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Exercise and restriction of dietary carbohydrate (CHO) inde-
pendently reduce daily glycaemia, but their combined effects on
glycaemic control are unclear. Furthermore, diurnal rhythms exist
in many physiological processes, including glucose metabolism,
and it is unknown whether the time of day that exercise is per-
formed alters glycaemic responses. We examined the effects of
short-term high-intensity interval-training (HIIT) performed in the
morning or evening on 24-h glycaemia during CHO-restriction.

Twenty-four sedentary males with overweight/obesity
(age:36 ± 5 y, BMI: 31.2 ± 2.3 kg/m2) participated in this ran-
domized, three-armed parallel study (n = 8/group). Participants
consumed their habitual diet for 3-d (D1-3; Baseline), followed by
5-d of CHO-restriction (D4-8; Diet-only; 15% CHO, 65% fat, 20% pro-
tein). Participants completed a further 5-d (D9-13; Diet + Training)
of CHO-restriction and either daily cycle ergometer exercise at
0630 h (AM-Ex), daily exercise at 1830 h (PM-Ex), or diet-only
(CON). Training consisted of three HIIT sessions (10 × 1 min at
∼90% of peak heart rate) and two continuous cycling sessions
(40–60 min at 60–70% of peak heart rate). Interstitial glucose was
measured via continuous glucose monitoring from D1–13.

Mean 24-h glucose was reduced in AM-Ex (−0.16 mmol/L,
95%CI:−0.01–0.30, P = 0.04) and PM-Ex (−0.30 mmol/L,
95%CI:−0.46–0.14, P < 0.001) during Diet-only compared to
Baseline, with no difference between Diet-only and Diet + Training
for any group. Nocturnal glycaemia was reduced in PM-Ex dur-
ing Diet + Training compared to Baseline (−0.62 mmol/L, 95%CI:
−0.90–0.34, P < 0.001) and Diet-only (−0.41 mmol/L, 95%CI:
−0.62–0.19, P < 0.001), but was unaltered in AM-Ex and CON.

These findings suggest that during CHO-restriction, short-term
HIIT performed in the evening, but not the morning, may reduce
nocturnal glycaemia in men with overweight/obesity. These effects
may be partly due to differences in nutrient availability or hormonal
milieu between morning and evening exercise. Targeted exercise
with regards to timing may elicit more favourable nocturnal gly-
caemic control.
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Bingeing on sweet drinks: persistent elevated
intakes in rats
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Several existing animal models have examined the overlap
between binge-like consumption of high-sugar foods or drinks and
addiction given the prevalence of comorbidity between human
binge eating disorder and substance use disorder. However, find-
ings from these existing models suffer from methodological
weaknesses. We have addressed these issues using a new rat
model of bingeing (Eikelboom & Hewitt, 2016). Two experiments
tested whether bingeing may be analogous to substance abuse in
its potential to produce addiction-like behaviours. During the 4-
week Phase 1 of Experiment 1 rats were given either no access
(Chow group), daily access (Unrestricted group) or access on every
fourth day (Binge group) to a 4% sucrose solution. Intermittent
access resulted in escalating sucrose intakes in the Binge group
to double the daily intakes in the Unrestricted group. Critically,
in Phase 2, when both Binge and Unrestricted groups were given
identical alternate-day sucrose access, the Binge group maintained
elevated sucrose intakes. This suggests that Binge rats undergo a
long-term change in sucrose consumption that resembles toler-
ance for addictive drugs. However, several measures failed to find
elevated ‘withdrawal’ or ‘craving’ in the Binge relative to the Unres-
tricted group, suggesting that binge-like consumption of sucrose
does not elicit addiction-like behaviours more so than prolonged
sucrose consumption. Experiment 2 assessed whether bingeing
in this model was hedonically reinforced by replacing sucrose
from Experiment 1 with a non-caloric sweetener, saccharin, and
a hyperpalatable glucose-saccharin mixture. Both Saccharin Binge
and Glucose-Saccharin Binge groups exhibited persistent elevated
intakes relative to the Unrestricted groups and replicated the binge
effect found in Experiment 1. Yet, there were again no differences
in ‘craving’ or ‘withdrawal’ between Binge and Unrestricted groups.
Altogether, bingeing in this model appears to be hedonically moti-
vated, reflecting the nature of human bingeing, but binge-like
consumption itself may not produce an addiction-like profile.
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Bone marrow transplantation and RNAseq
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Immune cell infiltration into tissues produces chronic low-
grade inflammation leading to obesity-induced insulin resistance
[1]. Insight into this mechanistic link has revealed activation
of various receptors including the orphan G protein-coupled
receptor, GPR21 [2]. GPR21 is widely expressed throughout the
body, and on immune cells including monocytes and macrophages
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[3]. Transplantation of bone marrow from wild-type or Gpr21−/−

animals into irradiated wild-type animals fed normal chow (13.5%
fat), or high fat diet (HFD; 60% fat) for 27 weeks, revealed no
improvement in glucose homeostasis, but an improvement in
insulin sensitivity and a decrease in immune cell infiltration into
eWAT. Furthermore, a decrease in the migratory ability of isolated
CD11b+ bone marrow monocytes from Gpr21−/− mice compared
to wild-type in response to monocyte chemoattractant protein-1
(MCP-1) was observed. These data were confirmed using a PKH26
monocyte tracking study. RNAseq analysis of CD11b+ monocytes
from Gpr21−/−mice revealed an overall significant effect on genes
involved in inflammation and cell migration, including Il6, Ccl2,
Cxcl2 and members of the TLR family, supporting the reduced
functional response. Significant changes in genes involved in
atherosclerosis was also observed, including Apoe and Nr4a1.
These data indicate that GPR21 is involved in the chemotaxis of
specific immune cells. Targeting this receptor may prove beneficial
for the treatment of T2DM and its complications.
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Beta-catenin is a signalling molecule in the Wnt-signalling path-
way, which has typically been associated with embryogenesis and
tumorigenesis. More recently, new lines of evidence suggest that
it may also be involved in the pathogenesis of type-2 diabetes. In
its active form, beta-catenin acts together with the transcription
factor T cell-specific transcription factor-7-like 2 (TCF7L2) to acti-
vate target genes of the Wnt-signalling pathway. Impairment in
this signal transduction pathway in the pancreas may contribute to
the development of type-2 diabetes. The role of the hypothalamus
in controlling glucose homeostasis is becoming well-recognized,
and we have recently found that Wnt signalling is activated in
the hypothalamus in response to feeding-related hormones. To
investigate possible mechanisms of feeding-induced stabilization
of beta-catenin, we have used adult mouse hypothalamic cell lines
that express the phenotype for various metabolic neuropeptides
and receptors involved in central regulation of metabolism. We
surveyed a variety of potential hormone factors that can simu-
late the effect of feeding: forskolin, exendin-4 and MTII (an �-MSH
analogue). After treatment, we firstly measured NPY and AgRP
secretion. Treatment with these factors did not affect the secretion
of either neuropeptide. After applying KCl to depolarise the cells,
however, there was significantly greater release of both AgRP and

NPY from treated cells compared with vehicle-controls, indicative
of an effect on synthesis or vesicle trafficking. We next treated these
cell lines with forskolin and discovered that in one of the cell line, all
the Wnt-responsive genes analyzed were markedly up-regulated.
In addition we found an increase in total beta-catenin protein
expression following treatment with either forskolin, exendin-4
or MTII. These data suggest that the treatment has increased the
pool of neuropeptide available for release. These results are consis-
tent with the role of beta-catenin in regulating a feeding response
through a central mechanism.
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Introduction: Childhood obesity is a pro-inflammatory state
associated with metabolic and cardiovascular complications. In
adults, glycoprotein acetyls (GlycA), a newly described inflamma-
tory marker, is associated with cardiovascular disease and all-cause
mortality, but there are few paediatric data. In a cohort of children
attending a tertiary paediatric obesity clinic, we investigated the
relationship between GlycA and obesity-related cardiometabolic
co-morbidities.

Methods: Participants were enrolled in COBRA (Childhood
Overweight BioRepository of Australia) between 2009–2017. Study
site was at the Royal Children’s Hospital, Melbourne. Data collected
included demographic (age and sex), anthropometric (weight,
height, BMI, pubertal stage) and clinical (blood pressure) meas-
ures. An 8-hour fasted blood sample was collected for liver function
(to assess for non-alcoholic fatty liver disease, NAFLD) and GlycA.
An OGTT revealed the status for impaired glucose tolerance (IGT),
insulin resistance (IR) and type 2 diabetes mellitus (T2DM). Hyper-
tension (HTN) was determined according to current guidelines.
GlycA was analyzed by NMR spectroscopy of serum. Binomial
regression modeling, adjusted for age, sex, BMI and pubertal
stage, assessed the relationship between GlycA and each of the
dichotomized outcome variables (IGT, IR, T2DM, NAFLD and HTN).

Results: 216 participants were included (52% females, mean
age 11.9 years (SD ± 3.1), 35% post-pubertal). The mean value
for BMI z-score was 2.49 (SD ± 0.24), and for GlycA 1.103 mmol/l
(SD ± 0.123). GlycA was associated with BMI (pearsons � = 0.29;
p < 0.001). Comorbidity prevalences were: IGT:36%, IR:55%,
T2DM:2%, sHTN:49%, dHTN:26%, NAFLD:38% and hyperlipi-
daemia:25%. In fully adjusted models, GlycA was associated with
hyperlipidemia (p < 0.0001), IR (p < 0.05) and NAFLD (p < 0.05), but
not with IGT, systolic or diastolic HTN.

Conclusion: Increased GlycA, indicative of chronic inflamma-
tion, was associated with BMI and its co-morbidities in obese
children. Longitudinal studies are warranted to define its role as
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