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A population-based study from NHANES 1999 to 2018
Jingjing Song, MDa,b, Yujun Zhang, MDa, Ao Li, MDa,c, Jie Peng, MDa,d, Chulin Zhou, MDd, Xifu Cheng, MDb, 
Yang Wu, MDd, Wentao Zhao, MDe, Zhen Zong, PhDf, Rui Wu, PhDa, Hui Li, PhDa,*

Abstract 
Anemia is common in patients with rheumatoid arthritis (RA), and it is unknown whether the dietary inflammatory index (DII) is 
linked to anemia. This study aimed to clarify the prevalence of anemia in RA patients and its association with the DII. The data 
utilized in this study were collected from the National Health and Nutrition Examination Survey database from 1999 to 2018. 
The prevalence of anemia in RA patients was estimated by ethnicity, sex, and age. Weighted multivariate logistic regression was 
utilized to explore the correlation between anemia risk and DII. The most crucial dietary factors related to the risk of anemia in RA 
patients were screened by stepwise regression. A nomogram model was established according to key dietary factors. A total of 
10.25% (confidence interval, 8.58–11.92%) of RA patients will develop anemia, with the lowest prevalence around the age of 60. 
In addition, higher DII levels were discovered in anemic patients than in nonanemic patients. In multivariate regression models, 
an important positive association was revealed between anemia and growing quartiles of DII (Q4 vs Q1: odds ratio = 1.98; 
confidence interval, 1.25–3.15). In the subgroup analysis, the adjusted relation of DII with anemia in females, Mexicans, smokers, 
nondrinkers, and age groups ≥ 60 years was statistically significant. The same association was observed in the sensitivity analysis. 
A nomogram model based on stepwise regression screening of key dietary factors showed good discriminatory power to identify 
anemic risk in RA patients (area under the curve: 0.707). In patients with RA, high DII levels were associated with the risk of 
anemia. More attention should be given to controlling dietary inflammation to better prevent and treat anemia.

Abbreviations: ACD = anemia of chronic disease, BMI = body mass index, CRP = C-reactive protein, DII = dietary inflammatory 
index, Hb = hemoglobin, HEI = healthy eating index, IL-6 = interleukin-6, NHANES = National Health and Nutrition Examination 
Survey, OR = odds ratio, PIR = poverty income ratio, RA = rheumatoid arthritis.
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1. Introduction
Rheumatoid arthritis (RA) is an autoimmune disease character-
ized by persistent synovitis and systemic chronic inflammation. 
Although it mainly targets synovial tissues of joints, it is a sys-
temic disease that can influence multiple systems.[1] Anemia is 
the most common hematological complication in RA patients,[2] 

and it has been reported that the probability of anemia in RA 
patients within 1 year after diagnosis is 5%.[3] Moreover, it has 
a close correlation with an incremental risk of physical disabil-
ity and early death.[4] Anemia not only aggravates joint destruc-
tion and systemic symptoms in patients with RA but is also an 
independent reference factor in determining the prognosis of the 
disease.[5]
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Diet is a controllable factor in the environment that sig-
nificantly influences inflammation and immune function.[6–8] 
Research has shown that dietary intake, particularly anti- 
inflammatory diets, is crucial in managing chronic diseases, 
such as RA,[9,10] anemia,[11] and hypertension.[12] Recent studies 
have reported that many anti-inflammatory food components, 
including n-3 fatty acids,[13] probiotics,[14] and anti-inflammatory  
dietary patterns, including the Mediterranean diet[14] and anti- 
inflammatory portfolio diet,[15] can diminish systemic inflammation  
levels and relieve disease activity. Research indicated that higher 
consumption of propolis can decrease reactive oxygen species 
and interleukin-17 production, leading to decreased inflamma-
tion in patients with RA.[10] A review has shown that high con-
sumption of fish or supplements containing n-3 polyunsaturated 
fatty acids can achieve excellent anti-inflammatory effects and 
should be standard of care along with medication in the treat-
ment of RA patients.[13]

It is believed that the consumption of anti-inflammatory 
foods has effects in regulating systemic inflammation, which 
can affect the risk of anemia in RA patients. This is because 
many studies have found that the development of anemia in 
patients with RA is largely influenced by inflammatory cyto-
kines. These cytokines influence iron metabolism and inhibit 
bone marrow erythropoiesis, which together result in anemia 
in RA patients.[16–19] Interleukin-6 (IL-6) is a broad class of 
inflammatory cytokines that can mediate chronic inflammation- 
induced anemia.[20] It decreases total iron-binding capacity and 
hemoglobin (Hb), whereas it elevates iron-regulatory hormone, 
leading to anemia.[21]

The dietary inflammation index (DII)[22] is a literature-derived 
method to assess the potential inflammatory levels of our daily 
diet. DII has been shown in nutritional epidemiological research 
to correlate with levels of inflammatory and anti-inflammatory 
markers like IL-1β, IL-4, IL-6, IL-10, CRP, and TNF-α, predict-
ing the connection between overall diet and these markers.[23] As 
recently documented in several studies,[11,24] the DII is strongly 
connected with RA and anemia. However, to our knowledge, no 
study has specifically investigated the correlation between DII 
and anemia in RA patients. Although earlier research has high-
lighted the significance of inflammatory cytokines in the patho-
genesis of anemia among RA patients, the relationship between 
DII and anemia in this specific population remains unexplored.

Therefore, our study aims to bridge this knowledge gap 
by examining the association between DII and anemia in 
RA patients. By utilizing data from the National Health and 
Nutrition Examination Survey (NHANES) spanning the years 
1999 to 2018, we conducted a comprehensive population-based 
analysis to investigate this association.

2. Materials and methods

2.1. Study population

NHANES is administered by the National Center for Health 
Statistics, which uses a sophisticated, multistage probability 
sampling method to collect nationally representative health and 
nutrition-related data in the American population. The public 
can obtain information on the design and data of the survey 
at https://www.cdc.gov/nchs/nhanes/ (accessed on July 1st, 
2023). Every 2 years, the continuous data of the NHANES will 
be made available for public use. The Research Ethics Review 
Board of National Center for Health Statistics authorized the 
study protocols for the NHANES, and participants provided 
signed informed permission.

Questionnaires about the medical conditions provided data 
from a personal and self-reported interview that can be utilized 
to acquire the condition of RA. Participants who responded with 
self-reported “RA” were involved in our research. Participants 
who chose “yes” as the answer to the question “Has a doc-
tor ever told you that you have arthritis?” were first selected. 

By selecting those who then chose “Rheumatoid arthritis” in 
response to the question “What kind of arthritis was it?,” we 
were able to identify the RA patients. Initially, 2952 RA patients 
were identified. After removing those who had missing related 
data, 2287 participants were eventually included in our study 
(Fig. 1).

2.2. Measurement of the Hb count and definition of anemia

Blood samples were collected after at least 8 hours of an over-
night fast to evaluate the levels of Hb. Hb is measured in g/dL. 
Procedures for collecting blood biochemical measurements were 
described in detail on the NHANES website.[25] The diagnosis of 
anemia was carried out according to the latest diagnostic cri-
teria specified by the WHO https://www.who.int/publications/i/
item/WHO-NMH-NHD-MNM-11.1.

2.3. Dietary information

The collection of dietary information was conducted by the 
Nutrition Methodology Working Group of the NHANES by 
holding 24-hour dietary recall interviews for participants. 
Similar to previously conducted research, the DII is a scoring 
algorithm that is used to evaluate dietary inflammation levels 
dependent on 28 dietary food components.[26,27] Importantly, 
it is believed that DII scores are still considered reliable even 
when fewer than 30 nutrients are included in the calcula-
tion.[28,29] This index is a literature-derived tool developed by 
analyzing the influence of nutrients on inflammatory biomark-
ers.[30] According to their impact on 6 well-known inflamma-
tory biomarkers (IL-4, IL-6, IL-10, IL-1β, TNF-α, and CRP), 
the inflammatory potential of nutrients is evaluated by scoring 
between ‐1 (anti-inflammatory) and +1 (pro-inflammatory).[31] 
Additionally, FFQ-derived dietary data were specifically 
described by Shivappa et al, and they were used to determine 
DII scores.[32] First, DII was evaluated as a continuous vari-
able. Next, participants were separated evenly into 4 groups 
based on the DII score: low DII (Q1), medium-low DII (Q2),  
medium-high DII (Q3), and high DII (Q4).

The healthy eating index (HEI) was also evaluated in 
our study. It reveals the overall dietary quality by assessing 
the alignment of the diet with the Dietary Guidelines for 
Americans. The HEI ranges from 0 to 100, and the higher 
the score is, the better the quality of the diet.[33] Similarly, the 

Figure 1.  Flow diagram of the screening and enrollment of study participants.
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HEI is also first examined as a continuous variable and then 
grouped into 4 quartiles.

2.4. Covariates

Social demography, health status, and lifestyle factors were 
gathered via questionnaires and interviews. In our analysis, sev-
eral variables from the following major aspects were identified 
as potential confounding factors: (1) baseline information: age, 
sex, and ethnicity (non-Hispanic white, non-Hispanic black, 
Mexican American, others); (2) obesity status: divided by body 
mass index (BMI), thin (BMI < 18.50 kg/m2), normal weight 
(18.5 < BMI < 24.9 kg/m2), overweight (25.0 < BMI < 29.9 kg/
m2), and obesity (≥30 kg/m2); and (3) lifestyle factors: smoking 
status (no and yes) and alcohol status (no and yes), which were 
obtained from questionnaires. The public can acquire informa-
tion in detail at http://www.cdc.gov/nchs/nhanes/.

2.5. Statistical analysis

To derive estimates that applied to the population of the U.S., 
all analyses used weighted samples and took the stratification 
and clustering of the design into account. A 20-year, weight vari-
able sample was established by taking two-tenths of the 4-year 
weight for each individual sampled from 1999 to 2002 and 
one-tenth for the 2-year weight for each person sampled from 
2003 to 2018 to obtain estimates for the entire 20 years. The 
mean ± standard deviation (normal distribution) can be used to 
present continuous variables. Categorical variables are shown 
as the number of participants (weighted percentages). We com-
pared the prevalence of anemia across age ranges and various 
races for both sexes. Furthermore, by using independent t-tests, 
chi-square tests, and Mann–Whitney U tests, we compared 
baseline traits among people with and without anemia. The 
Spearman method was used to study the correlation between the 
DII and HEI. The correlation between anemic risk and DII was 
examined with weighted multivariate logistic regression after 
excluding confounding factors (age, sex, race, smoking status, 
and drinking status). Subgroup analysis, stratified by the above 
confounding factors, aimed to assess the heterogeneity among 
various populations. In the sensitivity analysis, we adjusted for 
antirheumatic medication, family poverty income ratio (PIR), 
and C-reactive protein (CRP) as covariates in weighted multi-
variate logistic regressions to minimize their potential impact on 
the association between the DII and anemia in RA patients.[34–36] 
We carried out stepwise regression and the nomogram model 
to further identify the association between anemia and DII. The 
receiver operating characteristic curve was performed to deter-
mine the discriminatory ability of the nomogram model in iden-
tifying anemic risk.

We calculated 95% confidence intervals (CIs) for all effect 
estimates. R version 4.2.2 software (CRAN team, Vienna, 
Australia) was implemented to carry out statistical analyses. 
Two-sided P < .05 was regarded as statistically significant.

3. Results

3.1. Prevalence of anemia in RA patients among US adults

We estimated the prevalence of anemia in RA patients to be 
approximately 10.25% (95% CI, 8.58–11.92%) by weighting 
the data. Approximately 77,000 individuals in the US suffered 
from both RA and anemia from 1999 to 2018, and females 
were slightly more prevalent than males (11.09%, 95% CI 
8.92–13.27% vs 9.07%, 95% CI 6.87–11.27%). We also found 
that blacks had significantly higher rates of anemia than whites 
and Mexicans across all 5 age groups in the graph, regard-
less of whether they were males or females (Appendix Fig. 1, 
Supplemental Digital Content, http://links.lww.com/MD/M863 

and Appendix Fig. 2, Supplemental Digital Content, http://links.
lww.com/MD/M864). The results among males, blacks, and 
whites showed similar trends in prevalence with age. The results 
among females, blacks, and Mexicans showed similar trends in 
prevalence up to age 70. Regardless of sex, the prevalence of 
anemia was the lowest around the age of 60, and the anemia 
rate rose again after the age of 60. The distribution of anemia 
prevalence was roughly U-shaped and almost V-shaped among 
females.

3.2. Baseline characteristics

Table 1 represents the weighted and comprehensive baseline 
data of participants grouped by anemia status, and notable dif-
ferences in baseline characteristics between anemic and nonane-
mic patients were observed. The average age of anemic patients 
was 60.73 years old (standard deviation = 1.09). Anemia was 
more common among male patients. (63.19% vs 36.81%). 
Moreover, it was highest among whites (46.58%), followed by 
blacks (39.33%), and lowest among Mexicans (5.90%). People 
over the age of 60 were more likely to suffer from anemia 
(56.72%). The occurrence of anemia was significantly related 
to drinking (P = .006) and smoking, but the significance was 
not large (P = .042). Notably, the subjects with anemia had a 
substantially higher DII (2.00 (0.13) vs 1.55 (0.07), P = .004) 
than participants without anemia. Anemic patients were more 
likely to have high DII or higher middle DII. Figure 2 illustrates 
the distribution of HEI and DII among all RA patients and 
the association between HEI and DII. The inverse correlation 
between HEI and DII was demonstrated (R = −0.492; P < .001). 
However, the differences in HEI scores between the anemia 
group and the nonanemia group (P = .214) were not significant. 
Therefore, we speculated that DII may be a better indicator of 
anemia in RA patients because of its potential correlation with 
systemic inflammation.

To investigate the effects of dietary factors on influencing DII 
between anemia and nonanemia patients, scores of each dietary 
component are shown in Table 2. Higher inflammatory scores 
in dietary fibers, vitamin B1, vitamin B2, vitamin B6, vitamin 
D, niacin, magnesium, zinc, selenium, and alcohol and lower 
inflammatory scores in energy, protein, carbohydrate, and vita-
min B12 were found in anemia patients. Iron plays an important 
role in most anemic patients; however, it did not have a signifi-
cant effect on DII scores in RA patients suffering from anemia.

3.3. Association between DII and anemia

3.3.1. Multiple regression model.  We established 3 weighted 
univariate and multivariate regression models: model 1, 
unadjusted; model 2, adjusted for sex, ethnicity, smoking status, 
and drinking status; and model 3, adjusted for sex, ethnicity, 
smoking status, drinking status, age, and BMI (Table 3). With 
increasing DII quartiles (Q4 vs Q1: odds ratio [OR] = 2.16; 
95% CI, 1.36–3.42; P = .001), a significantly close relationship 
was revealed between DII scores and anemia in the unadjusted 
model. Additionally, this correlation persisted in model 2 (Q4 
vs Q1: OR = 1.87; 95% CI, 1.16–3.00; P = .010) and model 
3 (Q4 vs Q1: OR = 1.98; 95% CI, 1.25–3.15; P = .004) after 
confounding factors were adjusted. We found that the higher 
quartile of DII (compared to Q1) increased the risk of anemia 
(P for trend < .05).

3.3.2. Subgroup analysis and sensitivity analysis.  Participants 
were stratified by sex, race, smoking status (yes or no), drinking 
status (yes or no), and age (<60 years, ≥60 years) to perform 
subgroup analyses for investigating the correlation between DII 
and anemia risk in various populations. In the sex-stratified 
subgroup analyses, we discovered a substantial correlation 
between DII levels and the risk of anemia in females (Q4 vs 

http://www.cdc.gov/nchs/nhanes/
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Q1: OR = 2.15; 95% CI, 1.14–4.08) but not in males. In 
addition, the correlation between DII and anemia risk was not 
detected in participants who did not smoke or drink alcohol. 
In contrast, this association was only present in the smoking 
and nondrinking populations. Therefore, this linear relationship 
is only evident among females, smoking, and nondrinking 

populations (P for trend = .01, .003, .001, respectively). The 
interaction of stratified analysis according to sex, smoking, 
and drinking status was not significant, but the P-value of the 
interaction of stratified analysis according to a cutoff value of 
60 years was significant, indicating inconsistent results between 
the different age groups (Table 4).

To evaluate the robustness of the risk of DII and anemia 
in RA patients, we also included antirheumatic medication, 
PIR, and CRP as covariates. After adjusting for antirheu-
matic drugs in weighted multivariate logistic regression, the 
relationship between the DII and anemia risk in RA patients 
remained significant (Q4 vs Q1, P value = .004) (Appendix 
Table 1, Supplemental Digital Content, http://links.lww.com/
MD/M865). After making further adjustments to the PIR and 
CRP, we still found the same association (Appendix Table 
2, Supplemental Digital Content, http://links.lww.com/MD/
M866).

3.3.3. Stepwise regression and the nomogram model.  To 
address issues of collinearity, we performed stepwise multivariate 
logistic regression analysis to screen for the key dietary factors 
mostly related to anemia in RA patients. In the original stepwise 
regression model, 28 dietary factors used to establish the DII 
were included. Moreover, baseline characteristics, including age, 
sex, BMI, and race, were also included. We constructed the crude 
nomogram model by using 10 variables (protein, total fatty acid, 
β-carotene, vitamin E, BMI, alcohol, iron, zinc, age, and race). 
Furthermore, among those variables, 6 (BMI, alcohol, iron, zinc, 
age, race) were eventually included because their contribution 
to the model was significant (Fig. 3). A receiver operating 
characteristic curve with an area under the curve of 70.07% 
indicated that this nomogram model has great discriminatory 
power (Fig. 4).

Table 1

Weighted distributions of characteristics of participants.†

Characteristic
Total

(N = 2287)
No anemia
(N = 1965)

Anemia
(N = 322) P value

Age 57.42 (0.38) 57.05 (0.41) 60.73 (1.09) .002**
Sex .181
 � Male 957 (41.61) 826 (42.15) 131 (36.81)
 � Female 1330 (58.39) 1139 (57.85) 191 (63.19)
Ethnicity <.001***
 � Non-Hispanic black 651 (15.70) 478 (13.00) 173 (39.33)
 � Non-Hispanic white 980 (67.90) 894 (70.34) 86 (46.58)
 � Mexican American 370 (6.30) 336 (6.34) 34 (5.90)
 � Other races 286 (10.10) 257 (10.32) 29 (8.19)
Age group .004**
 � <60 928 (54.40) 834 (55.67) 94 (43.28)
 � ≥60 1359 (45.60) 1131 (44.33) 228 (56.72)
Drinking status <.001***
 � No 1004 (38.50) 836 (37.06) 168 (51.11)
 � Yes 1283 (61.50) 1129 (62.94) 154 (48.89)
Smoking status .043*
 � No 1738 (73.30) 1475 (72.51) 263 (80.16)
 � Yes 549 (26.70) 490 (27.49) 59 (19.84)
Body Mass Index .355
 � Normal weight 483 (23.18) 404 (22.80) 79 (26.52)
 � Overweight 1071 (45.51) 915 (45.46) 156 (45.94)
 � Obesity 707 (30.09) 623 (30.43) 84 (27.07)
 � Thin 26 (1.22) 23 (1.31) 3 (0.47)
DII 1.60 (0.06) 1.55 (0.07) 2.00 (0.13) .004**
HEI 50.08 (0.40) 50.23 (0.43) 48.82 (1.04) .214

Bold values represent significant differences with P < 0.05.
DII = dietary inflammatory index, HEI = healthy eating index.
†Categorical variables are shown as the number of participants (weighted percentages), and continuous variables are shown as weighted means (SDs).
* P < .05.
**P < .01.
*** P < .001.

Figure 2.  Association between the DII and HEI. DII = dietary inflammatory 
index, HEI = healthy eating index.

http://links.lww.com/MD/M865
http://links.lww.com/MD/M865
http://links.lww.com/MD/M866
http://links.lww.com/MD/M866


5

Song et al.  •  Medicine (2024) 103:25� www.md-journal.com

4. Discussion
A growing body of evidence has determined the association 
between dietary inflammation levels and RA; nonetheless, the 
relationship between DII and anemia in RA patients remains 
intriguing. In the present cross-sectional study, we tried to fill 
this knowledge gap. A total of 2287 participants from NHANES 
were included, and the main discoveries are as follows: (1) the 
prevalence of anemia in patients with RA in the US during 1999 

to 2018 was 10.25% (95% CI, 8.58–11.92%). The prevalence 
showed a U-shaped distribution across age groups, with the 
lowest prevalence at approximately 60 years of age. In addition, 
this U-shaped distribution did not vary by race or sex. (2) A 
higher mean DII was found in anemia patients than in nonane-
mia patients. (3) The DII was inversely related to the HEI; how-
ever, the HEI showed no significant difference between anemia 
and nonanemia patients. (4) The DII was positively associated 
with anemia risk in RA patients after covariates were adjusted. 
The subgroup analysis and sensitivity analysis further confirmed 
the validity of the results. (5) Alcohol, iron, and zinc were the 
most determinant dietary factors that correlated with anemia. 
(6) According to those determinant dietary factors, we created a 
nomogram model that demonstrated strong diagnostic power in 
evaluating anemia risk in RA patients.

Few studies have systematically assessed the incidence of RA 
in the US population. This study represents the largest examina-
tion of the prevalence of anemia in RA patients in the US over 
the past ten years. Approximately 10.25% of RA patients in 
this analysis were diagnosed with anemia according to the latest 
WHO criteria, which is in line with the discoveries of research 
in 2009.[37] Anemia in RA patients showed a U-shaped distribu-
tion, with the lowest prevalence around the age of 60, and the 
prevalence was slightly lower in men than in women, which is 
in accordance with the results of Frederick et al.[38] Furthermore, 
our study examined the incidence of anemia in RA patients 
by ethnicity. We found that the U-shaped distribution did not 
vary with ethnicity and sex, although ethnicity and sex are 
major contributors to variation in Hb counts (Appendix Fig. 1, 
Supplemental Digital Content, http://links.lww.com/MD/M863 
and Appendix Fig. 2, Supplemental Digital Content, http://links.
lww.com/MD/M864).

The DII is a tool that was developed from the literature for 
assessing the inflammatory level of diet. Recent research has 
shown a clear positive correlation between DII and the risk of 
anemia. Reducing the intake of pro-inflammatory foods may be 
one of the effective measures to prevent the development of ane-
mia.[11] Xiang et al discovered a positive correlation between DII 
and RA in Americans. They concluded that to prevent RA, sim-
ply eating anti-inflammatory foods is not enough. Consuming 
pro-inflammatory foods, such as protein, energy, and total sat-
urated acids, may yield better results.[24] Consuming moderate 
dietary fiber may provide therapeutic benefits for inflammation 
and research has indicated a strong link between high intake of 
cereal fiber and the low prevalence of RA. The DII plays a key 
mediating role in this relationship, underscoring the significance 
of dietary strategies in preventing and treating RA.[39] Previous 
studies have mainly focused on the relationship between DII and 
RA; nevertheless, the association between DII and the develop-
ment of anemia in RA patients has not been reported. Based 
on 2275 adults from NHANES, our results showed that DII 
levels were significantly increased in anemic subjects. The risk of 

Table 2

Weighted comparison of DII scores of each component between 
anemia patients and nonanemia patients.†

Variables Non-Anemia (n = 1965) Anemia (n = 322) P value

Energy ‐0.03 (0.00) ‐0.06 (0.01) .005**
Protein 0.00 (0.00) ‐0.01 (0.00) <.001***
Carbohydrate ‐0.03 (0.00) ‐0.04 (0.01) .287
Dietary fiber 0.26 (0.01) 0.33 (0.03) .038*
Total fatty acid 0.00 (0.01) ‐0.03 (0.02) .153
Total saturated fatty 

acid
‐0.09 (0.01) ‐0.12 (0.02) .098

 � MUFA 0.00 (0.00) 0.00 (0.00) .063
 � PUFA ‐0.03 (0.01) 0.00 (0.02) .186
 � Cholesterol ‐0.03 (0.00) ‐0.03 (0.01) .367
 � Vitamin A 0.19 (0.01) 0.21 (0.01) .236
 � b-Carotene 0.35 (0.01) 0.37 (0.03) .366
 � Vitamin B1 0.02 (0.00) 0.03 (0.00) .022*
 � Vitamin B2 ‐0.01 (0.00) 0.00 (0.00) <.001***
 � Niacin 0.05 (0.00) 0.08 (0.01) .004**
 � Vitamin B6 ‐0.05 (0.01) ‐0.01 (0.02) .019*
 � Folate 0.12 (0.00) 0.12 (0.01) .556
 � Vitamin B12 ‐0.02 (0.00) ‐0.03 (0.00) .011*
 � Vitamin C 0.20 (0.01) 0.20 (0.02) .976
 � Vitamin D 0.20 (0.01) 0.26 (0.02) .031*
 � Vitamin E 0.08 (0.01) 0.12 (0.03) .231
 � Magnesium 0.09 (0.01) 0.16 (0.02) <.001***
 � Iron 0.00 (0.00) 0.00 (0.00) .186
 � Zinc 0.01 (0.01) 0.08 (0.02) .001**
 � Selenium ‐0.07 (0.00) ‐0.05 (0.01) .015*
 � Caffeine 0.08 (0.00) 0.08 (0.00) .052
 � Alcohol 0.18 (0.01) 0.22 (0.01) .003**
n3 polyunsaturated 

fatty acid
0.27 (0.00) 0.27 (0.00) .709

n6 polyunsaturated 
fatty acid

‐0.05 (0.00) ‐0.04 (0.01) .182

Bold values represent significant differences with P < 0.05.
MUFAs = monounsaturated fatty acids; PUFAs = polyunsaturated fatty acids.
†Data are presented as the weighted means (SDs).
* P < .05.
** P < .01.
*** P < .001.

Table 3

Association of DII level with anemia.†

DII Model 1 P value Model 2 P value Model 3 P value

Q1 (≤0.49) Reference Reference Reference
Q2 (0.49–1.93) 1.41 (0.86,2.31) .172 1.26 (0.76,2.10) 0.360 1.29 (0.78,2.15) .323
Q3 (1.93–3.13) 1.55 (0.89,2.69) .121 1.45 (0.82,2.56) 0.204 1.47 (0.82,2.63) .199
Q4 (>3.13) 2.16 (1.36,3.42) .001** 1.87 (1.16,3.00) 0.010* 1.98 (1.25,3.15) .004**
P for trend .002 .009 .004

Bold values represent significant differences with P < 0.05.
Model 1: crude model. Model 2: adjusted for sex, race, smoking status, and drinking status. Model 3: as model 2 and additionally adjusted for age and BMI.
DII = dietary inflammatory index; Q1 = low DII; Q2 = medium-low DII; Q3 = medium-high DII; Q4 = high DII.
†Data are presented as odds ratios (ORs) [95% confidence intervals (CIs)].
* P < .05.
** P < .01.
*** P < .001.

http://links.lww.com/MD/M863
http://links.lww.com/MD/M864
http://links.lww.com/MD/M864
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anemia in RA patients in the highest DII quartile was approx-
imately one time higher than that in RA patients in the lowest 
quartile (Table 2). Furthermore, this relationship remained sta-
ble in fully adjusted models with additional adjustments for a 
great number of covariates (1.98, CI = 1.25–3.15). Notably, the 
modest decrease in the OR value after adjusting for sex, race, 
smoking status, and drinking status suggested that some of these 
factors might be protective (1.87 vs 2.16). The minor variations 
in the odds ratio between model 2 and the fully adjusted model 
might mean that some risk factors for anemia (such as BMI and 
age) might not be very important in this situation (1.87 vs 1.98). 
However, because of the possibility of residual confounding, it 
should be interpreted with caution. Several studies have found 
inverse associations of serum Hb levels with antirheumatic med-
ication, PIR, and CRP.[34–36] To eliminate the possibility of anti-
rheumatic medication, PIR, and CRP affecting our results, we 
adjusted for them in the sensitivity analysis. We found that there 
was still an association between the DII and the risk of anemia.

After analyzing the participants’ inflammatory diets, we dis-
covered that anemic patients have higher inflammatory scores 
in niacin, dietary fiber, vitamin D, vitamin B1, vitamin B2, 
vitamin B6, selenium, magnesium, and zinc, most of which are 
well-known anti-inflammatory substances. Moreover, we found 
that they had lower inflammatory scores for energy, protein, 
and carbohydrates. The higher inflammatory scores for these 
anti-inflammatory dietary factors indicate a lower than global 
average intake of these anti-inflammatory nutrients in anemic 
patients. The high DII diet of anemic participants was charac-
terized by higher pro-inflammatory scores, particularly with 
respect to various vitamins. Epidemiological and clinical evi-
dence has suggested that vitamin D deficiency is quite common 
in RA patients.[40] In addition, the concentration of vitamin D is 
negatively associated with disease development and severity,[41] 
potentially because vitamin D can downregulate proinflamma-
tory mediators in monocyte-derived macrophages.[42] Notably, 
a deficiency of 25-hydroxyvitamin D has been linked to inflam-
matory anemia and vitamin D supplementation may help to 
some extent.[43] The potential reason underlying this condition 
is that vitamin D inhibits hepcidin synthesis, thereby increas-
ing the availability of iron for erythropoiesis. Given that the 
majority of instances of anemia in RA patients are marked by  
inflammation-related anemia[44] and our results revealed that 
anemic patients have higher inflammatory scores in vitamin D, 
we speculated that vitamin D levels may have a relationship with 
anemia in RA patients. However, further laboratory investiga-
tion and clinical trials are necessary to confirm this hypothesis. 
Additionally, other food components with higher inflammatory 
scores in our anemic patients, including dietary fiber, niacin, 

vitamin B1, vitamin B2, vitamin B6, magnesium, selenium, and 
zinc, were reported to have anti-inflammatory abilities, but their 
effects on anemia in RA patients remain unclear. Biological 
agents are the main method of treating anemia in RA patients 
and have been studied more in recent years.[45,46] However, 
these treatment methods are expensive and inconvenient and 
even have side effects. Therefore, our findings may provide new 
insights into anemia treatment in RA patients, namely, by reduc-
ing dietary inflammation levels.

It was interesting to note that an adjusted association of DII 
levels with anemia was statistically significant in females but 
not males in our subgroup analyses, which may be related to 
hormones and gender-related factors[47] (Table 4). Moreover, 
Mexicans with high DII levels had a substantially increased risk 
of anemia, but there was no such association among other races. 
This may be attributed to the different genetic backgrounds 
among various races. Therefore, Mexican patients with RA 
should be more careful with their dietary inflammation level to 
lower their risk of anemia. We also found that the association 
between DII and anemia risk was significant only in the smoker 
group but not in the nonsmoker group, which suggested that 
smoking may strengthen the positive correlation between DII 
and anemia. That is, people taking high-DII food could reduce 
their risk of recurrent anemia by quitting smoking. In addition, 
we discovered that the association between DII and anemia risk 
was not significant, which may be due to the anti-inflammatory 
effects of moderate alcohol consumption.[48] This also explains 
why participants with a drinking history were excluded, 
but participants with a smoking history were included in a 
cross-sectional study that investigated the correlation between 
DII and RA.[49] In addition, they considered that drinking alco-
hol might alter the nutritional status of patients. Notably, we 
found a significant interaction between different age groups and 
DII on the development of anemia in subjects. In patients over 
60 years of age, the highest DII score increased the risk of devel-
oping anemia by 1.19-fold. Conversely, anti-inflammatory diets 
may attenuate the adverse effects of advanced age on anemia. 
However, given that this study was a cross-sectional study, we 
can only draw correlational conclusions. The cause-effect rela-
tionship between DII and anemia must be further researched 
through more prospective studies.

Although the DII has been shown to reflect dietary inflamma-
tory potential and systemic inflammation levels, it is not utilized 
to predict anemia risk in RA patients. We aimed to screen for 
the dietary factors most associated with anemia risk. Therefore, 
using stepwise regression analysis, we identified protein, total 
fatty acid, β-carotene, vitamin E, alcohol, iron, and zinc as key 
dietary components that are strongly associated with anemia. 

Table 4

Subgroup analyses for the association between DII and anemia risk. Sex, ethnicity, smoking, drinking, age, and BMI were adjusted to 
carry out weighted multivariable logistic analyses among various populations.†

DII Q1 Q2 Q3 Q4 P for trend P for interaction

Female Reference 1.31 (0.65,2.60) 1.51 (0.71,3.22) 2.15 (1.14,4.08) .011 .905
Male Reference 1.17 (0.56,2.43) 1.36 (0.54,3.40) 1.59 (0.77,3.26) .223
White Reference 0.91 (0.40,2.09) 1.33 (0.51,3.50) 2.14 (1.00,4.06) .045 0.331
Black Reference 1.53 (0.82,2.84) 1.38 (0.64,2.95) 1.52 (0.85,2.74) .282
Mexican Reference 1.38 (0.33,5.83) 4.74 (1.17,19.10) 5.07 (1.46,17.61) .003
Other races Reference 3.25 (0.76,13.89) 1.03 (0.26, 4.04) 2.22 (0.57, 8.68) .615
Smokers Reference 0.46 (0.13,1.63) 1.54 (0.46,6.04) 0.77 (0.27,2.22) .854 0.125
Nonsmokers Reference 1.58 (0.89,2.79) 1.42 (0.76,2.66) 2.74 (1.43,4.26) .003
Drinkers Reference 1.18 (0.60,2.32) 2.23 (1.08,4.59) 2.61 (1.34,5.08) .001 .076
Nondrinkers Reference 1.32 (0.62,2.81) 0.89 (0.37,2.17) 1.46 (0.80,2.68) .425
Age < 60 Reference 1.33 (0.55,3.21) 2.96 (1.10,7.98) 1.83 (0.76,4.43) .077 .028
Age ≥ 60 Reference 1.25 (0.70,2.26) 0.86 (0.48,1.56) 2.19 (1.17,4.11) .050

Bold values represent significant differences with P < 0.05.
DII = dietary inflammatory index; Q1 = low DII; Q2 = medium-low DII; Q3 = medium-high DII; Q4 = high DII.
†Data are presented as odds ratios (ORs) [95% confidence intervals (CIs)].
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According to the significant contribution to the prediction 
model, alcohol, iron, and zinc were eventually included in the 
stepwise logistic regression model (Fig. 3). The effects of zinc 
on the pathogenesis of RA have been well elucidated within 
the last 2 years. Although there is no evidence at the genetic 
level to support a causal relationship between zinc intake and 
the development of rheumatoid arthritis,[50] zinc supplementa-
tion has been shown to potentially modestly improve some of 
the clinical outcomes in RA patients.[51] It has been shown that 
zinc finger protein A20 can be protective against RA by inhib-
iting NLRP3 inflammasome-mediated pyroptosis.[52] Although 
the direct relationship between zinc and anemia in RA remains 
intriguing, given the critical role of zinc in inflammation in RA 

patients and the close relationship between inflammation and 
anemia, we suspect that zinc may be a determinant factor in 
the pathogenesis of anemia in RA patients. Further basic exper-
imental studies are warranted to analyze the important effects 
of these dietary components in the pathogenesis of anemia in 
RA patients.

Our study has some advantages and limitations. First, to our 
knowledge, this is the first study to analyze the prevalence of 
anemia in RA patients in the past 20 years from 1999 to 2018. 
Furthermore, this is the first food-based DII score to link diet- 
related inflammation and anemia risk in RA patients. We used 
a large, well-defined cohort and appropriately weighted survey 
participants, allowing the findings to be broadly applicable to 
the U.S. population. In addition, we compared the correlation 
between anemia risk and DII among various populations and 
analyzed the interaction of relevant confounders with DII as 
a way to determine the robustness of our results and to help 
us identify special populations. Finally, we performed stepwise 
regression analysis to identify the most critical dietary compo-
nents correlated with anemia and developed a nomogram model 
with good discriminatory power.

However, it is also important to point out several limitations 
of this study. First, we had to remove some patients due to 
the absence of relevant covariates, which may have had some 
impact on the estimated incidence of anemia. Second, even after 
accounting for possible confounding factors, there is a possibil-
ity of remaining confounding factors that could influence the 
development of anemia in patients with RA. For example, the 
presence of anemia of chronic disease (ACD) in RA patients is a 
crucial confounding factor that needs consideration.[53–55] ACD, 
often linked to RA disease activity and inflammation, can sup-
press red blood cell production. Disease activity and medication 
history play a pivotal role in the context of anemia and could 
greatly affect our study’s outcomes. The severity of RA and 
the specific medications patients are taking can influence Hb 

Figure 3.  The nomogram model was established depending on the key dietary components screened by stepwise multivariate logistic regression analysis (the 
red points display an example).

Figure 4.  The ROC curve was designed to evaluate the diagnostic power of 
the nomogram model. ROC = receiver operating characteristic.
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levels, and potential drug interactions may further complicate 
the analysis. Without access to data on disease activity, blood 
markers such as ESR and CRP, and detailed medication records, 
it may be difficult to accurately isolate the impact of DII on 
anemia risk. However, due to the lack of data on ACD, disease 
activity, and inflammatory markers such as ESR in NHANES 
itself, this inevitably has some impact on our results. We rec-
ognize the importance of addressing these limitations and are 
exploring various avenues to obtain such data in future studies. 
Third, many of the variables in this study were obtained based 
on questionnaires and are susceptible to recall bias. Since the 
diagnoses are primarily based on self-report questionnaire data, 
there is an inherent risk of inaccuracies due to patients’ lim-
ited medical knowledge or possible misunderstanding of their 
conditions. In addition, patients may not be able to accurately 
recall or report their dietary habits and health history, which 
may affect the validity of the findings. Fourth, given the type of 
study that was a cross-sectional study, a causal association could 
not be determined. To explore the exact correlation between DII 
and anemia, more prospective studies are needed. Last but not 
least, there are significant racial differences in diet, genetic vari-
ation, and susceptibility to anemia. Therefore, further research 
must be done in future work to determine whether conclusions 
based on the US population can be applied to other populations.

5. Conclusion
In conclusion, we retrospectively analyzed 2287 adults from 
the NHANES in the US, and we estimated the prevalence of 
anemia in RA patients to be 10.25% (95% CI, 8.58–11.92%). 
Additionally, we also discovered that a rising DII was strongly 
related to an increased risk of anemia. The nomogram model 
based on stepwise regression screening of key dietary factors in 
this study showed good diagnostic power in predicting the risk 
of anemia. As proinflammatory diets might be modifiable risk 
factors for anemia in RA patients, we expect additional research 
in this area.
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