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Abstract—The objective of the study was to identify different phenotypes of overweight in women with sys-
temic lupus erythematosus (SLE) and rheumatoid arthritis (RA) based on body mass index (BMI) and serum
leptin levels, as well as to determine the frequencies of various metabolic disorders, hypertension, and cardio-
vascular complications (CVCs) in individual phenotypes. The study included 50 women with RA and 46 with
SLE aged 18 to 65 years without a history of diabetes and fasting hyperglycemia. In all patients, the concen-
tration of leptin was determined by ELISA, the concentration of insulin was determined by electrochemilu-
minescence analysis, and the HOMA-IR index was calculated. Hyperleptinemia was diagnosed at leptin con-
centrations > 11.1 ng/mL; insulin resistance (IR), at HOMA-IR values ≥ 2.77. Three main phenotypes
of overweight were distinguished: “classic” (BMI ≥ 25 kg/m2 + hyperleptinemia), “healthy” (BMI ≥ 25 kg/m2,
without hyperleptinemia), “hidden” or “latent” (BMI < 25 kg/m2 + hyperleptinemia), as well as “normal
weight” (BMI < 25 kg/m2, without hyperleptinemia). Patients with RA and SLE were similar in age (p = 0.4),
disease duration (p = 0.2) and BMI (p = 0.5). Hyperleptinemia was found in 46% of women with RA and in
74% of women with SLE (p = 0.005), and IR was found in 10 and 22% of patients, respectively (p = 0.2). The
“classic” phenotype of overweight was diagnosed in 30%, “healthy” in 8%, and “hidden” in 16% of cases
with RA and in 44%, 0%, and 30% of cases with SLE, respectively. IR was found in 3% and hypertension in
6% of patients with “normal weight.” With the “classic” phenotype, IR (29%) and hypertension (66%) were
more common than with “normal weight” (p < 0.01 in all cases); with the “hidden” phenotype, significant
differences were obtained only in hypertension frequency (45%; p = 0.0012), but not IR (18%). Three out of
four women with a history of cardiovascular complications suffered from “classic” overweight, and one
patient had a “normal weight.” In women with SLE up to 65 years of age, the frequency of hyperleptinemia,
but not IR, is higher than in patients with RA. In both diseases, the “classic” overweight phenotype is most
common. In RA, a “hidden” phenotype was detected less often than in SLE, at the same time, a “healthy”
phenotype is not characteristic of SLE. The frequency of metabolic disorders and hypertension is low with
the “normal weight” and “healthy” phenotype, high with the “classic” phenotype, and intermediate with the
“hidden” phenotype.
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INTRODUCTION

The increase in life expectancy of patients with sys-
temic lupus erythematosus (SLE) and rheumatoid
arthritis (RA), associated with the development of new
treatment regimens in recent decades, may lead to an
increase in the prevalence of comorbidities such as
coronary heart disease (CHD), heart failure (HF),
and type 2 diabetes mellitus (DM) in middle and old
age. Primary prevention of this socially significant
pathology in the general population is based on timely
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detection and correction of reversible risk factors (dys-
lipidemia, obesity, arterial hypertension, and hyper-
glycemia). However, in immunoinflammatory rheu-
matic diseases (IIRDs), the significance of some of
the above factors is not so clear. For example, in RA,
the development of cardiovascular complications
(CVCы) was associated with a decrease, but not with
an increase, in the level of total cholesterol and low-
density lipoproteins (“lipid paradox”) [1], and mor-
tality was associated with low body weight and weight
loss (“obesity paradox”) [2, 3].

The pathogenesis of both cardiovascular diseases
and carbohydrate metabolism disorders in IIRDs is
based on the combined influence of autoimmune
chronic inflammation, antirheumatic drugs, and con-
2



HYPERLEPTINEMIA AS A MARKER 183
ventional cardiovascular risk factors, the standard
assessment of which often gives conflicting results.
For example, in IIRDs, the accumulation of fat mass
can be either clinically pronounced, raising no doubt
about obesity upon examination, or hidden, if it is
combined with sarcopenia. Conventional screening
methods—determining the body mass index (BMI)
and waist circumference (WC)—do not reflect the
actual body composition [4–6]. For example, in RA
and systemic sclerosis, the proportion of patients with
excess total fat mass, according to dual-energy X-ray
absorptiometry, was 71.1 and 69.6%, although only
54.4 and 50% of patients had a BMI ≥25 kg/m2,
respectively. Pathological combined body composi-
tion, including obesity on the one hand and osteopo-
rosis and/or sarcopenia on the other, was detected in
32.4 and 45.7% of cases, respectively [7]. In addition,
anthropometric measures cannot be used to assess the
existing metabolic disorders caused by excess weight,
although some evidence suggests that “metabolic ill-
health” in the population is associated with adverse
outcomes to a greater extent than BMI [8–10].

In most cases, the term “metabolic ill-health” is
understood as the presence of certain signs of meta-
bolic syndrome and insulin resistance (IR). An
increase in the level of C-reactive protein (CRP) >
3 mL/L as a marker of subclinical inflammation [10–12]
is often considered as an additional criterion. How-
ever, in IIRDs, the listed parameters can be distorted
due to the presence of active inflammation, autoim-
mune reactions, the consequences of kidney damage
as part of the underlying disease, and the use of a num-
ber of antiinflammatory drugs and can quickly change
in a short period of time. Giraud et al. [13] demon-
strated that 16% of RA patients with normal weight,
35% with overweight, and 15% with obesity had met-
abolic syndrome; the body composition in non-obese
patients did not differ between the metabolic health
and ill-health groups.

It is necessary to search for new “early” but more
stable biomarkers to identify prognostically unfavor-
able phenotypes of obesity, overweight, and normal
weight. In this aspect, leptin, a cytokine produced by
adipocytes, which is responsible for the regulation of
appetite and energy metabolism, is of great interest.
Currently, it is believed that it also plays an important
role in metabolic dysregulation. In the general popula-
tion, patients with obesity and hyperleptinemia are
more likely to have IR, type 2 diabetes mellitus, hyper-
tension, and myocardial hypertrophy [14–18]. Leptin
levels directly correlate with carotid intima-media
thickness and coronary artery calcification, progres-
sion of atherosclerosis, heart failure, and severe coro-
nary artery disease [19–25]. Data on leptin levels in
RA and SLE, as well as on its relationship with meta-
bolic disorders, are contradictory [26–29].

The objective of this study was to identify different
phenotypes of overweight in women with systemic
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lupus erythematosus and rheumatoid arthritis based
on two main indices—body mass index and blood
serum leptin level, as well as clarifying the frequency of
various metabolic disorders, arterial hypertension,
and cardiovascular complications in certain pheno-
types.

MATERIALS AND METHODS
The observational study included 96 patients:

50 women with RA and 46 women with SLE. Inclu-
sion criteria were a definite diagnosis of RA (accord-
ing to the criteria of ACR/EULAR (American College
of Rheumatology/European Alliance of Associations
for Rheumatology) from 2010 [30]) or SLE (according
to the criteria of SLICC (Systemic Lupus Interna-
tional Collaborating Clinics/ACR) from 2012 [31])
and availability of informed consent. Exclusion crite-
ria were age under 18 or over 65 years, pregnancy and
lactation, history of diabetes, fasting hyperglycemia
(venous blood glucose ≥6.1 mmol/L), and/or taking
glucose-lowering drugs at the time of examination.
The characteristics of patients with RA and SLE are
presented in Table 1 and Table 2, respectively.

In all patients, height and weight, waist circumfer-
ence (WC) and hip circumference (HC) were mea-
sured, BMI and WC/HC ratio were calculated, and
the concentrations of leptin (DBS kits (Diagnostics
Biochem Canada Inc., Canada) for enzyme immuno-
assay), insulin (Elecsys kit for electrochemilumines-
cent analyzer Cobas e411 (Roche Diagnostics, United
States), glucose, and total cholesterol in fasting blood
serum was determined. Blood pressure (BP) was mea-
sured, taking into account the need for constant use of
antihypertensive drugs (as a marker of hypertension).
Information about previous cardiovascular events
(myocardial infarction, operations for its revascular-
ization, and stroke) was collected. The HOMA-IR
index was calculated using the formula: glucose
(mmol/L) × insulin (μU/mL) /22.5 [32]. Hyperlep-
tinemia was diagnosed when leptin concentration was
>11.1 ng/mL, IR was diagnosed when HOMA-IR val-
ues were ≥2.77.

Three main phenotypes of overweight were distin-
guished:

1) “classic” (BMI ≥ 25 kg/m2 + hyperleptinemia);
2) “healthy” (BMI ≥ 25 kg/m2, no hyperleptin-

emia);
3) “hidden,” or “latent” (BMI < 25 kg/m2 +

hyperleptinemia).
“Normal weight” was diagnosed at BMI < 25 kg/m2

in the absence of hyperleptinemia.
Statistical processing of data at all stages of the

study was performed using parametric and nonpara-
metric statistics. When comparing two independent
groups for qualitative characteristics, the χ2 method
was used (if necessary, with the Yates correction for
7  2024
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Table 1. Characteristics of rheumatoid arthritis patients (n = 50)

BMI—body mass index; WC—waist circumference; HC—hip circumference; RA—rheumatoid arthritis; RF—rheumatoid factor;
ACCP—anti-cyclic citrullinated peptide antibodies; DAS28—Disease Activity Score 28; GC—glucocorticoids; csDMARDs—conven-
tional synthetic disease-modifying antirheumatic drugs; bDMARDs—biological disease-modifying antirheumatic drugs; TNFα—
tumor necrosis factor α.

Parameter Value

Age (years), М [25th; 75th percentile] 42 [33; 57]
BMI (kg/m2), Me [25th; 75th percentile] 23.2 [20.4; 27.7]
WC (cm), Me [25th; 75th percentile] 82 [71; 93]
WC/HC, Me [25th; 75th percentile] 0.85 [0.79; 0.92]
Menopause, n (%) 22 (44)
RA duration (years), Ме [25th; 75th percentile] 5 [2, 11]

Positivity, n (%):

RF 45 (90)
ACCP 47 (94)

RA activity, n (%):

1 – low (DAS28 < 3.2) 9 (18)
2 – moderate (DAS28 = 3.2–5.1) 26 (52)
3 – high (DAS28 > 5.1) 15 (30)

RA radiological stage, n (%):

I 3 (6)
II 23 (46)
III 14 (28)
IV 10 (20)

Functional class, n (%):

I 15 (30)
II 22 (44)
III 13 (26)
GC, n (%) 18 (36)
GC dose (recalculated for prednisone), mg/day, Ме [25th; 
75th percentile]

5 [5.0; 10.0]

csDMARDs, n (%):

methotrexate 23 (46)
leflunomide 6 (12)
other csDMARDs 4 (8)

bDMARDs, n (%):

TNFα inhibitors 2 (4)
rituximab 10 (20)
low frequencies); for quantitative characteristics, the
Mann–Whitney test was used; when comparing three
groups, the Kruskal–Wallis method was used. Differ-
ences were considered statistically significant at p <
0.05; for multiple comparisons, taking into account
the Bonferroni correction, at p < 0.017.

Patients with RA and SLE were comparable in age
(p = 0.4), duration of IIRDs (p = 0.2), BMI (p = 0.5),
DOKLADY
WC (p = 0.4), and the proportion of participants in
menopause (p = 0.1); however, the WC/HC ratio was
higher in the SLE group (p = 0.03). In RA, the median
leptin concentration was 10.8 [5.2; 23.1] ng/mL; in
SLE, 29.6 [10.3; 75.5] ng/mL (p < 0.0001). In RA,
hyperleptinemia was found in 23 (46%) patients; in
SLE, in 34 (74%) patients (p = 0.005). IR was found in
5 (10%) and 10 (22%) patients, respectively (p = 0.2).
Insulin and HOMA-IR levels were higher in SLE than
 BIOCHEMISTRY AND BIOPHYSICS  Vol. 517  2024
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Table 2. Characteristics of systemic lupus erythematosus (n = 46)

BMI—body mass index; WC—waist circumference; HC—hip circumference; SLE—systemic lupus erythematosus; ANA—antinuclear
antibodies; anti-ds-DNA—anti-double-stranded (native) deoxyribonucleic acid antibodies; anti-Sm—anti-Smith antigen antibodies;
aPL—anti-phospholipid antibodies; SLEDAI-2K—SystemicLupus Erythematosus Disease Activity Index 2000; SLICC—Systemic
Lupus International Collaborating Clinics; GC—glucocorticoids.

Parameter Value

Age (years), Ме [25th; 75th percentile] 40 [31; 48]

BMI (kg/m2), Me [25th; 75th percentile] 24.3 [21.1; 27.2]

WC (cm), Me [25th; 75th percentile] 85 [77; 93]
WC/HC, Me [25th; 75th percentile] 0.91 [0.85; 0.94]
Menopause, n (%) 13 (28)
SLE duration (years), Me [25th; 75th percentile] 3.0 [0.9; 9.0]

SLE presentations, n (%)

cutaneous manifestations 15 (33)
alopecia 5 (11)
oral ulcers 2 (4)
arthritis 13 (28)
serositis 3 (7)
nephritis 4 (9)
neuropsychiatric disorders 0
hematological disorders 16 (35)
positive direct Coombs test 3 (7)

Immunological disorders, n (%)

ANA (+) 41 (89)
elevated anti-ds-DNA 28 (61)
elevated anti-Sm 1 (2)
elevated aPL 10 (22)
hypocomplementemia 27 (59)

SLE activity, n (%)

low (SLEDAI-2K = 1–5) 2 (4)
moderate (SLEDAI-2K = 6–10) 17 (37)
high (SLEDAI-2K ≥ 11) 19 (41)
remission (SLEDAI-2K = 0) 8 (17)
SLEDAI-2K (score),Me [25th; 75th percentile] 5 [2, 8]
Damage index SLICC (points), Me [25th; 75th percentile] 1[0; 2]

Treatment:

GC, n (%) 38 (83)
GC dose (recalculated for prednisone), mg/day, Ме [25th; 
75th percentile]

10 [7.5; 10]

GC duration (years), Me [25th; 75th percentile] 3 [1, 9]
Hydroxychloroquine, n (%) 35 (76)
Immunosuppressants, n (%) 10 (22)
Biological agents (rituximab, belimumab), n (%) 5 (11)
in RA (8.26 [2.89, 12.05] vs. 5.32 [3.85, 7.72] ng/mL
(p = 0.0007) and 1.90 [1.23; 2.52] versus 1.18 [0.88; 1.78]
(p = 0.001), respectively). Concentrations of glucose (p =
0.3) and total cholesterol (p = 0.6) did not differ.
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  Vol. 51
The distribution of overweight phenotypes was as
follows: in RA, the “classic” phenotype was diagnosed
in 15 (30%), “healthy” in 4 (8%), and “hidden” in 8
(16%) patients; in SLE, in 20 (44%), 0 (0%), and 14
7  2024
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Fig. 1. Frequency of overweight phenotypes in patients with rheumatoid arthritis (a) and systemic lupus erythematosus (b).
BMI—body mass index, N—normal values.

“Normal weight” 46%
BMI < 25 kg/m2

+Leptin - N

“Normal weight” 26%
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+Leptin - N
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“Healthy” 0%

“Classical” 30%
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(a) (b)
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BMI � 25 kg/m2

+Leptin �

BMI < 25 kg/m2

+Leptin �
“Hidden” 16%

BMI < 25 kg/m2

+Leptin �
“Hidden” 30%
(30%), respectively (Fig. 1). In subgroups under
45 years of age with RA (n = 30), the “classic” pheno-
type was found in 4 (13%) cases, “healthy” in 3 (10%),
“hidden” in 3 (10%) cases; in SLE (n = 30), in 10
(33%), 0 (0%), and 12 (40%) cases, respectively.

“Healthy” overweight phenotype was detected
only in the patients with RA. BMI in this phenotype
averaged 27.6 kg/m2, median WC was 97 [87; 102] cm,
and WC/HC was 0.9 [0.83; 0.99], which is higher than
in the group of patients with “normal weight” (p <
0.001 for all parameters). Age, duration and disease
activity according to DAS28 (Disease Activity Score 28),
levels of inflammatory markers (erythrocyte sedimen-
tation rate and CRP), cholesterol, glucose, HOMA-IR
index, systolic and diastolic blood pressure, and fre-
quency of use of antihypertensive drugs were compa-
rable to those in patients with “normal weight.”

Patients with “classic” and “hidden” overweight
phenotypes in RA were older than those in the “nor-
mal weight” group and were more likely to be in
menopause. The “hidden” phenotype was also char-
acterized by a tendency towards longer duration of RA
and more frequent use of GCs and genetically engi-
neered biological drugs (biologics; Table 3).

In SLE, differences in three groups (“classic”,
“hidden” overweight phenotype, and “normal weight”)
were revealed not only in age, but also in the maxi-
mum dose of GCs for the entire duration of the dis-
ease, as well as a tendency towards shorter duration and
greater activity of IIRDs in the last of them (Table 4).

In patients with a “healthy” overweight phenotype,
there was no history of taking antihypertensive drugs
or cardiovascular events. There were no differences
with the subgroup with “normal weight” in the level of
systolic and diastolic blood pressure, insulin concen-
tration, total cholesterol, glucose, and HOMA-IR
index. Metabolic parameters for the “classic” and
“hidden” phenotypes are presented in Table 5.
DOKLADY
The frequency of IR increased from 1 (3%) case at
“normal weight” to 4 (18%) cases at “hidden” and 10
(29%) cases at the “classic” phenotype (p = 0.009
when compared with “normal weight”). A gradual
increase in the proportion of patients receiving antihy-
pertensive drugs was demonstrated: from 2 (6%)
patients with “normal weight” to 10 (45%) patients
with a “hidden” phenotype (p = 0.0012 when com-
pared with “normal weight”) and up to 23 (66%)
patients with the “classic” phenotype (p < 0.0001
when compared with “normal weight”). Systolic (120
[115; 140] mm Hg) and diastolic (80 [70; 85] mm Hg)
blood pressure at the “classic” phenotype turned out
to be higher than at “normal weight” (110 [110; 120]
mm Hg (p = 0.001) and 70 [65; 80] mm Hg (p =
0.003), respectively).

In two patients with RA and two patients with SLE,
a history of one episode of cardiovascular events was
registered: one had severe coronary artery disease, for
which stenting of the coronary arteries was required,
one had myocardial infarction, and two had acute
cerebrovascular accident (ACVA). In three cases,
women with CVCs had “classic” overweight pheno-
type, and one SLE patient with stroke had “normal
weight” phenotype.

The study demonstrated that, in women under
65 years of age with SLE, despite similar BMI, levels
of leptin, insulin, and the HOMA-IR index are higher,
and the proportion of patients with hyperleptinemia is
greater than in RA. At the same time, no statistically
significant differences in the frequency of IR in RA
and SLE were detected.

In the foreign and Russian literature, no informa-
tion on the comparison of leptin concentrations in RA
and SLE was found, although there are reports of both
increased and similar levels of adipocytokine in these
IIRDs compared to healthy controls [26–29]. In a
number of studies, the frequency of IR in RA was
greater than in SLE [33, 34], and in other studies it was
 BIOCHEMISTRY AND BIOPHYSICS  Vol. 517  2024
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Table 4. Characteristics of systemic lupus erythematosus patients with “classic” or “hidden” overweight phenotypes and
with “normal weight”

Parameter
Overweight phenotypes

Normal weight (n = 12) p
classical (n = 20) hidden (n = 14)

Age (years), М[25th; 

75th percentile]

45 [39; 52] 36 [29, 40] 37 [28; 51] pk-w = 0.04

p1–2 = 0.01

p1–3 = 0.14

p2–3 = 0.70

BMI (kg/m2), Me 

[25th; 75th percentile]

27.6 [26.7; 30.4] 22.2 [20.4; 23.4] 20.9 [19.3; 23.4] pk-w < 0.0001

p1–2 < 0.0001

p1–3 < 0.0001

p2–3 = 0.43

WC (cm), Me [25th; 

75th percentile]

95 [92; 99] 80 [70; 83] 77 [73; 83] pk-w < 0.0001

p1–2 < 0.0001

p1–3 < 0.0001

p2–3 = 0.74

WC/HC, Me [25th; 

75th percentile]

0.93 [0.90; 0.99] 0.86 [0.84; 0.91] 0.87 [0.82; 0.91] pk-w = 0.013

p1–2 = 0.008

p1–3 = 0.024

p2–3 = 0.94

Menopause, n (%) 8 (40) 2 (14) 3 (25) p1–2 = 0.22

p1–3 = 0.63

p2–3 = 0.85

SLE duration (years), 

Me[25th; 75th percen-

tile]

4.0 [0.8; 10.0] 4.0 [3.0; 8.0] 0.7 [0; 5.0] pk-w = 0.06

p1–2 = 0.40

p1–3 = 0.12

p2–3 = 0.015

SLEDAI-2K (score), 

Me[25th; 75th percen-

tile]

4 [1, 7] 5 [2, 8] 8 [5, 8] pk-w = 0.052

p1–2 = 0.46

p1–3 = 0.017

p2–3 = 0.13

Damage index SLICC 

(score), Me[25th; 75th 

percentile]

10; 2] 10; 3] 0 [0; 2] pk-w = 0.21

p1–2 = 0.74

p1–3 = 0.16

p2–3 = 0.14

GC, n (%) 17 (85) 13 (93) 8(67) p1–2 = 0.87

p1–3 = 0.44

p2–3 = 0.23

GC duration (years), 

Me [25th; 75th percen-

tile]

4.0 [0.9; 11.0] 3.0 [2.0; 8.0] 1.8 [0.7; 8.0] pk-w = 0.62

p1–2 = 0.77

p1–3 = 0.44

p2–3 = 0.37

GC dose (recalculated 

for prednisone), 

mg/day, Me [25th; 

75th percentile]

10 [7.5; 10] 10 [10; 13.8] 8.75 [5, 10] pk-w = 0.29

p1–2 = 0.28

p1–3 = 0.55

p2–3 = 0.21
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pk-w—p value using the Kruskal–Wallis method for comparing three groups; р1–2—p value for comparing “classic” and “hidden” phe-
notypes; р1–3—p value for comparing the “classic” phenotype and “normal weight” groups; р2–3—p value for comparing the “hidden”
phenotype and “normal weight” groups; BMI—body mass index; WC—waist circumference; HC—hip circumference; SLE—systemic
lupus erythematosus; SLEDAI-2K—Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC—Systemic Lupus Interna-
tional Collaborating Clinics; GC—glucocorticoids.

Maximum GC dose 

during disease (recal-

culated for predni-

sone), mg/day, Me 

[25th; 75th percentile]

30 [22.5; 40] 50 [40; 60] 27.5 [10, 40] pk-w = 0.028

p1–2 = 0.06

p1–3 = 0.44

p2–3 = 0.008

Hydroxychloroquine, 

n (%)

17 (85) 10 (71) 8 (67) p1–2 = 0.59

p1–3 = 0.44

p2–3 = 0.87

Immunosuppressants, 

n (%)

3 (15) 5 (36) 2 (17) p1–2 = 0.32

p1–3 = 0.71

p2–3 = 0.52

Biological agents (rit-

uximab, belimumab), 

n (%)

2 (10) 1 (7) 2 (17) p1–2 = 0.75

p1–3 = 1.0

p2–3 = 0.89

Parameter
Overweight phenotypes

Normal weight (n = 12) p
classical (n = 20) hidden (n = 14)
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Table 5. Metabolic parameters in rheumatoid arthritis and systemic lupus erythematosus patients with “classic” or “hid-
den” overweight phenotypes and with “normal weight”, Me [25th; 75th percentile]

pk-w—p value using the Kruskal–Wallis method for comparing three groups; р1–2—p value for comparing “classic” and “hidden” phe-
notypes; р1–3—p value for comparing the “classic” phenotype and “normal weight” groups; р2–3—p value for comparing the “hidden”
phenotype and “normal weight” groups; HOMA-IR—Homeostasis Model Assessment of Insulin Resistance.

Parameter
Overweight phenotypes

Normal weight (n = 35) p
classical (n = 35) hidden (n = 22)

Leptin, ng/mL 39.7 [25.3; 80.8] 24.0 [15.9; 28.8] 5.6 [3.7; 7.4] pk-w = 0.0005

p1–2 = 0.0003

p1–3 < 0.0001

p2–3 < 0.0001

Glucose, mmol/L 5.1 [4.7; 5.4] 4.9 [4.6; 5.2] 4.9 [4.7; 5.3] pk-w = 0.18

p1–2 = 0.07

p1–3 = 0.46

p2–3 = 0.23

Insulin, mcU/mL 8.8 [6.6; 15.1] 7.4 [5.2; 11.3] 4.5 [3.4; 6.0] pk-w < 0.0001

p1–2 = 0.15

p1–3 < 0.0001

p2–3 = 0.0005

HOMA-IR 2.03 [1.44; 3.61] 1.76 [1.16; 2.33] 1.11 [0.69; 1.37] pk-w < 0.0001

p1–2 = 0.10

p1–3 < 0.0001

p2–3 = 0.003

Total cholesterol, 

mmol/L

5.1 [4.4; 5.9] 5.5 [4.8; 5.9] 4.3 [3.8; 5.4] pk-w = 0.0014

p1–2 = 0.67

p1–3 = 0.003

p2–3 = 0.0009
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comparable [35, 36]. The identified differences may
be related to the demographic characteristics of
patients and the method for determining IR. Charac-
teristic features of our cohort were a relatively young
age and the absence of obvious disorders of carbohy-
drate metabolism (DM and fasting hyperglycemia).

It is known that serum leptin concentration
depends on the content of adipose tissue in the body,
including in RA, and can potentially be used to assess
its amount [37]. The combination of hyperleptinemia
with low BMI may indirectly indicate sarcopenia and
sarcopenic obesity.

On the other hand, an increase in leptin synthesis
reflects morphofunctional changes in adipose tissue,
as it is associated with hypertrophy and apoptosis of
adipocytes, recruitment of immune cells (primarily
M1 macrophages), and the production of proinflam-
matory cytokines that contribute to the development
of IR and epithelial dysfunction [22, 38]. Within the
framework of this concept, hyperleptinemia should be
considered as the first stage in the formation of “met-
abolic ill-health,” which subsequently leads to various
adverse outcomes. This point of view is confirmed by
the results of two studies in RA. In one of them, high
leptin levels were associated with an increased risk of
death due to cardiovascular causes, with stronger cor-
relations observed in non-obese patients [39]. In
another, high leptin level was associated with the risk
of various concomitant diseases, including dyslipid-
emia, hypertension, diabetes, heart failure, as well as
overall mortality and mortality due to malignant neo-
plasms [40].

In this work, we propose to use the determination
of leptin in combination with BMI to identify individ-
uals with different overweight phenotypes—“classic”,
“hidden”, and “healthy”, reflecting a certain level of
metabolic disorders. Slightly less than half of the
patients with RA and about a quarter of the patients
with SLE had normal weight without hyperleptin-
emia. Among all the overweight phenotypes,
“healthy” turned out to be quite rare, which was found
only in some, mostly young, patients with RA. Meta-
bolic parameters at the “healthy” phenotype did not
differ from those in women with a BMI of up to

25 kg/m2 without hyperleptinemia. In general, the
“classic” phenotype was diagnosed most often both in
RA and in SLE, although in the subgroup under
45 years of age it gave way to the “hidden” phenotype.
These two phenotypes, compared with the patients
who had “normal weight,” were characterized by
changes in biochemical parameters (increased con-
centrations of total cholesterol, insulin, and HOMA-
IR index), although not always clinically significant, a
higher frequency of hypertension. The “classic” phe-
notype was also characterized by an increase in IR.

Women with a “classic,” but not “hidden,” pheno-
type, as well as one patient with “normal weight,”
reported CVC events. In the last case, risk factors not
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  Vol. 51
associated with obesity (for example, antiphospho-
lipid syndrome, the presence of which was confirmed
in this SLE patient) could have played a role in the
development of stroke. The fact that “hidden” over-
weight, unlike “classic” overweight, was not associ-
ated with any cardiovascular events confirms that it
can be considered as a certain “window of opportu-
nity” for primary prevention.

The detection of metabolically unfavorable pheno-
types depended on age and GC use. Low disease activ-
ity was of additional importance in SLE. All this
apparently led to excess accumulation of fat mass. RA
patients with a “hidden” phenotype received biologics
somewhat more frequently. It is known that the use of
drugs from the group of tumor necrosis factor α inhib-
itors promotes weight gain due to the accumulation of
adipose tissue [41, 42]. The possibility of indirect
effects of biologics should also be taken into account.
Their prescription for RA, as a rule, is a consequence
of a severe course of the disease, which could cause the
development of sarcopenia and a decrease in BMI in
previously obese patients and, on the other hand, serve
as a basis for the use of GCs. The effect of IIRDs ther-
apy on the formation of various overweight pheno-
types requires further research.

Thus, the proposed stratification of patients with
IIRDs allows us to identify two subgroups of
patients— with “classic” and “hidden” overweight
phenotypes—who require regular monitoring of lipid
profile, blood pressure, insulin levels, as well as pre-
vention of carbohydrate metabolism disorders and
cardiovascular events. In this case, basic measures
should be aimed, first of all, at reducing the mass of
adipose tissue, including a calorie-restriction diet,
regular long-term aerobic exercises, and, if they are
ineffective, drug therapy. At a “healthy” phenotype,
weight maintenance and sarcopenia prevention are
recommended. The introduction of appropriate rec-
ommendations into the complex of treatment of
patients with IIRDs will help reduce the prevalence of
obesity-associated diseases such as type 2 diabetes
mellitus, coronary artery disease, and heart failure, as
well as reduce material costs for their treatment and
increase the life expectancy of patients.

FUNDING

The work was carried out under a state assignment on

the topic “Study of Immunopathology, Diagnosis and

Therapy in the Early Stages of Systemic Rheumatic Dis-

eases” (registration no. 1021051402790-6).

ETHICS APPROVAL AND CONSENT 

TO PARTICIPATE

The study was approved by the Local Ethics Committee

of the Nasonova Research Institute of Rheumatology (pro-

tocol no. 02 dated January 27, 2022). All participants signed

voluntary informed consent to participate in the study.
7  2024



192 KONDRATYEVA et al.
CONFLICT OF INTEREST

The authors of this work declare that they have no con-

flicts of interest. All authors took part in developing the

concept of the article and writing the manuscript. The

authors are solely responsible for submitting the final ver-

sion of the manuscript for publication. The final version of

the manuscript was approved by all authors. The authors

did not receive any royalties for the article.

REFERENCES

1. Myasoedova, E., Crowson, C.S., Kremers, H.M.,
Roger, V.L., Fitz-Gibbon, P.D., Therneau, T.M., and
Gabriel, Sh.E., Lipid paradox in rheumatoid arthritis:
the impact of serum lipid measures and systemic in-
flammation on the risk of cardiovascular disease, Ann.
Rheum. Dis., 2011, vol. 70, no. 3, pp. 482–487. 
https://doi.org/10.1136/ard.2010.135871

2. Baker, J.F., Billig, E., Michaud, K., Ibrahim, S., Ca-
plan, L., Cannon, G.W., Stokes, A., Majithia, V., and
Mikuls, T.R., Weight loss, the obesity paradox, and the
risk of death in rheumatoid arthritis, Arthritis Rheuma-
tol., 2015, vol. 67, no. 7, pp. 1711–1717. 
https://doi.org/10.1002/art.39136

3. Kremers, H.M., Nicola, P.J., Crowson, C.S., Ball-
man, K.V., and Gabriel, Sh.E., Prognostic importance
of low body mass index in relation to cardiovascular
mortality in rheumatoid arthritis, Arthritis Rheum.,
2004, vol. 50, no. 11, pp. 3450–3457. 
https://doi.org/10.1002/art.20612

4. Santos, M.J., Vinagre, F., Canas da Silva, J., Gil, V.,
and Fonseca, J.E., Body composition phenotypes in
systemic lupus erythematosus and rheumatoid arthritis:
a comparative study of Caucasian female patients, Clin.
Exp. Rheumatol., 2011, vol. 219, no. 3, pp. 470–476.

5. Katz, P., Gregorich, S., Yazdany, J., Trupin, L., Julian, L.,
Yelin, E., and Criswell, L.A., Obesity and its measure-
ment in a community-based sample of women with sys-
temic lupus erythematosus, Arthritis Care Res. (Hobo-
ken), 2011, vol. 63, no. 2, pp. 261–268. 
https://doi.org/10.1002/acr.20343

6. Elkan, A.-C., Engvall, I.-L., Cederholm, T., and Haf-
ström, I., Rheumatoid cachexia, central obesity and
malnutrition in patients with low-active rheumatoid ar-
thritis: feasibility of anthropometry, Mini Nutritional
Assessment and body composition techniques, Eur. J.
Nutr., 2009, vol. 48, no. 5, pp. 315–322. 
https://doi.org/10.1007/s00394-009-0017-y

7. Sorokina, A.O., Demin, N.V., Dobrovolskaya, O.V., Ni-
kitinskaya, O.A., Toroptsova, N.V., and Feklistov, A.Y.,
Pathological phenotypes of body composition in pa-
tients with rheumatic diseases, Nauchno-Prakt. Revma-
tol., 2022, vol. 60, no. 4, pp. 487–494. 
https://doi.org/10.47360/1995-4484-2022-487-494

8. Eckel, N., Li, Ya., Kuxhaus, O., Stefan, N., Hu, F.B.,
and Schulze, M.B., Transition from metabolic healthy
to unhealthy phenotypes and association with cardio-
vascular disease risk across BMI categories in 90 257
women (the Nurses’ Health Study): 30 year follow-up
from a prospective cohort study, Lancet Diabetes Endo-
crinol., 2018, vol. 6, no. 9, pp. 714–724. 
https://doi.org/10.1016/s2213-8587(18)30137-2
DOKLADY
9. Kim, N.H., Kim, K.J., Choi, J., and Kim, S.G., Met-
abolically unhealthy individuals, either with obesity or
not, have a higher risk of critical coronavirus disease
2019 outcomes than metabolically healthy individuals
without obesity, Metabolism, 2022, vol. 128, p. 154894. 
https://doi.org/10.1016/j.metabol.2021.154894

10. Stefan, N., Metabolically healthy and unhealthy nor-
mal weight and obesity, Endocrinol. Metab., 2020,
vol. 35, no. 3, pp. 487–493. 
https://doi.org/10.3803/enm.2020.301

11. Wildman, R.P., Muntner, P., Reynolds, K.,
McGinn, A.P., Rajpathak, S., Wylie-Rosett, J., and
Sowers, M.R., The obese without cardiometabolic risk
factor clustering and the normal weight with car-
diometabolic risk factor clustering: prevalence and cor-
relates of 2 phenotypes among the US population
(NHANES 1999–2004), Arch. Int. Med., 2008,
vol. 168, no. 15, pp. 1617–1624.

12. Shlyakhto, E.V., Nedogoda, S.V., Konradi, A.O., Ba-
ranova, E.I., Fomin, V.V., Vertkin, A.L., and Chuma-
kova, G.A., The concept of novel national clinical
guidelines on obesity, Russ. Kardiol. Zh., 2016, no. 4,
pp. 7–13. 
https://doi.org/10.15829/1560-4071-2016-4-7-13

13. Giraud, Ch., Lambert, C., Dutheil, F., Pereira, B.,
Soubrier, M., and Tournadre, A., The relationship be-
tween weight status and metabolic syndrome in patients
with rheumatoid arthritis and spondyloarthritis, Joint
Bone Spine, 2021, vol. 88, no. 1, p. 105059. 
https://doi.org/10.1016/j.jbspin.2020.07.008

14. Frithioff-Bøjsøe, Ch., Lund, M.A.V., Lausten-Thom-
sen, U., Hedley, P.L., Pedersen, O., Christiansen, M.,
Baker, J.L., Hansen, T., and Holm, J., Leptin, adi-
ponectin, and their ratio as markers of insulin resis-
tance and cardiometabolic risk in childhood obesity,
Pediatr. Diabetes, 2020, vol. 21, no. 2, pp. 194–202. 
https://doi.org/10.1111/pedi.12964

15. Bungau, S., Behl, T., Tit, D., Banica, F., Bratu, O., Di-
aconu, C., Nistor-Cseppento, C., Bustea, C., Aron, R.,
and Vesa, C., Interactions between leptin and insulin
resistance in patients with prediabetes, with and with-
out NAFLD, Exp. Ther. Med., 2020, vol. 20, no. 6,
p. 197. 
https://doi.org/10.3892/etm.2020.9327

16. Katsiki, N., Mikhailidis, D.P., and Banach, M.,
Leptin, cardiovascular diseases and type 2 diabetes
mellitus, Acta Pharmacol. Sin., 2018, vol. 39, no. 7,
pp. 1176–1188. 
https://doi.org/10.1038/aps.2018.40

17. Bell, B.B. and Rahmouni, K., Leptin as a mediator of
obesity-induced hypertension, Curr. Obesity Rep.,
2016, vol. 5, no. 4, pp. 397–404. 
https://doi.org/10.1007/s13679-016-0231-x

18. Farcaş, A.D., Rusu, A., Stoia, M.A., and Vida-
Simiti, L.A., Plasma leptin, but not resistin, TNF-α
and adiponectin, is associated with echocardiographic
parameters of cardiac remodeling in patients with cor-
onary artery disease, Cytokine, 2018, vol. 103, pp. 46–
49. 
https://doi.org/10.1016/j.cyto.2018.01.002

19. Csongrádi, É., Káplár, M., Nagy, B., Koch, C.A.,
Juhász, A., Bajnok, L., Varga, Z., Seres, I., Karányi, Z.,
Magyar, M.T., Oláh, L., Facskó, A., Kappelmayer, J.,
 BIOCHEMISTRY AND BIOPHYSICS  Vol. 517  2024



HYPERLEPTINEMIA AS A MARKER 193
and Paragh, G., Adipokines as atherothrombotic risk
factors in obese subjects: associations with haemostatic
markers and common carotid wall thickness, Nutr.,
Metab. Cardiovasc. Dis., 2017, vol. 27, no. 6, pp. 571–
580. 
https://doi.org/10.1016/j.numecd.2017.02.007

20. Everson-Rose, S.A., Barinas-mitchell, E.J.M., El Kho-
udary, S.R., Huang, H., Wang, Q., Janssen, I., Thur-
ston, R.C., Jackson, E.A., Lewis, M.E., Karvonen-
gutierrez, C., Mancuso, P., and Derby, C.A., Adi-
pokines and subclinical cardiovascular disease in post-
menopausal women: study of women’s health across
the nation, J. Am. Heart Assoc., 2021, vol. 10, no. 7,
p. e019173. 
https://doi.org/10.1161/jaha.120.019173

21. Varma, B., Ogunmoroti, O., Ndumele, Ch.E., Zhao, D.,
Szklo, M., Sweeney, T., Allison, M.A., Budoff, M.J.,
Subramanya, V., Bertoni, A.G., and Michos, E.D.,
Higher leptin levels are associated with coronary artery
calcium progression: the multi-ethnic study of athero-
sclerosis (MESA), Diabetes Epidemiol. Manage., 2022,
vol. 6, p. 100047. 
https://doi.org/10.1016/j.deman.2021.100047

22. Raman, P. and Khanal, S., Leptin in atherosclerosis:
focus on macrophages, endothelial and smooth muscle
cells, Int. J. Mol. Sci., 2021, vol. 22, no. 11, p. 5446. 
https://doi.org/10.3390/ijms22115446

23. Bobbert, P., Jenke, A., Bobbert, T., Kühl, U., Rauch, U.,
Lassner, D., Scheibenbogen, C., Poller, W., Schulthe-
iss, H., and Skurk, C., High leptin and resistin expres-
sion in chronic heart failure: adverse outcome in pa-
tients with dilated and inflammatory cardiomyopathy,
Eur. J. Heart Failure, 2012, vol. 14, no. 11, pp. 1265–
1275. 
https://doi.org/10.1093/eurjhf/hfs111

24. Puurunen, V.-P., Kiviniemi, A., Lepojärvi, S.,
Piira, O.-P., Hedberg, P., Junttila, J., Ukkola, O., and
Huikuri, H., Leptin predicts short-term major adverse
cardiac events in patients with coronary artery disease,
Ann. Med., 2017, vol. 49, no. 5, pp. 448–454. 
https://doi.org/10.1080/07853890.2017.1301678

25. Bickel, Ch., Schnabel, R.B., Zeller, T., Lackner, K.J.,
Rupprecht, H.J., Blankenberg, S., Sinning, Ch., and
Westermann, D., Predictors of leptin concentration
and association with cardiovascular risk in patients with
coronary artery disease: results from the AtheroGene
study, Biomarkers, 2017, vol. 22, nos. 3–4, pp. 210–218. 
https://doi.org/10.3109/1354750x.2015.1130745

26. Ait Eldjoudi, D., Cordero Barreal, A., Gonzalez-Rodrí-
guez, M., Ruiz-Fernández, C., Farrag, Yo., Farrag, M.,
Lago, F., Capuozzo, M., Gonzalez-Gay, M.A.,
Mera Varela, A., Pino, J., and Gualillo, O., Leptin in
osteoarthritis and rheumatoid arthritis: player or by-
stander?, Int. J. Mol. Sci., 2022, vol. 23, no. 5, p. 2859. 
https://doi.org/10.3390/ijms23052859

27. Lee, Y.H. and Bae, S.C., Circulating leptin level in
rheumatoid arthritis and its correlation with disease ac-
tivity: a meta-analysis, Z. Rheumatol., 2016, vol. 75,
no. 10, pp. 1021–1027. 
https://doi.org/10.1007/s00393-016-0050-1

28. Kuo, C.-Y., Tsai, T.-Y., and Huang, Y.-C., Insulin re-
sistance and serum levels of adipokines in patients with
systemic lupus erythematosus: a systematic review and
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  Vol. 51
meta-analysis, Lupus, 2020, vol. 29, no. 9, pp. 1078–
1084. 
https://doi.org/10.1177/0961203320935185

29. Villa, N., Badla, O., Goit, R., Saddik, S.E., Dawo-
od, S.N., Rabih, A.M., Mohammed, A., Raman, A.,
Uprety, M., Calero, M.J., Villanueva, M.R.B.,
Joshaghani, N., and Mohammed, L., The role of leptin
in systemic lupus erythematosus: is it still a mystery?,
Cureus, 2022, vol. 14, no. 7, p. e26751. 
https://doi.org/10.7759/cureus.26751

30. Aletaha, D., Neogi, T., Silman, A.J., Funovits, J., Fel-
son, D.T., Bingham, C.O., Birnbaum, N.S., Burm-
ester, G.R., Bykerk, V.P., Cohen, M.D., Combe, B.,
Costenbader, K.H., Dougados, M., Emery, P., Ferrac-
cioli, G., Hazes, J.M.W., Hobbs, K., Huizinga, T.W.J.,
Kavanaugh, A., Kay, J., Kvien, T.K., Laing, T., Mease, P.,
Ménard, H.A., Moreland, L.W., Naden, R.L., Pincus, T.,
Smolen, J.S., Stanislawska-biernat, E., Symmons, D.,
Tak, P.P., Upchurch, K.S., Vencovský, J., Wolfe, F.,
and Hawker, G., 2010 Rheumatoid arthritis classifica-
tion criteria: An American College of Rheumatolo-
gy/European League Against Rheumatism collabora-
tive initiative, Arthritis Rheum., 2010, vol. 62, no. 9,
pp. 2569–2581. 
https://doi.org/10.1002/art.27584

31. Petri, M., Orbai, A.M., Alarcón, G.S., Gordon, C.,
Merrill, J.T., and Fortin, P.R., Derivation and valida-
tion of the Systemic Lupus International Collaborating
Clinics classification criteria for systemic lupus erythe-
matosus, Arthritis Rheum., 2012, vol. 64, no. 8,
pp. 2677–2686.

32. Matthews, D.R., Hosker, J.P., Rudenski, A.S., Nay-
lor, B.A., Treacher, D.F., and Turner, R.C., Homeo-
stasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin
concentrations in man, Diabetologia, 1985, vol. 28,
no. 7, pp. 412–419. 
https://doi.org/10.1007/bf00280883

33. Quevedo-Abeledo, J.C., Sánchez-Pérez, H., Tejera-
Segura, B., De Armas-Rillo, L., Ojeda, S., Erausquin, C.,
González-Gay, M.Á., and Ferraz-Amaro, I., Higher
prevalence and degree of insulin resistance in patients
with rheumatoid arthritis than in patients with systemic
lupus erythematosus, J. Rheumatol., 2021, vol. 48,
no. 3, pp. 339–347. 
https://doi.org/10.3899/jrheum.200435

34. Santos, M.J., Vinagre, F., Silva, J.J., Gil, V., and Fon-
seca, J.E., Cardiovascular risk profile in systemic lupus
erythematosus and rheumatoid arthritis: a comparative
study of female patients, Acta Reumatol. Port., 2010,
vol. 35, no. 3, pp. 325–332.

35. Chung, C.P., Oeser, A., Solus, J.F., Gebretsadik, T.,
Shintani, A., Avalos, I., Sokka, T., Raggi, P., Pincus, T.,
and Stein, C.M., Inflammation-associated insulin re-
sistance: differential effects in rheumatoid arthritis and
systemic lupus erythematosus define potential mecha-
nisms, Arthritis Rheum., 2008, vol. 58, no. 7, pp. 2105–
2112. 
https://doi.org/10.1002/art.23600

36. Contreras-Haro, B., Hernandez-Gonzalez, S.O.,
Gonzalez-Lopez, L., Espinel-Bermudez, M.C., Gar-
cia-Benavides, L., Perez-Guerrero, E., Vazquez-Ville-
gas, M.L., Robles-Cervantes, J.A., Salazar-Paramo, M.,
7  2024



194 KONDRATYEVA et al.
Hernandez-Corona, D.M., Nava-Zavala, A.H., and
Gamez-Nava, J.I., Fasting triglycerides and glucose in-
dex: a useful screening test for assessing insulin resis-
tance in patients diagnosed with rheumatoid arthritis
and systemic lupus erythematosus, Diabetol. Metab.
Syndr., 2019, vol. 11, no. 1, p. 95. 
https://doi.org/10.1186/s13098-019-0495-x

37. Guimarães, M.F.B.D.R., De Andrade, M.V.M.,
Machado, C.J., Vieira, É.L.M., Pinto, M.R.D.C.,
Júnior, A.L.T., and Kakehasi, A.M., Leptin as an obe-
sity marker in rheumatoid arthritis, Rheumatol. Int.,
2018, vol. 38, no. 9, pp. 1671–1677. 
https://doi.org/10.1007/s00296-018-4082-5

38. La Cava, A., Leptin in inflammation and autoimmuni-
ty, Cytokine, 2017, vol. 98, pp. 51–58. 
https://doi.org/10.1016/j.cyto.2016.10.011

39. Federico, L.E., Johnson, T.M., England, B.R., Wy-
sham, K.D., George, M.D., Sauer, B., Hamilton, B.C.,
Hunter, C.D., Duryee, M.J., Thiele, G.M., Mikuls, T.R.,
and Baker, J.F., Circulating adipokines and associa-
tions with incident cardiovascular disease in rheuma-
toid arthritis, Arthritis Care Res., 2023, vol. 75, no. 4,
pp. 768–777. 
https://doi.org/10.1002/acr.24885

40. Baker, J.F., England, B.R., George, M.D., Wysham, K.,
Johnson, T., Kunkel, G., Sauer, B., Hamilton, B.C.,
Hunter, C.D., Duryee, M.J., Monach, P., Kerr, G.,
Reimold, A., Xiao, R., Thiele, G.M., and Mikuls, T.R.,
Elevations in adipocytokines and mortality in rheuma-
toid arthritis, Rheumatology (Oxford), 2022, vol. 61,
no. 12, pp. 4924–4934. 
https://doi.org/10.1093/rheumatology/keac191

41. Marouen, S., Barnetche, T., Combe, B., Morel, J., and
Daïen, C.I., TNF inhibitors increase fat mass in in-
flammatory rheumatic disease: a systematic review with
meta-analysis, Clin. Exp. Rheumatol., 2017, vol. 35,
no. 2, pp. 337–343.

42. Toussirot, E., The interrelations between biological and
targeted synthetic agents used in inflammatory joint
diseases, and obesity or body composition, Metabolites,
2020, vol. 10, no. 3, p. 107. 
https://doi.org/10.3390/metabo10030107

Translated by M. Batrukova

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
DOKLADY BIOCHEMISTRY AND BIOPHYSICS  Vol. 517  2024


	INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES

		2024-07-19T12:18:23+0300
	Preflight Ticket Signature




