate is very low (exact-95% CI 1.08-528.79) because of the very low number of incident
outcomes (n=717).

Discussion

In the present study, one in every two obese girls was still obese (16%) or overweight (34%)
at 30 years of follow-up. These prevalence rates are higher than those reported by the Italian
Institute of Statistics for women of this age from this part of Italy (obesity=5% and
overweight = 19%) (ISTAT 2005). However, if one considers obesity alone, our data are
more optimistic than others available in the literature (Abraham et al. 1971; Must et al.
1992; DiPietro et al. 1994; Srinivasan et al. 1996; Power et al. 1997; Must and Strauss 1999;
Togashi et al. 2002; Field et al. 2005; Freedman et al. 2005a,b; Viner and Cole 2006;
Thompson et al. 2007). For instance, from 26% to 41% of obese pre-school children and
from 42% to 63% of obese school children have been reported to become obese adults
(Must and Strauss 1999). On the other hand, our data are in agreement with those
obtained from other studies (Charney et al. 1976; Stark et al. 1981; Garn and LaVelle 1985;
Rolland-Cachera et al. 1987; Mossberg 1989; Deshmukh-Taskar et al. 2006; Juonala
et al. 2006) (Table V).

In the present study, the risk of persistent obesity increased for increasing values of
baseline Z-BMI. This finding confirms the results obtained by other studies that showed
a significant association between BMI in childhood and adulthood (Sandhu et al. 2006).
In our subjects, the relative risk of adult obesity was 2.72 (95% CI 1.18-6.28) for every SDS
of baseline Z-BMI. Thus, we confirm that the degree of childhood obesity is a risk factor for
adult obesity, even if the incidence of adult obesity was lower in our study than in most
previous studies (Must and Strauss 1999). It is possible that the dietary counseling offered at
the baseline visit may have contributed to the lower incidence of adult obesity as compared
to other studies available in the literature.

It is known that the risk of becoming a severely obese adult increases exponentially over
the entire range of childhood BMI (Serensen and Sonne-Holm 1988). The risk of adult
obesity is also greater in children who are obese at older ages (Serdula et al. 1993; Guo and
Chumlea 1999). In our cohort, however, pubertal status but not age at baseline did predict
persistence of obesity at the 30-year follow-up. The rate ratio for persistent obesity was in
fact 4.73-7.74 higher in pubertal than in pre-pubertal children while age was not associated
with the outcome. On the other hand, an earlier timing of puberty has been shown to be
independently associated with an increased BMI in adulthood (Sandhu et al. 2006).

The present study also shows that, other factors being equal, a high social
status — evaluated using the surrogate measurement of a university degree — protects from
becoming an obese adult (RR=0.32). This finding is in agreement with the evidence that a
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decrease of BMI between adolescence and adulthood is more common among women of
higher social class (Viner and Cole 2006).

The morbidity and mortality for cardiovascular disease is higher in men and women who
were overweight during childhood and adolescence (Must et al. 1992; Srinivasan et al. 1996;
Must and Strauss 1999; Baker et al. 2007). In The Harvard Growth Study, the men who had
a body weight >75th percentile for age as children had two times the risk of cardiovascular
death of those with body weight within the 25th and 50th percentile (Must et al. 1992).
In the Bogalusa Heart Study, the prevalence of hypertension and dyslipidemia was much
higher in overweight than in normal-weight adolescents and this was especially evident for
men (Srinivasan et al. 1996). In a recent study (Baker et al. 2007), a high BMI during
childhood was associated with a higher risk of coronary heart disease in adulthood.
In the present study, however, we did not detect any association between the occurrence of
cardio-metabolic disease and the degree of childhood obesity, even if the 30-year incidence
of cardio-metabolic disease was not negligible. The absence of association between
childhood BMI and cardiovascular complications in adulthood has nonetheless been
reported by other studies (Gunnell et al. 1998; Juonala et al. 2006; Lawlor et al. 2006).

Our study has several limitations. First, 30% of our subjects were not available at the
30-year follow-up. However, this drop-out rate is within acceptable limits, less relevant than
in most studies, and baseline anthropometry and pubertal status were similar in subjects
available and not available at follow-up. Second, our subjects were young fertile women, a
condition involving cardiovascular protection from estrogens, and this may have influenced
the incidence of cardio-metabolic disease. Third, the study design did not allow us to take
into account other known cardiovascular risk factors. Fourth, our data may be subject to a
secular trend effect because the prevalence and incidence of childhood obesity have changed
substantially during the last decades. Fifth, all subjects were submitted to dietary counseling
and followed up by their general practitioners, so that the persistence of obesity may have
been influenced by this treatment.

In conclusion, our study confirms that female childhood obesity tends to persist into
adulthood (Stark et al. 1981; Rolland-Cachera et al. 1987; DiPietro et al. 1994; Power et al.
1997; Must and Strauss 1999; Togashi et al. 2002; Freedman et al. 2005b; Deshmukh-
Taskar et al. 2006; Thompson et al. 2007). The persistence rate of obesity was lower than
previously reported (Guo and Chumlea 1999; Ferraro et al. 2003; Deshmukh-Taskar et al.
2006) and was independently predicted by BMI, pubertal status and educational degree.
Our data reinforce therefore the notion that obesity should be prevented at an early age and
suggests that adolescents with severe obesity and low educational level are at greater risk for
becoming obese adults.

Declaration of interest: The authors report no conflicts of interest. The authors alone are
responsible for the content and writing of the paper.
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