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Summary

Obesity has been associated with accelerated biological ageing and
immunosenescence. As the prevalence of childhood obesity is increasing, we
wanted to determine if associations between obesity and immunosenescence
would manifest in children. We studied 123 Mexican American adolescents
aged 10–14 (mean 12·3 ± 0·7) years, with body weights ranging from 30·1 to
115·2 kg (mean 52·5 ± 14·5 kg). Blood samples were obtained to determine
proportions of naive, central memory (CM), effector memory (EM), senes-
cent and early, intermediate and highly differentiated subsets of CD4+ and
CD8+ T cells. Overweight and obese children had significantly lowered pro-
portions of early CD8+ T cells (B = −11·55 and –5·51%, respectively) com-
pared to healthy weight. Overweight children also had more EM
(B = +7·53%), late (B = +8·90%) and senescent (B = +4·86%) CD8+ T cells
than healthy weight children, while obese children had more intermediate
CD8+ (B = +4·59%), EM CD8+ (B = +5·49%), late CD4+ (B = +2·01%) and
senescent CD4+ (B = +0·98%) T cells compared to healthy weight children.
These findings withstood adjustment for potentially confounding variables,
including age, gender and latent cytomegalovirus and Epstein–Barr virus
infections. We conclude that excess body mass, even in adolescence, may
accelerate immunosenescence and predispose children to increased risks of
incurring immune-related health problems in adulthood.
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Introduction

The percentage of children and adolescents classified as
obese has tripled over the last three decades. This has
resulted in an increased incidence of obesity-related dis-
eases and health problems seen typically in adults manifest-
ing as early as adolescence, with pre-diabetes [1], type 2
diabetes [2], high blood pressure [3], metabolic syndrome
[4] and high cholesterol becoming more prevalent among
teenagers. Moreover, childhood obesity is a predisposition
to adult obesity [5], and could consequently accelerate the
onset of obesity-related disorders in later life. This is sup-
ported by evidence linking childhood obesity with lasting
detrimental cardiac structural changes, sleep apnoea and
thromboembolic disease in adults [6], but also psychologi-
cal disorders such as depression and poor quality of life [7].

Obesity has been associated with increased incidences of
respiratory viral infections [8] and impaired vaccine effi-
cacy [9], and was identified as a risk factor for the 2009
H1N1 influenza pandemic [10]. Persistent viral infections
such as adenovirus-36 and herpes simplex virus-1 (HSV-1)
are also more prevalent among obese adults and children
[11,12], indicating that obesity may be associated with an
impaired ability to defend against invading pathogens. As
many of these changes in immunity are analogous to those
seen with ageing, it is possible that obesity is linked with the
early onset of immunosenescence – a canopy term that has
been used to describe the biological ageing of the human
immune system. Immunosenescence, and the associated
‘immune risk profile’, has a number of hallmark features,
including the accumulation of late-differentiated subsets
of T lymphocytes, lowered proportions of naive T cells,
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shortened leucocyte telomeres and seropositivity for latent
cytomegalovirus (CMV) and Epstein–Barr virus (EBV)
infections [13]. These systemic immune alterations have
important clinical implications and have been associated
with poor vaccine efficacy, impaired immune vigilance and
greater morbidity and mortality as a result of infectious
disease [14].

No study, to our knowledge, has examined the relation-
ship between obesity and T cell differentiation associated
with immunosenescence. Obesity may impact upon T cell
differentiation due to elevations in systemic low-grade
inflammation [15], increased viral prevalence and load
[11,12], heightened levels of oxidative stress [16], psycho-
logical and psychosocial factors such as depression and
poor quality of life [17] and/or to increased serum concen-
trations of the appetite regulating hormone leptin, which
has been shown to increase T cell activation and prolifera-
tion [18]. However, whether or not these associations with
immunosenescence will manifest in children who, by defini-
tion, have been obese for a relatively short period of time, is
not known. Identifying links between adiposity and T cell
differentiation in children would provide a strong indica-
tion that obesity accelerates immunosenescence early in life,
thus predisposing children to greater levels of immune
impairment as adults.

The aim of this study was to investigate the relationships
between excess body mass and T cell differentiation indica-
tive of immunosenescence in a cohort of Mexican American
adolescent children, while adjusting for potential confound-
ers such as psychosocial factors and latent CMV and EBV
infections. Moreover, as viruses such as adenovirus-36 and
HSV-1 have been associated with obesity [11,12], we were
interested to determine if CMV and EBV infections (key

features of immunosenescence and the ‘immune risk
profile’) are also more prevalent among obese children.

Methods and procedure

Participants

We studied 123 Mexican American children (67 females)
aged 10–14 (mean 12·3 ± 0·7) years recruited from an urban
charter school in the city of Houston, TX with a 95% preva-
lence of Mexican Americans. None of the subjects were on
any medication, and were free of any infectious illness for 6
weeks prior to the study. Prior to the inclusion of their child
in the study, parents signed a written consent form on
behalf of their child along with a written assent provided by
the subjects. Ethical approval was granted by the Institu-
tional Review Board for Human Subjects at Baylor College
of Medicine. Subject physical characteristics are shown in
Table 1.

Procedures

Height, weight and percentage of body fat were assessed by
measuring the subcutaneous fat over the right triceps
muscle equidistant between the acromion and the olecra-
non. To calculate body mass index (BMI) and standardized
BMI (zBMI), weight classifications were determined using
the Centers for Disease Control and Prevention (CDC)
guidelines growth charts [19]. Intravenous blood samples
were collected from an antecubital vein in 10 ml-
Vacutainer® tubes (BD Vacutainer™; Franklin Lakes, NJ,
USA) spray-coated with lithium heparin. Serum samples

Table 1. Physical characteristics of the participants in relation to their weight classifications (mean ± standard error of the mean). Significant differ-

ences from the healthy weight classification (*P < 0·001) and the obese classification (#P < 0·01).

All subjects (n = 123) Healthy weight (n = 65) Overweight (n = 22) Obese (n = 36)

Age (years) 12·3 ± 0·7 12·4 ± 0·7 12·2 ± 0·6 12·1 ± 0·6

Female frequency (%) 54% 58·5% 54·5% 47·2%

Body mass (kg) 52·5 ± 14·5 43·1 ± 7·3# 54·5 ± 6·7*,# 69·0 ± 12·7

BMI (kg/m2) 22·6 ± 5·3 18·7 ± 1·9# 23·3 ± 1·0*,# 29·2 ± 4·2

zBMI 0·9 ± 1·1 0·1 ± 0·7# 1·4 ± 0·1*,# 2·1 ± 0·3

BMI percentile 73·0 ± 27·6 53·5 ± 24·6# 91·3 ± 2·3* 97·7 ± 1·4

% Body fat 26·5 ± 11·1 19·6 ± 6·8# 27·9 ± 6·8*,# 38·6 ± 10·2

% Overweight 24·5 ± 29·7 2·7 ± 10·4# 28·8 ± 4·5*,# 62·4 ± 22·7

Serum leptin (ng/ml) 27·0 ± 22·0 15·4 ± 7·7# 24·5 ± 11·5# 49·5 ± 26·8

CMV seropositivity 27·4% 28·6% 29·4% 18·2%

EBV seropositivity 50·9% 47·3% 35·3% 60·6%

PEDS QL physical health score 86·7 ± 16·3 87·8 ± 16·2 88·8 ± 12·4 83·4 ± 18·1

PEDS QL psychosocial health score 80·6 ± 19·3 82·0 ± 23·0 79·9 ± 15·2 78·8 ± 13·9

PEDS QL total score 82·8 ± 20·1 83·9 ± 23·0 83·0 ± 13·2 80·5 ± 18·0

BMI = body mass index; zBMI = standardized BMI; CMV = cytomegalovirus; EBV = Epstein–Barr virus; PEDS = Pediatric Quality of Life

Inventory.
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were collected in 10-ml serum-separating tubes SST™ (BD
Vacutainer™) coated with clotting agents and stored frozen
at −80°C for further analysis.

Flow cytometry

Mononuclear cells were isolated by density gradient cen-
trifugation method using Histopaque 1077 (Sigma Aldrich,
St Louis, MO, USA) and labelled with a combination of
monoclonal antibodies, as described in Table 2 [20–24]. No
differences were found for peripheral blood mononuclear
cells (PBMC) yield (∼2 × 106 cells/ml of blood) or viability
post-isolation (>98%) among the participant groups
(P > 0·05). Antibody staining and flow cytometry proce-
dures were performed as described previously [25] PBMC
phenotypes were assessed on a BD Accuri C6 flow
cytometer equipped with a blue laser emitting light at a
fixed wavelength of 488 nm and a red laser-emitting light at
a fixed wavelength of 640 nm. The cells were identified and
gated electronically using the forward- and side-light-
scatter mode and CFlow software (CFlow® software version
2; BD Biosciences, San Jose, BA, USA). Lymphocytes were
identified and gated electronically. Fluorescent signals were
collected in logarithmic mode (6 decade logarithmic ampli-
fier). For each sample, 50 000 CD3+/CD4+ or CD3+/CD8+

events were collected for analysis (Fig. 1). Following acqui-
sition, flow cytometry standard (FCS) files were transferred
to a third-party software program (FCS Express version 3·0;
De Novo, Los Angeles, CA, USA) for analysis. The percent-
age of all lymphocytes and lymphocyte subsets expressing
surface markers of interest was tabulated. Total lymphocyte
subset numbers were calculated by multiplying the percent-
age of lymphocytes expressing the surface markers of inter-
est by the total lymphocyte count.

Determination of plasma leptin levels and latent
viral status

Serum samples were analysed in duplicate for immuno-
globulin (Ig)G antibodies anti-CMV and anti-EBV using

separate commercially available enzyme-linked immuno-
sorbent assay (ELISA) kits (GenWay Biotech, San Diego,
CA, USA). Plasma leptin concentrations were also deter-
mined by ELISA (Invitrogen, Carlsbad, CA, USA). All
samples were analysed in duplicate following the manufac-
turer’s instructions.

Quality of life assessment

All participants completed the Pediatric Quality of Life
Inventory™ (PedsQL 4·0). Physical health scores along with
psychosocial health scores and total quality of life scores
were obtained from the self-reported itemized question-
naire. Items were graded on a five-point scale from 0, corre-
sponding to ‘never a problem’ to 4, ‘almost always a
problem’. Finally, items were reverse-scored and linearly
transformed to a 0–100 scale where higher scores attest to a
greater health-related quality of life.

Statistical methods

All data were assessed for assumptions of normality using
the Shapiro–Wilk test and constant error variance prior to

Table 2. Combination of monoclonal antibodies used in the charac-

terization of the different T cell phenotypes.

T cell phenotypes T cell subtypes References

CD28+/CD27+ Early dif. Appay et al. 2002 [20]

CD28–/CD27+ Intermediate dif.

CD28−/CD27− Late dif.

CD28−/CD57+ Senescent Bandres 2000 [21]

CD45RA+/CCR7+ Naive (N) Sallusto et al. 2004 [23]

Geginat et al. 2003 [22]CD45RA−/CCR7+ Central memory (CM)

CD45RA−/CCR7− Effector memory (EM)

CD45RA+/CCR7− TEMRA

TEMRA = T effector memory cells.
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Fig. 1. Representative samples depicting the gating strategy used to

identify CD8TL subsets (numbers indicate %). CD3+/CD8+ T

lymphocytes (CD8TLs) subsets were identified by CD3 and CD8

expression and either CD27/CD28 (left row) or CD45RA/CCR7

(right row) expression.
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formal statistical testing. Participants were categorized into
one of three weight classifications based on their zBMI
scores: (i) healthy weight, (ii) overweight or (iii) obese. χ2

tests were used to detect any differences in gender distribu-
tion and latent viral status among the weight classifications,
while differences in physical characteristics among the body
weight classifications were identified using a one-way analy-
sis of variance (anova).

Generalized linear models were used to detect relation-
ships between the independent (i.e. body weight classifica-
tion, BMI, percentage body fat, plasma leptin
concentration, latent viral status) variables and the propor-
tions of specific T cell subsets in blood. Fractional logit
models, which are generalized linear models with a logit
link function and binomial distribution and robust estima-
tors, were used to analyse the initial univariate associations
between each individual variable and the proportions of
each T cell subsets as the dependent variable. The fractional
logit modelling approach allow for evaluation of variables
that have fractional values ranging from 0 to 1 (i.e. propor-
tions). All variables found to have a significant univariate
relationship were included in multivariable fractional logit
models to determine if the relationship still existed after
adjusting for all other significant factors. The effects size of
each independent variable (B) on the composition of blood
T cell subsets were reported as an average change in the pro-
portion of T cells with a particular surface phenotype for a
single-unit change in the independent variable.

Statistical significance was set at P < 0·05. All values are
presented as the mean ± standard error of the mean
(s.e.m.). All statistical analyses were performed using the
Statistical Package for the Social Sciences (spss version 17·0;
SPSS, Inc., Chicago, IL, USA).

Results

The physical characteristics of all subjects are presented in
Table 1. Differences in body composition were seen among
the weight groups (P < 0·001); however, no significant dif-
ferences in age, gender, viral status or PEDS QL scores were
observed among the three body weight categories
(P > 0·05).

Univariate associations between body weight and blood
T cell subset composition

The individual variables found to be associated with the
proportions of T cell subsets in blood are presented in the
Table 3. Obese subjects had, on average, 4·01 and 7·60%
fewer early (P < 0·05) CD4+ and CD8+ T cells, respectively,
and 3·37 and 4·51% more EM and intermediate CD8+ T
cells (P < 0·05) than subjects of healthy weight. Obese sub-
jects also had a greater proportion of senescent and late
CD4+ T cells (+0·97 and +2·00%, P < 0·05, respectively)
than subjects of healthy weight. Overweight subjects had

Table 3. Univariate associations: unadjusted direct relation between

the different factors and the proportions of T cell subsets. Significant

factors are listed according to their effect size on the proportions of T

cell subsets.

T cell subtype Factors Effect size* P-value

Early CD4+

(CD28+/CD27+)

At risk −4·43% 0·084

Obese −4·01% 0·050

zBMI −1·80% 0·038

% Body fat −0·15% 0·083

Early CD8+

(CD28+/CD27+)

Overweight −12·05% 0·001

Gender (female) +7·78% 0·004

Obese −7·60% 0·011

EBV status (positive) −5·93% 0·031

CMV titre −5·29% 0·006

CMV status (positive) −5·24% 0·098

zBMI −3·46% 0·008

Intermediate CD8+

(CD28−/CD27+)

Obese +4·51% 0·001

Age −4·16% 0·001

CMV status (positive) −3·64% 0·013

CMV titre −1·76% 0·053

zBMI +1·66% 0·006

% Body fat +0·06% 0·004

Leptin concentration +0·05% 0·094

EM CD8+

(CD45RA−/CCR7−)

Overweight +6·04% 0·001

Obese +3·37% 0·025

Age −1·73% 0·090

zBMI +1·14% 0·083

Late CD4+

(CD28−/CD27−)

Obese +2·00% 0·003

Overweight +1·95% 0·020

CMV titre +1·21% 0·022

zBMI +0·66% 0·023

% Body fat +0·05% 0·068

Late CD8+

(CD28−/CD27−)

Overweight +10·10% 0·003

Gender (female) −6·23% 0·012

CMV status (positive) +5·61% 0·049

CMV titre +5·02% 0·001

Age −3·77% 0·040

TEMRA CD8+

(CD45RA+/CCR7−)

CMV status (positive) +5·70% 0·031

Gender (female) −4·80% 0·041

Age −4·58% 0·007

CMV titre +3·13% 0·045

Senescent CD4+

(CD28−/CD57+)

Overweight +0·97% 0·096

Obese +0·97% 0·037

CMV titre +0·53% 0·073

Senescent CD8+

(CD28−/C57+)

Overweight +5·42% 0·038

Gender (female) −5·16% 0·005

CMV status (positive) +4·41% 0·037

CMV titre +3·75% 0·003

Age −2·96% 0·030

EBV titre +1·56% 0·086

*Effect size is the average difference (+/−) in % of the phenotype

for a 1-unit difference in the respective factor. BMI = body mass index;

zBMI = standardized BMI; CMV = cytomegalovirus; EBV = Epstein–

Barr virus; EM = effector memory; TEMRA = T effector memory cells.
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fewer early (−12·05%, P = 0·001), more EM (+6·04%,
P < 0·001) and higher proportions of senescent and late
CD8+ T cells (+5·42%, P < 0·05 and +10·10%, P < 0·01,
respectively) than subjects of normal weight. An increase of
1% body fat was associated with a modest but significantly
greater proportion of EM CD4+ T cells (+0·17%, P < 0·05)
and intermediate CD8+ T cells (+0·06%, P < 0·01). No effect
of body weight classification was observed on the total T
cell numbers (P > 0·05).

Associations were found between CMV seropositivity
and lower proportions of intermediate (−3·64%, P < 0·05)
and greater proportions of late, T effector memory cells
(TEMRA) and senescent CD8+ T cells (+5·61%, P < 0·05;
+5·70%, P < 0·05 and +4·41%, P < 0·05, respectively). Fur-
thermore, while EBV seropositivity was associated signifi-
cantly with lower proportions of early CD8+ T cells
(−5·93%, P < 0·05), a similar, although non-significant,
trend was seen with CMV seropositivity (−5·24%,
P = 0·098). Quality of life was not associated with blood T
cell subset composition (P > 0·05).

Multivariate associations between body weight and
blood T cell subset composition

Individual variables that were found to be associated signifi-
cantly with the composition of T cell subsets in peripheral
blood (Table 3) were included in the respective multi-
variable model for each subset. In these models, T cell
subset proportions were included as dependent variables,
and effects were adjusted for all other significantly related
independent variables in the model. The independent vari-
ables associated with the composition of T cell subsets in
blood after controlling for all other significantly related
factors are shown in Table 4. Overweight and obese subjects
still had, on average, 11·55 and 5·51% fewer early CD8+ T
cells (P < 0·05), respectively, compared to subjects of
normal weight. Age-adjusted body mass was also associated
with altered proportions of differentiated T cells, as
overweight and obese subjects had, on average, 7·53%
(P < 0·001) and 5·49% (P < 0·05) more EM CD8+ T cells,
respectively, and 1·90% (P < 0·05) and 2·01% (P < 0·05)
more late CD4+ T cells, respectively, than subjects of normal
weight. Finally, overweight subjects had, on average, 8·90%
more late and 4·86% more senescent CD8+ T cells than sub-
jects of normal weight (P < 0·01). Obese subjects also had
0·98% more senescent CD4+ T-cells (P < 0·05) compared to
subjects of normal weight. All associations reported here
withstood adjustment for all other variables that were
found to have a significant relationship with the particular
T cell subset proportions, including latent CMV and EBV
infections (seropositivity) and viral load (using IgG anti-
body titres as a surrogate measure). Differences in the com-
position of blood T cell subsets among the body weight
classifications are shown in Fig. 2.

Other factors associated with blood T cell subset
composition after adjustment for body mass variables

In addition to the body mass variables, several other factors
such as latent viral infections and sex (male or female) were
found to be associated with the composition of T cell
subsets in blood (Table 4). Subjects infected with EBV had
fewer early CD8+ T cells (−5·83%, P < 0·05) than seronega-
tive subjects. A similar, although non-significant, trend was
observed between EBV seropositivity and the proportions
of naive CD4+ T cells (−4·03%, P = 0·098). Anti-CMV anti-
body titres within the CMV-seropositive subject group were
associated with increased proportions of senescent CD4+

(+0·52%, P < 0·05) and CD8+ T cells (+4·32%, P < 0·05),
along with increased proportions of late CD8+ T cells
(+3·95%, P < 0·05). Similarly, an increase in 1 unit of

Table 4. Multivariate associations: all factor effects controlled for the

other significant factors shown for the proportions of T cell subsets.

Significant factors are listed according to their effect size on the pro-

portions of T cell subsets.

T cell subtype Factors Effect size* P-value

N CD4+

(CD45RA+/CCR7+)

EBV status (positive) −4·03% 0·098

Age −3·50% 0·050

N CD8+

(CD45RA+/CCR7+)

Gender (female) +5·31% 0·050

Early CD8+

(CD28+/CD27+)

Overweight −11·55% 0·001

CMV titre −7·78% 0·019

Gender (female) +6·33% 0·011

EBV status (positive) −5·83% 0·020

Obese −5·51% 0·047

Intermediate CD8+

(CD28−/CD27+)

Obese +4·59% 0·010

Age −3·81% 0·000

EM CD4+

(CD45RA−/CCR7−)

Age +5·29% 0·001

% Body fat +0·21% 0·003

EM CD8+

(CD45RA−/CCR7−)

Overweight +7·53% 0·001

Obese +5·49% 0·025

Age −1·56% 0·098

Late CD4+

(CD28−/CD27−)

Obese +2·01% 0·020

Overweight +1·90% 0·022

Late CD8+

(CD28−/CD27−)

Overweight +8·90% 0·004

Gender (female) −6·78% 0·002

CMV titre +3·95% 0·011

Age −3·78% 0·015

TEMRA CD8+

(CD45RA+/CCR7−)

Age −4·78% 0·0036

Gender (female) −4·63% 0·036

Senescent CD4+

(CD28−/CD57+)

Obese +0·98% 0·032

CMV titre +0·52% 0·049

Senescent CD8+

(CD28−/C57+)

Gender (female) −6·17% 0·001

Overweight +4·86% 0·029

CMV titre +4·32% 0·050

Age −3·09% 0·005

EBV titre +1·90% 0·008

*Effect size is the average difference (+/−) in % of the phenotype

for a 1-unit difference in the respective factor. CMV = cytomegalovirus;

EBV = Epstein–Barr virus; EM = effector memory; N = naive; TEMRA = T

effector memory cells.
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anti-EBV antibody titre was associated with an increase of
1·90% of senescent CD8+ T cells in EBV-seropositive sub-
jects (P < 0·05). Sex (male or female) was also associated
with the proportions of naive and early CD8+ T cells when
all other significant variables were controlled for. Females
had, on average, 5·31% (P < 0·05) more naive CD8+ T cells
and 6·3% (P < 0·05) more early CD8+ T cells than males.
Females had consistently fewer senescent and late CD8+ T
cells (−6·17%, P < 0·01 and −6·78%, P < 0·05, respectively)
and fewer TEMRA CD8+ T cells (−4·63%, P < 0·05) than
males. All associations reported here withstood adjustment
for all other variables found to have a significant relation-
ship with the particular T cell subset proportions.

Discussion

The main finding of this study is that excess body mass
was associated with T cell differentiation indicative of
immunosenescence in adolescent children. Proportions of
naive and early-differentiated cells among the CD4+ and
CD8+ T cell compartments were substantially lower in those
children with excess body mass compared to healthy weight
children. Moreover, overweight and obese children had
greater proportions of mature, effector-memory CD8+ T
cells and late differentiated CD4+ T cells. These findings

withstood adjustment for psychosocial factors (quality of
life), age, gender and latent CMV and EBV infections, all of
which have been shown previously to have a profound
influence on the composition of T cell subsets in blood
[26]. These data indicate that excess body mass, even in
adolescence, may accelerate ageing of the immune system
and we speculate that this might also predispose children
to the early acquisition of an immune risk profile in
adulthood.

Blood T cell populations with an increased composition
of cells exhibiting an effector-memory and senescent phe-
notype, particularly within the CD8+ T cell compartment,
are signature features of the immune risk profile (IRP) [26].
Although the IRP can predict morbidity and mortality in
elderly people [27], identifying factors responsible for alter-
ing IRP components in children had not been determined
previously. The present data demonstrate clear differences
in the composition of T cell subsets in blood among chil-
dren of different body weight classifications. Children with
excess body mass (either overweight or obese) had lower
proportions of naive and early differentiated CD4+ and
CD8+ T cells and greater proportions of intermediate and
effector-memory CD8+ T cells than children of normal
weight. However, within the CD4+ T cell compartment, pro-
portions of naive cells were lowered and senescent cells
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elevated only in the obese children. These results suggest
that excess body mass may have a deleterious impact on the
composition of the blood T cell population, by increasing
late differentiated and senescent T cell numbers and reduc-
ing the naive CD4+ T cell pool.

Although our overall hypothesis that excess body mass
would be associated with increased T cell differentiation
was accepted, there were some unexpected findings. For
instance, we anticipated T cell differentiation to be associ-
ated positively with excess body mass in a stepwise manner;
however, overweight children had significantly greater pro-
portions of late differentiated CD8+ T cells than both obese
and healthy weight children. Similarly, overweight children
had fewer naive CD8+ T cells than both obese and healthy
weight children, whereas no differences were found
between obese and healthy weight children for proportions
of late or naive CD8+ T cells. As the participants in this
study were of adolescent age, possible variations in pubertal
maturation among the weight classifications may be
responsible for these unexpected findings. Another possi-
bility is that more metabolically healthy children were
included in the obese compared to the overweight group.
Metabolically healthy but obese (MHO) individuals,
despite having excess body fat, display a metabolically
healthy profile, including high levels of insulin sensitivity
and clinically normal lipid and inflammation profiles [28].
These individuals are not as susceptible to excessive inflam-
mation [29] and cardiovascular disease as overweight indi-
viduals who have metabolic disorder [30]. Future studies
should determine the impact of metabolic disorder on the
currently observed relationship between excess body mass
and T cell differentiation.

All associations between excess body mass and T cell dif-
ferentiation reported here withstood adjustment for latent
CMV and EBV infections indicating that, even in children,
adiposity is an independent predictor of T cell subset com-
position. Moreover, although adenovirus 36 and HSV-1
have been found to be more prevalent in obese compared to
healthy weight individuals [11,31], CMV and EBV infec-
tions were similar across the weight classifications and not
related to any of the body mass variables measured in this
study. This indicates that viral infections and adiposity may
impact T cell subset composition via different mechanisms.
Although no study to date has assessed the impact of excess
body mass on the composition of T cells subsets in blood, a
few studies have proposed mechanisms by which obesity
might accelerate immunosenescence. For instance, short
telomeres are indicative of advanced biological ageing and
BMI is known to be correlated inversely with mean
telomere length in blood leucocytes [32]. Furthermore,
while both telomere length [33] and obesity [34] are known
predictors of cardiovascular disease (CVD), senescent T
cells have been shown to accumulate during the develop-
ment of CVD [35] suggesting potential links between
obesity, immunosenescence and CVD.

Although the impact of latent CMV and EBV infections
on the composition of blood T cell subsets has been studied
extensively in adults [36–38], this is the first study to our
knowledge to examine these relationships in children. We
were interested to determine if associations between latent
viral infections and T cell differentiation would manifest in
children who, by definition, are likely to have been carrying
the virus for a relatively shorter period of time than adults.
Not surprisingly, we found that CMV and EBV infections
are also associated with increased levels of T cell differentia-
tion in children although, at least in adolescents, EBV and
not CMV seropositivity is associated with lower propor-
tions of naive and early differentiated T cells. Moreover,
within the CMV and/or EBV seropositive subjects, anti-
viral antibody titres, as an indication of viral load, were
associated positively with the proportions of late differenti-
ated CD8+ T cells (CMV titres) and senescent CD4+ (CMV
titres) and CD8+ (CMV and EBV titres) T cells in blood.
High anti-CMV antibody titres have been associated with
viral reactivation [39], inflammation and mortality [40]. As
EBV but not CMV serostatus was associated with lower
proportions of naive CD4+ T cells and early differentiated
CD8+ T cells, it could be speculated that primary EBV infec-
tion has a stronger initial impact on T cell differentiation,
while multiple reactivations of CMV may be required
before discernible alterations in the composition of blood T
cell subsets are observed. Another possibility is that most
subjects may have acquired EBV at an earlier age than those
who contracted CMV. Although it is not currently possible
to determine when primary infection occurred, many indi-
viduals infected with EBV remain CMV seronegative, while
most people with CMV also have a latent EBV infection
[37]. This would indicate that primary EBV infection pre-
cedes primary CMV infection and that most individuals
will harbour EBV for a longer period of time than CMV.

We also found that adolescent males exhibited greater
levels of T cell differentiation compared to females of
similar age, and that these differences between the sexes
withstood adjustment for all other measured confounding
factors. While some gender-related differences in immune
response have been documented, including greater humoral
and cellular immune responses in women [41] and a greater
T cell responses to mitogens [42], few studies have assessed
sex-associated differences in the composition of T cell
subsets in blood [43]. We found that females had more
naive and early differentiated T cells, but less TEMRA, late dif-
ferentiated and senescent CD8+ T cells than males. The
mechanisms behind the sex-associated difference remains
to be identified; however, it is plausible that sex hormones
play a role in either accelerating T cell differentiation in
males or negating it in females. Indeed, it has been shown
that oestrogen activates the gene coding for telomerase, an
enzyme responsible for extending chromosome telomere
lengths, indicating that female sex hormones may help to
delay the onset of immunosenescence. Future studies
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should determine the role of sex hormones on age-related
changes in the composition of blood T cell subsets in both
males and females, particularly during adolescence when
hormones are in flux. A limitation of this study is that vac-
cination records were not obtained. It is possible, therefore,
that differences in the composition of certain T cell subsets
among the subject groups could be due to vaccination
history.

We were surprised to find that neither physical or psy-
chological health were associated with the composition of T
cell subsets in blood, particularly because psychological
stress is known to be associated with the accumulation of
highly differentiated T cells in adults [44] and also in chil-
dren with clinically depressed parents [45]. It should be
noted, however, that the quality of life scores reported by
the subjects were relatively high and did not differ among
the weight classification groups. As the cohort used in this
study were polarized toward low self-reported stress scores,
it is likely that a more heterogeneous group will be required
to adequately determine relationships between quality of
life and T cell differentiation in paediatric populations.

In conclusion, this study reports for the first time rela-
tionships between excess body mass and T cell differentia-
tion associated with immunosenescence in adolescents. As
these findings withstood adjustment for a large number of
potentially confounding variables, including age, quality of
life, sex differences and latent viral infections, we suggest
that excess body mass is an independent predictor of T cell
differentiation. Moreover, given that discernible associa-
tions between excess body mass and the composition of
blood T cell subsets are evident even in children, we specu-
late that childhood obesity increases the risk of incurring
immune-related health problems in adulthood. Future
research should examine the effects of weight loss interven-
tions on the composition of blood T cell subsets in both
children and adults, in order to determine if lowering body
fat levels can positively alter the composition of blood T cell
subsets.
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