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Abstract

Background: Nutritional abnormalities, alterations in body composition, and impaired
muscle function are increasingly recognized as clinically relevant features in patients with
Systemic Lupus Erythematosus (SLE). However, the relationship between multidimen-
sional nutritional assessment and disease activity remains incompletely characterized. This
study aimed to evaluate the associations between nutritional status, body composition, mus-
cle strength, nutritional risk indices, and disease activity in patients with SLE. Materials
and Methods: This exploratory retrospective study included hospitalized patients with
SLE. Clinical data, anthropometric measurements, and nutritional status were assessed
using the body mass index (BMI), prognostic nutritional index (PNI), controlling nutritional
status (CONUT), and nutritional risk index (NRI). Muscle function was evaluated using
the SARC-F scale. Disease activity was measured using the SLE Disease Activity Index
2000 (SLEDAI-2K). Multivariable linear regression models were constructed to assess the
independent association between nutritional indices and disease activity, adjusting for
age, sex, glucocorticoid exposure, and immunosuppressive therapy. Correlation analyses
were performed between nutritional indices and disease activity-related variables, and
supplementary exploratory Spearman correlations were performed between the SARC-F
score and SLEDAI-2K, CRP, complement C3, complement C4, and ESR. False discovery rate

Diseases 2026, 14, 258

https:/ /doi.org/10.3390/ diseases14070258


https://crossmark.crossref.org/dialog?doi=10.3390/diseases14070258&domain=pdf&date_stamp=2026-07-17
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diseases
https://www.mdpi.com
https://orcid.org/0000-0001-6249-4737
https://orcid.org/0000-0003-2935-8703
https://orcid.org/0000-0001-6230-8359
https://orcid.org/0000-0002-0798-7384
https://orcid.org/0000-0003-1177-1815
https://orcid.org/0000-0002-6333-9082
https://doi.org/10.3390/diseases14070258

Diseases 2026, 14, 258

2 of 15

correction using the Benjamini-Hochberg procedure was applied to exploratory correlation
analyses. Results: A total of 67 patients were included. Nutritional indices (BMI, PNI,
CONUT, and NRI) were not independently associated with SLEDAI-2K in multivariable
regression analyses. In correlation analyses, after FDR adjustment, the PNI remained signif-
icantly associated with SLEDAI-2K, lymphocyte counts, and complement C3 levels, while
CONUT remained significantly associated with lymphocyte count and C3 levels. The BMI
and NRI were not significantly associated with disease activity or inflammatory markers
after correction. SARC-F showed a weak positive correlation with SLEDAI-2K (r = 0.328;
p = 0.008; gFDR = 0.040), which remained statistically significant after FDR correction.
No significant correlations were observed between SARC-F and CRP, complement C3,
complement C4, or ESR after FDR adjustment. Conclusions: Nutritional indices showed
limited independent association with disease activity in SLE after adjustment for available
confounders. Although the PNI and CONUT retained selected correlations with disease
activity-related or immunological markers after FDR correction, these associations should
be interpreted cautiously, as albumin- and lymphocyte-based indices may reflect inflam-
matory activity or disease burdens rather than nutritional status alone. SARC-F remains
significantly associated with disease activity (SLEDAI-2K) after FDR adjustment. These
findings should be validated in future prospective studies with a larger number of patients.

Keywords: systemic lupus erythematosus; nutritional status; body composition; disease
activity; prognostic nutritional index

1. Introduction

Systemic Lupus Erythematosus (SLE) is a chronic multisystem autoimmune disease
characterized by the production of autoantibodies, immune dysregulation, and persistent
systemic inflammation with periods of exacerbation and remission [1,2]. Globally, approxi-
mately 3.4 million individuals are estimated to live with SLE, with nearly 400,000 new cases
diagnosed annually [1]. Despite advances in immunosuppressive therapy and supportive
care, patients with SLE continue to experience substantially increased morbidity and mor-
tality compared with the general population, with a marked reduction in life expectancy [3].

Disease activity remains one of the major determinants of adverse outcomes and
mortality in SLE. In Latin America, approximately 35% of deaths in patients with SLE
have been attributed to disease activity, and in some cohorts, up to 44.9% of deaths have
been associated with refractory disease despite immunosuppressive treatment [4]. Several
validated indices are currently used to assess disease activity in SLE, including the Systemic
Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K), the Mexican Systemic
Lupus Erythematosus Disease Activity Index (MEX-SLEDALI), and the modified Systemic
Lupus Erythematosus Disease Activity Index 2000 (mSLEDAI-2K) [5].

Nutritional abnormalities have increasingly been recognized as clinically relevant fac-
tors influencing disease expression, inflammatory burden, physical function, and long-term
outcomes in patients with SLE [6-8]. Both malnutrition and obesity have been associated
with unfavorable clinical outcomes and increased disease activity. Obesity, considered a
state of chronic low-grade systemic inflammation, may contribute to increased proinflam-
matory cytokine production and immune dysregulation [6], whereas malnutrition may
impair immune competence and increase susceptibility to disease-related complications [7].
In addition, patients with autoimmune diseases appear to have a higher risk of sarcopenia
and impaired muscle function, possibly related to chronic inflammation, reduced physical
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activity, and corticosteroid exposure, which may further contribute to disability, decreased
quality of life, and increased morbidity [9].

The prevalence of nutritional disorders in SLE is considerable. Globally, between 28%
and 50% of patients with SLE are estimated to be obese [10], whereas malnutrition has
been reported in up to 46.2% of patients in some populations [11]. In Mexico, previous
studies have shown that between 50% and 70% of women with SLE are overweight or
obese, while approximately 3% are underweight [12,13]. Several studies have explored the
relationship between nutritional status and disease activity in SLE, most commonly using
body mass index (BMI) as a surrogate marker of nutritional status [6,12,14,15]. However,
nutritional assessment is increasingly recognized as a multidimensional construct that
extends beyond BMI alone. Nutritional risk indices such as the Prognostic Nutritional
Index (PNI), Controlling Nutritional Status (CONUT), and Nutritional Risk Index (NRI),
together with body composition analysis and muscle strength assessment, may provide a
more comprehensive characterization of nutritional and inflammatory status in patients
with SLE [16,17].

Despite growing interest in the interaction between nutritional status and autoim-
mune disease, there remains limited evidence integrating anthropometric measurements,
body composition, muscle strength, nutritional risk indices, and validated disease activity
scores in patients with SLE, particularly in Latin American populations. Therefore, this
study aimed to evaluate the associations between nutritional status, body composition
assessed by bioelectrical impedance analysis, muscle strength assessed by handgrip dy-
namometry, nutritional risk indices, and disease activity measured using the SLEDAI-2K,
MEX-SLEDALI, and mSLEDAI-2K indices in patients with SLE. We hypothesized that multi-
dimensional nutritional assessment parameters would be associated with disease activity
and inflammatory burden in this population.

2. Materials and Methods
2.1. Study Design

This exploratory retrospective study included adult patients with systemic lupus
erythematosus (SLE) who were hospitalized in the Internal Medicine Department of Hos-
pital Civil Fray Antonio Alcalde between September 2023 and November 2024. Eligible
patients were required to meet all of the following inclusion criteria: (1) age between 18 and
65 years; (2) diagnosis of SLE according to the 2019 European Alliance of Associations for
Rheumatology/American College of Rheumatology (EULAR/ACR) classification criteria,
which require antinuclear antibody positivity as an entry criterion and a total score of
>10 points across weighted clinical and immunological domains [18]; and (3) complete
clinical, laboratory, anthropometric, bioelectrical impedance, handgrip dynamometry, and
nutritional risk index data available in the medical record. Patients were excluded if they
were pregnant or breastfeeding, had active malignancy, end-stage renal disease, congestive
heart failure, or metallic devices that could interfere with bioelectrical impedance analysis.

2.2. Data Collection and Variable Definition

Clinical and laboratory data were retrospectively retrieved from medical records.
Laboratory variables included complete blood count, blood chemistry, liver function tests,
lipid profile, C-reactive protein, erythrocyte sedimentation rate, and glycated hemoglobin.
Immunological parameters included complement C3 and C4 levels, antinuclear antibodies
determined by indirect immunofluorescence using HEp-2 substrate, and anti-double-
stranded DNA and anti-Smith autoantibodies assessed by immunoassay.

Disease activity was evaluated using the Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2K), the Mexican Systemic Lupus Erythematosus Disease
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Activity Index (MEX-SLEDALI), and the modified Systemic Lupus Erythematosus Disease
Activity Index 2000 (mSLEDAI-2K) [5,19].

Anthropometric variables, including weight and height, were obtained and body mass
index (BMI) was calculated. Body composition was assessed by segmental multifrequency
bioelectrical impedance analysis using the RD-545 InnerScan PRO Body Composition
Analyzer (TANITA, Tokyo, Japan). Measurements were performed with patients barefoot
and standing according to the manufacturer’s recommendations. The evaluated body
composition parameters included the body fat percentage, visceral fat index, bone mass,
and skeletal muscle mass index (SMI). Low muscle mass was defined as an SMI <7.0 kg/ m?
in men and <5.7 kg/m? in women.

Muscle strength was assessed using the EH101 electronic dynamometer (CAMRY,
Zhongshan, China). Handgrip strength measurements were performed with the patient
seated and the elbow flexed at 90°, using the mean value of three maximal attempts
for both dominant and non-dominant hands. Sarcopenia risk screening was performed
using the SARC-F questionnaire, in which a score >4 points was considered suggestive of
sarcopenia [20].

Nutritional risk was assessed using the Prognostic Nutritional Index (PNI), Nutri-
tional Risk Index (NRI), and Controlling Nutritional Status (CONUT) score. These indices
were selected because they are objective, reproducible, inexpensive, and can be calculated
from routinely available clinical and laboratory variables, which makes them suitable
for retrospective studies and clinical settings with variable access to specialized nutri-
tional assessment tools. In addition, the PNI and CONUT incorporate serum albumin
and lymphocyte count, variables that may reflect both nutritional reserve and systemic
inflammatory or immune status, whereas the NRI combines serum albumin with body
weight relative to ideal body weight. Previous studies in patients with SLE, particularly
those by Ahn et al. [16,17], have evaluated nutritional indices, including the PNI, CONUT,
NRI, and related inflammatory-nutritional markers, in relation to disease activity and
inflammatory markers. Therefore, these indices were selected to allow comparison with
prior SLE studies and to complement BMI with biochemical and inflammatory components.
However, because albumin- and lymphocyte-based indices may be influenced by lupus
activity, renal involvement, proteinuria, and systemic inflammation, they were interpreted
as composite nutritional-inflammatory indices rather than purely nutritional markers.

The nutritional indices were calculated and classified according to previously vali-
dated criteria [21-23]. CONUT was calculated as the sum of the serum albumin score,
total lymphocyte count score, and total cholesterol score. Serum albumin was scored
as follows: >3.5g/dL, 0 points; 3.0-3.49 g/dL, 2 points; 2.5-2.99 g/dL, 4 points; and
<2.5 g/dL, 6 points. Total lymphocyte count was scored as follows: >1600/mm3, 0 points;
1200-1599/mm3, 1 point; 800-1199/ mm?, 2 points; and <800/ mm?, 3 points. Total cholesterol
was scored as follows: >180 mg/dL, 0 points; 140-179 mg/dL, 1 point; 100-139 mg/dL,
2 points; and <100 mg/dL, 3 points. The total CONUT score ranges from 0 to 12 and was
interpreted as follows: 0-1, normal nutritional status; 2—4, mild malnutrition risk; 5-8,
moderate malnutrition risk; and 9-12, severe malnutrition risk [23].

The PNI was calculated using the following formula: PNI = 10 x serum albumin
(g/dL) +0.005 x total lymphocyte count (/mm?). The PNI was classified as follows: >50,
normal; 45 to <50, mild malnutrition risk; 40 to <45, moderate to severe malnutrition risk;
and <40, serious malnutrition risk [22].

The NRI was calculated using the following formula: NRI = (1.519 x serum albumin
[g/L]) + (41.7 x current body weight [kg]/ideal body weight [kg]). The NRI was classified
as follows: >100, no nutritional risk; 97.5-100, mild nutritional risk; 83.5-97.4, moderate
nutritional risk; and <83.5, severe nutritional risk [21].
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Clinical and laboratory data were compiled into a database using Microsoft Office Ex-
cel 2016 (Microsoft Corporation, Redmond, WA, USA). Statistical analyses were performed
using SPSS Statistics version 29 (IBM Corp., Armonk, NY, USA).

2.3. Statistical Methodology

For descriptive statistics, qualitative variables were expressed as absolute and relative
frequencies, whereas quantitative variables were expressed as mean =+ standard deviation
(SD) for normally distributed data. For inferential analyses of categorical variables, compar-
isons between groups were performed using the Chi-square test. Patients were stratified
according to BMI into three categories: underweight (BMI < 19 kg/m?), normal weight
(BMI > 19 and <25 kg/m?), and overweight/obesity (BMI > 25 kg/m?).

The normality of quantitative variables was assessed using the D’ Agostino—Pearson
and Kolmogorov-Smirnov tests. Comparisons between BMI groups were performed
using one-way analysis of variance (ANOVA) for normally distributed continuous vari-
ables, followed by Tukey’s post hoc test when appropriate. Correlations between disease
activity-related variables and nutritional assessment parameters, including the BMI, PNI,
NRI, and CONUT scores, were evaluated using Pearson correlation analysis when dis-
tributional assumptions were met. In addition, supplementary exploratory correlation
analyses were performed between the SARC-F score and disease activity-related or in-
flammatory markers, including SLEDAI-2K, C-reactive protein (CRP), complement C3,
complement C4, and the erythrocyte sedimentation rate (ESR). Spearman’s rank correlation
coefficient was used because of non-parametric distributions. To account for multiple
comparisons in exploratory correlation analyses, false discovery rate (FDR) correction
using the Benjamini-Hochberg procedure was applied, with FDR-adjusted q values <0.05
considered statistically significant.

Exploratory multivariable linear regression models were constructed to assess whether
BMI and nutritional indices (PNI, CONUT, and NRI) were independently associated with
disease activity, using SLEDAI-2K as the dependent variable. Separate models were fitted
for each nutritional parameter and adjusted for age, sex, glucocorticoid exposure expressed
as prednisone-equivalent dose, and current immunosuppressive therapy. No correction for
multiple comparisons was applied to the regression models because each model evaluated
a distinct prespecified exploratory association. A two-sided p value < 0.05 was considered
statistically significant for regression analyses.

Albumin was not included as an additional covariate in models evaluating the PNI,
CONUT, or NRI because it is a mathematical component of these indices. Including
albumin as an independent covariate in the same models could introduce overadjustment
and conceptual collinearity.

A two-sided p-value < 0.05 with a 95% confidence interval was considered statistically
significant in all analyses.

2.4. Ethical Statement

The study was conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. The protocol was reviewed and approved by the Clinical
Research and Bioethics Committee of Hospital Civil de Guadalajara Fray Antonio Alcalde
(Approval Code: CEI 28/25). Because this was a retrospective study based on previously
recorded medical information, with no direct patient contact, no intervention, and no
collection of identifiable information for the analysis, the requirement for informed consent
was waived by the ethics committee. Data were handled confidentially and analyzed in a
de-identified manner.
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3. Results

A total of 67 patients with SLE were included, of whom 60 (89.6%) were women.
The mean age of the cohort was 32.3 4 12.1 years. The mean BMI was 23.8 + 6.1 kg/m?.
According to BMI classification, 52.2% (n = 35) of patients had normal weight, whereas 22.4%
(n = 15) were overweight, 10.5% (n = 7) were obese, and 14.9% (n = 10) were underweight.
The demographic, clinical, disease activity-related, and biochemical characteristics of the
study population are summarized in Table 1.

Table 1. Demographic, clinical, disease activity-related, and biochemical characteristics of the study
population according to BMI category.

Total Underweight No{mal Overweight/
(n=67) (n=10) gzg;; ((:liezsze) E (df) p
Mean +SD Mean +SD Mean +SD Mean +SD
Age (years) 323 12.12 25 6.89 32.09 12.43 35.95 12.32 2.98, (2) 0.057
Weight (kg) 45.50 4.14 57.57 6.86 77.47 15.99 38.94, (2) <0.001
No. % No. % No. %
Gender Female 60 89.5% 9 90 30 85.70 21 95.50 ) 0504
Male 7 10.5% 1 10 5 14.30 1 4.50
Variables related to disease activity

SLEDAI-2K 11.37 5 16.5 8.5 15.57 7.26 15.55 7.39 0.66, (2) 0.936
MEX-SLEDAI 15.71 7.39 11.3 4.73 11.54 5.19 11.10 5.00 0.05, (2) 0.952
mSLEDAI-2K 14.09 7.74 15.10 9.24 13.97 7.58 13.78 7.59 0.10, (2) 0.904
Platelets (10° /L) 191.57 14423 273.61 133.15 14747 12621 22443 156.24 4.19, (2) 0.190
Leukocytes (10°/L) 8.03 5.66 7.86 4.96 7.31 5.58 9.24 6.10 0.78, (2) 0.620
Lymphocytes (10°/L) 1.17 0.91 0.92 0.42 1.31 0.92 1.03 1.03 1.06, (2) 0.351
ESR (mm/h) 46.43 28.86 66.00 34.54 46.16 25.22 41.00 31.53 1.78, (2) 0.178
CRP (mg/dL) 6.15 8.82 5.64 6.96 5.95 8.57 6.68 10.21 0.06, (2) 0.938

C3 (mg/dL) 68.91 43.07 62.30 25.07 65.38 43.51 77.04 48.88 0.61, (2) 0.547

C4 (mg/dL) 13.43 18.38 13.20 9.65 13.20 9.65 11.36 11.17 0.51, (2) 0.601

Other biochemical indicators

Creatinine (mg/dL) 1.43 1.35 1.05 0.81 1.34 1.31 1.73 1.58 1.00, (2) 0.373
Cholesterol (mg/dL) 156 72.71  156.70 9421 15937 7299 150.04 63.79 0.10, (2) 0.900
Triglycerides (mg/dL) 185.68 8193 191.70 9496 18735 76.31 180.09 88.05 0.08, (2) 0.923
Albumin (g/dL) 2.99 0.85 2.76 0.86 3.04 0.86 2.99 0.83 0.40, (2) 0.660
ALT (U/L) 35 4048 3070 2017  36.08 49.78 35.22 30.84 0.67, (2) 0.935

AST (U/L) 7851 22143 4540 32.22 94.80  299.55 67.63 85.35 0.22, (2) 0.79

SD, standard deviation; BMI, body mass index; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index
2000; MEX-SLEDAI, Mexican Systemic Lupus Erythematosus Disease Activity Index; mSLEDAI-2K, modified Sys-
temic Lupus Erythematosus Disease Activity Index 2000; ESR, erythrocyte sedimentation rate; CRP, C-reactive pro-
tein; C3, complement C3; C4, complement C4; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

No statistically significant differences in disease activity indices, including SLEDAI-2K,
MEX-SLEDAI, and mSLEDAI-2K scores, were observed across BMI categories. Similarly,
inflammatory and immunological markers, including the ESR, CRP, complement C3 and
C4 levels, leukocyte count, and lymphocyte count, did not significantly differ between
BMI groups.
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The nutritional assessment, body composition, and physical function results are
presented in Table 2. Significant differences between BMI groups were identified for
the NRI, body fat percentage, visceral fat index, and bone mass. In contrast, no statistically
significant differences were observed for the PNI, CONUT score, SMI, or SARC-F score.

Table 2. Nutritional assessment, body composition, and physical function parameters according to

BMI category.
Total Underweight N01:ma1 Overweight/
(n=67) (n=10) (‘Z&:%l;; (Sl)l;ezsze) E (df) p
Mean +SD Mean +SD Mean +£SD Mean +SD
Nutritional indices
PNI 35.82 1022  32.29 9.33 3719  10.67 35.26 9.85 0.93, (2) 0.399
NRI 111.14  26.6 81.58 10.14 10271 921 13757  27.38 42.87,(2)  <0.001
CONUT 6.27 3.01 7.40 3.16 5.79 3.00 6.50 2.92 1.19, (2) 0.311
Body composition and physical function
Body fat (%) 2646 1134  17.80 4.88 2521 1143 34.70 8.92 8.32,(2) 0.001
SMI 7.4 3.14 5.53 0.83 7.29 3.65 8.68 2.07 2.77,(2) 0.072
Visceral fat index 10.61 5.31 6.94 2.03 9.06 2.86 16.28 6.51 19.54, (2) <0.001
Bone mass 227 0.36 1.92 0.17 2.25 0.35 2.52 0.26 10.47,(2)  <0.001
SARC-F 3.52 2.79 3.20 2.69 3.54 2.85 3.63 2.83 0.08, (2) 0.936
No. Yo No. Y% No. %o
Handgrip Low
strength handgrip 61 92.42 10 100 31 88.60 20 95.20 - 0.407
classification strength

SD, standard deviation; PNI, Prognostic Nutritional Index; NRI, Nutritional Risk Index; CONUT, Controlling
Nutritional Status; SMI, skeletal muscle mass index; SARC-F, Strength, Ambulation, Rising from a chair, Stair
climbing, and History of falling questionnaire.

Regarding physical function assessment, 61 patients (92.4%) were classified as having
low handgrip strength. In addition, according to the SARC-F questionnaire, 34 patients
(50.7%) were considered at high risk for sarcopenia, whereas 33 patients (49.3%) were
classified as having low risk for sarcopenia.

Post hoc analyses demonstrated significant differences in body weight, NRI, visceral
fat index, and bone mass between underweight and overweight/obesity groups, as well as
between normal-weight and overweight/obesity groups. Significant differences in body
fat percentage were also identified between underweight and overweight/obesity groups
and between normal-weight and overweight/obesity groups (Table 3).

Table 3. Post hoc analysis of significant differences between BMI categories.

Weight NRI Body Fat  Visceral Fat Bone Mass
Underweight vs. Normal weight 0.0062 0.004 0.1364 0.3608 0.0212
Underweight vs. Overweight/Obesity <0.0001 <0.0001 0.0007 <0.0001 <0.0001
Normal weight vs. Overweight/Obesity <0.0001 <0.0001 0.0141 <0.0001 0.0216

NRI, Nutritional Risk Index.

Correlation analyses between nutritional indices and disease activity-related variables
are presented in Table 4. After FDR correction, the PNI retained selected correlations
with SLEDAI-2K, the lymphocyte count, and complement C3 levels. The PNI showed an
inverse correlation with SLEDAI-2K (r = —0.348; p = 0.0046; qFDR = 0.0365) and positive
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correlations with lymphocyte count (r = 0.565; p < 0.00001; gFDR = 0.00003) and C3 levels
(r=10.463; p = 0.00013; qFDR = 0.00177). The correlations between the PNI and MEX-
SLEDAIL mSLEDAI-2K, and C4 were not statistically significant after FDR correction.

Table 4. Correlation analysis between nutritional indices and disease activity-related variables in
patients with SLE.

BMI CONUT PNI NRI
r (p; qFDR) r (p; qFDR) r (p; qFDR) r (p; qFDR)
Platelets —0.082 (0.507; 0.424) 0.076 (0.546; 0.424) —0.078 (0.534; 0.424) —0.089 (0.475; 0.424)
Leukocytes 0.082 (0.508; 0.424) 0.089 (0.479; 0.424) —0.079 (0.527; 0.424) 0.090 (0.472; 0.424)
Lymphocytes ~ —0.040 (0.750; 0.484) —0.447 (0.00019; 0.00187) 0.565 (<0.00001; 0.00003)  —0.049 (0.698; 0.484)
CRP —0.187 (0.159; 0.424) 0.127 (0.349; 0.424) —0.239 (0.074; 0.246) —0.155 (0.250; 0.424)
ESR 0.129 (0.297; 0.424) 0.227 (0.069; 0.246) —0.061 (0.629; 0.484) 0.155 (0.215; 0.424)
C3 0.027 (0.833; 0.424)  —0.471 (0.00011; 0.00177)  0.463 (0.00013; 0.00177) 0.050 (0.698; 0.484)
C4 —0.031 (0.809; 0.424) —0.284 (0.025; 0.127) 0.269 (0.033; 0.147) —0.024 (0.851; 0.484)
SLEDAI-2K —0.106 (0.402; 0.424) 0.237 (0.059; 0.238) —0.348 (0.0046; 0.0365)  —0.154 (0.223; 0.424)
MEX-SLEDAI ~ —0.055 (0.665; 0.484) 0.213 (0.092; 0.273) —0.294 (0.017; 0.099) —0.111 (0.382; 0.424)
mSLEDAI-2K  —0.106 (0.404; 0.424) 0.212 (0.095; 0.273) —0.324 (0.0091; 0.060) —0.156 (0.223; 0.424)
BMI, body mass index; PNI, Prognostic Nutritional Index; CONUT, Controlling Nutritional Status; NRI, Nu-
tritional Risk Index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; C3, complement C3; C4,
complement C4; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000; MEX-SLEDAI, Mexican
Systemic Lupus Erythematosus Disease Activity Index; mSLEDAI-2K, modified Systemic Lupus Erythematosus
Disease Activity Index 2000; gFDR, FDR-adjusted q value.

CONUT retained significant inverse correlations with the lymphocyte count
(r = —0.447; p = 0.00019; gFDR = 0.00187) and C3 levels (r = —0.471; p = 0.00011;
qFDR = 0.00177) after FDR correction. The correlation between CONUT and C4 did not
remain statistically significant after correction. The BMI and NRI were not significantly
associated with disease activity indices or inflammatory markers after FDR adjustment.

Additional correlation analyses between disease activity indices and body composition
or physical function parameters, including body fat percentage, SMI, visceral fat index,
bone mass, SARC-F score, and handgrip strength, revealed weak and non-significant
correlations (all p > 0.05).

Four exploratory multivariable linear regression models were constructed to evaluate
whether the BMI, PNI, CONUT, or NRI were independently associated with disease activity
measured by SLEDAI-2K after adjustment for age, sex, prednisone-equivalent dose, and
current immunosuppressive therapy. The results are shown in Table 5.

Table 5. Exploratory multivariable linear regression models assessing the association between
nutritional indices, BMI, and SLEDAI-2K.

Predictor Unstandardized £ SE Standardized 3 t p Value 95% CI
BMI 0.12 0.15 0.09 0.80 0.427 —0.18 to 0.42
PNI —0.21 0.18 —0.11 -1.17 0.246 —0.57t0 0.15

CONUT 0.51 0.31 0.21 1.64 0.106 —0.11t0 1.13
NRI —0.04 0.04 —0.15 -1.10 0.275 —0.12 t0 0.03

Each model used SLEDAI-2K as the dependent variable and was adjusted for age, sex, prednisone-equivalent
dose, and current immunosuppressive therapy. Separate models were fitted for BMI, PNI, CONUT, and NRL No
significant multicollinearity was observed across models. BMI, body mass index; CI, confidence interval; CONUT,
Controlling Nutritional Status; NRI, Nutritional Risk Index; PNI, Prognostic Nutritional Index; SE, standard error;
SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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Overall, none of the evaluated nutritional indices or BMI showed a statistically sig-
nificant independent association with SLEDAI-2K after adjustment. CONUT showed a
positive but non-significant association with SLEDAI-2K ( = 0.51; p = 0.106), whereas
the NRI showed a weak inverse but non-significant association ( = —0.04; p = 0.275).
Similarly, the BMI and PNI were not significantly associated with SLEDAI-2K. Across
models, explained variance was low, and no evidence of multicollinearity was observed.

Given the high frequency of sarcopenia risk and reduced handgrip strength observed
in this cohort, supplementary exploratory correlation analyses were performed between the
SARC-F score and disease activity-related or inflammatory markers, including SLEDAI-2K,
CRP, complement C3, complement C4, and the ESR. The results are shown in Table 6.

Table 6. Supplementary exploratory correlations between SARC-F score and disease activity-related
or inflammatory markers.

Variable r p Unadjusted qFDR
SLEDAI-2K 0.328 0.008 0.040
C3 —0.045 0.737 0.809

C4 0.089 0.471 0.809
CRP 0.031 0.809 0.809
ESR 0.085 0.505 0.809

Multiple comparisons were adjusted using the Benjamini-Hochberg false discovery rate (FDR) procedure (n = 5).
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; C3, complement C3; C4, complement C4; SLEDAI-
2K, Systemic Lupus Erythematosus Disease Activity Index 2000; gFDR, FDR-adjusted q value.

After FDR adjustment, only the correlation between SARC-F and SLEDAI-2K remained
statistically significant (r = 0.328; p = 0.008; gFDR = 0.040), whereas all associations with
inflammatory biomarkers (CRP, C3, C4, and ESR) were no longer significant.

4. Discussion

This study comprehensively evaluated the relationship between nutritional status,
body composition, muscle function, and disease activity in hospitalized patients with
SLE using anthropometric, biochemical, functional, and nutritional risk assessment tools.
Correlation analyses were additionally performed to explore potential associations between
nutritional risk indices and validated disease activity scales.

Most previous studies investigating the relationship between nutritional status and
disease activity in SLE have primarily focused on BMI [12,15]. More recently, additional
nutritional assessment tools, including nutritional risk indices, body composition analysis,
and physical performance tests, have been incorporated into clinical research [16,17,24],
reflecting the growing recognition that nutritional abnormalities in SLE extend beyond
body weight alone.

In the present study, no significant differences in disease activity indices were observed
across BMI categories. This finding reinforces the limitations of BMI as an isolated marker
of nutritional status in patients with SLE, particularly because BMI does not differentiate
between fat mass, lean mass, or body fat distribution. This concept has recently been empha-
sized in updated approaches to obesity and malnutrition assessment [25]. The mean BMI
and the proportion of overweight/obese patients in our study (BMI 23.85 4 6.09 kg/m?; un-
derweight 14.93%, normal weight 52.24%, overweight/obese 32.84%) were lower than those
reported by Meza-Meza et al. [12] in Mexican patients with SLE (BMI 27.9 + 5.34 kg/m?;
underweight 3.08%, normal weight 26.92%, overweight/obese 70%). In that study, over-
weight/obese patients presented a higher mean age than the other groups. Our cohort
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had a lower mean age (32.3 &= 12.12 vs. 40.6 & 12.6 years), which may partially explain the
lower prevalence of overweight and obesity observed in our population.

The underweight group presented the least favorable scores for the PNI, NRI, and
CONUT; however, statistical significance was reached only for the NRI scale. This finding
may be partially explained by the inclusion of the body weight-to-ideal body weight ratio
within the NRI formula, which could predispose underweight patients to lower NRI values
compared with overweight or obese individuals.

In our study, no statistically significant differences in disease activity indices (SLEDAI-
2K, mSLEDAI-2K, and MEX-SLEDAI) were identified between BMI groups. However,
this finding should be interpreted cautiously because the overall sample size was small
and some BMI subgroups included a limited number of patients, particularly the under-
weight and overweight/obesity groups. Therefore, the absence of statistically significant
differences across BMI categories should not be interpreted as definitive evidence of no asso-
ciation. These findings contrast with those reported by Meza-Meza et al. [12], who observed
higher MEX-SLEDAI scores in overweight or obese patients. Similarly, Kwon et al. [15] re-
ported lower SLEDAI-2K scores in underweight patients compared with non-underweight
individuals. The variability observed across studies may reflect the marked clinical, demo-
graphic, and therapeutic heterogeneity characteristic of patients with SLE, as prolonged
steroid use, immunosuppressive therapy, time since disease diagnosis, and disease severity
can independently affect the relationship between BMI and disease activity [14,15].

The disease activity scores observed in our cohort were higher than those reported
in previous studies, such as those by Kwon et al. [15] and Ahn et al. [17]. This difference
may be related to the characteristics of our study population, as all included patients were
hospitalized, whereas previous studies included both outpatient and inpatient populations.
Consequently, our results likely reflect a subgroup of patients with greater inflammatory
burden and disease severity and should not be generalized to ambulatory patients with
mild or moderate disease activity.

Among the evaluated nutritional parameters, the PNI and CONUT retained selected
correlations with disease activity-related or immunological markers after FDR correction.
These findings are partially consistent with previous studies by Ahn et al. [16,17], which
also reported associations between nutritional indices and disease activity in patients with
SLE. However, in the present study, none of the evaluated nutritional indices or BMI were
independently associated with SLEDAI-2K in exploratory multivariable linear regression
models adjusted for age, sex, prednisone-equivalent dose, and current immunosuppressive
therapy. Therefore, the observed correlations should be interpreted cautiously and should
not be considered evidence of an independent association between nutritional status and
disease activity.

The interpretation of the PNI in patients with SLE requires particular caution. Al-
though the PNI is commonly used as a nutritional and prognostic index, its two components,
serum albumin and lymphocyte count, are strongly influenced by systemic inflammation
and lupus activity. Hypoalbuminemia in SLE may reflect inflammation, renal involvement,
proteinuria, or acute-phase response rather than malnutrition alone, whereas lymphopenia
is a recognized hematologic manifestation of disease activity and may also be affected by
immunosuppressive therapy [26-29]. Therefore, the observed correlations between the
PNI and disease activity or complement levels may indicate inflammatory burden or active
disease rather than nutritional status per se. This interpretation is further supported by
the multivariable regression analyses, in which the PNI was not independently associated
with SLEDAI-2K after adjustment for age, sex, prednisone-equivalent dose, and current
immunosuppressive therapy. Because albumin is also included in the calculation of the
PNI, CONUT, and NRI, we did not include albumin as an additional covariate in the corre-
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sponding multivariable models to avoid overadjustment and conceptual collinearity. This
methodological consideration further supports a cautious interpretation of albumin-based
nutritional indices in patients with SLE.

Although the disease activity-related markers analyzed in our study are commonly
available in routine clinical practice, including in resource-limited settings, several addi-
tional immunological markers may provide further insight into inflammatory and disease-
activity pathways in SLE. These include anti-DNA antibodies [30], peripheral blood ba-
sophils [31], double-negative T cells [32], and complement activation biomarkers, including
split products and cell-bound complement activation products [33]. These markers were
not included in the present exploratory analysis; therefore, future prospective studies
should evaluate whether they improve the characterization of the relationship between
nutritional status, inflammatory burden, and disease activity in SLE.

Regarding body composition, overweight/obese patients presented higher body fat
percentage and visceral fat index values, as expected. Post hoc analyses demonstrated that
these differences were significant primarily between overweight/obese patients and the
remaining groups. Significant differences in bone mass were also observed among BMI
categories. Since no significant differences in inflammatory markers or disease activity
indices were identified between groups, these variations in bone mass may be more closely
associated with nutritional and body composition status than with disease activity itself.
Previous studies have suggested that obesity-related factors, including increased mechan-
ical loading and hormonal alterations such as elevated estrogen and leptin levels, may
positively influence bone mass [34].

Although body composition variables were not consistently associated with disease
activity indices, they provided additional characterization of nutritional phenotypes that
cannot be captured through BMI alone. The inverse correlation observed between visceral
fat and MEX-SLEDAI should be interpreted cautiously, as its biological significance remains
uncertain and may reflect residual confounding or disease-related heterogeneity. Additional
studies are necessary to clarify the potential interactions between visceral adiposity and
disease activity in SLE.

Sarcopenia and muscle dysfunction have increasingly been recognized as clinically
relevant manifestations in autoimmune diseases. Previous studies in women with SLE
have reported a high prevalence of sarcopenia and reduced handgrip strength compared
with healthy controls [24,35]. In our study, 50.74% of patients were classified as having
a high probability of sarcopenia according to the SARC-F questionnaire, while 92.42%
were classified as having low handgrip strength. These findings suggest that muscle
dysfunction may represent an underrecognized clinical burden in hospitalized patients
with SLE, although no significant differences were identified between BMI groups.

In our study, SARC-F showed a weak positive correlation with SLEDAI-2K that re-
mained statistically significant after FDR correction (r = 0.328; p = 0.008; gFDR = 0.040).
However, SARC-F was not significantly correlated with CRP, complement C3, complement
C4, or the ESR after FDR adjustment. These findings suggest that patient-reported sar-
copenia risk may be related to global disease activity in hospitalized patients with SLE,
but not necessarily to individual inflammatory biomarkers in this exploratory analysis,
these findings may support the hypothesis that chronic inflammation and glucocorticoid
exposure contribute to impaired muscle function in patients with SLE, as previously sug-
gested in autoimmune diseases [24]. However, longitudinal studies are needed to clarify
the temporal and causal relationships between disease activity, nutritional abnormalities,
and muscle dysfunction.
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Study Limitations

This study has several limitations that should be considered when interpreting the
findings. First, the retrospective cross-sectional design precludes any inference regarding
temporality, directionality, or causality. Therefore, the observed associations should be in-
terpreted as exploratory and hypothesis-generating rather than causal. Second, the sample
size was small, which may have limited statistical power to detect clinically meaningful
differences across BMI categories or independent associations in multivariable models.
Third, all patients were hospitalized at a single tertiary referral center; therefore, the results
may not be generalizable to the broader Mexican SLE population, particularly to ambula-
tory patients with mild or moderate disease activity. This inpatient-only design may have
selected patients with a greater inflammatory burden, higher disease activity, and more
severe clinical manifestations. Fourth, important potential confounders, including disease
duration, proteinuria, renal involvement, and the presence or absence of lupus nephritis,
were not consistently available in the retrospective medical records. Consequently, the
prevalence of lupus nephritis, proteinuria, or renal involvement could not be reliably re-
ported, and these variables could not be included in the adjusted models. Because albumin
is influenced by renal disease, proteinuria, inflammation, and disease activity, the lack of
adjustment for renal involvement is particularly relevant when interpreting associations
involving albumin-based indices such as the PNI and NRI. Finally, because all data were
obtained retrospectively from medical records, selection bias, measurement variability, and
residual confounding cannot be excluded.

Although bioelectrical impedance analysis provides a more comprehensive assessment
of nutritional status than BMI alone, it is not considered the gold standard method for body
composition analysis, and some of its limitations could potentially be overcome through
the use of imaging-based methods such as magnetic resonance imaging or dual-energy
X-ray absorptiometry [36,37]. Likewise, the assessment of disease activity partially depends
on the availability of biochemical and immunological analyses, which may not always be
accessible in resource-limited settings.

Despite these limitations, our study provides a comprehensive multidimensional nutri-
tional assessment in Mexican patients with SLE, integrating anthropometric measurements,
body composition analysis, muscle strength evaluation, sarcopenia risk screening, and
nutritional risk indices together with validated disease activity scales. To our knowledge,
this is one of the first studies in a Mexican population with SLE to incorporate this broad
combination of nutritional and functional assessment tools. Collectively, these findings
support the incorporation of multidimensional nutritional assessment into the clinical
evaluation of patients with SLE and provide preliminary evidence for future prospective
studies exploring the relationship between nutritional abnormalities, muscle dysfunction,
and disease activity.

5. Conclusions

In this exploratory retrospective study of hospitalized patients with SLE, nutritional
indices showed limited independent association with disease activity after adjustment for
available confounders. Although the PNI and CONUT showed selected correlations with
disease activity-related or immunological markers after FDR correction, these associations
should be interpreted cautiously. In particular, the PNI may reflect the inflammatory
activity or disease burden rather than nutritional status alone because it incorporates serum
albumin and lymphocyte counts. BMI was not associated with disease activity indices
in the analyses performed, reinforcing the limitations of BMI as an isolated marker of
nutritional status in patients with SLE.
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Although body composition parameters were not consistently associated with disease
activity, the high prevalence of sarcopenia risk and reduced handgrip strength observed
in our cohort suggests that functional impairment may represent an important clinical
burden in hospitalized patients with SLE. SARC-F showed a weak but statistically signif-
icant correlation with SLEDAI-2K after FDR correction; however, this finding should be
interpreted cautiously because of the exploratory nature of the analysis and the absence
of independent multivariable confirmation. Overall, our findings should be considered
hypothesis-generating and warrant confirmation in larger prospective studies specifically
designed to evaluate the relationships among nutritional status, muscle dysfunction, and
disease activity in SLE.
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Abbreviations

SLE Systemic Lupus Erythematosus

SLEDAI-2K Systemic Lupus Erythematosus Disease Activity Index 2000
MEX-SLEDAI = Mexican Systemic Lupus Erythematosus Disease Activity Index
mSLEDAI-2K  Modified Systemic Lupus Erythematosus Disease Activity Index

BMI Body Mass Index

PNI Prognostic Nutritional Index

CONUT Controlling Nutritional Status

NRI Nutritional Risk Index

SMI Skeletal muscle mass index

SARC-F Strength, Ambulation, Rising from a chair, Stair climbing, and History of falling
questionnaire

SD Standard deviation

ANOVA One-way analysis of variance

GCP Good Clinical Practice

ESR Erythrocyte sedimentation rate

CRP C-reactive protein

C3 Complement C3
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C4 Complement C4

ALT Alanine aminotransferase

AST Aspartate aminotransferase

CI Confidence interval

MRI Magnetic Resonance Image

DXA Dual-energy X-ray Absorptiometry
NLR Neutrophil-to-Lymphocyte Ratio
FDR False discovery rate
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