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Abstract
Objective: Although the human adenovirus 36 (Ad-36) is associated with obesity and relative
hypolipidemia, its role in pediatric weight loss treatment response is uncertain. Therefore, the
primary study objective was to determine whether Ad-36 antibody (AB) status was associated
with response to a pediatric weight loss program. The secondary objective was to assess the
association between Ad-36 AB status and baseline lipid values. Methods: Participants included 73 youth aged 10–17 years in a residential camp-based weight loss program. The study
examined differences in baseline lipid values between Ad-36 AB+ and AB– youth as well as
differences in response to treatment, including indices of body size and fitness. Results: At
baseline, results showed that Ad-36 AB+ youth evidenced significantly lower levels of total
cholesterol and triglycerides than Ad-36 AB– youth (all p < 0.05). After 4 weeks of treatment,
the Ad-36 AB+ youth showed a smaller reduction in BMI percentile than the Ad-36 AB– youth
(p < 0.05), a difference of about 0.48 kg. Conclusion: Ad-36 AB status showed a weak association with treatment response, but was associated with a better lipid profile. Ad-36 AB status should be assessed in studies of pediatric obesity treatment and prevention.
Copyright © 2013 S. Karger GmbH, Freiburg
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In the USA, about 35% of youth between the ages of 6 and 19 years are overweight or
obese [1]. Pediatric overweight and obesity are associated with adverse health conditions [2,
3] that, if untreated, extend into adulthood with higher all-cause mortality rates [4] and
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decreased life expectancy [5]. Further, overweight and obesity are associated with peer
victimization and stigma which may mediate the association between pediatric obesity and
psychosocial outcomes [6].
The majority of research has focused on environmental contributions to obesity, including
unfavorable changes in diet and physical activity [7]. At the same time, the prevalence of child
obesity has more than tripled over the past three decades [1], and some youth are more
susceptible to what has been termed an ‘obesogenic environment’ than others [8]. Changes
in diet and physical activity alone may not be sufficient to account for this increase [7] nor
explain individual differences. Collectively, these findings suggest that less studied putative
causal mechanisms, such as viruses [9], merit attention.
A recently identified candidate that may play a role in the onset and maintenance of pediatric obesity is the human adenovirus 36 (Ad-36). Adenoviruses are naturally occurring
viruses that typically result in upper respiratory infections or gastrointestinal distress. Ad-36
has been shown to increase adiposity when introduced into healthy animals, yet is associated
with lower cholesterol and triglyceride concentrations [10–14]. Specifically, Ad-36 may
induce obesity via inflammatory processes [13].
Research generally supports an association between the presence of Ad-36 antibodies
(ABs) and obesity in humans [15]. Among adults, 5 studies, two in the USA [16], one in Italy
[17], and two in Italian patients with non-alcoholic fatty liver disease demonstrate this association [18, 19].
However, 3 adult studies do not show an association between Ad36 AB status and obesity
[20, 21]. While a different response in various populations to Ad36 infection is possible,
debate exists over the definition of obesity and use of highly physically fit subjects in a US
study [20]. For a second study [21], conducted in Belgium and the Netherlands, the conduct
of the assays for the determination of Ad-36 AB status has been debated [22, 23]. A study
conducted in South Korea also found no association between Ad-36 infection and obesity, but
did show an association between Ad-36 infection and overweight [24]. Of note, the Ad-36
prevalence rate among the overweight group (40%) was markedly higher than has been
previously reported.
In children, three studies show an association between Ad-36 ABs and obesity. Among
children recruited from primary care clinics in the USA, 22% of obese children tested Ad-36
AB+ compared with 7% of non-obese children [25]. Among predominantly overweight and
obese children being seen in a general pediatric or pediatric obesity unit in South Korea, 30%
tested Ad-36 AB+ [26]. Among South Korean children and adolescents, 28.5% of obese youth,
compared with 13.6% of non-obese youth, tested Ad-36 AB+ [27]. Collectively, these studies
support an association between a history of Ad-36 infection and obesity among youth.
Although Ad-36 induces a relative hypolipidemia in experimentally infected animals, the
association between a history of Ad-36 infection and lipid profiles is uncertain among human
adults. While a US study showed that Ad-36 AB+ participants had healthier lipid profiles than
Ad-36 AB– participants [16], an Italian study showed that Ad-36 AB+ participants had higher
triglycerides and lower high-density lipoprotein cholesterol (HDL) than Ad-36 AB– participants [17]. A Korean study found healthier HDL and triglyceride levels among Ad-36 AB+
adults compared with Ad-36 AB– adults, but higher total cholesterol among Ad-36 AB+ obese
adults [24]. Finally, Ad-36 AB+ status, compared with Ad-36 AB– status, is associated with a
lower occurrence of non-alcoholic fatty liver disease among obese persons [18].
Reports of an association of Ad-36 AB status with lipids among youth are similarly inconsistent. Among predominantly overweight and obese children examined in a general pediatric or pediatric obesity unit in South Korea, Ad-36 AB+ children had higher BMI indices,
weight, and waist circumferences than Ad-36 AB– children [26]. Despite this, there were no
differences in total cholesterol. In contrast, a different research group reported that among
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South Korean school children, Ad-36 AB+ children had higher BMIs, weight, and waist circumferences than Ad-36 AB– children [27]. However, the Ad-36 AB+ obese children showed
higher triglyceride, total cholesterol, and low-density lipoprotein cholesterol (LDL) values
than obese Ad-36 AB– children.
Given an association between Ad-36 AB+ status and obesity, one might hypothesize that
Ad-36 AB+ status might impede weight loss. However, among adults with fatty liver disease,
Ad-36 AB+ patients lost a greater amount of weight than Ad-36 AB– patients over the course
of 1 year [19]. It should be noted that the intervention included smoking cessation (associated
with weight gain) and the proportion of smokers among the Ad-36 AB+ and AB– groups is not
reported. The association, if any, between Ad-36 AB status and weight loss among youth is
not known.
Therefore, the first objective of the present study was to determine whether Ad-36 AB
status was associated with reduction in measures of body size among youth between the ages
of 10 and 17 years. The second objective was to assess the association between Ad-36 AB
status and baseline lipid values given the disparity in results obtained among children
compared with adults.
Participants and Methods
Participants
Participants included youth between the ages of 10 and 17 years enrolled at a residential summer weight
loss camp. Exclusion criteria include fear of blood or needles, use of medication that causes weight loss or weight
gain, genetic conditions associated with overweight or obesity, and illnesses that affect weight. Data were
collected during the first 4-week camp session. Parents provided written informed consent; youth provided
written informed assent. The study was approved by the Institutional Review Board of Saint Louis University.
Measures
Demographic characteristics included age, gender, and race. Height was measured to the nearest 1/8th
inch according to a wall-mounted stadiometer. Weight was measured to the nearest 0.5 pound in light weight
clothing, without shoes, on a digital scale at the beginning of the day following an overnight fast. BMI was
calculated according to the equation (weight in kg/height in squared meters). Population-based age- and
sex-specific BMI percentiles and z-scores were calculated using the EpiInfo program version 3.3.2 [28].
Physical fitness was assessed via a 1-mile run on a packed-gravel track and recorded in minutes and seconds.
Supplemental measures of body size (neck, waist, and hip circumference) and fitness (blood pressure,
and sits-ups/min) were available for a subset of youth. Blood pressure was measured via a manual sphygmomanometer using an appropriate cuff size after youth had remained quietly seated in an air conditioned
room for 8–10 min.

Procedures
One month prior to starting camp, parents were sent a letter about the study, a copy of the study consent
form, and an informational sheet on the virus. On the first day of camp, the principal investigator (PI) and a
research assistant met with each family to review the consent and assent forms, address questions, and
obtain informed consent. The next morning before breakfast, youth reported to camp headquarters for physiological measurements (i.e., height, weight, body size, and blood pressure). Following these measures, youth
reported to the meeting hall for fasting blood draws. One-mile run/walk times and sit-ups/min were taken
later that day. Blood samples were labeled with a random number and sent to Pennington Biomedical
Research Center for analysis. Measures of body size and physical fitness were repeated during the last full
day of camp.
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Detection of Lipids and Ad-36 ABs in Serum
AB status and fasting lipids (cholesterol, HDL, LDL, triglycerides) were determined from a 5 ml blood
draw. Neutralizing antibodies to Ad-36 were determined by a constant virus, decreasing serum method as
has been previously described [16].
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Intervention
A comprehensive description of the residential summer weight loss camp has been previously published
[29]. The purpose of the camp is to provide a comprehensive, structured, youth-friendly weight management
program that addresses diet, physical activity, and psychosocial functioning using the WIT® program
developed by Camp Jump Start (see www.campjumpstart.com). A youth-friendly menu of 1,500 cal/day is
provided (1,400–1,500 cal/day for girls; 1,500–1,600 cal/day for boys), including three 400- to 500-cal meals
and two 100- to 150-cal snacks. The diet, classified as low-fat and high fiber, is nutritionally balanced and
supplies adequate protein and micronutrients for youth. Food is served only in the dining hall under the
direction of a registered dietitian.
Power
The study was powered according to previous findings regarding the prevalence of Ad-36 ABs as well
as expected weight loss. Previous studies have shown an average Ad-36 AB+ prevalence rate of 22–30%
among overweight and obese children [16, 25]. A previous study conducted at the same camp attained an
enrollment of 76 campers and showed average reductions of 3.29 ± 1.50 kg/m2 in BMI, 0.23 ± 0.13 in z-BMI,
and 3.80 ± 1.89 kg, the primary study outcomes [29]. Assuming the participation of 70 campers, a 25% prevalence rate, and that Ad-36 AB+ youth would lose 50% of the weight lost by Ad-36 AB– youth, the power to
detect the primary outcomes would exceed 0.88. If only 60 campers participated, with an Ad-36 AB+ prevalence of 20%, power would range from 0.77 to 0.92 across primary outcomes.
Analyses
Descriptive statistics, including measures of central tendency and distribution, were used to describe
youth at the group as well as sub-group level (Ad-36 AB+/–). Chi-square was used to test for differences in
the proportion of girls and boys in the Ad-36 AB+ and Ad-36 AB– groups. Analyses of variance were used to
compare Ad-36 AB+ and Ad-36 AB– youth at baseline on indices of body size, lipids, and fitness. Analyses of
covariance were used to compare Ad-36 AB+ and Ad-36 AB– youth at baseline on indices of lipids and fitness
while controlling for z-BMI. Given equivalent gender distributions in the Ad-36 AB+ and Ad-36 AB– groups,
within-subjects t tests were used to examine the effectiveness of the intervention for the entire group as well
as for the Ad-36 AB+ and Ad-36 AB- subgroups. Analyses of covariance were used to examine differences in
weight loss outcomes, treating baseline values as covariates as has been recommended for analysis of change
[30]. Multiple regression analyses were used to identify predictors of change in z-BMI. A two-tailed p value
of 0.05 was adopted for all analyses.

Results

Baseline Differences
There were no significant differences in demographic characteristics at baseline between
the Ad-36 AB+ and Ad-36 AB– groups. Specifically, the proportion of boys in the Ad-36 AB+
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Demographic Information
Baseline demographic characteristics (defined as age and gender), lipids (defined as total
cholesterol, HDL, LDL, and triglycerides), measures of body size (defined as height, weight,
BMI, BMI percentile, z-BMI as well as neck, waist, and hip circumference), and physical fitness
(blood pressure, run time, sit-ups/min) are presented in table 1. The total sample was
comprised of 73 youth, including 16 boys (21.9%) and 57 girls (78.1%), the majority of whom
were Caucasian (84.9%). 17 youth (23.3%; 2 boys, 15 girls) tested Ad-36 AB+ and 56 youth
(76.6%; 14 boys, 42 girls) tested Ad-36 AB–. All but 3 youth were above the 95th BMI percentile
for age and gender. The data are presented according to Ad-36 AB status in table 2. Lipids
were unavailable for 2 Ad-36 AB– youth as one had an insufficient amount of blood drawn
and the other ate breakfast prior to the blood draw. Demographics, measures of body size,
and physical fitness could not be paired with Ad-36 AB status and lipid values for 1 Ad-36 AB+
and 1 Ad-36 AB– youth due to the provision of nicknames to the investigators.
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Table 1. Sample demographic,
lipid, body size, and fitness
characteristics (n = 73)

Demographics
Age, years
Lipids
Cholesterol, mg/dla
HDL, mg/dla
LDL, mg/dlb
TG, mg/dlb
Body size
Height, cm
Weight, kg
BMI, kg/m2
BMI percentile
z-BMI
Neck circumference, cm
Waist circumference, cm
Hip circumference, cm
Fitness
BP systolic, mm Hg
BP diastolic, mm Hg
Run time, min
Sit-ups/min, n

Mean

SD

13.44

1.96

172.18
38.39
112.06
108.68

37.46
9.66
31.22
53.54

159.46
86.67
33.77
98.08
2.21
36.84
112.34
110.98

9.24
20.28
5.84
2.07
0.36
3.44
14.21
12.13

123.67
72.05
15.25
40.88

17.08
9.44
3.14
12.26

BP = Blood pressure; TG = triglycerides.
an = 72 because one serum sample was of insufficient size.
bn = 71 because the values of one child who ate breakfast were
removed.

Manipulation Check
The effectiveness of the intervention was tested as a manipulation check. The entire
group showed significant improvements in measures of body size and fitness. Improvements
in the Ad-36 AB+ and Ad-36 AB– groups were then tested individually. Results showed statistically significant improvements in every area of body size and fitness for each group. Tables
of these results are available from the first author.
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and Ad-36 AB– groups did not significantly differ, x2(1) = 1.34, p = ns. Further, there were no
differences in age between the Ad-36 AB+ and Ad-36 AB– groups, t(71) = 0.06, p = ns. Although
pubertal status was not determined in order to increase the acceptability of the study to the
parents, children, and camp administrators, the average age of puberty in the USA is 12.5
years [31] and the proportion of girls above and below the age of 12.5 did not differ according
to AB status, x2(1) = 0.13, p = ns.
Further, there were no significant differences in measures of body size or physical fitness
between the Ad-36 AB+ and Ad-36 AB– groups (table 2). With regard to lipids, the Ad-36 AB+
youth evidenced significantly lower levels of total cholesterol and triglycerides than the
Ad-36 AB– youth (p < 0.05), but not of LDL (p < 0.10) or HDL. As BMI is associated with lipids
and physical fitness, differences in indices of physical fitness and lipids were also tested while
controlling for z-BMI. Ad-36+ youth had higher systolic, but not diastolic blood pressures (p
< 0.05). No differences in other measures of fitness were obtained. Differences in lipids were
maintained.
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Table 2. Baseline differences between Ad-36 AB+ and AB– youth

Ad-36 AB+

Body size
Height, cm
Weight, kg
BMI, kg/m2
BMI percentile
z-BMI
Neck circumference, cm
Waist circumference, cm
Hip circumference, cm
Lipids
Cholesterol, mg/dl
HDL, mg/dl
LDL, mg/dl
TG, mg/dl
Fitness
BP systolic, mm Hg
BP diastolic, mm Hg
Run time, min
Sit-ups/min, n

Ad-36 AB–

F

n

mean

SD

n

mean

SD

16
16
16
16
16
16
16
16

157.40
84.70
34.14
97.82
2.21
35.82
110.54
113.72

7.80
15.13
5.29
3.20
0.41
2.69
15.76
10.43

55
55
55
55
55
55
55
55

159.91
87.71
33.89
98.25
2.23
36.95
114.11
111.55

9.72
21.83
6.04
1.57
0.34
3.54
16.19
13.65

0.90
0.27
0.02
0.61
0.02
0.61
0.23
0.03

16
16
16
16

156.31
39.18
99.87
86.31

25.83
9.70
22.13
43.36

54
54
54
54

177.30
37.84
116.27
116.36

39.40
9.76
33.07
55.48

4.00*
0.23
3.45t
3.95*

16
16
16
16

130.88
72.25
15.09
40.25

19.16
9.74
3.15
13.30

55
55
55
55

121.71
72.33
15.42
40.11

16.34
9.43
3.13
11.19

3.60t
0.00
0.13
0.00

BP = Blood pressure; TG = triglycerides. tp < 0.07. *p < 0.05.

Outcomes
Differences in 4-week outcomes of body size and fitness between Ad-36 AB+ and Ad-36
AB– groups were assessed treating baseline values as covariates (table 3). The Ad-36 AB+
group showed a smaller reduction in BMI percentile (p < 0.05) and in z-BMI (p < 0.09) than
the Ad-36 AB– group. However, the Ad-36 AB+ group evidenced a non-significantly greater
reduction in diastolic blood pressure (p < 0.07) than the Ad-36 AB– group. There were no other
significant differences with regard to indices of body size or fitness. When the changes in
fitness were re-examined while controlling for changes in z-BMI, the Ad-36 AB+ group
evidenced a greater reduction in diastolic blood pressure (p < 0.03) than the Ad-36 AB– group.
Predictors of Outcomes
Predictors of changes in z-BMI were examined, including baseline demographic characteristics, lipids, and measures of body size and fitness. Significant predictors included age,
F(1, 69) = 10.84, p < 0.002, R2Adj = 0.12; z-BMI, F(1, 69) = 86.34, p < 0.0001, R2Adj = 0.39; waist
circumference, F(1, 47) = 59.23, p < 0.0001. R2Adj = 0.55; and diastolic blood pressure and 1
mile run time, F(2, 68) = 11.80, p < 0.0001, R2Adj = 0.24.

This is the first study to examine whether Ad-36 AB status is associated with response to
a comprehensive weight loss treatment program among youth in the USA, including measures
of body size and fitness. Further, this is the first study to determine whether Ad-36 AB status
was associated with lipids among youth in the USA.
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Table 3. Differences between Ad-36 AB+ and AB– youth in 4-week outcomes, controlling for baseline values

Ad-36 AB+

Body size variables
Height, cm
Weight, kg
BMI, kg/m2
BMI percentile
z-BMI
Neck circumference, cm
Waist circumference, cm
Hip circumference, cm
Fitness variables
BP systolic, mm Hg
BP diastolic, mm Hg
Run time, min
Strength

Ad-36 AB–

F

n

mean

SD

n

mean

SD

16
16
16
16
16
12
12
12

0.28
–6.43
–2.71
–1.24
–0.19
–1.38
–6.56
–5.98

0.40
1.74
0.73
1.65
0.06
0.89
8.04
2.38

55
55
55
55
55
37
37
37

0.39
–6.91
–2.81
–1.39
–0.22
–1.75
–7.17
–6.21

0.53
2.41
0.76
5.02
0.75
1.03
2.91
2.77

0.61
0.29
0.53
5.02*
2.98t
0.49
0.16
0.45

12
12
12
12

–14.33
–6.83
–3.81
15.08

13.88
7.36
1.33
13.62

37
37
37
37

–6.92
–4.32
–4.14
14.21

10.36
5.26
1.84
9.31

0.07
3.64t
0.85
0.12

Results of the present study showed that the Ad-36 AB+ group had a better lipid profile
than the Ad-36 AB– group. These results are consistent with a one study conducted among
children [26], but inconsistent with a second child study [27] which showed that obese Ad-36
AB+ children had higher cholesterol and triglyceride values than obese Ad-36 AB– children.
Unlike the two previous studies that examined associations between Ad-36 AB status and
lipid profiles among children, the AB+ youth in the present study did not have greater waist
circumferences than the Ad-36 AB– youth. Among adults, greater waist circumference is a
marker of the metabolic syndrome, or a pattern of abnormalities associated with obesity
including hypertension, elevated lipids, and impaired glucose tolerance. However, evidence
for the role of waist circumference in the metabolic syndrome among youth is less clear [32].
Evidence also suggests that the metabolic syndrome may develop at earlier stages of obesity
among persons of Asian descent [33]. However, the present study sample was predominantly
White.
The Ad-36 AB+ group showed only a slightly lower response to weight loss than the
Ad-36 AB– group, with the only statistically significant difference being a smaller reduction
in BMI percentile. The present study was only 4 weeks in duration; a longer period of time
may be necessary to observe the degree to which, if any, these differential weight loss trajectories translate into biologically meaningful differences. The present sample was also obese.
The finding that obese youth respond well to camp-based interventions [29] may have
obscured the ability to detect differences in treatment response according to Ad-36 AB status
that could occur among youth with less weight to lose. Finally, given the logistical constraints
of serving meals to youth in a camp setting, a standardized diet, stratified by gender, but not
body size, was used. This approach may have produced greater weight loss among larger
youth.
Successful weight loss among adolescents is historically very difficult to achieve [34, 35].
Importantly, this short-term intervention itself proved to be highly efficacious, producing an
average weight loss of 6.80 kg, a 7.02 cm reduction in waist circumference, and a decrease of
4.02 min in 1-mile run times in just 4 weeks. These results are consistent with a previous
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BP = Blood pressure. tp < 0.10; *p < 0.05.
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evaluation of this same camp [29]. Residential weight loss camps afford the advantages of
tight control over diet and physical activity, supportive peer and staff relationships, and
establishment of an environment conducive to successful weight management. Importantly,
the camp provides year-round youth and family support via regularly scheduled conference
calls and maintenance of an interactive website. However, the degree to which the weight loss
was maintained is unknown. Future studies are needed to examine the long-term efficacy of
such interventions.
Baseline predictors of change in z-BMI included age and initial z-BMI, waist circumference, diastolic blood pressure, and 1-mile run time. Neither Ad-36 AB status nor lipids
entered the regression equations. These results are consistent with the finding that the Ad-36
AB+ and Ad-36 AB– youth were of comparable baseline z-BMI and lost comparable amounts
of weight. Presumably, the use of a standardized intervention involving the same level of
dietary intake and physical activity regardless of age resulted in a larger net caloric deficit
among older and larger youth.
In addition to the aforementioned limitations, the sample was predominantly White,
female, and obese, limiting generalizability to other racial and ethnic groups, male youth, and
overweight populations. Further, the time span of the present study, only 4 weeks in duration,
was very brief. Finally, to increase acceptability of the study to the parents, youth, and camp
administrators, pubertal staging was not conducted; however, future studies may benefit
from including Tanner staging as a covariate.
Considerable attention is focused on determining reference values for cardiovascular
risk factors for children, including indices of adiposity, lipid levels, and blood pressure [36],
and on modulating these risk factors by intervention [37]. Such studies often control for the
potential contribution of confounding factors such as age, sex, adiposity, and pubertal status
to cardiovascular risk factors, but not of Ad-36 infection, waist circumference, or ethnicity,
which could also influence results. Inclusion of these measures may be necessary to better
appreciate their role, if any, in obesity prevention and treatment strategies. Larger and longer
term studies are needed to examine the association between Ad-36 AB status and weight loss
and maintenance as well as changes in lipid values over time.
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