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Strotmeyer et al.
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Schwartz et al.
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Dobnig et al.
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Bonds et al.
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Role in
glucose
metabolism

Regulator

Mechanisms
of action in
OA

(Cell source)

References

Role of glucose metabolism mediated by different enzymes

in OA

GLUT1 Glucose uptake

HK2 Initiate major
glucose
utilization
glycolysis,
pentose
phosphate
pathway, and
OXPHOS;
convert glucose
to G6P

LDHA Key enzyme in
aerobic
glycolysis,
catalyze the
conversion of
pyruvate into
lactate and

ROS production

PKM2 Rate-limiting
enzyme in
glycolysis;
catalyze PEP to
pyruvate

and ATP

PFKFB3 Regulators

of glycolysis

AMPK Major regulator
of energy
metabolism

and balance

1. Enhance glucose
uptake, balance
glucose levels in
cells, and produce
excess AGEs
(human OA
chondrocytes);

2. The loss of
GLUT1 gene leads
to GP cartilage,
articular cartilage
abnormalities,
cytopenia and
proteoglycan loss in
articular cartilage
(mice chondrocytes)

1. Promote glucose
entry into the cell;
2. Lead to increased
RNA expression
levels of
proinflammatory
cytokines (human
OA FLS);

3. Gene expression
of HK2 was
increased in severe
OA cartilage
(human

primary
chondrocytes)

1. Inhibit lactate
secretion and
promoted HAS2
and HA synthesis
(SFs from TMJOA
patients);

2. mediate high-
throughput
glycolysis

1. PKM2 knockout
inhibits glycolysis
and reduces the
production of
extracellular
collagen matrix;
increase lactate
accumulation;
inhibit chondrocyte
matrix synthesis and
promotes OA
cartilage
degeneration
(human

OA chondrocytes)

1. Contribute to
glycolysis disorders
(human OA
cartilage);

2. decrease glucose
uptake and lactate
production (FLS
cells from synovium
of patients

with arthritis)

1. A downstream
regulator during OA
glycolysis (human
OA chondrocytes)

(16, 22-28)

(17, 19, 29-31)

(9, 20, 32)

(38-40)

(41-45)

(19, 49, 50)

Role of glucose metabolism mediated by different factors in OA

HIF-10. Induce a switch
from oxidative
to

glycolytic
metabolism

TGF-B1 Inhibit
glycolysis;
induce OXPHOS
conversion to
aerobic
glycolysis;
maintain
chondrocyte
homeostasis and
articular
cartilage

integrity

NF-xB Increase the
production of
downstream

cytokines

An inducer of
HIF-1c: and an
activator of
glucose
metabolism

Icariin

in chondrocytes

An inhibitor of
glycolysis with
the potential to
affect

glucose
metabolism

2-deoxy-
D-glucose

Shift
carbohydrate
metabolism from
mitochondrial

Glucocorticoids

respiration
to glycolysis

Galactose
substitution has
been proposed
as an OXPHOS
activator with
the effect of
inhibiting
glycolysis to
produce ATP

Galactose

Glucose Provide
adequate glucose
to maintain the
major anaerobic
metabolism of
articular

chondrocytes

1. Increase glucose
uptake and
utilization to
promote anaerobic
ATP production
(human OA
chondrocytes);

2. increase the
expression of
glycolytic enzymes;
increase the
expression of
GLUT1, G6PD,
PFK1, and PDK1
(mice primary
articular
chondrocytes)

1. Increase glucose
consumption and
lactate production,
as well as a decrease
in ATP levels;
elevate the
expression of key
glycolytic enzymes
such as GLUT1 and
HK?2 to increase
glycolysis and
lactate production
(human

OA chondrocytes)

1. Increase the
expression of
cartilage degradation
genes and promote
chondrocytes
dysfunction;
inflammation can
shift cellular
metabolism toward
NF-kB-mediated
aerobic glycolysis
(mice chondrocytes)

1. Promote the up-
regulation of HIF-
1o, and PDK1
expression in
chondrocytes,
leading to the
increased expression
of key targets
(G6PD and PGK1)

and the inhibition of

mitochondrial
OXPHOS,
ultimately inducing
glucose metabolism
in a glycolytic
manner; promote
the expression of
GLUT1 and other
glycolytic enzymes;
promote anaerobic
glycolysis and
increased cell
viability in OA
chondrocytes

(mice chondrocyte)

1. Altered glucose
use and reduced
lactate production in
an inflammatory
environment
(human

OA chondrocytes)

1. Anti-
inflammatory;
regulate glucose and
lipid metabolism;
up-regulate PDK4
(human OA
chondrocytes);

2. affect IGF1 and
GLUT1 in cartilage
tissue through GC-
IGF1-GLUT1 axis
(mice chondrocyte)

1. Enhance
chondrocyte
dependence on the
glycolytic pathway
for ATP production
(bovine
chondrocytes)

1. Affect the balance
of matrix synthesis
and degradation;
affect glucose uptake
as well as matrix
production and
maintenance, and
promote the anti-
inflammatory
activity of
differentiated
chondrocytes
(equine
chondrocytes)

(52-59)

(7,17, 62,
63, 65)

(9, 66-69)

(58, 70-72)

(1,19, 73, 74)

(28, 75-78)

(50, 63, 79)

(80, 81)

OA, ostecarthritis; GLUT, glucose transporter; AGES, advanced glycation end products; HK2,
hexokinase 2; OXPHOS, oxidative phosphorylation; G6P, glucose-6-phosphate; FLS,
fibroblast-like synoviocytes; LDHA, lactate dehydrogenase A; ROS, reactive oxygen species;
HAS2, hyaluronic acid synthetase 2; HA, hyaluronic acid; TMJOA, temporomandibular joint
osteoarthritis; SFs, synovial fibroblasts; PKM2, pyruvate kinase M2; PEP,
phosphoenolpyruvate; PFKFB3, 6-phosphofructose-2-kinase/fructose 2, 6-bisphosphatase 3;
AMPK, AMP-activated protein kinase; HIF-10,, hypoxia-inducible factor 10 G6PD, glucose-
6-phosphate dehydrogenase; PFKI1, phosphoglycerate kinase 1; PDKI, pyruvate
dehydrogenase kinase 1; TGF-B1, transforming growth factor-B1; NF-kB, nuclear factor
kappa B; PGKI, phosphoglycerate kinase 1; PDK4, pyruvate dehydrogenase kinase 4; IGF1,

insulin-like growth factor-1.
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MR-PRESSO

Inverse variance weighted MR-Egger Global Test
Exposure Outcome

Cochran Q Q_df Q_Pval Intercept P value 7

value

op IVDD 39 1 0.049 NA NA NA NA
TB-BMD IVDD 1134 79 0.007 0.007 0.005 0.171 0.011
FA-BMD IVDD 10.5 2 0.005 -0.016 ' 0.068 0.856 NA
EN-BMD IVDD 265 19 0118 ~0.029 0016 0.097 0.097
LS-BMD IVDD 229 21 0349 0016 0011 0.156 037
eBMD IVDD 515.2 330 <0.0001 -0.0004 0.002 0.829 <0.001
IVDD opP 6.6 ] 0.250 0.038 0.119 0.764 0.277
IVDD FN-BMD 34 5 0.639 0.021 0.027 0.486 ‘ 0.67
VDD FA-BMD 29 5 0711 0.049 0.056 0434 0747
VDD eBMD 32 4 053 ~0.001 0011 0931 0545
IVDD LS-BMD 73 5 0.198 -0.002 0.043 0.973 0.239
IVDD TB-BMD 115 5 0.042 0.054 0.021 0.064 0.076
IVDD ;I:;;B:_ifs) 11.9 = 0.036 -0.022 0.076 0.782 0.061
VDD zﬂ:—z 0 8.1 5 0.150 0.193 0.080 0074 0.177
VDD :;szs) 22 5 03815 0.049 0.052 0397 0814
IVDD :;B::f)m) 31 5 0.692 0.012 0.038 0.776 0.657
IVDD TB-BMD (age over 60) 97 3 0.084 0.084 0.035 0.075 0.11

IVDD, intervertebral disc degeneration; OP, osteoporosis; TB-BMD, total body bone mineral density; EN-BMD, femoral neck bone mineral density; FA-BMD, forearm bone mineral density; LS-
BMD, lumbar spine bone mineral density; eBMD, heel bone mineral density; NA, not available.
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Simple median
Weighted median
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Simple median
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Simple median
Weighted median
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Simple median
Weighted median
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Simple median

Weighted median
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OR (95% CI) pval
1.009 (0.809 to 1.259) 9.35E-01
1.201 (1.123 to 1.284) 8.72E-08

1.069 (0.894 to 1.277) 4.66E-01

1.202 (1.100 to 1.315) 5.36E-05

1.180 (1.072 to 1.299) 7.34E-04
1.106 (0.859 to 1.425) 4.35E-01

1.242 (0.437 to 3.532) 7.54E-01

1.160 (1.007 to 1.335) 3.90E-02

1.157 (1.015t0 1.318) 2.88E-02

1.161 (1.041 to 1.295) 7.40E-03

—_———— & —> 1.825(1.08910 3.059) 3.48E-02

The estimates

1.060 (0.921 to 1.221) 4.16E-01
1.101 (0.963 to 1.260) 1.60E-01
1.179 (1.083 to 1.284) 1.43E-04
0.955 (0.713 to 1.279) 7.60E-01
1.218 (1.079to 1.374) 1.37E-03
1.216 (1.081 to 1.369) 1.18E-03
1.068 (1.008 to 1.131) 2.48E-02
1.079 (0.970 to 1.200) 1.64E-01
1.051 (0.968 to 1.140) 2.37E-01

1.044 (0.958 to 1.138) 3.28E-01
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QI: Were the two groups similar and recruited from the same population?

Q2: Were the exposures measured similarly to assign people to both exposed and unexposed groups?
Q3: Was the exposure measured in a valid and reliable way?

Q4: Were confounding factors identified?

Q5: Were strategies to deal with confounding factors stated?

Q6: Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
Q7: Were the outcomes measured in a valid and reliable way?

Q8: Was the follow up time reported and sufficient to be long enough for outcomes to occur?

Q9: Was follow up complete, and if not, were the reasons to loss to follow up described and explored?
Q10: Were strategies to address incomplete follow up utilized?

Q11: Was appropriate statistical analysis used?
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