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Abstract
Objective 

Alpha-Klotho protein (α-Klotho) is an essential component of endocrine fibroblast growth factor receptor complexes 
that governs multiple metabolic processes including aging-related disorders, diabetes, cancer, arteriosclerosis, and 
chronic kidney disease. Systemic lupus erythematosus (SLE) is a chronic autoimmune disease that can affect almost 

any organ in the body and in which multiple pathophysiological abnormalities are observed. In the present work, 
our objective was to study whether the serum levels of α-Klotho differ between patients with SLE and controls, 

and how this protein is related to the clinical and laboratory characteristics of the disease.

Methods
Cross-sectional study that included 364 women, 195 of them diagnosed with SLE and 169 sex- and age-matched 

controls. Circulating α-Klotho was analysed in SLE patients and controls. A multivariable analysis was performed 
to assess whether α-Klotho differs between patients and controls, and to study its relationship with SLE features.

Results
No differences were found in α-Klotho levels between SLE patients and controls, both in univariable and multivariable 

analyses. Disease-related data like SLE duration, acute phase reactants, activity, severity and damage indices, and 
autoantibodies profile were not significantly associated with serum levels of α-Klotho. However, the use of prednisone 

and the presence of musculoskeletal manifestations were significantly related to higher α-Klotho serum levels.

Conclusion
α-Klotho protein serum levels do not differ between patients with SLE and controls. Nevertheless, SLE patients taking 

prednisone or those with musculoskeletal manifestations show significantly higher circulating levels of α-Klotho.
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Introduction
Alpha klotho (α-Klotho) is a membrane 
protein that functions as obligate co-
receptor for fibroblast growth factor 23 
(1). It has been recognised as an antiag-
ing hormone (2), and acts as a humoral 
factor with strong anti-oxidant and 
anti-inflammatory effects (3). In this 
sense, α-Klotho induces the produc-
tion of anti-inflammatory factors such 
as interleukin-10 (4), suppresses pro-
inflammatory nuclear factor-kB activa-
tion, and decreases the expression of 
vascular cell adhesion and intercellular 
adhesion molecules (5, 6). Moreover, a 
deficiency in α-Klotho expression may 
generate renal and skeletal abnormali-
ties, cardiovascular disease and lower 
response to inflammation and oxida-
tive stress (7, 8). In this sense, several 
clinical studies have pointed that low 
serum levels of Klotho protein are asso-
ciated with the prevalence and severity 
of cardiovascular disease and all-cause 
mortality, being associated with mark-
ers of vascular dysfunction and with the 
incidence of atherosclerosis (9). This 
cardioprotective effect is based on the 
fact that Klotho ameliorates vascular 
endothelial dysfunction, increases ni-
tric oxide production, reduces elevated 
blood pressure, and prevents medial hy-
pertrophy and perivascular fibrosis (10). 
Regarding the musculoskeletal system, 
Klotho deficiency has been associated 
with depleted numbers of osteoblasts, 
decreased alkaline phosphatase activi-
ties, potentially weakened bone forma-
tion, and a large non-mineral region in 
trabeculae and metaphysis of bone (11).
Systemic lupus erythematosus (SLE) 
is a chronic autoimmune disease of un-
known cause that can affect virtually 
any organ of the body. The aetiology 
of SLE remains unknown and is clearly 
multifactorial leading to many clinical 
symptoms and different pathophysi-
ological abnormalities. Many observa-
tions suggest a role for genetic, hormo-
nal, immunologic, and environmental 
factors. For all the aforementioned con-
cepts, studies are warranted to investi-
gate new pathophysiological metabolic 
pathways or biomarkers involved in 
this disease. 
In the present work, our objective was to 
study whether circulating α-Klotho dif-

fers between SLE patients and matched 
controls. Besides, since α-Klotho is a 
pleiotropic molecule involved in sev-
eral physiological processes, we set out 
to analyse possible links between this 
protein and different characteristics of 
the disease.

Material and methods
Study participants
This was a cross-sectional study that in-
cluded 364 women, 195 of them diag-
nosed with SLE and 169 sex- and age-
matched controls. All the patients were 
18 years old or older, had a clinical diag-
nosis of SLE, and fulfilled ≥4 American 
College of Rheumatology (ACR) clas-
sification criteria for SLE (12). They 
had been diagnosed by rheumatologists 
and were periodically followed-up at 
rheumatology outpatient clinics. Con-
trols were community-based, recruited 
by general practitioners in primary 
care centers. In addition, controls with 
a history of some inflammatory rheu-
matic disease were excluded. None of 
the controls were receiving glucocorti-
coids. However, as they are often used 
in the treatment of SLE, patients taking 
prednisone or an equivalent dose ≤10 
mg/day were not excluded. Patients and 
controls were excluded if they had a 
history of cancer, or any other chronic 
disease, or evidence of active infection. 
The study protocol was approved by 
the Institutional Review Committee at 
Hospital Universitario de Canarias and 
at Hospital Universitario Doctor Negrín 
(both in Spain), and all subjects provid-
ed informed written consent (approval 
number. 2015_84).

Data collection and laboratory 
assessments
Individuals included in the study were 
interviewed for previous diagnoses 
and they underwent a medication use 
questionnaire and a physical examina-
tion. Weight, height, body-mass index 
(the weight in kilograms divided by 
the square of the height in meters), ab-
dominal circumference, and systolic 
and diastolic blood pressure were as-
sessed under standardised conditions. 
Medical records were reviewed to de-
termine specific medications and diag-
noses. Cholesterol, triglycerides, and 
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HDL cholesterol were measured using 
the enzymatic colorimetric assay. LDL 
cholesterol was calculated using the 
Friedewald formula. SLE disease activ-
ity and damage were assessed using the 
Systemic Lupus Erythematosus Disease 
Activity Index -2000 (SLEDAI-2K) 
(13) and the SLICC/ACR Damage In-
dex (SDI) (14), respectively. The SLE-
DAI-2k index was broken down into 
none (0 points), mild (1–5 points), mod-
erate (6–10 points), high (11-19), and 
very high activity (>20) as previously 
described (15). Disease severity was 
measured as well, using the Katz Index 
(16). In addition, a carotid ultrasound 
was performed in patients with SLE 
to assess the carotid intima-media wall 
thickness (cIMT) in the common carot-
id artery and to identify focal plaques in 
the extracranial carotid according to the 
definitions of the Mannheim consensus 
(17, 18). Klotho levels were determined 
by ELISA (Elabscience, USA). Interas-
say and intraassay variation coefficients 
ranged from 3.49 to 5.77% and 4.90 to 
5.29%, respectively

Statistical analysis
Demographic and clinical characteris-
tics in patients with SLE and controls 
were described as mean (standard devia-
tion) or percentages for categorical vari-
ables. For non-normally distributed con-
tinuous variables, data were expressed 
as median and interquartile range 
(IQR). Univariable differences between 
patients and controls were assessed 
through the Student’s t, Mann-Whitney 
U, χ2 or Fisher’s exact tests according 
to normal distribution or number of sub-
jects. Linear multivariable regression 
analysis was performed to study the re-
lationship of clinical and laboratory data 
to α-Klotho. All the analyses used a 5% 
two-sided significance level and were 
performed using Stata software, version 
17/SE (StataCorp, College Station, TX, 
USA). p-values <0.05 were considered 
statistically significant.

Results
Demographic and 
disease-related data
A total of 364 participants, 195 patients 
with SLE and 169 controls, were in-
cluded in this study. Demographic- and 

Table I. Characteristics of controls and SLE patients.
	  
 	 	  Controls	 SLE patients	 p-value 
 	 	  (n=169)	 (n=195)	

Age, years	 51 	± 17	 50 	± 11	 0.72
Women, n (%)	 162 	(96)	 185 	(95)	 0.66
Body mass index, kg/m2	 30 	± 3	 27 	± 5	 <0.001
Abdominal circumference, cm	 94 	± 7	 92 	± 13	 0.062

Cardiovascular co-morbidity	 	 	   
Smoking, n (%)	 30 	(18)	 46 	(24)	 0.17
Diabetes, n (%)	 27 	(16)	 9 	(5)	 <0.001
Hypertension, n (%)	 51 	(30)	 77 	(40)	 0.058
Obesity, n (%)	 47 	(28)	 52 	(27)	 0.81
Statins, n (%)	 41 	(24)	 52 	(27)	 0.60
Aspirin, n (%)	 9 	(12)	 52 	(27)	 0.007
Antihypertensive treatment, n (%)	 51 	(30)	 72 	(37)	 0.18

Lipid profile			 
 	 Cholesterol, mg/dl	 201 	± 46	 200 	± 38	 0.81
 	 Triglycerides, mg/dl	 139 	± 64	 194 	± 80	 0.11
 	 LDL cholesterol, mg/dl	 118 	± 37	 111 	± 29	 0.030
 	 HDL cholesterol, mg/dl	 55 	± 15	 63 	± 21	 <0.001
Carotid intima media thickness, microns				    630 	± 113	
Carotid plaque, n (%)				    66 	(34)	

SLE-related data	 	 	   
Disease duration, years			   14 	(7-22)	
CRP, mg/dl	 2.2 	(1.3-5.5)	 2.0 	(0.9-4.9)	 0.35
SLICC	 		   1 	(1-3)	 
SLICC ≥1, n (%)	 		   145 	(74)	 
Katz Index	 		   2 	(1-3)	 
Katz ≥3, n (%)	 		   75 	(39)	 
SLEDAI	 		   2 	(0-4)	 

SLEDAI categories, n (%)	 	 	   
 	 No activity, n (%)	 		   88 	(45)	 
 	 Mild, n (%)	 		   74 	(38)	 
 	 Moderate, n (%)	 		   24 	(12)	 
 	 High or Very High, n (%)	 		   9 	(5)	 

Auto-antibody profile	 	 	   
 	 Anti-DNA positive, n (%)	 		   98 	(70)	 
 	 ENA positive, n (%)	 		   114 	(64)	 
 	 Anti-Ro, n (%)	 		   62 	(39)	 
 	 Anti-La, n (%)	 		   30	 (19)	 
 	 Anti-RNP, n (%)	 		   48 	(29)	 
 	 Anti-Sm, n (%)	 		   21 	(12)	 

Antiphospholipid autoantibodies, n (%)	 	 	   
 	 Lupus anticoagulant, n (%)	 		   39 	(25)	 
 	 ACA IgM, n (%)	 		   20 	(13)	 
 	 ACA IgG, n (%)	 		   31 	(20)	 
 	 Anti beta2 glycoprotein IgM, n (%)	 		   13 	(8)	 
 	 Anti beta2 glycoprotein IgG, n (%)	 		   22 	(14)	 
C3, mg/dl	 			    159 	± 47	 
C4, mg/dl		 		    29 	± 14	 
Current prednisone, n (%)	 			    99 	(51)	 
Prednisone, mg/day	 			    5 	(5-7.5)	 
Hydroxychloroquine, n (%)	 			    132 	(69)	 
Methotrexate, n (%)	 			    23 	(12)	 
Mycophenolate mofetil, n (%)	 			    15 	(8)	 
Azathioprine, n (%)	 			    27 	(14)	 
Rituximab, n (%)	 			    6 	(3)	 
Belimumab, n (%)	 			    3 	(2)	 

Data represent mean ± SD or median (interquartile range) when data were not normally distributed. 
BMI: body mass index; C3 C4: complement; CRP: C reactive protein; LDL: low-density lipoprotein; 
DMARD: disease-modifying anti-rheumatic drug; ACA: anticardiolipin; HDL: high-density lipopro-
tein; ANA: antinuclear antibodies; ENA: extractible nuclear antibodies; SLEDAI: Systemic Lupus 
Erythematosus Disease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics/
American Colleague of Rheumatology Damage Index. 
SLEDAI categories were defined as: 0, no activity; 1-5 mild; 6-10 moderate; >10 high activity, >20 
very high activity.
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disease-related characteristics of the 
participants are shown in Table I. The 
patients and controls were matched for 
age (51±17 vs. 50±11 years, p=0.72) 
and gender (96 vs. 95% of women, 
p=0.66). Patients with SLE had a lower 
body mass index (p<0.001) and abdom-
inal circumference (p=0.062) compared 
to controls and were less frequently 
diabetic (p<0.001). Regarding lipid pat-
tern, patients had lower levels of LDL 
cholesterol but higher circulating HDL 
cholesterol. The cIMT in patients with 
SLE was 630±113 microns, and 34% 
(66) of them had carotid plaques.
The median duration of the disease in 
patients with SLE was 14 (IQR 7–22) 
years. Most SLE patients were in the no 
activity (45%) or mild activity (38%) 
categories as shown by the SLEDAI 
score. SLICC and Katz indexes were 
1 (IQR 1–3) and 2 (IQR 1–3), respec-
tively. Seventy-four percent of patients 
had a SLICC/ACR DI score equal to 
or greater than 1, and 39% had a Katz 
index equal to or greater than 3. At the 
time of recruitment, 70% patients were 
found to be positive for anti-DNA, and 
64% were positive for ENA, being anti-
Ro the most frequently found antibody 
(40%). Half of the patients (51%) were 
taking prednisone and 69% of the pa-
tients were taking hydroxychloroquine 
when the study was conducted. Addi-
tional information on the data related 
to SLE is shown in Table I.

Relationship of demographics 
and disease-related data to 
alpha-Klotho in patients with SLE
No differences were found in α-Klotho 
levels between SLE patients and con-
trols, both in univariable and multi-
variable analyses (beta coefficient -0.10 
[95% confidence interval CI -0.45–
0.25-] ng/ml, p=0.57) (Table II and Fig. 
1). Likewise, demographics, cardiovas-
cular risk factors, lipid pattern, and sub-
clinical atherosclerosis (cIMT and the 
presence of carotid plaque) were not 
significantly associated with serum lev-
els of α-Klotho in patients with SLE. 
Only SLE patients with obesity had 
significantly higher levels of α-Klotho 
(beta coef. 0.66 [95%CI 0.20–1.11] ng/
ml, p=0.005) compared to those with-
out obesity. Regarding disease-related 

Table II. Relation of demographics and disease-related data to alpha-Klotho serum levels 
in patients with SLE.	  	  	

	 alpha-Klotho, ng/ml
	
 	  Univariable	 Multivariable*
 	  beta coef. 95%(CI)	

SLE		 -0.10 (-0.41-0.20)	 0.50	 -0.10 (-0.45-0.25)	 0.57**

Demographics	 	 	 
Age, years	 0.01 (-0.01-0.02)	 0.48	 	
Female	 -0.04 (-1.01-0.94)	 0.94	 	
Body mass index, kg/m2	 0.03 (-0.01-0.07)	 0.13	 	
Abdominal circumference, cm	 0.01 (-0.00-0.03)	 0.15	 		 
Cardiovascular co-morbidity	 	 	 	    
Smoking	 0.27 (-0.23-0.76)	 0.29	 		 
Diabetes	 -0.18 (-1.10-0.74)	 0.71	 		 
Hypertension	 0.13 (-0.30-0.55)	 0.55	 	
Obesity	 0.66 (0.20-1.11)	 0.005	  		
Statins	 0.38 (-0.08-0.84)	 0.11	 	
Aspirin	 0.07 (-0.42-0.56)	 0.78	 	
Antihypertensive treatment	 0.12 (-0.31-0.55)	 0.57	 	
Lipid profile	 	  	 
Cholesterol, mg/dl x10	 0.03 (-0.02-0.09)	 0.23	 	 	 
Triglycerides, mg/dl x10	 0.02 (-0.01-0.04)	 0.28	  	
LDL cholesterol, mg/dl x10	 0.00 (-0.08-0.08)	 0.99	 	 	 
HDL cholesterol, mg/dl x10	 0.06 (-0.03-0.16)	 0.21	 	
Carotid intima media thickness, microns	 0.64 (-1.16-2.44)	 0.48	 	
Carotid plaque	 -0.16 (-0.59-0.28)	 0.48	 	
SLE-related data		
Disease duration, years	 0.02 (-0.01-0.04)	 0.14	 0.01 (-0.01-0.03)	 0.34
CRP, mg/dl	 0.01 (0.00-0.02)	 0.13	 0.01 (-0.00-0.02)	 0.20
SLICC	 0.09 (-0.02-0.2)	 0.11	 0.03 (-0.10-0.15)	 0.65
SLICC ≥1, n (%)	 0.42 (-0.06-0.90)	 0.086	 0.25 (-0.26-0.75)	 0.34
Katz Index	 -0.02 (-0.13-0.10)	 0.79	 	
Katz ≥3	 0.01 (-0.42-0.44)	 0.97	 	
SLEDAI	 0.02 (-0.04-0.07)	 0.50	 	
SLEDAI categories	  
 	 No activity	 ref.	 
 	 Mild	 -0.07 (-0.52-0.38)	 0.77	
 	 Moderate	 0.05 (-0.64-0.75)	 0.88	 	 	 
High or Very High	 0.30 (-0.71-1.30)	 0.56	 	
Auto-antibody profile	 	  	 
Anti-DNA positive	 0.12 (-0.36-0.61)	 0.61	 		 
ENA positive	 0.03 (-0.40-0.47)	 0.89	 	 	 
Anti-Ro	 0.00 (-0.48-0.48)	 0.99	 	 	 
Anti-La	 -0.32 (-0.91-0.27)	 0.29	
 	 Anti-RNP	 -0.17 (-0.66-0.33)	 0.50	 	
	 Anti-Sm	 0.08 (-0.55-0.72)	 0.80	 	
Antiphospholipid autoantibodies	 	  	 
Lupus anticoagulant	 -0.35 (-0.86-0.16)	 0.18	 -0.34 (-0.84-0.17)	 0.19
 	 ACA IgM	 -0.02 (-0.69-0.66)	 0.96	 	 	 
ACA IgG	 -0.07 (-0.64-0.50)	 0.81	 	 	 
Anti beta2 glycoprotein IgM	 -0.02 (-0.69-0.66)	 0.96	 	 	 
Anti beta2 glycoprotein IgG	 -0.09 (-0.94-0.76)	 0.83	 		 
C3, mg/dl x10	 0.00 (-0.05-0.04)	 0.96	 		 
C4, mg/dl x10	 0.03 (-0.14-0.21)	 0.71	 		 
Current prednisone	 0.56 (0.16-0.97)	 0.007	 0.49 (0.08-0.90)	 0.018
Prednisone, mg/day	 0.01 (-0.10-0.12)	 0.92	 
Hydroxychloroquine	 -0.34 (-0.79-0.10)	 0.13	 	
Methotrexate	 -0.58 (-1.23-0.07)	 0.079	 -0.51 (-1.15-0.13)	 0.12
Mycophenolate mofetil	 0.29 (-0.54-1.13)	 0.49	 		 
Azathioprine	 0.24 (-0.35-0.84)	 0.41	 		 
Rituximab	 -1.11 (-2.32-0.10)	 0.072	 -0.88 (-2.09-0.34)	 0.16
Belimumab	 0.24 (-1.33-1.80)	 0.77	 	
 	
In the linear regression analysis alpha-Klotho is considered the dependent variable. 
BMI: body mass index; C3 C4: complement; CRP: C reactive protein; LDL: low-density lipoprotein; 
DMARD: disease-modifying anti-rheumatic drug; ACA: anticardiolipin; HDL: high-density lipopro-
tein; ANA: antinuclear antibodies; ENA: extractible nuclear antibodies; SLE: Systemic lupus erythe-
matosus; C3 and C4: Complement fractions C3 and C4; SLEDAI: Systemic Lupus Erythematosus Dis-
ease Activity Index; SLICC: Systemic Lupus International Collaborating Clinics/American Colleague 
of Rheumatology Damage Index. SLEDAI categories were defined as: 0, no activity; 1-5 mild; 6-10 
moderate; >10 high activity, >20 very high activity. 
*Disease-related data association with alpha-Klotho are adjusted for BMI, abdominal circumference, 
obesity, and statins. 
**Adjusted for BMI, abdominal circumference, smoking, diabetes, hypertension, and triglycerides and 
HDL serum levels (those differences between patients and controls in Table I with a p-value inferior to 
0.20).



45Clinical and Experimental Rheumatology 2023

Alpha-Klotho in SLE/ C. Martín-González et al.

data, no associations were found be-
tween disease duration, acute phase 
reactants, activity, severity and damage 
indices, and autoantibodies profile and 
α-Klotho. Only the use of prednisone 
was significantly associated with higher 
serum levels of this protein after mul-
tivariable adjustment (beta coef. 0.49 
[95%CI 0.08–0.13] ng/ml, p=0.018) 
(Table II). 
Since SLICC showed a tendency to be 
significantly associated with α-Klotho, 
an additional analysis was performed 
breaking down this score into its dif-
ferent domains and items (Table III). 
However, after this univariable analy-
sis, most of the domains and elements 
of SLICC were not found to be related 
to α-Klotho with some exceptions. 
In this sense, the muscle atrophy or 
weakness item, of the musculoskel-
etal domain was significant related to 
α-Klotho. Moreover, when the hole do-
main was considered as a binary vari-
able (1 point or higher) a significant 
association with superior serum levels 
of α-Klotho was found (beta coef. 0.51 
[95%CI 0.09–0.93] ng/ml, p=0.017) 
(Table III). Besides, seven patients un-
derwent kidney biopsy in our series. 
No relation of α-Klotho was found to 
histologic class in this group of patients 
(data not shown). Similarly, the renal 
domain and items of the SLICC score 
was not associated with α-Klotho.

Discussion
Patients with SLE present with vari-
able clinical features ranging from 
mild joint and skin involvement to 
life-threatening renal, hematologic, or 
central nervous system involvement. 
The clinical heterogeneity of SLE and 
the lack of pathognomonic features 
or tests pose a diagnostic challenge 
for the clinician. For this reason, the 
search for biomarkers in this disease 
is necessary. According to the current 
work, α-Klotho did not differ between 
patients with SLE and matched con-
trols. However, some features, such as 
the use of prednisone and musculoskel-
etal manifestations, were significantly 
associated with an upregulation in this 
protein in patients with SLE. 
Several studies have studied Klotho 
protein in patients with autoimmune 

Table III. SLICC items and domains relation to alpha-Klotho serum levels.	  	 	
 	 
		  alpha-Klotho, ng/ml

		  n	 (%)	 Beta coef. (95%CI)	 p-value

Ocular	 	 	 	    
	 Any cataract ever	 15	 8%	 0.14 (-0.59-0.87)	 0.71
	 Retinal change or optic atrophy	 18	 9%	 -0.54 (-1.26-0.18)	 0.14
	 Points ≥1 in the domain	 35	 18%	 0.02 (-0.52-0.55)	 0.95

Neuropsychiatric	 	 	 	    
	 Cognitive impairment	 7	 4%	 0.05 (-1.07-1.18)	 0.93
	 Seizures requiring therapy for 6 months 	 11	 6%	 0.38 (-0.59-1.36)	 0.44
	 Cerebrovascular accident ever	 9	 5%	 0.32 (-0.60-1.23)	 0.49
	 Cranial or peripheral neuropathy	 1	 1%	 -	
	 Transverse myelitis	 0	 0%	 -	
	 Points ≥1 in the domain	 24	 12%	 0.44 (-0.21-1.09)	 0.19

Renal	 	 	 	    
	 Estimated or measured glomerular filtration rate <50%	 9	 5%	 0.39 (-0.74-1.51)	 0.50
	 Proteinuria 3.5 gm/24 hours	 7	 4%	 1.11 (-0.01-2.23)	 0.052
	 End-stage renal disease	 4	 2%	 0.19 (-0.68-1.05)	 0.67
	 Points ≥1 in the domain	 19	 10%	 0.61 (-0.11-1.33)	 0.099

Pulmonary	 	 	 	    
	 Pulmonary hypertension	 2	 1%	 -0.78 (-2.70-1.13)	 0.42
	 Pulmonary fibrosis	 4	 2%	 0.31 (-1.05-1.67)	 0.66
	 Shrinking lung	 2	 1%	 -1.13 (-3.82-1.57)	 0.41
	 Pleural fibrosis 	 1	 1%	 -1.37 (-4.06-1.33)	 0.32
	 Pulmonary infarction	 1	 1%	 -	
	 Points ≥1 in the domain	 16	 8%	 -1.11 (-0.92-0.70)	 0.79

Cardiovascular	 	 	 	    
	 Angina or coronary artery bypass 	 4	 2%	 -0.20 (-1.56-1.16)	 0.77
	 Myocardial infarction ever	 2	 1%	 -0.89 (-2.80-1.02)	 0.36
	 Cardiomyopathy	 1	 1%	 -1.23 (-3.92-1.46)	 0.37
	 Valvular disease	 4	 2%	 -0.24 (-1.81-1.32)	 0.76
	 Pericarditis for 6 months, or pericardiectomy	 2	 1%	 1.11 (-0.80-3.01)	 0.25
	 Points ≥1 in the domain	 13	 7%	 0.12 (-0.73-0.96)	 0.79

Peripheral vascular 	 	 	 	    
	 Claudication for 6 months	 3	 2%	 -0.47 (-2.04-1.09)	 0.55
	 Minor tissue loss (pulp space)	 5	 3%	 0.07 (-1.50-1.64)	 0.93
	 Significant tissue loss ever	 0	 0%	 -	
	 Venous thrombosis	 11	 6%	 0.17 (-0.86-1.21)	 0.74
	 Points ≥1 in the domain	 27	 14%	 0.34 (-0.30-0.99)	 0.29

Gastrointestinal	 	 	 	    
	 Infarction or resection of bowel	 19	 10%	 -0.40 (-1.06-0.25)	 0.23
	 Mesenteric insufficiency	 1	 1%	 -	
	 Chronic peritonitis	 1	 1%	 -1.09 (-3.73-1.54)	 0.42
	 Stricture or upper gastrointestinal tract surgery ever	 0	 0%	 -	
	 Points ≥1 in the domain	 22	 11%	 -0.18 (-0.82-0.46)	 0.58

Musculoskeletal	 	 	 	    
	 Muscle atrophy or weakness	 3	 2%	 2.14 (0.26-4.03)	 0.026
	 Deforming or erosive arthritis	 38	 19%	 0.52 (-0.01-1.04)	 0.056
	 Osteoporosis with fracture or vertebral collapse	 21	 11%	 0.55 (-0.10-1.20)	 0.099
	 Avascular necrosis	 5	 3%	 -0.36 (-1.72-1.00)	 0.60
	 Osteomyelitis	 1	 1%	 -0.45 (-3.15-2.25)	 0.74
	 Points ≥1 in the domain	 78	 40%	 0.51 (0.09-0.93)	 0.017

Skin	 	 	 	    
	 Scarring chronic alopecia	 13	 7%	 -0.08 (-0.91-0.74)	 0.84
	 Extensive scarring or panniculum	 10	 5%	 0.60 (-0.35-1.55)	 0.21
	 Skin ulceration	 2	 1%	 -0.53 (-2.40-1.34)	 0.58
	 Points ≥1 in the domain	 30	 15%	 0.43 (-0.16-1.02)	 0.16
Premature gonadal failure	 14	 7%	 0.17 (-0.61-0.95)	 0.67
Diabetes (regardless of treatment)	 11	 6%	 -0.18 (-1.10-0.74)	 0.71
Malignancy (exclude dysplasia)	 8	 4%	 -0.56 (-1.54-0.41)	 0.26

SLICC items and domains represent the independent variable.			 
SLICC: Systemic Lupus International Collaborating Clinics/American Colleague of Rheumatology 
Damage Index.	
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diseases. In a study that aims to study 
the association between serum klotho 
levels and nailfold capillaroscopic ab-
normalities in systemic sclerosis it was 
found an inverse correlation between 
circulating klotho and the severity of 
the capillaroscopic pattern, which was 
not influenced by concomitant treat-
ment (19). In other work of 60 scle-
roderma patients serum Klotho levels 
were lower compared to controls (20). 
In this study, the authors propose that 
Klotho may be associated with the 
pathogenesis of this disease and could 
be considered a future therapeutic tar-
get. Similarly, another study showed 
a lower concentration of klotho in 
the serum of 81 patients compared to 
that of 136 healthy controls, without 
any significant association with clini-
cal manifestations and laboratory and 
instrumental findings (21). Patients 
with rheumatoid arthritis have been 
showed to have higher serum lev-
els of α-Klotho than healthy controls 
(22). They were positively associated 
with the presence of anticitrullinated 
peptide antibody and rheumatic fac-
tor, and α-Klotho serum levels were 
higher in rheumatoid arthritis patients 
treated with biologic agents than in 
those undergoing conventional ther-
apy. The association of the musculo-
skeletal domain of the damage score 
with α-Klotho found in our study in 
patients with SLE is in agreement with 
the results of this aforementioned study 
on rheumatoid arthritis. Likewise, as 
observed in our series of SLE, no as-
sociation with carotid subclinical ath-
erosclerosis was found in patients with 

rheumatoid arthritis (22). Other stud-
ies in rheumatoid arthritis have dem-
onstrated a lower expression level of 
α-Klotho in synovial fibroblasts than 
in synovial membrane samples isolated 
from the knee joints of these patients 
(23), and that α-Klotho positively cor-
relates with CD28 on CD4+ cells in this 
population (24).
To our knowledge, only one study has 
evaluated α-Klotho in patients with 
SLE. In this work, α-Klotho was ana-
lysed in 34 patients with neuropsychi-
atric SLE. According to this study, low 
levels of this protein in the cerebro-
spinal fluid were a significant factor 
in predicting this manifestation (25). 
In our work a link between muscle at-
rophy and α-Klotho was found in the 
univariable analysis, but multivariable 
adjustment was not possible due to the 
fact that few SLE patients had muscle 
atrophy. For this reason, this associa-
tion has to be taken with caution. More-
over, prednisone intake has been related 
to muscle atrophy and, due to this, we 
cannot discard that the relation between 
α-Klotho and muscle atrophy may be 
confused or mediated for the glucocor-
ticoids used in the disease. Besides, in 
our series, patients were under a low 
prednisone dose since patients taking 
more than 10 mg were not allowed to 
participate. For this we believe that the 
confusion that prednisone may have ex-
erted could be consider low.
We found a positive relationship be-
tween prednisone intake and α-Klotho 
after multivariable analysis. There are 
no previous studies that have evalu-
ated the relationship between this drug 

and serum levels of α-Klotho. How-
ever, glucocorticoids have been found 
to strongly downregulate the fibroblast 
growth factor 23 plasma concentration 
(26). For this reason, we understand 
that the upregulation of α-Klotho in pa-
tients under prednisone treatment could 
be related to this decrease in fibroblast 
growth factor 23. On the other hand, 
since patients with musculoskeletal 
manifestations are frequently treated 
with glucocorticoids, it is possible that 
the higher levels of α-Klotho in these 
patients may be the result of glucocor-
ticoid intake. 
Besides, in our work we found a posi-
tive relation between α-Klotho and 
body mass index. This would be in 
accordance with previous reports in 
which this protein has been described 
to be related to body mass index 
through its relation to lean mass index 
but not to fat mass index (27).
We acknowledge the limitation that we 
did not record whether patients were 
taking calcium and vitamin D supple-
ments. Moreover, vitamin D serum 
levels were not assessed in our series. 
Since α-Klotho is implicated in the cal-
cium homeostasis regulation we cannot 
rule out this may have affected our re-
sults. Nevertheless, vitamin D supple-
mentation is frequently use to achieve 
normal serum levels of this vitamin. 
For this reason, we also considered that 
the confusion that the lack of vitamin D 
in our series could be considered minor.
In conclusion, α-Klotho serum levels 
do not differ between patients with SLE 
and controls. However, the presence of 
musculoskeletal involvement is associ-
ated with higher levels of this protein. 
The pathogenic pathways related to the 
α-Klotho protein deserve further stud-
ies to clarify its role in this disease. 
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