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Abstract

Context: Osteoglycin (OGN) is a proteoglycan released from bone and muscle which has
been associated with markers of metabolic health. However, it is not clear whether the
levels of circulating OGN change throughout the adult lifespan or if they are associated
with clinical metabolic markers or fitness.

Objective: We aimed to identify the levels of circulating OGN across the lifespan and
to further explore the relationship between OGN and aerobic capacity as well as OGN'’s
association with glucose and HOMA-IR.

Methods: 107 individuals (46 males and 61 females) aged 21-87 years were included
in the study. Serum OGN levels, aerobic capacity (VOZpeak), glucose, and homeostatic
model assessment for insulin resistance (HOMA-IR) were assessed. T-tests were used to
compare participant characteristics between sexes. Regression analyses were performed
to assess the relationship between OGN and age, and OGN and fitness and metabolic
markers.
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Results: OGN displayed a nonlinear, weak “U-shaped” relationship with age across both
sexes. Men had higher levels of OGN than women across the lifespan ( = 0.23, P=.03).
Age and sex explained 16% of the variance in OGN (adjusted R = 0.16; P < .001). Higher
OGN was associated with higher VO, (B = 0.02, P = .001); however, those aged <50
showed a stronger positive relationship than those aged >50. A higher OGN level was
associated with a higher circulating glucose level (f = 0.17, P < .01). No association was
observed between OGN and HOMA-IR.

Conclusion: OGN was characterized by a U-shaped curve across the lifespan which
was similar between sexes. Those with a higher aerobic capacity or higher glucose
concentration had higher OGN levels. Our data suggest an association between OGN
and aerobic fitness and glucose regulation. Future studies should focus on exploring the
potential of OGN as a biomarker for chronic disease.

Key Words: osteoglycin, metabolic health, glycemic control, VO fitness

2peak’

Osteoglycin (OGN) is a proteoglycan released from various
tissues, including bone and muscle, which is suggested to
be involved in energy metabolism and muscle function, at
least in mice (1). OGN-deficient mice have impaired glucose
tolerance, and OGN treatment in wild-type mice improves
insulin-stimulated glucose uptake in skeletal muscle (1). In
humans, higher circulating levels of OGN are associated
with lower body mass index (BMI) and greater lean body
mass (1, 2). Individuals who experienced significant weight
loss through gastric bypass surgery had increased levels of
OGN (1). While these data suggest associations between
OGN and metabolic health, the results have not always
been consistent. For example, a recent study in humans re-
ported no association between OGN and glucose, HbAlc,
or body mass index (BMI) in individuals with diabetes (3).
It is plausible that some of the inconsistent findings are due
to the diverse demographics of the populations studied,
including different ages, BMI, and disease status. To date,
there are no reference ranges for OGN; furthermore, it is
unclear whether the circulating levels of OGN change with
age. As such, before exploring whether OGN can be used
as a marker of glucose regulation and future disease devel-
opment, it is essential to uncover how circulating levels of
OGN change during normal aging, which itself is known to
be associated with increased risk of cardiometabolic diseases
and has a substantial effect on other hormones involved in
bone-muscle crosstalk and glucose regulation (4-6).

In addition, it is well recognized that fitness, as meas-
ured by VO, .,
in cardiometabolic risk and improved glucose regulation

is strongly associated with a reduction

(7, 8). As such, it will be of interest to examine whether
there are associations between circulating OGN levels
and VO,
cose and homeostatic model assessment of insulin resist-
ance [HOMA-IR]). The primary aim of this study was to
identify the levels of circulating OGN across the lifespan in

as well markers of glucose regulation (glu-

community-dwelling men and women. The secondary aim
was to explore the relationship between OGN and VO, _,
as well as its association with glucose and HOMA-IR.

Materials and Methods
Participants

The data for this study were cross-sectional and are a sec-
ondary analysis of a subset of data derived from the fol-
lowing studies, the Gene Smart Study (aged 18-45 years) (9,
10); the Wellderly study (aged 60 years or older) (11); and
smaller exercise studies at Victoria University and Deakin
University (age range 18 and older), that included a resting
blood sample and fitness assessment (12-15). Patients with
diabetes and/or people with a HOMA-IR of 3.5 or higher
were excluded from the study. This HOMA-IR cut-off level
was selected as this value represents the upper limit of the
“healthy” threshold (16). Only 1 participant was being
treated for osteoporosis (with antiresorptive medication),
but their OGN levels were similar to participants of a
similar age, so they were included in analyses. All partici-
pants were asked to avoid exercise in the 48 hours prior to
the laboratory visits, and to the best of our knowledge, all
volunteers either drove or used public transport to travel to
testing (ie, did not use active transport).

Osteoglycin Analysis

The serum samples for all cohorts were stored at -80°C
until analysis. All samples were analyzed at one time point
for the purposes of this study. Serum OGN was analyzed
in duplicate using enzyme-linked immunosorbent assay
(ELISA) (SEC688Hu, 1200522411, Cloud-Clone Corp.)
according to the manufacturer’s protocol. This ELISA
kit has been previously used to measure OGN and has
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manufacturer-reported coefficients of variation of <10%
(intra-assay) and <12% (interassay) (1). Serum samples
were thawed on ice and then diluted 1:60 ~1:200 with a
standard diluent buffer. The dilution was optimized for
each sample cohort, but the final dilution for each sample
was still within the optimum detection range for the ELISA
kit. Standards were reconstituted 15 minutes prior to the
assay, and a total of 1 blank and 6 standard wells were
included in each plate. Each well was filled with 100 pL
of either the standard, blank, or diluted samples and the
samples were processed.

Glucose, Insulin, and HOMA-IR

Serum glucose was analyzed using an automated ana-
lysis system (YSI 2300 STAT Plus™ Glucose & Lactate
Analyzer). Serum insulin was analyzed using Ultrasensitive
Insulin ELISA Jumbo (Alpco, Lot 08192). HOMA-IR was
calculated from both fasting insulin and fasting glucose fol-
lowing the equation HOMA-IR = [fasting insulin (pU/L) x
fasting glucose (nmol/L)]/22.5 (17).

Aerobic fitness (VO. )

Participants in all studies completed a graded exercise test on

2peak

a cycle ergometer with a gas analyzer to obtain peak aerobic
capacity (VO, ). Individual protocols for the graded exercise
tests were previously described within each study (9-15,18).

Statistical Analysis

Statistical analysis was performed using R version 4.1.0
(19). T-tests were used to compare age, BMI, aerobic cap-
acity, and metabolic measures between sexes. To investigate
the relationship between baseline OGN and age, a poly-
nomial regression of degree 2 model was fitted for OGN
(dependent variable) using age and sex as independent
variables. To investigate the relationship between baseline
OGN and metabolic markers or fitness, a linear regression

Table 1. Participant characteristics

model was fitted for OGN (dependent variable) using
metabolic markers or fitness, age, and sex as independent
variables. We also investigated whether the relationship of
OGN with metabolic markers was similar between those
aged 50 years or younger and those aged 50 years and
older as this is the average age for onset of menopause
and andropause (20, 21). To do so, we recorded age as a
dummy variable (“age group”) and assigned individuals
to one of the following categories: “young” (<50 years) or
“old” (>50 years); we then added an interaction between
metabolic markers or fitness, and age group. The model
was of the from OGN = age group x predictor. To meet
the statistical assumptions of the regression (normally
distributed residuals), HOMA-IR and OGN were log-
transformed. All data are presented as mean = SD. For all
statistical analyses, P < .05 was considered statistically sig-
nificant. The following packages were used in our analysis
Ime4 (22), ImerTest (23), tidyverse (24) MASS (25), data.
table (26) OWLE, and Imtest (27).

Results

Participant characteristics are shown in Table 1. Women
were older and had a lower aerobic capacity than men but
were otherwise similar.

OGN displayed a “U-shaped” relationship with age
across the lifespan in men and women combined (Fig. 1A).
While not adequately powered to explore sex differences,
the trend line for men and women separately (Fig. 1B) in-
dicated that a polynomial model (U-shaped curve) was the
best fit for men and both a linear and polynomial model
were equally good fits for women. For the combined data,
circulating levels of OGN decreased in a nonlinear fashion,
from 59.9 ng/mL at 18 years to 35.8 ng/mL at ~46 years
before increasing to 73.7 ng/mL at 80 years. Overall, age
and sex explained 16% of the variance in OGN (adjusted
R? = 0.16; P < .001). In the young, but not the older cohort,
men had a higher level of OGN (B = 0.54; 95% CI 0.27-
0.82; P < .001) than women.

Variable Female (n = 61) Male (n = 46) P
Age (years), mean = SD 54.96 = 17.26 48.09 = 18.23 .03
BMI (kg/m?), mean = SD 27.15 + 4.5 27.8 +4.99 45
Glucose (mmol/L), mean = SD 524 +0.91* 5.31 = 0.83* .65
OGN (ng/ul), median (IQR) 3.85 (3.42,4.26) 4.01 (3.65,4.51) .06
Insulin (pIU/mL), median (IQR) 1.69 (1.41,1.98) 1.67 (1.15,2.08) 44
HOMA (AU), median (IQR) 0.14 (-0.15, 0.55)* 0.26 (-0.32,0.62)* .34

All normally distributed data are presented as mean = SD and not normally distributed data are presented as median (IQR).

*7 samples did not have serum glucose results and have been excluded from the glucose and HOMA analyses. Total samples for glucose, insulin and HOMA are

n=107.
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Figure 1. Relationship between age and OGN in men and women combined (A) and in men and women separately (B). Women are denoted by cir-

cles and men by triangles.
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Figure 2. Relationship of OGN adjusted for age and VO
and those above 50 years are in blue.

2peak’

Higher OGN was associated with higher VO, ($=0.02,
P =.001), which remained significant after adjusting for age
and sex (Fig. 2). There was an interaction between age and
VO, (P =.02), whereby those aged below 50 showed a
strong positive relationship between OGN and VO, com-
pared with those aged above 50 (Fig. 2). Moreover, a higher

Women are denoted by circles and men by triangles. Those below 50 years are in red,

VO, was associated with higher circulating levels of glu-
cose (B = 0.03, SE = 0.009, P < .001) after adjusting for age
and sex.

A higher OGN was associated with higher blood glu-
cose (B = 0.17; 95% CI 0.04-0.31; P = .012) (Fig. 3A).

Glucose was 0.7 mmol/L higher in the old cohort (above
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Figure 3. Relationship between glucose or HOMA-IR and OGN. Women are denoted by circles and men by triangles (A,B). Those below 50 years are

in red, and those above 50 years are in blue (C,D).

50 years) when compared with the young (<50 years)
cohort (P < .001) (Fig. 3C). We found no clear relation-
ship between OGN and HOMA-IR in the overall sample
(P = .1) (Fig. 3B). HOMA-IR was increased in the old
cohort (above 50 years) when compared with the young
(<50 years) and old cohort (§ = 0.49, P < .001) (Fig. 3D).

Discussion

We report a nonlinear, weak “U-shape” relationship be-
tween OGN and age across the lifespan. There was an as-
sociation between higher OGN levels and a higher aerobic
capacity in the full cohort, and the association was even
stronger in those under 50 years. Finally, those with higher
glucose levels showed higher OGN levels.

The aging process has a profound impact on muscle and
bone as well as circulating hormones. However, our under-
standing of how aging influences circulating levels of OGN,
a hormone implicated not only in the function of muscle

and bone but also in metabolic regulation, remains poor.
We reported a nonlinear, weak “U-shaped” relationship of
OGN with age, regardless of sex; older and younger adults
had a higher concentration of OGN than those who are
middle-aged. Interestingly, when comparing sex differences
within the old and young cohorts, young men had higher
OGN than women. This is a similar finding to other bone
remodeling markers that are higher in younger men than
in women (28). A U-shaped relationship of OGN across
the lifespan for the full cohort has been shown in another
study that examined the relationship between age and
osteocalcin, another hormone linked with bone-muscle
crosstalk, suggesting some similarities in how these bone—
muscle crosstalk hormones change across the lifespan (6).
The reason for the U-shaped pattern is currently unclear;
however, a plausible explanation is that in young and older
individuals there is an increase in the release of hormones,
including OGN and osteocalcin, but the physiological
reasons for the increases are very different. In younger
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individuals, higher OGN could be linked to increased bone
modeling and a gain of bone mineral density, but in older
age, the increase in OGN may reflect an accelerated bone
remodeling leading to bone loss. This hypothesis should be
further explored in the future.

Interestingly, the levels of OGN in women trended to-
ward being lower than men across the lifespan. The physio-
logical relevance of this is unknown, but it highlights the
importance of studying both sexes when examining the
effects of aging on bone-muscle crosstalk hormones (29).
Despite the different circulating levels of OGN throughout
the lifespan, both sexes have higher OGN levels in older
age. Given that some cardiometabolic diseases are more ele-
vated in older adults, future studies should explore whether
increased OGN in older adults is related to an increased
risk of cardiometabolic diseases (30, 31). Indeed, in the cur-
rent study, we reported that a higher OGN is associated
with higher circulating glucose in our community-dwelling
cohort; we also report no association between OGN and
HOMA-IR. The relationship between OGN and glucose
contrasts with a previous study that reported that higher
OGN levels are related to improved glucose regulation in
women and improved insulin action in mice (1). The re-
sults also contrast with a recent study in patients with type
I and type II diabetes, which found no associations between
OGN and glucose (3). The conflicting results between hu-
mans and animals as well as between healthy and clinical
populations complicate our understanding of the metabolic
role of OGN, and, as such, further interventional studies
are needed. As our study includes participants across the
lifespan, it is possible that the role of OGN in glucose regu-
lation varies to some extent throughout the aging process.
Previous studies have suggested OGN regulates energy
homeostasis through alterations in glucose uptake and
changes in insulin sensitivity, but we do not have the data
to confirm or refute this hypothesis. Another complication
that may explain the contrasting reports in the OGN litera-
ture is that it has been referred to by different names, and
several different transcript and protein variants of OGN
have been identified (32). It is therefore difficult to make
conclusive claims about OGN or fully interpret the results
with current data. This highlights the need for specifically
designed studies to uncover the unique role of each OGN
variant in different species.

Circulating OGN levels were associated with aerobic fit-
ness (VO,_ ) in both sexes and a higher aerobic fitness was
related to increased glucose. To our knowledge, no previous
studies have reported a correlation between OGN and aer-
obic fitness, in either humans or animals. This link between
OGN and aerobic fitness is intriguing and lends further
credence to the important mediating role that the bone-
muscle unit contributes to fitness. Similarly, osteocalcin is

also associated with higher physical activity levels (33). The
clinical relevance of the association between VO,  and
glucose is not clear as all participants in this analysis had
normal blood glucose levels. While our understanding of
the role of these bone-muscle crosstalk—related hormones
and proteoglycans is in its infancy, the association between
OGN and aerobic fitness is an intriguing finding, and fu-
ture studies should seek to further understand the mechan-
isms behind this association.

The study has some potential limitations. First, we have in-
cluded data from several previous studies and, as such, there
is a potential that samples were handled slightly differently;
however, all samples were taken in the morning, following an
overnight fasting. In addition, the relatively small sample size
may affect some of the correlations and the findings. The cur-
rent study focused on community-dwelling individuals and
future studies should include diverse clinical populations,
including individuals with cardiometabolic disorders, to
clarify the role of OGN in conditions where there is glucose
dysregulation. There is also the possibility that there are sex-
specific differences in the levels of circulating OGN across the
lifespan, though this study was not powered to explore this. It
is further possible that sex- and aging-related hormonal fluc-
tuations (eg, menopause) could contribute to increased OGN
in the later years of life, but hormonal changes were not the
focus of any of the substudies. Future studies should consider
exploring these sex-specific differences in OGN.

While our understanding of OGN is in its infancy,
emerging data are encouraging regarding its potential
clinical utility as a health biomarker. While our data fo-
cused on its association with metabolic function and fitness
throughout the lifespan, others have further suggested that
OGN could be a biomarker of future cardiac dysfunction
and kidney impairment (34, 35). The variations in OGN
across the lifespan further illustrate its potential as a pre-
dictive biomarker for chronic disease, particularly later
in life. Robust studies are needed to advance our under-
standing of OGN and its clinical relevance.

In conclusion, there is a “U shape” relationship between
age and OGN. Those with a higher aerobic capacity or
baseline glucose concentrations had higher OGN levels.
Whether OGN plays a direct role in glucose regulation in
humans is unclear and should be examined in future studies.
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