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Abstract

The increase in cardiovascular risk in patients with rheumatoid arthritis (RA) compared with the general population is due to
the combined effect of traditional risk factors for cardiovascular diseases, metabolic disorders, systemic inflammation, and
side effects of antirheumatic drugs. Tofacitinib (TOFA) is an oral reversible inhibitor of janus kinases for the treatment of
RA with proven efficacy and good tolerability, but its effects on body weight and metabolic profile need to be clarified. We
investigated the effects of TOFA on body mass index (BMI) and visceral adiposity index (VAI) in RA patients. Thirty-one
consecutive patients with active RA and starting new treatment with TOFA were included in a prospective 1 year follow-up
observational study of cardiovascular effects of TOFA treatment. Weight, height, waist circumference, BMI, blood pressure,
lipid profile, fasting glucose and VAI were measured at baseline and 12 months of treatment. Median weight gain was 3 kg
(4.2%) after 1 year of TOFA. 23 (74%) patients suffered from a weight gain, and 6 (26%) out of them from a weight incre-
ment of 10% or more. Patients with lower BMI (p = 0.024) and higher baseline DAS28 [ESR] (p = 0.017) have the risk of an
increase in BMI > 5% during TOFA treatment in a multivariate analysis. A decrease in VAI after 12 months was recorded.
Weight increment and improvement of VAI are frequent on TOFA treatment. BMI dynamics associated with higher disease
activity at baseline and lower baseline BMI.
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Introduction

The increase in cardiovascular risk (CVR) in patients with
rheumatoid arthritis (RA) compared with the general popu-
lation is due to the combined effect of traditional risk fac-
tors (TRF) for cardiovascular diseases (CVD), metabolic
disorders, systemic inflammation and side effects of anti-
rheumatic drugs [1]. The contribution of metabolic disor-
ders, especially obesity, to the development of RA and its
outcomes has been intensively studied [2, 3]. Visceral adi-
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pose tissue (VAT) has an auto-, para- and endocrine func-
tion, producing biologically active substances that regulate
the metabolic processes and immune reactions involved in
inflammation, development of insulin resistance (IR), dys-
lipidemia (DLP), arterial hypertension (AH) and pathogen-
esis of cardiovascular and autoimmune diseases [4]. The
risk of developing RA in patients with obesity increases
1.3-3.7 times [2, 3, 5]. A high prevalence of obesity was
noted in patients with RA, especially women, regardless of
the disease duration [6, 7]. Data on the effects of obesity on
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the course of RA and CVR are contradictory. On the one
hand, obesity is associated with higher RA disease activity,
decreased efficacy of antirheumatic drugs, low quality of life
and high frequency of comorbid conditions, including CVD
[8—11]. On the other hand, the protective effect of obesity
on the destruction of small joints and X-ray progression of
RA has been demonstrated [11-13]. In RA, obesity does not
lead to an increase in mortality or is even associated with
the mortality decrease, while being underweight is associ-
ated with the highest risk of mortality, the so-called “obesity
paradox” [14—17]. This is due to the fact that “rheumatoid
cachexia” and/or rapid weight loss reflects the systemic
process of inflammation and the severity of RA, which are
key factors in the development of cardiovascular and overall
mortality [18-20]. In patients with RA, body mass index
(BMI) is rarely below normal, since a decrease in muscle
mass is compensated by an increase in adipose tissue (“‘sar-
copenic obesity””) [21, 22]. This obesity phenotype com-
bines the risks of reducing muscle mass (limited mobility,
metabolic disorders) and an increase in adipose tissue (AH,
DLP, IR, CVR).

Despite the introduction in clinical practice of modern
methods of quantitative assessment of the mass of VAT in
the human body (computer and magnetic resonance imag-
ing), the anthropometric method has not lost its scientific
and practical significance. This method is based on the deter-
mination of surrogate indicators of visceral obesity—BMI,
waist/hip circumference (WC/HC) and visceral adiposity
index (VAI). BMI is incorrectly regarded as an indicator
reflecting the content of adipose tissue in the body [23].
Waist circumference is an acceptable indicator for assessing
the distribution of adipose tissue, but it is not able to separate
subcutaneous and visceral accumulation of adipose tissue.
VALl is a mathematical model depending on the BMI, WC,
cholesterol, high-density lipoproteins cholesterol (HDL-C),
triglycerides (TG) and gender [24]. VAl is a marker of VAT
dysfunction, independently correlating with all components
of metabolic syndrome and CVR in the general population
[25].

Despite the encouraging trend in the decline of CVR on
active treatment of RA [26, 27], recently published data
from a large population-based cohort study have shown that
the elevated risk of acute coronary syndrome in RA remains
higher compared with the general population [28]. Achiev-
ing RA remission may contribute to a reduction in the sever-
ity of “rheumatoid cachexia”; however, weight and adipose
tissue gain was previously observed during therapy with
TNF-a inhibitors (iTNF-a) and an IL-6 receptor inhibitor
[29-33]. Tofacitinib (TOFA) is an oral reversible inhibitor
of janus kinases (JAK) for the treatment of RA with proven
efficacy and good tolerability [34, 35]. The mechanism of
action of TOFA is the reversible competitive inhibition of
the ATP-binding sites of JAK1, JAK2 and JAK3 and, to
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a minimum, TYK2. TOFA modulates the transmission of
intracellular signals of key pro-inflammatory cytokines.
According to clinical studies of phase 3 and the phase of
prolonged follow-up, the frequency of cardiovascular events
when using the drug is comparable to that when using bio-
logic disease-modifying antirheumatic drugs (bDMARDs)
[35, 36]. The increase in total cholesterol and cholesterol
of low-density lipoproteins (LDL-C) due to a decrease in
catabolism of cholesterol ester and an increase of anti-ather-
ogenic properties of HDL-C is observed on TOFA treatment
[37, 38]. Tofacitinib reduced RA disease activity and limited
vascular damage despite up-regulating cholesterol in patients
with an active RA [39].

Objective To assess the dynamics of BMI and VAl in RA
patients during treatment with TOFA during 12 months of
follow-up.

Subjects and methods
Study design

The present study is a prospective 1 year follow-up obser-
vational study of cardiovascular effects of TOFA treat-
ment. This study was the part of scientific research of V.A.
Nasonova Research Institute of Rheumatology «Optimi-
zation of diagnostic and treatment methods of cardiovas-
cular disease in rheumatic diseases», Ne state registration
01200907561. The trial was conducted according to the
Code of Ethics of the World Medical Association (Declara-
tion of Helsinki). All participating patients gave their written
informed consent to participate. The study was approved by
the local ethics committee in V.A. Nasonova Research Insti-
tute of Rheumatology (protocol #4, 11th of December 2014).

Inclusion and exclusion criteria

From February June 2015 to December 2016, consecutive
patients older than 18 years, with a clinical diagnosis of
RA fulfilling the 2010 classification criteria for RA [40],
for whom new treatment with TOFA was indicated accord-
ing to their rheumatologist, were included. They were non-
responders to at least one DMARD (insufficient effect of
previous MT therapy in an adequate (at least 15 mg/week)
or maximum tolerated dose for at least 3—4 months; or MT
intolerance and insufficient effect of leflunomide at a dose of
20 mg per day for at least 3—4 months). Additional inclusion
criteria were active disease as defined by disease activity
score in 28 joints (DAS28)> 3.2, negative pregnancy test
in women of childbearing age and use of contraception by
men and women of childbearing age during participation in
the programme.
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Patients were excluded if they had been treated with anti-
TNF drugs in the last 3 months prior to inclusion, received
intravenous corticosteroids within 14 days before inclusion
and if they had ongoing treatment with oral moderate- to
high-dose corticosteroids (equivalent to > 10 mg of predni-
solone daily) or had completed such treatment less than 15
days before inclusion. Patients were excluded if they had a
history of infections requiring treatment within 2 weeks, had
severe, progressive or uncontrolled renal, hepatic, haemato-
logical, gastrointestinal, metabolic, endocrine, pulmonary,
cardiac, neurological or cerebral disease; history of cancer
in the previous 10 years; HIV, hepatitis B or C, inadequately
treated or undocumented treatment of tuberculosis; had more
than one episode of herpes zoster, one episode of dissemi-
nated herpes zoster or herpes simplex; clinically significant
laboratory abnormalities (leukocytes counts < 3.0 x 10%/1,
haemoglobin measurements < 9.0 g/dL, absolute number of
neutrophils < 1.0 x 10%1); or were pregnant. Patients who
had previously received live attenuated vaccines other than
the herpes zoster vaccine (within 6 months before study ini-
tiation, or planned within 6 months after discontinuation of
study treatment) were also excluded.

Treatment

All patients were started on TOFA at a dose of 5 mg BID
in combination DMRDs. In the absence of remission or low
activity of the disease after 3 months, the dose of TOFA was
escalated to 10 mg BID. Current treatment with DMARDs
and glucocorticosteroids was continued. No change in the
doses of these medications was allowed during the study
period.

Measurements
Patient disease assessment

Demographic, disease and clinical characteristics were
assessed at baseline and after 12 months of treatment.
Disease duration, smoking, rheumatoid factor (RF), anti-
cyclic citrullinated peptide antibodies (ACCP), C-reactive
protein, DAS28 [ESR], European League Against Rheuma-
tism (EULAR) response, erosion on radiographs, current
and past use of glucocorticoids, and biologic and non-bio-
logic DMARDs were recorded. A patient was judged as a
responder (“moderate” or “good”) by the EULAR response
criteria for RA [41] provided the DAS28 had reached a cer-
tain level of change from the study start in relation to the
value attained. A decrease in DAS28 by more than 1.2 in
combination with an end point DAS28 of 3.2 or less defined
a good responder. A moderate responder must either have
decreased by more than 1.2 while having attained any

DAS28 over 3.2, or have decreased by less than 1.2 but by
more than 0.6 in combination with an end point DAS28 not
exceeding 5.1.

Cardiometabolic profile

Weight, height, waist circumferences, blood pressure and
information on cholesterol-lowering, antihypertensive, anti-
diabetic drugs were obtained from all patients at baseline
and after 12 months of treatment. BMI was calculated as
body weight (kg) divided by height (m?). BMI categories
were defined as underweight (BMI < 18.5 kg/m?), nor-
mal weight (BMI 18.5-< 25 kg/m?), overweight (BMI
25-<30 kg/m?), obese (BMI 30—< 35 kg/m?) and severely
obese (BMI 35—< 40 kg/m?) by World Health Organization
definitions. ‘Stable’ weight was defined as a change of less
than +2% of baseline weight per year. Abdominal obesity
(AO) was diagnosed if waist circumference was > 94 cm in
men and >80 cm in women. AH was defined as systolic
blood pressure (SBP)> 140 mmHg, diastolic blood pres-
sure >90 mmHg or in case of antihypertensive therapy.
Metabolic syndrome was defined according the International
Diabetes Federation (IDF) criteria [42]. Fasting glucose and
lipid profile [total cholesterol (TC), LDL-C, HDL-C, and
TG] were measured. The atherogenic index (TC/ HDL-C)
was then calculated. All patients underwent duplex scanning
of the carotid arteries prior to the start of therapy and after
12 months of treatment with TOFA.

Statistical analysis

Statistical analyses were performed by SPSS 15.0 software.
Distribution of all parameters was checked by the Kolmogo-
rov—Smirnov test. The analyzed parameters were presented
as median (interquartile percentiles). The difference of con-
tinuous variables in the various groups was determined by
non-parametric Mann—Whitney or Kruskal-Wallis tests,
when appropriate. To determine the reliability of changes
in variables over time (linked samples), Wilcoxon test was
used. The comparison of frequencies of discrete parameters
was done by Chi-squared test. The relationships between
continuous variables were analyzed by Spearman’s rank
correlation coefficients. Stepwise logistic regression was
applied to isolate risk factors for BMI> 5%. Twosided p val-
ues < 0.05 were set as significant. VAI score was calculated
as described [25] using the following sex-specific equations,
with TG and HDL-C expressed in mmol/l.

Males: VAI = (WC/39.68 + (1.88 x BMI))

X (TG/1.03) x (1.31/HDL-C).

Females: VAI = (WC/36.58 + (1.89 x BMI))
X (TG/0.81) x (1.52/HDL-C).
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Table 1 Clinical and laboratory

- } Parameter Baseline (n=31) 12 months (n=31) )4
characteristics of patients
with RA at baseline and after Age (years)? 54 (40-62)
12 months of follow-up Gender, m/f, n (%) 8/23 (26/74)
Disease duration (months)? 39.5 (16.5-60.0)
RF/ACCP—positivity, n (%) 77174
DAS28 [ESR]? 5.1 (4.6-6.1) 3.1(2.4-3.98) <0.001
Activity, n (%)
Remission 0(0) 9 (33)
Low 0(0) 6(22)
Moderate 12 (39) 11 41)
High 19 (61) 14)
C-reactive protein (mg/1) 18.7 (9.3-44.4) 1.7 (0.6-4.3) <0.001
Methotrexate, n (%) 30 (97)
Methotrexate dose (mg/week)? 20 (20-25)
Leflunomide, n (%) 1(3)
Leflunomide dose (mg/week)? 20
Glucocorticoids, n (%) 9 (31%)
Methylprednisolone dose, mg/day* 4 (4-6)
bDMARD:s in history, n (%) 10 (32)
EULAR response, n (%)
No effect 4 (15)
Moderate effect 9 (33)
Good effect 14 (52)

“Data are expressed as median (25-75 percentiles)

ACCP anti-cyclic citrullinated peptide antibodies, bDMARDs biologic disease modifying antirheumatic

drugs, RF rheumatoid factor

Optimal VAI cutoff points were: 2.52 (age < 30 years),
2.23 (age>30 and <42 years), 1.92 (age>42
and < 52 years), 1.93 (age >52 and < 66 years) and 2.00
(age > 66 years).

Results
Baseline patient characteristics

The study included 31 RA patients (women—74%, median
age—>54 years) (Table 1). Initially, all patients were pre-
scribed TOFA at a dose of 5 mg BID in combination with
methotrexate in 30 patients and with leflunomide in 1
patient. In eight (29%) patients, the dose of TOFA was
escalated to 10 mg BID. Low doses of glucocorticoids
(<10 mg/day in terms of prednisone) were given to nine
patients. Ten patients had previously received at least one
bDMARD.

After 12 months, there was a significant decrease in
disease activity according to DAS28 [ESR], CRP level,
55% of patients achieved remission or low RA activity,
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while 52% showed a good effect of therapy according to
EULAR criteria (Table 1).

Most patients had TRFs of CVD prior to the start of
therapy, 35.5% had elevated VAI values and 29% patients
had metabolic syndrome (Table 2). Atherosclerotic plaques
in the carotid arteries were detected in 61% of patients. No
patients with coronary artery disease, MI and stroke in
‘their history were enrolled in the study. Within 12 months
of follow-up, 18 (58%) patients with early RA regularly
took: statins—20 (65%), ACE inhibitors/sartans—16
(52%), beta-blockers—14 (45%), calcium antagonists—6
(19%), antiplatelet agents—3 (10%), diuretics—1 (3%) and
antidiabetic drugs—2 (6%).

Dynamics of weight and body mass index
during therapy with tofacitinib

In patients with RA, the median weight gain was 3 kg
(4.2%) after 1 year of treatment with TOFA. Weight loss
was observed in 3 (10%) patients, the lack of its dynamics
in 5 (16%) and weight gain in 23 (74%) (Fig. 1). Among
patients who gained weight (n =23), the median of its
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Tablg 2 Dynar.ni.cs (_)f Parameter Baseline (n=31) 12 months (n=31) )4
cardiometabolic indices at
baseline and after 12 months of Arterial hypertension, n (%) 19 (62) 19 (62) ns
follow-up Systolic blood pressure (mmHg)? 120 (110-140) 120 (110-126) ns
Diastolic blood pressure (mmHg)* 70 (60-80) 70 (63-80) ns
Weight (kg)* 70 (63-81) 73 (65-86) <0.001
BMI (kg/m?)?* 26.4 (22.9-29.0) 26.8 (23.8-30.5) <0.001
BMI grades, n (%) ns
Underweight 2(6.5) 0(0)
Normal BMI 11 (35.5) 9(29)
Overweight 13 (41.9) 15 (48.4)
Obesity grade 1 4 (12.9) 6(19.4)
Obesity grade 2 1(3.2) 1(3.2)
WC (cm)? 87 (76-97) 92 (79-105) <0.001
HC (cm)? 102 (97-107) 105 (101-109) <0.001
WC/HC index?* 0.82 (0.77-0.98) 0.86 (0.79-0.95) ns
WC/HC index <0,9 (men), 14 (45) 16 (52) ns
<0.85 (women), n (%)
Abdominal obesity, n (%) 19 (61) 21 (69) ns
Metabolic syndrome, n (%) 9 (29%) 9 (29%) ns
Total cholesterol mmol/1* 5.09 (4.25-6.40) 5.34 (4.67-6.17) 0.08
Total cholesterol > 5.0 mmol/l, n (%) 16 (52) 19 (62) ns
LDL cholesterol (mmol/l)* 3.21 (2.75-4.33) 2.77 (2.55-3.70) ns
LDL cholesterol > 3.0 mmol/l, n (%) 20 (65) 13 (42) 0.06
HDL cholesterol (mmol/1)* 1.35 (1.06-1.86) 1.93 (1.34-2.13) 0.049
HDL cholesterol < 1.03 mmol/I for 13 (42) 5(16) 0.005
men, < 1.29 mmol/l for women, n (%)
TG (mmol/)* 1.19 (0.76-1.60) 1.10 (0.76-1.60) ns
TG > 1.7 mmol/l, n (%) 5(16) 6 (19) ns
TC/ HDL cholesterol® 3.47 (2.71-4.89) 3.15(2.43-3.85) 0.68
Glucose > 5.6 mmol/l, n (%) 9 (29) 9(29) ns
Glucose (mmol/1)* 5.33 (4.85-5.76) 5.39 (5.17-5.79) ns
Smoking, n (%) 8 (25) 6(21) ns
Postmenopausal, % 13 (57) 13 (57) ns
Type 2 diabetes mellitus, n (%) 2 (6) 2 (6) ns
VAI* 1.4 (0.9-2.6) 1.1 (0.7-1.9) 0.030
VAI above optimal cut-off points, n (%) 11 (35.5) 6 (19.0) 0.025

“Data are expressed as median (25-75 percentiles)

BMI body mass index, HC hip circumference, HDL-C high-density lipoproteins cholesterol, LDL-C low-
density lipoprotein cholesterol, TG triglycerides, VAI visceral adiposity index, WC waist circumference

increase was 5% and 6 (26%) out of these had a weight
gain of more than 10%.

BMI within the previous grading was preserved in 20
(65%) patients, one (3%) moved from the category of over-
weight to normal and ten (32%) to a higher category of
BMI (Table 3). If before the start of treatment with TOFA,
obesity was recorded in 16% of patients, then after 1 year
of therapy in 23%.

The dynamics of BMI directly correlated with the ini-
tial DAS 28 [ESR] (r=0.5, p=0.007) and inversely with
the baseline BMI (r=- 0.4, p <0.05). Thus, patients with

baseline DAS28 [ESR] <4.9, 4.9 <6, 6.0+ had an increase
in BMI by 3%, 5% and 12%, respectively (Fig. 2).

Patients with baseline BMI < 25 kg/m?, 25 <30 kg/m?,
30+ kg/m2 had an increase in BMI by 8%, 4% and 3%,
respectively, after 12 months (Fig. 3).

These indicators were introduced into the model of step-
wise logistic regression (coefficient of multiple determina-
tion R?>=0.42). The resulting logistic model allows us to
estimate the risk of an increase in BMI > 5% by the follow-
ing indicators: BMI (< 25 kg/m?, 25 < 30 kg/m?, > 30 kg/
m?) odds ratio (OR) 0.199; 95% confidence interval (CI)

@ Springer
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Fig. 1 BMI dynamics (%)
1 year after TOFA therapy
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Table3 The dynamics of the BMI category during treatment with

TOFA
BMI category change n (%)
Normal BMI-normal BMI 7(23)
Overweight—overweight 9(29)
Obesity grade 1-obesity grade 1 3 (10)
Obesity grade 2—obesity grade 2 1(3)
Overweight-normal BMI 1(3)
Underweight-normal BMI 2 (6)
Normal-overweight 4(13)
Overweight—obesity grade 1 3(10)
Obesity grade 1—obesity grade 2 1(3)
BMI body mass index
o,
15% 12%
10%
5%
5% 3%
0% -
DAS28<4.9 DAS28 4.9<6.0 DAS28 6.0+

Fig.2 The percentage of BMI changes during therapy with TOFA,

depending on the baseline DAS28 [ESR]

0.049-0.812 (p=0.024); DAS28 [ESR] (<4.9,4.9<6.0,
6.0+) OR 5,141; 95% CI 1.345-19.654 (p=0.017). There
was no significant correlation between the baseline BMI
and DAS28 [ESR].

The dynamics of BMI did not depend on gender, age, pres-
ence of TFRs of CVD, dose of TOFA, achieved RA activity,
EULAR response, DAS 28 [ESR] dynamics, CRP level, use
of antihypertensive, statins and antidiabetic drugs.
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Fig.3 The percentage of BMI changes during therapy with TOFA,
depending on the baseline BMI

Dynamics of cardiometabolic indices during therapy
with tofacitinib

During the follow-up, no serious cardiovascular events were
recorded. The frequency of AH, smokers, type 2 diabetes
mellitus and subclinical carotid atherosclerosis did not
change (Table 2). An increase in the level of HDL choles-
terol and a decrease in the frequency of its low values were
noted. An increase in WC and HC was also detected, while
the frequency of AQ, elevated values of the WC/HC index
and metabolic syndrome did not significantly change. The
level of SBP, DBP, blood glucose, total cholesterol, LDL
cholesterol, TG and atherogenic index did not significantly
change. A decrease in VAI and frequency of its elevated
values after 12 months were recorded (Table 2).

Discussion

In our single center, open label, prospective 1 year follow-up
observational study, it was shown for the first time that 75%
of the patients with moderate and high RA activity showed
an increase in weight during treatment with TOFA (median
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increase of + 3 kg, from 1 to 12 kg), and in 26% out of them
by 10% or more. Thirty-two percent of RA patients moved
to a higher category of BMI. Initially, higher RA activity
and lower BMI were associated with a pronounced increase
in BMI over time. At the same time, a decrease in VAI and
frequency of its elevated values were recorded.

Our observations are consistent with data from other
authors on weight gain during therapy with bDMARDs
(iTNF-a and tocilizumab) in both RA and spondyloarthritis
and psoriasis patients [29-32, 43—46]. At the same time, the
number of patients who gained weight (50-75%), weight
gain > 10% (25% of patients) and the severity of its increase
(24 kg/year) are comparable. Weight gain during therapy
with TOFA raises questions about the cardiovascular and
metabolic neutrality of the drug. Obesity, especially abdomi-
nal, is associated with chronic low-grade inflammation and
progression of metabolic and CV disorders [4]. TOFA,
being a reversible inhibitor of JAKs, can lead to a decrease
in JAK3 activity. JAK3 plays a key role in the pathogenesis
of obesity and its associated metabolic syndrome [47]. JAK3
is needed in the intestines to maintain the mucosal barrier,
reducing the infiltration of intestinal tissue by macrophages
and neutrophils. Reduction in the level of JAK3 leads to
weight gain, chronic inflammation of the intestinal mucosa,
deterioration of glucose metabolism, hyperinsulinemia and
fatty hepatosis. Also, blocking the JAK/Stat3/PI3K-depend-
ent pathway can lead to leptin resistance, IR, stimulation of
angiogenesis in adipocytes and obesity [48].

On the other hand, effective control of inflammation can
be one of the treatments for rheumatoid cachexia. In patients
with high RA disease activity, there was a decrease in mus-
cle mass at comparable levels of fat mass compared with the
control group, and one-third of the patients had muscle mass
characteristic of sarcopenia [46]. Rapid weight loss is a more
accurate predictor of overall mortality in RA than absolute
weight and may explain the obesity paradox [17]. Thus, loss
of body weight (more than 3 kg/m?/year and more than 10%
per year) is a predictor of CV mortality and mortality from
cancer (OR 2.27, 2.31), regardless of the absolute BMI. On
the contrary, overweight is associated with a cardioprotec-
tive effect (OR - 0.59), which may reflect the absence of
significant weight loss against the background of high RA
disease activity. With a prospective 40-year follow-up, it was
shown that severe weight loss (more than 13 kg) after the
diagnosis of RA was associated with an increase in mortality
compared to maintaining a stable weight, whereas weight
gain was not associated with a subsequent increase in mor-
tality [18]. The treatment with iTNF-« is associated with
a decrease in total and CV mortality, despite an increase
in patient weight. Recent evidence suggests a decrease in
rheumatoid cachexia and an improvement in metabolic
parameters during therapy with iTNF-a and tocilizumab.
Tournadre et al. [46] showed that after 1 year of treatment

with tocilizumab, a significant increase in BMI due to mus-
cle mass (appendicular and skeletal) was observed without
changing the mass of adipose tissue. Redistribution of adi-
pose tissue in a favorable type was noted, with a decrease in
the body/peripheral fat ratio and an increase in subcutaneous
fat. TOFA can also reduce sarcopenia, leading to a decrease
in the levels of TNF-a and IL-6, which play a key role in
enhancing the catabolism of muscle cells, even with ade-
quate nutrition. This is indirectly confirmed by our results
on a more significant increase in BMI over time (>5%) in
patients with initially higher activity and low BMI. Similar
results were obtained by other authors: baseline BMI was
inversely correlated with weight gain over the course of ther-
apy with iTNF-a in patients with RA [31]. In patients with
spondyloarthritis, high baseline activity was weight gain
risk factor [29]. Perhaps, the loss of muscle mass is more
pronounced in patients with high activity and body mass
deficiency, and TOFA contributes to its recovery. However,
according to the multivariate analysis, the initial indicators
of activity and BMI influenced the growth of BMI in dynam-
ics independently of each other. TOFA, like iTNF-a, can
also have indirect positive effects on muscle mass through
improved overall patient health. Patients with high RA activ-
ity report loss of appetite, increased fatigue and decreased
physical activity, which improves with a decrease in the
activity of the disease. In all studies, the effect of iTNF-a
and tocilizumab on weight was small (2—4 kg/year). How-
ever, in some patients, weight gain on the background of
tocilizumab led to the cancellation of therapy [33].

In our study, we assessed the dynamics of VAI during the
treatment with TOFA. VAl is directly related to cardiomet-
abolic risk (hypertension, impaired carbohydrate metabo-
lism, cardiovascular events). Despite the increase in BMI
there was a significant decrease in VAI and the frequency
of its elevated values during therapy with TOFA, which can
have a positive effect on CVR. Moisan et al. [49] revealed
a specific effect of TOFA on adipose tissue. The authors
showed the appearance of a new generation of brown adi-
pose tissue (“brown-like” adipocytes) in the depot of white
adipose tissue and a decrease in the total mass of fat under
the influence of TOFA. White adipose tissue retains excess
energy and performs a large number of endocrine functions.
Brown adipose tissue helps to maintain body temperature, it
is involved in lipid oxidation, reduces IR and protects against
obesity and diabetes. Activation of brown adipose tissue also
regulates the transport of lipoproteins rich in triglycerides
and prevents their accumulation in the blood. Using PET/
CT, it has been found that adults have brown adipose tissue
with thermogenic activity [48]. Its presence is inversely cor-
related with obesity, BMI, hyperglycemia, therefore agents
with white-to-brown potential are of increased interest.
TOFA can become a drug that improves not only the course

@ Springer



1188

Rheumatology International (2019) 39:1181-1189

of RA, but also comorbid states—metabolic syndrome, type
2 diabetes mellitus and CVR.

The limitations of this study are mainly related to the
small sample size. However, despite the low number of
patients, we were able to observe a significant change in
BMI and VAI with TOFA treatment. The absence of a con-
trol group does not allow us to speak about the specific effect
of TOFA on weight and cardiometabolic profile in patients
with RA. Most patients had TRFs of CVD and atheroscle-
rotic plaques prior to the start of therapy. The presence of
CVD was not an inclusion or exclusion criteria in the study.
RA patients are characterized by a high frequency of arte-
rial hypertension, dyslipidemia, and subclinical atheroscle-
rosis. Our results are consistent with literature data. Sixty-
five percent of patients received statins (as in the study by
Tournadre [46]), which could have a positive effect on the
lipid profile and VAL In our study, no methods were used to
differentiate muscle and adipose tissue. Further studies are
needed to determine how weight gain on the background
of TOFA occurs (muscle or adipose tissue, how fat distri-
bution changes) and what effects this may have on overall
health and CV outcomes, as far as they are comparable to
the effects of DMARD:s.
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