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Objective: Rheumatic diseases result in chronic pain (CP) and require treatment 
with drugs whose prolonged administration is associated with side effects. 
However, publications in the academic literature have suggested that diet 
modification and food supplementation can play a crucial role in alleviating the 
symptoms of inflammatory disease. Thus, it is hoped that the use of an anti-
inflammatory diet for pain management might result in improved quality of life. 
Hence, here we  aimed to investigate the effect of anti-inflammatory foods in 
patients with CP caused by rheumatic diseases.

Methods: After an exhaustive bibliography search, we  designed a 13-item 
anti-inflammatory dietary guide based on a Mediterranean diet without red 
meat, gluten, or cow’s milk (the AnMeD-S). We then conducted a pilot study to 
evaluate the efficacy of this anti-inflammatory diet in patients with CP. A food 
consumption score (with a maximum of 156 points) was then applied to evaluate 
patient adhesion to the proposed diet. Forty-five patients with CP were followed-
up for 4 months. Variables related with quality of life (including pain perception, 
depression status, and sleep satisfaction) were measured using 9 validated 
questionnaires and anthropometric measurements were recorded before and 
after the participants followed the anti-inflammatory diet.

Results: We found a correlation between increased anti-inflammatory food intake 
and improved physical characteristics, stress, and pain in the patients we assessed. 
Moreover, decreased consumption of pro-inflammatory foods was positively 
correlated with sleep satisfaction. Following the AnMeD-S was associated with 
improved physical characteristics and quality-of-life in patients with CP.

Conclusion: The AnMeD-S, includes anti-inflammatory foods and restricts the 
consumption of certain pro-inflammatory foods (such as those containing gluten). 
This dietary pattern could provide relief from CP and improve the symptoms of 
stress and depression, as well as reducing sleep disturbances.
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1. Introduction

Pain is described as one of the most uncomfortable feelings a 
patient can experience. According to the International Association for 
the Study of Pain there are three main categories of chronic pain (CP). 
First, nociceptive pain is caused by tissue damage and is the most 
common form of CP. Second, neuropathic pain is caused by damage 
to or diseases affecting the somatosensory nervous system such as 
neuropathies, stroke, and multiple sclerosis. Third, nociplastic pain 
arises from abnormal pain signaling processes in the absence of 
evidence of any related tissue damage or pathologies. It is caused by 
neuroplasticity of nociceptive or neuropathic pain (1). Among the 
causes of CP, rheumatic diseases have a high prevalence. According to 
the World Health Organization (WHO), 20% of the world population 
suffers from some form of rheumatic disease and they account for 35% 
of the causes of overall disability in the adult population of the 
Western world (2).

CP in rheumatic diseases such as rheumatoid arthritis (RA), 
fibromyalgia (FM), and osteoarthritis (OA) has been shown to have a 
significant bidirectional relationship with several psychological, 
cognitive, and social factors such as depression, anxiety, stress, or poor 
sleep (3, 4). More recently, other factors that should be considered in 
the management of CP, such as poor diet and being obese/overweight, 
have received more attention (5, 6), with some studies suggesting that 
elevated body fat may infer an increased risk of medical incidents and 
worsening joint pain (7–9). The bidirectionality of the symptomatology 
of these pathologies means that there is feedback between them and 
so, improving these symptoms could also improve all the comorbidities 
mentioned above. Moreover, this bidirectionality might be influenced 
by the gut microbiome and increased permeability of the gut barrier, 
thereby increasing neuroinflammation and accelerating 
neurodegeneration (10). Of note, the chronic systemic inflammation 
caused by rheumatic pathologies could cause this increased 
permeability (6). Dietary interventions to improve symptoms are 
common in these patients (7) and in this sense, a wide range of studies 
have shown promising results when patients with rheumatic diseases 
have followed an anti-inflammatory diet (3, 8, 11).

The standard western diet is characterized by high levels of 
consumption of saturated fats, refined carbohydrates, red meat, salt, 
and sweetened beverages, and nowadays this style of eating has 
extended worldwide (12). Adherence to a western diet can cause 
excessive production of pro-inflammatory mediators along with the 
reduced release of anti-inflammatory mediators, including 
antioxidants. In fact, together with inflammation, a lower intake of 
micronutrients such as omega-3 fatty acids, vitamins B and D, 
magnesium, zinc, and B-carotenes is associated with CP (13). Given 
this, and based on a large body of scientific knowledge, the WHO (2) 
and other scientific institutions now recommend the Mediterranean 
diet (MD) as the healthiest style of eating because it can reduce the 
risk of several chronic diseases. The MD is characterized by high 
consumption of fruits and vegetables, extra virgin olive oil (EVOO), 
nuts, legumes, unprocessed cereals, and fish; moderate consumption 
of dairy products and meat; and low consumption of red meat and 
ultra-processed foods.

Of note, based on the composition of the MD, it is classified as an 
anti-inflammatory diet. Importantly, this type of regimen is of key 
interest in many chronic diseases. Recent studies have shown 
encouraging results in patients with CP after nutritional interventions 

(7, 14–18) thanks to decreased intestinal barrier permeability as the 
result of lower pro-inflammatory mediator production, thereby 
preventing the passage of certain metabolites into the bloodstream 
(19, 20). In addition, the consumption of anti-inflammatory foods 
seemed to improve patient quality of life (QoL) by decreasing their 
levels of stress, anxiety, depression, and cognitive and sleep 
disturbances (21), achieved by reducing inflammation and oxidative 
stress (22).

While MD, has shown promising results in mitigating 
inflammation and enhancing patient well-being, additional measures 
may be  warranted to optimize therapeutic outcomes. Turmeric, 
derived from the Curcuma longa plant and rich in the bioactive 
compound curcumin, has emerged as a potential coadjuvant 
supplement in anti-inflammatory dietary strategies (23). Curcumin 
possesses anti-inflammatory properties and can modulate multiple 
pathways involved in inflammation, thereby potentially providing 
additional benefits to rheumatic patients.

Thus, starting from this hypothesis, in this current work our 
objectives were to summarize the current academic knowledge of anti-
inflammatory and pro-inflammatory foods in order to design a 
nutritional guide and to evaluate the use of this anti-inflammatory 
dietary intervention in patients with CP caused by rheumatic diseases 
to establish the efficacy of this guide to improve the QoL of these 
patients. In addition, this pilot study also aims to explore the inclusion 
of turmeric supplementation with curcuma latte (Baïa Food®) as a 
coadjuvant to the anti-inflammatory diet, with a focus on its potential 
synergistic effects in alleviating pain, reducing inflammation, and 
improving overall patient outcomes.

2. Methods

2.1. Search strategy to determine the basis 
of the anti-inflammatory diet

In the first part of this study, we  set the bases for the anti-
inflammatory diet we would use in the second part of the work. Thus, 
we performed an exhaustive search to identify anti-inflammatory diets 
and nutrients described in the academic literature; we also performed 
a search for pro-inflammatory foods. The search was conducted from 
1 November 2020 to 30 January 2021 using “anti-inflammatory diet,” 
“chronic pain,” and “rheumatic diseases” as the key words, although 
other key words were also used to better understand certain foods or 
nutrients such as glutenin or casein thought to be  involved in 
inflammation. We only considered articles written in English and 
studies carried out on humans aged over 45 years.

2.2. Study participants

Forty-five patients were recruited from different Valencian 
Rheumatoid Patient Associations, with permission of the presidents 
of each association. All the patients had previously been diagnosed 
by rheumatologists and were all treated after signing their informed 
written consent to participation in this work. This study was 
reviewed and approved by the Institutional Review Board (IRB) at 
the CEU Cardenal Herrera University (CEEI20/095, approval date: 
31 March 2021) and was compliant with the European General Data 
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Protection Regulation (RGPD) and Organic Law 3/2018 on the 
Protection of Personal Data and the Guarantee of Digital Rights 
which guarantees data protection and data security, confidentially, 
and use for the purpose for which the participants were properly 
informed. Moreover, the study complied with the principles of the 
Declaration of Helsinki.

2.3. Intervention

We conducted a 4-month nutritional intervention study with an 
anti-inflammatory, supplemented, MD (AnMeD-S) in which 
pro-inflammatory foods such as gluten products, cow’s milk, red meat, 
alcohol, sugar, and processed foods were removed. We  also 
recommended an increase in anti-inflammatory foods such as blue 
fish, EVOO, nuts, fruits, vegetables, legumes, plain yogurt and kefir, 
and turmeric. Additionally, each month we provided the patients with 
a container of Curcuma Latte (Baïa Food®) which contains curcuma 
and black pepper to enhance curcumin absorption. The curcuma 
powder was given to the patients because it is not usually consumed 
as part of the MD. The study consisted of 5 face-to-face and 5 telematic 
visits with in-person visits scheduled once a month and the first 
telematic visit being scheduled 15 days after the first in-person visit 
and monthly thereafter. Moreover, Zoom® meetings (Zoom Video 
Communications, Inc.) were also programmed every month to 
provide dietary education (Figure 1).

2.3.1. First visit
The study was explained to the patient and the informed consent 

was then signed. All the participants completed a 24-h food recall and 
a food frequency questionnaire (FFQ) which were used in the 
preparation and planning of individual menus. Moreover, during the 
examination, anthropometric measurements were taken and the Mini 
Nutritional Assessment (MNA) (24), Oviedo Sleep Questionnaire 
(OSQ) (25), Geriatric Depression Scale (GDS) (26), Health 
Assessment Questionnaire (HAQ) (27, 28), and Cognitive Impairment 
Test were completed (29–31). At the end of the visit, the nutritionist 
gave each patient a container of Curcuma Latte and a nutritional diary; 

the latter was used to record the daily food intake. Five days later, a 
weekly menu, recipes, and a list of seasonal fruits was sent to each 
patient by e-mail.

2.3.2. Second visit
The diet plan was customized to suit each patient’s circumstances, 

preferences, and beliefs to encourage adherence. Fifteen days later the 
dietitian called each patient to assess how they were adhering to the 
diet, what parts were easier/harder for them to follow, and to adjust 
the diet if necessary.

2.3.3. Third visit
One month later, the patients met face-to-face with the study 

dietitian to receive counseling. The patients’ anthropometric 
measurements were recorded, and they completed the HAQ, GDS, 
and OSQ questionnaires. Each patient received another pack of 
Curcuma Latte, a new nutritional diary, another monthly menu, 
recipes for the menu, and a list of seasonal fruits and vegetables.

2.3.4. Fourth to eighth visit
From first month until the end of the study the patients were 

asked to meet face-to-face once a month so that we could record their 
anthropometric measurements, complete the questionnaires, and 
provide the monthly menu, Curcuma Latte, and nutritional agenda. 
Patients received biweekly phone calls to check on their progress, 
answer questions, and complete questionnaires. Every month, they 
were also offered the chance to attend a support group facilitated by 
our dietitian, either on Zoom® or face-to-face, which was designed to 
reinforce the dietary interventions.

2.3.5. Last visit
Four months after starting the intervention, the patients met face-

to-face with the dietitian and completed all the aforementioned tests 
and anthropometric measurements for the last time.

The intake of pro-inflammatory and anti-inflammatory foods was 
recorded by the patients daily; we also asked about physical exercise, 
stress, pain, and sleep quality every day. The patients could stop the 
dietary intervention upon request. At the end of the study (4 months), 

FIGURE 1

Nutritional intervention study with an anti-inflammatory, supplemented MD diet.
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the diets followed by each patient were documented and collated so 
that all of the data could be analyzed in conjunction.

2.4. Nutritional questionnaires

Different questionnaires were used to evaluate the nutritional 
status of each patient. First, an adaptation of the Predimed FFQ was 
used at the beginning and end of the study to determine the evolution 
of the participants and frequency of the foods consumed (32). In 
addition, the MNA questionnaire (24) was used to rate the patients’ 
risk of malnutrition.

2.5. Pain, insomnia, stress, and depression 
questionnaires

We used the OSQ (25) to assess sleep disorders. Perceived pain 
was evaluated with a numeric rating scale (NRS) (33), patient 
disability was estimated with the HAQ (27, 28), and depression with 
the GDS (26). Moreover, the same NRS was employed to measure 
stress in order to compare the participant’s perceptions of pain, rest, 
and stress (33).

2.6. Cognitive impairment questionnaires

A cognition screening was performed at the beginning and end of 
the 4-month intervention using the Memory Impairment Screening 
(MIS) (29), Short Portable Mental State Questionnaire (SPMSQ) (30), 
and Semantic Verbal Fluency (SFV) (31) tests. The characteristics of 
the 9 validated questionnaires used to measure nutrition status, 

cognitive impairment, pain, insomnia, and depression are shown in 
Table 1.

2.7. Diet score

To evaluate adhesion to our proposed anti-inflammatory diet, a 
modified version of the ITIS diet score (34) created by the University 
of California San Diego was adjusted to the AnMeD-S. A total score 
of 156 points was possible using our scoring system. Negative points 
being assigned if refined grains, red meat, more than 4 eggs per week, 
saturated fats, milk, flavored yogurts, more than 3 coffees per day, 
alcohol, sweetened beverages, sugar, pastries, or cakes, or sauces such 
as ketchup and mayonnaise, etc. had been ingested. From among the 
remaining foods evaluated, the most important ones such as 
turmeric, EVOO, blue fish, nuts, dark chocolate, fruits, and plain 
yogurt or kefir received more points. Table  2 shows the overall 
scoring system and how it was calculated based on how the patients 
answered the FFQ.

We separated the vegetable score into three groups. The first group 
was greens and included lettuce, spinach, chard, endive, green beans, 
and other types of green leafy vegetables. The second group was of 
non-greens and included tomato, asparagus, celery, peppers, artichoke, 
mushrooms, and carrots. The third group contained every other 
vegetable including cauliflower, broccoli, aubergine/eggplant, 
courgette/zucchini, cucumber, brussels sprouts, and other commonly 
used vegetables. In addition, the fruits were also separated into three 
groups. The first group contained berries including strawberries, 
grapes, fruits of the forest (raspberries, blackberries, and blueberries, 
etc.), and cherries. The second group contained enzymatic fruits 
including orange, tangerine, grapefruit, pineapple, kiwi, and banana. 
The last group included other fruits such as apple, pear, peach, melon, 

TABLE 1 Summary of the characteristics of the validated questionnaires used in this study.

Characteristic Validated tests Reference value

Nutrition
Mini Nutritional Assessment 

(MNA)
[0–7] Malnutrition [8–12] Malnutrition risk [12–14] Well nourished

Pain Numeric rating scale (NRS) [0–2] Light [3–7] Moderate [8–10] Intense

Stress NRS [0–2] Light [3–7]e Moderate [8–10] Intense

Depression
Geriatric Depression Scale 

(GDS)
[0–9] Normal

[9–20] Symptoms compatible 

with low to moderate 

depression

[20–30] Symptoms 

compatible with moderate 

to severe depression

Disability
Health Assessment 

Questionnaire (HAQ)
[0–1] Mild disability

[1, 2] Mild to moderate 

disability
[2, 3] Severe disability

Sleep quality
Oviedo Sleep Questionnaire 

(OSQ)

[1–7] Subjective sleep 

satisfaction
Low values indicate sleep problems

[1–15] Hypersomnia High values indicate sleep problems

[1–45] Insomnia High values indicate sleep problems

Cognitive impairment

Semantic Verbal Fluency (SFV) <10 symptoms compatible with DC

Memory Impairment Screen 

(MIS)
<4 symptoms compatible with DC

PFEIFFER’s Short Portable 

Mental State Questionnaire 

(SPMSQ)

>3 symptoms compatible with DC
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and watermelon. After evaluating the score, we  rated them 
as percentages.

2.8. Variables studied

To evaluate the therapeutic effect of the AnMeD-S we collected 
the following data:

 • Demographic variables: age, gender, chronic pain, diagnosis of 
depression, and family background.

 • The AnMeD-S variables at the beginning and end of the 
follow-up, applying the following scores: healthy diet [0–60 
points], anti-inflammatory foods [0–96 points], negative score 
for pro-inflammatory foods [−66–0 points], total anti-
inflammatory diet score [0–156 points]. After the start of the 
study, some new variables were considered such as percentage 
consumption of a healthy diet ([0–100%]), anti-inflammatory 
foods ([0–100%]), pro-inflammatory foods (based on the 
highest score achieved by the patients; [0–100%]), and global 

percentage of the anti-inflammatory diet adherence 
([0–100%]).

Likewise, we  also calculated some new variables to rank the 
patients into different groups. For each monitored food, the first group 
were patients already following the recommendations at the start and 
end of the study (“maintain”). The second group were patients that 
improved their diet to meet our recommendations (“meet”). The third 
group were the patients who improved their diet but did not meet our 
recommendations (“improve”). The last group were patients who 
maintained their habits and did not meet our recommendations or 
whose diet had worsened (“worsen”).

The classification remained as followed: consumption of a healthy 
diet, consumption of anti-inflammatory foods, consumption of 
pro-inflammatory foods, and finally, overall consumption of an anti-
inflammatory diet (“low”: [0–50%]; “moderate”: [50–75%]; and 
“high”: [75–100%]).

 • Physical condition variables: weight, body mass index (BMI), 
body fat (BF), body water (BW), muscle mass (MM), metabolic 

TABLE 2 Foods included in the anti-inflammatory, supplemented, Mediterranean diet and their recommended consumption frequencies.

Food Importance Consumption frequency References

Extra virgin olive oil 

(EVOO)

EVOO is rich in antioxidants, especially phenolic compounds. The 

beneficial effects of EVOO are associated with its fatty acid 

composition, which is very rich in monounsaturated fatty acids, 

with moderate levels of saturated fatty acids and polyunsaturated 

fatty acids (PUFAs).

3 tablespoons/day (16, 38, 39)

Fruits
Rich in polyphenols. Different colored fruits are especially useful 

because of their carotenoid content anti-inflammatory properties.
3 portions/day (3)

Nuts
Rich in monounsaturated fatty acids (MUFAs) and many minerals 

and vitamins.
30 g daily (39, 41)

Vegetables

Rich in antioxidants such as flavonoids, carotenoids, phenolics, 

isoflavones, and indoles, as well as vitamins. Contain high levels of 

fiber.

2 portions/day (42)

Plain yogurt/kefir
Regulation of intestinal flora and pro-inflammatory cytokines in the 

gut.
1 portion/day (38)

Coffee
Rich in phenolic compounds including chlorogenic acids (CGAs), 

which reduce pro-inflammatory cytokines such as TNF-α.
<3 cups/day (43, 44)

Eggs Contains fat-soluble B vitamins, minerals, choline, and carotenoids. 3–4/week (45)

Blue fish Rich in fatty acids and ω-3 PUFAs. 3 portions/week (36, 39)

Legumes
Rich in fiber, minerals and in vitamins. Soybeans reduce the 

presence of pro-inflammatory cytokines.
3 portions/week (42)

Red meat
Reduced consumption appears to be associated with improvements 

in RA symptoms.
Occasionally (39, 46)

Cow’s milk

Rich in trans-fatty acid which increases the presence of 

inflammatory markers. Moreover, the saturated fatty acids present 

in cow’s milk increase inflammation.

Avoid completely (4)

Gluten
The gliadin and glutenin contained in gluten both trigger 

immunological responses.
Avoid completely (8)

Curcumin
Inhibits the expression of pro-inflammatory cytokines (IL-1, IL-8, 

and IL-6) and TNF-α.

Every day in conjunction with black 

pepper†
(4)

This table is provided only as an orientation for the anti-inflammatory diet the study participants we followed; all the patients’ menus were specifically adjusted for their preferences and their 
recommended energy consumption in terms of calorific intake. †Black pepper enhances curcumin absorption.
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age (MA), visceral fat (VF), arm circumference (AC), waist 
circumference (WC), hip circumference (HC), and waist-hip 
index (WHI). From the follow-up of these variables, we built new 
variables that classified patients according to whether they 
improved each of these physical metrics. All the variables were 
measured as an improvement if the result had decreased, except 
for muscle mass and undernutrition, which were noted as 
improved if they had increased.

 • QoL variables: measured using the validated questionnaires. New 
variables are made based on the follow-up to classify the patients 
as having improved or not for each characteristic.

2.9. Statistical analysis

The sample size was calculated to ensure that the work would 
be able to detect a change in the food consumption based on the score 
and a reduction in the degree of pain after the dietary intervention. 
Therefore, the sample size was determined to maximize these two 
conditions as follows:

To detect the effect of increased consumption of the AnMeD-S 
with a confidence of 95% and statistical power of 80%, taking a 
mean increase of 17% and a standard deviation of 20% as 
reference  values, a sample size with more than 11 individuals 
was required.

To determine the effect of a reduction in the degree of pain by a 
mean of 1 point and a standard deviation of 2 points, with a confidence 
of 95% and a statistical power of 80%, a sample size exceeding 27 
participants was needed.

Finally, we recruited a total of n = 45 participants to this study, 
which therefore exceeded the required sample size of at least 27 
individuals. All the baseline and follow-up variable data described 
above was stored in an Excel spreadsheet which was designed ad 
hoc. These metrics were: consumption of the AnMeD-S, physical 
and QoL characteristics at the beginning and end of the study; 
we also recorded whether there was an improvement for each of the 
characteristics for each individual participant. The advanced 
statistics software R was used for the statistical analyses. The 
qualitative variables were described as the sample sizes and 
percentages (n [%]); quantitative variables were described as the 
mean and standard deviation (x ̄ ± s). To analyze the association 
between qualitative variables, Chi-squared or Fisher exact tests 
were used; statistical significance is indicated with an * if the p-value 
was <0.05; ** for <0.01, and *** for <0.001.

The difference in the scores achieved before and after the 
AnMeD-S intervention was used to determine the increase in 
consumption of the corresponding food group. Spearman rank 
correlations were calculated to evaluate if changes in consumption 
toward the diet recommendations given to participants were 
associated with the numerical indicators of QoL. Correlation tests 
and their corresponding p-values were also used to determine 
significant associations. In contrast with the methodology 
proposed in the previous paragraph, this procedure 
evaluated  changes in these scores rather than dividing the 
individuals according to their adherence to the AnMeD-S 
consumption recommendations.

3. Results

3.1. Dietary bases for the nutritional 
intervention

The key information upon which the AnMeD-S anti-inflammatory 
nutritional trial conducted in this work was based was extracted from 
the academic literature. We designed the guide based on the MD 
according to the grade and accuracy of the available evidence. 
We chose the MD because it has been proven to reduce inflammation 
and oxidative stress and consequently, to increase cellular metabolism 
and promote stem cell-based regeneration. However, we  also 
prohibited some foods included in the MD because they are 
considered pro-inflammatory (red meat, gluten, and cow’s milk), 
while also adding other anti-inflammatory foods such as curcumin 
and coffee.

Regarding the anti-inflammatory foods mentioned above, it is 
well known that polyphenols can effectively prevent and alleviate the 
symptoms of rheumatic diseases. This is because of their antioxidant 
and anti-inflammatory actions, which are mediated by inhibiting the 
transcription and expression of pro-inflammatory cytokines (35). 
Some important polyphenols are flavonols, anthocyanins, 
proanthocyanins, and resveratrol, which are present in many fruits 
and legumes. Moreover, carotenoids are known to have antioxidant 
properties because they inhibit reactive oxygen species (ROS), 
meaning they have a protective effect in rheumatic diseases. These 
carotenoids can be  found in fruits and vegetables such as sweet 
potatoes, carrots, red peppers, squash, avocado, and watermelon.

At the same time, monounsaturated fatty acids (MUFAs), found 
in foods such as nuts, also have antioxidant activity which can mitigate 
chronic pro-inflammatory processes. Indeed, the function of 
polyunsaturated fatty acids (PUFAs) in the improvement of 
mitochondrial function, inhibition of inflammatory mediators such 
as interleukins (ILs) and tumor necrosis factor alpha (TNF-α), and 
decrease in oxidative stress is well-known. Importantly, there are 
different PUFAs known as ω-3 and ω-6, with both being involved in 
the inflammatory response and their ratio being of key importance. 
The ω-3 PUFAs are eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), which both help in the regulation of antioxidant signaling 
pathways. In turn, the amount of the ω-6 PUFA, arachidonic acid 
(AA) released from cells determines the intensity of inflammation. 
When less AA is found in cell membranes, less AA is released and 
therefore, fewer eicosanoids are formed (36).

AA can mainly be found in the fatty parts of meats, especially red 
meat, while ω-3 is mainly found in EVOO, fish, and fish oil 
supplements. An increase in postprandial lipopolysaccharides (LPSs) 
and toll-like receptor-4 (TLR4) is associated with increased levels of 
inflammatory cytokines such as IL-6, IL-17, and TNF-α which, in 
turn, activate oxidative bursts. Many epidemiological studies have 
provided a solid rationale for the health benefits of diets based on 
foods of vegetable origin (36). Of note, an important aspect of 
vegetable consumption is mixing at least 2 or 3 vegetables with 
different colors in every meal to ensure the intake of different 
micronutrients. In this line, several studies have revealed that 
curcuminoids act to inhibit the expression of IL-1, IL-8, and IL-6, and 
TNF-α, thereby decreasing the severity of rheumatic disease. 
Moreover, these molecules also help to downregulate the production 
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of NO, COX2, iNOS, lipoxygenase activator protein-1, and NF-kB in 
a wide range of cells, with the latter simultaneously increasing the 
levels of cytokines (IL-10).

Beta-casomorphin is a peptide with opioid activity which is 
produced by the incomplete degradation of the protein from cow’s 
milk (casein) in the intestine. Furthermore, increased intestinal 
permeability could lead to impairment of the intestinal barrier with 
the subsequent passage of such peptides into the bloodstream, thereby 
triggering a systemic immune response (37). Even though beta-
casomorphin is mainly found in cow’s milk, consuming fermented 
foods such as plain yogurt and some cheeses has been shown to have 
a positive effect because of its impact on gut microbiota diversity (38). 
Thus, our nutritionist made the subjective decision of what foods to 
include in the AnMeD-S and the recommended frequency of their 
consumption, as shown in Table 2.

3.2. Characteristics of the study 
participants

Forty-five patients with an illness accompanied by CP were included 
in this study. Forty of the participants were women (89%) and the 
average age was 59 ± 7 years. Twenty patients had a background of 
cognitive impairment (44%), 40 patients claimed to have memory loss 
(89%), and possible cognitive impairment had been identified in 5 of 
them (11%). Finally, 28 patients had a diagnosis of depression (62%). 
The results from the cognitive impairment questionnaires were not 
statistically significant. This may have been because of our small sample 
size or because the participants were too young to be  diagnosed. 
Moreover, it is important to note that following a new dietary routine for 
4-months was insufficient to see any changes in the cognitive test results.

3.3. Design of the anti-inflammatory, 
supplemented, Mediterranean diet, and the 
assessment tools

Table  3 details the three main food groups. The first groups 
comprised foods that are part of a healthy diet. The second group 
defines foods with an anti-inflammatory effect. Finally, the last group 
contains foods with a pro-inflammatory effect. We also describe the 
consumption levels recommended for each food in order to achieve 
an anti-inflammatory therapeutic effect. To evaluate the diet, each 
food received a different score based on the recommended 
consumption frequency and its anti-inflammatory effect. 
We established a maximum score for each food, regardless of higher 
intake levels. A 100% consumption of healthy foods was graded with 
60 points and a 100% consumption of anti-inflammatory foods was 
scored with a maximum of 96 points. Thus, the gold standard for this 
diet, if the patient followed the diet perfectly, was a total of 156 points.

3.4. Individual food intake and compliance 
with the nutritional recommendations

Table  4 shows the number of patients and their percentage 
adherence for each food, classified into four categories. Firstly, patients 
that already followed the recommendations and were able to maintain 

their habits (maintain column). Secondly, patients that did not follow 
the recommendations before starting the study but were able to meet 
them while completing the work (meet column). Thirdly, patients that 
improved their consumption habits without reaching the intake goal 
(improve column). Finally, patients that did not meet the required 
consumption recommendations or whose habits became worse 
(worsen column). It is worth noting that the consumption of healthy 
foods and anti-inflammatory foods is desirable, hence we considered 
an improvement to be an increase their consumption. Nevertheless, it 
is the other way around for pro-inflammatory foods, meaning that an 
improvement meant a decrease their consumption.

From the beginning of the work, many of the patients were 
already eating some of the foods at the recommended frequencies. 
In the healthy foods group, 67 and 76% of the patients met this 
criteria for white meat and eggs, respectively. For the anti-
inflammatory foods, 73% of the patients already met the EVOO 
consumption recommendation. Lastly, in the pro-inflammatory food 
category, 80% of the patients were already following the 
recommendations for wine and sweet beverages and 73% were 
following the coffee recommendation. In other words, the 
consumption of these foods was not responsible for any physical or 
QoL changes in this work because their consumption did not change 
during the course of the study. However, there was an improvement 
in the intake for several different foods including legumes (47%), 
greens (47%), non-greens (36%), blue fish (44%), and cow’s milk 
(51%). These improvements could have been involved in physical 
and QoL changes in the study participants. Furthermore, its seemed 
to be more complicated for participants to introduce certain foods 
into the diet such as gluten-free foods (47%), other vegetables (49%), 
enzymatic fruits (51%), plain yogurt or kefir (53%), and dark 
chocolate (60%), or for them to restrict refined grains (40%) and 
alcohol use (56%).

The number of participants and percentages that maintained 
adequate consumption according to our recommendations from the 
start of follow-up (Maintain), improved until complying with the 
recommendations (Meet), that improved but did not adhere to the 
recommendations (Improve), or whose consumption did not improve 
or worsened (Worsen).

In terms of foods associated with healthy diets, the consumption 
of poultry and eggs seemed to be  easier for the participants to 
maintain. The patients met the established dietary requirements for 
legumes (47%) and greens (47%) and it was easier for them to improve 
their consumption of non-greens (36%), although not sufficiently to 
meet our recommendations. The anti-inflammatory food most easily 
maintained by almost all the patients was EVOO (73%). Blue fish was 
consumed in adequate levels in 44% of the participants and the 
ingestion of nuts was improved in only 31%.

3.5. Food consumption in 
anti-inflammatory, supplemented, 
Mediterranean diet during the intervention

For each food group, the participant consumption percentages 
were calculated at the beginning and end of the study. Patients 
were classified into three groups. The first group had the 
participants with a low consumption (0–50%); the second group 
comprised those with a moderate consumption (50–75%); and the 
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last group was made up of patients with a high consumption 
(75–100%). Table 5 shows how the consumption levels contributed 
to each patient at the beginning (table rows) and end (table 
columns) of the study; it is divided into four groups: healthy foods, 
anti-inflammatory foods, pro-inflammatory foods, and overall 
diet. As we  can observe, 27 patients consumed healthy foods 
sparingly; the consumption worsened to low consumption by the 
end of the study for 2 of participants; 11 patients maintained 
moderate consumption levels; and 14 patients improved to register 
high consumption.

If we compare the evolution of the patients, we can see that 38 of 
them improved their consumption of pro-inflammatory foods 
compared to 29 patients in the anti-inflammatory foods group and 

27 in the healthy diet group. This information indicates that, a priori it 
is easier for patients to abandon unhealthy habits in their diet than to 
incorporate healthy habits. On the one hand, healthy and anti-
inflammatory foods were assessed positively; therefore, to achieve a 
good score for the AnMeD-S it was advisable to consume high amounts 
of them. On the other hand, pro-inflammatory foods were assessed 
negatively and hence, it was advisable to consume the lowest amount 
of them possible. In accordance with this scenario, to easily pinpoint 
each patient in each group that had improved or worsened, in Table 5 
we highlighted them in green or red, respectively; the amber color was 
used only in the healthy food group for patients who had maintained 
their consumption. For instance, the consumption of healthy foods 
worsened in 7 patients, stayed moderate in 11, and improved in 27.

TABLE 3 Recommended foods and their ideal consumption frequency with the score assigned to each food and the maximum score obtainable for 
each food group.

Recommendations Score Score cap Maximum score

Healthy diet foods

White meat 3 servings of 100 g (approx.)/week 2 points/serving/week 6 60

White fish 3 servings of 125 g (approx.)/week 2 points/serving/week 6

Legumes 3 servings of 80 g (approx.)/week 2 points/serving/week 6

Eggs Maximum of 4 eggs/week −1 point for each additional egg/week 0

Gluten free foods 1 serving of 50 g (approx.)/day 1 point/serving/day 7

Greens 1 serving of 100 g (approx.)/day 1 point/serving/day 7

Non-greens 1 serving of 100 g (approx.)/day 1 point/serving/day 7

Other vegetables 1 serving of 100 g (approx.)/day 1 point/serving/day 7

Enzymatic fruit 1 serving of 200 g (approx.)/day 1 point/serving/day 7

Other fruit 1 serving of 200 g (approx.)/day 1 point/serving/day 7

Increased anti-inflammatory foods

Blue fish 3 servings of 125 g (approx.)/week 4 points/serving/week 12 96

Berries 1 serving of 100 g (approx.)/day 2 points/serving/day 14

Extra virgin olive oil 3 tablespoons/day 2 points/3 tablespoons/day 14

Nuts 1 serving of 30 g (approx.)/day 2 points/serving/day 14

Plain yogurt or kefir 1 serving of 125 g (approx.)/day 2 points/serving/day 14

Turmeric 4.5 g/day 3 points/serving/day 21

Dark chocolate (>80% cocoa 

solids)

5 g/day 1 point/5 g/day 7

Reduced pro-inflammatory foods

Red meat Not allowed −1 point/serving/day 0 0

Refined grains Not allowed −1 point/serving/day 0

Saturated fats Not allowed −1 point/serving/day 0

Dairy products Not allowed −1 point/serving/day 0

Coffee Maximum of 2 cups/day −1 point for each additional cup/day 0

Alcohol Not allowed −1 point/serving/day 0

Wine Maximum of 1 glass/week −1 point for each additional glass/week 0

Sweetened beverages Not allowed −1 point/serving/day 0

Sugar, pastries, and cake Maximum of 5 g/day −1 point/serving/day 0

Sauces Not allowed −1 point/serving/day 0

Total 156
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3.6. Association between food 
consumption and physical improvement

Physical characteristics and the improvement or worsening of the 
patient metrics recorded are shown in the rows in Table  6. An 
improvement was considered a decrease in the variable, except for the 
MNA, corporal water content, and muscular mass. In turn, the 
columns represent an improvement or worsening in each food group. 
As discussed, changes in the consumption of healthy foods were not 
statistically associated with the physical condition of the participants. 
Nevertheless, a reduction in the consumption of anti-inflammatory 
foods was positively associated with a decrease in BMI, BF, and AC 
and WC. Likewise, improvements in pro-inflammatory food 
consumption was positively associated with decreased weight, BMI, 
BF, MA, VF, and WC and HC.

Finally, on the one hand, the overall diet was positively associated 
with a decreased BMI, BF, VF, AC, WC, HC, and WHI. It was also 
associated with an increase in BW and MM. On the other hand, having 
chronic pain disease was not associated with any improvements in 
physical characteristics. Table 7 shows the anthropometric measurements 
recorded for the participants before and after the nutritional intervention.

3.7. Association between food intake and 
improvement in quality-of-life attributes

Table  8 shows the changes in QoL characteristics among our 
participants. The patients improved when the value for each characteristic 
had decreased at the end of the study, with the exception of rest and sleep 
satisfaction in which an improvement was an increase in the value. The 

TABLE 4 The number of participants and percentages for their adherence to the anti-inflammatory, supplemented, Mediterranean diet.

Worsen
n (%)

Improve
n (%)

Meet
n (%)

Maintain
n (%)

Healthy diet foods

Poultry 2 (4) 2 (4) 11 (24) 30 (67)

White fish 9 (20) 6 (13) 13 (29) 17 (38)

Legumes 8 (18) 9 (20) 21 (47) 7 (16)

Eggs 7 (16) 0 (0) 4 (9) 34 (76)

Gluten-free foods 21 (47) 10 (22) 14 (31) 0 (0)

Greens 10 (22) 6 (13) 21 (47) 8 (18)

Non-greens 4 (9) 16 (36) 16 (36) 9 (20)

Other vegetables 22 (49) 11 (24) 9 (20) 3 (7)

Enzymatic fruit 23 (51) 10 (22) 4 (9) 8 (18)

Other fruit 20 (44) 9 (20) 10 (22) 6 (13)

Anti-inflammatory foods

Blue fish 8 (18) 9 (20) 20 (44) 8 (18)

Berries 20 (44) 8 (18) 17 (38) 0 (0)

Extra virgin olive oil 4 (9) 0 (0) 8 (18) 33 (73)

Nuts 9 (20) 14 (31) 12 (27) 10 (22)

Plain yogurt or kefir 24 (53) 9 (20) 7 (16) 5 (11)

Turmeric 26 (58) 0 (0) 13 (29) 6 (13)

Dark chocolate (>80% cocoa solids) 27 (60) 8 (18) 3 (7) 7 (16)

Pro-inflammatory foods

Red meat 15 (33) 0 (0) 19 (42) 11 (24)

Refined grains 18 (40) 0 (0) 24 (53) 3 (7)

Saturated fats 15 (33) 0 (0) 4 (9) 26 (58)

Milk and milk derivatives 7 (16) 0 (0) 23 (51) 15 (33)

Coffee 0 (0) 0 (0) 12 (27) 33 (73)

Alcohol 25 (56) 0 (0) 1 (2) 19 (42)

Wine 6 (13) 0 (0) 3 (7) 36 (80)

Sweetened beverages 3 (7) 0 (0) 6 (13) 36 (80)

Sugar, pastries, and cake 3 (7) 3 (7) 16 (36) 23 (51)

Sauces 7 (16) 1 (2) 18 (40) 19 (42)

https://doi.org/10.3389/fnut.2023.1205526
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Sala-Climent et al. 10.3389/fnut.2023.1205526

Frontiers in Nutrition 10 frontiersin.org

columns in the table indicate the changes for each food group and for the 
overall diet. No statistically significant associations were observed 
between an increase in the consumption of healthy foods and 
improvement in any of the QoL characteristics. However, equal, or 
greater consumption of anti-inflammatory foods was associated with 
decreased pain and stress. In addition, reduced consumption of 
pro-inflammatory foods was associated with positive changes in sleep 
satisfaction. At the end of the study, an improvement in the overall diet 
was positively correlated a decrease in pain, HAQ score, and hypersomnia.

To analyze data from a different perspective, we  calculated 
Spearman rank correlations for the changes in nutritional scores and 
the scales measuring QoL characteristics. Firstly, these tests did not 
indicate any association between QoL characteristics and the general 
consumption of a healthy diet. Secondly, the correlations suggested an 
association between pain and the anti-inflammatory score (Spearman’s 
rho = −0.32, p = 0.0315), pain and the pro-inflammatory score 
(Spearman’s rho = −0.42, p = 0.0045), pain and the overall score 
(Spearman’s rho = −0.42, p = 0.0043), stress and an anti-inflammatory 
diet (Spearman’s rho = −0.51, p = 0.0003), and stress and the overall 
score (Spearman’s rho = −0.48, p = 0.0010). Figure  2 graphically 
represents the Spearman correlations for all the score/QoL 
characteristic pairs as a grid, with a higher correlation intensity with 
an improvement in QoL shown in green. The numerical values of the 
Spearman correlations and outcomes of each test are provided in 
Supplementary Table S1.

The Spearman rank correlation between food groups and QoL 
characteristics was not presented in Figure 3. These correlation tests 
indicated some associations between pain and food groups, especially 
with gluten-free foods (Spearman’s rho = −0.49, p = 0.0006), refined 
grains (Spearman’s rho = 0.46, p = 0.0014), and berries (Spearman’s 
rho = −0.3341, p = 0.02492). The correlations for the other groups were 
not so clear and so were graphically represented with a heatmap in 
Figure 3; their Spearman rank correlation values and p-values are 
shown in Supplementary Table S2. In Figure 2, higher correlations 
with a deterioration in QoL were shown as a higher intensity red color, 
while higher intensity green shows a greater improvement in the QoL 
characteristics. A diagnosis of chronic disease was not associated with 
improvements in QoL attributes. Of note, even though we found a 
significant positive association between improved food consumption 
and better QoL metrics, this does not inherently imply a cause–
effect relationship.

3.8. Association between pain 
improvement and improvements in 
quality-of-life metrics

Pain can reduce or condition well-being in the daily lives of 
patients. We analyzed the association between pain and changes in 
their everyday anthropometric characteristics. As shown in Table 9, 

TABLE 5 Distribution of the participants according to their consumption at the beginning and end of the follow-up in the different food groups and for 
the anti-inflammatory, supplemented, Mediterranean diet (AnMeD-S).

% of consumption before Total (n) % of consumption after

Low Moderate High

Healthy diet foods

Low [0–50%] 15 (100; 33; 33) 4 (27; 67; 9) 10 (67; 45; 22) 1 (7; 6; 2)

Moderate [50–75%] 27 (100; 60; 60) 2 (7; 33; 4) 11 (41; 50; 24) 14 (52; 82; 31)

High [75–100%] 3 (100; 7; 7) 0 (0; 0; 0) 1 (33; 5; 2) 2 (67; 12; 4)

Total 45 6 (13; 100; 13) 22 (49; 100; 49) 17 (38; 100; 38)

Anti-inflammatory foods

Low [0–50%] 29 (100; 64; 64) 11 (38; 73; 24) 13 (45; 81; 29) 5 (17; 36; 11)

Moderate [50–75%] 15 (100; 33; 33) 4 (27; 27; 9) 2 (13; 13; 4) 9 (60; 64; 20)

High [75–100%] 1 (100; 2; 2) 0 (0; 0; 0) 1 (100; 6; 2) 0 (0; 0; 0)

Total 45 15 (33; 100; 33) 16 (36; 100; 36) 14 (31; 100; 31)

Pro-inflammatory foods

Low [0–50%] 28 (100; 62; 62) 26 (93; 68; 58) 2 (7; 40; 4) 0 (0; 0; 0)

Moderate [50–75%] 11 (100; 24; 24) 8 (73; 21; 18) 2 (18; 40; 4) 1 (9; 50; 2)

High [75–100%] 6 (100; 13; 13) 4 (67; 11; 9) 1 (17; 20; 2) 1 (17; 50; 2)

Total 45 38 (84; 100; 84) 5 (11; 100; 11) 2 (4; 100; 4)

Overall diet

Low [0–50%] 37 (100; 82; 82) 13 (35; 87; 29) 15 (41; 87; 33) 9 (24; 75; 20)

Moderate [50–75%] 8 (100; 18; 18) 2 (25; 13; 4) 3 (38; 17; 7) 3 (38; 25; 7)

High [75–100%] 0 (100; 0; 0) 0 (0; 0; 0) 0 (0; 0; 0) 0 (0; 0; 0)

Total 45 15 (33; 100; 83) 18 (40; 100; 40) 12 (27; 100; 27)

The percentages after following the anti-inflammatory, supplemented, Mediterranean diet were classified as: Low [0–50%], n(% row, % col, % total), Moderate [50–75%], n(% row, % col, % 
total), and High [75–100%], n(% row, % col, % total). Red identifies patients whose consumption worsened in any group, amber was used for patients who maintained their consumption, and 
green was used for patients whose consumption improved.
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TABLE 6 Association between improved food intake and improved physical characteristics.

Physical 
enhancement

Healthy diet foods Anti-inflammatory foods Pro-inflammatory foods Overall diet

Totals Worse 7 
(100%)

No 
change 

11 (100%)

Improve 
27 (100%)

p-
value

Worse 
16 

(100%)

Improve 
or no 

change 
29 (100%)

p-
value

Worse 
or no 

change 
6 (100%)

Improve 
39 (100%)

p-
value

Worse 
15 

(100%)

Improve 
or no 

change 
30 (100%)

p-
value

MNA¥

Decrease 24 (53) 2 (29) 8 (73) 14 (52) 0.182a 7 (44) 17 (59) 0.369a 4 (67) 20 (51) 0.670a 8 (53) 16 (53) 1.000a

Increase 21 (47) 5 (71) 3 (27) 13 (48) 9 (56) 12 (41) 2 (33) 19 (49) 7 (47) 14 (47)

Weight

Increase 16 (36) 3 (43) 5 (46) 8 (30) 9 (56) 7 (24) 5 (83) 11 (28) 8 (53) 8 (27)
Decrease 29 (64) 4 (57) 6 (55) 19 (70) 0.592a 7 (44) 22 (76) 0.051a 1 (17) 28 (72) 0.017b* 7 (47) 22 (73) 0.105a

BMI

Increase 18 (40) 3 (43) 5 (46) 10 (37) 0.879a 11 (69) 7 (24) 0.005a** 6 (100) 12 (31) 0.002b** 10 (67) 8 (27) 0.022a*
Decrease 27 (60) 4 (57) 6 (55) 17 (63) 5 (3) 22 (76) 0 (0) 27 (69) 5 (33) 22 (73)

BF

Increase 7 (16) 1 (14) 3 (27) 3 (11) 5 (31) 2 (7) 4 (67) 3 (8) 6 (40) 1 (3)
Decrease 38 (84) 6 (86) 8 (73) 24 (89) 0.457b 11 (69) 27 (93) 0.079a 2 (33) 36 (92) 0.003a** 9 (60) 29 (97) 0.003b**

BW

Decrease 7 (16) 2 (29) 3 (27) 2 (7) 4 (25) 3 (10) 3 (50) 4 (10) 6 (40) 1 (3)
Increase 38 (84) 5 (71) 8 (73) 25 (93) 0.181a 12 (75) 26 (90) 0.225a 3 (50) 35 (90) 0.039a* 9 (60) 29 (97) 0.003b**

MM

Decrease

Increase

10 (22)

35 (78)

2 (29)

5 (71)

3 (27)

8 (73)

5 (19)

22 (82)

0.763a 5 (31)

11 (69)

5 (17)

24 (83)

0.455a 2 (33)

4 (67)

8 (21)

31 (80)

0.601a 7 (47)

8 (53)

3 (10)

27 (90)

0.009a**

MA

Increase

Decrease

25 (56)

20 (44)

1 (14)

6 (86)

6 (55)

5 (46)

18 (67)

9 (33)

0.045b 10 (63)

6 (38)

15 (52)

14 (48)

0.544a 6 (100)

0 (0)

19 (49)

20 (51)

0.027b* 9 (60)

6 (40)

16 (53)

14 (47)

0.757a

VF

Increase

Decrease

18 (40)

27 (60)

2 (29)

5 (71)

5 (46)

6 (55)

11 (41)

16 (59)

0.770a 11 (69)

5 (3)

7 (24)

22 (76)

0.005a** 6 (100)

0 (0)

12 (31)

27 (69)

0.002b** 10 (67)

5 (33)

8 (27)

22 (73)

0.022a*

AP

Increase

Decrease

21 (47)

24 (53)

3 (43)

4 (57)

6 (55)

5 (46)

12 (44)

15 (56)

0.832a 12 (75)

4 (25)

9 (31)

20 (69)

0.006a** 4 (67)

2 (33)

17 (44)

22 (56)

0.396a 11 (73)

4 (27)

10 (33)

20 (67)

0.025a*

WP

Increase

Decrease

17 (38)

28 (62)

5 (71)

2 (29)

4 (36)

7 (64)

8 (30)

19 (70)

0.126a 10 (63)

6 (38)

7 (24)

22 (76)

0.023a* 5 (83)

1 (17)

12 (31)

27 (69)

0.023b* 10 (67)

5 (33)

7 (23)

23 (77)

0.008a**

HP

Increase

Decrease

16 (36)

29 (64)

3 (43)

4 (57)

2 (18)

9 (82)

11 (41)

16 (59)

0.381a 9 (56)

7 (44)

7 (24)

22 (76)

0.051a 5 (83)

1 (17)

11 (28)

28 (72)

0.017b* 9 (60)

6 (40)

7 (23)

23 (77)

0.023a*

WHI

Increase

Decrease

25 (56)

20 (44)

6 (86)

1 (14)

7 (64)

4 (36)

12 (44)

15 (56)

0.121b 12 (75)

4 (25)

13 (45)

16 (55)

0.066a 3 (50)

3 (50)

22 (56)

17 (44)

1.000a 12 (80)

3 (20)

13 (43)

17 (57)

0.027a*

aChi-squared test. bFisher exact test. *p < 0.05. **p < 0.01. ¥MNA was classified as a physical enhancement because it measures changes in nutritional status; it was not considered a QoL metric. Values in bold represent statistically significant associations.
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decreased pain was positively associated with improved stress, HAQ, 
hypersomnia, and insomnia.

4. Discussion

Given the extension of western eating patterns in our culture (47), 
and the increasing presence of inflammation-based diseases (with or 
without an identifiable clinical origin) with CP (48), we set out to 
conduct a study to investigate the effect of an anti-inflammatory diet 
in patients with diagnoses associated with CP. Similar to studies 

examining the prevalence of RA, OA, and FM (49), there were more 
women in our study sample (88.9%) than men. Indeed, most published 
studies include mainly female patients because the prevalence of 
rheumatic disease is higher in women (92%) than in men (3, 49). 
Therefore, in this sense, our results could be considered representative 
of the general population.

We had two main goals in this research. First, we performed a 
systematic literature review to compile updated knowledge on the 
topic and to prepare a nutritional guide (the AnMeD-S) for patients 
with CP that included anti-inflammatory foods. Second, after fulfilling 
this first objective, we  conducted an intervention to evaluate the 
efficacy of this guide and to analyze the benefits of consuming this diet 
in terms of physical parameters (weight, BMI, BF, BW, MM, MA, VF, 
AC, WC, HC, and WHI) and QoL characteristics (pain, stress, 
depression, disability, sleep quality, and cognitive impairment).

Numerous previous studies (4, 24, 50–52) have established the 
benefits of such diets in CP associated with different pathologies. Of 
note, within rheumatic diseases, there are differences regarding the 
origin of the pain, with RA being caused by chronic inflammation 
processes while, for example, FM seems to be related to alterations in 
the central modulation of pain. In our study, the result of the 
intervention was homogeneous regardless of the original diagnosis. 
Therefore, the AnMeD-S could also be  recommended for other 
pathologies that present with CP. A recent systematic review and 
meta-analysis conducted by Wu et al. (53) focused, for the first time, 
on the relationship between the MD and inflammatory processes, 
finding an inverse association between them. The AnMeD-S includes 
a series of modifications to the MD, although it maintains 
recommendations for the consumption of foods considered healthy 
and it also promotes the consumption of anti-inflammatory foods and 
forbids the consumption of those considered pro-inflammatory.

The strategy of modifying or restricting some food types in 
rheumatic diseases has been evaluated by different authors with 
varying success. Rodrigo et al. (54) evaluated a gluten-free diet in 
patients with FM and, using a visual analog scale (VAS) for pain, 
observed a notable improvement this parameter. In our nutritional 
intervention with the AnMeD-S, we limited dairy consumption to one 
plain yogurt/kefir a day, eliminated wine, restricted gluten-containing 
foods, and included turmeric as a supplement. Notably, after a 
reduction in foods with gluten, we observed significant improvements 
in the QoL indicators of pain, stress, sleep dissatisfaction, and 
insomnia. Pain also seemed to improve with the consumption of 
berries and turmeric, while eating dark chocolate improved stress 
and insomnia.

Marum et  al. (55) administered a low fermentable 
oligosaccharides, disaccharides, monosaccharides, and polyols 
(FODMAP) diet to patients with FM for 4 months and observed a 
statistically significant reduction in the mean VAS scores for pain after 
the intervention. In our case, we did not restrict fruits or vegetables, 
which can be sources of FODMAPs. However, the participants were 
advised not to consume dairy products as sources of lactose (they were 
only allowed to consume one plain yogurt or kefir per day), or sugary 
drinks as a source of high fructose corn syrup. There was an 
improvement in pain in both cases, although this did not reach 
statistical significance.

There are few published nutritional intervention studies in patients 
with OA, and those that are available were fundamentally aimed at 
weight loss because this is one of the recommendations in the guidelines 

TABLE 7 Physical characteristics before and after the anti-inflammatory, 
supplemented, Mediterranean diet.

Physical 
characteristics

Before 
AnMeD-S

After AnMeD-S

MNA¥ 11.6 ± 1.9 12.2 ± 1.6

Malnourished [0.7] 0 (0) 0 (0)

Malnutrition risk [8, 12] 15 (33) 13 (29)

Well-nourished [12, +] 30 (67) 32 (81)

Weight 71.9 ± 13.2 71.4 ± 13.2

BMI 27.2 ± 5.0 26.8 ± 4.8

Underweight [0, 18.5] 1 (2) 1 (2)

Normal [18.5, 25] 17 (38) 16 (36)

Overweight [25, 30] 17 (38) 16 (36)

Obese [30, +] 10 (22) 12 (27)

BF 37.0 ± 8.5 32.0 ± 7.8

Bass 0 (0) 2 (4)

Healthy 20 (44) 28 (62)

Tall 9 (20) 8 (18)

Obese 16 (36) 7 (16)

BW 45.7 ± 6.2 50.3 ± 5.1

Insufficient 20 (44) 5 (11)

Healthy 25 (56) 40 (89)

MM 42.2 ± 7.1 44.9 ± 6.6

MA 44.2 ± 26.5 53.6 ± 12.5

VF 8.1 ± 6.7 9.0 ± 4.2

Healthy (1–12) 40 (89) 38 (84)

Excess (13–59) 5 (11) 7 (16)

AC 30.0 ± 3.8 28.8 ± 3.7

WC 93.5 ± 14 92.4 ± 20.4

HC 106.3 ± 12.8 104.0 ± 12.3

WHI 0.9 ± 0.1 0.9 ± 0.2

Normal 24 (53) 29 (64)

High 21 (47) 16 (36)

The quantitative variables were summarized as the mean plus or minus the standard 
deviation (x ± sd ) and qualitative variables were summarized as the sample size and 
percentage (n [%]). ¥MNA was classified as a physical enhancement because it measures 
changes in nutritional status; it was not considered a QoL metric. AnMeD-S, anti-
inflammatory, supplemented, Mediterranean diet; MNA, Mini Nutritional Assessment; BMI, 
weight, body mass index; BF, body fat; BW, body water; MM, muscle mass; MA, metabolic 
age; VF, visceral fat; AC, arm circumference; WC, waist circumference; HC, hip 
circumference; WHI, waist-hip index.
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TABLE 8 Association between food intake and quality of life metrics.

Quality of life 
characteristics

Healthy diet foods Anti-inflammatory foods Pro-inflammatory foods Overall diet

Totals Worse 7 
(100%)

No 
change 
11 
(100%)

Improve 
27 (100%)

p-
value

Worse 
16 
(100%)

Improve 
or no 
change 
29 (100%)

p-
value

Worse 
or no 
change 
6 (100%)

Improve 
39 (100%)

p-
value

Worse 
15 
(100%)

Improve 
or no 
change 
30 (100%)

p-
value

Pain

Increase

Decrease

15 (33)

30 (67)

2 (29)

5 (71)

6 (55)

5 (45)

7 (26)

20 (74)

0.227a 9 (56)

7 (44)

6 (21)

23 (79)

0.023a* 3 (50)

3 (50)

12 (31)

27 (69)

0.384a 10 (67)

5 (33)

5 (17)

25 (83)

0.002a**

Stress

Increase

Decrease

20 (44)

25 (56)

2 (29)

5 (71)

7 (64)

4 (36)

11 (41)

16 (59)

0.286a 11 (69)

5 (31)

9 (31)

20 (69)

0.027a* 4 (66)

2 (33)

16 (41)

23 (59)

0.383a 10 (67)

5 (33)

10 (33)

20 (67)

0.056a

Depression

Increase

Decrease

14 (31)

31 (69)

3 (43)

4 (57)

5 (46)

6 (55)

6 (22)

21 (78)

0.286a 5 (31)

11 (69)

9 (31)

20 (69)

1.000a 2 (33)

4 (67)

12 (31)

27 (69)

1.000a 5 (33)

10 (67)

9 (30)

21 (70)

1.000a

Disability HAQ

Increase

Decrease

24 (53)

21 (47)

4 (57)

3 (43)

9 (82)

2 (18)

11 (41)

16 (59)

0.069a 11 (69)

5 (31)

13 (45)

16 (55)

0.212a 4 (67)

2 (33)

20 (51)

19 (49)

0.670a 12 (80)

3 (20)

12 (40)

18 (60)

0.014a*

Rest

Decrease

Increase

18 (40)

27 (60)

2 (29)

5 (71)

5 (46)

6 (55)

11 (41)

16 (59)

0.770a 4 (25)

12 (75)

14 (48)

15 (52)

0.204a 2 (33)

4 (67)

16 (41)

23 (59)

1.000a 4 (27)

11 (73)

14 (47)

16 (53)

0.333a

Sleep satisfaction

Decrease

Increase

25 (56)

20 (44)

4 (57)

3 (43)

5 (45)

6 (55)

16 (59)

11 (41)

0.737a 11 (69)

5 (31)

14 (48)

15 (52)

0.224a 6 (100)

0 (0)

19 (49)

20 (51)

0.027b* 10 (67)

5 (33)

15 (50)

15 (50)

0.352a

Hypersomnia

Increase

Decrease

28 (62)

17 (38)

3 (43)

4 (57)

9 (82)

2 (18)

16 (59)

11 (41)

0.222a 12 (75)

4 (25)

16 (55)

13 (45)

0.219a 5 (83)

1 (17)

23 (59)

16 (41)

0.385 13 (87)

2 (13)

15 (50)

15 (50)

0.023a*

Insomnia

Increase

Decrease

13 (29)

32 (71)

1 (14)

6 (86)

4 (36)

7 (64)

8 (30)

19 (70)

0.597b 7 (44)

9 (56)

6 (21)

23 (79)

0.169a 4 (67)

2 (33)

9 (23)

30 (77)

0.049 7 (47)

8 (53)

6 (20)

24 (80)

0.086a

aChi-squared test. bFisher exact test. *p < 0.05, **p < 0.01. Values in bold represent statistically significant associations.
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for rheumatic diseases. However, the meta-analyses conducted by 
Smedslund et al. (56), did not show any consistent effect on pain for 
these dietary interventions. In addition, numerous studies have 
analyzed different foods and/or diets in the development and evolution 
of RA. For example, Johansson et al. (57) found that greater adherence 
to the MD was related to a lower risk of suffering RA. Although the MD 
varies from one country to another, it always involves the high 
consumption of monounsaturated fatty acids (vegetables, fruits, 
legumes, nuts, and fish) and moderate consumption of dairy products, 
meat, and wine. Different studies on the MD have shown that it is 
related to improvements in inflammation markers. Thus, increasing the 
consumption of fish, long-chain ω-3 PUFAs, and tea lowered the risk 
of suffering from RA (58–60). However, it was impossible to relate this 
decreased inflammation to the consumption of certain foods, although 
MUFAs (legumes, nuts, vegetables, and fruits) seem to be essential.

Regarding the reduction in pain and other QoL parameters, various 
studies have observed that MD has a greater effect on pain than 
vegetarian or vegan diets. However, it must be  considered that, in 
general, most patients with rheumatism generally have poor quality 
diets and fail to meet the daily requirements for many nutrients. Thus, 
modifying these consumption habits to approximate them to a MD diet 
improves the QoL of these patients (3, 61, 62). In our study we analyzed 
the habitual consumption (and portions used) of the foods included in 

each of the 4 defined groups, both before and after the intervention, 
assigning each patient the corresponding score. Patients were classified 
as those with low consumption (0–50%), moderate consumption 
(50–75%), or high consumption (75–100%). We  observed that the 
starting point was a high percentage of patients who consumed the 
healthy diet and anti-inflammatory foods but also consumed 
pro-inflammatory foods. However, by the end of the study, only two 
patients maintained high or moderate consumption of pro-inflammatory 
foods. In general, their physical characteristics improved after the 
nutritional intervention, although there were no statistically significant 
differences. However, we measured statistically significant differences in 
terms of improved pain and stress when analyzing the QoL parameters.

It was especially noteworthy that most participants consumed 
foods in line with our recommendations. Interestingly, the group of 
healthy foods consumed included legumes, greens, and non-greens, 
while in the group of anti-inflammatory foods, the ingestion of blue 
fish increased. It is also worth highlighting that these foods coincided 
with those identified by other authors (31, 62) as being anti-
inflammatory and are present in almost every proposed anti-
inflammatory diet. Hence, this result predicts, a priori, the 
effectiveness of the AnMeD-S because the inclusion of these foods did 
not seem to be difficult for the participants in our cohort. In addition, 
most of the patients limited the consumption of foods such as refined 

FIGURE 2

Spearman rank correlations of the change in the nutritional score and quality of life (QoL) indicators. All the scores were scaled so that a deterioration 
in QoL implied an increased value. The “pain,” “stress,” and “lack of rest” characteristics were measured with a numerical rating scale; “depression” was 
measured with the Geriatric Depression Scale (GDS); “disability” with the Health Assessment Questionnaire (HAQ); and “insomnia,” “hypersomnia,” and 
“dissatisfaction” corresponded to the same items in the Oviedo Sleep Questionnaire (OSQ). Specifically, we considered sleep dissatisfaction and lack of 
rest rather than satisfaction and rest. Negative correlation values for food/indicator pairs were shaded in green and represent improvements in patient 
QoL. Conversely, positive correlation values were shaded in red and represented a deterioration in the quality of life. •p < 0.1, *p < 0.05, **p < 0.01, and 
***p < 0.001.
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cereals, milk, and milk derivatives to comply with the recommended 
diet. In contrast, other foods (dark chocolate, alcohol, plain yogurt or 
kefir, enzymatic fruits, and turmeric) were consumed in the opposite 
way to our recommendations. These results are especially interesting 
because they may represent sticking points that will be relevant in 
future education. New proposals for anti-inflammatory diets should 
recommend generalizing or regulating the consumption of foods such 
as kefir, turmeric, and dark chocolate, as is already the case for alcohol.

When we compared patients who only improved their diet to 
those whose consumption came close to meeting our 
recommendations, we saw that for our cohort it was easier to comply 
with the recommendations than just to try to do so, especially for the 
pro-inflammatory food group. This highlights the efficacy of 
interventions to truly incorporate healthy lifestyle habits. In our work, 
the withdrawal of pro-inflammatory foods was significantly associated 
with several variables linked to the improvement of the physical 

characteristics of patients (specifically, weight, BMI, MA, VF, WC, and 
HC). Moreover, the consumption of anti-inflammatory foods was also 
significantly associated with improvements in some physical 
characteristics (AC, HC, VF, and BMI). This finding suggests that 
controlling pro-inflammatory foods will be important in interventions 
that aim to have a greater effect on physical parameters. Rapid 
implementation by patients and a clear effect on the physical 
parameters make the control of pro-inflammatory foods particularly 
appropriate in pathologies such as cardiovascular disease which 
require early intervention. In fact, several studies have already shown 
that a better health prognosis (63) is associated with improved physical 
variables for cardiometabolic risk (64), such as those recorded in this 
current work (weight and BMI, etc.).

Different studies have evaluated the consumption of nutritional 
supplements with possible anti-inflammatory or antioxidant properties. 
The Mathieu et al. meta-analysis (65) reported that curcumin and ginger 

FIGURE 3

Spearman rank correlations of the change in the consumption of foods according to the nutritional score and changes in the quality of life (QoL) 
indicators. All the scores were scaled so that a deterioration in QoL implied an increased value. The “pain,” “stress,” and “lack of rest” characteristics 
were measured with a numerical rating scale; “depression” was measured with the Geriatric Depression Scale (GDS); “disability” with the Health 
Assessment Questionnaire (HAQ); and “insomnia,” “hypersomnia,” and “dissatisfaction” corresponded to the same items in the Oviedo Sleep 
Questionnaire (OSQ). Specifically, we considered sleep dissatisfaction and lack of rest rather than satisfaction and rest. Negative correlation values for 
food/indicator pairs were shaded in green and represent improvements in patient QoL. Conversely, positive correlation values were shaded in red and 
represented a deterioration in the quality of life. •p < 0.1, *p < 0.05, **p < 0.01, and ***p < 0.001.
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supplementation could favorably impact knee OA symptoms, including 
pain reduction, but found no clear conclusions when supplementing 
with omega-3 or vitamin D. However, another meta-analysis which 
considered every type of rheumatic disease found a positive correlation 
between PUFA supplementation, especially omega-3 from animal 
sources (>2 g/day), and an improvement of the symptoms of these 
diseases (66). Of note, the traditional medicine of certain cultures, 
especially in Asia, uses spices such as garlic, ginger, cinnamon, and 
saffron to for rheumatic diseases because of their anti-inflammatory 
effects. In this sense, different studies have shown improvements in these 
diseases when using a combination of spices both in terms of subjective 
measures (VAS pain) and objective metrics (C-reactive protein) (67).

However, perhaps turmeric has been most widely used in anti-
inflammatory treatments in traditional Chinese and Ayurvedic 
medicines. The rhizome of the Curcuma longa plant is used as the 
main active ingredient because its essential oil and curcuminoids (of 
which the most important is curcumin) have beneficial properties for 
health. Indeed, various studies have shown that turmeric 
consumption improved the severity of inflammation and reduced 
pain in patients with rheumatic diseases (68). In our study, patients 
were provided with a container of turmeric (Curcuma Latte) that they 
had to consume throughout the intervention. In this current study, 
this product was shown to significantly reduce pain and improve 
stress and depression, although patients did not enjoy its flavor and 
found it difficult to consume.

4.1. Study limitations and strengths

The limitations of the study were that the follow-up time was only 
4 months and so it was impossible to know if the patients maintained 
their modified eating habits once the intervention period had finished 
and the difficulty in obtaining a routine assessment of blood chemistry 
parameters and inflammation markers of the participants. However, 
the modifications and restrictions in the AnMeD-S were relatively 
easy for patients to apply and follow, which should have helped ensure 
that they did not easily abandon it.

5. Conclusion

To conclude, this present study provided dietary guidelines 
which emphasized the consumption of anti-inflammatory foods 
known to be  related to the relief of CP and to improve stress, 
depression, and sleep disturbances. The homogeneity of our study 
sample should help the extrapolation of the findings to other 
populations with CP. Nevertheless, we used a small sample size in 
this pilot study, meaning that further studies with larger sample 
cohorts will be  required to corroborate the relationships 
we identified and to confirm the effectiveness of the AnMeD-S in 
groups of patients suffering from pain associated 
with inflammation.

TABLE 9 Associations between improvement in pain and quality of life characteristics.

Quality of life characteristics Totals Pain

Increase 15 (100) Decrease 30 (100) p-value

Stress

Increase

Decrease

20 (44)

25 (56)

11 (73)

4 (27)

9 (30)

21 (70)

0.010a*

Depression

Increase

Decrease

14 (31)

31 (69)

6 (40)

9 (60)

8 (27)

22 (73)

0.497a

Disability HAQ

Increase

Decrease

24 (53)

21 (47)

12 (80)

3 (20)

12 (40)

18 (60)

0.014a*

Rest

Decrease

Increase

18 (40)

27 (60)

7 (47)

8 (53)

11 (37)

19 (63)

0.538a

Sleep satisfaction

Decrease

Increase

25 (56)

20 (44)

11 (73)

4 (27)

14 (47)

16 (53)

0.118a

Hypersomnia

Increase

Decrease

28 (62)

17 (38)

14 (93)

1 (7)

14 (47)

16 (53)

0.003b**

Insomnia

Increase

Decrease

13 (29)

32 (71)

10 (67)

5 (33)

3 (10)

27 (90)

<0.001a***

aChi-squared test. bFisher’s exact test. *p < 0.05, **p < 0.01, ***p < 0.001. Values in bold represent statistically significant associations.
HAQ, Health Assessment Questionnaire.
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