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Introduction: Nutritional status is a critical indicator of overall health and immune function, significantly influencing treatment
outcomes. Despite its importance, the nutritional status of patients with systemic lupus erythematosus (SLE) often receives insufficient
attention. This study aims to evaluate the nutritional status of patients with SLE, identify factors associated with malnutrition, and
develop a risk prediction model for malnutrition in this population.

Methods: We collected clinical data from a convenience sample of SLE patients at a general hospital in Ningxia Province, China,
between January and December 2022. Univariate and multivariate logistic regression analyses were performed to determine the
independent risk factors for malnutrition. A risk prediction model was constructed and evaluated using the receiver operating
characteristic (ROC) curve.

Results: This study included 420 patients with SLE (mean age: 41.43 years, 91.7% women), of whom 46.2% were
malnourished based on their serum albumin levels. Multivariate logistic regression analysis identified monthly income
(OR=0.192, P<0.05), sleep quality (OR=2.559, P<0.05), kidney involvement (OR=4.269, P<0.05), disease activity
(OR=2.743, P<0.05), leukocyte count (OR=1.576, P<0.05), lymphocyte count (OR=0.393, P<0.05), hemoglobin (OR=0.972,
P<0.05), complement C3 (OR=0.802, P<0.05), and complement C4 (OR=0.493, P<0.05) as independent risk factors for
malnutrition. The prediction model showed good predictive value with an area under the ROC curve of 0.895 (95% CI:
0.823-0.840), sensitivity of 0.907, and specificity of 0.827. The Hosmer-Lemeshow test indicated a good model fit (y>=10.779,
P=0.215).

Discussion: Malnutrition is a significant concern among SLE patients, influenced by a range of socioeconomic and clinical factors.
Our risk prediction model, with its high sensitivity and specificity, provides a robust tool for early identification of malnutrition in this
population. Implementing this model in clinical practice can guide healthcare providers in prioritizing at-risk patients, enabling
proactive nutritional interventions that could potentially improve clinical outcomes, enhance quality of life, and reduce healthcare costs
associated with SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by its unpredictable course and multi
system involvement, affecting vital organs such as the kidneys, skin, joints, hematopoietic system, and central nervous
system.' As the disease progresses, numerous complications may arise, further complicating management and treatment.
Globally, the incidence of SLE has been increasing in recent years, posing significant challenges for healthcare systems
worldwide.” In particular, China bears a substantial burden of SLE, with one of the highest incidence rates, universally
affecting more than 1 million people.® The disease predominantly affects women of childbearing age, with a male-to-
female ratio of approximately 1:10-12.*

The chronic nature of SLE profoundly impacts the physical and mental health of patients, often resulting in
considerable economic burdens for individuals and society. Despite advances in treatment methods and techniques,
SLE management remains complicated owing to the biological heterogeneity between patients and the lack of safe and
specific targeted therapies. The mortality rate among SLE patients remains markedly elevated compared to that of the
general population, underscoring the need for better management strategies.”

Nutrition plays a crucial role in supporting immune function, as nutritional status directly influences the performance
of immune organs and cells.® Therefore, maintaining good nutrition is essential for the proper functioning of the immune
system. Malnutrition resulting from a combination of factors is a major concern in patients with SLE.” Chronic
inflammation associated with SLE leads to increased metabolic activity, exacerbating catabolic processes in affected
individuals.® Furthermore, gastrointestinal manifestations such as nausea and vomiting and diarrhea, which are often
exacerbated during flare-ups, can compromise nutritional intake, resulting in deficiencies in essential nutrients, including
proteins, vitamins, and minerals.’ Additionally, the long-term use of glucocorticoids, a mainstay in the treatment of SLE,
can induce metabolic abnormalities, predisposing patients to conditions such as hypertension, diabetes mellitus, hyperli-
pidemia, and obesity. Studies have shown that the incidence of diabetes in SLE patients is 10.7-15.5%,'® that of
hypertension is 14.0-60.0%,"" and that of dyslipidemia is 65.3—84.6%'*.These comorbidities not only affect disease
progression but also contribute to nutritional imbalances and subsequent complications. Kell et al found that although
patients using glucocorticoids had increased body fat, their skeletal muscle tissue significantly decreased, causing
sarcopenic obesity."?

Despite the high morbidity and mortality associated with SLE and its tendency to cause nutritional deficiencies, the
role of nutritional management as a complementary intervention has not been thoroughly studied, and its relevant impacts
have not yet been fully explored. Therefore, this study aimed to assess the nutritional status of patients with SLE,
elucidate the factors influencing malnutrition, and construct a risk prediction model. This model could serve as
a reference for developing comprehensive systemic strategies and programs aimed at improving the nutritional status

of patients with SLE, delaying disease progression, and enhancing overall outcomes.

Materials and Methods

Patients

A convenience sample of patients with SLE was obtained from the Department of Rheumatology and Immunology of General
Hospital of Ningxia Medical University, China, between January 2022 and November 2022 for this cross-sectional study, with
inclusion criteria of individuals aged 18 years or older and a confirmed diagnosis of SLE based on the 1997 EULAR/ACR
diagnostic criteria, and exclusion criteria including severe lupus encephalopathy or cognitive impairment, impaired commu-

nication, significant organ failure (such as heart, brain, or kidney), malignant tumors, and pregnancy or lactation.

Definitions
The diagnosis methods for malnutrition vary. In this study, we use serum album (ALB) < 35 g/L as the criterion for

evaluating malnutrition, while ALB > 35 g/L indicates normal nutrition."*
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Data Collection

Each participant signed an informed consent form prior to participation. The data were collected using self-report
questionnaires distributed to participants in a quiet and controlled environment two days after admission. Trained
research staff explained each question to participants, who then independently recorded their responses. The question-
naires were collected and checked on the spot to ensure the integrity of the information. Medical records were also
reviewed to corroborate the information and obtain additional clinical data.

The study surveyed various demographic and disease characteristics. Detailed demographic profiles, including age,
sex, marital status, education level, and place of residence, were meticulously documented. Lifestyle factors, including
sleep patterns and exercise frequency, were thoroughly examined. Disease-related variables, such as disease duration,
treatment history, and comorbidities, were also comprehensively assessed.

Biochemical markers included serum album (ALB), leukocyte count, lymphocyte count, hemoglobin, blood potas-
sium, blood sodium, blood chlorine, uric acid, creatinine, complement C3, complement C4, erythrocyte sedimentation
rate, C-reactive protein, triglycerides, total cholesterol, high-density lipoprotein, and low-density lipoprotein.

The SLE Disease Activity Index 2000 (SLEDAI-2000) was used to evaluate disease activity. This assessment tool is
a widely used indicator for assessing disease activity in SLE patients developed by Gladman in 2002."° It included 24
items, such as seizure, psychosis, organic brain syndrome, visual disturbance, cranial nerve disorder, lupus headache,
cerebrovascular accident, vasculitis, arthritis, myositis, urinary casts, hematuria, proteinuria, pyuria, new rash, alopecia,
mucosal ulcers, pleurisy, pericarditis, low complement, increased DNA binding, fever, thrombocytopenia, and leukope-
nia. Scores on this index range from 0 to 105, with higher scores indicating greater disease activity and severity. Disease
activity is classified as “inactive” for scores ranging from 0 to 4, “mildly active” for scores ranging from 5 to 9,
“moderately active” for scores ranging from 10 to 14, and “severely active” for scores ranging from 15 or higher.

The Pittsburgh Sleep Quality Index (PSQI), developed by Buysse in 1989, was used to evaluate the overall sleep
quality of individuals.'® This scale comprises 19 items categorized into seven factors: sleep quality, sleep onset latency,
sleep duration, sleep efficiency, sleep disturbances, use of sleep medications, and daytime dysfunction. Each factor is
rated on a 4-point scale ranging from 0 to 3, and the cumulative score for all factors yields the total PSQI score, which
ranges from 0 to 21. Scores within 0—4 indicate good sleep quality, scores within 5—7 denote fair sleep quality, and scores
of 8 or higher signify the presence of a sleep disorder. The scale demonstrated favorable reliability and validity, supported
by a Cronbach’s alpha coefficient of 0.84.

Sample Size Estimation
The sample size for the survey was calculated using the formula for estimating the sample size of the overall rate which
_ #r(1-n)

is shown as follows: n = 52
overall incidence of malnutrition in patients with SLE was 53.9%.17 Therefore, in this study, the overall rate © was 0.539,

. 0=0.05, According to the literature review, with ALB as the standard of evaluation, the

the allowable error & was 0.05, and the sample size was 380 patients; considering that 10% of the questionnaires were
invalid, the sample size was 420 patients.

Data Analysis

Data analysis was performed using SPSS version 22.0. Descriptive statistics, including frequency, percentage, mean, and
standard deviation, were used to describe the study variables. ANOVA was used to examine differences in nutritional
status among participants with different demographics and disease profiles if the data followed a normal distribution. For
data that did not conform to a normal distribution, the nonparametric rank sum test and Fisher’s exact probability test
were used for comparison. Rank data were compared using the nonparametric rank-sum test, with a P value < 0.05
indicating statistical significance.

Binary logistic regression was used for multifactorial analysis, with malnutrition status (0 = normal nutrition, 1 =
malnutrition) among SLE patients as the dependent variable. Variables identified as statistically significant in the
univariate analysis were included as independent variables in the binary logistic regression model to establish
a prediction model for the risk of malnutrition. A nomogram was generated to visualize the results.
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To validate the predictive performance of the model, receiver operating characteristic (ROC) curves and the Hosmer—
Lemeshow test were used. The model’s ability to distinguish outcomes was assessed using the concordance index
(C-index). Additionally, the bootstrap method was used to generate a calibration curve to evaluate the consistency
between the predicted and actual results.

Results

Participant Characteristics

A total of 420 patients who were diagnosed with SLE and aged between 18 and 78 years were included in the study. The
average age of the participants was 41.43 years (SD = 12.87). The majority of the participants were female (n = 385) and
married (n = 344). More than half of the patients lived in urban areas (n = 231). Regarding educational level, 143 patients
(34.0%) had completed elementary school or less, 96 patients (22.9%) had completed middle school, 71 patients (16.9%)
had completed high school, and 110 patients (26.2%) had a college degree or higher.

Nutritional Status

The mean serum ALB concentration of the participants was 34.88+7.67 g/L; 226 patients had normal nutritional status
(53.8%), and 194 patients had malnutrition (46.2%). Among the participants, 40 patients (9.5%) were classified as
underweight (BMI<18.5 kg/m?), 206 patients (49.0%) had a normal weight (18.5<BMI<23.9 kg/m?), 93 patients (22.1%)
were overweight (24.0<BMI<27.9 kg/m?), and 81 patients (19.3%) were obese (BMI >28.0 kg/m?) (Table 1).

Univariate Analysis of Malnutrition

The results of the univariate analysis revealed several variables significantly associated with malnutrition in SLE patients
(Table 2). Notably, patients with a higher education level, specifically those with a college degree or higher, demonstrated
a lower incidence of malnutrition than did those with a primary school education or below (P = 0.038). Furthermore, the
incidence of malnutrition was highest among patients with a monthly household income of less than 3000 yuan and
lowest among those with a monthly household income of 5000 yuan or more (P < 0.001).

Additionally, patients who experienced sleep disorders exhibited a greater prevalence of malnutrition than did those
with normal sleep patterns (P < 0.001). Regarding the duration of the disease, patients with a disease duration of less than
1 year had the highest incidence of malnutrition, while those with a duration of 10 years or more had the lowest incidence
(P =0.003).

Patients with comorbidities such as hypertension, hyperlipidemia, and metabolic syndrome were significantly more
likely to experience malnutrition than were those without these conditions (P < 0.05). Moreover, patients with renal
involvement, digestive system involvement, and infections exhibited a significantly greater incidence of malnutrition than
did those without such complications (P < 0.05).

Malnutrition was most prevalent among patients with severe disease activity and least prevalent among those with no
disease activity, with the difference being statistically significant (P < 0.001). Additionally, the type of treatment played a role:
patients treated with pulse corticosteroid therapy had the highest incidence of malnutrition (83.3%), while those treated with
low-dose corticosteroid had the lowest incidence (19.2%), with statistically significant differences observed (P < 0.001).

Table | Nutritional Status (n = 420)

Variance Categories n %

ALB Normal 226 | 53.8
Malnutrition 194 | 462

BMI Underweight (BMI <18.5 kg/m?) 40 | 95

Normal (BMI 18.5-23.9 kg/m?) 206 | 49.0
Overweight (24.0sBMI<27.9 kg/m?) | 93 | 22.1
Obese (BMI=28.0 kg/m?) 8l 19.3
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Table 2 Univariate Analysis of Factors Associated with Malnutrition (n = 420)

Variance Categories N | Malnutrition | P-value
[n (%)]
Age 18—40 198 88 (44.4) 0.752
41-65 206 99 (48.1)
>65 16 7 (43.8)
Gender Male 35 17 (48.6) 0.860
Female 385 177 (46.0)
Marital status Single 76 33 (43.4) 0.593
Married 344 161 (46.8)
Educational level Elementary school or lower 143 80 (55.9) 0.038
Middle school 96 38 (39.6)
High school/vocational certificate 71 30 (42.2)
Diploma/Bachelor’s degree or higher 110 46 (41.8)
Residence Urban 231 108 (46.8) 0.798
Rural 189 86 (45.5)
Monthly <3000 150 86 (57.3) < 0.001
household 30004999 137 68 (49.6)
income (RMB) 25000 133 40 (30.1)
Sleep quality Sleep well (PSQIS Score=0-4) 163 56 (34.4) < 0.001
Average sleep (PSQIS Score=5-7) 131 65(49.6)
Sleep disorders (PSQIS Score=8) 126 73 (57.9)
Exercise frequency Never 159 80 (50.3) 0.290
< 4 times a week 141 65 (46.1)
24 times per week 120 49 (40.8)
Course of disease < | year 120 71 (59.2) 0.003
1-5 years 129 51 (39.5)
6 to 10 years 76 37 (48.7)
> 10 years 95 35 (36.8)
Disease activity Inactive (SLEDAI-2000 Score=0-4) 78 I (14.1) < 0.001
Light active (SLEDAI-2000 Score=5-9) 118 49 (41.5)
Moderate active (SLEDAI-2000Score=10-14) | 119 57 (47.9)
Sever active (SLEDAI-2000 Score 215) 105 77 (73.3)
Dosage of Small dosage 52 10 (19.2) <0.001
corticosteroids Medium dosage 152 58 (38.2)
Large dosage 192 106 (55.2)
Pulse therapy 24 20 (83.3)
Diabetes mellitus Yes 107 55 (51.4) 0.210
No 131 139(44.4)
Hypertension Yes 142 80(56.3) 0.003
No 278 114(41.0)
Metabolic Yes 122 66(54.0) 0.038
syndrome No 298 128(43.0)
Kidney involvement Yes 176 102(58.0) <0.001
No 244 92(37.7)
Hematologic Yes 188 91(48.4) 0413
system involvement No 232 103(44.4)
Nervous system Yes 53 24(45.3) 0.887
involvement No 367 170(46.3)
Digestive system Yes 38 25(65.8) 0.011
involvement No 382 169(44.2)
Lesion of Yes 68 29(42.6) 0.522
Pulmonary No 352 165(46.9)
(Continued)
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Table 2 (Continued).

Variance Categories N | Malnutrition | P-value
[n ()]
Impaired liver Yes 95 48(50.5) 0.335
function No 325 146(44.9)
Arthritis Yes 75 29(38.7) 0.149
No 345 165(47.8)
Plasmacytitis Yes 37 22(59.5) 0.090
No 383 172(44.9)
Infection Yes 184 102(55.4) 0.001
No 236 92(39.0)
Fever Yes 148 78(52.7) 0.216
No 272 116(42.6)
Vitamin D Yes 93 47(50.5) 0.341
deficiency No 327 147(45.0)

Note: The bolded p-values in the table indicate that the difference between the two groups is statistically significant (p <
0.05).
Abbreviations: PSQI, Pittsburgh Sleep Quality Index, SLEDAI, SLE Disease Activity Index.

Comparison of Biochemical Markers

The patients were divided into normal nutrition and malnutrition groups based on their ALB levels. The analysis revealed several
significant differences between these two groups detailed in Table 3. Specifically, patients in the malnutrition group exhibited
significantly different leukocyte and lymphocyte counts, hemoglobin levels, and concentrations of blood potassium, sodium,
chloride compared urea nitrogen, complement C3, complement C4, erythrocyte sedimentation rates, C-reactive protein levels,
triglyceride levels, and high-density lipoprotein levels to those in the normal nutrition group (P < 0.05). On the other hand, no
statistically significant differences were observed between the two groups for creatinine, total cholesterol, or low-density
lipoprotein levels (P > 0.05).

Table 3 Comparison of Biochemical Markers in SLE Patients [M (P25, P75)]

Variance Normal Nutrition Malnutrition P-value
Group (n=226) Group (n=194)
Leukocyte count 4.34 (3.27,6.38) 5.50 (3.66,8.22) 0.001
Lymphocyte count 1.20 (0.87,1.72) 0.88 (0.62,1.45) < 0.001
Hemoglobin 127.0 (110.0,140.0) 105.5 (85.0,117.0) < 0.001
Blood potassium 3.78 (3.54,3.97) 3.83 (3.55,4.17) 0.036
Blood sodium 140.8 (139.4,142.6) 140.3 (138.2,141.8) < 0.001
Blood chlorine 107.4 (105.6,109.0) 108.9 (106.5,111.9) < 0.001
Uric acid 4.98 (4.06,6.11) 6.24 (4.48,8.93) < 0.001
Creatinine 51.05 (43.20,60.70) 55.75 (41.10,72.30) 0.057
Complement C3 0.84 (0.67,1.02) 0.58 (0.38,0.72) < 0.001
Complement C4 0.148 (0.085,0.205) 0.0915 (0.055,0.152) < 0.001
Erythrocyte sedimentation rate 8.00 (3.00,19.00) 26.0(12.00,54.00) < 0.001
C-reactive protein 0.82 (0.31,3.97) 3.39(0.87,9.10) < 0.001
Triglycerides 1.34 (1.04,1.67) 1.52(1.05,2.51) 0.003
Total cholesterol 3.68 (2.96,4.35) 3.78(2.98,4.78) 0.140
High density lipoprotein 1.52 (1.05,2.30) 1.25(0.92,1.90) 0.005
Low density lipoprotein 2.35 (1.90,2.91) 2.51(1.89,3.00) 0.095

Note: The bolded p-values in the table indicate that the difference between the two groups is statistically significant (p < 0.05).
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Multivariate Analysis of Malnutrition
The results revealed that several factors significantly affect the nutritional status of SLE patients. These factors include

monthly household income, sleep quality, renal involvement, disease activity, leukocyte count, lymphocyte count,

hemoglobin level, and levels of complement C3 and C4. These findings, detailed in Table 4.

Table 4 Logistic Regression Analysis of Factors Associated with Malnutrition in SLE Patients

Variance Regression coefficient | Standard error | Wald y* | P value | OR value 95% CI
1.2 9.611 1.358 0.244 73,155.301

Educational level
Middle school —0.764 0.446 2931 0.087 0.466 0.194 | 1.117
High school/vocational education —0.674 0.491 1.885 0.170 0.509 0.195 | 1.334
Diploma/Bachelor’s degree or higher —0.042 0.458 0.008 0.928 0.959 0.391 | 2.356
Monthly household income
3,000-4,999 yuan —0.487 0.396 1.512 0.219 0.615 0.283 | 1.335
25000 —1.653 0.431 14.731 <0.001 0.192 0.082 | 0.445
Sleep quality
Sleep well —0.267 0.384 0.484 0.487 0.766 0.361 1.626
Sleep disorder 0.940 0.388 5.849 0.016 2.559 1.195 | 5.479
Course of disease
1-5 years —0.695 0.449 2392 0.122 0.499 0.207 | 1.204
610 years 0.465 0.529 0.773 0.379 1.592 0.565 | 4.488
>10 years —0.464 0.482 0.927 0.336 0.629 0.245 | 1.617
Hypertension 0.403 0.367 1.204 0.273 1.496 0.728 | 3.073
Hyperlipemia —0.100 0.371 0.073 0.788 0.905 0438 | 1.871
Metabolic 0.636 0.390 2.659 0.103 1.888 0.880 | 4.055
syndrome
Kidney 1.451 0.534 7.386 0.007 4.269 1.499 | 12.158
involvement
Digestive System Involvement 0.545 0.344 2517 0.113 1.725 0.880 | 3.384
Infections 0.16 0.319 0.132 0.716 1.123 0.600 | 2.101
Disease Activity
Light activity 0.358 0.476 0.564 0.452 1.430 0.563 | 3.634
Moderate activity 0.460 0.481 0912 0.340 1.584 0.616 | 4.068
Heavy activity 1.009 0513 3.870 0.049 2.743 1.004 | 7.498
Dose of hormone therapy
Medium dose 0.902 0.599 2.261 0.133 2.463 0.761 | 7.977
High dose 0.262 0.64 0.167 0.683 1.299 0.371 | 4.554
Pulse therapy 1.049 1.042 1.015 0.314 2.856 0.371 | 22.007
Leukocyte count 0.455 0.080 32.084 <0.001 1.576 1.347 | 1.845
Lymphocyte count —0.935 0.322 8410 0.004 0.393 0.209 | 0.739
Hemoglobin —0.029 0.009 10.024 0.002 0.972 0.955 | 0.989
Blood potassium —0.295 0.474 0.388 0.533 0.744 0.294 | 1.885
Blood sodium —0.147 0.078 3.572 0.059 0.863 0.741 1.005
Blood chloride 0.094 0.057 2.689 o.101 1.098 0.982 | 1.229
Urea nitrogen —0.034 0.05 0.475 0.490 0.966 0.877 | 1.065
Complement C3 —-0.220 0.497 0.196 <0.001 0.802 0.303 | 2.125
Complement C4 —0.914 0.383 0.691 0.001 0.493 0.160 | 1.149
Erythrocyte sedimentation rate 0.013 0.007 3.499 0.061 1.014 0.999 | 1.028
C-reactive protein 0.019 0.016 1.364 0.243 1.019 0.987 | 1.051
Triglyceride 0.369 0.625 0.350 0.554 1.447 0425 | 4.921
High-density —0.021 0.209 0.010 0.921 0.980 0.650 | 1.476
lipoprotein (HDL)

Journal of Inflammation Research 2024:17 https: 8897

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xia et al Dove

Construction of the Risk Prediction Model and Nomogram

Based on the results of the binary logistic regression analysis, a risk prediction model for malnutrition was established as
follows: logit P=11.2—1.653x (monthly family income>5000 yuan) +0.940% (sleep disorders) +1.451% (renal involve-
ment) +1.009x% (severe disease activity) +0.455x (leukocyte count) —0.935% (lymphocyte count) —0.029x(hemoglobin)
—0.220x (complement C3) —0.914x (complement C4).

The nomogram is shown in Figure 1. The nomogram model indicates the following scoring system: monthly family
income <5000 yuan is assigned 0 points, while monthly family income <3000 yuan is assigned 22.5 points; good sleep
quality is assigned O points, while sleep disorders are assigned 20 points; no renal involvement is assigned 0 points, while
renal involvement is assigned 10 points; minimal disease activity is assigned 0 points, while severe disease activity is
assigned 20 points; for leukocyte count, 0x10°/L is assigned 0 points, with an additional 10 points for every increase of
2x10°/L; for lymphocyte count, 3.5x10°/L is assigned 0 points, with an additional 7.5 points for every decrease of
0.5x10°/L; for hemoglobin, 180 g/L is assigned 0 points, with an additional 5 points for every decrease of 10 g/L; for
complement C3, 2 g/L is assigned 0 points, with an additional 7.5 points for every decrease of 0.2 g/L; for complement
C4, 1.2 g/L is assigned 0 points. Each variable corresponds to a point on the nomogram variable axis. Each variable
corresponds to a point on the variable axis of the nomogram. A vertical line was drawn from this point to the scoring
scale to obtain the score for that variable. The scores of all variables are summed to obtain the total score. The total score
corresponds to a point on the malnutrition risk axis, which represents the patient’s risk of developing malnutrition.

Validation of the Risk Prediction Nomogram Model

The area under the ROC curve was 0.895 (95% CI: 0.823-0.840), with an optimal cutoff value of 0.370. The sensitivity
and specificity were 0.907 and 0.827, respectively, indicating good differentiation ability of the model, as shown in
Figure 2. The Hosmer-Lemeshow goodness-of-fit test yielded y2=10.779, P=0.215, suggesting a good fit of the model.
The consistency index (C-index) of the model was 0.895, with a standard deviation of 0.031. The bootstrap resampling
method was used to resample the data 1000 times. The calibration curve is a straight line with a slope close to 1,
indicating that the nomogram model predicts the incidence of malnutrition in SLE patients with good consistency with
the actual results. This demonstrates that the model has good calibration ability, as shown in Figure 3.

0 10 20 30 40 50 60 70 80 90 100
Points L L L L L L L L L L '
3000-4999
Monthly household income (yuan) r + d
>=5000 <3000
Average sleep
Sleep quality
Sleep well Sleep disorders
Yes
Renal involvement —
No
Light Severe

Disease activity
Inactive  Moderate

Leukocyte count (x10%L) T : : : : r r r r |

Lymphocyte count (x10°L) T r T T T T T

Hemoglobin level (g/L)

r T T T T T T T T
180 170 160 150 140 130 120 110 100 90 80 70 60 50

Complement C3 (g/L) T T T T T T T T T T )
2 1.8 1.6 1.4 1.2 1 0.8 0.6 0.4 0.2 0

Complement C4 (g/L)

T T T T T T T T T T T T 1
12 11 1 09 08 07 06 05 04 03 02 01 O

Total Points r T T T T T T 1
0 50 100 150 200 250 300 350

Risk of malnutrition
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Figure | Nomogram Model for Predicting Malnutrition Risk in SLE Patients. Each variable on the nomogram corresponds to a point on the variable axis. A vertical line
drawn from this point to the scoring scale provides the score for that variable. Summing the scores yields a total score, which indicates the patient’s risk of malnutrition on
the malnutrition risk axis.
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o —
-
o _|
o
=
5 o |
g o
<]
o
© <
2 o
[}
<
N Ideal
o g —— Logistic calibration
Nonparametric
o U |I|h|.|||l.|||I.|I|||I.|.||||I|||||.IIII|I|I.II||||||.|II|II.II|||||||I||‘I|||“||.‘

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Predicted Probability

Figure 3 Calibration Curve of the Nomogram Model for Predicting Malnutrition in SLE Patients. This calibration curve illustrates the model’s strong calibration ability. The
bootstrap method involved resampling the dataset with replacement 1,000 times to generate multiple simulated samples.

Discussion

Our investigation demonstrated that 46.2% of the population suffers from malnutrition. Wu et al reported a 47.5%
prevalence of malnutrition in hospitalized SLE patients aged >11 years using the Global Nutrition Leadership Initiative
evaluation, closely aligning with our findings.'® Similarly, Ruan et al reported a 46.5% malnutrition rate in hospitalized
SLE patients aged >11 years according to BML'® The slight discrepancies between these studies may be attributed to
variations in sample selection and the different nutritional assessment tools used. This research indicated that the
nutritional status of SLE patients is unpromising.
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The study revealed a significant prevalence of overweight and obesity among SLE patients, reaching 42.4%. This
finding aligns with findings from various studies conducted globally. Borges et al reported that 35.3% of SLE outpatient
were overweight, with 27.7% obese in Brazil.”® Pocovi et al reported that 43.48% of stable outpatient SLE patients were
either overweight or obese in Spain.?' Meza et al observed similar trends in Mexico, with 38.46% of SLE patients being
overweight and 31.54% being obese.** Petri¢ et al noted an average BMI of 24.1 kg/m? among remission SLE patients in
Germany, indicating overweight status.”> Malnutrition in SLE patients can manifest differently from that in general
patients. While low protein levels are a common manifestation of malnutrition, SLE patients may also experience obesity
and overweight at the same time. This phenomenon may be attributed to the complex pathophysiological processes in
SLE, including chronic inflammation, medication effects, and immune dysregulation. The inflammatory response
involves the production of proinflammatory cytokines such as interleukin-1 (IL-1) and interleukin-6 (IL-6) by the
body in response to stimulation by inflammatory substances. This leads to abnormal synthesis of acute phase response
proteins by liver cells, resulting in elevated levels of C-reactive protein (CRP) and decreased levels of ALB, prealbumin,
and transferrin. This exacerbates the systemic inflammatory response, leading to increased metabolic levels and energy
expenditure in the body.24 The long-term use of corticosteroids can promote the hypertrophy of adipocytes and increase
adipogenesis by stimulating the differentiation of preadipocytes into mature adipocytes, leading to lipid metabolism
disorders, increased visceral fat, and central obesity.”> Both innate and adaptive immune mechanisms are involved in the
development of SLE, which leads to the activation of multiple cell types, inflammatory cascades, complex immunolo-
gical networks and eventually end-organ tissue damage.’® This highlights the need for comprehensive nutritional
assessment and management in SLE patients, taking into account the multifactorial nature of malnutrition in this
population.

Furthermore, our study revealed that up to 29.0% of patients met the criteria for metabolic syndrome (MetS)
according to the International Diabetes Federation’s specific criteria for Asian populations.?” Additionally, 15.7% of
patients with low ALB levels were found to have comorbid MetS. The exact etiology underlying the association between
SLE and MetS is not fully understood. However, several factors may contribute to the development of MetS in patients
with SLE. First, SLE is characterized by dysregulated immune responses and chronic inflammation, resulting in insulin
resistance, dyslipidemia, and hypertension, which are all key components of MetS. Inflammatory cytokines such as tumor
necrosis factor-alpha (TNF-a), IL-6, and IL-1 produced in patients with SLE disrupt insulin signaling pathways, impair
glucose metabolism, and promote dyslipidemia.”®*° Additionally, both SLE and MetS have strong genetic components,
with shared genetic factors predisposing individuals to develop both conditions.***' The medications used to manage
SLE, such as corticosteroids and immunosuppressants, can affect metabolic parameters. Long-term use of corticosteroid
results in insulin resistance and lipid metabolism disorders, ultimately leading to central obesity, a feature of MetS. Last,
lifestyle factors such as sedentary behavior and unhealthy dietary habits exacerbate metabolic risk factors.’> These
multifaceted factors collectively contribute to the complex interplay between SLE and MetS.*?

High monthly household income (=5000 RMB) was identified as a protective factor against malnutrition in SLE
patients (P < 0.001, OR=0.192), which aligns with studies by Versini and Sumner.>**> The treatment of SLE requires
regular hospital visits and long-term medication regimens that impose significant financial burdens on families,
potentially leading to impoverishment or the recurrence of poverty. Financial constraints can lead to poor compliance
with long-term management, as patients may prioritize short-term treatment outcomes and overlook relative health risks
of malnutrition.

Sleep disorders emerged as a significant risk factor for malnutrition in SLE patients (P=0.016, OR=2.559), consistent
with findings by Mirbagher et al, emphasizing the role of prolonged sleep disorders in contributing to malnutrition in
individuals with SLE.*® Sleep plays a pivotal role in regulating overall health, and studies have indicated a close
relationship between sleep quality and various aspects of physical and mental well-being.*” Adequate sleep promotes
immune function, whereas sleep disturbances can lead to decreased levels of certain immunoglobulins, complement
components, and T lymphocyte subsets, compromising immune competence, increasing susceptibility to infections, and
impeding nutrient absorption and disease recovery.>® Furthermore, sleep disorders disrupt immune responses, imbalanced
proinflammatory and anti-inflammatory cytokines, heightened inflammatory responses, and increased energy expendi-

ture, consequently leading to malnutrition.**-*°
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Renal involvement was another significant risk factor for malnutrition in SLE patients (P = 0.007, OR = 4.269)
indicated in this study. Chronic or acute inflammatory responses may compromise the glomerular filtration barrier,
inducing significant proteinuria. Excess loss of urinary protein reduces plasma colloid osmotic pressure, stimulating
hepatocyte synthesis of albumin and increasing lipoprotein synthesis, resulting in hyperlipidemia.*® Furthermore, patients
with renal involvement experience abnormal protein metabolism with reduced protein synthesis and absorption, leading
to an altered distribution of proteins in the body.” Patients with renal involvement often develop damage to blood vessel
walls and tissues, leading to significant protein loss. These factors could all result in malnutrition and weakened immune
responses, making patients highly susceptible to infections.*'**

Severe disease activity was identified as a determinant of malnutrition in SLE patients (P = 0.049, OR = 2.743),
consistent with previous research. The heightened disease activity in SLE patients may lead to increased vulnerability to
infections and an increase in inflammatory reactions. Inflammatory processes may reduce the synthesis rate of albumin
while simultaneously increasing metabolic rate. Consequently, the concentration of ALB decreases, potentially resulting
in malnutrition.?' This interplay between disease activity, susceptibility to infections, inflammation, and altered protein
metabolism underscores the complex relationship between SLE and nutritional status, highlighting the importance of
comprehensive management strategies for SLE patients.*’

The correlation between decreased hemoglobin levels and malnutrition in SLE patients was confirmed by the present
study (P = 0.002, OR = 0.972), consistent with the findings of Wu et al.'"® A reduced hemoglobin content may hinder iron
binding and transport functions, exacerbating malnutrition in patients with SLE. Anemia is one of the most common
clinical manifestations of SLE, and the cytokines tumor necrosis factor-a, interferon-y, IL-1, and IL-6 secreted by T cells
and macrophages in patients with SLE are the main causes of anemia in SLE patients. These cytokines activate the
complement system, leading to inflammatory responses in the body. Proinflammatory cytokines can interfere with
erythropoiesis-stimulating factors, affect iron metabolism, and thus inhibit compensatory bone marrow responses.**

Elevated leukocyte count (P<0.001, OR=1.576) and decreased lymphocyte count (P=0.004, OR=0.393) are risk
factors for malnutrition in SLE patients. Elevated leukocyte counts in SLE patients are often associated with
infections.*>**® Following infection, the body enters a state of stress, exacerbating inflammatory responses and leading
to metabolic disturbances and increased consumption. This stress response may also diminish appetite and reduce food
intake, thereby negatively affecting the body’s nutritional balance.*’ Additionally, a decreased lymphocyte count in SLE
patients indicates increased disease activity and inflammatory responses.*® The confluence of these factors creates
a vicious cycle: elevated circulating cytokines trigger the activation of protein breakdown metabolism, resulting in
weight loss and ultimately culminating in malnutrition. This cascade of events underscores the intricate interplay between
inflammatory processes, metabolic disturbances, and nutritional status in individuals with SLE.*’ Addressing these
interconnected pathways is paramount in breaking this cycle and mitigating the adverse effects on patients’ health and
well-being.

Decreased levels of complement C3 (P<0.001, OR=0.802) and complement C4 (P=0.001, OR=0.493) were notable
risk factors for malnutrition in SLE patients. This phenomenon might be linked to the heightened disease activity in
patients with SLE. Complement proteins, which are essentially proteins found in both serum and tissue fluids, exhibit
enzymatic activity upon activation and play a role in mediating immune responses and inflammation.’® In instances of
increased disease activity and infections in SLE, substantial amounts of immune complexes are deposited in tissue
organs. This prompts the activation of the complement system through the alternative pathway to clear these immune
complexes, leading to significant depletion of complement C3 and C4 and their deposition on the skin’s basement
membrane.”' Furthermore, complement synthesis primarily occurs in the liver, and when the liver is affected by SLE, its
capacity to synthesize proteins diminishes, resulting in decreased synthesis of complement C3 and C4.>

The fit of the nomogram model was evaluated using the Hosmer—Lemeshow test for goodness-of-fit, which indicated
no statistically significant differences, suggesting strong agreement between the model’s predictions and the observed
incidence of malnutrition. ROC curve analysis was utilized to evaluate the predictive performance of the model. The
results revealed an area under the curve of 0.895, with an optimal cutoff value of 0.370. Interestingly, the model
demonstrated a sensitivity of 90.7% and a specificity of 82.7%, indicating favorable sensitivity and specificity. A cutoff
value >0.370 suggests a high probability of malnutrition in patients, highlighting the need for healthcare professionals to

Journal of Inflammation Research 2024:17 hetps: 8901

Dove:


https://www.dovepress.com
https://www.dovepress.com

Xia et al Dove

systematically assess disease progression and monitor nutritional status. As the cutoff value approaches 0.370, healthcare
professionals should increase their vigilance, develop proactive nursing strategies, and ensure adequate nutritional
support for patients. Internal validation using the bootstrap method and calculation of the C index demonstrated that
the model’s predictive calibration curve was closely aligned with the ideal curve, indicating the strong predictive ability
and precision of the model. Integrating this risk prediction model into clinical practice could facilitate the early
identification of SLE patients at high risk of malnutrition, allowing for targeted interventions to prevent malnutrition
and improve both quality of life and clinical outcomes.

Strengths and Limitations of the Study

This study offers a comprehensive and insightful exploration of the intricate interplay between malnutrition, inflamma-
tion, and immune dysregulation in patients with systemic lupus erythematosus (SLE. It elucidated several factors—such
as lifestyle, medication use, and comorbidities—that can influence the nutritional status of SLE patients. Furthermore, it
identified both undernutrition and conditions like sarcopenic obesity and metabolic syndrome among these individuals,
underscoring the necessity for thorough nutritional assessments. Collectively, the findings have significant implications
for enhancing nutritional support and immunomodulatory therapies in SLE.

However, this study acknowledges certain limitations. Notably, the risk prediction model has only undergone internal
validation and has yet to be externally validated. A significant factor contributing to this is that many SLE patients
admitted to the hospital presented with concurrent COVID-19 conditions following the easing of restrictions last year,
which hindered the study’s progress. We are currently working on collecting data for external validation to enhance the
robustness of our findings.

Conclusions

Patients with SLE exhibit a heightened incidence of malnutrition, which is influenced by a multitude of
interrelated factors, including socioeconomic status, disease activity, and specific laboratory markers. This study
identified individuals with monthly family incomes less than 3000 yuan (420 USD), sleep disturbances, renal
complications, severe disease activity, elevated leukocyte counts, decreased lymphocyte counts, decreased hemo-
globin levels, and reduced complement C3/C4 levels as high-risk individuals for special monitoring. The devel-
oped malnutrition risk prediction model based on these factors provides a valuable tool for healthcare
professionals to identify at-risk patients and implement targeted nutritional interventions. Given the multifaceted
nature of malnutrition in SLE patients, comprehensive interventions emphasizing prevention and management are
essential for high-risk, high-needed patients. A multimodal approach should be adopted to achieve optimal
outcomes. Integrating the relative management strategies of these findings into clinical practice has the potential
to improve the overall outcomes and quality of life of SLE patients, filling an important gap in the management of

this complex and challenging disease.
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