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Abstract

Objective—To assess whether more frequent fish consumption is associated with lower RA 

disease activity scores among participants in an RA cohort.

Methods—We conducted a cross-sectional analysis using baseline data from participants in the 

Evaluation of Subclinical Cardiovascular Disease and Predictors of Events in RA (ESCAPE-RA) 

cohort study. Frequency of fish consumption was assessed by a baseline food frequency 

questionnaire assessing usual diet in the past year. Multivariable, total energy-adjusted linear 

regression models provided effect estimates and 95% confidence intervals (CI) for frequency of 

fish consumption (never to <1/month, 1/month to <1/week, 1/week, and ≥2/week) on baseline 

DAS28-CRP. We also estimated the difference in DAS28-CRP associated with increasing fish 

consumption by one serving per week.

Results—Among 176 participants, median DAS28-CRP was 3.5 (interquartile range 2.9–4.3). In 

an adjusted linear regression model, subjects consuming fish ≥2 times/week had a significantly 

lower DAS28-CRP compared with subjects who ate fish never to <1/month (difference −0.49 

[95% CI −0.97, −0.02]). For each additional serving of fish per week, DAS28-CRP was 

significantly reduced by 0.18 (95% CI −0.35, −0.004).

Conclusions—Our findings suggest that higher intake of fish may be associated with lower 

disease activity in RA patients.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovial 

inflammation leading to pain, functional impairment, and joint erosions. Use of disease 

modifying anti-rheumatic drugs (DMARDs) reduces systemic inflammation, improves 

symptoms, and prevents long-term joint damage. While DMARDs are standard-of-care for 

RA, other anti-inflammatory therapies have been studied. Omega-3 fatty acids downregulate 

pro-inflammatory cytokines, thus have been of interest for decades.1–4 Several randomized 

trials tested the effect of fish oil supplements on RA disease activity,5–7 using doses of 

omega-3 fatty acids (≥3 grams/day eicosapentaenoic acid [EPA] + docosahexaenoic acid 

[DHA]) exceeding the omega-3 content in one serving of fish.8 In double-blind, placebo-

controlled trials, subjects receiving fish oil had improved tender joint counts,7 and higher 

rates of remission on triple non-biologic (nb)DMARD therapy.6 While those nutrient-

focused interventions showed benefit on disease activity, potential benefits of eating whole 

fish could not be detected given the study design.

We hypothesized that greater fish consumption would be associated with lower RA disease 

activity scores and tested this hypothesis in an RA cohort.

METHODS

Study design and population

We conducted a cross-sectional analysis using baseline data from participants in the 

Evaluation of Subclinical Cardiovascular Disease and Predictors of Events in Rheumatoid 

Arthritis (ESCAPE-RA) cohort study, which investigated subclinical cardiovascular disease 

in RA.9 From October 2004 to May 2006, ESCAPE-RA enrolled adults aged 45–84 years 

meeting American College of Rheumatology 1987 RA classification criteria,10 living near 

Baltimore, USA. Entry criteria for ESCAPE-RA mirrored entry criteria for the Multi-Ethnic 

Study of Atherosclerosis (MESA);11 thus, subjects with a prior cardiovascular event or 

weighing >300 pounds were excluded. All study procedures were approved by the 

appropriate Institutional Review Boards.

Outcome

Disease Activity Score in 28 Joints with CRP (DAS28-CRP) was calculated at baseline 

using joint counts performed by a single trained assessor, and was normally distributed 

based on the Shapiro-Wilk test (p=0.14).12,13

Food frequency questionnaire and exposure

At baseline, participants completed a 120-item food frequency questionnaire (FFQ) 

assessing usual diet in the past year. This FFQ was originally developed for MESA and was 

modeled on a validated FFQ.14 For each item, participants recorded frequency of use on a 

nine-point scale ranging from “never to <1/month” to “≥2/day”. Participants indicated small, 

medium, or large serving size for each item. Missing frequency was assigned never to <1/

month. Missing serving size was assigned medium. For each food item, the product of 

frequency of consumption and serving size represented the average energy/day from that 
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item.15 Total average energy/day was calculated as the sum of average energy/day from all 

120 items. Participants reporting extreme total average energy/day (men <800 kcal/day or 

>4200 kcal/day, women <600 kcal/day or >3500 kcal/day) were excluded (n=10).16,17 Thus, 

the range of total average energy intake/day was 800–4200 kcal/day for men, and 600–3500 

kcal/day for women.

Frequency of fish consumption was calculated as the sum of frequencies of two items in 

units of times per day: “tuna fish, salmon, sardines (cooked or raw including sashimi or 

sushi),” and “other broiled, steamed, baked or raw fish (trout, sole, halibut, poke, grouper, 

etc.)”. These two items represented non-fried fish consumption, and were selected due to 

higher omega-3 fatty acid content compared to the other seafood items included on the 

MESA FFQ.15,18 Among MESA study participants, plasma EPA + DHA levels were 

significantly correlated with non-fried fish consumption (r=0.38, p<0.05) but not with 

consumption of fried fish, non-fried shellfish, or fish in mixed dishes (such as “stir-fried 

shrimp or fish with vegetables”).15 Therefore, we did not include fried fish, non-fried 

shellfish, or fish in mixed dishes in our assessment of fish intake.

Fish consumption was categorized in four groups using cutoffs representing meaningful 

differences in frequency of consumption. These four categories were: never to <1/month 

(FFQ category: never to <1/month), 1/month to <1/week (FFQ categories: 1/month and 2–3/

month), 1/week (FFQ category: 1/week), and ≥2/week (FFQ categories: 2/week, 3–4/week, 

5–6/week, 1/day, ≥2/day). Prior studies using MESA FFQ data have also focused on 

frequency of consumption of food items of interest, rather than serving size.15,19 In 

sensitivity analyses we evaluated three groups of consumption, as studies of fish and RA risk 

have tested various categorizations.20 The three groups were: never to <1/month, 1/month to 

<1/week, and ≥1/week (FFQ categories: 1/week, 2/week, 3–4/week, 5–6/week, 1/day, ≥2/

day).

Covariates

Baseline covariates included race, dichotomized as White/non-White, and body mass index 

assessed as continuous (kg/m2) and categorical (<25, 25 to <30, and ≥30 kg/m2). Education, 

smoking, annual income, employment status, marital status, depression symptoms, and 

Charlson comorbidity score were reported.

RA features included anti-cyclic citrullinated protein antibody, rheumatoid factor, HLA-

shared epitope, symptom duration, years since RA diagnosis, and functional status (Health 

Assessment Questionnaire).21 Current use of nbDMARDs, biologic (b)DMARDs, 

glucocorticoids, and fish oil supplements were recorded.

Statistical methods

Baseline characteristics were summarized by fish consumption categories using descriptive 

statistics. Univariate linear regression models were constructed to assess the relationship 

between covariates and DAS28-CRP. Covariates with two-sided p-value <0.20 were tested 

for confounding (>10% change in coefficient for fish consumption) using linear regression 

models, adjusted for total average energy per day and fish consumption.
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Linear regression models were constructed to test the relationship between frequency of fish 

consumption and DAS28-CRP. For each category of fish consumption we reported the mean 

difference in DAS28-CRP (beta-coefficient and 95% confidence interval [CI]) compared to 

consuming fish never to <1/month. All models were adjusted for total average energy 

consumed per day.22 Multivariable models first included age and sex, followed by additional 

adjustment for confounders. To test for trend across categories of fish consumption, we 

calculated the difference in DAS28-CRP associated with increasing fish consumption (an 

increase of one serving/week) by including a term representing median frequency of fish 

consumption/week in each category. The coefficient and 95% CI of this term represented the 

difference in mean DAS28-CRP per one additional serving of fish/week.

Pre-specified sensitivity analyses adjusted for bDMARDs, fish oil supplements, and pack-

years; excluded subjects taking fish oil supplements; and evaluated three categories of fish 

consumption. We also examined the impact of outliers, defined as DAS28-CRP >95th 

percentile of each fish consumption group, on the primary analysis by excluding those 

subjects in a sensitivity analysis. Simple imputation was performed by assigning zero for 

categorical variables or the sample median for continuous variables. Seven subjects (4.0%) 

had missing data for “tuna fish, salmon, sardines (cooked or raw including sashimi or 

sushi)” and six (3.4%) lacked data for “other broiled, steamed, baked or raw fish (trout, sole, 

halibut, poke, grouper, etc.).” For the variable representing overall frequency of non-fried 

fish consumption, obtained by summing the frequencies of these two food items, nine 

subjects (5.1%) had missing data. For each of the covariates included in multivariable 

models, fewer than five subjects had missing data.

RESULTS

We included 176 ESCAPE-RA participants in this analysis; Table 1 presents baseline traits. 

The majority were middle-aged, college-educated White females taking DMARDs for 

seropositive, longstanding RA. Thirty-five subjects (19.9%) reported infrequent fish 

consumption (never to <1/month) while 31 (17.6%) were frequent consumers (≥2 times/

week). Pack-years were highest, and depression scores lowest (best), among the most 

frequent consumers. Median (interquartile range [IQR]) DAS28-CRP was 3.5 (2.9–4.3) 

among all participants, reflecting moderate disease activity.23 Distribution of DAS28-CRP 

by fish consumption group is presented in Supplemental Figure 1. Fish oil supplement use 

was most frequent (20%) among subjects eating fish never to <1/month.

Adjusting for age and sex, DAS28-CRP was significantly lower by an average of 0.65 (95% 

CI −1.15, −0.15) among subjects consuming fish ≥2 times/week compared to those eating 

fish never to <1/month (Table 2). With additional adjustment for confounders, subjects 

consuming fish ≥2 times/week had significantly lower DAS28-CRP compared with never to 

<1/month by an average of 0.49 (95% CI −0.97, −0.02). For each additional serving of fish/

week, DAS28-CRP was significantly reduced by an average of 0.18 (95% CI −0.35, 

−0.004).

In sensitivity analyses, we obtained similar results after additional adjustment for 

bDMARDs and fish oil supplements (Table 2). Upon excluding outliers of DAS28-CRP3 
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(n=6), we obtained similar results; subjects consuming fish ≥2 times/week had significantly 

lower DAS28-CRP by an average of 0.54 (95% CI −0.99, −0.09) compared to those eating 

fish never to <1/month. Fish oil supplement use itself was also associated with lower 

DAS28-CRP (−0.22, 95% CI −0.72, +0.29). Further adjustment for smoking produced 

similar results; subjects consuming fish ≥2 times/week had significantly lower DAS28-CRP 

by an average of 0.49 (95% CI −0.98, −0.003) compared with never to <1/month. Among 

160 subjects not using fish oil supplements, DAS28-CRP was lower by an average of 0.41 

(95% CI −0.92, +0.11) among those eating fish ≥2 times/week compared with never to <1/

month. In this subgroup, each additional serving of fish/week was associated with a lower 

DAS28-CRP of 0.14 (95% CI −0.32, +0.04).

In analyses evaluating fish in three groups, subjects consuming fish ≥1 time/week had 

significantly lower mean DAS28-CRP by 0.44 (95% CI −0.85, −0.04) compared with never 

to <1/month in the fully-adjusted model (Table 3). For each additional serving of fish/week, 

the difference in mean DAS28-CRP was significantly lower by 0.26 (95% CI −0.51, −0.02).

DISCUSSION

In this cross-sectional analysis of fish consumption in a cohort of RA patients, DAS28-CRP 

was significantly lower among subjects consuming fish ≥2 times per week compared with 

those eating fish <1/month after adjusting for confounders. One additional serving of fish/

week was associated with significantly lower DAS28-CRP. Further adjustment for 

bDMARDs, fish oil supplements and pack-years, and excluding outliers, produced similar 

results.

The observed difference in mean DAS28-CRP between the highest and lowest categories of 

fish consumption is of clinically important magnitude. During the SWEFOT trial run-in 

period, mean DAS28 decreased by 1.2 among 258 subjects after 3–4 months of 

methotrexate. In a cohort of 307 longstanding RA patients with moderate-to-high disease 

activity treated with methotrexate (without bDMARDs), mean DAS28 decreased by 1.6 after 

six months.24 Our observed difference of 0.49 between the highest and lowest categories of 

fish consumption is approximately one-third the magnitude of these observed differences in 

DAS28 among methotrexate users.

In a recent randomized controlled trial of fish oil supplementation among RA subjects with 

disease duration <12 months and on triple DMARD therapy, treatment with high-dose fish 

oil (EPA + DHA 5.5 g/day) vs. low-dose fish oil (EPA + DHA 0.4 g/day) produced no 

significant difference in the change in DAS28-ESR over 12 months.6 At 12 months, both 

groups had a significant decrease in DAS28-ESR compared to baseline, which may account 

for the fact that a between-group difference in DAS28-ESR was not observed. Nonetheless, 

the time to remission was significantly shorter in the high-dose vs. low-dose fish oil group. 

Earlier studies of fish oil supplementation in RA were conducted in decades before the 

DAS28 was commonly used; thus we are unable to compare outcomes between our analysis 

and those studies.
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In our analysis, omega-3 fatty acid consumption among subjects in the highest group of fish 

consumption (≥2 times per week) was almost certainly less than 5.5 g/day, given that one 8 

ounce (225 gram) serving of fatty fish generally provides around 2–4 g EPA + DHA.8 Our 

analysis focused on two FFQ items describing non-fried fish, which have the highest 

omega-3 content of the FFQ fish items; we excluded fried seafood and shellfish due to lower 

omega-3 content. Potential reasons for lower omega-3 fatty acid content in fried fish include 

low omega-3 content of the fish selected for frying, and deterioration of long-chain fatty 

acids during the frying process.15 Our observation that baseline consumption of fish ≥2 

times per week was associated with lower DAS28-CRP at the same point in time may either 

reflect a generally healthier lifestyle among those who eat fish most often, or may reflect an 

effect of consuming fish as a whole food that contains various macronutrients and 

micronutrients in addition to omega-3 fatty acids. While the group consuming fish ≥2 times 

per week had some baseline traits that might be associated with improved disease activity, 

such as lower BMI and higher socioeconomic status, the prevalence of smoking was also 

highest in this group, making it difficult to draw conclusions about the way that these 

potential confounders could affect the relationship between fish consumption and DAS28-

CRP. However, we must also bear in mind that causal inferences are always limited in cross-

sectional, non-randomized studies.

In the primary analysis we divided subjects into four groups reflecting realistic differences in 

fish consumption. In a study of MESA subjects who completed the same FFQ as ESCAPE-

RA subjects, a threshold effect of fish consumption on plasma levels of EPA + DHA was 

observed for fish intake ≥2 times per week,15 providing rationale for our highest category in 

the primary analysis. Multiple studies have reported decreased risk of incident RA 

associated with greater fish consumption, although categorizations of fish intake varied.20 In 

a sensitivity analysis, we categorized fish consumption into three groups and observed 

similar results to the primary analysis. Meta-analysis of seven studies found a non-

significant decreased risk of developing RA for each additional serving of fish/week.20 

While beyond the scope of the present analysis, some have wondered if lower RA incidence 

rates in some countries may be related to cultural or environmental differences, including 

differences in frequency of fish consumption. In our cross-sectional analysis, each additional 

serving of fish/week was associated with 0.18 lower DAS28-CRP.

We observed the highest percentage of smokers and longer disease duration among subjects 

consuming fish most frequently, which one might expect to be associated with worse disease 

activity scores. However, despite increased prevalence of these potential confounders, the 

group consuming fish ≥2 times/week had significantly lower DAS28-CRP scores compared 

to the reference group, stimulating further interest regarding the importance of fish 

consumption as it relates to lower disease activity. While the magnitude of difference in 

DAS28-CRP was striking between the highest and lowest categories of fish consumption, 

this was a cross-sectional study and we cannot draw firm conclusions about the impact of 

frequent fish consumption on RA disease activity. Reverse causation is a possible 

explanation for observing an association between frequent fish intake and lower disease 

activity, thus prospective studies are needed to minimize this potential source of bias. Cohort 

studies cannot control for unmeasured confounders, and a randomized controlled trial would 

be required to provide firm evidence that greater fish consumption lowers RA disease 
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activity. The ESCAPE-RA cohort was predominantly White, well-educated, married patients 

with longstanding RA, thus our results may not generalize to other populations.

In conclusion, we observed significantly lower DAS28-CRP among subjects consuming fish 

≥2 times/week compared to those eating fish never or <1/month. Prospective assessment of 

disease activity in relationship to fish consumption is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE AND INNOVATION

• This is a novel analysis of the relationship between consuming fish as a whole 

food, rather than consuming fish oil supplements, and rheumatoid arthritis 

disease activity

• We report a statistically and clinically significant reduction in DAS28-CRP 

among subjects with rheumatoid arthritis who consumed fish ≥2 times/week 

compared to those who consumed fish never or <1/month, after adjustment 

for confounders

• Our observed difference in DAS28-CRP of 0.49 between the highest and 

lowest categories of fish consumption is approximately one-third the 

magnitude of previously reported pre- and post-treatment differences in 

DAS28 among methotrexate users
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Table 1

Characteristics of 176 subjects by frequency of fish consumption

Frequency of fish consumption

Never to <1/month
n=35

1/month to <1/week
n=72

1/week
n=38

≥2/week
n=31

Demographics and comorbidities Median (interquartile range) or percent

Age, years  59.0 (52.0–65.0)  60.5 (52.0–66.0)  60.0 (57.0–64.0) 57.0 (51.0–63.0)

Female (%) 60.0 56.9 71.1 51.6

White (%) 91.4 91.7 76.3 83.9

Body mass index, kg/m2 29.1 (26.3–32.0) 28.2 (25.5–30.9) 27.2 (24.1–31.7) 26.9 (24.0–31.1)

Some college or greater* (%) 74.3 76.4 65.8 71.0

Married* (%) 85.3 86.1 73.7 80.7

Income <USD$50,000/year* (%) 34.3 40.3 39.5 32.3

Employed full- or part-time* (%) 37.1 44.4 42.1 67.7

Current smoker (%) 8.6 11.1 10.5 19.4

Pack-years* 1.3 (0–37.5) 10.2 (0–30.0) 8.4 (0–25.5) 11.7 (0–38.0)

CES-Depression scale*ˆ 6.5 (4.0–11.0) 5.5 (2.0–10.5) 6.0 (3.0–14.0) 4.0 (2.0–9.0)

Charlson comorbidity score* 1.0 (1.0–1.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 1.0 (1.0–2.0)

Rheumatoid arthritis features

DAS28-CRP    3.8 (3.2–4.6)    3.6 (2.9–4.2)    3.5 (2.9–4.3)    3.1 (2.8–3.9)

Seropositive (anti-CCP and/or RF) 80.0 77.8 81.6 77.4

Anti-CCP positive* (%) 68.6 70.4 73.7 71.0

RF positive (%) 65.7 65.3 76.3 51.6

HLA-SE present* (%) 68.6 69.0 68.4 77.4

RA symptom duration, years   11.0 (6.0–24.0)   10.5 (6.0–20.5)    10.0 (6.0–23.0)    15.0 (3.0–23.0)

RA duration, years 8.0 (5.0–17.0) 8.5 (5.0–16.5) 9.0 (3.0–21.0) 11.0 (3.0–17.0)

Health Assessment Questionnaire 0.9 (0.5–1.3) 0.6 (0.1–1.4) 0.6 (0.1–1.5) 0.6 (0–1.3)

Current medications

None* (%) 2.9 2.8 5.3 3.2

Methotrexate*+ (%) 64.7 73.6 60.5 64.5

Non-biologic DMARD*+ (%) 79.4 87.5 89.5 90.3

Biologic DMARD*+ (%) 55.9 44.4 47.4 35.5

Glucorticoids+ (%) 51.4 36.1 44.7 22.6

Fish oil supplement (%) 20.0 6.9 5.3 6.5

Abbreviations: RF: rheumatoid factor. CCP: cyclic citrullinated protein. HLA-SE: HLA-shared epitope, either 1 or 2 alleles present.

ˆ
CES-Depression scale: range 0-60. Higher scores indicate greater depressive symptoms; >16 indicates clinically significant depressive symptoms.

*
Data missing for education (n=1), married (n=1), income (n=4), employment (n=3), pack-years (n=5), CES-Depression score (n=1), Charlson 

comorbidity score (n=1), anti-CCP (n=1), HLA-SE (n=1), no current medications (n=1), methotrexate (n=1), non-biologic DMARD (n=1), biologic 
DMARD (n=1)

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tedeschi et al. Page 11

+
Monotherapy or combination therapy. Non-biologic DMARDs include methotrexate, sulfasalazine, hydroxychloroquine, leflunomide, 

azathioprine, and minocycline. Biologic DMARDs include TNF-alpha inhibitors, rituximab, and anakinra.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tedeschi et al. Page 12

Ta
b

le
 2

L
in

ea
r 

re
gr

es
si

on
 m

od
el

 e
st

im
at

es
 o

f 
di

ff
er

en
ce

 in
 D

A
S2

8-
C

R
P3

 c
om

pa
re

d 
to

 e
at

in
g 

fi
sh

 n
ev

er
 to

 <
1/

m
on

th

F
re

qu
en

cy
 o

f 
fi

sh
 c

on
su

m
pt

io
n

N
ev

er
 t

o 
<1

/m
on

th
n=

35
1/

m
on

th
 t

o 
<1

/w
ee

k
n=

72
1/

w
ee

k
n=

38
≥2

/w
ee

k
n=

31
D

if
fe

re
nc

e 
in

 D
A

S2
8-

C
R

P
3 

pe
r 

1 
ad

di
ti

on
al

 
se

rv
in

g 
of

 fi
sh

/w
ee

k+

M
od

el
 a

dj
us

te
d 

fo
r:

*
β-

co
ef

fi
ci

en
t (

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

)
β-

co
ef

fi
ci

en
t (

95
%

 C
I)

A
ge

 a
nd

 s
ex

0 
(r

ef
)

−
0.

32
 (

−
0.

73
, 0

.1
0)

−
0.

32
 (

−
0.

79
, 0

.1
5)

−
0.

65
 (

−
1.

15
, −

0.
15

)
−

0.
22

 (
−

0.
40

, −
0.

04
)

A
ge

, s
ex

, b
od

y 
m

as
s 

in
de

x,
 d

ep
re

ss
io

n,
 m

ar
ri

ed
0 

(r
ef

)
−

0.
23

 (
−

0.
62

, 0
.1

6)
−

0.
36

 (
−

0.
81

, 0
.0

8)
−

0.
49

 (
−

0.
97

, −
0.

02
)

−
0.

18
 (

−
0.

35
, −

0.
00

4)

A
ge

, s
ex

, b
od

y 
m

as
s 

in
de

x,
 d

ep
re

ss
io

n,
 m

ar
ri

ed
, 

bD
M

A
R

D
, f

is
h 

oi
l

0 
(r

ef
)

−
0.

24
 (

−
0.

64
, 0

.1
5)

−
0.

39
 (

−
0.

85
, 0

.0
6)

−
0.

51
 (

−
0.

99
, −

0.
02

)
−

0.
18

 (
−

0.
35

, −
0.

00
3)

* A
ll 

m
od

el
s 

ar
e 

ad
ju

st
ed

 f
or

 to
ta

l e
ne

rg
y 

in
ta

ke
. C

ov
ar

ia
te

s:
 a

ge
 in

 d
ec

ad
es

, s
ex

, b
od

y 
m

as
s 

in
de

x 
in

 k
g/

m
2  

(<
25

, 2
5 

to
 <

30
, ≥

30
),

 C
E

S-
D

ep
re

ss
io

n 
sc

or
e 

(c
on

tin
uo

us
),

 m
ar

ri
ed

 (
ye

s/
no

),
 b

io
lo

gi
c 

D
M

A
R

D
 

us
e 

(y
es

/n
o)

, f
is

h 
oi

l s
up

pl
em

en
t u

se
 (

ye
s/

no
)

+ β
-c

oe
ff

ic
ie

nt
 (

95
%

 C
I)

 f
ro

m
 li

ne
ar

 r
eg

re
ss

io
n 

m
od

el
s 

in
cl

ud
in

g 
a 

te
rm

 r
ep

re
se

nt
in

g 
th

e 
m

ed
ia

n 
fr

eq
ue

nc
y 

of
 f

is
h 

co
ns

um
pt

io
n 

pe
r 

w
ee

k 
in

 e
ac

h 
ex

po
su

re
 g

ro
up

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Tedeschi et al. Page 13

Table 3

Linear regression model estimates of difference in DAS28-CRP3 compared to eating fish never to <1/month, 

with 3 categories of fish consumption

Frequency of fish consumption

Never to <1/month
n=35

1/month to <1/week
n=72

≥1/week
n=69

Difference in DAS28-CRP3 per 
1 additional serving of fish/week

+

Model adjusted for:* β-coefficient (95% confidence interval) β-coefficient (95% CI)

Age and sex 0 (ref) −0.32 (−0.73, 0.10) −0.47 (−0.88, −0.05) −0.26 (−0.51, −0.01)

Age, sex, body mass index, 
depression, married

0 (ref) −0.23 (−0.62, 0.16) −0.42 (−0.82, −0.02) −0.25 (−0.49, −0.01)

Age, sex, body mass index, 
depression, married, bDMARD, 
fish oil

0 (ref) −0.24 (−0.64, 0.15) −0.44 (−0.85, −0.04) −0.26 (−0.51, −0.02)

*
All models are adjusted for total energy intake. Covariates: age in decades, sex, body mass index in kg/m2 (<25, 25 to <30, ≥30), CES-Depression 

score (continuous), married (yes/no), biologic DMARD use (yes/no), fish oil supplement use (yes/no)

+
β-coefficient (95% CI) from linear regression models including a term representing the median frequency of fish consumption per week in each 

exposure group
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