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Abstract

Aim: To evaluate whether dietary pattern changes, antioxidant supplementation or 5-10% weight loss could
improve disease activity (skin and joint) in patients with psoriatic arthritis (PsA).

Methods: A total of 97 PsA patients were enrolled in this 12-week randomized, double-blinded, placebo-controlled
trial. Patients were randomized into three groups: Diet-placebo (hypocaloric diet + placebo supplementation); Diet-
fish (hypocaloric diet + 3 g/day of omega-3 supplementation; and Placebo. Food intake (3-day registry, Healthy Eating
Index (HEI), and the Dietary Inflammatory Index (DlI)), body composition (whole-body dual-energy X-ray absorpti-
ometry (DXA), weight and waist circumference) and disease activity (PASI, BSA, BASDAI, DAS28-ESR, DAS28-CRP and
MDA) were evaluated at baseline and after the 12-week intervention. Statistical analysis used the intention-to-treat
approach. The P value was considered to indicate significance when below 0.05.

Results: After 12 weeks, DAS28-CRP and BASDAI scores improved, especially in the Diet-placebo group (— 0.6 +0.9;
p=0.004 and —1.39+ 1.97; p=0.001, respectively). In addition, a higher proportion of patients achieved minimal dis-
ease activity (MDA) in all groups. The Diet-fish group showed significant weight loss (— 1.79 4 2.4; p=0.004), as well as
waist circumference (—3.28£3.5, p<0.001) and body fat (— 1.2+ 2.2, p=0.006) reductions. There was no significant
correlation between weight loss and disease activity improvement. Each 1-unit increase in the HEI value reduced the
likelihood of achieving remission by 4%. Additionally, each 100-cal daily intake increase caused a 3.4-fold DAS28-ESR
impairment.

Conclusion: A 12-week hypocaloric intervention provided suitable control of joint disease activity in patients with
PsA, regardless of weight loss. Adding omega-3 supplementation caused relevant body composition changes but not
disease activity improvement.

Trial Registration: The study was recorded on Clinicaltrials.gov (NCT03142503).

Keywords: Psoriatic arthritis, Antioxidant, Diet, Randomized clinical trial, Food intake, Body composition
measurements

Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory disease
that affects 20-33% of patients with psoriasis (Ps) [1].
The joint and skin outcomes are associated with multiple

*Correspondence: leitebf@gmail.com comorbidities, particularly metabolic syndrome (MetS),
! Rheumatology Division, Universidade Federal de Sao Paulo, Escola obesity, hypertension and diabetes [2]. These findings
Paulista de Medicina (UNIFESP/EPM), 204 Leandro Dupré St, Room 74, Vila suggest a potential link between adiposity and Ps/PsA,

Clementino, Sao Paulo, SP 04025-010, Brazil
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

highlighting a possible fat-joint-skin axis mediated by


http://orcid.org/0000-0002-7603-443X
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42358-022-00243-6&domain=pdf

Leite et al. Advances in Rheumatology (2022) 62:12

cells and proinflammatory cytokines, oxidative stress,
dysbiosis and nutritional inadequacy [3].

More recently, it was demonstrated that an increased
body mass index (BMI) caused a 50-fold greater like-
lihood of having PsA [4], as well as a lower chance of
achieving disease remission [2] and worse response to
pharmacological treatment, including a higher switch-
ing rate [2]. In addition, a significant association between
disease activity and body composition measurements,
such as a positive correlation with fat mass and a nega-
tive correlation with lean mass, has been reported [5].
Some studies have also shown weight gain after using
tumor necrosis factor (TNF-«) blockers [6], suggesting
that adjustments of these agents based on body weight
are necessary to achieve a better drug response and lower
toxicity [7].

Several nonpharmacological strategies, including
weight loss and antioxidant supplementation, have had
beneficial effects on obesity [8, 9], dyslipidemia [10, 11],
nonalcoholic fatty liver disease [10] and diabetes [11].
However, only two controlled clinical trials evaluated the
impact of weight loss on the disease activity of patients
with PsA [7, 12]. Di Mino et al. [7] demonstrated that a
5 to 10% reduction in body weight increased the chance
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of disease remission, and Abou-Raya et al. [12] reported
that the combination of a hypocaloric diet and exercise
was a suitable intervention to improve PsA disease activ-
ity, depression and fatigue.

Based on the potential adjuvant effect of weight loss on
the improvement of the clinical response of PsA patients,
the aim of this study was to evaluate whether a dietary
pattern change added to antioxidant supplementation or
a 5-10% weight loss could improve the disease activity in
patients with PsA, including skin and joint outcomes and
inflammatory markers.

Methods
Study design and sampling
A sample of 85 patients was calculated based on an «o
error of 5% and  of 20% and was increased by 15% to
minimize potential losses during follow-up. Thus, 97
patients aged 18 years or older with PsA, according to the
Classification Criteria of Psoriatic Arthritis (CASPAR)
[13], were enrolled in this 12-week randomized, double-
blinded, placebo-controlled clinical trial (Fig. 1).

Patients with PsA were recruited from Sao Paulo’s Hos-
pital (Sao Paulo, Brazil) and other rheumatology facilities

CASPAR criteria
N=130

Patients screened for eligibility, according to the

Patients excluded: N=33
- 15 (45.45%) did not agree to participate of the study
- 5(15.15%) violated the entry criteria
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N=97

Enrolled and randomized

[

{ {

Hypocaloric diet plus
omega 3 supplementation

Hypocaloric diet plus
placebo (soybean oil)

|

Placebo Group

(Diet-Fish) supplementation (Placebo)
N=32 (Diet-Placebo) N=33
¢ N=32 ‘
Dropout: N=3 (9.3%) i Dropout: N=3 (9.09%)
- PsA medication change, 2 (6.25%) - PsA medication change, 2 (6.06%)
- Initiation of antioxidant | Dropout: N=0 | - Failure to return, 1 (3.03%)

supplementation intake, 1 (3.12%) i

v

!
| |

Completed the study: N=29

Completed the study: N=32

Completed the study: N=30

Fig. 1 Patient disposition. Intent to treat analysis. CASPAR: CIASsification of Psoriatic Arthritis [13]
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(Heliopolis Hospital and Public State Hospital, Sao Paulo,
Brazil) from September 2012 to May 2014.

Patients with gastrointestinal, endocrine, pulmonary,
kidney, hepatic, and neuromuscular diseases; with an
HIV-positive diagnosis; who were pregnant or breast-
feeding, or who had a history of cancer were excluded.
Patients taking anabolic steroids, protein supplements,
vitamins, multivitamins, or antioxidants or who were
allergic to fish and shellfish products were also excluded.
Specific medications for PsA and physical activity
were required to be stable for the 3 months prior to
enrollment.

The study was approved by the Ethics Committee of
Research at the Federal University of Sao Paulo (CAAE:
00591412.5.0000.5505) and was recorded on Clinicaltri-
als.gov (NCT03142503). Subjects were included in the
study after signing an informed consent form, in accord-
ance with the Declaration of Helsinki.

Randomization

Patients were equally randomized using randomizer.org
into three different groups: Diet-Placebo—a hypocaloric
diet plus placebo supplementation (1 g of soybean oil, 3
times a day); Diet-Fish—a hypocaloric diet plus omega 3
supplementation (362 mg of EPA and 242 mg of DHA, 3
times a day); and Placebo: 1 g of soybean oil 3 times a day
and no dietary intervention. After 12 weeks, 91 patients
completed the study, corresponding to 93.8% of the origi-
nal sample (dropout rate=6.2%) (Fig. 1). All tools and
measurements, including food intake records, physical
activity, disease activity, body composition, and lab tests,
were analyzed before and after the 12-week intervention.

Dietary intervention
The patient diet was tailored, supervised and calculated
by a well-trained nutritionist according to the nutri-
tional needs, dietary habits, culture, socioeconomic
level and routine of each individual patient. The diet for
overweight and obese patients considered their basal
metabolic rate [14] and included a 500-kcal restriction,
as proposed by the Institute of Medicine [15, 16]. For
eutrophic patients, the diet was calculated without a cal-
orie restriction, aiming at maintaining their weight [15].
In both cases, macronutrients were divided into 45-65%
carbohydrates, 10-35% proteins and 20-35% lipids [16],
with reduced saturated fat (<7% of daily caloric intake—
DCI) and increased monounsaturated (20% of DCI) and
polyunsaturated (6—10% of DCI) fats [17]. The omega-
6:0mega-3 ratio was 5:1, and cholesterol intake was lower
than 300 mg a day [17]. Daily fiber consumption was
20-30 g [18].

All patients were instructed to make 3 main meals
(breakfast, lunch and dinner), have 2 or 3 snacks between
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meals, and increase their intake of water, fruits and veg-
etables, avoiding processed foods.

In monthly meetings, the dietitian checked the patient’s
diet adherence with a 24-h diet record and performed
weight and waist circumference measurements. A brief
anamnesis concerning concomitant drug use, current
physical activity, sleep pattern, gut changes and side
effects during the intervention was performed. Supple-
ment exchange and pill count were also evaluated.

To ensure compliance with the nutritional intervention,
patients were contacted monthly by e-mail or telephone.
In addition, the nutritionist was available online through-
out the intervention to clarify any doubts or complaints.

Patients who were not allocated to a diet group (Diet-
Placebo or Diet-Fish) were counseled to maintain their
habitual diet. After the 12-week intervention, a healthy
diet was prescribed to these patients (placebo group).

Outcome measurements

To evaluate the activity and severity of PsA skin involve-
ment, the psoriasis area severity index (PASI) [19] and
body surface area (BSA) [20] were used. Joint assessment
was performed using tools such as the disease activity
score (DAS28-ESR and DAS28-CRP) [21]. Axial com-
plaints were evaluated using the Bath Ankylosing Spon-
dylitis Disease Activity Index (BASDAI) [22]. Functional
capacity was evaluated using the health assessment ques-
tionnaire (HAQ) [23]. Minimal disease activity (MDA)
was also used to identify patients in remission and assess
the response to this particular intervention [24].

Three-day food records (3-DFR) were used to evaluate
food intake. All subjects were asked to record their food
and beverage intake for 3 days: 2 weekdays (alternate
days) and one weekend day (Saturday or Sunday). Nutri-
ent data were calculated using The Food Processor SQL
— Professional Nutrition. Energy was adjusted using the
residual method described by Willett and Stamper [25] in
Analysis Software and Databases — ESHA Research, USA,
2010. To enhance the accuracy of nutritional data, the
Diet Quality Index (DQI) [26] and Dietary Inflammatory
Index (DII) [27] were also calculated.

Metabolic syndrome (MetS) was defined according to
the Harmonization criteria [28], which assess the pres-
ence of dyslipidemia, hypertension, insulin resistance and
central obesity as risk factors.

To analyze physical activity status, the International
Physical Activity Questionnaire (IPAQ-short form)
[29] and metabolic equivalents (METs) [29] were used.
Patients were placed into the following categories: inac-
tivity, minimal activity or health-enhancing physical
activity, a high activity category.

Body composition measurements were assessed using
dual-energy X-ray absorptiometry (DXA, GE-Lunar



Leite et al. Advances in Rheumatology (2022) 62:12

Radiation Corporation, DPX MD+, Madison, W1, USA)
according to the standard protocol for acquisition and
analysis suggested by the International Society Clinical
Densitometry (ISCD). Measurements included total lean
mass (kg), skeletal lean mass (kg), total and regional adi-
pose tissue (kg e %), total bone mineral density (g/cm?),
and bone mineral content (g). The coefficients of varia-
tion were 1.14%, 1.64%, 1.53%, 1.62%, 0.67%, and 1.72%,
respectively [30]. To identify low appendicular lean mass
(ALM), Baumgartner’s method was used for patients
older than 50 years, and Rosetta’s method was used for
those under 50 years old, according to sex [31]. The fat
mass index (FMI) was calculated using the equation pro-
posed by NHANES III, with reference values of 5-9 kg/
m? for females and 3—6 kg/m? for males [32].

Statistical analysis
Descriptive statistics are expressed as the mean, standard
deviation, and frequency (%).

The association between two categorical variables was
verified using the chi-square test or, in cases of small
samples, Fisher’s exact test. The linear associations
between two variables of numerical nature were evalu-
ated by Pearson’s correlation.

For the evaluation of the behavior of the means of the
clinical variables at two time points per treatment group,
analysis of variance (ANOVA) with repeated measures
was used, with group as a fixed factor. ANOVA was used
to analyze data with a normal distribution, which was
verified using the Kolmogorov—Smirnov test. For non-
normally distributed data, the means of the groups at
each time point were compared using the Kruskal-Wal-
lis nonparametric test. The means of each group between
time points were compared using the nonparametric
Wilcoxon test.

The McNemar test was used to determine whether
there were differences in a dichotomous dependent
variable between two related groups with a continuous
dependent variable.

The comparison of two means was performed using
Student’s t test. For nonnormally distributed data, the
nonparametric Mann—Whitney test was used.

An intention-to-treat analysis was performed for all
outcomes. To evaluate the simultaneous effects of sex,
age, joint and cutaneous disease time, group (nutritional
intervention) and capsule count, multiple linear regres-
sion was used. Logistic regression was used for depend-
ent variables of a dichotomous nature (DAS28-VHS,
DAS28-PCR and MDA classes). Linear regression pre-
sents normality as one of the assumptions. In all regres-
sion models, due to the large number of explanatory
variables versus sample size, the variables whose associa-
tions with the dependent variable were significant at 10%
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in the univariate analysis were selected for the model. Ini-
tially, all the selected explanatory variables were included
in the model, and then the variables that were nonsig-
nificant at 5% were excluded one by one in order of sig-
nificance (backward method). P values below 5% were
considered indicative of significance. All data were ana-
lyzed using SPSS version 20.0.

Results

Age, sex, disease duration, body composition measure-
ments, comorbidities, disease activity (joint and skin)
and concomitant medications were similar between the
groups at baseline (Table 1). There was a high prevalence
of hypertension, diabetes, and overweight/obesity among
the patients, regardless of intervention group. Normal
BMI was observed in 12.1% of the placebo group, 19.4%
of the diet-fish group and 15.6% of the diet-placebo
group.

Most patients were physically inactive or minimally
active, according to the IPAQ. Approximately 60% were
postmenopausal women, and nearly 20% were taking
hormone replacement therapy (data not shown).

After the 12-week nutrition intervention, all groups
had a reduction in DAS28-CRP values (p=0.004),
although the Diet-placebo group showed a disease activ-
ity improvement nearly three times higher than that of
the Placebo group. Considering only the skin outcome,
there was no significant change. An MDA outcome was
achieved for all groups (p=0.006) (Table 2). Although
not significant, the Diet-placebo group had a fourfold
greater likelihood of improving the DAS28-ESR value
than the Placebo group (exp B=4.049).

There was no significant change regarding physical
activity or therapy with disease-modifying antirheumatic
drugs (DMARD:s), including conventional synthetic and
biologic agents, and medications related to metabolism,
such as insulin, statins, and other antidiabetic drugs, after
the 12-week intervention (Table 1). Although all groups
had significant weight loss, only the Diet-fish group had
body composition changes, including body fat, fat mass
index and waist circumference reduction during the fol-
low-up time. However, no relevant lean mass changes
were observed. Surprisingly, only the Diet-placebo group
showed a significant food intake improvement, as shown
by a reduced DII value and decreased calorie (kcal/kg)
and fat consumption (Table 3). In addition, there was no
difference between the prescribed (1687.7+339.6 kcal)
and consumed (1737.8£840.2 kcal) diets (p=0.63) of
patients in the diet intervention groups.

Interestingly, a dietary inflammatory pattern improve-
ment was associated with higher micronutrient intake
but not macronutrient consumption, except in the
Diet-placebo group, which had a significant fat intake
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Table 1 Baseline clinical data of the PsA patients, according to intervention group
Placebo Diet-fish Diet-placebo P
(n=33) (n=32) (n=32)
Age (years) 53.6(10.2) 54.6 (13.7) 51.2(15.1) 0.59"
Women, n (%) 18 (54.5) 17 (54.8) 18 (54.5) 1.00"
Length joint disease (months) 157.1(133.9) 162.8 (140.1) 147.8 (231.4) 0.18
Length skin disease (months) 2389(162.8) 216.8(153.9) 2374(227.1) 0.87
Weight (kg) 7624162 7654142 8024 16.1 057"
Height (m) 1.624+0.09 1.6010.08 1.62+0.01 0.76
Body Mass Index (kg/m?) 289449 299453 305462 047
Waist Circumference (cm) 101.8+12.7 103.6+128 104.1+£143 077"
Comorbidities
Diabetes, n (%) 8(24.2) 9(28.1) 3(94) 0.14!
Hypertension, n (%) 15 (45.5) 15 (46.9) 15 (46.9) 1.00'
Dyslipidemia, n (%) 18 (54.5) 12 (37.5) 13(394) 0.27'
Skin disease activity
PASI 251+£3.79 341+6.10 3494631 0.92'
BSA 3.59+7.04 3.74+583 507+126 0.80"
Joint disease activity
DAS28-CRP 293+1.19 283+1.55 298+1.35 0.75'
DAS28-ESR 356+£132 331121 339+1.60 061"
Number of tender joints 51646.95 2534344 358+4.32 0.12'
Number of swollen joints 2914367 2234260 2304341 0.66'
HAQ 1.02£0.73 0.84+0.62 090+0.71 0.52!
PsA concomitant medications
GG, n (%) 5(15.2) 3(94) 3(94) 066
NSAIDs, n (%) 5(15.2) 5(15.6) 2(6.3) 042
Monotherapy (MTX, LEF or CsA), n (%) 18 (54.5) 23(71.8) 23(71.8) 0.23'
TNF blockers, n (%) 15 (454) 12(37.5) 9(28.1) 0.80'
TNF blockers plus MTX or LEF, n (%) 7(21.2) 8 (25.0) 6(18.7) 083!
Physical activity (IPAQ)
Inactive 21(72.4) 21(72.4) 18 (60.0) 0432
Minimally active 7(24.1) 8(27.6) 12 (40.0 0432
Sufficiently active 1(34) 0 0 043°
Active 0 0 0 043°
Very active 0 0 0 043°
MET-minutes/week 945.1 £2544.7 7813413669 8179+21673 0.95'
Concomitant medications
Insulin, n (%) 26.1) 4(12.5) 13.1) 0.33'
Statins, n (%) 10(303) 17(53.1) 6(18.7) 0.01'
Antidiabetic, n (%) 7(21.2) 10(31.2) 3094 0.09'
Antihypertensive, n (%) 14 (42.4) 16 (50.0) 16 (50.0) 0.84'
Biomarkers (12 h-fasting)
Triglycerides 168.24+105.8 11211£407 137.7£91.1 0.03'
Total Cholesterol 196.6+£37.2 1849+445 2059+44.2 0.05"
LDL-cholesterol 1155+£27.2 1153+£414 130.6+£385 0.08'
HDL-cholesterol 451+£12 48.7£11.1 49.5+£108 0.75
Glycemia 102.8£29.1 103.6£31.0 102.3£43.7 0.98'
Insulin 202+171 171+£133 13.0+£10.2 0.13!

Bold indicates p statistically significant (< 0.05)

BSA: BodySurface Activity, CsA: Cyclosporine, D: diet plus placebo, D+ S: diet plus supplementation, DAS: Disease Activity Score, HAQ: Healthy Activity Questionnaire,
GC: Glucocorticoid, HDL: High Density Lipoprotein, Kcal: Kilocalories, METS: Metabolic Equivalent, MTX: Methotrexate, LEF: Leflunomide, LDL: Low Density Lipoprotein,
NSAIDs: Non-steroidal anti-inflammatory drugs, PASI: Psoriasis Activity Severity Index, PsA: Psoriatic Arthritis, TNF: Tumor Necrosis Factor; IPAQ: International Physical
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Table 1 (continued)
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Activity Questionnaire; METs: Metabolic Equivalents
' Chi-square test
2 Fisher test

Table 2 Skin and joint disease activity outcomes before and
after a 12-week dietetic intervention

Baseline  12-week Difference  p intra group’
DAS28-ESR
Placebo 356+13 34612 -010£14 03
Diet-Fish 33112 350+£14 019+116 03
Diet-Placebo  340+16 290+144 -049+089 03
p between 0.52 0.52
groups’
DAS28-CRP
Placebo 293+1.19 272410 -021£1.15 0.004
Diet-Fish 2834+155 243+10 -040£1.11 0.004
Diet-Placebo  298+135 233+11 -066+090 0.004
p between 0.84 0.84
groups?
PASI
Placebo 251+£38 186+18 -066+3.0 03¢
Diet-Fish 341+£61  279+£49 -062423 03°
Diet-Placebo  349+63 267+£39 -082+36 03°
p between 067° 067"
groups’
BSA
Placebo 359+7.04 248430 -089x47 0.1
Diet-Fish 3714+57 504+£150 095+24 0.1
Diet-Placebo  514+£129 429494 -053+44 0.1
p between 047 047
groups?
BASDAI
Placebo 294+£196 2314+184 -063+1.5 0.04
Diet-Fish 251+£183 2704+£240 0.19£167 0.56
Diet-Placebo 354223 211+£195 -139+£197 0.001
p between 0.38 0.78
groups’
MDA, n (%)
Placebo 6 (18.2%) 9 (27.3%) +9.1% 0.006
Diet-Fish 9(28.1%) 11(344%) +63% 0.006
Diet-Placebo 7 (21.9%) 11 (343%) +124% 0.006
p between 0.65 0.65
groups’

Bold indicates p statistically significant (< 0.05)

BASDALI: Bath Ankylosing Spondylitis Disease Activity Index, BSA: Body Surface
Activity, D: Diet, D+ S: Diet plus supplementation, DAS: Disease Activity Score,
HAQ: Healthy Activity Questionnaire, MDA: Minimal Disease Activity, P: Placebo,
PASI: Psoriasis Activity Severity Index

T ANOVA with repeated measures or Wilcoxon test (2)

2 ANOVA with repeated measures or Kruskal-Wallis test (°)

reduction. After the intervention, there was a significant
increase in fiber, omega 3, vitamin B1, B2, B3, B6, B12
and vitamin D consumption. In addition, there was a sig-
nificant reduction in the omega-6:omega-3 ratio. These
changes directly impacted the decreased values of DII in
all groups.

Although the greatest decreases in DII and DAS28-
CRP scores were observed in the Diet-placebo group,
there was no correlation between dietary changes and
disease activity improvement. Nonetheless, each 100-cal
increase led to a 3.4-fold increase in DAS28-ESR values
(OR=0.34; 95% CI 0.002-0.67; p=0.039).

Regarding other outcomes, such as the DAS28-ESR
score, it was found that the chance of continuing (from
remission to remission) or achieving (from active dis-
ease to remission) joint remission was 5.5 times more
likely for men (OR=5.46; 95% CI 2.03-14.7; p=0.001)
than for women. Furthermore, each 1-unit increase in
the HEI score decreased the likelihood of maintaining or
achieving remission by 4% (OR=0.96; 95% CI 0.92—1.0;
p=0.03).

Considering the disease activity outcomes, according to
weight loss magnitude, there were no significant changes
among the 3 groups after the 12-week diet intervention
(Table 4 and Table 5). Additionally, no significant differ-
ences were observed in the following parameters: PASI,
BSA, enthesitis and dactylitis count, and the number of
swollen and painful joints (data not shown). Similarly,
when the weight changes were equal to or greater than
5-10%, no disease activity improvement was observed
(Table 5).

Importantly, at monthly meetings, the dietitian checked
the patient’s diet and supplement adherence with a 24-h
diet record and pill count, respectively. Intolerance and/
or adverse events were monitored in all groups dur-
ing the intervention. The adhesion of supplement intake
(60—100%) was 69.7% in the Placebo group, 71.00% in the
Diet-fish group and 69.7% in the Diet-placebo group. No
adverse events were related to the dietary changes. Appe-
tite reduction and eructation were the most commonly
reported, especially in the Diet-fish group, but none of
the adverse events were considered significant or caused
discontinuation or dropout.

Discussion

The DIETA trial showed that a 12-week supervised
nutritional intervention, including a 500-cal restriction,
dietetic counseling and omega-3 supplementation, was
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Table 3 Body composition measurements, food intake and physical activity before and after the 12-week nutrition intervention

Baseline 12-week Difference p intra group’
Weight (kg)
Placebo 7624158 758+£154 -04+19 0.004
Diet-Fish 76.7 144 749+144 -1.79+£24 0.004
Diet-Placebo 783+173 7811168 -0.28+32 0.004
p between groups’ 0.82 0.82
Body Mass Index (kg/m?)
Placebo 289449 288+4.8 -0.15£0.7 0.01
Diet-Fish 208+54 29.1+54 -0694+09 0.01
Diet-Placebo 30.0+6.58 299+6.5 -007+14 0.01
p between groups? 0.76 0.76
Waist circumference (cm)
Placebo 101.0£13.2 100.7£13.1 0294184 0.65°?
Diet-Fish 1040£133 1008+£12.8 -328435° <0.001°
Diet-Placebo 104.1£14.3 1023+£134 -1.81+£4.2 0.027°
p between groups? 0.82 0.82
Total body fat mass (kg)
Placebo 350£118 350+114 -001£22 0.99°
Diet-Fish 40.1+83 388+87 -1.2422 0.006%
Diet-Placebo 3954137 406+£118 1.14£52 0.82°
p between groups’ 0.25° 0.15°
Appendicular lean mass (kg)
Placebo 21.0+57 21.0+56 +001£06 0.18
Diet-Fish 19.6+£48 195+4.6 -02+£08 0.18
Diet-Placebo 204£50 202451 -02+10 0.18
p between groups 0.54 0.54
Fat mass index (kg/m?)
Placebo 13.0+5.2 134452 03+1.7° 0.52°
Diet-Fish 159+£43 15.2+43 0641.0° 0.002?
Diet-Placebo 148+6.6 1554+6.2 07+£34 0.95°
p between groups? 0.14° 0.35°
Appendicular lean mass/IMC? *
Placebo 0.73£0.20 0.75+£0.19 +0.002 £0.02 0.59
Diet-Fish 0.67+£0.19 0.68+0.18 +0.014+0.02 0.59
Diet-Placebo 0.69+0.20 0.70+0.20 +0.006 £0.04 0.59
p between groups’ 038 038
Diet
Energy intake (kcal/ kg)
Placebo 26127 259+89 -09+£135 0.73
Diet-Fish 263410 2514141 -096£11.1 0.64
Diet-Placebo 261+£129 236+12 -4584+10.8 0.04
p between groups’ 043 043
Carbohydrate intake (g)
Placebo 26554490 2369+323 -2864383 0.59
Diet-Fish 260.7 +£54.3 226.1+50.0 -3464384 0.59
Diet-Placebo 248.3+£45.1 230.74£36.5 -176+51.0 0.59
p between groups? 0.38 0.38
Fat intake (g)
Placebo 60.1+£173 5554102 -46+£134 0.07

Diet-Fish 61.2+15.1 59.8+140 -14£118 0.52
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Baseline 12-week Difference p intra group’
Diet-Placebo 68.1+186 56.84+9.5 -11.4+£152 <0.001
p between groups? 0.12 0.25
Protein intake (g)
Placebo 859+178 922+257 +6.3428.1 0.24
Diet-Fish 868+ 16.7 86.2+235 +064+224 0.24
Diet-Placebo 8454187 8844181 +39+£256 0.24
p between groups? 0.77 0.77
Omega 3 intake (g)
Placebo 04+0.1 04+0.7 +0.08+06 047
Diet-Fish 04+0.1 05+0.7 +0.15+0.7 047
Diet-Placebo 04+0.1 0.7£11 +036+1.1 047
p between groups’ 0.96 0.03
Omega 3 intake + supplement (g)
Placebo 04+0.1 04+0.7 +0.08+06 047
Diet-Fish 04+0.1 354073 +3.17+0.7 <0.001
Diet-Placebo 04+0.1 07+1.1 +036+1.1 047
p between groups’ 0.96 <0.001
Ratio omega 6: omega 3 intake
Placebo 8.11+£4.25 6.45+4.96 -1.654+4.90 0.003
Diet-Fish 8524500 6.084+5.96 -24347.68 0.003
Diet-Placebo 8.36+5.67 595+4.77 -2404+6.89 0.003
p between groups’ 098 098
Healthy eating index
Placebo 63.0+£133 64.6+1438 16+£133 0.22
Diet-Fish 664+104 6424+11.7 22+112 0.22
Diet-Placebo 63.6+£12.1 69.1+£11.3 564133 022
p between groups’ 064 0.64
Dietary inflammatory index
Placebo 24409 09411 -14+£11 <0.001
Diet-Fish 22410 11£12 -1.1+£1.0 <0.001
Diet-Placebo 28408 10+£1.2 -18+£13 <0.001
p between groups’ 0.50 0.50
Physical exercise
METs (minutes/week)
Placebo 945.1 £2544.6 379.5£4094 -670.82+£2704.55 0.067
Diet-Fish 781.3+£1366.9 440545326 -340.84+1120.15 0.067
Diet-Placebo 81791421673 660.114+1786.8 -157.80+£821.22 0.067
p between groups? 0.882 0.882
METs(calories/day)
Placebo 166.33 +469.06 70.53+£82.38 -95.804+508.69 0.084
Diet-Fish 140.564236.28 75.59+94.88 -64.97+£199.57 0.084
Diet-Placebo 156.604394.02 140.71 £365.58 -16.6+201.50 0.084
p between groups’ 0.756 0.756

Bold indicates p statistically significant (< 0.05)
Kcal: Kilocalories, P: Placebo, IPAQ: International Physical Activity Questionnaire; METs: Metabolic Equivalents
T ANOVA with repeated measures or Wilcoxon test (%)

2 ANOVA with repeated measures or Kruskal-Wallis test (

®)

" The cutoff points for low appendicular lean mass that identifies sarcopenia was a grip strength less than 26 kg for men and less than 16 kg for women, according to

the FNIH[34]
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Table 4 Disease activity outcomes according to diet intervention after 12 weeks

Placebo Diet-fish Diet-placebo

Baseline 12 weeks P Baseline 12 weeks p Baseline 12 weeks p

N % N % N % N % N % N %
MDA 27 100 27 100 037 28 100 28 100 069 31 100 31 100 0.22
Activity 21 778 18 66.7 19 679 17 60.7 24 774 20 64.5
Remission 6 222 9 333 9 321 1 393 7 226 1 355
DAS28-ESR 28 100 28 100 10 26 100 26 100 10 27 100 27 100 0.51
Moderate/severe activity 16 57.1 16 57.1 16 615 15 57.7 14 519 11 40.7
Remission/low activity 12 429 12 429 10 385 11 423 13 48.1 16 59.3
DAS28-CRP 19 100 19 100 045 19 100 19 100 1.0 20 100 20 100 0.06
Moderate/severe activity 8 4215 26.3 4 2115 26.3 10 50 5 25
Remission/low activity 11 579 14 73.7 15 789 14 73.7 10 50 15 75

Bold indicates p statistically significant (< 0.05)

MDA: Minimal Disease Activity, DAS28: Disease Activity Score, ESR: Erythrocyte Sedimentation Rate, CRP: C Reactive Protein

p - McNemar test, (-) It was not possible to perform McNemar test—not all levels of the variable were present in both moments of evaluation,

Table 5 Skin and joint outcomes based on weight changes, BMI and waist circumference category

MDA DAS28-ESR
Activity/ Activity or Remission/Remissionor p Activity/ Activity or Remission/ Remissionor p
Remission/ Activity Activity/ Remission Remission/Activity Activity/ Remission
Weight change (%) 49 (62.8%) 29 (37.2%) 0.81° 40 (53.3%) 35 (46.7%) 0.73°
Maintenance 4 (80%) 1 (20%) 2 (40%) 5 (60%)
<5% loss 22 (57.9%) 16 (42.1%) 20 (55.6%) 36 (44.4%)
5-10% loss 6 (66.7%) 3(33.3%) 3(37.5%) 5(62.5%)
Weight gain 17 (65.4%) 9 (34.6%) 15 (57.7%) 11 (42.3%)

Bold indicates p statistically significant (< 0.05)

p - Nivel descritivo do teste de Qui_Quadrado ou exato de Fisher(?)

effective in improving the disease activity and modify-
ing the body composition measurements of patients
with PsA. It is worth emphasizing that a hypocaloric
diet plus omega-3 supplementation was more effec-
tive than a hypocaloric diet alone in promoting weight
loss and fat mass and waist circumference reduction
but had no extra beneficial effects on disease activity.
In addition, our data suggested that increased energy
intake and worse diet quality may negatively affect joint
activity and reduce the likelihood of achieving disease
remission, regardless of weight loss or body composi-
tion changes.

Our group previously reported a close relationship
between body composition and disease activity in PsA
patients. While fat mass was positively correlated with
joint disease activity, lean mass was negatively associ-
ated with it, suggesting a possible harmful link between
fat and joint disease activity. It was also observed that
patients with severe joint disease activity had more

bodily fat than patients in remission or with low disease
activity [5].

Interestingly, all three groups had some clinical joint
improvement, particularly the Diet-placebo group, with
a 0.66 reduction in their DAS28-CRP scores, highlight-
ing an early (12 weeks) moderate EULAR response [33],
instead of the 24 weeks that would be expected in phar-
macologic clinical trials [34]. Nonetheless, no significant
skin changes were observed after three months of follow-
up. The lack of a cutaneous response could be explained
by low PASI and BSA values at baseline or chronicity of
disease. Although we did have sufficient data regard-
ing 68/66 joint counts to perform the DAPSA (Disease
Activity in Psoriatic Arthritis), we obtained significant
results using other instruments, including a nonspecific
(DAS28-CRP) assessment and another more specific
and more complete assessment of skin and articular out-
comes (MDA) for PsA.

A recent meta-analysis demonstrated that obesity
or overweight may decrease the chance of achieving
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remission or a low level of disease activity [35] in patients
with rheumatic diseases, such as rheumatoid arthritis
or PsA. According to Mok et al. [36], inflammation and
oxidative stress can be a possible link between obesity
and rheumatic diseases. This possibility has been previ-
ously described by the presence of multiple biomark-
ers of inflammation (C-reactive protein, sulthydryl and
hydroperoxide), such as those observed in obese indi-
viduals [37, 38] and PsA patients [39]. Thus, weight loss
should be considered an important approach for man-
aging patients with PsA, although we did not observe a
relationship between weight loss and disease activity, as
previously reported [2, 7]. According to Di Minno et al.
[7], a weight loss of more than 5 or 10% would be suf-
ficient to increase the probability of achieving MDA. In
our study, we observed that few patients (10%) met this
target, and improvements were more closely related to
quality of diet than weight loss itself.

A recent study regarding bariatric surgery and other
procedures to lose weight showed a significant incidence
of PsA reduction after bypass but not after the gastric
band, regardless of weight loss level [40]. The authors
proposed that these findings may be related to changes
in insulinotropic hormones, including glucagon-like pep-
itide-1 (GLP-1). GLP-1 contributes to weight loss and
inflammatory marker reduction, such as tumor necro-
sis factor, which is essential for minimizing systemic
inflammation and controlling PsA disease activity [40].
In addition, some studies have demonstrated that GLP-1
release and the regulation of energy homeostasis may
be enhanced by nutrient intake (protein [41], omega3
[42], monounsaturated fatty acid [42] and fiber [42])
and reduced by higher carbohydrate consumption [43].
Although we did not observe any protein or carbohydrate
intake changes, we hypothesized that the improved dis-
ease activity observed in the present study could have
been influenced by GLP-1 release after DII reduction and
increased fiber and omega-3 consumption, regardless of
weight loss.

In addition to the reduced DII score, we showed that
restricting energy consumption contributed to changes
in relevant targets for decreasing one of the major trig-
gers of MetS [44], which is closely related to PsA [45].
Recently, Leite et al. [5] reported that inadequate food
consumption, including high total calorie intake, low
antioxidant vitamin intake, a poor quality diet and a
proinflammatory pattern, was common among patients
with PsA and that there were associations between
joint disease activity and fat intake and between skin
activity and higher intake of trans fat and sodium. Our
results confirm the ability of a hypocaloric diet to sig-
nificantly improve the quality of nutrients and modu-
late articular activity, as demonstrated for each 1-unit

Page 10 of 12

increase in HEI values, which was related to a reduced
likelihood of achieving remission in 4% of patients.
Additionally, each 100-cal daily intake increase caused
a 3.4-fold DAS28-ESR score impairment. Interestingly,
the benefits observed in the Diet-placebo group were
not improved by the addition of omega-3 present in fish
oil.

Although omega-3 supplementation has not been
shown to provide any extra benefits to disease activity,
this fatty acid combined with hypocaloric diet coun-
seling improved the adiposity of patients with excess
visceral fat. Considering our best knowledge and a lack
of information about omega-3 supplementation in PsA,
our study was the first to evaluate the role of a dietetic
approach, including this fatty acid, on disease activity in
patients with PsA. Furthermore, omega-3 supplementa-
tion was associated with improved MetS parameters,
such as dyslipidemia, hypertension and insulin resistance,
as well as reduced waist circumference, body weight,
obesity, pain and rates of nonalcoholic fatty liver disease
[46]. We believe that these findings could be more rele-
vant in longer clinical trials, as reported by Flachs et al,,
who noted some improvement in mitochondrial oxida-
tion capacity, lipid metabolism and inflammation [47].

Importantly, it is already well established that nonphar-
macologic interventions have a low rate of adherence.
Therefore, a limitation of our results is not evaluating
levels of omega-3 and its metabolites in plasma or cell
membranes to avoid the information bias that has been
amply described in food records [48], as well as a lack of
information regarding DAPSA (Disease Activity in Pso-
riatic Arthritis). It is also very difficult to measure real
food behavior and dietary changes because the provided
information is subjective. Moreover, dietary patterns are
closely linked to culture, habits, emotions and economic
status, which makes it difficult to promote relevant and
longer modifications [49]. Nevertheless, the adherence
level was monitored at the dietitian’s monthly appoint-
ments, aiming to identify low adherence, complaints, and
doubts about supplementation (adverse effects). Another
limitation in the relatively short follow-up period for a
chronic disease and reduced long-term compliance with
the diet and supplements. Regardless of these points,
this randomized clinical trial (RCT) has important rel-
evance because it is the first RCT designed to assess the
effectiveness of a supervised dietary intervention plus
omega-3 fatty acid supplementation on disease activity
in patients with PsA. In addition, no change in PsA, con-
comitant medications or physical activity was made dur-
ing the 12-week intervention, reinforcing the role of diet
in the context of immunometabolism.

Therefore, dietary counseling aimed at losing or con-
trolling weight could be part of the global protocol for
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PsA patients. In addition, supervised exercises could con-
tribute to weight loss, lean mass gain and better disease
activity control.

Conclusion

A 12-week supervised nutritional intervention, including a
500-cal restriction, dietetic counseling, and omega-3 sup-
plementation, was effective in improving the disease activ-
ity and body composition of patients with PsA, regardless
of weight loss, but was related to food pattern and diet
quality improvement. The DIETA trial, a nonpharmaco-
logic approach, is an inexpensive, suitable, and efficient
approach that could be combined with standardized drug
therapy. The addition of omega-3 supplementation did not
improve disease activity or inflammatory parameters but
promoted relevant body composition changes that can be
modulated by indirect pathways of disease activity.
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