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Abstract

The aim is to systematically assess the health impact of a low-inflammatory diet intervention (full-diet or supplement), compared to usual diet or other
dietary interventions, on weight change, inflammatory biomarkers, joint symptoms, and quality of life in adults with osteoarthritis, rtheumatoid arthritis
or seronegative arthropathy (psoriatic, reactive, ankylosing spondylitis or IBD-related), on outcomes assessed in prospective studies within 6 months of
intervention commencement (PROSPERO CRD42019136567). Search of multiple electronic library databases from inception to July 2019, supplemented
by grey literature searches, for randomised and prospective trials assessing the above objective. After exclusion of 446 ineligible studies, five randomised
and two prospective trials involving 468 participants with either osteoarthritis or rheumatoid arthritis were included. GRADE assessment for all outcomes
was very low. Meta-analyses produced the following standardised mean differences (SMD) and 95 % confidence interval (CI) 2—4 months following com-
mencement of the diets favouring the low-inflammatory diet: weight SMD —0-45 (CI —0-71, —0-18); inflammatory biomarkers SMD —2-33 (CI —3-82,
—0-84). No significant effects were found for physical function (SMD —0-62; CI —1-39, 0-14), general health (SMD 0-89; CI —0-39, 2-16) and joint pain
(SMD —0-98; CI —2-90, 0-93). In most studies, the quality of dietary intervention (dietitian input, use of validated dietary compliance tool) could not be
gauged. In conclusion, very low-level evidence suggests that low-inflammatory diets or supplements compared to usual diets are associated with greater
weight loss and improvement in inflammatory biomarkers. More high-quality trials are needed to assess the health effects of a low-inflammatory diet
more comprehensively and conclusively in arthritic conditions.
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Introduction inflammatory bowel disease (IBD)-related). The pathologies

Arthritis has a significant global burden™. Tt includes a of these diseases are highly variable, but all include a compo-

wide vatiety of clinical conditions, including osteoarthritis nent of joint inflammation. Patients with high disease activity

(OA), rheumatoid arthritis (RA) and seronegative arthropa- typically have impaired quality of life and activities of daily
(4=7)

thies (SA) (psoriatic, reactive, ankylosing spondylitis (AS) or living
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Table 1. Systematic review study eligibility criteria

Eligibility criteria Inclusion criteria

Exclusion criteria

— Adolescents (under 18 years of age)
— Other forms of arthritis

— Usual diet

— Other weight loss/diet programs that do not clearly
include a low-inflammatory component

Population Adults with diagnosis of either
— Osteoarthritis
— Rheumatoid arthritis (seropositive or seronegative)
— Seronegative arthropathies (psoriatic, reactive, ankylosing spondylitis or
IBD-related)
Intervention — Interventions termed as ‘low-inflammatory diet’, ‘anti-inflammatory diet’,
‘Mediterranean diet’ or synonyms of these.
— The diet can be either caloric or non-caloric restricted
— Duration of intervention of at least 4 weeks
— The diet intervention is provided in the outpatient setting
Comparator/Control — Usual diet
— Any other dietary intervention that does not clearly include a
low-inflammatory component (such as low carbohydrate and high protein)
— Interventions including an exercise component will be included if the
exercise component is offered in both intervention and control arms
Outcomes — Patient-reported or physical function, range of motion and pain.

Assessment tools such as Oxford score and visual analogue score are

inclusive

— Any blood inflammatory markers, such as C-reactive protein (CRP) and

Interleukin-6 (IL-6)

— Weight change, such as pre- and post-intervention weight or percentage

weight change

— Timepoints will be recorded up to 6 months following the commencement of

the intervention

— Results with varying timepoint of treatment duration will be grouped as 0-2,

2—-4 and 4—6 months

Study Design
pre—post studies)

— Prospective studies (including randomised trials, non-randomised trials and — Retrospective studies (including studies

retrospectively assessing registry data)

The low- or anti-inflammatory diet (both names are syn-
onymous) is based on principles of the Mediterranean diet. It
emphasises on foods high in antioxidants, polyphenols, carote-
noids, omega-3 fatty acids (long chain), foods low in the gly-
caemic index and promotes the utilisation of extra virgin olive
oil as the main source of fat®. Furthermore, the diet advises
the reduction or minimisation of refined carbohydrates, fast
foods, foods high in trans-fat and saturated fat, alcoholic bev-
erages, sugary beverages and processed meats”™'". Due to
the low-inflammatory effects, it is hypothesised that the diet
may be beneficial in providing symptom-relief for patients
with arthritis. Consequently, many patient-centred medical web-
sites promote such a diet for patients with arthritis" >,

Previous research suggests that obese patients with OA can
successfully lose weight and report symptom improvement
following a diet-based weight loss intervention'*'¥. This is
also the case for those who suffer from RA"® and psoriatic
arthritis®”.
inflammatory diet may alleviate arthritic symptoms
unclear; however, if symptom-relief is related to change in
inflammation, change in weight, change in adipose tissue, or
the quality or type of dietary intervention.

The overall objective of this review is to assess the health
impact of a low-inflammatory diet intervention (full-diet or

Furthermore, research suggests that a low-
@G22 Tt is

supplements) compared to usual diet or other dietary interven-
tions. Specifically, the health impact includes the effect on
inflammatory biomarkers, joint symptoms, quality of life and
weight change in adults who suffer from OA, RA or sero-
negative arthropathy (psoriatic, reactive, AS or IBD-related)

affecting any joint in the body, within the first 6 months
since the commencement of the intervention.

The protocol was registered on PROSPERO prior to
commencement of the article screening (Reg. No.
CRD42019136567). The PRISMA guidelines were used to

report this systematic review ™,

The eligibility criteria for included studies ate summarised in
Table 1. Studies that investigated the effects of a low-
inflammatory diet intervention in adults with arthritis were
assessed for changes in weight, joint symptoms and inflamma-
tory biomarkers. Interventions included any low-inflammatory
dietary intervention compared to diet as usual or other forms
of dietary interventions. Prospective studies with their full-text
articles published in English were eligible for inclusion.

The following electronic databases were searched from incep-
ton tll 10 July 2019; MEDLINE, EMBASE, Cochrane
Database of Systematic Reviews (potentially eligible reviews
had their references reviewed for eligible studies), Cochrane
Central Register of Controlled Trials (CENTRAL),
CINAHL. Reference lists of included studies as well as the
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grey literature (Proceedings of the American Society of
Nutrition and International Congtress of Dietetics and a
Google Scholar search) were also reviewed.

Search strategy

The search strategy, using a combination of key and text
words, was formulated with the help of a medical librarian.
The syntax of the search for each database is found in
Supplementary Tables and Figures.

Selection process

Ascertainment of eligible studies was conducted independently
by two reviewers (F.G. and M.K.). The titles and abstracts of
articles were screened for eligibility. Once potential studies
were identified, both reviewers obtained full-text articles to
assess and discuss their eligibility. If there was a disagreement
between the two reviewers, a resolution was sought by discuss-
ing the study with a third reviewer (J.M.N., S.A. or V.M.F.).

Data collection process and management

Data extraction from eligible studies and subsequent collation
was completed by the two reviewers independently using stan-
dardised forms. Any discrepancies in the data were resolved
through discussion. Attempts were made to contact the corre-
sponding authors of studies where data were missing. When
extracting data from trials, only intention-to-treat (ITT) data
was utilised. However, if ITT data were not provided in the
article or on request, then per-protocol data were utilised.

Data items

The following data items were extracted from included articles:
author, reference, country, population characteristics (such as
age, gender, diagnosis and joints affected), study design, trial
size (at baseline and size for analysis for both intervention
and control/compatator groups), intervention charactetistics
such as details of the intervention, intervention duration, qual-
ity of intervention (see Section ‘Risk of bias’), details of the
control/comparator (e.g. compated to normal diet or other
diet programs, size of group and duration of control/com-
parator), duration of follow-up, outcome details (refer to
Section ‘Outcomes and prioritisation’), details needed for
assessment for risk of bias and author contact details.

Outcomes and prioritisation

Continuous outcomes were presented as mean differences
(MD), standardised mean differences (SMD), for data
reported with different tools, along with standard deviations
or 95 % confidence intervals (95 % Cls). When standard
deviations were not reported, these were calculated from
other available data, such as a 95 % CI, standard error, ot a
P value®". There were three primary outcomes:

1. Weight loss — converted to metric units (km) when neces-
sary. Body mass index (BMI) was also extracted, using
change scores whenever possible.

2. Blood inflammatory markers — the main markers of interest
in this review were C-reactive protein (CRP, both high sen-
sitivity CRP and standard CRP, measured in mg/ml) as
well as Intetleukin-6 (IL-6, measured in pmol/l) since
these are the most widely reported in the literature®?.
Data for other inflammatory markers were also extracted
including (but not limited to) IL-1B and TNF-alpha.

3. Joint symptoms — using a validated joint pain/function
score for arthritis populations, such as Oxford®"”, or

WOMAC scores®".

Interventional trials had their outcome data extracted at base-
line, during the dietary intervention, and at the end of dietary
intervention (before or at 6 months). Outcomes reported with
varying timepoints were grouped as 0-2, 2—4 and 4-6 months.
Scoping of the literature indicated most dietary interventions
were for 3 months!*?Y; however, interventions existed for
0-3°? and 3-6 months®>~?. In light of this, and the asso-
ciated clinical significance of the timepoint, 2—4 months
were chosen as the primary timepoint for all outcomes.

Risk of bias in individual studies

The randomised trials were assessed for bias using the
Cochrane Handbook’s RoB Version 2 checklist®”, while pro-
spective studies were assessed using the Cochrane Handbook’s
ROBINS-I tool®”. Each assessment was conducted inde-
pendently by two reviewers. Any discrepancy was resolved
over the discussion and an arbitrator was used if necessary.

As an indicator of therapeutic validity, the quality of the
intervention utilised in the studies was also assessed. The
areas of interest were informed by an eatlier review® and
included whether (i) a dietitian was involved in the design of
the dietary intervention; (i) the dietary intervention was a pat-
tial or full simulation of the low-inflammatory diet; (iii) there
was the monitoring of adherence to the dietary intervention
and (iv) a validated tool was utilised to measure dietary
adherence.

Data synthesis

Outcomes were pooled from at least two studies in
random-effects meta-analysis. The inverse variance method
was utilised when conducting a meta-analysis of data from dif-
ferent studies. For the purposes of meta-analysis, timepoints
for outcomes were stratified at 0—2, 2—4 and 4—-6 months.
Studies were pooled when there was satisfactory clinical homo-
geneity (similar study design, population and intervention);
otherwise, they were discussed narratively. Statistical hetero-
geneity was assessed using the I statistic.

Changes in inflammatory biomarkers and weight were
derived by subtracting mean baseline values from subsequent
values; thus, a negative change implied improvement in health.
However, for joint symptoms, a decrease in score could be an
improved outcome (such as WOMAC®Y), while an increased
score in another tool could also represent improvement (such
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as Oxford Knee Score®”). Thus, tools that reported poor
health in the opposite direction to the majority of other
tools had their change scores multiplied by —1¢%
(Supplementary Table S1).

Some data in the selected studies were not presented in a
usable form without modification. For example, change in
weight (as a percentage) was reported instead of pre- and post-
weight. To ensure the same variables were extracted from all
studies, these vatiables were converted to a usable form (e.g.
the post-weight was calculated from the reported basal weight
and percentage change in weight). When this could not be
done or missing data was encountered, missing data were
requested from corresponding authors. No imputation of
missing data was undertaken. Data analysis was completed
using RevMan 5.3 software™”.

A priori, we planned to explore heterogeneity by performing
a subgroup analysis of (i) osteoarthtitis » inflammatory/
seronegative arthritis, (ii) different duration of intervention
(0-2 months ». 2—4 months (timepoint of interest) z. 4-6
months) to assess possible dose-response effects and (iii)
RCTs ». other prospective studies. After studies were identi-
fied, we also planned subgroup analysis of (i) diets that resulted
in weight loss 2. diets without weight loss and (ii) full low-
inflammatory diet 2 partial diet (e.g. anti-inflammatory
supplements).

Meta-biases and confidence in cumulative evidence

Assessment of publication bias was planned, but there were
insufficient studies (<10 studies), to construct a funnel plot
or perform Egger’s regression test. The methodology of the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE)“" working group was utilised in
assessing the quality of the evidence presented in the review.
The evidence was graded as either very low, low, moderate
ot high-quality evidence.

Results
Study selection

Of the 453 citations retrieved from multiple sources, seven
-1 (19,21,22,33,42-44) - S .
articles met the eligibility criteria (Fig. 1). Five

. . - 1.(19,22,33,42,44)
articles were randomised trials , tWo were pre—
post trials®"*?. These trials had a total of 468 patients (259
in the intervention and 226 in the control). Requests for add-
itional information were made to four authors; one responded.

Study characteristics

The age range for the participants was from 30 to 90 years. Five
of the seven trials included both sexes; two studies included
women only. ‘Women only’ studies focused on RA, while the
other trials focused either on RA or OA. Intervention duration
ranged from 3 to 6 months. Five of the seven studies had a
low-inflammatory ~diet (including ‘anti-inflammatory” and
‘Mediterranean’ diet) as the intervention, while two studies
utilised low-inflammatory supplements (i.e. strawberry and

blueberry powders). All intervention diets were non-calorie
restricted. Control/comparator diets included the usual diet or
placebo powders. There were a total of 259 and 226 participants
in the intervention and control/comparator analyses, respect-
ively. The characteristics of the included trials are found in
Table 2. One of the studies™? was a cross-over trial. As per
Cochrane guidelines, the data were extracted as if the study
was a parallel-group trial of intervention 2. control™.

Risk of bias

From the randomised trials, one study™ had an overall low
risk of bias, while the remaining studies" *?****? had an over-
all high risk of bias (Supplementary Fig. S1). For the prospect-
ive non-randomised trials, one® had an overall moderate risk
of bias, while the other™ had an overall serious risk of bias
(Supplementary Table S2).

In assessing the quality of the dietary interventions specific-
ally, only one study®” cleatly stated the utilisation of a dietitian

2239 Wwere a full

in designing the intervention. Two studies
simulation of a low-inflammatory diet, while other studies
were only partial. While all the studies that assessed participant
dietary compliance did so in various ways, only one study™”

utilised a validated tool (Supplementary Table S3).

Results of individual studies

Individual study level data is provided in Supplementary
Tables S4 and S5. Synthesised results are reported below.

Synthesis of results

Table 3 presents the GRADE Summary of Findings for each out-
come. SMD values were converted back to familiar clinical
measurements>**>, Overall, the outcome results were of
very low quality as assessed by the GRADE system. There
were a small number of studies included in the analysis, and

high heterogeneity was evident for most comparisons.

Weight. A standardised analysis combining weight (kg) and
BMI across the studies after 2—4 months of the intervention,
showed very low-quality evidence favouring weight change in
the low-inflammatory group, with a statistically significant
SMD of —0-45 ([95% CI —0-71, —0-18], P=0-0009)
compared to the usual diet group (Fig. 2).

A subgroup analysis assessing weight change according
to diagnosis indicated patients diagnosed with RA and OA
had a weight change following a low-inflammatory diet
RA - SMD —0-53 [95% CI —0-91, —0-14], P=0-007;
OA — SMD —0-37 [95% CI —0-73, —0-01], P=0-04;
Supplementary Fig. S2), although there were no differences
between subgroups (test for subgroup difference, P=0-57).
When analysing based on study type, only randomised trials
favoured the low-inflammatory diet (RCTs — SMD —0-46
[95% CI —0-76, —0-15], P=0-004; prospective trial —
SMD —0-42 [95 % CI —0-93, 0-10], P =0-11; Supplementary
Fig. S3). Further subgroup analysis based on the nature of


https://doi.org/10.1017/jns.2020.31

https://doi.org/10.1017/jns.2020.31 Published online by Cambridge University Press

Records identified through
database searching
(n =453)

Additional records identified

through other sources
(n=12)

(n=393)

Records after duplicates removed

y

(n =393)

Records screened

Records excluded
(n=380)

A 4

A 4

(n=13)

Full-text articles assessed
for eligibility

Full-text articles excluded,
with reasons
(n=6)

\ 4

(Conference abstracts
(n=3), outcomes not

(n=7)

Studies included in
qualitative synthesis

assessed (n=2),
Intervention not
appropriate (n=1))

A 4

(n=5)

Studies included in
quantitative synthesis
(meta-analysis)

Fig. 1. PRISMA flow diagram of the article screening and selection process for the systematic review.

intervention (full ». partial low-inflammatory diet) can be
found in Supplementary Fig. S9. Weight change at 2-4 months
favoured full simulation of low-inflammatory diet, but not par-
tial simulation (full simulation SMD —0-51 [95 % CI —0-84,
—0-18], P=0-002; partial simulation SMD —0-31 [95 % CI
—0-87, 0-24], P = 0-27; Supplementary Fig. S9).

Only one study®” reported data for weight change after 46
months of intervention. The calculated change scores can be
found in Supplementary Tables S4 and S5.

There was very low-quality
evidence that reduction in inflammatory biomarkers at 2—4
months favoured the low-inflammatory diet; SMD —2-33
(195 % CI —3-82, —0-84], P=0-002; Fig. 3). An individual
meta-analysis for each type of inflammatory biomarker did
not favour either diet. At 2-4 months, the low-inflammatory

group had an MD in change scores of —2:46 mg/1 ({95 %
CI —7-15, 2-24], P=0-31), —3-41 pg/ml ([95 % CI —7-09,
0-28], P=0-07) and —4-56 pg/ml ([95 % CI —12.43, 3-32],
P=0-26) in CRP, IL-6 and IL-1B, respectively
(Supplementary Fig. S4).

In a subgroup analysis based on diagnosis, both the OA
group (SMD —3-09 [95 % CI —5-92, —0-26], P=0-03) and
the RA group (SMD —1-10 [95 % CI —1-71, —0-49], P=
0-0004; Supplementary Fig. S5) had reductions in inflamma-
tory biomarkers (independent of weight change); the differ-
ences between the group were not significant (P=0-18;
Supplementary Fig. S5). Additional subgroup analyses (based
on the nature of intervention and weight loss during interven-
tion) can be found in Supplementary Fig. S10. Inflammatory
biomarkers at 2-4 months favoured both partial and full simu-
lation of low-inflammatory diet (partial simulation SMD
—4-60 [95 % CI —5-94, —3-26], P < 0-00001; full simulation
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Low Inflammatory Diet Usual Diet Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD_Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Adam et al. 2003 -0.1 29 30 0.9 1.7 30 26.4% -0.42[-0.93, 0.10] A
Du et al. 2019 0 1.838477 27 1.1 1.9799 22 20.9% -0.57 [-1.14, 0.01] - |
Dyer et al. 2017 -1.5  3.8751 22 0.8 5.8326 17 16.7% -0.47 [-1.11, 0.17] -
Schell et al. 2017 0.2 2.0518 17 0.2 21213 17  153% 0.00 [-0.67, 0.67]
Skoldstam et al. 2003 -3 3.8425 26 -0.4 3.8041 23 20.7% -0.67 [-1.25, -0.09] -
Total (95% Cl) 122 109 100.0% -0.45[-0.71, -0.18] o

ity: 2= - Chiz = = = - 12 = 0Y t + t t
Heterogeneity: Tau? = 0.00; Chi? = 2.46, df = 4 (P = 0.65); I> = 0% B 05 0 05 1

Test for overall effect: Z = 3.32 (P = 0.0009)

Favours [Low Inflam Diet] Favours [Usual Diet]

Fig. 2. Meta-analysis of weight change when comparing low-inflammatory diet to usual diet following 2—4 months of intervention/control.

Low Inflammatory Diet Usual Diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dyer et al. 2017 -1.76  1.1463 29 -0.22 0.4115 25 354% -1.71[-2.34, -1.08] ——
Schell et al. 2017 -5.4 0.6403 17 -0.1 1.456 17 29.0% -4.60 [-5.94, -3.26] -
Skoldstam et al. 2003 -5 5 25 0 3.8448 23 35.6% -1.10 [-1.71, -0.49] —
Total (95% ClI) 71 65 100.0% -2.33 [-3.82, -0.84] ’
Heterogeneity: Tau? = 1.53; Chi2 = 21.67, df = 2 (P < 0.0001); > = 91% 4 2 S 2 i

Test for overall effect: Z = 3.06 (P = 0.002)

Favours [Low Inflam Diet] Favours [Usual Diet]

Fig. 3. Meta-analysis of inflammatory biomarker change when comparing low-inflammatory diet to usual diet following 2—4 months of the intervention/control. In this
analysis of change scores, Skoldstam’s CRP results, Schell’s IL-6 and Dyer’s IL-6 results were utilised.

SMD —-1-40 [95% CI —2-00, —0-80], P<0-00001;
Supplementary Fig. S10). Change in biomarkers was favoured
in both the presence and absence of weight loss in the low-
inflammatory diet (Supplementary Fig. S10).

Only one study"” reported inflammatory marker change
scores after 0—2 months for intervention. The calculated change
scores can be found in Supplementary Tables S4 and S5.

Patient-reported outcome measures. At 2—4 months, very
low-quality evidence suggests that physical outcome measures
did not favour either diet (SMD —0-62 [95% CI —1-39,
0-14]), P=10-11; Fig. 4). This analysis was completed utilising
the intervention and control change scores of Arthritis
Impact Measurement Scales (AIMS-2) physical score from
Dyer et al. (2017; intervention mean —0-1, standard deviation
(sp) 0-2931; control mean —0-1, sp 0-3839%?) and Health
Assessment Questionnaire (HAQ) scores from Schell e al.
(2017; intervention mean —0-2, sp 0-1414; control mean 0,
sp 0-1414% and Skoldstam ¢ 4/ (2003; intervention
mean —0-1, sp 0-1266; control mean 0, sp 0-1769"%;
Supplementary Tables S4 and S5). Subgroup analysis by
diagnosis demonstrates inconclusive results for OA (SMD
—0:65 [95% CI —2-00, 0-70], P=0-34). However, in RA,
physical outcome measures favoured the low-inflammatory
diet SMD —-0-65 [95% CI —1-22, —0-07], P=0-03;
Supplement Fig. S6). The test for subgroup differences
produced a P value of 0-99, suggesting that the results did
not favour either the OA or RA group (Supplementary

Fig. S6). Additional subgroup analysis based on the nature of
intervention (full ». partial low-inflammatory diet) and the
presence/absence of weight loss in the intervention can be
found in Supplementary Fig. S11. Physical function at 2—4
months favoured the partial simulation of low-inflammatory
diet and not the full simulation (partial simulation SMD
—1-38 [95% CI —2-14, —0-62], P=10-0004; full simulation
SMD —0-29 [95 % CI —0-92, 0-34], P=0-37). Furthermore,
change in physical function was favoured in the absence of
weight loss in the low-inflammatory diet and not in the
presence of weight loss in the low-inflammatory diet.

A meta-analysis was also completed assessing change in pain
scores. At 2—4 months, there was very low-quality evidence
that change in any pain score favoured neither diet (SMD
—0-98 [95 % CI —2-90, 0-93], P = 0-31; Fig. 5). In a subgroup
analysis based on diagnosis, pooled pain scores were different;
the RA group had a statistically significant SMD of —2-81
(95% CI —3-60, —2-02], P<0-00001; Supplementary
Fig. S8) favouring the low-inflammatory diet. Subgroup differ-
ence analysis resulted in a P value = 0-0004, suggesting that
the results favoured the RA group over the OA group.
Furthermore, subgroup analysis based on the nature of
intervention (full ». partial low-inflammatory diet) and the
presence/absence of weight loss in the intetvention can be
found in Supplementary Fig. S12. Pain scores at 2—4 months
favoured only the partial simulation and not the full simulation
of low-inflammatory diet (partial simulation SMD —0-77
[95% CI —1-47, —0-07], P=0-03; full simulaton SMD

Low Inflammatory Diet Usual Diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Dyer et al. 2017 -0.1  0.2931 49 -0.1 0.3839 49 37.2% 0.00 [-0.40, 0.40]
Schell et al. 2017 -0.2 0.1414 17 0 0.1414 17  29.4% -1.38 [-2.14, -0.62] —
Skoldstam et al. 2003 -0.1 0.1266 26 0 0.1769 23 33.4% -0.65 [-1.22, -0.07] —
Total (95% ClI) 92 89 100.0% -0.62 [-1.39, 0.14]
Heterogeneity: Tau? = 0.37; Chi = 11.06, df = 2 (P = 0.004); 1> = 82% 4 2 S 2 j‘

Test for overall effect: Z=1.59 (P = 0.11)

Favours [Low Inflam Diet] Favours [Usual Diet]

Fig. 4. Meta-analysis of physical function change when comparing low-inflammatory diet to usual diet following 2—4 months of the intervention/control.
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Low Inflammatory Diet Usual Diet Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Dyer et al. 2017 -0.3 0.5153 49 -0.6 0.5557 49 341% 0.56 [0.15, 0.96] ——
Schell et al. 2017 -0.6 0.2236 17 -0.4 0.2828 17  33.1% -0.77 [-1.47, -0.07] —
Skoldstam et al. 2003 -12 4.6781 26 3 58 25 32.7% -2.81[-3.60, -2.02] —
Total (95% ClI) 92 91 100.0% -0.98 [-2.90, 0.93]
Heterogeneity: Tau? = 2.77; Chi2 = 57.70, df = 2 (P < 0.00001); I> = 97% 4 2 2 j‘

Test for overall effect: Z=1.00 (P = 0.31)

Favours [Low Inflam Diet] Favours [Usual Diet]

Fig. 5. Meta-analysis of pain score change when comparing low-inflammatory diet to usual diet following 2—4 months of the intervention/control.

—1-11 [95 % CI —4-41, 2-19], P=0-51). Additionally, change
in pain scores was favoured in both the presence and absence
of weight loss in the low-inflammatory diet.

At 24 months, there was very low-quality evidence that gen-
eral health outcomes favoured neither the diet group (SMD 0-89
[95% CI —0-39, 2-16]), P=0-17; Supplementary Fig. S7).
Results for 0—2 months of intervention wete calculated for phys-
ical function and pain scores (Supplementary Figs. S13 and S14);
physical function and pain scores favoured neither the diet
group. One study®” reported change scores in weight change,
physical outcome, pain and general health at 4-6 months of
intervention. It showed that the health benefits for the low-
inflammatory diet may be present at 4-6 months of intervention;
however, a meta-analysis to assess this could not be conducted
due to insufficient studies. Calculated change scores can be
found in Supplementary Tables S4 and S5.

Discussion

This systematic review provides a comprehensive assessment
of the dearth of literature concerning the health effects of a
low-inflammatory diet in people with arthritis. In compatison
to a usual diet, very low-quality GRADE evidence suggests
that a low-inflammatory diet is associated with more weight
loss, lower inflammation, improved physical function mea-
sures (RA only) and reduced joint pain (RA only). We also
assessed the effect sizes at different periods and found that
changes in outcomes were found as early as 2—4 months fol-
lowing commencement of the intervention.

Obesity is common among those who suffer from OACY
and RA®>. In the meta-analysis, one study*
recruited obese patients with knee OA, while another study’s

specifically

baseline characteristics indicate the inclusion of obese partici-
pants™™?. Previous research indicates calotie-restricted diets are
effective in producing weight loss in OA patients” %, A recent
network meta-analysis suggests that low-inflammatory diets,
though often not targeting weight loss, may also usefully reduce
weight within 6 months of commencement though the effects
diminish by 12 months®”. We also found in this meta-analysis
that the low-inflammatory diet could procure weight loss. This
is important because such a diet can be useful for not only redu-
cing the inflammatory load induced by diet but also the inflam-
matory load associated with excess adipose tissue®”.
Inflammatory biomarkers are elevated in the serum of
patients with arthritis. II.-6 and CRP have roles in the patho-
genesis of arthritis and are associated with disease activity®*>".
Reduction in inflammatory biomarkers may indicate reduced
disease severity and progression. Previous research indicates

that a calorie-restricted diet and exercise reduces I1.-6 levels

in obese OA patientsm). One clinical trial highlighted the

reduction of IL-6 and hsCRP following significant weight
loss secondary to gastric surgery(58>. While improvements in
inflammatory biomatrkers may be confounded by the concomi-
tant weight loss, our results reveal improvements in biomarkers
can occur independent of weight change.

For RA patients, improvement in pain and physical function
measures were greater with those following a low-inflammatory
diet. Statistically significant benefits were not seen in people with
OA. Our findings are not consistent with studies where people
with OA were given low or calorie-restricted diets and signifi-
cant improvements in pain and function were observed!*>*”,
These contradictory findings may suggest that for OA patients
to obtain physical function and pain benefits from a dietary
intervention, calorie restriction needs to be incorporated.
Interestingly, general health measures were not associated with
cither the diet group; however, only two papers were part of
the meta-analysis.

Varied duration of the interventions was used to assess the
potential dose-response effect. As stated in the results, change
scores were extracted for three time periods; however, the
majority of the data were applied to the 2—4 months period.
Comparing the meta-analysis results from 0—-2 months and
2—4 months, the data suggest that change in outcomes were
evident after 2 months of intervention. Due to lack of data
beyond 4 months, we could not determine what the ideal dur-
ation of intervention is to produce the most significant
improvements in outcomes.

Most of the dietary interventions only provided a partial
simulation of the low-inflammatory diet and did not involve a
dietitian in its design; hence, the therapeutic validity of these
dietary interventions is questionable. Treatment fidelity is also
questionable as there was a lack of a validated tool used to assess
dietary compliance during the trials. Strengths of this review are
that it covers a topic of great public interest given the interest in
> and includes a pre-registered
protocol which was performed and reported within current
guidelines (including PRISMA guidelines and Cochrane
Handbook). Furthermore, change scores were imputed from

diet and arthritis generaﬂy(l

the vatied duration of intetvention/control (to assess potential
dose-effect responses), and we dealt with heterogeneity where
possible using sensitivity analyses. Furthermore, strengths
include the @ prior: design which was pre-registered, the compre-
hensive assessment of the quality of the evidence and incorpor-
ation of GRADE, and the standardisation of outcomes in order
to include them in pooled effect sizes — which were then
re-converted into meaningful clinical measures. Limitations of
the review are that the included studies had small samples and
were predominantly of poor quality, which resulted in
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imprecision given the small number of participants (less than
400), a heterogeneous analysis and missing data — all which
limit the confidence in our overall conclusions.

Conclusion

In this meta-analysis of randomised and prospective trials, there
is the very low quality of evidence, suggesting that a low-
inflammatory diet is associated with greater weight loss, a greater
decrease in inflammatory biomarkers, greater improvement in
joint pain measures (RA only) and greater improvement in phys-
ical function measures (RA only) compared to usual diets.
Health benefits appear to favour those with rheumatoid arthritis
more than osteoarthritis. Although many patient-oriented infor-
mation sources promote the low-inflammatory diet for arthritis
patients, this review highlights the poor quality of evidence
behind these public health recommendations. Furthermore,
high-quality trials are needed evaluating a dietitian-led, low-
inflammatory diet on a combination of laboratory and patient-
reported outcomes, particularly in osteoarthritis.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/jns.2020.31.
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