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Abstract 

Background

This research investigates the worldwide influence of cardiovascular diseases (CVD) 

associated with low intake of seafood omega-3 fatty acids, based on data from the 2021 

Global Burden of Disease Study.

Method

The study evaluated the effects of insufficient seafood omega-3 fatty acid consumption on 

CVD at international, regional, and country levels. It analyzed variations across different 

demographics, including age and gender, and explored the relationship between disease 

burden and the Socio-Demographic Index (SDI). Additionally, it utilized an ARIMA model to 

predict the incidence of CVD connected to this dietary deficiency until 2050.

Result

In 2021, diets deficient in seafood omega-3 fatty acids contributed to roughly 737.88 

thousand deaths and 17.87 million disability-adjusted life years (DALYs) from CVD, with a 

noted decrease in this health impact over the period studied. The most substantial effects 

were seen in the elderly, particularly those aged 75 and above, with males experiencing a 

higher disease impact. Future forecasts suggest probable declines in disease rates across 

all SDI areas. However, nations in North Africa and the Middle East are projected to 

encounter growing difficulties related to CVD stemming from low seafood omega-3 intake 

by 2030 and 2050.

Conclusion

These results highlight the critical need for preventive strategies against CVD and stress 

the significance of dietary management.
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1. Introduction
Global data indicate that cardiovascular diseases (CVD) are leading causes of death, with the 
Mediterranean Diet’s seafood component crucial for heart health [1–3]. Studies show that 
eating fish regularly lowers risks of CVD and mortality [4–6]. Recent analyses suggest an addi-
tional 100 g/day of fish reduces heart issues, with moderate consumption improving overall 
health [5,7]. However, the impact on CVD mortality is minimal (RR: 0.96; 95% CI: 0.94–0.98) 
[8]. Notably, fatty fish consumption is linked to reduced CHD risk and death, attributed to 
high levels of beneficial fatty acids [3,9].

Dietary recommendations for CVD prevention differ, especially in terms of fish consump-
tion. The American Heart Association suggests 1–2 seafood meals weekly to reduce CVD 
incidence and deaths [10]. The European Society of Cardiology recommends including fatty 
fish in at least one weekly meal [11]. However, concerns about pollutants in large fatty fish 
have led to mixed guidelines for consuming fish rich in n-3 fatty acids, especially among those 
at high CVD risk [9,12,13]. More long-term research is needed on the impact of high n-3 fatty 
acid consumption on CVD in healthy populations [14]. These findings are crucial for refining 
dietary guidelines focused on heart health [8].

This study utilized 2021 global disease burden data to assess the impact of low seafood 
omega-3 fatty acid diets on CVD and predicted future disease trends using the ARIMA model, 
validated by prior research [15].

2. Method

2.1. Study population
Our study utilized the 2021 Global Burden of Disease Study data to analyze 369 diseases and 
injuries and 87 risk factors across 204 nations from 1990 to 2021 [16].

To evaluate the burden of cardiovascular diseases (CVD), we used methodologies out-
lined in the literature [17]. We corrected data from various sources, including health surveys 
and verbal autopsies, to enhance accuracy [18]. The refined data fed into the Cause of Death 
Ensemble model (CODEm), producing annual, region-specific mortality rates for CVD by 
age and gender [17,19]. We performed a comparative risk assessment to identify significant 
CVD risk factors and calculated population attributable fractions (PAF) to measure the impact 
of low seafood omega-3 intake on CVD rates. These PAFs helped estimate CVD mortality 
and disability-adjusted life years (DALYs) for various demographics and time periods [15]. 
DALYs were calculated by adding years lost due to premature death (YLLs) from lower respi-
ratory infections (LRIs) and years lived with disability (YLDs), adjusted by the severity of the 
condition [18]. We also developed the Socio-Demographic Index (SDI) using factors like total 
fertility under 25 (TFU25), educational attainment over 15 (EDU15+), and per capita income, 
classifying 204 areas into five SDI categories [18,20].

2.2. Statistical analysis
Age-adjusted rates (AAR) were used to standardize mortality and DALY metrics across 
countries with varying age distributions and demographics. We applied linear regression to 
the natural logarithms of these metrics, defined as y = α + βx + ε, where x represents the year, 
and y is the natural log of the rate. The estimated annual percentage change (EAPC) was 
derived using the formula 100 *  (e^β−1), with inclusion of a 95% confidence interval (95% 
CI). An upward trend in AAR was identified when the EAPC and the lower limit of the 95% 
CI were both positive, a downward trend when both the EAPC and the upper limit of the 95% 
CI were negative, and a stable trend was determined when neither condition was met [21,22]. 
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We assessed the link between AAR and the Socio-Demographic Index (SDI) using Gaussian 
process regression with Loess smoothing, and performed Spearman rank correlation tests 
to analyze this relationship [20,22]. A decomposition analysis evaluated the impact of aging, 
population growth, and epidemiological shifts on DALY changes from 1990 to 2021, employ-
ing methods described in prior research [23].

Additionally, the ARIMA (Autoregressive Integrated Moving Average) model was 
employed to study the impact of a low seafood omega-3 fatty acid diet on CVD trends, and 
to forecast these trends globally, regionally, and nationally from 2020 to 2050. In the ARIMA 
model configuration (p, d, q), ‘AR’ signifies the autoregressive component with p denoting the 
number of lag observations, ‘MA’ indicates the moving average segment with q representing 
the lag of forecast errors, and d describes the differencing needed to stabilize the data [24]. 
Model selection was optimized using the Akaike Information Criterion (AIC) and the Bayes-
ian Information Criterion (BIC).

Uncertainty intervals (UI) of 95% were calculated for all metrics. Rates were expressed per 
100,000 population. All data management, analysis, and visualizations were executed in R 
software, version 4.3.2.

3. Result

3.1. Spatiotemporal patterns of CVD attributable to diet low in seafood 
omega-3 fatty acids
In 2021, diets deficient in seafood omega-3 fatty acids were linked to approximately 627.34 
thousand deaths and 15.51 million disability-adjusted life years (DALYs) due to cardiovas-
cular diseases (CVDs), with an age-standardized mortality rate (ASMR) of 7.4880 (95%UI, 
1.4238–12.9487) and an age-standardized DALY rate (ASDR) of 181.0693 (95%UI, −36.1756–
302.8448) per 100,000 population. The past thirty years have seen a significant reduction in 
the impact of CVD from diets low in omega-6 polyunsaturated fatty acids (Table 1, S1 Table).

Regarding the Socio-demographic Index (SDI), areas with higher SDIs have seen consid-
erable declines in the CVD burden from diets low in seafood omega-3 fatty acids, with the 
most substantial reductions recorded. All SDI regions experienced modest reductions in both 
ASMR and ASDR for CVDs linked to diets low in omega-6 polyunsaturated fatty acids, except 
in the high SDI regions. However, the low-middle and middle SDI regions reported a slight 
increase in ASMR (Table 1, S1 Table, Fig 1).

Regionally, the most substantial CVD burdens from diets low in seafood omega-3 fatty 
acids were observed in Asia, high-income North America, North Africa, the Middle East, 
and Europe, with North Africa and the Middle East showing the highest values of ASMD and 
ASDR. Conversely, high-income Asia Pacific recorded the lowest CVD burdens associated 
with these diets (Table 1).

At the national level, in 2021, the ASDR and ASMR for CVDs linked to diets low in seafood 
omega-3 fatty acids varied significantly worldwide, with the highest levels seen in the North 
Africa and Middle East regions (Fig 3). From 1990 to 2019, a general decline in both ASMR 
and ASDR was observed in most countries, with the exception of those in the North Africa 
and Middle East region (Table 1, S1 Table, Fig 2).

3.2. Age and gender pattern
Fig 3 displays the global age-specific mortality and DALY rates for CVDs in 2021, along with 
their trends from 1990 to 2021. The chart shows a J-shaped curve, indicating rising mortality 
and DALY rates in individuals younger than 75 years, with a notable increase observed in 
those aged 75 to 95 and older. In every age group, mortality rates from diets low in seafood 
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Table 1. Global and regional deaths and DALYs of CVD attributable to diet low in seafood omega-3 fatty acids in 1990 and 2021 in 27 global regions.

Location Deaths Number in 1990 Deaths Number in 2021 ASMR in 2021 DALY Number in 1990 DALY Number in 2021 ASDR in 2021
Global 500154.2790 

(839562.7309, 
98926.6596)

627342.2166 
(1082744.9619, 
119537.6607)

7.4880 (12.9487, 
1.4238)

13048431.9384 
(21367228.9035, 
2692892.7487)

15511021.3514 
(25946111.2991, 
3098824.3958)

181.0693 
(302.8448, 36.1756)

Region
East Asia 58196.6574 (96907.7642, 

12024.6169)
76918.7661 
(140827.3363, 
13850.5471)

4.1699 (7.7090, 
0.7683)

1635332.6369 
(2711932.2037, 
348971.6615)

1545028.7134 
(2818403.9246, 
287279.5919)

77.7272 (139.9985, 
14.4650)

Southeast 
Asia

18769.2285 (32147.9024, 
3604.1314)

15038.9802 (27865.2892, 
2883.0509)

2.5172 (4.7425, 
0.4653)

575959.7219 (969726.8579, 
117766.3663)

422055.2867 (766793.4499, 
86398.9278)

61.3666 (112.7415, 
12.3267)

Oceania 261.7617 (464.5550, 
52.9117)

589.0915 (1064.5450, 
107.6229)

7.8139 (14.2763, 
1.3306)

8883.2639 (15577.0650, 
1819.6820)

19845.7082 (35969.2998, 
3822.6981)

211.9113 
(380.4434, 38.9190)

Central Asia 18310.2562 (30364.5935, 
3785.9876)

23071.6264 (39584.4159, 
4471.6119)

32.7876 
(56.6775, 
6.2330)

447303.4249 (726967.7716, 
96199.5730)

550603.5537 (916554.8746, 
111185.9045)

678.3957 
(1146.5798, 
134.2078)

Central 
Europe

39235.5282 (67036.8807, 
7594.7492)

26956.1801 (47814.3348, 
4937.6790)

11.6812 
(20.6125, 
2.1526)

899556.7541 (1494646.4724, 
182507.9836)

487348.3088 (846804.9756, 
90553.4363)

228.7111 
(393.8513, 43.0327)

Eastern 
Europe

51894.0258 (91828.9416, 
9323.2328)

48935.3874 (90738.4178, 
9527.1032)

13.8586 
(25.6304, 
2.7123)

1113120.9835 
(1938815.7265, 
212359.3683)

924250.8400 
(1696746.3688, 
183502.9798)

272.1946 
(495.8115, 54.1763)

High-income 
Asia Pacific

551.8062 (1184.4290, 
101.0511)

150.3835 (365.2131, 
21.9135)

0.0247 (0.0585, 
0.0039)

12129.0284 (24940.2278, 
2255.7939)

2225.5716 (5269.5379, 
367.2826)

0.5153 (1.1648, 
0.0993)

Australasia 2501.2316 (4440.4131, 
436.2828)

1106.7624 (2120.1372, 
199.7193)

1.8298 (3.4294, 
0.3415)

50274.8235 (86442.9324, 
9070.7562)

17871.2645 (33299.6163, 
3382.5774)

33.9897 (62.0440, 
6.5511)

Western 
Europe

51278.8832 (92194.7849, 
9330.7543)

22256.5207 (41153.5313, 
4120.8057)

1.9682 (3.5836, 
0.3696)

975632.8561 
(1728897.3716, 
184136.7591)

346695.4643 (623582.5387, 
66517.4202)

37.0164 (65.7079, 
7.2186)

Southern 
Latin America

6633.0515 (11458.5370, 
1293.5136)

4056.5199 (7057.1497, 
757.4984)

4.5592 (7.9162, 
0.8542)

149908.0094 (255041.3356, 
29977.8677)

84872.6929 (148119.3641, 
16148.6904)

99.6697 (173.6875, 
19.0532)

High- income 
North 
America

43950.4915 (78841.3321, 
8071.9487)

38288.6191 (69406.7325, 
7167.3235)

5.6737 (10.1738, 
1.0904)

857455.9959 
(1491369.1746, 
160621.1251)

760480.9846 
(1325751.0967, 
148752.5966)

125.9406 
(215.9776, 25.0105)

Caribbean 4088.5889 (6975.5960, 
778.2633)

5204.4511 (9208.6342, 
1047.5157)

9.6070 (16.9966, 
1.9382)

101989.5602 (170194.3660, 
20376.4386)

129392.4937 (222421.4781, 
27318.2235)

242.3667 
(416.2596, 51.2938)

Andean Latin 
America

1633.8124 (2810.7938, 
323.2224)

2475.4047 (4428.8723, 
458.4885)

4.2936 (7.7348, 
0.7897)

42620.7664 (72160.2437, 
8993.4948)

58014.3797 (100510.3002, 
11263.8686)

95.7169 (166.2002, 
18.3919)

Central Latin 
America

9488.1105 (16098.0096, 
1876.7540)

21455.6970 (37692.7319, 
4130.8201)

8.8589 (15.6210, 
1.6930)

246492.7218 (406879.6408, 
50523.5231)

493753.8101 (845868.2431, 
100380.5236)

194.7427 
(333.6033, 39.3600)

Tropical Latin 
America

12645.2723 (21306.4959, 
2502.8052)

14918.1113 (25917.7316, 
2882.2292)

5.8535 (10.1714, 
1.1316)

359990.1133 (592881.9796, 
75459.9518)

395826.5471 (664081.7501, 
77855.5965)

151.3853 
(254.6183, 29.7577)

North Africa 
and Middle 
East

51441.7635 (84668.8811, 
10882.2377)

76675.3810 
(131538.4087, 
15165.4434)

18.7553 
(32.6927, 
3.6389)

1474542.5355 
(2400300.8324, 
322483.4338)

2061239.0025 
(3462638.8529, 
431035.7987)

420.8404 
(714.2206, 85.0970)

South Asia 110984.5599 
(181623.2301, 
24467.7796)

214318.3589 
(359006.9466, 
42397.7897)

15.0919 
(25.5382, 
2.9352)

3580359.9646 
(5736505.8149, 
821322.7559)

6226485.9318 
(10237060.5280, 
1284359.6642)

391.0697 
(647.8572, 79.5419)

Central 
Sub-Saharan 
Africa

2172.3172 (4029.8491, 
427.4356)

4927.9041 (8922.1242, 
895.2529)

10.5657 
(19.3399, 
1.9001)

62444.9840 (116293.6761, 
12918.2238)

141970.7698 (257036.3005, 
26092.6164)

238.8878 
(432.9798, 43.4432)

Eastern 
Sub-Saharan 
Africa

6121.6867 (10394.8502, 
1317.7838)

11922.2218 (19747.5078, 
2462.0970)

7.6484 (12.8639, 
1.5320)

187594.7822 (312497.5443, 
42415.3699)

358762.7407 (590343.9340, 
77399.6702)

184.7274 
(306.2391, 38.5048)

Southern Sub- 
Saharan Africa

2251.7045 (3843.5134, 
485.9489)

4761.5116 (8117.6650, 
974.1532)

9.1672 (15.9249, 
1.8221)

66273.9314 (110110.4849, 
14972.5256)

131674.1691 (218082.4882, 
28275.6539)

214.7054 
(360.6239, 45.0403)

(Continued)
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omega-3 fatty acids were consistently higher in males compared to females, except for the 
group over 95 years where men exhibited lower mortality rates. Similarly, DALY rates related 
to such diets followed the same pattern. Moreover, the reduction in mortality and DALY rates 
from 1990 to 2021 was more modest among males, especially in those under 40 or over 75 
years old.

Across all Socio-demographic Index (SDI) categories, male mortality and DALY rates 
were consistently higher, maintaining this gender disparity across the regions. However, 
in regions with high-middle and high SDI, the differences between genders have lessened, 
whereas in other SDI regions, the disparities have either remained unchanged or increased 
(Fig 4).

3.3. Association with the socio-demographic index
Fig 5 illustrates a comparative analysis of both observed and predicted age-standardized 
DALY (ASDR) and mortality rates (ASMR) for CVD associated with diets low in seafood 
omega-3 fatty acids, mapped against Socio-Demographic Index (SDI) values at regional 
and national scales from 1990 to 2021. There was a discernible negative correlation between 
ASDR and rising SDI, suggesting a decrease in disease burden as SDI increases. Regions such 
as Eastern Europe, Central Asia, North Africa, and the Middle East exhibited higher-than- 
expected ASDR within this period. Similarly, the trend in observed versus forecasted ASMR 
based on SDI at regional levels mirrored the ASDR findings. Fig 5 also showcases the observed 
versus anticipated ASDR and ASMR at the national level for 2021, revealing a similar negative 
correlation with SDI values, both regionally and nationally.

3.4. Forecasts for the mortality, DALYs rate, ASMR and ASDR of CVD 
attributable to diet low in seafood omega-3 fatty acids in global (2022–
2050)
Projections for mortality and DALY rates, including age-standardized mortality rate (ASMR) 
and age-standardized DALY rate (ASDR), related to cardiovascular diseases (CVDs) stem-
ming from a diet low in seafood omega-3 fatty acids are presented in Figs 6–8. Regionally, a 
decline in CVD burden is expected across all Socio-Demographic Index (SDI) regions, except 
for the low SDI region, which is forecasted to maintain current mortality and ASMR levels.

Location Deaths Number in 1990 Deaths Number in 2021 ASMR in 2021 DALY Number in 1990 DALY Number in 2021 ASDR in 2021
Western Sub- 
Saharan Africa

7743.5413 (13545.9492, 
1559.9461)

13314.3380 (23059.0786, 
2771.5438)

8.0388 (14.0706, 
1.5893)

200565.0805 (348000.7942, 
41838.3961)

352623.1182 (600724.0650, 
77883.7469)

171.1389 
(295.3907, 36.0188)

SDI
High-middle 
SDI

128034.1787 
(219711.8908, 24155.6535)

118535.4476 
(213000.1835, 22449.5569)

6.1979 (11.1192, 
1.1783)

3000474.1371 
(5032740.0953, 589834.5008)

2304567.1787 
(4001666.3862, 460293.3918)

120.5908 
(208.4636, 24.3152)

High SDI 109595.6124 
(196382.8553, 20233.7545)

70159.6821 (127778.9225, 
12960.0905)

3.1399 (5.6254, 
0.5926)

2202458.8891 
(3856414.1725, 417123.4984)

1357895.8357 
(2387431.4795, 262561.2073)

71.5689 (123.1859, 
14.2564)

Low-middle 
SDI

104022.8922 
(170364.7118, 21965.3390)

178266.4591 
(297386.5761, 34896.2289)

13.0057 
(21.9205, 
2.5118)

3218936.1412 
(5148423.1215, 713724.7977)

5101652.6918 (8327592.6938, 
1029857.8907)

329.2352 
(541.4672, 65.5120)

Low SDI 34358.2953 (57641.1644, 
7304.3727)

65211.1099 (109236.2377, 
13453.2539)

13.9332 
(23.8449, 
2.7656)

1040362.1728 
(1727704.4836, 230710.8998)

1909743.3934 
(3115474.5159, 409528.2534)

336.6821 
(559.6893, 70.3037)

Middle SDI 123257.3162 
(203006.8755, 25239.0307)

194451.1417 
(338121.6184, 36791.4123)

7.9460 (13.9414, 
1.4863)

3565185.6597 
(5752071.4714, 755829.7469)

4821649.4129 
(8042547.5548, 964067.3139)

179.7904 
(302.4057, 35.4253)

https://doi.org/10.1371/journal.pone.0316767.t001

Table 1. (Continued)

https://doi.org/10.1371/journal.pone.0316767.t001
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Fig 1. Temporal trends of ASMR and ASDR of CVD attributable to diet low in seafood omega-3 fatty acids from1990 to 2021 in different SDI regions.

https://doi.org/10.1371/journal.pone.0316767.g001

https://doi.org/10.1371/journal.pone.0316767.g001
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On a national scale, the projections indicate that the patterns will remain fairly consistent 
through the years 2030 and 2050. Nevertheless, the anticipated impact of CVDs linked to 
insufficient intake of seafood omega-3 fatty acids is projected to be significantly greater in 
countries across the North Africa and Middle East region compared to other regions for both 
2030 and 2050.

4. Discussion
This study examined the worldwide effects of cardiovascular disease (CVD) associated with 
a diet low in seafood omega-3 fatty acids from 1990 to 2021, identifying a significant decline 
throughout this period. The demographic most impacted included individuals aged 75 and 
older, with males showing higher incidence rates. Future projections indicate possible reduc-
tions in mortality across all SDI regions, yet a persistently higher burden of CVD related to 
diets low in seafood omega-3 fatty acids is expected in countries within the North Africa and 
Middle East region. This analysis represents the first extensive review of the impacts of such 
dietary deficiencies on CVD.

In Europe, fish and seafood consumption is diverse; white fish constitutes 49% and 45% 
of the total intake among women and men, respectively. Mediterranean countries like Greece 
show the highest diversity and rates of fish consumption, yet Northern Europe and Scandi-
navia report the most significant intake of fatty fish [25]. In Greece, adherence to national 

Fig 2. Global distribution of ASMR (a) and ASDR (c) of CVD attributable to diet low in seafood omega-3 fatty acids for both sexes in 2021 in 204 countries and 
territories. EAPC of ASMR (b) and ASDR (d) of CVD attributable to diet low in seafood omega-3 fatty acids from 1990 to 2021 in 204 countries and territories.

https://doi.org/10.1371/journal.pone.0316767.g002

https://doi.org/10.1371/journal.pone.0316767.g002
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dietary guidelines is low, with only 30% and 10% of people meeting seafood and small fatty 
fish recommendations, respectively [26].

Dietary guidelines for CVD prevention typically recommend 1–2 seafood meals 
weekly. The American Heart Association (AHA) also endorses omega-3 PUFA  
supplements for individuals at risk of CVD, including those with coronary heart disease, 
type 2 diabetes, and heart failure [10,14]. Yet, the effectiveness of consuming n-3 fatty 
acid-rich fish versus total seafood for preventing CVD remains under debate, especially 
with concerns over contaminants in large fatty fish [9,13,27]. Mixed results from  
clinical trials on omega-3 supplementation in healthy individuals necessitate fur-
ther research to clarify the potential benefits of high n-3 fatty acid fish intake in CVD 
 prevention [8,28].

Comprehensive reviews have shown that increased fish consumption lowers the incidence 
of various CVD events by 12%–25%, including heart failure (SRR: 0.80; 95% CI: 0.67–0.95), 
myocardial infarction (SRR: 0.75; 95% CI: 0.65–0.93), and coronary heart disease (CHD) 
(SRR: 0.88; 95% CI: 0.79–0.99) [6]. However, high intake of n-3 rich fish showed no signif-
icant 10-year CVD reduction in the general population, though it did in high-risk groups 
[9,29].

For CVD mortality, significant declines were observed in individuals consuming more 
than two servings of marine fish weekly, especially among higher-risk groups like women 

Fig 3. Age-specific rates of global deaths (a) and DALYs (b) of CVD attributable to diet low in seafood omega-3 fatty acids, by sex, in 2021 and the correspond-
ing EAPC of global deaths (c) and DALYs (d) from 1990 to 2021.

https://doi.org/10.1371/journal.pone.0316767.g003

https://doi.org/10.1371/journal.pone.0316767.g003
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and the elderly. Surprisingly, high consumption of small n-3 fatty acid-rich fish even reduced 
CVD mortality in healthy, normotensive individuals. Earlier studies indicated a modest 
4% reduction in CVD mortality risk for healthy people (RR: 0.96; 95% CI: 0.94–0.98) [8], 
with an additional 100 g/day of fish linked to a 25% mortality reduction [6]. These findings 
highlight specific impacts of n-3 fatty acid-rich fish on 10-year CVD mortality previously 
undocumented.

As individuals age, typically over 65, lifestyle shifts occur, including reduced physical 
activity due to mobility issues and dietary changes often influenced by swallowing diffi-
culties or financial constraints, leading to a diminished intake of varied foods, including 
seafood [30–33]. Increasing seafood and small fish consumption could notably benefit 
seniors.

Fig 4. Sex Disparity in CVD attributable to diet low in seafood omega-3 fatty acids across SDI regions.

https://doi.org/10.1371/journal.pone.0316767.g004

https://doi.org/10.1371/journal.pone.0316767.g004
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The health benefits of consuming small fish rich in n-3 fatty acids, such as EPA and DHA, 
are significant, enhancing cardiometabolic health through their roles in lowering triglycerides, 
improving vascular function, offering antithrombotic effects, and reducing oxidative stress 
and inflammation [34–36]. These fatty acids help regulate lipoprotein levels, blood coagula-
tion, and blood pressure, which are essential for maintaining cardiovascular health [36,37]. 
Prior research shows that regular fish consumption can lower levels of inflammatory markers 
like IL-6, CRP, and TNF-alpha [37], supporting reduced inflammatory responses and poten-
tially preventing CVD progression. A recommended intake of around 1.0 g/day of n-3 fatty 
acids has been linked to the lowest cytokine production, with one serving per week of small 
fatty fish significantly benefiting CVD outcomes [3,38].

Evidence from studies on fish consumption, clinical trials on fish oil supplements, and 
related research suggests that regular fish intake might lower the risk of coronary heart disease, 
although its effect on overall CVD events is less clear [39,40]. Analysis from international 
cohorts shows that even minimal fish consumption (around 175 g weekly) correlates with 
reduced CVD events and mortality in those with previous CVD, but not generally [29]. Trials 
like the VITAL study on n-3 supplementation found no significant benefits in preventing 
major CVD events over 5.3 years in the general population without prior low fish intake, high-
lighting the need for public health strategies promoting n-3 rich seafood consumption across 
all demographics [35].

Fig 5. Correlations between ASMR (a, c) and ASDR (b, d) of CVD attributable to diet low in seafood omega-3 fatty acids and SDI at the regional level (a, b) 
and the national level (c, d).

https://doi.org/10.1371/journal.pone.0316767.g005

https://doi.org/10.1371/journal.pone.0316767.g005
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Fig 6. Estimated trends of mortality rate (a), DALYs Rate (b), ASMR (c) and ASDR (d), 1990–2050 at the 
regional level.

https://doi.org/10.1371/journal.pone.0316767.g006

https://doi.org/10.1371/journal.pone.0316767.g006
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This extensive study faces several limitations that might affect the thoroughness and 
accuracy of its conclusions. A major constraint is the variable quality and availability of 
regional data, especially from less developed areas like Sub-Saharan Africa. The use of 
mathematical models to estimate cardiovascular disease burdens in these regions intro-
duces significant uncertainty. Moreover, the study’s timeframe from 1990 to 2021, while 
providing a long-term view, may not fully reflect recent dietary shifts or the impact of latest 
public health interventions on the global CVD burden. This temporal gap suggests that 
recent changes in dietary habits and health policies may not be accurately represented in the 
study’s outcomes.

5. Conclusion
This research provides a comprehensive evaluation of the global impact of CVD related to diet 
low in seafood omega-3 fatty acids from 1990 to 2021, noting a notable decline during this 
period. The most affected demographic group was individuals over 75, particularly men who 
bore a heavier burden. Future projections indicate that all SDI regions may witness reductions 
in mortality rates, DALY rates, ASMR, and ASDR. On a country level, countries throughout 
the North Africa and Middle East region to maintain a high CVD burden associated with diet 
low in seafood omega-3 fatty acids through 2030 and 2050.

These findings are critical for formulating prevention strategies for CVD and emphasize 
the importance of managing dietary habits.

Fig 7. Estimated trends of mortality rate (a, b) and ASMR (c, d) in 2030 (a, c) and 2050 (b, d) at the national level.

https://doi.org/10.1371/journal.pone.0316767.g007

https://doi.org/10.1371/journal.pone.0316767.g007


PLOS ONE | https://doi.org/10.1371/journal.pone.0316767 February 5, 2025 13 / 16

PLOS ONE CVD and diet low in seafood omega-3 fatty acids

Supporting information
S1 Table.  Global and regional deaths and DALYs of CVD attributable to diet low in sea-
food omega-3 fatty acids in 1990 and 2021 in 204 nations. 
(DOCX)

Author contributions
Conceptualization: Yuzhe Kong.
Data curation: Haitao Xu, Yuzhe Kong.
Formal analysis: Qingsong Mao, Xingyi Wang, Haitao Xu, Yuzhe Kong.
Investigation: Haitao Xu, Yuzhe Kong.
Methodology: Yuzhe Kong.
Project administration: Yuzhe Kong.
Resources: Yuzhe Kong.
Software: Yuzhe Kong.
Supervision: Yuzhe Kong.
Validation: Yuzhe Kong.
Visualization: Xinling Tian, Xingyi Wang, Yunyi Zhang, Yuzhe Kong.

Fig 8. Estimated trends of DALYs Rate (a, b) and ASDR (c, d) in 2030 (a, c) and 2050 (b, d) at the national level.

https://doi.org/10.1371/journal.pone.0316767.g008

http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0316767.s001
https://doi.org/10.1371/journal.pone.0316767.g008


PLOS ONE | https://doi.org/10.1371/journal.pone.0316767 February 5, 2025 14 / 16

PLOS ONE CVD and diet low in seafood omega-3 fatty acids

Writing – original draft: Qingsong Mao, Yuzhe Kong.
Writing – review & editing: Yuzhe Kong.

References
 1. Ritchey MD, Wall HK, Gillespie C, George MG, Jamal A, Division for Heart Disease and Stroke 

Prevention. Million hearts: prevalence of leading cardiovascular disease risk factors--United States, 
2005-2012. MMWR Morb Mortal Wkly Rep. 2014;63(21):462–7. PMID: 24871251

 2. Wall HK, Ritchey MD, Gillespie C, Omura JD, Jamal A, George MG. Vital signs: prevalence of key 
cardiovascular disease risk factors for million hearts 2022 - United States, 2011-2016. MMWR Morb 
Mortal Wkly Rep. 2018;67(35):983–91. https://doi.org/10.15585/mmwr.mm6735a4 PMID: 30188885

 3. Mozaffarian D, Rimm EB. Fish intake, contaminants, and human health: evaluating the risks and the 
benefits. JAMA. 2006;296(15):1885–99. https://doi.org/10.1001/jama.296.15.1885 PMID: 17047219

 4. Menotti A, Kromhout D, Blackburn H, Fidanza F, Buzina R, Nissinen A. Food intake patterns and 
25-year mortality from coronary heart disease: cross-cultural correlations in the seven countries 
study. the seven countries study research group. Eur J Epidemiol. 1999;15(6):507–15. https://doi.
org/10.1023/a:1007529206050 PMID: 10485342

 5. Virtanen JK, Mozaffarian D, Chiuve SE, Rimm EB. Fish consumption and risk of major chronic 
disease in men. Am J Clin Nutr. 2008;88(6):1618–25. https://doi.org/10.3945/ajcn.2007.25816 PMID: 
19064523

 6. Jayedi A, Shab-Bidar S. Fish consumption and the risk of chronic disease: an umbrella review of 
meta-analyses of prospective cohort studies. Adv Nutr. 2020;11(5):1123–33. https://doi.org/10.1093/
advances/nmaa029 PMID: 32207773

 7. English LK, Ard JD, Bailey RL, Bates M, Bazzano LA, Boushey CJ, et al. Evaluation of dietary pat-
terns and all-cause mortality: a systematic review. JAMA Netw Open. 2021;4(8):e2122277. https://doi.
org/10.1001/jamanetworkopen.2021.22277 PMID: 34463743

 8. Kwok CS, Gulati M, Michos ED, Potts J, Wu P, Watson L, et al. Dietary components and risk of 
cardiovascular disease and all-cause mortality: a review of evidence from meta-analyses. Eur J Prev 
Cardiol. 2019;26(13):1415–29. https://doi.org/10.1177/2047487319843667 PMID: 30971126

 9. Giosuè A, Calabrese I, Lupoli R, Riccardi G, Vaccaro O, Vitale M. Relations between the consumption 
of fatty or lean fish and risk of cardiovascular disease and all-cause mortality: a systematic review 
and meta-analysis. Adv Nutr. 2022;13(5):1554–65. https://doi.org/10.1093/advances/nmac006 PMID: 
35108375

 10. Rimm EB, Appel LJ, Chiuve SE, Djoussé L, Engler MB, Kris-Etherton PM, et al. Seafood long-chain 
n-3 polyunsaturated fatty acids and cardiovascular disease: a science advisory from the American 
Heart Association. Circulation. 2018;138(1):e35–47. https://doi.org/10.1161/CIR.0000000000000574 
PMID: 29773586

 11. Authors/Task Force Members, Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano 
AL, et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The 
Sixth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovas-
cular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by 
invited experts): developed with the special contribution of the European Association for Cardio-
vascular Prevention & Rehabilitation (EACPR). Eur J Prev Cardiol. 2016;23(11):NP1–96. https://doi.
org/10.1177/2047487316653709 PMID: 27353126

 12. Fatty Acids. Supplement to McCance & Widdowson’s the composition of foods. 1998.

 13. Danopoulos E, Jenner LC, Twiddy M, Rotchell JM. Microplastic contamination of seafood intended 
for human consumption: a systematic review and meta-analysis. Environ Health Perspect. 
2020;128(12):126002. https://doi.org/10.1289/EHP7171 PMID: 33355482

 14. Siscovick DS, Barringer TA, Fretts AM, Wu JHY, Lichtenstein AH, Costello RB, et al. Omega-3 polyun-
saturated fatty acid (fish oil) supplementation and the prevention of clinical cardiovascular disease: a 
science advisory from the American Heart Association. Circulation. 2017;135(15):e867–84. https://doi.
org/10.1161/CIR.0000000000000482 PMID: 28289069

 15. Wafa HA, Marshall I, Wolfe CDA, Xie W, Johnson CO, Veltkamp R, et al.; PRESTIGE-AF con-
sortium. Burden of intracerebral haemorrhage in Europe: forecasting incidence and mortality 
between 2019 and 2050. Lancet Reg Health Eur. 2024 Feb 9;38:100842. https://doi.org/10.1016/j.
lanepe.2024.100842 PMID: 38362494; PMCID: PMC10867656

 16. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 
1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020 Oct 

http://www.ncbi.nlm.nih.gov/pubmed/24871251
https://doi.org/10.15585/mmwr.mm6735a4
http://www.ncbi.nlm.nih.gov/pubmed/30188885
https://doi.org/10.1001/jama.296.15.1885
http://www.ncbi.nlm.nih.gov/pubmed/17047219
https://doi.org/10.1023/a:1007529206050
https://doi.org/10.1023/a:1007529206050
http://www.ncbi.nlm.nih.gov/pubmed/10485342
https://doi.org/10.3945/ajcn.2007.25816
http://www.ncbi.nlm.nih.gov/pubmed/19064523
https://doi.org/10.1093/advances/nmaa029
https://doi.org/10.1093/advances/nmaa029
http://www.ncbi.nlm.nih.gov/pubmed/32207773
https://doi.org/10.1001/jamanetworkopen.2021.22277
https://doi.org/10.1001/jamanetworkopen.2021.22277
http://www.ncbi.nlm.nih.gov/pubmed/34463743
https://doi.org/10.1177/2047487319843667
http://www.ncbi.nlm.nih.gov/pubmed/30971126
https://doi.org/10.1093/advances/nmac006
http://www.ncbi.nlm.nih.gov/pubmed/35108375
https://doi.org/10.1161/CIR.0000000000000574
http://www.ncbi.nlm.nih.gov/pubmed/29773586
https://doi.org/10.1177/2047487316653709
https://doi.org/10.1177/2047487316653709
http://www.ncbi.nlm.nih.gov/pubmed/27353126
https://doi.org/10.1289/EHP7171
http://www.ncbi.nlm.nih.gov/pubmed/33355482
https://doi.org/10.1161/CIR.0000000000000482
https://doi.org/10.1161/CIR.0000000000000482
http://www.ncbi.nlm.nih.gov/pubmed/28289069
https://doi.org/10.1016/j.lanepe.2024.100842
https://doi.org/10.1016/j.lanepe.2024.100842
http://www.ncbi.nlm.nih.gov/pubmed/38362494


PLOS ONE | https://doi.org/10.1371/journal.pone.0316767 February 5, 2025 15 / 16

PLOS ONE CVD and diet low in seafood omega-3 fatty acids

17;396(10258):1223–49. https://doi.org/10.1016/S0140-6736(20)30752-2 PMID: 33069327; PMCID: 
PMC7566194

 17. Safiri S, Mahmoodpoor A, Kolahi A-A, Nejadghaderi SA, Sullman MJM, Mansournia MA, et al. Global 
burden of lower respiratory infections during the last three decades. Front Public Health. 2023 Jan 
9;10:1028525. https://doi.org/10.3389/fpubh.2022.1028525 PMID: 36699876; PMCID: PMC9869262

 18. GBD 2019 Diseases and Injuries Collaborators. Global burden of 369 diseases and injuries in 204 
countries and territories, 1990-2019: a systematic analysis for the Global Burden of Disease Study 
2019. Lancet. 2020 Oct 17;396(10258):1204–22. https://doi.org/10.1016/S0140-6736(20)30925-9 
Erratum in: Lancet. 2020 Nov 14;396(10262):1562. PMID: 33069326; PMCID: PMC7567026.

 19. Foreman KJ, Lozano R, Lopez AD, Murray CJ. Modeling causes of death: an integrated approach 
using CODEm. Popul Health Metr. 2012 Jan 6;10:1. https://doi.org/10.1186/1478-7954-10-1 PMID: 
22226226; PMCID: PMC3315398

 20. Jin X, Ren J, Li R, Gao Y, Zhang H, Li J, et al. Global burden of upper respiratory infections in 204 
countries and territories, from 1990 to 2019. EClinicalMedicine. 2021 Jun 28;37:100986. https://doi.
org/10.1016/j.eclinm.2021.100986 PMID: 34386754; PMCID: PMC8343248

 21. Lu H, Tan Z, Liu Z, Wang L, Wang Y, Suo C, et al. Spatiotemporal trends in stroke burden and mor-
tality attributable to household air pollution from solid fuels in 204 countries and territories from 1990 
to 2019. Sci Total Environ. 2021 Jun 25;775:145839. Epub 2021 Feb 13. https://doi.org/10.1016/j.
scitotenv.2021.145839 PMID: 33631580

 22. Safiri S, Kolahi A-A, Hoy D, Buchbinder R, Mansournia MA, Bettampadi D, et al. Global, regional, and 
national burden of neck pain in the general population, 1990-2017: systematic analysis of the Global 
Burden of Disease Study 2017. BMJ. 2020 Mar 26;368:m791. https://doi.org/10.1136/bmj.m791 PMID: 
32217608; PMCID: PMC7249252

 23. Hu J, Ke R, Teixeira W, Dong Y, Ding R, Yang J, et al. Global, regional, and national burden of 
CKD due to glomerulonephritis from 1990 to 2019: a systematic analysis from the global burden 
of disease study 2019. Clin J Am Soc Nephrol. 2023 Jan 1;18(1):60–71. https://doi.org/10.2215/
CJN.0000000000000017 PMID: 36719159; PMCID: PMC10101559

 24. Zhu B, Wang Y, Zhou W, Jin S, Shen Z, Zhang H, et al. Trend dynamics of gout prevalence among 
the Chinese population, 1990-2019: a joinpoint and age-period-cohort analysis. Front Public Health. 
2022 Oct 12;10:1008598. https://doi.org/10.3389/fpubh.2022.1008598 PMID: 36311630; PMCID: 
PMC9602928

 25. Welch AA, Lund E, Amiano P, Dorronsoro M, Brustad M, Kumle M, et al. Variability of fish consump-
tion within the 10 European countries participating in the European Investigation into Cancer and 
Nutrition (EPIC) study. Public Health Nutr. 2002;5(6B):1273–85. https://doi.org/10.1079/PHN2002404 
PMID: 12639232

 26. Skourlis N, Patsis I, Martimianaki G, Peppa E, Trichopoulou A, Katsouyanni K. Changes in the dietary 
habits of the Greek EPIC cohort participants during a 14-year follow-up period (1997-2011). Nutrients. 
2020;12(7):2148. https://doi.org/10.3390/nu12072148 PMID: 32707693

 27. Ferrante M, Napoli S, Grasso A, Zuccarello P, Cristaldi A, Copat C. Systematic review of arsenic in 
fresh seafood from the Mediterranean Sea and European Atlantic coasts: a health risk assessment. 
Food Chem Toxicol. 2019;126:322–31. https://doi.org/10.1016/j.fct.2019.01.010 PMID: 30654099

 28. Hu Y, Hu FB, Manson JE. Marine omega-3 supplementation and cardiovascular disease: an updated 
meta-analysis of 13 randomized controlled trials involving 127 477 participants. J Am Heart Assoc. 
2019;8(19):e013543. https://doi.org/10.1161/JAHA.119.013543 PMID: 31567003

 29. Mohan D, Mente A, Dehghan M, Rangarajan S, O’Donnell M, Hu W, et al. Associations of fish con-
sumption with risk of cardiovascular disease and mortality among individuals with or without vascular 
disease from 58 countries. JAMA Intern Med. 2021;181(5):631–49. https://doi.org/10.1001/jamaint-
ernmed.2021.0036 PMID: 33683310

 30. Groessl EJ, Kaplan RM, Rejeski WJ, Katula JA, Glynn NW, King AC, et al. Physical activity and per-
formance impact long-term quality of life in older adults at risk for major mobility disability. Am J Prev 
Med. 2019;56(1):141–6. https://doi.org/10.1016/j.amepre.2018.09.006 PMID: 30573142

 31. Eckstrom E, Neukam S, Kalin L, Wright J. Physical activity and healthy aging. Clin Geriatr Med. 
2020;36(4):671–83. https://doi.org/10.1016/j.cger.2020.06.009 PMID: 33010902

 32. Tsou H-T, Wu T-Y, Kuo K-L, Hsiao S-H, Huang S-J, Tsai C-Y. Ten-year trends in lifestyle habits among 
community-dwelling older people in Taiwan. Australas J Ageing. 2022;41(1):e67–73. https://doi.
org/10.1111/ajag.12969 PMID: 34192403

https://doi.org/10.1016/S0140-6736(20)30752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.3389/fpubh.2022.1028525
http://www.ncbi.nlm.nih.gov/pubmed/36699876
https://doi.org/10.1016/S0140-6736(20)30925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://doi.org/10.1186/1478-7954-10-1
http://www.ncbi.nlm.nih.gov/pubmed/22226226
https://doi.org/10.1016/j.eclinm.2021.100986
https://doi.org/10.1016/j.eclinm.2021.100986
http://www.ncbi.nlm.nih.gov/pubmed/34386754
https://doi.org/10.1016/j.scitotenv.2021.145839
https://doi.org/10.1016/j.scitotenv.2021.145839
http://www.ncbi.nlm.nih.gov/pubmed/33631580
https://doi.org/10.1136/bmj.m791
http://www.ncbi.nlm.nih.gov/pubmed/32217608
https://doi.org/10.2215/CJN.0000000000000017
https://doi.org/10.2215/CJN.0000000000000017
http://www.ncbi.nlm.nih.gov/pubmed/36719159
https://doi.org/10.3389/fpubh.2022.1008598
http://www.ncbi.nlm.nih.gov/pubmed/36311630
https://doi.org/10.1079/PHN2002404
http://www.ncbi.nlm.nih.gov/pubmed/12639232
https://doi.org/10.3390/nu12072148
http://www.ncbi.nlm.nih.gov/pubmed/32707693
https://doi.org/10.1016/j.fct.2019.01.010
http://www.ncbi.nlm.nih.gov/pubmed/30654099
https://doi.org/10.1161/JAHA.119.013543
http://www.ncbi.nlm.nih.gov/pubmed/31567003
https://doi.org/10.1001/jamainternmed.2021.0036
https://doi.org/10.1001/jamainternmed.2021.0036
http://www.ncbi.nlm.nih.gov/pubmed/33683310
https://doi.org/10.1016/j.amepre.2018.09.006
http://www.ncbi.nlm.nih.gov/pubmed/30573142
https://doi.org/10.1016/j.cger.2020.06.009
http://www.ncbi.nlm.nih.gov/pubmed/33010902
https://doi.org/10.1111/ajag.12969
https://doi.org/10.1111/ajag.12969
http://www.ncbi.nlm.nih.gov/pubmed/34192403


PLOS ONE | https://doi.org/10.1371/journal.pone.0316767 February 5, 2025 16 / 16

PLOS ONE CVD and diet low in seafood omega-3 fatty acids

 33. Steenhuis IHM, Nooy SBC, Moes MJG, Schuit AJ. Financial barriers and pricing strategies related 
to participation in sports activities: the perceptions of people of low income. J Phys Act Health. 
2009;6(6):716–21. https://doi.org/10.1123/jpah.6.6.716 PMID: 20101914

 34. Petsini F, Fragopoulou E, Antonopoulou S. Fish consumption and cardiovascular disease related 
biomarkers: a review of clinical trials. Crit Rev Food Sci Nutr. 2019;59(13):2061–71. https://doi.org/10.1
080/10408398.2018.1437388 PMID: 29420061

 35. Gajos G. Omega-3 polyunsaturated fatty acids: is their future VITALized or REDUCEd? Cardiovasc 
Res. 2019;115(6):e58–60. https://doi.org/10.1093/cvr/cvz081 PMID: 31077585

 36. Panagiotakos DB, Kouvari M. Fish and cardiovascular disease prevention: time for a closer collabo-
ration between basic science and clinical research. Cardiovasc Res. 2021;117(8):e94–6. https://doi.
org/10.1093/cvr/cvab186 PMID: 34179949

 37. Zampelas A, Panagiotakos DB, Pitsavos C, Das UN, Chrysohoou C, Skoumas Y, et al. Fish consump-
tion among healthy adults is associated with decreased levels of inflammatory markers related to car-
diovascular disease: the ATTICA study. J Am Coll Cardiol. 2005;46(1):120–4. https://doi.org/10.1016/j.
jacc.2005.03.048 PMID: 15992645

 38. Trebble T, Arden NK, Stroud MA, Wootton SA, Burdge GC, Miles EA, et al. Inhibition of tumour 
necrosis factor-alpha and interleukin 6 production by mononuclear cells following dietary fish-
oil supplementation in healthy men and response to antioxidant co-supplementation. Br J Nutr. 
2003;90(2):405–12. https://doi.org/10.1079/bjn2003892 PMID: 12908901

 39. Wang C, Harris WS, Chung M, Lichtenstein AH, Balk EM, Kupelnick B, et al. n-3 Fatty acids from 
fish or fish-oil supplements, but not alpha-linolenic acid, benefit cardiovascular disease outcomes 
in  primary- and secondary-prevention studies: a systematic review. Am J Clin Nutr. 2006;84(1):5–17. 
https://doi.org/10.1093/ajcn/84.1.5 PMID: 16825676

 40. Brunner E, Iso H. Fish oil and secondary prevention of cardiovascular disease. BMJ. 2008;337:a2541. 
https://doi.org/10.1136/bmj.a2541 PMID: 19106136

https://doi.org/10.1123/jpah.6.6.716
http://www.ncbi.nlm.nih.gov/pubmed/20101914
https://doi.org/10.1080/10408398.2018.1437388
https://doi.org/10.1080/10408398.2018.1437388
http://www.ncbi.nlm.nih.gov/pubmed/29420061
https://doi.org/10.1093/cvr/cvz081
http://www.ncbi.nlm.nih.gov/pubmed/31077585
https://doi.org/10.1093/cvr/cvab186
https://doi.org/10.1093/cvr/cvab186
http://www.ncbi.nlm.nih.gov/pubmed/34179949
https://doi.org/10.1016/j.jacc.2005.03.048
https://doi.org/10.1016/j.jacc.2005.03.048
http://www.ncbi.nlm.nih.gov/pubmed/15992645
https://doi.org/10.1079/bjn2003892
http://www.ncbi.nlm.nih.gov/pubmed/12908901
https://doi.org/10.1093/ajcn/84.1.5
http://www.ncbi.nlm.nih.gov/pubmed/16825676
https://doi.org/10.1136/bmj.a2541
http://www.ncbi.nlm.nih.gov/pubmed/19106136

