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Abstract

Objective Consideration of 99Tc-MDP and glucocorticoids are widely treated the patients with active RA in China, we wondered

whether 99Tc-MDP or and oral glucocorticoids had an effect on lipid profiles in short term. Patients & Methods Patients with

active RA were divided into two groups, who were treated with 99Tc-MDP or and GCs for 10 days. ESR, CRP and DAS28,

lipid profiles were detected at baseline and the 10th day of treatment. Comparison of inflammatory markers and lipid profiles

between treatment before and after was run by t test. The correlation coefficient between inflammatory markers and lipid

levels was computed by nonparametric Spearman correlation analysis and line regression analysis. Results ESR, CRP and

DAS28CRP or ESR were decreased significantly after treatment in the two groups. The levels of TG and ApoA1 were increased

significantly in the group of 99Tc, while the ratio of ApoB/ApoA1 was decreased. In the group of 99Tc & GC, CHO, TG, and

HDL-C, ApoA1 were increased after treatment, atherogenic index and the ratio of ApoB/ApoA1 both got down. Correlation

analysis showed that CHO, LDL-C and ApoB inversely related to DAS28CRP or ESR in the group of 99Tc. HDL-C, TG and

ApoA1, and ratio of ApoB/ApoA1 or atherogenic index were correlated with CRP, ESR or DAS28 ESR or CRP in the group of

99Tc & GC. Conclusions RA patients treated with 99Tc-MDP or and oral glucocorticoids occurred inflammatory attenuation,

disease activity reduction as well as lipid profile changes.
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Abstract

Objective Consideration of 99Tc-MDP and glucocorticoids are widely treated the patients with active RA
in China, we wondered whether 99Tc-MDP or and oral glucocorticoids had an effect on lipid profiles in short
term.

Patients & Methods Patients with active RA were divided into two groups, who were treated with 99Tc-
MDP or and GCs for 10 days. ESR, CRP and DAS28, lipid profiles were detected at baseline and the 10th
day of treatment. Comparison of inflammatory markers and lipid profiles between treatment before and after
was run byt test. The correlation coefficient between inflammatory markers and lipid levels was computed
by nonparametric Spearman correlation analysis and line regression analysis.

Results ESR, CRP and DAS28CRP or ESR were decreased significantly after treatment in the two groups.
The levels of TG and ApoA1 were increased significantly in the group of99Tc, while the ratio of ApoB/ApoA1
was decreased. In the group of 99Tc & GC, CHO, TG, and HDL-C, ApoA1 were increased after treatment,
atherogenic index and the ratio of ApoB/ApoA1 both got down. Correlation analysis showed that CHO,
LDL-C and ApoB inversely related to DAS28CRP or ESR in the group of 99Tc. HDL-C, TG and ApoA1,
and ratio of ApoB/ApoA1 or atherogenic index were correlated with CRP, ESR or DAS28ESR or CRP in the
group of 99Tc & GC.
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Conclusions RA patients treated with 99Tc-MDP or and oral glucocorticoids occurred inflammatory at-
tenuation, disease activity reduction as well as lipid profile changes.

Keywords

99Tc-MDP & GC, Rheumatoid arthritis, Anti-inflammation, Lipid profile, Dyslipidemia

1 Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease involving joint pain, joint erosion, and even-
tually joint destruction [1]. Dyslipidemia is associated with active RA increasing the risk of cardiovascular
events, which are the most common cause for mortality. Cardiovascular morbidity is increased more than
twofold in RA patients compared to the general population. A wide range of cardiovascular diseases occur in
RA patients, including atherosclerosis, thrombosis, and myocardial infarction, heart failure, valvular heart
disease, arrhythmia, aortic aneurysms, myo-, peri and endocarditis, vasculitis, rheumatoid cardiac nodules,
and cardiac amyloidosis [2-6]. The risk of cardiovascular disease in RA remains high even after adjustment
for known cardiovascular risk factors including use of particular medications. Inflammation likely plays a
prominent role. Proinflammatory cytokines such as TNF-α, IL-1β, and IL-6, which are found in the syn-
ovial tissue, are also found in the circulation [7-9]. These circulating cytokines alter various aspects of
metabolism in distant organs, including adipose tissue, skeletal muscle, liver, and vascular endothelium [10,
11]. A spectrum of proatherogenic changes result that include endothelial dysfunction, insulin resistance,
and dyslipidemia, prothrombotic effects, and pro-oxidative stress [12-15].

Various studies have been found inconsistent results regarding correlations between inflammation and alter-
ations in particular plasma lipids in the patients with RA who have been given different regimens. A study
indicated that HDL-C (high density lipoprotein-cholesterol) were elevated in the patients with RA after
treatment of adalimumab for 2 weeks, but LDL-C (low density lipoprotein-cholesterol) and TG (triglyc-
erides) levels were not changed significantly [16]. Another study, in which infliximab was given for 2 years to
patients with early RA showed that the levels of TC (total cholesterol), LDL-C and the atherogenic index
increased during 24 months, while HDL-C initially increased concomitant with the three lipid parameters,
and then decreased significantly after 3 months until the end of the study [17]. The literatures reported
that atherogenic index remained constant, while other lipids such as TC, or HDL-C, or LDL-C, or TG
increased significantly using infliximab in the patients with active RA for 3 weeks to 6 months [18-20]. In
long-term study, the notable findings were that HDL-C, ApoA1 decreased and atherogenic index increased
after treatment with DMARDs (disease-modifying anti-rheumatic drugs) and prednisolone in the patients
with RA follow-up over 12-year period [21]. Overall, Dyslipidemia is a common complication in rheumatoid
arthritis. The lipid profiles varied when disease activity was modified with intervention of drugs. Thereby,
dyslipidemia may be attenuated or induced in RA.

Technetium-99 conjugated with methylene diphosphonate (99Tc-MDP, Yunke Pharmaceutical Industry,
China), is an anti-inflammatory drug patented in China (patent no. ZL94113006.1). Previous studies
demonstrated that 99Tc-MDP inhibits MAPK (mitogen-activated protein kinase) signaling thus reducing
the production of proinflammatory cytokines such as IL-1β and IL-6 [22]. Additional studies suggested that
99Tc-MDP reduced joint swelling by regulating the levels of BAP, TRAP and DKK-1[23]. Bone destruc-
tion was reduced and the rebuilding new bone enhanced by99Tc-MDP in animal models of arthritis [24].
Thus,99Tc-MDP had not only an effect on against inflammation and also on disease modifying in the patients
with active RA. To date, 99Tc-MDP was widely used to treat the patients with active RA in China for its
efficacy and inexpensive. Same thing, glucocorticoids are also benefit to active RA, such as reducing disease
activity and pain, as well as protective effects on joint destruction [25]. Glucocorticoids are also known,
reversible cause of dyslipidemia [26]. 99Tc-MDP combined with oral glucocorticoids were often used to the
patients with active RA in China. No studies have evaluated whether 99Tc-MDP and or glucocorticoids
improves the dyslipidemia seen in patients with active RA. This study was designed to evaluate this issue.

2 Patients and methods

3
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2.1 Patients with RA and evaluation of disease activity

Sixty-nine patients with RA who fulfilled the 2010 American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) for RA were given a 10-day treatment with 99Tc-MDP or and oral
glucocorticoids at the First Affiliated Hospital of Xiamen University in period of Feb. 2019 ˜ Dec. 2020
[27]. According with different therapy regimens, they were divided into two groups including 99Tc-MDP
(n = 27, as99Tc) and combined with oral glucocorticoids (n = 42, as 99Tc & GC) (Table1). Exclusion
criteria included the combination of other autoimmune diseases (including secondary Sjögren’s syndrome),
hematological system, liver or kidney dysfunction ([?] 1.5 times of the upper limit of the cutoff value),
pregnant women, oral hypolipidemic drugs and receiving intra-articular injection of corticosteroids in the
last four weeks. None of the patients had diabetes mellitus, impaired glucose tolerance, and cerebrovascular
diseases, cardiovascular disease, thyroid dysfunction, nephrotic syndrome, alcoholism, chronic liver disease,
Cushing syndrome or obesity (body mass index > 30 kg/m2). Based on retrospective observation, the
study was approved by the Medical Ethics Committee at the First affiliated Hospital of Xiamen University
(KY202015-034).

The disease activities of the patients with RA were evaluated by erythrocyte sedimentation rate (ESR), C
reactive protein (CRP) and disease activity score 28 for rheumatoid arthritis with ESR or CRP (DAS28ESR,
DAS28CRP). DAS28ESR was calculated following the equations: DAS28ESR = [0.56 x SQRT (T28) +0.28 x
SQRT (SW28) + 0.70 x LN (ESR)] x1.08 +0.16, DAS28CRP = [0.56 x SQRT (T28) +0.28 x SQRT (SW28)
+ 0.36 x LN (CRP + 1)] x1.10 + 1.15, where SQRT is the square root, LN is logarithm, T28 is the number of
total tender joints out of 28 joints and SW28 is the number of total swollen joints out of 28 joints. Twenty-
eight joints including bilateral proximal interphalangeal joints, bilateral metacarpophalangeal joints, and
bilateral wrist joints, bilateral elbow joints, bilateral shoulder joints and bilateral knee joints.

2.2 Therapy regimens and sampling

All patients receiving disease-modifying anti-rheumatic drugs (DMARDs) had to be on stable doses for at
least 12 weeks before being included in the study (Supplementary Table1). The patients with RA in the
group of99Tc were treated with 99Tc-MDP without oral glucocorticoids for 10 days as a course, whereas the
patients in another group of 99Tc & GC were given99Tc-MDP and oral glucocorticoids. The dose of Oral
glucocorticoids (prednisone or methylprednisolone) has been limited at [?] 10mg/day and has been stable
for at least 4 weeks.99Tc-MDP is composed of agent A (0.05ug99Tc solution in a vial, 5ml) and B (5mg
Methylenediphosphonic acid and 0.5mg stannous chloride, lyophilized). Agent A and B were mixed together
for 5 minutes before ready to use.99Tc-MDP was given as daily intravenous drips of 16.5 mg diluted with
250 ml normal saline for 10 days. Fasting blood samples from RA patients were collected at the beginning
of treatment of99Tc-MDP and on day 10 complied with procedure of hospital policies. These samples were
transferred immediately to clinical lab for test.

Detection of inflammatory markers and Lipid profile

The laboratory parameters of patients were determined by the hospital clinical laboratory. ESR was mea-
sured by Monitor 20 (Electa lab, Italy) and CRP was detected using nephelometry on BN II (Siemens,
Germany). The lipid profiles were performed by an automatic biochemistry analyzer 7600-20 (HITACHI,
Japan) including TC, TG, and HDL-C, LDL-C, ApoA1, and ApoB. Atherogenic index was calculated by
the equation (Atherogenic index = TC / HDL-C, TC is total cholesterol) and combined with the ratio of
ApoB /ApoA1 to evaluate the risk of cardiovascular events.

Statistical analysis

The data was presented by mean +- SD including inflammatory markers and lipid profiles. The data
of inflammatory markers and lipid profiles after treatment compared to baseline was analyzed by t test.
difference is significant with P < 0.05. The correlation of between inflammatory markers and lipid profiles
were computed using residuals by non-parameter Spearman correlation analysis and line regression analysis.
The residual is equal to the value of post-treatment minus the value of baseline. The forementioned statistical
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analysis was run by software Graphic Pad Prism8.0.

3 Results

The patients with active RA were given 99Tc-MDP or and oral glucocorticoids for a course, the disease
activities were apparently attenuated in the two groups of 99Tc and99Tc & GC. The inflammatory markers
(ESR and CRP) went down, tender joint counts and swollen joint counts were reduced, in turn, DAS28ESR

and DAS28CRP were decreased (Figure1 and Supplementary Table2). Comparison of treatment between
before and after, the differences are significant in both groups (P < 0.05). These results demonstrated
that99Tc-MDP or and oral glucocorticoids are efficacious against inflammation in RA in short run. Thus,
we investigated changes of lipid profiles in the two groups between post-treatment and before.

In the two groups of the patients with active RA, the lipid profiles were detected before treatment and
after 10-day treatment enclosed TC, TG, and HDL-C, LDL-C, and ApoA1, ApoB. According to the above
lipids, the ratio of ApoB/ApoA1 and atherogenic index have been calculated. It is significant with P < 0.05
comparing of lipid profiles after treatment (as treated) and before (as baseline) in the patients with active
RA (Figure2 & Table2). TG and ApoA1 were increased after treatment of 99Tc-MDP in the group of99Tc
(P < 0.05). The ratio of ApoB/ApoA1was decreased significantly after therapy (P = 0.0036). However,
atherogenic index was also decreased, but the difference did not reach statistical significance (P = 0.0856). In
the group of 99Tc & GC, most of lipids were changed after the combined therapy except LDL-C and ApoB.
The levels of TC, TG, and HDL-C, ApoA1 were elevated significantly, while the ratio of ApoB/ApoA1 and
atherogenic index were both reduced, their P values < 0.05.

The correlation of between inflammation markers and lipid profile were computed by non-parameter Spear-
man correlation analysis and line regression analysis when the changes of lipid profiles were detected after
treatment of 99Tc-MDP or and glucocorticoids (Figure3 & Supplementary Table3). The data showed that
disease activity scores (DAS28CRP or ESR) were inversely correlated with CHO, LDL-C and ApoB (P < 0.05)
in the group of99Tc. In a word, there is a correlation between DAS28 decrease and partial lipids of TC, LDL-
C and ApoB increases. The results were concordance in forementioned both of analysis methods. However,
the results of between ESR and LDL-C were different in two analysis methods. That is, ESR was inversely
related to LDL-C in non-parameter Spearman correlation analysis (r = -0.4237, P = 0.0276) (Supplementary
Table3), while not in line regression analysis (r = -0.3460, P = 0.0771). It possibly caused by methodological
difference. There was no correlation of between CRP and lipid profiles. The possible reason is that sample
size is too small. These results needed a large scale of samples to be addressed.

In the group of 99Tc & GC, CRP was negatively correlated with ApoA1, while positively correlated with
the ratio of ApoB/ApoA1 and atherogenic index (P < 0.05). Also, there were correlation between ESR
and partial lipids including HDL-C, ApoA1, and ratio of ApoB/ApoA1(P < 0.05). ESR were inversely re-
lated to HDL-C, ApoA1, while positively related to ratio of ApoB/ApoA1. DAS28CRP or ESR were inversely
correlated with TG, whereas positively correlated with atherogenic index. Moreover, DAS28CRP was also pos-
itively related to LDL-C (Figure4). These results are similar using two statistical analysis methods (Figure4
and Supplementary Table4). However, there were three exceptions which were significantly correlation using
non parameter Spearman analysis (P < 0.05) while not using line regression between DAS28CRP or ESRand
the ratio of ApoB/ApoA1, DAS28ESR and LDL-C (Supplementary Table4).

4 Discussions

99Tc-MDP, one of common anti-inflammation drug in China, which is widely used to active RA because of
its efficacy and low price. Glucocorticoids are the common agents including prednisone, methylprednisone,
and betamethasone, beclomethasone dipropionate, prednisolone, hydrocortisone, dexamethasone and so on,
which are being widely used to different diseases for its anti-inflammation and immunosuppressive function
[28, 29]. Especially, glucocorticoids are often the first-aid drug in emergency or critical situations. In this
study, single 99Tc-MDP or combined with oral glucocorticoids are effective to anti-inflammation treatment
in the two groups, tender joint counts and swollen joint counts were reduced, sequentially disease activities
got down. The inflammatory markers (ESR & CRP) and disease activities were decreased more in the group

5
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of99Tc & GC than in the group of99Tc. The results also indicated that combination regimen was superior to
single medication when disease activities got worse. So that depending upon the different disease activities,
customized therapeutical regimens could be provided for the individual patients.

We found that the inflammatory markers (ESR, CRP) and DAS28 were not only decreased significantly in
the patients with RA after a therapeutic course of 99Tc-MDP and or oral glucocorticoids, but the partial
lipids were also changed significantly. Therefore, nonfasting lipids including the atherogenic index and
ApoB/ApoA1 ratio were reduced significantly. Reduced HDL-C and ApoA1 represent an important factor
in the etiology of dyslipidemia in RA [30]. In present study, the level of ApoA1 was increased after treatment
of99Tc-MDP and or oral glucocorticoids in both groups. The levels of TC and HDL-C were elevated after
treatment in99Tc & GC. The increase of TC might cause by the increased level of HDL-C. Consequently,
atherogenic index was decreased. Atherogenic index is regarded as a useful predictor of atherosclerosis by
some practitioners [31, 32]. It predicts that the risk of cardiovascular events gets down when atherogenic
index is reduced. A largest case-control study from 52 countries investigated which were the strongest risk
factors for MI (myocardial infarction) among the ratio of ApoB/ApoA1, smoking, diabetes, hypertension,
abdominal obesity, psychosocial, fruits and vegetables, exercise, and alcohol. This study found that all
risk factors were statistically related to MI risk. The strongest and also the most prevalent risk factor,
was the ratio of ApoB/ApoA1 both in men and women [33, 34]. In a subsequent paper, it also showed
that the ratio of ApoB/ApoA1 had the strongest relation to MI-risk compared to all other measured lipids
[35]. Although the ratio of ApoB/ApoA1 was decreased significantly after treatment with99Tc-MDP and or
glucocorticoids, ApoB/ApoA1has been seen the only significant correlation with ESR in the group of99Tc &
GC using line regression analysis, nonsenses of with CRP and DAS28CRP/ESR in the two groups. However,
using non parameter Spearman correlation analysis, the ratio of ApoB/ApoA1 was related to CRP, ESR
and DAS28CRP/ESR in the group of 99Tc & GC. The possible reason is small size of samples, methodological
difference might be a co-factor.

Notably, the levels of TG were increased after the treatment with99Tc-MDP and or oral glucocorticoids. It
has been reported that the levels of TG were elevated with oral glucocorticoids in the patients with RA [26,
36-38]. Whether this would influence cardiovascular risk is unclear. The interplay of between lipid profile and
inflammation is complicated. The final cardiovascular risk and deleterious outcome depend upon multifactor
and variable diseases. Further long-term studies with larger numbers of the patients are needed to address
this issue. Furthermore, there are 6 out of 8 lipids changed significantly in the group of 99Tc & GC, while
only 3 lipids in the group of 99Tc.The results of two groups showed that the lipids had been changed more
using the regimen of99Tc combined with oral glucocorticoids than using 99Tc-MDP alone.

The partial lipids were changed when the inflammation is attenuated using 99Tc-MDP and or Oral glucocorti-
coids in our observation. There is an intriguing phenomenon that reduced DAS28CRP or ESR was related with
the increased CHO, LDL-C and ApoB in the group of 99Tc, whereas reduced CRP, ESR and DAS28CRP/ESR

were related with increased ApoA1, HDL-C, and reduced atherogenic index in the group of99Tc & GC. These
results indicated that lipid profiles possibly got worse by increased CHO, LDL-C and ApoB though disease
activity was decreased in the group of 99Tc. Vice versa, dyslipidemia might be improved by increased ApoA1,
HDL-C and reduced atherogenic index when the inflammatory condition got well in the group of 99Tc & GC.
The results of two groups presented different correlations of between inflammation and the partial lipids. It
indicated that the risk of dyslipidemia should be considered when 99Tc-MDP was used alone. While, Com-
bination therapy of 99Tc-MDP and glucocorticoids would be better for its effects of anti-inflammation and
lipid metabolism regulation. Glucocorticoids have a differential effect on lipid profiles in the patients with
underlying various diseases. Observational studies showed that the patients treated glucocorticoids exhibited
variable changes of HDL-C in asthma, cardiac or renal transplants, and rheumatoid arthritis [39, 40]. The
reasons behind the observed difference are factorial. The variable results in HDL-C levels among patients
are dose-related and disease dependent [41, 42]. Moreover, glucocorticoid administration may have different
short-term and long-term effects on lipids. The previous studies have suggested glucocorticoid-induced hep-
atic insulin resistance leads to increased production of VLDL and subsequent increased TG levels [43]. The
mechanisms through which glucocorticoids and or99Tc-MDP induce dyslipidemia are not yet well elucidated
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so far.

In conclusion, despite treatment of 99Tc-MDP and or oral glucocorticoids have the limited effects on lipid
profiles upon short-term observation and small size of samples, the risk of dyslipidemia should be weighed
when administration of99Tc-MDP alone is formulated for the patients with active RA. Combined with oral
glucocorticoids may be a good therapeutic regimen but the increasing level of TG should be monitored.
Prolonged duration of 99Tc-MDP and or oral glucocorticoid treatment and larger scale of patients will be
desired to further address this issue.

Author contribution

Dr. Heqing Huang, Dr. Ying Wang and Dr. Qingyan Lin work equally to design the research study; Dr.
Yan He, Xiaoli Zeng and Dr. Mengqin Zhang performed this research; Dr. Rongjuan Chen contributed data
analysis; Dr. Yan Li provided constructive comments for critical revision; Dr. Jingxiu Xuan drafted the
paper and approved the submitted and the final version.

References

1 David L S, Frederick W, Tom WJH. Rheumatoid arthritis. Lancet2010; 376 : 1094-108.

2 Miguel AG, Carlos G, Javier M, J. Rheumatoid arthritis: a disease associated with accelerated atheroge-
nesis. Semin Arthritis Rheum2005; 35 : 8-17.

3 Semb AG, Kvien TK, Aastveit AH, Jungner I, Pedersen TR, Walldius G, et al. Lipids, myocardial
infarction and ischaemic stroke in patients with rheumatoid arthritis in the Apolipoprotein-related Mortality
RISk (AMORIS) Study. Ann Rheum Dis 2010; 69 : 1996-2001.

4 Nicola JG, Nicola JW, Mark L, Elizabeth MB, Alan JS, Deboran PMS. Mortality in early inflammatory
polyarthritis: cardiovascular mortality is increased in seropositive patients. Arthritis Rheum 2002;46 : 2010-
19.

5 Paulo JN, Hilal M, Veronique LR, Steven JJ, Cynthia SC, Karla VB, et al. The risk of congestive heart
failure in rheumatoid arthritis: a population-based study over 46 years. Arthritis Rheum 2005;52 : 412-20.

6 Maarten B, Ben D, Sherine G, Hilal MK, James O, Theodore P. Making an impact on mortality in
rheumatoid arthritis: targeting cardiovascular comorbidity. Arthritis Rheum 2004; 50 : 1734-39.

7 Raquel CLRE. Does TNF-alpha blockade play any role in cardiovascular risk among rheumatoid arthritis
(RA) patients? Clin Rheumatol2009; 28 : 1217-20.

8 Ljung L, Olsson T, Engstrand S, Wallberg- Jonsson S, Soderberg S, Rantapaa-Dahlqvist. Interleukin-1
receptor antagonist is associated with both lipid metabolism and inflammation in rheumatoid arthritis.Clin
Exp Rheumatol 2007; 25 : 617-20.

9 Misato H, Hiroto Y, Nobuo K, Miho S, Masahiko M. Overproduced interleukin 6 decreases blood lipid
levels via upregulation of very-low-density lipoprotein receptor. Ann Rheum Dis 2010;69 : 741-6.

10 Firestein GS. Evolving concepts of rheumatoid arthritis. Nat . 2003 ;423 : 356-61.

11 Ernest HSC, Gabriel SP. Cytokine pathways and joint inflammation in rheumatoid arthritis. N Engl J
Med 2001; 344 : 907-16.

12 Dessein PH, Joffe BI, Stanwix AE. Effects of disease modifying agents and dietary intervention on insulin
resistance and dyslipidemia in inflammatory arthritis: a pilot study. Arthritis Res 2002;4 : R12.

13 Bloomgarden ZT. Insulin resistance, dyslipidemia, and cardiovascular disease. Diabetes Care 2007; 30 :
2164-70.

14 Rader DJ. Effect of insulin resistance, dyslipidemia, and intra-abdominal adiposity on the development
of cardiovascular disease and diabetes mellitus. Am J Med 2007; 120 ( Suppl 1): S12-8.

7



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
68

53
.3

73
07

79
7/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

15 Skeoch S, Bruce IN. Atherosclerosis in rheumatoid arthritis: is it all about inflammation? Nat Rev
Rheumatol 2015; 11 : 390-400.

16 Popa C, Netea MG, Radstake T, Van der Meer JW, Stalenhoef AF, van Riel PL, Barerra P. Influence
of anti-tumour necrosis factor therapy on cardiovascular risk factors in patients with active rheumatoid
arthritis. Ann Rheum Dis 2005; 64 : 303-5.

17 Dahlqvist SR, Engstrand S, Berglin E, Johnson O. Conversion towards an atherogenic lipid profile in
rheumatoid arthritis patients during long-term infliximab therapy. Scand J Rheumatol 2006;35 : 107-11.

18 Marijn V, Michael TN, Gertjan W, Alexandre EV, Margret HMT, Rob J, et al. Short term effects of
infliximab on the lipid profile in patients with rheumatoid arthritis. J Rheumatol 2005; 32 : 252-5.

19 Allanore Y, Kahan A, Sellam J, Ekindjian OG, Borderie D. Effects of repeated infliximab therapy on
serum lipid profile in patients with refractory rheumatoid arthritis. Clin Chim Acta 2006;365 : 143-8.

20 Dimitrios NK, Anastasios KM, Theodosios DF, Spyros V, Spyros NN, Alexandros AD. Effects of inflix-
imab treatment on lipoprotein profile in patients with rheumatoid arthritis and ankylosing spondylitis. J
Rheumatol 2006; 33 : 921-3.

21 Burmester GR, Panaccione R, Gordon KB, McIlraith MJ, Lacerda AP. Adalimumab: long-term safety
in 23458 patients from global clinical trials in rheumatoid arthritis, juvenile idiopathic arthritis, ankylosing
spondylitis, psoriatic arthritis, psoriasis and Crohn’s disease. Ann Rheum Dis 2013; 72 : 517-24.

22 Dinglei S, Minning S, Bingjie G, Xiaoqin W, Dandan W,Xia L, et al.99Tc-methylene diphosphonate
improves rheumatoid arthritis disease activity by increasing the frequency of peripheral cd T cells and
CD4+CD25+Foxp3+Tregs. Int J Rheum Dis 2016;19 : 586-93.

23 Rong M, Jun L, Lingyun S, Zhuoli Z, Xiangyuan L, Cibo H, et al. A randomized multicenter clinical trial
of 99Tc-methylene diphosphonate in treatment of rheumatoid arthritis. Int J Rheum Dis 2018;21 : 161-8.

24 Ying N, Jiaxin Z, Min F, Xinyu W, Xuewu Z. Effects of 99Tc -MDP on tibial microarchitecture of
glucocorticoid -induced osteoporotic rats (in Chinese). J China-Japan Friendship Hospital 2011;25 : 216-9.

25 Kirwan JR, Bijlsma JW, Boers M, Shea BJ. Effects of glucocorticoids on radiological progression in
rheumatoid arthritis. Cochrane Database Syst Rev 2007: CD006356.

26 Davis JM, 3rd, Maradit KH, Crowson CS, Nicola PJ, Ballman KV, Therneau TM, et al. Glucocorticoids
and cardiovascular events in rheumatoid arthritis: a population-based cohort study. Arthritis Rheum 2007;
56 : 820-30.

27 Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, 3rd, et al. 2010 Rheumatoid
arthritis classification criteria: an American College of Rheumatology/European League Against Rheuma-
tism collaborative initiative. Arthritis Rheum 2010; 62 : 2569-81.

28 Hench PS, Kendall EC, Slocumb CH, Polley HF. Effects of cortisone acetate and pituitary ACTH on
rheumatoid arthritis, rheumatic fever and certain other conditions. Arch Intern Med (Chic) 1950;85 : 545-
666.

29 Hillier SG. Diamonds are forever: the cortisone legacy. J Endocrinol 2007; 195 : 1-6.

30 Irshad M, Dubey R. Apolipoproteins and their role in different clinical conditions: An overview. Indian
J Biochem Biophys 2005;42 : 73-80.

31 Steven AG, Louis C, Xiao-Ping H. Identifying Adults at Increased Risk of Coronary Disease. JAMA
1995; 274 : 801-6.

32 Lee YH, Choi SJ, Ji JD, Seo HS, Song GG. Lipoprotein(a) and Lipids in Relation to Inflammation in
Rheumatoid Arthritis. Clin Rheumatol2000; 19 : 324-5.

8



P
os

te
d

on
31

J
an

20
24

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
70

66
68

53
.3

73
07

79
7/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
o
t

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

33 Salim Y, Steven H, Stephanie O, Tony D, Alvaro A, Fernando L, et al. Effect of potentially modifiable
risk factors associated with myocardial infarction in 52 countries (the INTERHEART study): case-control
study.Lancet 2004; 364 : 937-53.

34 Walldius G. The apoB/apoA-I Ratio is a Strong Predictor of Cardiovascular Risk. In: Sasa F, Gerhard
F, eds. Lipoproteins - Role in Health and Diseases. Intechopen (www.intechopen.com) 2012: 95-148.

35 McQueen MJ, Steven H, Xingyu W, Stephanie O, Allan S, Jeffrey P,et al. Lipids, lipoproteins, and
apolipoproteins as risk markers of myocardial infarction in 52 countries (the INTERHEART study): a case-
control study. Lancet 2008; 372 : 224-33.

36 John MD, 3rd, Hilal MK, Sherine EG. Use of low-dose glucocorticoids and the risk of cardiovascular
morbidity and mortality in rheumatoid arthritis: what is the true direction of effect? J Rheumatol2005; 32
: 1856-62.

37 Ross IL, Marais AD. The influence of glucocorticoids on lipid and lipoprotein metabolism and atheroscle-
rosis. S Afr Med J 2014;104 : 671-4.

38 Peters MJL, Vis M, van Halm VP, Wolbink GJ, Voskuyl AE, Lems WF, et al. Changes in lipid profile
during infliximab and corticosteroid treatment in rheumatoid arthritis. Ann Rheum Dis 2007;66 : 958-61.

39 Garcia-Gomez C, Nolla JM, Valverde J, Narvaez J, Corbella E, Pinto X. High HDL-cholesterol in women
with rheumatoid arthritis on low-dose glucocorticoid therapy. Eur J Clin Invest 2008; 38 : 686-92.

40 van der Goes MC, Jacobs JWG, Boers M, Andrews T, Blom-Bakkers MAM, Buttgereit F, et al. Mon-
itoring adverse events of low-dose glucocorticoid therapy: EULAR recommendations for clinical trials and
daily practice. Ann Rheum Dis 2010; 69 : 1913-19.

41 Miller LW. Cardiovascular Toxicities of Immunosuppressive Agents.Am J Transplant 2002; 2 : 807-18.

42 Ettinger WH, Jr., Hazzard WR. Elevated apolipoprotein-B levels in corticosteroid-treated patients with
systemic lupus erythematosus.J Clin Endocrinol Metab 1988; 67 : 425-8.

43 Stern MP, Kolterman OG, Fries JF, McDevitt HO, Reaven GM. Adrenocortical Steroid Treatment of
Rheumatic Diseases. Arch Intern Med 1973; 132 : 97-101.

Table 1 Demographic of Patients with RA

99Tc 99Tc & GC
Number 27 42
Sex (Female) 21 30
Age (Mean ± SD) 54 ± 9.22 52 ± 7.62
BMI 21.78 ± 2.41 21.64 ± 2.57
Hypertension 4 6
Alcohol 2 1
Smoking 4 7
Female Menopause (N, %) 13 (61.9%) 21 (70%)
Age of Menopause 50.2 ± 2.44 47.6 ± 3.41
Duration of Disease (Y) 0.25 - 10 0.42 - 28
Drugs* 99Tc + DMARDs 99Tc+ GC +DMARDs
Anti-CCP* 170.9 ± 186.80 405.7 ± 657.34
RF* 121.3 ± 65.59 82.3 ± 68.57
DMARDs include Methotrexate, Leflunomide, and Sulfasalazine, Hydroxy chloroquine, Thalidomide, and Iguratimod, which have been regular used for the patients with RA through administration of single or combination. Anti-CCP is antibodies to cyclocitrullinate peptide. RF is rheumatoid factor. 99Tc is 99Tc-MDP and GC is glucocorticoid. 99Tc is 99Tc-MDP and GC is Glucocorticoid. *DMARDs include Methotrexate, Leflunomide, and Sulfasalazine, Hydroxy chloroquine, Thalidomide, and Iguratimod, which have been regular used for the patients with RA through administration of single or combination. Anti-CCP is antibodies to cyclocitrullinate peptide. RF is rheumatoid factor. 99Tc is 99Tc-MDP and GC is glucocorticoid. 99Tc is 99Tc-MDP and GC is Glucocorticoid. *DMARDs include Methotrexate, Leflunomide, and Sulfasalazine, Hydroxy chloroquine, Thalidomide, and Iguratimod, which have been regular used for the patients with RA through administration of single or combination. Anti-CCP is antibodies to cyclocitrullinate peptide. RF is rheumatoid factor. 99Tc is 99Tc-MDP and GC is glucocorticoid. 99Tc is 99Tc-MDP and GC is Glucocorticoid.

Table 2 Lipid profile of the patients with RA between before and after treatment in the two
groups of 99Tc and 99Tc & GC
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Lipid profile
Group 99Tc 99Tc 99Tc 99Tc & GC 99Tc & GC 99Tc & GC

Baseline Treated P values Baseline Treated P values
CHO 3.85 ± 0.84 3.90 ± 0.88 0.7465 4.33 ± 0.99 4.65 ± 1.18 0.0024
TG 1.05 ± 0.57 1.22 ± 0.54 0.0441 0.89 ± 0.28 1.19 ± 0.39 < 0.0001
HDL-C 1.05 ± 0.27 1.11 ± 0.23 0.1083 1.06 ± 0.21 1.32 ± 0.32 < 0.0001
LDL-C 1.93 ± 0.56 1.96 ± 0.61 0.9782 2.66 ± 0.93 2.68 ± 0.98 0.7414
Apo A1 1.22 ± 0.24 1.30 ± 0.24 0.0179 1.08 ± 0.26 1.30 ± 0.32 < 0.0001
Apo B 0.74 ± 0.18 0.73 ± 0.19 0.1993 0.87 ± 0.25 0.89 ± 0.22 0.8376
Atherogenic Index 4.11 ± 2.36 3.57 ± 0.64 0.0856 4.13 ± 0.87 3.56 ± 0.64 < 0.0001
Ratio of Apo B/Apo A1 0.65 ± 0.21 0.58 ± 0.18 0.0036 0.84 ± 0.31 0.69 ± 0.20 0.0001

Note: The bold number is meant that it is significant with P value < 0.05.

Figure 1 Inflammation improvement of the patients with RA via treatment with 99Tc-MDP or
and glucocorticoidsInflammatory markers of ESR and CRP were detected after treatment of99Tc-MDP
and or oral glucocorticoids and before in the two groups (A & B). Disease activity of DAS28ESR or CPRchanged
before and treated with 99Tc-MDP and or oral glucocorticoids in the two groups (C & D). The inflammatory
markers and DAS28 ESR or CRP were decreased significantly after treatment, all P values < 0.05 in the two
groups. In Figure1, before and after the treatment of 99Tc-MDP or and oral glucocorticoids were also called
as Baseline and treated.
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Figure2 Comparison of lipid profiles of the patients with RA between treated and baseline in
the two groups of 99Tc and 99Tc & GC Lipid profiles were measured after treatment of 99Tc-MDP
and or glucocorticoids (as Treated) and before (as baseline) including CHO, TG, and HDL-C, LDL-C, and
ApoA1, ApoB from Figure 2 A-F. non fasting lipids including the ratio of ApoB/ApoA1 and atherogenic
index presented in figure of G and H. The levels of TG and ApoA1 were significantly increased in the group
of 99Tc, the P values were separately 0.0441 and 0.0179 (B, E). The ratio of ApoB/ApoA1 was decreased
in Figure 2G. In the group of 99Tc & GC, the levels of CHO, TG and HDL-C, ApoA1 were elevated after
treatment (All P values < 0.05) (A, B, C, E). In Figure 2G and 2H, the ratio of ApoB/Apo A1 and
atherogenic index were decreased with P <0.05.

Figure 3 The correlation of between disease activity DAS28ESR or CRP and lipid profiles in
the group of99Tc by line regression analysis The correlation of between DAS28ESR and TC, LDL-C,
the ratio of ApoB/ApoA1 presented negatively correlation in the upper of figure (A-C). The correlation of
between DAS28CRP and TC, LDL-C, the ratio of ApoB/ApoA1 were also negatively correlation in the lower
of figure (D-F). r is correlation coefficient which was exhibited at the top right corner in every figure in this
panel.
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Figure 4 The correlation of between inflammation markers and lipid profile in the group of
99Tc & GC by line regression analysis CRP was inversely correlated with ApoA1, positively correlated
with ratio of ApoB/ApoA1 and atherogenic index (A - C). ESR was negatively related to HDL-C, ApoA1
and positively related to ratio of ApoB/ApoA1, atherogenic index (D - G). DAS28ESR was negatively related
to TG and positively related to atherogenic index (H & I). DAS28CRP was negatively related to TG and
positively related to LDL-C and atherogenic index (J - L). r is correlation coefficient presented at the top
right corner in every figure in this panel.

Supplementary data

Supplementary Table 1 Usage of DMARDs in the two groups of99Tc and 99Tc & GC

Supplementary Table 2 The inflammatory markers and disease activities of the patients with RA between
before & after treatment in the two groups of 99Tc and 99Tc & GC

Supplementary Table 3 The correlations of between inflammatory markers and lipid profiles in the group
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Supplementary Table 4 The correlations of between inflammatory markers and lipid profiles in the group
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