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Abstract
Purpose  To assess the relationship between adherence to the Mediterranean Diet (MD) /individual Dietary Inflammatory 
Index (DII) and disease activity, disease impact, and functional status in Rheumatoid Arthritis (RA) patients.
Methods  RA patients followed at a hospital in Lisbon, Portugal, were recruited. DII was calculated using dietary intake 
data collected with a food frequency questionnaire (FFQ). Adherence to the MD was obtained using the 14-item Mediterra-
nean Diet assessment tool. Disease Activity Score of 28 Joints (DAS28) and the DAS28 calculated with C-Reactive Protein 
(DAS28-CRP) were used to assess disease activity. Impact of disease and functional status were evaluated using the Rheu-
matoid Arthritis Impact of Disease (RAID) questionnaire and the Health Assessment Questionnaire (HAQ), respectively.
Results  120 patients (73.3% female, 61.8 ± 10.1 years of age) were included. Patients with higher adherence to the MD 
had significantly lower DAS28-CRP (median 3.27(2.37) vs 2.77(1.49), p = 0.030), RAID (median 5.65(2.38) vs 3.51(4.51), 
p = 0.032) and HAQ (median 1.00(0.56) vs 0.56(1.03), p = 0.013) scores. Higher adherence to the MD reduced the odds of 
having a higher DAS28 by 70% (OR = 0.303, 95%CI = (0.261, 0.347), p = 0.003). Lower adherence to MD was associated with 
higher DAS28-CRP (β = − 0.164, p = 0.001), higher RAID (β = − 0.311, p < 0.0001), and higher HAQ scores (β = − 0.089, 
p = 0.001), irrespective of age, gender, BMI and pharmacological therapy. Mean DII of our cohort was not significantly 
different from the Portuguese population (0.00 ± 0.17 vs − 0.10 ± 1.46, p = 0.578). No associations between macronutrient 
intake or DII and RA outcomes were found.
Conclusions  Higher adherence to the MD was associated with lower disease activity, lower impact of disease, and lower 
functional disability in RA patients.
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Introduction

Rheumatoid Arthritis (RA) is a chronic immune-mediated 
inflammatory disorder characterized by progressive joint 
damage, autoantibody production, cartilage and bone 
destruction, and systemic features ultimately causing dis-
ability, decreased quality of life and substantial morbidity 
[1–3]. Among other patient-related factors, treatment deci-
sions in RA are based on disease activity [4]. Several RA 
disease activity measures have been developed for both 
regular clinical practice and clinical trials. The most used 
one is the Disease Activity Score of 28 Joints (DAS28), 
helping to apply a treat-to-target management strategy in 
clinical practice [5, 6].

The aetiology of RA is not yet fully understood, as it 
depends on a complex interaction between genetic and 
environmental factors [7, 8]. Dietary factors and dietary 
patterns are among the suggested environmental triggers 
that may contribute to RA development in genetically 
susceptible individuals [8–10]. Moreover, a substantial 
number of patients report that what they eat influences 
their RA symptoms, thus avoiding certain foods hoping 
to prevent the worsening of the disease [11]. Accordingly, 
changing dietary patterns have been suggested as nonphar-
macological interventions that could be recommended to 
minimise the disease burden and optimise functioning in 
the daily life of established RA patients [12]. The Medi-
terranean Diet (MD) is one of those suggested strategies.

The MD, defined by the United Nations Educational, 
Scientific and Cultural Organization, UNESCO, as an 
Intangible Cultural Heritage, is a health-promoting die-
tary pattern that emphasises non-dietary aspects such as 
culture, skills, knowledge and traditions [13]. The MD 
is characterised by the consumption of olive oil, whole 
grains, fruits and vegetables, a moderate amount of fish, 
dairy and meat, all seasoned with various condiments and 
spices, and accompanied by wine or infusions [14]. The 
health benefits of this dietary pattern are well documented. 
Higher adherence to the MD is associated with a reduction 
in the risk of chronic diseases and overall mortality [15].

In recent years, an increasing number of studies inves-
tigated the role of the MD in RA. There is preliminary 
evidence that this dietary pattern might reduce pain and 
increase physical function in RA patients [16]. Further-
more, the MD is an especially promising and sustainable 
diet intervention, as it is an overall healthy, well-balanced, 
non-restrictive dietary pattern with antioxidant and anti-
inflammatory properties [17].

The Dietary Inflammatory Index (DII) is also of interest 
when considering diet and inflammation, as it is a dietary 
index developed to reflect the inflammatory potential of 
diet. A variety of health outcomes are associated with the 

DII, ranging from cardiovascular diseases [18] to cancer 
[19] and even all-cause mortality [20]. A recent case–con-
trol study reported that individuals with the highest DII 
scores, indicating the most pro-inflammatory diet, were 
about three times more likely to have RA than those with 
the lowest DII [21]. However, data regarding the associa-
tion of the MD and DII with disease activity in RA is still 
lacking. Proving this association is a crucial first step to 
the future inclusion of dietary aspects in RA treatment 
recommendations.

Methods

Aims, study design and population

We conducted a single-centre cross-sectional observational 
study to assess the relationship between adherence to the 
MD and individual DII with disease activity, disease impact 
and functional status in RA patients. Patients who attended 
their regular follow-up consultation with a rheumatologist at 
the Rheumatology Department of Centro Hospitalar Univer-
sitário Lisboa Norte on Wednesdays, Thursdays and Fridays 
from December 2019 to July 2021 were recruited to partici-
pate in this study. Patients older than 18 years old complying 
with the European League Against Rheumatism (EULAR)/
American College of Rheumatology (ACR) 2010 RA clas-
sification criteria [22] were included. Exclusion criteria 
included the inability to attend the nutritional assessment 
session or any physical or health condition that prevented 
data collection. Each patient who agreed to participate in the 
study voluntarily was adequately informed about the project 
and signed an informed written consent before enrolment. 
This study was approved by the Lisbon Academic Medical 
Center Ethical Committee (Ref. Nº 262/19).

Collected data

Dietary intake, adherence to the Mediterranean diet 
and dietary inflammatory index

Dietary intake was collected using a semi-quantitative food 
frequency questionnaire (FFQ), previously validated for the 
Portuguese population [23, 24]. Macro and micronutrient 
intake for the previous 12 months was obtained through the 
FFQ, which encompasses 82 food items and beverage cat-
egories and their frequency of consumption.

Individual scores of adherence to the MD were obtained 
using the 14-item Mediterranean Diet assessment tool 
from the PREDIMED (PRevención com dieta Mediter-
ránea) trial [25, 26]. The Portuguese version of this ques-
tionnaire was used [27]. Each of the 14 items is scored 
with 1 point if it meets the criteria defined for this dietary 
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pattern, achieving a final score of up to 14 points. Higher 
scores represent greater adherence to the MD. Adherence 
to the MD was classified as follows: 0–5 points, low adher-
ence; 6–9 points, moderate adherence; ≥ 10 points, high 
adherence [26].

DII was calculated based on data collected from the Por-
tuguese FFQ. This index considers diet as a whole, includ-
ing macronutrients, micronutrients and bioactive compounds 
[28]. Higher DII scores represent a more pro-inflammatory 
diet. To calculate the DII of our sample, we used 28 of the 
45 possible food parameters (alcohol, energy, fat, fibre, folic 
acid, iron, magnesium, mono-unsaturated fat, niacin, omega-
3, omega-6, protein, polyunsaturated fat, riboflavin, satu-
rated fat, selenium, thiamin, trans fat, vitamin A, vitamin 
C, vitamin D, vitamin E, zinc, vitamin B12, vitamin B6, 
caffeine, carbohydrates and cholesterol). We also calculated 
the DII of the Portuguese population using data from the 
National Food, Nutrition, and Physical Activity Survey of 
the Portuguese General Population 2015–2016 [29]. For the 
DII of the Portuguese population, only 24 nutrients were 
used due to missing information on omega-3, omega-6, sele-
nium and caffeine intake.

Disease activity, the impact of disease and functional status

Disease activity, the impact of disease and functional status 
were evaluated according to validated assessment tools: the 
disease activity score of 28 joints calculated with erythro-
cyte sedimentation rate (DAS28) and with C-reactive protein 
(DAS28-CRP), the Rheumatoid Arthritis Impact of Disease 
(RAID) questionnaire and the Health Assessment Ques-
tionnaire (HAQ), respectively. DAS28 and DAS28-CRP 
are measures of disease activity in RA based on clinical 
and laboratory data: Tender Joint Count (TJC) and Swol-
len Joint Count (SJC) of 28 joints, erythrocyte sedimenta-
tion rate (ESR, in mm/hour) or C-reactive protein (CRP, 
in mg/dL) and global health (with 100 being the worst 
imaginable health state and 0 the best imaginable health 
state, as reported on a visual analogue scale, VAS). TJC 
and SJC were evaluated by a rheumatologist. Laboratory 
data were collected based on standard protocols. DAS28 
was classified as: remission (DAS28 ≤ 2.6), low disease 
activity (2.6 < DAS28 ≤ 3.2), moderate disease activity 
(3.2 < DAS28 ≤ 5.1) and high disease activity (DAS28 > 5.1). 
The RAID questionnaire includes seven domains (pain, 
functional disability, fatigue, emotional well-being, sleep, 
coping and physical well-being), ultimately originating a 
patient-derived score of the impact of the disease [30]. The 
short version of HAQ was used to assess the patient’s per-
ception of functional status. This questionnaire includes the 
HAQ disability index and the HAQ’s patient global and pain 
VAS [31].

Anthropometric, clinical, sociodemographic and lifestyle 
data

Height measurement was performed using a stadiom-
eter (Tanita®, The Leicester Height Measure), and body 
weight was determined using a calibrated digital scale 
(SECA® Model 899). Registered dietitians performed all 
measurements. Body Mass Index (BMI) was calculated as 
weight/height squared (kg/m2). Participants were classified 
as overweight or obese if BMI ≥ 25 kg/m2 in individu-
als under 65 years old or BMI ≥ 27 kg/m2 in individuals 
aged ≥ 65 years old. The patient’s clinical history was 
recorded, including disease duration, current medication 
and associated comorbidities. Age, gender, educational 
level, menopausal status, physical activity, smoking status 
and family history of disease were also recorded using a 
structured questionnaire.

Statistical analysis

The Normal distribution of the variables was verified 
using the Kolmogorov–Smirnov or Shapiro–Wilk tests, 
depending on the sample size. Data from categorical vari-
ables were described as frequencies (percentages). Nor-
mally distributed continuous variables are presented as 
mean ± standard deviation (SD). The median (interquartile 
range) was presented when data from continuous variables 
were not normally distributed. Groups were created based 
on the patient’s adherence to the MD, using previously 
mentioned cut-offs. Comparisons between groups were 
performed using the one-way ANOVA for normally-dis-
tributed data. When statistically significant differences 
between groups were identified the multiple comparisons 
HSD Tukey test was used. The non-parametric alterna-
tive (Kruskal–Wallis) was used when data were not nor-
mally distributed. When statistically significant differences 
were identified the Kruskal–Wallis multiple comparisons 
test was used. Chi-squared test was used for comparisons 
between categorical variables, and the Chi-squared test by 
Monte Carlo simulation was used when the conditions for 
the chi-squared test were not met. Multiple ordinal regres-
sion with a negative-log–log link function was used for the 
DAS28 analysis, controlled for multiple confounders. Mul-
tiple linear regression was used to identify DAS28-CRP, 
RAID and HAQ regressors. Regarding pharmacological 
therapy, we excluded sulfasalazine from this analysis due 
to its small sample size (n = 13). Statistical analysis was 
conducted using SPSS version 27.0 (SPSS® Inc., Chicago, 
IL). A p value of less than 0.05 was considered statistically 
significant.
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Results

Sample characterisation

Of the 124 participants evaluated, four were excluded due to 
a change of diagnosis. In total, 120 patients with RA (73.3% 
female, mean age of 61.8 ± 10.1 years) with a median dis-
ease duration of 11.0(14.8) years were included. Overall, 
the median PREDIMED score was 8.0 (3.0). Most patients 
(65.5%) were above their ideal weight based on BMI. The 
mean BMI was 27.8 ± 4.5 kg/m2 in men and 28.3 ± 5.1 kg/m2 
in women. Median DAS28 and DAS28-CRP were 3.1(1.4) 
and 2.4(1.3), respectively. A quarter of the patients (25.7%) 
were in remission (DAS28 ≤ 2.6), 31.0% had low disease 
activity (2.6 < DAS28 ≤ 3.2), 36.3% had moderate disease 
activity (3.2 < DAS28 ≤ 5.1) and 7.1% had high disease 
activity (DAS28 > 5.1). Regarding patient-reported out-
comes, the mean RAID score was 4.4 ± 2.2, and the median 
HAQ score was 0.9(1.1). Most patients had comorbidities 
(81.7%). The most prevalent were dyslipidemia (39.2%), 
arterial hypertension (38.3%) and diabetes mellitus (17.5%).

Adherence to the Mediterranean diet

Within our sample, 12.5% of the participants had low 
(n = 15), 60.8% had moderate (n = 73), and 26.7% had 
high adherence to the MD (n = 32). Patients with higher 
adherence to the MD had significantly lower DAS28-
CRP (p = 0.030), RAID (p = 0.032) and HAQ (p = 0.013) 
scores (Table 1). Median DAS28 was also lower among 
patients with higher adherence to the MD, but this was 
not statistically significant (p = 0.070). DAS28-CRP was 
significantly higher in patients with low adherence to the 
MD compared to patients with both moderate and high 
adherence to the MD (respectively, median 3.27(2.37) in 
the low adherence vs 2.27(1.26) in the moderate adherence 
to the MD groups, p = 0.042; median 3.27(2.37) in the low 
adherence vs 2.29(1.20) in the high adherence to the MD 
groups, p = 0.038). Differences in disease activity meas-
ures between groups of adherence to the MD are illustrated 
in Fig. 1. For RAID scores, significant differences were 
only found between the high and low adherence to the 
MD groups (median 5.65(2.38) in the low adherence vs 
3.51(4.51) in the moderate adherence to the MD groups 
p = 0.034). HAQ scores were significantly lower in patients 
with high adherence to the MD compared to patients with 
both moderate and low adherence to the MD (respectively, 
median 0.56(1.03) in the high adherence vs 0.87(1.00) 
in the moderate adherence to the MD groups, p = 0.048; 
median 0.56(1.03) in the high adherence vs 1.00(0.56) in 
the low adherence to the MD groups, p = 0.027).

Higher adherence to the MD [OR = 0.303, 95% 
CI = (0.261, 0.347), p = 0.003] and higher glucocorticoid 
dose [OR = 0.427, 95% CI = (0.375, 0.479), p = 0.026] inde-
pendently decreases the chance of increased disease activity 
evaluated by DAS28, irrespective of age, gender, BMI and 
pharmacological therapy (methotrexate, hydroxychloro-
quine, glucocorticoids or biological disease-modifying anti-
rheumatic drugs) (Table 2). Adherence to MD (β =− 0.164, 
p = 0.001) and glucocorticoid dose (β = 0.174, p = 0.003) 
were also independently associated with DAS28-CRP. Lower 
adherence to MD and higher glucocorticoid doses were asso-
ciated with higher values of DAS28-CRP, irrespective of 
age, gender, BMI, disease duration, and pharmacological 
therapy (Table 3, Model 1). Adherence to MD (β =− 0.311, 
p < 0.0001), gender (β = 1.605, p < 0.0001), BMI (β = 0.141, 
p = 0.0011), use of MTX (β =− 1.610, p = 0.029) and the 
dose of glucocorticoids (β = 0.299, p = 0.008) were inde-
pendently associated with RAID. Lower adherence to MD, 
being female, having a higher BMI, not taking MTX, and 
taking higher doses of glucocorticoids were associated with 
higher RAID scores, irrespective of age and disease duration 
(Table 3, Model 2). Finally, adherence to MD (β =− 0.089, 
p = 0.001), gender (β = 0.468, p < 0.0001), BMI (β = 0.044, 
p = 0.001), use of glucocorticoids (β = 0.299, p = 0.008), 
and dose of glucocorticoids (β = 0.117, p < 0.0001) were 
independently associated with HAQ. Lower adherence to 
MD, being female, having a higher BMI, and taking higher 
doses of corticoids were associated with higher HAQ scores, 
irrespective of age and disease duration (Table 3, Model 3).

Overall, higher adherence to the DM was associ-
ated with lower DAS28 (p = 0.003), lower DAS28-CRP 
(p < 0.0001), lower RAID scores (p = 0.002) and lower HAQ 
scores (p = 0.011) irrespective of age, gender, BMI and phar-
macological therapy.

Dietary intake and dietary inflammatory index

The dietary intake of the different MD adherence groups was 
not significantly different, except for dietary fibre (Table 4). 
The dietary fibre intake of patients with low adherence 
to the MD was lower than that of patients with moderate 
(p = 0.024) and high (p = 0.002) adherence to the MD.

There were no associations between single macronu-
trients and RA disease outcomes in our cohort. The mean 
DII of our cohort (0.00 ± 0.17) was not significantly dif-
ferent from the mean DII of the Portuguese population 
(− 0.10 ± 1.46, p = 0.578). The DII was not associated with 
DAS28 (p = 0.311), DAS28-CRP (p = 0.163), RAID score 
(p = 0.415) or HAQ score (p = 0.562) in our cohort.

When inquired about dietary restrictions, a quarter of the 
patients (n = 30, 25.0%) reported that they excluded certain 
foods from their diet because they believed it would benefit 
RA disease activity or symptom management. Alcoholic 
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Table 1   Clinical and sociodemographic characteristics of the study participants according to adherence to the MD

*Missing data: 4 patients had no information on BMI, 6 on RF, 2 on CRP and ESR, 4 on TJC and SJC, 7 on DAS-28 and DAS28-CRP, 2 on 
RAID score and 1 on Pharmacological therapy; p-values presented in bold are statistically significant (p < 0.05); aOne-Way ANOVA; bMonte 
Carlo Simulation; cChi-squared test; dKruskal-Wallis Test
bDMARDs biological disease-modifying antirheumatic drugs, BMI body mass index (kg/m2), CRP C-Reactive protein, DAS28 disease activity 
score in 28 joints, DAS28-CRP disease activity score in 28 joints calculated using C-reactive protein, ESR erythrocyte sedimentation rate, global 
health VAS visual analog scale for global health, HAQ health assessment questionnaire, NSAIDs non-steroidal anti-inflammatory drugs, Pain VAS 
visual analog scale for pain, RAID rheumatoid arthritis impact of disease questionnaire, RF rheumatoid factor, SJC swollen joint count, TJC ten-
der joint count

Low adherence to the 
MD (n = 15)

Moderate adherence to the 
MD (n = 73)

High adherence to the 
MD (n = 32)

p value

Sociodemographic and lifestyle characteristics
 Age (years), mean ± SD 60.87 ± 7.34 62.78 ± 9.98 59.94 ± 11.20 0.385a

 Caucasian, n (%) 14 (93.33) 68 (93.15) 30 (93.75) 1.000b

 Female, n (%) 10 (66.67) 54 (73.97) 24 (75.00) 0.818c

 Menopause, n (%) 9 (90.00) 48 (88.89) 21 (87.50) 1.000b

 Comorbidities, n (%) 11 (73.33) 63 (86.30) 24 (75.00) 0.260c

 Never smoked, n (%) 6 (40.00) 45 (61.64) 20 (62.50) 0.271c

BMI classification* 0.237b

 Underweight, n (%) 1 (6.67) 6 (8.70) 0 (0.00)
 Normal weight, n (%) 2 (13.33) 19 (27.54) 12 (37.50)
 Overweight or obese, n (%) 12 (80.00) 44 (63.77) 20 (62.50)

Educational status 0.074b

 No formal education, n (%) 0 (0.00) 1 (1.37) 0 (0.00)
 Primary school, n (%) 4 (26.67) 34 (46.58) 5 (15.63)
 Middle school, n (%) 7 (46.67) 15 (20.55) 12 (37.50)
 High school 3 (20.00) 13 (17.81) 7 (21.88)
 University, n (%) 1 (6.67) 10 (13.70) 8 (25.00)

Occupational status 0.052b

 Employed, n (%) 4 (26.67) 32 (43.84) 14 (43.75)
 Retired, n (%) 6 (40.00) 35 (47.95) 16 (50.00)
 Unemployed, n (%) 5 (33.33) 6 (8.22) 2 (6.25)

Clinical characteristics
 RA disease duration (years), median(IQR) 5.50 (11.00) 10.50 (13.25) 11.50 (14.75) 0.589d

 RF positive*, n (%) 1280.00) 44 (63.77) 19 (63.33) 0.460c

 CRP (mg/L)*, median(IQR) 8.60 (16.68) 2.35 (4.27) 2.40 (4.82) 0.047d

 ESR (mm/hour)*,, median(IQR) 28.50 (66.00) 22.00 (28.00) 22.50 (29.00) 0.536d

 TJC (0–28)*, median(IQR) 2.00 (11.00) 0.00 (1.00) 0.00 (2.00) 0.094d

 SJC (0–28)*, median(IQR) 0.00(1.25) 0.00 (0.75) 0.00 (0.00) 0.276d

 Global Health VAS, median(IQR) 50.00(26.25) 50.00 (20.00) 30.00 (31.25) 0.115d

 Pain VAS, median(IQR) 55.00(10.00) 40.00 (30.00) 40.00(51.25) 0.189d

 DAS28*, median(IQR) 3.50 (3.00) 3.13 (1.18) 2.77 (1.49) 0.070d

 DAS28-CRP*, median(IQR) 3.27 (2.37) 2.27 (1.26) 2.29 (1.20) 0.030d

 HAQ*, median(IQR) 1.00(0.56) 0.87 (1.00) 0.56 (1.03) 0.013d

 RAID*, median(IQR) 5.65(2.38) 4.45(2.92) 3.51 (4.51) 0.032d

Pharmacological therapy
 Methotrexate, n (%) 14 (93.33) 54 (73.97) 25(80.65) 0.236c

 Current weekly dose of methotrexate (mg), median(IQR) 17.50 (10.00) 12.50 (15.00) 17.50(14.50) 0.121d

 Hydroxychloroquine, n (%) 2 (13.33) 9 (12.33) 7(22.58) 0.412b

 Sulfasalazine, n (%) 0 (0.00) 9 (12.33) 4(12.90) 0.361b

 bDMARDs, n (%) 2 (13.33) 16 (21.92) 5(16.13) 0.649c

 Glucocorticoids, n (%) 12 (80.00) 40 (54.79) 19(61.29) 0.189c

 Current daily dose of glucocorticoids (mg of prednisolone), 
median(IQR)

2.50 (2.50) 2.50 (10.00) 2.50(5.00) 0.537d

 NSAIDs, n (%) 5 (33.33) 23 (31.51) 13 (41.94) 0.589c
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beverages and shellfish were the most common dietary 
restrictions, reported by seven patients each. Other foods/
dietary compounds mentioned were sugar/refined grains 
(n = 6), red meat/charcuterie (n = 5), citric fruits (n = 4) and 
gluten (n = 2).

Discussion

Our cohort had a higher proportion of patients with a high 
adherence to the MD than the general Portuguese popula-
tion, according to the data from the National Food, Nutri-
tion, and Physical Activity Survey of the Portuguese General 
Population 2015–2016 [29]. In our sample, adherence to the 
MD was significantly associated with RA disease activity 
using either DAS28 or DAS28-CRP scores. Adherence to 
the MD was also significantly associated with the impact 
of disease and functional disability, assessed by RAID and 
HAQ scores, respectively. Overall, higher levels of adher-
ence to the MD were associated with lower disease activ-
ity, lower impact of disease and lower functional disability 
in RA patients. These data are concordant with previously 
published results. For example, in an Italian cohort, higher 
adherence to the MD was associated with a lower RAID 
total score [32], although it was not significantly associ-
ated with lower disease activity. Of interest, disease activity 
indexes in the Italian cohort were low (median DAS28-CRP 
was 2.08, q1–q3: 1.48 − 2.98), which could explain the lack 

of association [32]. In addition, in another Italian cohort, 
RA patients with high adherence to the MD had a signifi-
cantly lower DAS28, a lower level of systemic inflammation 
(expressed by CRP serum concentration), and a healthier 
gut microbiota composition than patients with low/moderate 
adherence to the MD [33].

Fibre, one of the parameters evaluated by DII, was the 
only single nutrient intake found different between groups, 
which gives the chance to speculate whether the health pro-
moting effects of the MD may be attributed to its impact 
on gut microbiota. Diet can shape our gut microbes, affect 
their composition and function, and different dietary com-
ponents will influence the gut bacterial communities in a 
specific manner [34]. The MD richness in dietary fibre is 
one of the main characteristics linking this dietary pattern 
to gut microbiota modulation and increased short-chain 
fatty acids (SCFA) production. In turn, the SCFA reduce 
systemic inflammation and improve intestinal barrier func-
tion [35]. Moreover, we found that dietary fibre intake was 
significantly higher in patients with higher adherence to the 
MD. Fibre intake has been shown to be negatively associated 
with high-sensitivity CRP (hs-CRP) and RA risk, proposing 
that fibre might potentially influence the progression of RA 
by mitigating systemic inflammation [36]. Furthermore, a 
prospective study using a dietary intervention with high-
fibre bars or cereals in RA patients for 28 days showed an 
improvement in patient-related outcomes, including quality 
of life and functional disability [37]. RA pathophysiology 

Fig. 1   Disease activity scores 
according to adherence to the 
MD. DAS28 disease activity 
score in 28 joints, DAS28-CRP 
disease activity score in 28 
joints calculated with C-reactive 
protein



2833European Journal of Nutrition (2023) 62:2827–2839	

1 3

Ta
bl

e 
2  

O
rd

in
al

 re
gr

es
si

on
 re

su
lts

 re
ga

rd
in

g 
D

A
S2

8

Li
nk

 fu
nc

tio
n:

 n
eg

at
iv

e 
lo

g–
lo

g
a.

 T
hi

s p
ar

am
et

er
 is

 se
t t

o 
ze

ro
 b

ec
au

se
 it

 is
 re

du
nd

an
t

p-
va

lu
es

 p
re

se
nt

ed
 in

 b
ol

d 
ar

e 
st

at
ist

ic
al

ly
 si

gn
ifi

ca
nt

 (p
 <

 0
.0

5)
bD

M
AR

D
s b

io
lo

gi
ca

l d
is

ea
se

-m
od

ify
in

g 
an

tir
he

um
at

ic
 d

ru
gs

, B
M

I b
od

y 
m

as
s i

nd
ex

 (k
g/

m
2 ) D

AS
28

 d
is

ea
se

 a
ct

iv
ity

 sc
or

e 
in

 2
8 

jo
in

ts
, N

SA
ID

s n
on

-s
te

ro
id

al
 a

nt
i-i

nfl
am

m
at

or
y 

dr
ug

s

Es
tim

at
e

St
d.

 e
rr

or
W

al
d

df
Si

g
95

%
 c

on
fid

en
ce

 in
te

rv
al

O
dd

s r
at

io
95

%
 c

on
fid

en
ce

 in
te

rv
al

 fo
r o

dd
s 

ra
tio

Lo
w

er
 b

ou
nd

U
pp

er
 b

ou
nd

Lo
w

er
 b

ou
nd

U
pp

er
 b

ou
nd

Th
re

sh
ol

d
 D

A
S2

8 =
 R

em
is

si
on

1.
60

7
1.

39
1

1.
33

6
1

0.
24

8
−

 1
.1

18
4.

33
3

 D
A

S2
8 =

 L
ow

 d
is

ea
se

 a
ct

iv
ity

2.
58

1
1.

40
3

3.
38

4
1

0.
06

6
−

 0
.1

69
5.

33
0

 D
A

S2
8 =

 M
od

er
at

e 
di

se
as

e 
ac

tiv
ity

4.
78

0
1.

45
4

10
.8

05
1

0.
00

1
1.

93
0

7.
63

0
Lo

ca
tio

n
 P

R
ED

IM
ED

 sc
or

e
−

 0
.1

77
0.

06
0

8.
54

2
1

0.
00
3

−
 0

.2
95

−
 0

.0
58

0.
30

3
0.

26
1

0.
34

7
 D

ur
at

io
n 

of
 R

A
0.

00
3

0.
01

2
0.

08
3

1
0.

77
3

−
 0

.0
20

0.
02

7
0.

36
9

0.
36

1
0.

37
8

 G
lu

co
co

rti
co

id
s d

os
e

0.
16

3
0.

07
3

4.
98

2
1

0.
02
6

0.
02

0
0.

30
6

0.
42

7
0.

37
5

0.
47

9
 M

et
ho

tre
xa

te
 d

os
e

0.
02

9
0.

02
6

1.
27

8
1

0.
25

8
−

 0
.0

21
0.

08
0

0.
37

9
0.

36
0

0.
39

7
 A

ge
0.

02
3

0.
01

3
2.

89
8

1
0.

08
9

−
 0

.0
03

0.
04

9
0.

37
6

0.
36

7
0.

38
6

 B
M

I
0.

00
2

0.
02

8
0.

00
7

1
0.

93
3

−
 0

.0
52

0.
05

7
0.

36
9

0.
34

9
0.

38
9

 G
en

de
r =

 M
al

e
−

 0
.3

53
0.

27
8

1.
61

0
1

0.
20

4
−

 0
.8

98
0.

19
2

0.
24

1
0.

08
6

0.
43

8
 G

en
de

r =
 F

em
al

e
0a

0
 M

et
ho

tre
xa

te
 =

 N
o

0.
57

2
0.

50
4

1.
28

8
1

0.
25

6
−

 0
.4

16
1.

56
1

0.
56

9
0.

22
0

0.
81

1
 M

et
ho

tre
xa

te
 =

 Y
es

0a
0

 H
yd

ro
xy

ch
lo

ro
qu

in
e =

 N
o

0.
67

0
0.

37
7

3.
15

8
1

0.
07

6
−

 0
.0

69
1.

40
8

0.
59

9
0.

34
3

0.
78

3
 H

yd
ro

xy
ch

lo
ro

qu
in

e =
 Y

es
0a

0
 G

lu
co

co
rti

co
id

es
 =

 N
o

0.
48

9
0.

43
1

1.
28

3
1

0.
25

7
−

 0
.3

57
1.

33
4

0.
54

2
0.

24
0

0.
76

9
 G

lu
co

co
rti

co
id

es
 =

 Y
es

0a
0

 b
D

M
A

R
D

s =
 N

o
0.

16
3

0.
32

6
0.

24
9

1
0.

61
8

−
 0

.4
76

0.
80

1
0.

42
7

0.
20

0
0.

63
8

 b
D

M
A

R
D

s =
 Y

es
0a

0
 N

SA
ID

s =
 N

o
0.

20
6

0.
29

3
0.

49
2

1
0.

48
3

−
 0

.3
69

0.
78

1
0.

44
3

0.
23

5
0.

63
2

 N
SA

ID
s =

 Y
es

0a
0



2834	 European Journal of Nutrition (2023) 62:2827–2839

1 3

Table 3   Ordinal regression 
results regarding DAS28

p-values presented in bold are statistically significant (p < 0.05)
bDMARDs biological disease-modifying antirheumatic drugs, BMI body mass index (kg/m2), DAS28-CRP 
disease activity score in 28 joints calculated with C-reactive protein, NSAIDs non-steroidal anti-inflamma-
tory drugs

Unstandardized coef-
ficients

t Sig 95,0% confidence Interval 
for B

B Std. error Lower bound Upper bound

Model 1: dependent variable: DAS28-CRP
 (Constant) 3.062 0.883 3.467 0.001 1.308 4.817
 Gender 0.135 0.213 0.634 0.528 − 0.287 0.557
 Age 0.001 0.010 0.070 0.944 − 0.019 0.020

 PREDIMED score − 0.164 0.046 − 3.608 0.001 − 0.255 − 0.074
 BMI 0.027 0.022 1.226 0.223 − 0.017 0.070
 Duration of RA 0.010 0.009 1.022 0.310 − 0.009 0.028
 Use of methotrexate − 0.239 0.388 − 0.614 0.541 − 1.010 0.533
 Methotrexate dose − 0.003 0.020 − 0.151 0.880 − 0.042 0.036
 Use of glucocorticoids − 0.470 0.329 − 1.428 0.157 − 1.123 0.184

 Glucocorticoids dose 0.174 0.056 3.085 0.003 0.062 0.286
 Use of hydroxychloroquine − 0.221 0.264 − 0.837 0.405 − 0.745 0.303
 Use of bDMARDs − 0.376 0.250 − 1.501 0.137 − 0.872 0.121
 Use of NSAIDs − 0.086 0.221 − 0.389 0.698 − 0.526 0.354

Model 2: dependent variable: RAID score
 (Constant) − 0.424 1.659 − 0.256 0.799 − 3.716 2.869
 Gender 1.605 0.409 3.925 0.000 0.793 2.417
 Age 0.030 0.019 1.568 0.120 − 0.008 0.067
 PREDIMED score − 0.311 0.085 − 3.655 0.000 − 0.480 − 0.142
 BMI 0.141 0.041 3.459 0.001 0.060 0.222
 Duration of RA 0.028 0.018 1.514 0.133 − 0.009 0.064
 Use of methotrexate − 1.610 0.728 − 2.210 0.029 − 3.055 − 0.164
 Methotrexate dose 0.065 0.038 1.729 0.087 − 0.010 0.140
 Use of glucocorticoids − 0.692 0.630 − 1.100 0.274 − 1.943 0.558
 Glucocorticoids dose 0.299 0.109 2.730 0.008 0.081 0.516
 Use of hydroxychloroquine 0.107 0.517 0.206 0.837 − 0.919 1.133
 Use of bDMARDs − 0.574 0.477 − 1.204 0.231 − 1.521 0.372
 Use of NSAIDs 0.192 0.418 0.460 0.647 − 0.637 1.021

Model 3: dependent variable: HAQ score
 (Constant) − 0.496 0.488 − 1.016 0.312 − 1.464 0.473
 Gender 0.468 0.124 3.776 0.000 0.222 0.714
 Age 0.008 0.006 1.460 0.148 − 0.003 0.019
 PREDIMED score − 0.089 0.026 − 3.444 0.001 − 0.140 − 0.038
 BMI 0.044 0.012 3.580 0.001 0.020 0.069
 Duration of RA 0.010 0.006 1.813 0.073 − 0.001 0.021
 Use of methotrexate − 0.210 0.221 − 0.950 0.345 − 0.649 0.229
 Methotrexate dose − 0.001 0.011 − 0.082 0.934 − 0.024 0.022
 Use of Glicocorticoids − 0.418 0.188 − 2.225 0.028 − 0.791 − 0.045
 Glucocorticoids dose 0.117 0.032 3.673 0.000 0.054 0.180
 Use of hydroxychloroquine − 0.102 0.153 − 0.669 0.505 − 0.406 0.201
 Use of bDMARDs − 0.211 0.145 − 1.457 0.148 − 0.499 0.076
 Use of NSAIDs 0.113 0.127 0.894 0.373 − 0.138 0.364
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includes a state of chronic inflammation that might be pro-
voked and aggravated by dysbiosis [38–40]. Therefore, 
microbiome-based therapeutics, where dietary interven-
tions may be included, have been suggested as a potential 
new class in the RA armamentarium. There are composi-
tional and functional alterations in the gut microbiota of 
RA patients, which may partially resolve after RA treatment 
[38]. The modulation of gut microbiota and intestinal barrier 
integrity and function are among the proposed mechanisms 
by which dietary interventions may improve RA-related out-
comes [41, 42].

The MD is the strongest candidate for a dietary interven-
tion-based therapeutic in RA, as it encompasses many other 
components that may positively influence gut microbiota in 
addition to fibre, such as polyphenols and polyunsaturated 
fatty acids [43]. According to the EULAR response criteria 
for pharmacological therapy, a change of 1.2 in DAS28 score 
of an individual patient is considered a significant clinical 
improvement [44]. The 0.73 difference in mean DAS28 
between the high and low adherence to the MD groups rep-
resents more than half of this value, and is in the range of 
minimum significative improvement [44], supporting the 
potential of MD as an adjunctive RA therapy. Furthermore, 
the MD is well known for its overall health benefits, as there 
is robust evidence that greater adherence to the MD reduces 
the risk of overall mortality and of comorbidities particularly 
relevant for RA patients, such as cancer and cardiovascular 
diseases [45, 46].

Few intervention studies with small sample sizes have 
been conducted regarding the MD effect on RA-related out-
comes. In a randomised clinical trial (RCT), patients in the 
MD group showed a significant decrease in DAS28 of 0.56 

and HAQ of 0.15 [47]. A different intervention trial reported 
that DAS28 remained unchanged in MD and control groups, 
but HAQ, pain, patient-global assessment, and the reported 
duration of early morning stiffness were significantly bet-
ter in the MD group than in controls [48]. A recent study 
showed beneficial effects of the MD on DAS-28 compared 
with a low-fat, high-carbohydrate diet, regardless of weight 
loss [49]. In this trial, after 12 weeks of intervention, the MD 
reduced DAS-28 by − 1.5 ± 3.01. These findings suggest that 
dietary patterns may be more relevant than weight loss and 
are particularly interesting as bodyweight control is central 
to the treatment of many health conditions [49]. The RCT 
with the largest sample size (n = 144) and duration of the 
intervention (24 weeks) reported no statistically significant 
differences between groups for HAQ Disability Index [50]. 
However, MD combined with a dynamic exercise program 
resulted in better results in patients’ health-related quality of 
life compared to each intervention alone in female patients 
with low disease activity receiving conventional Disease-
modifying Antirheumatic Drugs (DMARDs) [50]. These 
results suggest that current findings on the effects of the 
MD on RA patients could be amplified if combined with 
an exercise program and, thus, should be object of further 
investigation. Furthermore, we found that having a higher 
BMI was associated with higher HAQ and RAID scores. 
Obesity has already been reported to decrease the odds of 
achieving remission and negatively impact disease activity 
and patient-reported outcomes in RA [51], reinforcing the 
potential of diet-targeted interventions.

The lack of associations between individual components 
of diet and clinical parameters of RA in our cohort support 
the idea that it may be more relevant to interpret diet as a 

Table 4   Overall caloric and macronutrient intake, and according to adherence to the MD

*Missing data: 4 patients had no information on actual body weight, which prevented the calculation of energy and protein per kilogram of body 
weight; p-values presented in bold are statistically significant (p < 0.05); aOne-Way ANOVA, bKruskal-Wallis Test

Full sample (n = 120) Low adherence to 
the MD (n = 15)

Moderate adherence 
to the MD (n = 73)

High adherence to 
the MD (n = 32)

p value

Energy (kcal), mean ± SD 2141.93 ± 532.91 2223.91 ± 687.75 2124.63 ± 528.74 2142.96 ± 472.52 0.808a

Energy per kilogram (kcal/kg)*, median(IQR) 28.61 (12.33) 30.52 (12.19) 28.25 (12.45) 30.07 (13.26) 0.847b

Protein (g), mean ± SD 92.90 ± 25.06 95.58 ± 27.68 92.09 ± 25.69 93.51 ± 22.94 0.877a

Protein per kilogram (g/kg)*, mean ± SD 1.33 ± 0.43 1.26 ± 0.31 1.32 ± 0.45 1.37 ± 0.44 0.719a

Carbohydrates (g), median(IQR) 222.23 (84.00) 222.49 (152.69) 225.36 (78.63) 214.30 (73.77) 0.900b

Sugar (g), median(IQR) 94.99 (51.23) 100.62 (109.05) 90.36 (42.84) 99.76 (49.04) 0.731b

Dietary fibre (g), median(IQR) 23.46 (10.31) 16.68 (8.88) 23.64 (10.28) 25.56 (8.91) 0.002b

Total fat (g), median(IQR) 92.19 (51.70) 110.50 (50.74) 89.11 (47.60) 102.15 (49.19) 0.398b

Saturated fat (g), median(IQR) 23.07 (11.30) 30.18 (15.16) 22.67 (12.51) 23.45 (10.10) 0.051b

Mono-unsaturated fat (g), median(IQR) 46.23 (24.95) 45.83 (29.97) 43.64 (24.14) 51.78 (27.76) 0.378b

Polyunsaturated fat (g), median(IQR) 14.15 (7.11) 14.65 (9.26) 13.77 (6.99) 14.23 (8.51) 0.543b

Cholesterol (mg), median(IQR) 316.16 (187.51) 363.41 (178.57) 308.88 (185.38) 312.21 (151.89) 0.407b

Alcohol (g), median(IQR) 0.10 (4.97) 0.77 (4.97) 0.00 (4.97) 0.70 (5.72) 0.883b
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whole, as in a dietary pattern, instead of its isolated com-
ponents. This concept has been explored in the literature 
as ‘food synergy’, based on the proposition that the inter-
relations between foods are significant, and highlighting 
that the evidence for health benefits appears to be stronger 
when considering a synergistic dietary pattern, compared to 
individual foods or food components [52]. Dietary pattern 
analysis goes beyond nutrients and foods and examines the 
effects of overall diet, which is valuable as people do not eat 
isolated nutrients, but meals consisting in a variety of dif-
ferent foods that are likely to interact [53]. Furthermore, the 
effects of single nutrients may be too small to be detected, 
but their cumulative effects in a dietary pattern may be more 
evident [53]. Contrary to our findings, it has been reported 
that RA patients consuming fish more than twice weekly had 
a significantly lower DAS28-CRP than those who ate fish 
less than once monthly [54]. This study evaluated a cohort 
of American patients. For each additional serving of fish per 
week, DAS28-CRP was significantly reduced by 0.18 [54]. 
Of note, fishing and fish consumption are also characteristic 
of the MD [14]. Our contrasting results might be explained 
by the distinct dietary habits and patterns of fish consump-
tions among the assessed populations (United States of 
America, USA, vs. our Portuguese sample) as Portugal has a 
higher seafood consumption per capita than the USA [55]. In 
fact, Portugal is reported to have the highest fish consump-
tion per capita in Europe and one of the highest in the world 
[56]. The consumption of an additionall serving of fish per 
week might be more relevant in a population with a lower 
fish consumption, when compared to a population with one 
of the highest rates of seafood consumptions worldwide.

In our cohort, mean DII (0.00 ± 0.17) was not signifi-
cantly different from the mean DII of the Portuguese popula-
tion (-0.10 ± 1.46, p = 0.578) and no associations were found 
between DII and RA disease outcomes. Similarly to our 
results, in the trial by Matsumoto et al. [57], DII score was 
not associated with RA disease activity. However, authors 
found that the diet of RA patients had a higher DII compared 
to controls and, in a longitudinal analysis, an anti-inflamma-
tory change in the DII score was associated with maintaining 
a low disease activity for 6 years. Of interest, no association 
was found between change in disease activity at the EULAR 
response level, leading authors to speculate whether the 
impact of DII may be especially relevant in contributing to 
maintaining disease activity in patients whose base disease 
activity is relatively well maintained [57]. The fact that the 
DII score appeared to be associated with the maintenance of 
low disease activity is particularly valuable as further treat-
ment adjustments are generally not implemented in low dis-
ease activity RA patients. Our study design does not allow 
for the evaluation of how DII may affect the maintenance of 
disease activity. Additionally, when comparing mean DII 
from our cohort and the general population, which were not 

significantly different, it is important to point out that the 
DII of our sample was calculated with 28 food parameters 
and for the Portuguese population only 24 were used due to 
missing information on omega-3, omega-6, selenium and 
caffeine intake. This different calculation may contribute to 
explain the inconsistencies in our findings.

On the other hand, Tandorsost et al. reported that patients 
with the highest DII had significantly higher DAS28, TJC, 
and serum inflammatory markers such as hs-CRP and 
Tumour Necrosis Factor- alpha [58]. Although DAS28 
considers both TJC and SJC, the authors only report sig-
nificant differences for TJC. In our sample, neither TJC or 
SJC were significantly different between groups of adher-
ence to the MD or associated with DII. When taking into 
account more clinical parameters, by calculating disease 
activity scores, associations were still not found for DII. In 
a different perspective, other authors found DII to be posi-
tively associated with risk of developing RA [21, 59]. As 
for intervention trials, an anti-inflammatory diet induced 
no significant clinically-relevant reductions in DAS28 in a 
crossover RCT, with a diet containing food items with sug-
gested anti-inflammatory properties compared with a control 
diet nutritionally similar to the diet of the general population 
of the country where the study took place (Sweden) [60]. 
Overall, although with inconsistent results, evidence sug-
gests that a diet a higher inflammatory potential measured by 
DII may possibly act as a risk factor for RA and its severity, 
and more studies are needed.

Our study has several limitations. First, this study was 
single-centred and had a relatively small sample. The 
observational design does not allow extrapolations regard-
ing the causal link between dietary intake and the different 
RA clinical outcomes. Despite using validated tools for the 
assessment of dietary intake, this data is particularly vul-
nerable to errors as it is self-reported. Patients were given 
adequate time and support to fully answer the questions 
proposed to them and certified dietitians were responsible 
for the dietary data collection, being trained to adequately 
address questions on this subject, but ultimately data 
remains self-reported and subject to bias and limitations. 
This may contribute to justify divergent results in the lit-
erature, as well as in our results, such as inconsistencies 
in the findings between the MD and DII with regard to RA 
disease outcomes. The tool used to assess adherence to the 
MD consisted of a total of fourteen straightforward ques-
tions, while DII was calculated based on a validated Por-
tuguese FFQ with 86 questions, which demanded a wider 
attention spam from patients. Nevertheless, our findings 
are in line with the increasing number of recent studies 
suggesting that diet, specifically the MD pattern, may have 
a relevant role in the future of RA management Finally, 
RA patients commonly ask for advice on dietary intake. 
In our cohort, a quarter of patients restricted certain foods 
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due to the belief of a possible RA-related benefit. As 
long-term dietary restrictions, when carried out without 
the supervision of a dietitian, may lead to nutritional defi-
ciencies, a multidisciplinary approach in RA is mandatory. 
It is also appropriate to point out that our patient popula-
tion resides in a Mediterranean country and, therefore, 
possibly could have the opportunity to follow a MD, if 
adequately advised. As this was an observational study, 
dietary counselling was not performed and, to adequality 
address the relationship between diet and RA, intervention 
studies are warranted,

Conclusion

Higher adherence to the MD was significantly associated 
with lower disease activity, lower impact of disease and 
lower functional disability in RA patients. These associa-
tions remained significant after adjusting for several con-
founders. Although these findings warrant confirmation by 
interventional research, our results suggest that the MD is 
a promising intervention to complement current pharma-
cological treatment strategies in RA.
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