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Abstract
Objective This study focused on the investigation of the correlation between dietary retinol intake and rheumatoid 
arthritis (RA) using the National Health and Nutrition Examination Survey (NHANES) database.

Methods Data from five NHANES cycles from 2003 to 2012 were utilized for this study. Dietary retinol intake 
was considered as the independent variable, and RA was the dependent variable. A weighted logistic regression 
method was applied to construct the relational model of the two variables. Stratified analysis without adjusting 
for confounding factors and subgroup analysis with confounding factors adjusted were conducted to explore the 
association between dietary retinol intake and RA. The optimal intake of dietary retinol was determined by the 
restricted cubic splines (RCS) analysis.

Results 22,971 samples were included in this study. The weighted logistic regression model was employed to 
construct the relational model of dietary retinol intake and RA (OR: 0.95, 95% CI: 0.91–0.99, p = 0.019). Stratified 
analysis displayed a great influence on the relational model exerted by the interaction between gender and retinol 
intake (p for interaction = 0.014). A significant association between retinol intake and RA was also indicated in the 
model adjusted for demographic characteristics (OR: 0.95, 95% CI: 0.90-1.00, p = 0.029). Subgroup analysis by gender 
showed that in the female population, unadjusted model (OR: 0.90, 95% CI: 0.84–0.96, p = 0.002), model adjusted 
for demographic characteristics only (OR: 0.89, 95% CI: 0.83–0.96, p = 0.002), and model adjusted for all confounding 
factors (OR: 0.91, 95% CI: 0.85–0.99, p = 0.019) indicated dietary retinol intake as a protective factor against RA. RCS 
analysis demonstrated that in the female population, regardless of the model used (Crude, Model I, and Model II), 
an intake of dietary retinol > 354.86 mcg was associated with RA disease reduction (OR < 1.0, p-non-linear < 0.05, 
p-overall < 0.05).

Conclusion Increased dietary retinol intake was associated with RA disease reduction, particularly in the female 
population. Women are recommended to increase their dietary retinol intake (> 354.86 mcg) to reduce the risk of RA.

Keywords Dietary retinol, Rheumatoid arthritis, Logistic regression, Restricted cubic splines, National Health and 
Nutrition Examination Survey
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Introduction
As a systemic autoimmune disease, rheumatoid arthri-
tis (RA) primarily affects the joints, often resulting 
in impaired joint function, restricted movement, and 
even permanent disability [1]. Globally, there were over 
18  million RA patients in 2019, with 1.07  million new 
cases, resulting in 2.43 million years lived with disability 
(YLD) burden. It is projected that by 2040, the number 
of new RA cases worldwide will increase by 1.4-fold [2]. 
Furthermore, RA cannot be cured, and even current first 
and second-line treatment options only provide disease 
control and progression retarding. Once the treatment 
is discontinued, the patient’s autoimmune response may 
relapse or worsen [3]. Additionally, a remarkable propor-
tion of RA patients exhibit inadequate response to medi-
cations, with only 25–40% responding to methotrexate, 
for example [4]. Despite the significant advancements in 
RA treatment facilitated by the introduction of biologics, 
it is noteworthy that approximately two-thirds of patients 
show no response within the first six months of initial 
biologic therapy [5], and at least 12% of patients who 
receive retreatment with biologics still experience treat-
ment failure [6]. Moreover, the increased burden on the 
economy due to RA-related healthcare, hospitalization, 
absenteeism, and work-related disability is substantial 
[7–9]. Therefore, early intervention targeting risk factors 
is crucial in delaying or preventing the onset of RA.

Diet has attracted significant interest among research-
ers as a modifiable factor in RA. Studies have shown 
that with rich antioxidants and anti-inflammatory food 
as content, the Mediterranean diet is welcomed for pre-
venting the occurrence of RA and its complications [10]. 
By comparison, a Western diet with high saturated fatty 
acids in red meat may be linked to an increased risk of 
RA through direct induction of inflammation or indi-
rect facilitation of insulin resistance and body mass 
index (BMI) [11–13]. Retinol, the active form of vita-
min A, must be acquired through the diet and is primar-
ily sourced from foods such as vegetables (carotenoids), 
meat, eggs, and milk [14, 15]. Convincing evidence sug-
gests that retinol, as an antioxidant, exerts anti-inflam-
matory effects by inhibiting the expression of a variety 
of pro-inflammatory cytokines (e.g., TNF-α, IL-6, IL-12) 
to mediate the inflammatory response [14, 16, 17]. Men-
delian randomization studies have displayed a protec-
tive role of higher serum retinol and its metabolite levels 
against RA, while no such association has been found 
with other dietary antioxidants (vitamin C, vitamin E, 
lycopene, etc.) [18, 19]. Overall, there is a close relation-
ship between retinol and RA. However, research on reti-
nol intake guidelines has been lacking.

Therefore, based on the existing knowledge linking 
retinol intake to RA risk, this study aimed to explore the 
relationship between dietary retinol intake and RA using 

the National Health and Nutrition Examination Sur-
vey (NHANES) database from 2003 to 2012, comprising 
five cycles of participant information. A weighted logis-
tic regression model was used to construct the relational 
model of dietary retinol intake and RA. Further analysis 
of the model was conducted by adjusting for confounding 
factors including gender, age, race, BMI, smoking, alcohol 
consumption, diabetes, and hypertension. Additionally, a 
restricted cubic spline (RCS) analysis was employed to 
determine the optimal dietary retinol intake in different 
populations.

Methods
Data source and study population
The NHANES database is a cross-sectional survey in 
the United States that assesses the health and nutri-
tional status of the general population. All participants 
signed written informed consent and the study proto-
col was approved by the Institutional Review Board of 
the National Center for Health Statistics (NCHS). The 
questionnaires and relevant protocols can be found on 
the Centers for Disease Control and Prevention (CDC) 
website (http://www.cdc.gov/nchs/nhanes.htm). In this 
study, we collected data from five cycles of the NHANES 
database, spanning from 2003 to 2012, comprising a total 
of 50,912 individuals. After excluding 7,256 individuals 
with no records of RA diagnosis or dietary retinol intake, 
we obtained a final sample of 43,656 individuals. Subse-
quently, an additional 20,685 individuals with missing 
information on covariates (age, gender, race, BMI, smok-
ing status, alcohol consumption, history of hypertension, 
and history of diabetes) were excluded, resulting in a final 
sample size of 22,971 individuals. Figure 1 displayed the 
criteria for inclusion and exclusion.

Dietary retinol intake
Dietary retinol intake was estimated based on a 24-hour 
dietary recall questionnaire, which assessed the types 
and amounts of food and beverages consumed within 
the 24 h before the interview. The dietary recall was con-
ducted twice for each participant, with the first recall 
recorded at the Mobile Exam Center (MEC) and the sec-
ond recall obtained through a telephone interview con-
ducted 3 to 10 days later. Based on the aforementioned 
dietary recalls, the United States Department of Agri-
culture (USDA) food and nutrient database was used to 
assess the participants’ dietary retinol intake [20, 21]. 
When data from both recalls were available, the average 
was taken. To approximate a normal distribution, the 
dietary retinol intake data were log-transformed, and the 
analysis in this study was performed using the natural 
logarithm of the dietary retinol intake.

http://www.cdc.gov/nchs/nhanes.htm
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RA
In NHANES, the following sequential questions were 
used to make an RA diagnosis. If the participant 
responded the question “Doctor ever said you had arthri-
tis?” with “yes”, and the question “Which type of arthri-
tis?” or “Which type of arthritis was it?” with “RA”, they 
were diagnosed as having RA [22, 23].

Covariates
This study included several confounding factors related 
to dietary retinol intake and RA, including demographic 
characteristics (age, gender, and race), as well as BMI, 
alcohol consumption, smoking status, history of hyper-
tension, and history of diabetes. In terms of age, three 
groups, 20–45 years, 45–69 years, and 69 years and 
older, were grouped [24]. Race was classified as Mexi-
can American, non-Hispanic white, non-Hispanic black, 
other Hispanic, and other race. BMI categories were 
defined as ≤ 25 kg/m², 25–30 kg/m², and > 30 kg/m² [25]. 
Alcohol consumption was assessed based on question-
naire information indicating whether the individual con-
sumed the equivalent of 12 ounces of beer, 5 ounces of 
wine, or 1.5 ounces of spirits in a year. In the NHANES 
questionnaire, participants who responded “every day” or 

“some days” to the question “Do you currently smoke?” 
were placed into “current smokers” group, and those who 
answered “Smoked at least 100 cigarettes in life” were 
placed into “former smokers” group and other responses 
were placed into “never smoked” group [26]. The sta-
tus of diabetes was determined based on the NHANES 
questionnaire responses, with individuals meeting any of 
the following criteria considered to have diabetes: being 
informed by a doctor about having diabetes, currently 
taking antidiabetic medications, having a glycated hemo-
globin level > 6.5%, or having a fasting blood glucose 
level > 126  mg/dL [27]. Hypertension status was deter-
mined based on the NHANES questionnaire responses, 
with individuals meeting any of the following criteria 
considered to have hypertension: being informed by a 
doctor about having hypertension, being informed about 
taking prescription medication for hypertension, cur-
rently taking prescription medication for hypertension, 
or having an average systolic blood pressure ≥ 130 mmHg 
or diastolic blood pressure ≥ 80 mmHg in examination 
[28].

Fig. 1 Inclusion and Exclusion Flow Chart of NHANES Participants from 2003 to 2012
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Statistical analysis
Data processing and analysis in this study were per-
formed using the tableone package and the survey pack-
age in R software (v 4.2.1). Firstly, the baseline tables were 
generated using the tableone package to display the over-
all distribution of participant characteristics and the dis-
tribution of features stratified by the presence or absence 
of RA. Sample size and proportions were used to display 
categorical variables, whereas mean and standard devia-
tion (sd) were used to show continuous variables. Sample 
size (n) was unweighted, proportions (%), mean, and sd 
were weighted. Secondly, the survey package was used to 
construct weighted logistic regression models of dietary 
retinol intake and RA to conduct stratified analysis. By 

adjusting for confounding factors, chi-square tests were 
employed to calculate the interaction p-values of dietary 
retinol intake and confounding factors. Subgroup analy-
ses were conducted for confounding factors with signifi-
cant interaction p-values. Three models were constructed 
in this study by adjusting for different confounding fac-
tors: Crude model (unadjusted for any confounding fac-
tors), Model I (adjusted for age, gender, and race), and 
Model II (adjusted for age, gender, race, BMI, smoking 
status, alcohol consumption, diabetes, and hyperten-
sion). The regression relationship model between dietary 
retinol intake and RA was expressed as odds ratios (ORs) 
with 95% confidence intervals (CIs), where p < 0.05 sug-
gested statistical significance.

Linear regression is often used to determine the rela-
tionship between independent and dependent variables 
in clinical trials. However, this linear relationship is not 
always easy to satisfy, especially when the independent 
variable is continuous. Converting continuous variables 
into categorical variables based on certain cutoff points 
can explore unknown nonlinear relationships. Restricted 
cubic spline (RCS) analysis, as a smoothing function, is 
well-suited for nonlinear relationships and preserves 
independent local structures. It is commonly used to 
handle nonlinear relationships between continuous vari-
ables and the dependent variable, and it can identify key 
points [29]. In this study, RCS was used to explore the 
optimal intake level of dietary retinol stratified by gender 
in different models.

Results
Baseline characteristics
As demonstrated by Tables  1, 22 and 971 participants 
participated in this study, with males accounting for 
48.6% and females accounting for 51.4%. The population 
aged 20–45 years accounted for 49.7%, and non-Hispanic 
white individuals accounted for 70.4%. Among the partic-
ipants, 4.1% were diagnosed with RA. The clinical char-
acteristics of the participants stratified by the presence 
or absence of RA were presented in Table  2, indicating 
remarkable differences in gender, age, race, BMI, alcohol 
consumption, smoking status, hypertension, and diabe-
tes (p < 0.05). The majority of RA patients were female 
(58.5%), aged 45–69 years (58.0%), non-Hispanic white 
(68.4%), obese (45.8%), had a history of alcohol consump-
tion (70.1%) and smoking (63.4%), and had hypertension 
(68.6%) but no diabetes (76.5%). Furthermore, the dietary 
retinol intake of RA patients was considerably lower than 
that of non-RA individuals (405.00  mg vs. 441.26 mg, 
p < 0.05).

Association between dietary Retinol Intake and RA
In the weighted logistic regression model without adjust-
ing for confounding factors, the results shown in Table 3 

Table 1 Baseline characteristics distribution of participants
Characteristics N (%) / Mean ± SD
Overall 22,971
Gender (%)
 Female 11,656 (51.4)
 Male 11,315 (48.6)
Age (%)
 20–45 10,269 (49.7)
 45–69 8636 (38.8)
 ≥69 4066 (11.5)
Race (%)
 Mexican American 3886 (8.2)
 Other Hispanic 1759 (4.4)
 Non-Hispanic White 11,076 (70.4)
 Non-Hispanic Black 4826 (11.4)
 Other race 1424 (5.7)
BMI (%)
 ≤25 6822 (32.2)
 25–30 7836 (33.6)
 >30 8313 (34.2)
Alcohol intake (%)
 No 6600 (23.9)
 Yes 16,371 (76.1)
Smoke (%)
 Never smoked 12,143 (52.6)
 Former smoker 5833 (24.7)
 Current smoker 4995 (22.7)
Diabetes (%)
 No 19,564 (89.5)
 Yes 3407 (10.5)
Hypertension (%)
 No 10,759 (50.8)
 Yes 12,212 (49.2)
Retinol (mg) 439.78 (451.88)
Log Retinol (mg) 5.76 (1.08)
RA (%)
 No 21,756 (95.9)
 Yes 1215 (4.1)
Note: n (%) represents the categorical variable and mean (sd) represents the 
continuous variable. n is unweighted; n (%), mean and sd are weighted



Page 5 of 9Ni et al. BMC Public Health         (2024) 24:2167 

indicated that an increase in retinol intake considerably 
reduced the risk of RA (OR: 0.95, 95% CI: 0.91–0.99, 
p = 0.019).

Subgroup analysis
Multivariable weighted logistic regression analysis for 
RA, as presented in Table  4, demonstrated that dietary 
retinol intake increased present negative correlation with 
the incidence of RA in females (OR: 0.90, 95% CI: 0.84–
0.96, p = 0.002), middle-aged individuals (45–69 years) 

(OR: 0.83, 95% CI: 0.87–0.99, p = 0.015), obese indi-
viduals (BMI > 30  kg/m2) (OR: 0.93, 95% CI: 0.87–0.99, 
p = 0.024), non-smokers (OR: 0.90, 95% CI: 0.85–0.96, 
p < 0.001), and diabetes patients (OR: 0.90, 95% CI: 0.82–
0.99, p = 0.024). The interaction p values, adjusting for all 
confounding factors, demonstrated that gender consid-
erably influenced the correlation between dietary reti-
nol intake and the risk of RA (p for interaction = 0.014), 
while other factors did not show remarkable effects (p for 
interaction > 0.05).

The results of the weighted logistic regression models, 
adjusted for various confounding factors, were presented 
in Table  5, indicating that the intake of dietary retinol 
increase presented negative correlation with the inci-
dence of RA. The correlation was remarkable in both our 
Crude model (OR: 0.95, 95% CI: 0.91–0.99, p = 0.019) and 
model I (OR: 0.95, 95% CI: 0.90-1.00, p = 0.029). Subgroup 
analysis revealed consistent associations in females, after 
adjusting for different confounding factors, in the Crude 
model (OR: 0.90, 95% CI: 0.84–0.96, p = 0.002), model 

Table 2 Baseline characteristics distribution of RA and Non-RA 
patients
Characteristics Non-RA RA p-value
Overall 21,756 1215
Gender (%) 0.003
 Female 10,952 (51.1) 704 (58.5)
 Male 10,804 (48.9) 511 (41.5)
Age (%) < 0.001
 20–45 10,089 (51.0) 180 (19.3)
 45–69 7967 (38.0) 669 (58.0)
 ≥69 3700 (11.0) 366 (22.7)
Race (%) < 0.001
 Mexican American 3714 (8.3) 172 (5.6)
 Other Hispanic 1670 (4.4) 89 (4.0)
 Non-Hispanic White 10,534 (70.4) 542 (68.4)
 Non-Hispanic Black 4457 (11.1) 369 (17.0)
 Other race 1381 (5.7) 43 (5.0)
BMI (%) < 0.001
 ≤25 6532 (32.4) 290 (26.8)
 25–30 7478 (33.9) 358 (27.4)
 >30 7746 (33.7) 567 (45.8)
Alcohol intake (%) 0.001
 No 6187 (23.6) 413 (29.9)
 Yes 15,569 (76.4) 802 (70.1)
Smoke (%) < 0.001
 Never smoked 11,624 (53.2) 519 (36.6)
 Former smoker 5436 (24.3) 397 (34.0)
 Current smoker 4696 (22.4) 299 (29.4)
Diabetes (%) < 0.001
 No 18,705 (90.1) 859 (76.5)
 Yes 3051 (9.9) 356 (23.5)
Hypertension (%) < 0.001
 No 10,427 (51.6) 332 (31.4)
 Yes 11,329 (48.4) 883 (68.6)
Retinol (mean (SD)) 441.26 (454.68) 405.00 (378.37) 0.007
Log Retinol(mean(SD)) 5.76 (1.08) 5.68 (1.00) 0.04
Note: n (%) represents the categorical variable and mean (sd) represents the 
continuous variable. n is unweighted; n (%), mean and sd are weighted

Table 3 The Relational Model of Dietary Retinol Intake and RA 
based on weighted logistic regression
Characteristic OR 95%CI p-value
Log Retinol (mg) 0.95 0.91–0.99 0.019
Note: No adjustment for any confounding factors

Table 4 Stratified analysis of multi-confounding factors
Participants OR 95%CI1 p-value p for interaction
Gender 0.014
 Female 0.90 0.84–0.96 0.002
 Male 1.04 0.94–1.15 0.400
Age 0.580
 20–45 0.96 0.88–1.04 0.300
 45–69 0.83 0.87–0.99 0.015
 ≥69 0.84 0.69–1.01 0.064
Race 0.766
 Mexican American 0.98 0.82–1.17 0.800
 Other Hispanic 0.89 0.76–1.04 0.140
 Non-Hispanic White 0.95 0.90–1.01 0.110
 Non-Hispanic Black 0.96 0.90–1.03 0.200
 Other race 0.94 0.77–1.15 0.600
BMI 0.608
 ≤25 0.95 0.89–1.02 0.200
 25–30 0.98 0.88–1.10 0.700
 >30 0.93 0.87–0.99 0.024
Alcohol intake 0.554
 No 0.95 0.88–1.02 0.140
 Yes 0.95 0.90–1.01 0.091
Smoke 0.074
 Never smoked 0.90 0.85–0.96 < 0.001
 Former smoker 0.92 0.81–1.05 0.200
 Current smoker 1.04 0.94–1.15 0.400
Diabetes 0.558
 No 0.96 0.91–1.01 0.130
 Yes 0.90 0.82–0.99 0.024
Hypertension 0.616
 No 0.95 0.90–1.01 0.088
 Yes 0.94 0.87–1.02 0.120
Note: Interaction p value adjusting for gender, age, race, BMI, smoking, alcohol 
consumption, diabetes, and hypertension
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I (OR: 0.89, 95% CI: 0.83–0.96, p = 0.002), and model II 
(OR: 0.91, 95% CI: 0.85–0.99, p = 0.019). These findings 
indicated that increased dietary retinol intake was associ-
ated with a reduced risk of RA in female.

RCS analysis
Based on the results from the previous section, we con-
ducted RCS analysis on the five statistically significant 

models (Crude-all, Crude-female, model I-all, model 
I-female, and model II-female) to explore the opti-
mal dietary retinol intake for RA prevention in differ-
ent populations (Fig.  2). The results showed that in the 
unstratified population, regardless of confounding fac-
tor adjustment (Crude, model I), the incidence of RA 
(OR < 1.0) was negatively correlated with the dietary 
retinol intake exceeding 354.86 mcg, but no remarkable 
non-linear association was found (p-non-linear > 0.05) 
(Fig. 2A and B). In the female population, significant non-
linear relationships between the risk of RA and dietary 
retinol intake were observed in all models (Crude, model 
I, and model II) (p-non-linear < 0.05), and the incidence 
of RA (OR < 1.0) was negatively correlated with the 
dietary retinol intake exceeding 354.86 mcg (Fig.  2C, D 
and E).

Discussion
In this cross-sectional study, a negative correlation 
between dietary intake of retinol and the incidence of 
RA in the adult population of the United States was 
observed, with a more pronounced effect in women. 
Moreover, RCS analysis revealed a significant negative 
correlation between the incidence of RA adults with the 

Table 5 Subgroup Analysis and Relational models with different 
confounding factors adjusted
Participants Models OR 95% CI p-value
All participants Crude 0.95 0.91–0.99 0.019

model I 0.95 0.90-1.00 0.029
model II 0.96 0.91–1.02 0.200

Gender
Male Crude 1.04 0.94–1.15 0.400

model I 1.03 0.93–1.14 0.600
model II 1.06 0.94–1.19 0.400

Female Crude 0.90 0.84–0.96 0.002
model I 0.89 0.83–0.96 0.002
model II 0.91 0.85–0.99 0.019

Note: Crude is not adjusted; Model 1 adjusts for age, gender, and race; Model 2 
adjusts for age, gender, race, BMI, smoking, alcohol consumption, diabetes, and 
high blood pressure

Fig. 2 RCS Analysis. A. Crude-all; B. Model I-all; C. Crude-female; D. Model I-female; E. Model II-female
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dietary retinol intake exceeding 354.86 mcg. Our study 
could provide potential novel dietary guidance for RA 
prevention and treatment.

Although the etiology of RA remains unclear, a lot of 
studies have suggested that the pathogenesis of RA is 
complex. It is characterized by an imbalance between 
osteoblasts and osteoclasts, excessive growth of synovial 
cells, and impaired immune cell function at the cellular 
level [30]. The inflammatory arthritis of RA is activated 
and sustained by intricate interplays among different 
dendritic cell (DC) subsets, fibroblasts, osteoclasts, B 
cells, T cells, neutrophils, and macrophages [31]. Inflam-
matory cytokines such as TNF-α, Th17, and IFN-γ can 
also contribute to RA [32–34]. As an antioxidant, retinol 
can inhibit or treat cellular damage induced by oxidative 
stress and impede the development of various chronic 
diseases, including RA, induced by endogenous oxidative 
stress. [35]. Furthermore, retinol undergoes metabolism 
in the body, and its metabolites can, for one thing, bind 
to nuclear receptors to reduce inflammatory mediators, 
such as cytokines and chemokines, thereby attenuating 
the inflammatory response [36, 37]. For another, retinol 
metabolites can influence the differentiation of immune 
cells, such as T cells and B cells, and promote the genera-
tion of regulatory T cells (Tregs), exerting anti-inflamma-
tory and immune tolerance-maintaining effects, which 
may alleviate the autoimmune processes involved in RA 
[36, 38]. In addition to immune modulation, retinol also 
affects the activity of osteoblasts and osteoclasts, partici-
pating in the process of bone remodeling [39]. Sufficient 
intake of retinol may contribute to the protection of joint 
structures and the prevention of joint damage in patients 
with RA. The results of this study further confirmed 
that increased dietary retinol intake is associated with a 
reduction in RA incidence.

This study also demonstrated that the negatively cor-
relation between the reduction in the incidence of RA 
and dietary retinol intake is more remarkable in women 
than in men. From an epidemiological perspective, RA 
is more common in women, with a prevalence rate 2 to 
3 times higher than in men [40]. The gender disparity 
in RA may be attributed to the sexual heterogeneity in 
immune responses. The sexual dimorphism in immune 
competence is studied in both innate and adaptive 
immunity [41]. Generally, testosterone has immunosup-
pressive effects, while estrogen has immunoenhancing 
effects on the immune system [42]. Estrogen modulates 
immune responses by reducing the negative selection 
of high-affinity autoreactive B cells, controlling B cell 
function, and resulting in Th2 responses [43, 44]. Early 
studies suggested that females may confer resistance to 
viral infections because of stronger antibody production 
capacity but excessive immune responses in females can 
lead to immune-mediated pathogenesis and autoimmune 

tendencies [42, 45, 46]. Although the current treatment 
for RA is not gender-specific, the gender differences in 
immune responses displayed that treatments tailored to 
gender may be optimal.

The recommended daily intake of retinol varies for dif-
ferent population groups, with 700 mcg/day for adult 
females and 900 mcg/day for adult males, according to 
the National Institutes of Health in the United States 
[47]. However, our research results indicated that females 
only need to consume more than 354.86 mcg to develop 
a significant negative correlation with reduction in RA 
incidence. In other words, as long as females meet the 
daily recommended intake of retinol, they can achieve a 
reduced risk of RA to some extent. However, data statis-
tics show that almost half (52%) of the population in the 
United States does not meet the average retinol require-
ment [48]. The insufficient intake of retinol among the 
population is a key issue. Globally, public health priori-
ties have shifted from nutritional methods to food-based 
methods. These methods offer various social, economic, 
and health benefits, and food can be obtained through-
out the year, either through consumption or other 
means [49]. Bad dietary choices can lead to deficiencies 
in nutrient intake and contribute to malnutrition [50]. 
Considering that liver, egg yolks, and dairy products 
are major sources of dietary retinol [51], increasing the 
consumption of these foods may reduce the risk of RA. 
Additionally, enriching dietary diversity can offer sus-
tainable options for controlling malnutrition [52], which 
should be considered, especially for young populations to 
develop lifelong healthy eating habits.

This study has strengths in using a large sample size 
and multiple cycles, which provides good representa-
tiveness. However, there are also some limitations in this 
study. Firstly, since most of the included data variables 
are based on questionnaire surveys, there may be subjec-
tive information bias, which could introduce recall bias 
and inaccuracies, affecting the accurate estimation of 
dietary retinol intake. Secondly, this study investigates 
the relationship between baseline dietary retinol intake 
data and the development of RA. As chronic disease RA 
typically develops over a long period of time, baseline 
data may not fully reflect changes in participants’ dietary 
habits throughout the entire study period, potentially 
introducing some result biases. Additionally, although 
this study adjusted for some known confounding factors, 
the development of RA is influenced by multiple fac-
tors, and our study cannot comprehensively control for 
all these confounders, which may have some impact on 
the study results. Moreover, this study is a cross-sectional 
study and does not involve time series, therefore, further 
causal analysis cannot be conducted to examine the rela-
tionship between dietary retinol intake and RA.
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In conclusion, among US adults, there is a nega-
tive correlation between dietary retinol intake and RA, 
and women may experience certain benefits when their 
intake exceeds 354.86 mcg. Further prospective trials 
and the inclusion of more diverse confounding factors 
are needed in the future to support our findings and gain 
a more comprehensive understanding of the impact of 
dietary retinol intake on RA risk.
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