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Abstract
Objective: The objective of the present study was to examine the relationship of
dietary fried ﬁsh consumption and risk of cardiovascular events and all-cause
mortality.
Design: Prospective cohort study among participants of the REasons for Geographic
And Racial Differences in Stroke (REGARDS) study who resided in the USA.
Setting: The primary outcome measures included the hazard ratios (HR) of
incident CVD including ﬁrst incident fatal or non-fatal ischaemic stroke or
myocardial infarction and all-cause mortality, based on cumulative average ﬁsh
consumption ascertained at baseline.
Subjects: Participants (n 16 479) were enrolled between 2003 and 2007, completed
the self-administered Block98 FFQ and were free of CVD at baseline.
Results: There were 700 cardiovascular events over a mean follow-up of 5·1 years.
After adjustment for sociodemographic variables, health behaviours and other
CVD risk factors, participants eating ≥2 servings fried ﬁsh/week (v. <1 serving/
month) were at a signiﬁcantly increased risk of cardiovascular events (HR = 1·63;
95 % CI 1·11, 2·40). Intake of non-fried ﬁsh was not associated with risk of incident
CVD. There was no association found with dietary fried or non-fried ﬁsh intake
and cardiovascular or all-cause mortality.
Conclusions: Fried ﬁsh intake of two or more servings per week is associated with
an increased risk of cardiovascular events. Given the increased intake of fried ﬁsh
in the stroke belt and among African Americans, these data suggest that dietary
fried ﬁsh intake may contribute to geographic and racial disparities in CVD.

For more than 70 years, excess stroke mortality rates have
existed in the Southeastern USA giving rise to the label
‘stroke belt’ for this region(1–3). Overall stroke mortality
rates have been estimated to be about 20 % higher in the
stroke belt compared with the rest of the country and
various factors have been proposed to explain this
geographic disparity in stroke, including increased stroke
case fatality rates, prevalence of traditional stroke risk
factors, socio-economic status, quality of health care and
dietary factors(3,4). Recent data have suggested that the
increased stroke mortality in this region can be partially
attributed to an increased incidence of stroke although a
signiﬁcant part of this excess risk remains unexplained(5).
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Racial disparities in stroke incidence have also been
recognized as the likely cause of increased stroke mortality
rates among African Americans compared with white
Americans aged ≥45 years(5–8).
While regional and racial differences in diet have been
proposed as potential contributors to the disparities in
stroke, there have been limited data evaluating dietary
habits and their potential contribution to excess CVD
incidence in the stroke belt and among African Americans.
Fish represents the main dietary source of the long-chain
n-3 fatty acids EPA and DHA. These n-3 fatty acids
have been shown to have favourable effects on platelet
aggregation, blood pressure, lipid proﬁle, endothelial
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function and ischaemic stroke risk
. Supplementation
with n-3 fatty acids has been evaluated in randomized,
double-blind, placebo-controlled trials in CVD, with some
studies showing a reduction in myocardial infarction (MI)
among patients with known CVD, sudden death after MI
and mortality in congestive heart failure patients(27–31),
while other studies have shown no beneﬁt(32–35). The
American Heart Association currently recommends
consumption of at least two ﬁsh meals per week with an
emphasis on oily ﬁsh species high in n-3 fatty acids
for persons without documented CVD and to consider
additional supplements of EPA and DHA for those with
documented CVD(36).
We previously reported that persons who were living in
the stroke belt were less likely to consume at least
two weekly servings of non-fried ﬁsh but more likely to
consume at least two weekly servings of fried ﬁsh than
those living in the non-belt region(37). We also found
that African Americans were more likely than whites to
consume two or more weekly servings of fried ﬁsh. These
differences remained evident even after adjusting for
potential confounders including such as age, sex, socioeconomic status and total energy intake. The objective of
the present study was to examine how ﬁsh consumption
and the mode of cooking of the ﬁsh are associated with
incident CVD, cardiovascular mortality and all-cause
mortality in African Americans and whites living inside
and outside the stroke belt.

Participants and methods
Study population
The REasons for Geographic and Racial Differences in
Stroke (REGARDS) study is a national longitudinal cohort
study with oversampling of African Americans and persons living in the stroke belt region of the USA, an area
that has stroke mortality rates higher than the rest of the
country(4). Between January 2003 and October 2007,
30 239 individuals were enrolled, including 58 % whites
and 42 % African Americans, 55 % women and 45 % men.
The sample included 21 % of participants from the ‘stroke
belt buckle’ (coastal plain region of North Carolina, South
Carolina and Georgia), 35 % from the stroke belt states
(remainder of North Carolina, South Carolina and Georgia,
plus Alabama, Mississippi, Tennessee, Arkansas and
Louisiana) and the remaining 44 % from the other forty
contiguous states (referred to as ‘non-belt’).
Individuals were identiﬁed from commercially available
lists of residents and recruited using an initial mailing
followed by telephone contact. Using a computer-assisted
telephone interview, trained interviewers obtained
demographic information, medical history and an array
of other potential risk factors. A brief physical examination
including blood pressure measurements, blood samples
and an electrocardiogram (ECG) was conducted

in-person, 3–4 weeks after the telephone interview.
Self-administered questionnaires including the Block98 FFQ
(NutritionQuest™, Berkeley, CA, USA) were left with the
participant to gather additional information. The telephone
response rate was 33 % and the cooperation rate was
49 %, similar to other epidemiological studies. Additional
methodological details are provided elsewhere(4,5).
Dietary assessment
The FFQ assessed usual dietary intake over the past year.
The ﬁve questions speciﬁc to ﬁsh intake were the
following: (i) ‘How often do you eat oysters?’ (ii) ‘How
often do you eat other shellﬁsh like shrimp, scallops or
crabs?’ (iii) ‘How often do you eat tuna, tuna salad or tuna
casserole?’ (iv) ‘How often do you eat fried ﬁsh or a ﬁsh
sandwich, at home or in a restaurant?’ (v) ‘How often do
you eat other ﬁsh, not fried?’ Participants selected from the
following options for each question: ‘never’, ‘a few times
per year’, ‘once per month’, ‘2–3 times per month’, ‘once
per week’, ‘twice per week’, ‘3–4 times per week’, ‘5–6
times per week’ and ‘every day’. The study had an active
tracking process to contact participants to return
languishing questionnaires. For the current analysis we
excluded the top and bottom 1 % of total energy intake
(kcal/d) and individuals who did not answer 85 % or more
of the questions on the FFQ (n 8547), leaving 72 % of the
original cohort with usable dietary data.
Fish intake was categorized as <1 serving/month, 1–3
servings/month, 1–1·99 servings/week and ≥2 servings/
week to evaluate the current American Heart Association
guideline recommendations of at least two weekly
servings of ﬁsh with a high concentration of n-3 fatty
acids(28). Fried ﬁsh consumption was the sum of all fried
ﬁsh and ﬁsh sandwich. Non-fried ﬁsh consumption was
the sum of all ﬁsh intake excluding the fried ﬁsh or ﬁsh
sandwich.
Outcome assessment
The primary outcome of the present study was a composite cardiovascular outcome including ﬁrst incident of fatal
or non-fatal ischaemic stroke or MI. Secondary outcomes
included all-cause and CVD mortality. All outcomes
occurring through 31 December 2010 were available for
the analysis.
Participants or their proxies were contacted every
6 months by telephone to identify hospitalizations, emergency department visits, overnight stays in nursing homes
or rehabilitation centres, or death during the previous
6 months. For proxy-reported deaths, interviews were
conducted with the next of kin. Procedures for adjudication of ischaemic stroke events have been reported
previously(5). Brieﬂy, a nurse performed an initial review
to exclude obvious non-cases. Medical records were then
reviewed by at least two physician members of a committee of stroke experts to validate and classify potential
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ischaemic strokes. Disagreements were resolved by full
committee review.
Ischaemic stroke events were deﬁned following the
WHO as ‘rapidly developing clinical signs of focal, at times
global, disturbance of cerebral function, lasting more than
24 hours or leading to death with no apparent cause other
than that of vascular origin’(38) and were classiﬁed
as ischaemic or haemorrhagic. Events not meeting this
deﬁnition, but characterized by symptoms lasting <24 h
with neuroimaging consistent with acute ischaemia or
haemorrhage, were considered clinical strokes and also
counted as events in the present analysis. Only ischaemic
strokes were included in the composite CVD outcome in
the analysis.
Procedures for adjudication of MI events have also been
reported previously(39). Brieﬂy, the MI events were expertadjudicated, examining medical records for clinical signs
or symptoms consistent with ischaemia, enzymatic signs of
ischaemia characterized by a rising and/or falling pattern
of troponin (or, if unavailable, creatine phosphokinase MB
fraction) with a peak at least twice the upper limit of
normal, or ECG results suggesting ischaemia/MI. Events
were adjudicated independently, with a κ statistic for
agreement between adjudicators of >0·8. Deﬁnite MI
events possessed diagnostic enzymes or ECG. Probable MI
events were those in which the participant possessed
elevated but not diagnostic enzyme levels with a positive
but not diagnostic ECG. A positive but not diagnostic ECG
in conjunction with ischaemic signs and symptoms was
also considered a probable MI in absence of enzymatic
data. Deﬁnite or probable MI events were counted in these
analyses.
Mortality data including conﬁrmation of death, date of
death and cause of death were collected through the
participants’ next of kin, reviewing medical records and
death certiﬁcates, and from searching online databases
such as the National Death Index and the Social Security
Death Index. All-cause mortality was deﬁned as any
participant who died after the date of enrolment. CVD
mortality was deﬁned as death determined to be caused
by deﬁnite, probable or possible MI; sudden death; heart
failure; stroke; ruptured aortic aneurysm; pulmonary
embolism; or other heart-related condition(40).

Covariate assessment
Age, race, sex, region, income and education were
obtained by self-report. Height, weight and blood pressure
measurements were collected during the in-home visit by
a trained medical professional. BMI was calculated from
the height and weight measurements. Information
regarding physical activity, smoking status, aspirin use and
current hypertensive medication use was obtained from
self-report. Participants were considered to have diabetes
if their fasting blood glucose was ≥126 mg/dl, non-fasting
blood glucose was ≥200 mg/dl, or if they were currently
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taking any medications or insulin to manage diabetes.
Participants were classiﬁed as having dyslipidaemia if their
total cholesterol was ≥240 mg/dl, or LDL cholesterol was
≥160 mg/dl, or HDL cholesterol was ≤40 mg/dl, or were
currently using lipid-lowering medication. Total energy
intake and Mediterranean diet score were calculated from
the analysis of the Block98 FFQ. Detailed information on
the construction of the Mediterranean diet score in the
REGARDS cohort has been published previously(41).
For the current analysis we excluded ﬁfty-six individuals
due to anomalous data. Of the remaining 30 183, we
excluded all participants with unusable or missing dietary
data (n 8547), participants with a prior history of stroke or
transient ischaemic attack at baseline (n 1933), participants
with a history of CVD (self-reported MI, coronary artery
bypass graft, angioplasty, stenting or evidence of MI from
ECG; n 3037), participants with no follow-up or errors
in follow-up time (n 186) and participants who had an
incident stroke following the telephone interview but
before the in-home examination (n 1). These exclusions
provided the primary analysis cohort with 16 479 participants of the 30 239 enrolled. Comparison of study participants with those excluded due to unusable or missing
dietary data revealed that those excluded were more likely
to be male, African American, older than 75 years, obese,
to live outside the stroke belt and buckle, have an annual
income of less than $US 20 000 and to have less than a
high-school education compared with our primary analysis cohort(37).

Statistical analyses
All statistical analyses were assessed at a level of signiﬁcance of 0·05. The χ2 test and ANOVA were used to
compare proportions and evaluate mean differences in
descriptive characteristics. Time to event was calculated as
the number of days between the participants’ in-home
examination and the cardiovascular event. Haemorrhagic
strokes were not considered events in the present analysis
and were censored at the date of the haemorrhagic stroke.
Participants who did not have a cardiovascular event were
censored at the date of last follow-up, date of death or 31
December 2010, whichever occurred ﬁrst.
Cox proportional hazards analysis was used to estimate
the hazard ratios (HR) for incident CVD, all-cause mortality
and CVD mortality, by intake of fried and non-fried ﬁsh, in
a series of models adjusting for differences in sociodemographic characteristics (age, race, sex, region,
income and education), health behaviours (physical
activity, smoking status, Mediterranean diet score, aspirin
use and total energy intake) and other CVD risk factors
(hypertensive medication use, diabetes status, systolic
blood pressure, BMI and dyslipidaemia). Participants with
non-missing values for all covariates were included in
each model, resulting in 0 %, 0·0003 %, 3·4 % and 12·1 % of
missing data for each model, respectively.
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Additionally, an interaction term was included in the
fully adjusted models to explore any potential effect
modiﬁcation of race, income or education with fried and
non-fried ﬁsh consumption and CVD risk. Although the
inﬂuence of confounding by diet quality was examined by
including the Mediterranean diet score in model 2,
a sensitivity analysis additionally examined the confounding
effects that consumption of other fried foods (French fries,
fried potatoes, fried chicken, bacon) and intake of meat, fruit,
vegetables and grains may have on the relationship between
ﬁsh intake and CVD incidence. Lastly, another sensitivity
analysis was conducted including 4926 participants with
a history of stroke, transient ischaemic attack or CVD to
evaluate the impact that excluding these participants may
have on the association between ﬁsh intake and CVD. All
analyses were conducted using the statistical software
package SAS version 9.4.

Results
A total of 700 participants had an incident CVD event
during a mean follow-up time of 5·1 years. The baseline
characteristics of the study population by frequency and
type of ﬁsh consumption are shown in Table 1. Of the
study participants, 34 % were African Americans, 59 %
were female, 56 % lived in the stroke belt or buckle, and
74 % were overweight or obese (BMI ≥ 25·0 kg/m2).
The HR of incident CVD according to fried and non-fried
ﬁsh consumption are shown in Table 2. In a crude model,
fried ﬁsh consumption of ≥2 servings/week was associated
with a signiﬁcant increase in risk of incident CVD events
compared with those consuming <1 serving fried ﬁsh/
month (HR = 1·67; 95 % CI 1·17, 2·39; P for linear trend
< 0·0001). Addition of socio-economic covariates somewhat
attenuated the point estimates of this relationship but the
association remained signiﬁcant (HR = 1·47; 95 % CI 1·02,
2·12; P for linear trend = 0·02). Further adjustment for health
behaviours and cardiovascular co-morbidities strengthened
the association (model 3: HR = 1·63; 95 % CI 1·11, 2·40; P for
linear trend 0·03). Additionally, in a crude model, non-fried
ﬁsh consumption of ≥2 servings/week was associated with
a signiﬁcant decrease in risk of CVD compared with those
consuming <1 serving non-fried ﬁsh/month (HR = 0·73;
95 % CI 0·54, 0·98; P for linear trend = 0·02). However,
addition of covariates to the model attenuated the point
estimates and the linear relationship no longer remained
signiﬁcant (Table 2).
In analyses examining the potential effect modiﬁcation
of race, income and education, no signiﬁcant interactions
were found between any of these variables and fried and
non-fried ﬁsh intake with CVD risk. However, after performing a post hoc analysis examining the stepwise addition of covariates in relation to changes in point estimates,
the point estimate attenuation between crude models and
sociodemographic-adjusted models (model 1) observed in

F Nahab et al.

participants consuming ≥2 servings fried ﬁsh/week can be
mostly attributed to adjustments made for income and
education. Subsequently, the increase in the point estimate
observed for this same group after adjustment for health
behaviours (model 2) can largely be attributed to adjustments made for exercise frequency.
Sensitivity analyses including adjustment for other fried
food intake, meat, fruit, vegetable and grain consumption
led to an attenuation of the point estimate to nonsigniﬁcance for the comparison between fried ﬁsh consumption of ≥2 servings/week v. <1 serving/month
(HR = 1·45; 95 % CI 0·96, 2·20; P for linear trend = 0·22).
Sensitivity analyses examining the inclusion of an additional 4926 participants who were excluded due to history
of stroke, transient ischaemic attack or CVD found that the
observed association between fried ﬁsh consumption of
≥2 servings/week v. <1 serving/month was attenuated to
non-signiﬁcance (HR = 1·34; 95 % CI 0·99, 1·82; P for linear
trend = 0·09) after the inclusion of these participants.
Additional analyses investigating associations between
fried and non-fried ﬁsh consumption with individual events
including incident MI or ischaemic stroke, cardiovascular
and all-cause mortality are included in Appendices 1 to 4.
After adjustment for potential confounders, fried ﬁsh consumption of ≥2 servings/week (v. <1 serving/month) was
associated with a trend towards increased risk of MI
(HR = 1·48; 95 % CI 0·90, 2·43; P for trend = 0·22) and
ischaemic stroke (HR = 1·83; 95 % CI 0·99, 3·39; P for
trend = 0·05) in separate analyses; no signiﬁcant associations were found between fried or non-fried ﬁsh consumption with either all-cause or CVD mortality.

Discussion
In the present large prospective study, we found that
participants who consumed fried ﬁsh more than twice
weekly were at a 1·63 times increased risk of CVD compared with those consuming fried ﬁsh less than once
monthly. Non-fried ﬁsh consumption was not associated
with a signiﬁcant effect on CVD risk in any of the adjusted
models and no association was identiﬁed between ﬁsh
consumption and all-cause or cardiovascular mortality.
Prospective cohort studies have in general found
inverse associations between ﬁsh intake and risk of CVD.
However, the type and preparation of the ﬁsh meal have
also been found to impact the potential beneﬁts on cardiovascular risk in previous studies, one showing that intake
of fried ﬁsh more than once per week was associated with
a 44 % higher risk of ischaemic stroke and the other
showing a trend towards higher risk of MI compared
with consumption of less than once per month(22,42). In
addition to the increased energy intake associated with
fried compared with non-fried ﬁsh, most ﬁsh served fried
in the USA tends to be from lean species which are lower
in n-3 fatty acids(36). The act of frying ﬁsh has also been
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Table 1 Descriptive characteristics of participants (n 16 479) in the REasons for Geographic And Racial Differences in Stroke (REGARDS)
study by frequency and type of fish consumption
Fried fish consumption
Characteristic
Age group (%)
40–54 years
55–64 years
65–74 years
≥75 years
Race (%)
Black
White
Sex (%)
Male
Female
Region (%)
Stroke belt or buckle
Non-belt or buckle
Education (%)
Less than high school
High-school graduate
Some college
College +
Annual income (%)
<$US 20 000
$US 20 000–34 999
$US 35 000–74 999
≥$US 75 000
Refused
Exercise (%)
0 times/week
1–3 times/week
≥4 times/week
Current smoker (%)
Diabetes (%)
Regular aspirin use (%)
Dyslipidaemia (%)
Hypertensive medication (%)
Total energy intake (kJ/d), mean
SD

Total energy intake (kcal/d), mean
SD

BMI (kg/m2), mean
SD

Mediterranean diet score, mean
SD

Systolic blood pressure (mmHg), mean
SD

<1 serving/month
(n 7849)

1–3 servings/month
(n 6464)

1–1·99 servings/week
(n 1576)

≥2 servings/week
(n 590)

13·3
41·4
31·3
14·0

14·4
41·4
31·3
12·9

11·7
41·7
32·9
13·7

14·9
43·6
30·0
11·5

21·0
79·0

40·8
59·2

59·1
40·9

73·7
26·3

37·6
62·4

43·4
56·6

44·3
55·7

41·7
58·3

53·3
46·7

59·0
41·0

60·6
39·4

58·6
41·4

6·2
22·6
26·8
44·5

9·4
26·3
28·0
36·3

12·0
28·2
29·2
30·7

15·6
30·5
28·1
25·8

<0·0001

12·4
21·3
32·6
21·5
12·2

14·8
24·0
32·7
17·3
11·3

18·4
26·8
31·3
12·6
10·9

23·1
27·6
26·3
10·5
12·5

<0·0001

31·0
38·0
31·0
12·0
13·2
38·1
54·0
42·8
6623
2632
1583
629
28·3
5·8
4·3
1·7
124·7
15·6

31·5
38·8
29·7
14·5
17·6
36·9
56·3
48·6
7360
3025
1759
723
29·5
6·3
4·3
1·7
126·6
16·0

32·5
36·5
31·0
14·1
21·8
34·9
54·9
53·4
8247
3234
1971
773
29·9
6·3
4·6
1·6
128·5
16·1

29·2
36·4
34·5
14·1
23·9
35·9
53·2
57·1
9858
3874
2356
926
30·9
6·6
4·7
1·4
130·5
17·7

P value
0·07

<0·0001
<0·0001
<0·0001

0·17

0·0001
<0·0001
0·07
0·04
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001
<0·0001

Non-fried fish consumption

Age group (%)
40–54 years
55–64 years
65–74 years
≥75 years
Race (%)
Black
White
Sex (%)
Male
Female
Region (%)
Stroke belt or buckle
Non-belt or buckle

<1 serving/month
(n 3541)

1–3 servings/month
(n 8687)

1–1·99 servings/week
(n 2522)

≥2 servings/week
(n 1729)

13·5
38·4
32·7
15·3

14·0
42·1
30·8
13·0

12·6
43·1
30·9
13·4

13·7
42·3
32·4
11·7

38·2
61·8

33·5
66·5

28·7
71·3

38·3
61·7

41·0
59·0

41·4
58·6

40·8
59·2

36·3
63·7

60·3
39·7

57·1
42·9

52·4
47·6

51·0
49·0

P value†
0·0002

<0·0001
0·001
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Table 1 Continued
Non-fried fish consumption
<1 serving/month
(n 3541)

1–3 servings/month
(n 8687)

1–1·99 servings/week
(n 2522)

≥2 servings/week
(n 1729)

13·3
32·7
27·0
27·2

7·6
24·1
28·5
39·8

5·8
19·5
26·7
48·1

5·4
20·3
25·7
48·6

<0·0001

19·5
26·8
29·8
11·8
12·1

13·4
22·9
33·1
19·1
11·5

11·5
20·8
32·0
24·4
11·3

12·2
19·8
33·6
21·6
12·8

<0·0001

37·7
34·1
28·3
15·5
17·6
56·3
34·9
49·0
6318
2736
1510
654
29·2
6·3
3·7
1·5
126·8
16·1

31·5
38·9
29·6
14·0
16·3
55·2
37·4
46·5
7088
2891
1694
691
29·1
6·1
4·3
1·7
126·0
16·1

26·5
39·6
33·8
10·2
14·0
53·8
39·4
43·7
7962
7962
1903
723
28·5
5·9
5·0
1·6
125·5
15·5

24·4
40·0
35·6
9·4
15·6
52·4
38·1
46·4
8309
3301
1986
789
29·2
6·2
5·3
1·6
125·3
15·6

<0·0001

Education (%)
Less than high school
High-school graduate
Some college
College +
Annual income (%)
<$US 20 000
$US 20 000–34 999
$US 35 000–74 999
≥$US 75 000
Refused
Exercise (%)
0 times/week
1–3 times/week
≥4 times/week
Current smoker (%)
Diabetes (%)
Dyslipidaemia (%)
Regular aspirin use (%)
Hypertensive medication (%)
Total energy intake (kJ/d), mean
SD

Total energy intake (kcal/d), mean
SD

BMI (kg/m2), mean
SD

Mediterranean diet score, mean
SD

Systolic blood pressure (mmHg), mean
SD

P value†

<0·0001
0·004
0·04
0·004
0·001
<0·0001
<0·0001
0·07
<0·0001
0·0002

†χ2 P values for test of proportions; ANOVA P values for test on mean differences.

Table 2 Hazard ratios (HR) and 95 % CI of fish consumption and risk of CVD among participants (n 16 479) in the REasons for Geographic
And Racial Differences in Stroke (REGARDS) study, USA
Crude

Fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for trend
Non-fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for trend

Person-years

Events

39 947
32 608
7971
2905

280
310
76
34

17 669
44 133
12 853
8776

160
387
95
58

HR

Model 1

95 % CI

1
1·36
1·15, 1·59
1·36
1·05, 1·75
1·67
1·17, 2·39
<0·0001

HR
1
1·25
1·13
1·47

1
0·97
0·82
0·73

95 % CI

1·06, 1·47
0·87, 1·47
1·02, 2·12
0·02

Model 2
HR

1
1·24
1·04, 1·47
1·17
0·89, 1·54
1·63
1·12, 2·38
0·008

1

0·80, 1·16
0·63, 1·05
0·54, 0·98
0·02

1·11
0·98
0·93

0·92, 1·34
0·76, 1·27
0·68, 1·26
0·54

95 % CI

Model 3
HR
1
1·20
1·09
1·63

1
1·14
1·04
1·01

0·94, 1·38
0·79, 1·37
0·73, 1·40
0·95

95 % CI

1·01, 1·43
0·82, 1·45
1·11, 2·40
0·03
1

1·11
1·09
1·09

0·91, 1·36
0·82, 1·44
0·78, 1·52
0·57

Ref., reference category.
Model 1 adjusts for age, race, region, sex, income and education. Model 2 additionally adjusts for exercise, smoking status, Mediterranean diet score, regular
aspirin use and total energy intake (kcal/d). Model 3 additionally adjusts for current use of hypertensive medication, diabetes status, systolic blood pressure,
BMI and dyslipidaemia.

associated with loss of the natural n-3 fatty acids in the ﬁsh
and replacement with cooking oil(43). While the consumption of fried ﬁsh may directly contribute to increased
cardiovascular risk through these mechanisms, fried ﬁsh
intake may also represent a marker of less healthy dietary
patterns which may contribute to CVD(22,42). We included
participants’ adherence to a Mediterranean diet in our

model to assess whether dietary patterns affected our
ﬁndings; however, there was no attenuation in the HR.
We have previously reported in the REGARDS cohort
that African Americans were signiﬁcantly more likely than
whites to have ≥2 servings fried ﬁsh/week (OR = 3·59; 95 %
CI 3·19, 4·04)(37). Additionally, we found that participants
living in the stroke belt were signiﬁcantly more likely than
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those living outside the stroke belt to have ≥2 servings fried
ﬁsh/week (OR = 1·32; 95 % CI 1·17, 1·50). Based on our
current results associating fried ﬁsh intake with an increased
risk of incident MI and ischaemic stroke, these data suggest
that racial and regional differences in dietary fried ﬁsh
intake could contribute to disparities in CVD.
Our study was strengthened by the prospective design.
While our HR estimates remained largely unchanged after
controlling for potential confounders, the possibility of
residual confounding by unknown risk factors cannot be
excluded. We utilized a previously validated FFQ; however, dietary assessment was performed at baseline only
and therefore we cannot account for potential dietary
changes over time. Additionally, our FFQ data provided no
information on the main types of fats used for frying and
the main types of ﬁsh consumed, limiting our ability to
assess their effects on events. In analyses of incident MI or
ischaemic stroke alone, we found a trend towards
increased risk with fried ﬁsh consumption although this
did not reach signiﬁcance; there was also no signiﬁcant
association with cardiovascular mortality, which is likely
due to the reduced power as a result of low numbers of
events when assessing the individual outcomes separately
or when assessing cardiovascular mortality.

Conclusion
In conclusion, we observed that fried ﬁsh intake of ≥2
servings/week is associated with an increased risk of
cardiovascular events. Given the increased intake of fried
ﬁsh in the stroke belt and among African Americans, these
data suggest that dietary fried ﬁsh intake may contribute to
geographic and racial disparities in CVD.
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Appendix 1
Hazard ratios (HR) and 95 % CI of ﬁsh consumption and risk of myocardial infarction among participants
(n 16 479) in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, USA
Crude

Fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–2 servings/week
≥2 servings/week
P for trend
Non-fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–2 servings/week
≥2 servings/week
P for trend

HR

95 % CI

Model 1

Person-years

Events

HR

39 947
32 608
7971
2905

178
195
46
21

1
1·34
1·10, 1·64
1·29
0·93, 1·79
163
1·03, 2·55
0·004

1·22
1·08
1·43

17 669
44 133
12 853
8776

103
248
56
33

1
0·96
0·76, 1·21
0·75
0·54, 1·03
0·64
0·44, 0·95
0·008

1·11
0·91
0·82

95 % CI

Model 2
HR

1

95 % CI

Model 3
HR

1

0·99, 1·50
0·78, 1·51
0·90, 2·29
0·11

1·20
1·12
1·49

1

1

0·97, 1·48
0·79, 1·57
0·92, 2·41
0·10

1·15
1·02
1·48

1

0·88, 1·40
0·65, 1·26
0·55, 1·23
0·26

1·09
0·89
0·83

95 % CI

0·92, 1·43
0·71, 1·47
0·90, 2·43
0·22
1

0·86, 1·38
0·63, 1·25
0·55, 1·27
0·30

1·05
0·93
0·87

0·82, 1·35
0·65, 1·32
0·56, 1·35
0·47

Ref., reference category.
Model 1 adjusts for age, race, region, sex, income and education. Model 2 additionally adjusts for exercise, smoking status, Mediterranean diet score, regular
aspirin use and total energy intake (kcal/d). Model 3 additionally adjusts for current use of hypertensive medication, diabetes status, systolic blood pressure,
BMI and dyslipidaemia.

Appendix 2
Hazard ratios (HR) and 95 % CI of ﬁsh consumption and risk of ischaemic stroke among participants
(n 16 479) in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, USA
Crude

Fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–2 servings/week
≥2 servings/week
P for trend
Non-fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–2 servings/week
≥2 servings/week
P for trend

Person-years

Events

39 947
32 608
7971
2905

105
116
31
13

17 669
44 133
12 853
8776

57
143
39
26

HR

95 % CI

1
1·35
1·04, 1·76
1·48
0·99, 2·21
1·71
0·96, 3·04
0·006

Model 1
HR

95 % CI

0·74, 1·36
0·63, 1·41
0·58, 1·46
0·65

HR

1
1·25
1·20
1·47

0·96, 1·64
0·79, 1·82
0·82, 2·67
0·11

1
1·00
0·94
0·92

Model 2

0·85, 1·58
0·75, 1·71
0·72, 1·84
0·55

HR

1
1·27
1·27
1·82

1
1·16
1·13
1·15

95 % CI

Model 3

0·96, 1·68
0·82, 1·96
0·99, 3·35
0·04

1
1·28
1·23
1·83

1
1·27
1·36
1·43

0·92, 1·74
0·88, 2·10
0·87, 2·36
0·12

95 % CI

0·96, 1·70
0·78, 1·93
0·99, 3·39
0·05
1

1·24
1·41
1·58

0·89, 1·74
0·90, 2·21
0·95, 2·63
0·06

Ref., reference category.
Model 1 adjusts for age, race, region, sex, income and education. Model 2 additionally adjusts for exercise, smoking status, Mediterranean diet score, regular
aspirin use and total energy intake (kcal/d). Model 3 additionally adjusts for current use of hypertensive medication, diabetes status, systolic blood pressure,
BMI and dyslipidaemia.
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Appendix 3
Hazard ratios (HR) and 95 % CI of ﬁsh consumption and risk of CVD mortality among participants
(n 16 479) in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, USA
Crude

Fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for trend
Non-fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for trend

Person-years

Events

HR

40 572
33 289
8145
3007

122
129
30
10

1·28
1·21
1·10

18 042
44 981
13 075
8915

70
156
41
24

0·88
0·80
0·69

95 % CI

Model 1
HR

1

95 % CI

Model 2
HR

1

1·00, 1·64
0·81, 1·81
0·58, 2·09
0·09

1·12
0·88
0·81

1
1·11
1·09
1·00

HR

1

0·87, 1·44
0·58, 1·32
0·42, 1·56
0·89

1·12
0·88
0·81

1

0·67, 1·17
0·55, 1·18
0·43, 1·09
0·09

95 % CI

Model 3

1

0·86, 1·45
0·57, 1·35
0·40, 1·63
0·39

1·12
0·78
0·74

1

0·84, 1·48
0·74, 1·62
0·62, 1·59
0·89

1·17
1·22
1·18

95 % CI

0·84, 1·47
0·48, 1·25
0·35, 1·55
0·10
1

0·86, 1·57
0·80, 1·85
0·71, 1·95
0·39

1·27
1·39
1·46

0·91, 1·76
0·89, 2·17
0·87, 2·45
0·10

Ref., reference category.
Model 1 adjusts for age, race, region, sex, income and education. Model 2 additionally adjusts for exercise, smoking status, Mediterranean diet score, regular
aspirin use and total energy intake (kcal/d). Model 3 additionally adjusts for current use of hypertensive medication, diabetes status, systolic blood pressure,
BMI and dyslipidaemia.

Appendix 4
Hazard ratios (HR) and 95 % CI of ﬁsh consumption and risk of all-cause mortality among participants
(n 16 479) in the REasons for Geographic And Racial Differences in Stroke (REGARDS) study, USA
Crude

Fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for-trend
Non-fried fish consumption
<1 serving/month (ref.)
1–3 servings/month
1–1·99 servings/week
≥2 servings/week
P for trend

Person-years

Events

HR

40 572
33 289
8145
3007

493
445
118
45

1·09
1·18
1·23

18 042
44 981
13 075
8915

272
598
145
86

95 % CI

Model 1
HR

1
0·96, 1·24
0·97, 1·45
0·90, 1·66
0·04

1
0·87
0·76, 1·01
0·73
0·60, 0·89
0·63
0·50, 0·81
<0·0001

95 % CI

Model 2
HR

1
0·98
0·90
0·95

0·86, 1·12
0·73, 1·11
0·69, 1·30
0·39
0·92, 1·23
0·77, 1·16
0·67, 1·10
0·19

HR

1
0·99
0·93
1·07

1
1·06
0·95
0·86

95 % CI

Model 3

0·86, 1·13
0·75, 1·16
0·77, 1·48
0·85

1
1·00
0·89
1·07

1
1·12
1·09
1·03

0·96, 1·30
0·88, 1·35
0·79, 1·34
0·63

95 % CI

0·87, 1·15
0·71, 1·13
0·75, 1·51
0·75
1

1·15
1·15
1·18

0·98, 1·35
0·91, 1·45
0·90, 1·55
0·17

Ref., reference category.
Model 1 adjusts for age, race, region, sex, income and education. Model 2 additionally adjusts for exercise, smoking status, Mediterranean diet score, regular
aspirin use and total energy intake (kcal/d). Model 3 additionally adjusts for current use of hypertensive medication, diabetes status, systolic blood pressure,
BMI and dyslipidaemia.
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