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Red De Diabetes Y Enfermedades Metabólicas Asociadas (CIBERDEM), Spain; fDepartment of Endocrinology and 
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ABSTRACT
There are many studies regarding stop the progression to type 2 diabetes 
(T2D) through dietary control but there is no global recommendation for 
a specific diet. The strongest evidence is weight control through nutritional 
education but it does not include elderly people because of the risk of 
malnutrition that would entail. Therefore, the search for specific foods that 
can help slow down the progress towards T2D are of great interest. Although 
the controversy between fish consumption and the risk of developing T2D, it 
has been observed that oily fish could play a protective role. This type of fish 
may contain large amounts of persistent organic pollutants (POPs) but, on 
the contrary, contain omega-3 with effects on the cardiovascular system. In 
addition, the presence of taurine, a semi-essential amino acid very present in 
oily fish and which has been studied its antidiabetogenic effect, could play an 
essential role in the protective effect of this type of fish against T2D. Among 
them, the one with the highest concentrations of omega-3 and taurine as 
well as low concentration of POPs is sardine. An integrative review of 
observational studies and clinical trials was performed to investigate the 
association between sardine consumption and T2D prevention.
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T2D risk

Diabetes mellitus (DM) has become a worldwide health problem and its prevalence is continuously 
increasing. Type 2 diabetes (T2D) is the most common form of DM, covering between 90 and 95% of 
the total cases, and it is, together with its complications, a major cause of early death particularly in low 
and middle-income countries .[1]

T2D is led by a first state named prediabetes (preDM) which is characterized by high circulating 
glucose levels above normal but without reaching diabetes levels. According to the American Diabetes 
Association (ADA), preDM may be diagnosed based on plasma glucose criteria, by the presence of 
impaired fasting glucose (IFG) and/or impaired glucose tolerance (IGT) and/or high values of glycated 
hemoglobin (HbA1c) .[2]

The natural history of preDM predicts that up to 70% of individuals with this condition will 
develop T2D and the annual conversion ratio in general population is around 5–10% .[3,4] But, 
both prevalence of T2D and preDM increase significantly with age[5] and it is considered that the 
number of new-onset T2D in ≥65 years old is increasing 4.5-fold compared to 3-fold in total 
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population .[6] Precisely, in the majority of European countries the prevalence of T2D is between 
10–20% in people aged 60–80 years and the prevalence of preDM is between 15 and 20% for 
people older than 60 years of age .[7]

T2D prevention

As preDM is a reversible condition, many therapies have been developed to reduce the conversion 
ratio to T2D. Most of them aim to reduce body weight due to studies in which it was observed that 
intentional weight loss in overweight participants were associated with a lower rate of T2D develop-
ment .[8] This is due to increasing adiposity could be responsible for insulin resistance (IR) that drives 
in T2D .[9]

Specifically, with a weight loss goal intervention, the incidence of converting from preDM to T2D 
reduced. In particular, the percentage conversion to T2D was approximately 9% for subjects who lost 
at least 5% of their body weight .[10] Also, it has been reported by losing about a 7% of body weight, 
a reduction of 58% to the risk of manifesting T2D can be achieved .[11,12] According to previous 
studies, nutrition interventions have significant effects on weight loss .[13–15] Weight loss by regulating 
lifestyle interventions, including nutrition interventions, has been associated with a lower incidence of 
diabetes .[16] Precisely, studies reveal that intensive lifestyle modification has a higher effect on T2D 
prevention than common used hypoglycemic drugs, [17] which together with gastric surgery are only 
recommended to those with high risk of developing T2D and a BMI ≥ 25 kg/m2 or BMI ≥ 35 kg/m2, 
respectively .[18]

Despite that, overweight and obesity account for 44% of the T2D cases[19] and the connotation 
“diabesity” was created as the modern epidemic, [20] there are non-obese people that develop T2D in 
which weight loss should not be a proposed intervention. This becomes especially sensitive in the 
highest prevalence age group, the elderly where weight loss in ≥65 year old individuals has been 
reported to cause loss of lean body mass, bone mineral density, and fat mass, leading to different health 
problems, [21] despite its usual beneficial effects in physical function and metabolic parameters .[22] 

Even so, some epidemiological studies have shown that it leads to increased mortality, [23,24] con-
cretely, the crude mortality rate for ≥65 years old in those who lost weight was 6%, compared with 
2.6% in the stable weight and 2.4% in the weight gain group .[25]

Generally, nutritional interventions used for weight loss are based on hypocaloric diets that and, 
even in the presence of obesity, caloric restriction in this group is not always advised because can lead 
to malnutrition .[26] A more interesting intervention, for this age group but also for all the people 
without weight problems but with T2D risk, would be one based on changing dietary patterns instead 
of focused on restricting caloric intake .[27]

According to ADA, there is not a recommended diet to treat T2D or to prevent it, although it 
advises following a diet rich in whole grain, fruits, vegetables, seafood omega-3 fats and poultry. 
A dietary pattern similar to the Mediterranean diet has been seen to reduce mortality due to diabetes 
condition or cardiovascular disease (CVD) in a 50% in an aging population with normal weight but 
also with a BMI above 25 .[28] Many dietary treatments have been tested in which they demonstrate 
that caloric restriction is not the only way to achieve preDM control.

On one hand, studies based on the association of micronutrients intake and T2D risk have been 
demonstrated protective associations especially for calcium and vitamin D with odds ratio (OR) 0.82, 
[29] vitamin E[30] with OR 0.80, and magnesium with OR 0.66 .[31] Moreover, recent review has been 
published where dietary polyphenols showed antidiabetic activity in human study promoting the 
prevention and management of T2D. Especially resveratrol, curcumin, and anthocyanins, despite the 
structure–activity relationship are still not clear .[32]

On the other hand, the largest number of investigations focuses especially on the study of 
macronutrients. Because of its direct involvement with glycemia, carbohydrates have been among 
the most studied and, in general, have shown: low carbohydrates diet has demonstrated a reduction of 
HbA1c and an improvement of glycemic control[33]; a positive association with a diet based on low 
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dietary glycemic index and/or glycemic load and protective effects against T2D[34]; a high-fiber diet, 
translates into ≥30gr/day, showed no weight loss but an improvement in blood glucose levels .[35]

Related to fats, different studies have shown clear associations. In an observational study, recently- 
diagnosed diabetics had both higher relative intake of total fat and concretely saturated fatty acids 
from animal fat sources compared with healthy controls .[36] Also, it has been demonstrated, with 
a clear dose–response connection, an inverse relation between polyunsaturated fatty acids (PUFA) 
consumption and risk to develop T2D with the highest quintile of intake 0.87 of relative risk .[37] 

Especially, this opposite relation is observed in omega-6 fatty acid (FA) consumption[38,39] and an 
inverse association between the amount of omega-3 FA and insulin resistance was studied .[40]

Regarding proteins, a study made in 2004 demonstrated that a high-protein but also low- 
carbohydrate diet improves HbA1c in an obese population but the protein role was not clear .[41] On 
the contrary, some years after, it was observed that a high-protein intake may be associated with 
increased risk[42] . The source of the protein consumed could be responsible for the difference in both 
results. Therefore, the risk of developing T2D was observed according to the consumption of food 
groups. The association between high meat intake, especially processed meat, and an increased risk of 
T2D, was especially clear. But, for fish consumption, observational studies showed confusing results .[43]

Fish consumption

The observation that communities consuming a diet rich in fish present a low grade of chronic 
diseases[44–47] promotes the investigation to understand what is the role of this food on health. Fish has 
been seen to have many potential beneficial effects on metabolism although its physiological mechan-
isms are not well known yet. This assumption comes from different epidemiological studies in which 
an inverse relation between fish consumption and the incidence of CVD, T2D, and cognitive decline 
have been observed .[44,48,49] Fish consumption could also play a role in preventing metabolic 
syndrome and it has been seen that the effect might be stronger in men than women .[50]

Particularly, the first population-based prospective study to investigate the effect of fish intake 
in the development of T2D reported that people who weekly consume fish were correlated with 
a 25% decrease of T2D risk in comparison with who consume less than one portion per week .[44] 

A study on the Japanese population revealed that only small and medium-sized fish (horse mackerel, 
sardine, saury, mackerel, and eel) are associated with the decrease of T2D incidence with 0,68 OR 
whereas big-sized fish (salmon, skipjack tuna, cod, flatfish, and sea bream) have no relation with it .[46]

Evidence from other studies show that a higher fish or fish oil consumption lowers the risk of CVD 
and sudden death .[50] Therefore, it makes sense that the Japanese population present lower rates of 
CVD death compared to Western population, as their fish intake is much higher .[51,52] Similar results 
were found in an epidemiological study among the Dutch population, in which those who ate fish once 
or twice per week had a 50% less CVD mortality risk compared to those who ate fewer .[53] More 
specifically, in different meta-analyzes and reviews, the intake of between 2 and 4 servings of fish per 
week was associated with a 4% reduction in the risk of suffering cerebrovascular disease[54] and 18% of 
having a stroke .[55] In the same line, a consumption of 4 servings of fish per week reduced acute 
coronary syndrome by 21% .[56] On the other hand, with a minimum consumption of 1 time per week 
of fish, a reduction of around 50% due to sudden death has been observed[57] and with the consump-
tion of small amounts of fish a 17% reduction in death due to coronary illness .[58] Finally, fish 
consumption has been associated with a lower prevalence of atherosclerosis .[59–61]

However, some cohort studies reveal a positive association between fish consumption and T2D risk 
.[62,63] It is thought that this positive association could be due to environmental contaminants in fish 
such as persistent organic pollutants (POPs), dioxins or other contaminants like methyl-mercury. It is 
believed that some POPs could induce abdominal obesity, impair insulin sensitivity, and reduce 
glucose intake[64,65] and it has been observed a positive association of some POPs with T2D, [66] 

concretely, a dose-response relation between serum concentrations and T2D prevalence with 25th, 
50th, 75th, and 90th percentiles of POPS and OR 1.0, 14.0, 14.7, 38.3, and 37.7 .[67]
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Despite that, data were not sufficient to establish causality and, especially with fish consumption, 
there are no studies that show a higher incidence of T2D due to POPs intake through fish in diet. 
Therefore, there are gaps on experimental data to confirm the chemical exposure in the pathogenesis 
of T2D[66] and there is much work in limiting contaminants level in fish so this should not take 
relevance to the beneficial effect of its intake .[45]

The way that fish reduces T2D risk is controversial, but it has been discussed that insulin sensitivity is 
positively associated with the content of omega-3 FA in cell membranes as PUFA are capable of increasing 
membrane fluidity, the amount of insulin receptors, and the action of insulin .[68] Moreover, the beneficial 
action of fish could be also led by its huge content of proteins and amino acids, as fish proteins play a role in 
increasing satiety which explains its involvement in weight loss, [69] and also have many essential amino 
acids. Therefore, the anti-inflammatory effect of fish consumption, which is generally attributed to omega- 
3 FA intake, could also be due to the consumption of fish proteins .[70]

Nevertheless, higher fish intake is usually linked to healthier diets and physical activity which could 
mean the protective effect against T2D and other diseases may be due to the synergistic action of all these 
parameters. According to that, a review about the effect of the Mediterranean diet on prevention of CVD 
suggests that this kind of diet which is rich in fish, has a protective effect on some risk factors considering 
that it is capable of reducing total cholesterol and blood pressure .[71] Because of all these beneficial effects 
of fish, dietary guidelines recommend the intake of this food, preferentially oily fish, at least twice a week .[2]

Oily fish

Due to the controversial results obtained in different observational but also interventional studies 
between fish consumption and T2D risk, a meta-analyses was realized dividing lean and oily fish due 
to its composition .[72] Lean fish store lipid in the liver while oily fish store lipid in the flesh, which 
leads to a higher fat intake when consuming oily fish. In this meta-analyses, a significant effect of oily 
fish intake on risk of T2D was shown. Concretely, dose-response analysis suggested that 80 g intake of 
oily fish per day may reduce the risk of T2D by 20% .[72]

Changes in lipid profile have been observed when a diet rich in oily fish is followed. Exactly, oily fish is 
rich in PUFA omega-3 FA, both of α-linolenic acid (ALA) as well as eicosanoid acid (EPA) and 
docosahexaenoic acid (DHA) which have been the primary seafood components with proven health 
benefits. Therefore, nutritional recommendations are made to ensure their consumption in the prevention 
of CVD including 400–500 mg/day of EPA and DHA or at least 2 servings/week of oily fish .[73] But, EPA 
and DHA are not the only ones, most lipids present in oily fish are found to be involved in insulin signaling 
and inflammation, [74] especially ceramides, sphingolipids which are thought to be the junction between 
excess of nutrients, proinflammatory cytokines, and insulin resistance .[75] An oily fish intake 100–150 gr/ 
meal at least four time a week for 8 weeks produced a decrease of plasma lipids (ceramides, lysopho-
sphatidylcholines, diacyglycerols, lysophosphatidylethanolamines and phosphatidylcolines) with an aver-
age reduction of −0.5 fold change .[74] Moreover, oily fish consumption in 150gr/meal for 5 meals/week 
during 4 weeks demonstrated a decreased in serum triglycerides (TAG) whereas it increases HDL 
cholesterol .[76] Both parameters were widely observed in various studies and a meta-analysis concluded 
that oily fish consumption (ranging 20–150g/day for 4–24 weeks) in healthy or with CV risk (hyperlipi-
demia, hypertriacylglycerolaemia or obese) adults, leads to a moderately significant reduction in plasma 
TAG levels (−9.73 mg/dL) and an increase in HDL cholesterol levels (2.32 mg/dL)[77] which is associated 
with reducing CVD risk factors[78] strongly associated with T2D pathogenesis .[79]

Despite the fact that PUFA blood profile has been shown to be modified in patients with T2D as 
a diminished (EPA+DHA)/arachidonic acid ratio has been seen, [80] it has been observed that people with 
higher plasma phospholipid omega-3 FA have lower risk of T2D progression .[81] It has been described that 
higher protective effect of oily fish compared to lean fish against T2D is due to its huge content in omega-3 
FA, which improves insulin-stimulated oxidative and non-oxidative glucose disposal through the reduc-
tion in the inhibitory effect of excessive β-oxidation in humans[82] and prevent diet-induced insulin 
resistance through the insulin-sensitizing action of omega-3 FA in a nonhuman primate model .[83] 
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Interventions with omega-3 mix supplementation did not show the same effect (Fig. 1). Even the omega-3s 
called EPA and DHA, proposed as responsible for those benefits, [44,45,51] could not demonstrate their 
benefits in isolated supplementation .[84] All of this, leads us to think about the whole food as the developer 
of this beneficial effect against T2D progression. Therefore, the type of fish, cooking methods or environ-
mental contaminants could have an impact on results .[72]

Although the effect of omega-3 FA, this action may also be assisted by fish proteins and vitamins, 
which are thought to improve insulin sensitivity and have antihypertensive, antioxidant, antiproli-
ferative and anticoagulant capacities .[76,85–88] Different bioactive motifs have been found which are 
thought to have antidiabetic and hypocholesterolemic properties .[88] Moreover, in a model of high-fat 
-fed rats supplemented with different fish proteins a reduction of proinflammatory cytokines was seen, 
[87] although only salmon proteins promotes an improvement in adipose tissue composition .[86]

So, according to the previous statements, oily fish would be capable of improving endothelial 
dysfunction, and arrhythmia, reducing microvascular complications, and improving other mechan-
isms present in both T2D and CVD .[89]

On the differences between lean and oily fish, apart from fat content in the flesh, increased presence of 
fat-soluble vitamins such as vitamin D in oily fish .[90] There are no major differences in overall protein 
content between white and blue fish, but there are specific differences with some amino acids .[91]

Taurine
One of the amino acids highly present in seafood and specially in oily fish is taurine (2-aminoetha-

nesulfonic acid), a semi-essential amino acid which is normally found in high concentrations in β 
pancreatic islets .[92] Taurine is normally assimilated through diet but it can also be synthesized in 
small proportions in the pancreas with the presence of cysteine. Its main functions involve oxidative 
stress, Ca+2 transport regulation, osmoregulation, and anti-inflammation .[93,94]

Taurine levels have been found decreased in subjects with preDM or T2D, which is thought to be 
due to the overactivity of the polyol pathway coming from the increased glucose levels .[95,96] This fact 
suggests a lack of taurine as a role in T2D development and further complications which have been 
demonstrated in T2D animal models where taurine supplementation among T2D rats has been 
observed to decrease glucose levels and increase plasma insulin, [97] but clinical trials have not been 
able to demonstrate this fact on human[98,99] (Table 1).

Taurine has been described to have hypoglycemic effects (improving hepatic insulin sensitivity, 
stimulating glycogen synthesis in the liver and glucose uptake in peripheral tissues such as the 

Figure 1. Justification for the choice of sardines in relation to possible preventive effects in humans against the risk of developing 
T2D.
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liver and skeletal muscle) and is also capable of decreasing serum cholesterol in different ways .[93] It 
plays a role in bile acids and its transporters, [104] and also enhances the expression of 7α-hydroxylase, 
which is involved in biliary acid synthesis .[105] At the glycemic level, taurine has been seen to promote 
nuclear expression of PDX-1 factor, which is required for the expression of insulin, and various genes 
involved in the same pathways such as Glut-2, GK, Sur-1, Pcsk-1 .[92] Moreover, a function as an 
antioxidant has been reported as well as promoting autophagy by interacting with taurine-induced 
nuclear translocation of transcription factor EB (TFEB) .[92]

In other way, taurine has been shown to participate in the modulation of circadian rhythm. The 
circadian clock maintains alignment of peripheral tissue clocks present in nearly all cells and circadian 
rhythms are controlled by oscillators, which depend on specific clock genes .[106] Peripheral clocks 
regulating local metabolic rhythms are determined by feeding and fasting cycles. Moreover, nutrients 
reset peripheral circadian clocks and the local clock genes control downstream metabolic 
processes[107] and, specially, the circadian system which has been shown to regulate glucose metabo-
lism .[108] Concretely, taurine supplementation in mice model demonstrated the modulation of clock 
genes expression in β cells in those consuming a diet rich in high fat diet[102] which is linked to an 
improvement with sleep quality[109] and negatively associated with obesity and T2D development .[110]

Furthermore, the supplementation through the combination between omega-3 + taurine in 
humans has shown a cardioprotective and anti-inflammatory effect greater than both elements 
separately .[111] Also, in mice with T2D the combination of fish oil + taurine showed a decrease in 
glucose and insulin levels and improved the leptin resistance contributing to the suppression of weight 
gain[112] (Table 2).

Sardines

Among the oily fish (Supplementary Table 1), sardines are the richest in lipids. Specifically, it is the oily 
fish with the most PUFA content. Moreover, as one of the oily fishes richest in omega-3 FA and due to 
its whole nutritional composition, sardines are believed to have many potential beneficial effects on 
health (Table 3). As already mentioned, its high omega-3 FA content contributes in reducing CVD and 
T2D risk. Moreover, sardines are the richest oily fish in proteins and most of amino acids 
(Supplementary Table 1), of which, taurine described is one of the highest among oily fish[114] and 
contains between 122 mg/100 gr of product[115] and 147 mg/100 gr of product[116] in fresh weight, 
depending on the specie. Its take on relevance in the prevention of CVD and T2D as it is thought to 
have hypoglycemic, antioxidant, and anti-inflammatory actions. Sardines are also a source of calcium 

Table 2. Studies with taurine and omega-3/oily fish supplementation.

Compound Dose Model Sample size Effect Reference

Soybean or fish oil 
± taurine

Soybean, soybean + 
taurine, fish oil, fish oil 
+ taurine 

4 weeks

Type 2 
Diabetic/ 
Obese KK-Ay 
Mice

36 total. 
6–7 in each 3 groups of 

fish oil + taurine 
supplemented

Taurine supplemented 
fish oil, compared to 
supplemented 
soybean oil, 
decreases blood 
glucose (around 
−200 mg/dL) and 
insulin (around 
−0.5 ng/mL).

[112]

Omega-3 + taurine 1 g/day EPA/DHA + 
425 mg/d taurine 

7 weeks

Healthy adult 
human

80 total. 
41 in group of omega-3 

+ taurine 
supplemented

Decrease of total 
cholesterol (−5%), 
LDL cholesterol 
(−8%) and Apo 
B (−4%) and 
increase HDL 
cholesterol (6%).

[111]
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and vitamin D (Supplementary Table 1), which is already known to play a role in reducing T2D 
risk .[29]

Apart from its favorable nutritional composition, sardines are also one of the fish with lower 
contaminants content and the results indicated that sardines are safe for consumption based on the 
toxicologically relevant parameters regulated by European Commission .[117] This can be explained 
because the concentrations of POPs increase their concentration through the trophic chain. This 
is because large predatory fish accumulate more pollutants because they have a longer life since 
they cannot be caught by other medium and small fish .[118,119]

Sardines can also be caught year round and are economically affordable by the public. With 
these reasons, they are proposed to be the best option to prevent T2D progression and diminish 
CVD risk (Fig. 1).

Table 3. Sardines composition by United States Department of Agriculture (USDA) .[113].

Nutrient Unit

Value

Nutrient Unit

Value

(per 100 g) (per 100 g)

Water g 59.61 Vitamins
Energy kcal 208 Vitamin C, total ascorbic acid mg 0.00
Energy kJ 871 Thiamin mg 0.08
Protein g 24.62 Riboflavin mg 0.23
Total lipid (fat) g 11.45 Niacin mg 5.25
Carbohydrate g 0.00 Pantothenic acid mg 0.64
Fiber, total dietary g 0.00 Vitamin B-6 mg 0.17
Minerals Folate. total µg 10
Calcium, Ca mg 382 Folic acid µg 0
Iron, Fe mg 2.92 Choline, total mg 75
Magnesium, Mg mg 39 Vitamin B-12 µg 8.94
Phosphorus, P mg 490 Vitamin A, RAE µg 32
Potassium, K mg 397 Retinol µg 32
Sodium, Na mg 307 Vitamin A, IU IU 108
Zinc, Zn mg 1.31 Vitamin D (D2 + D3) µg 4.80
Copper, Cu mg 0.19 Vitamin D IU 193
Manganese, Mn mg 0.11 Vitamin E mg 2.04
Selenium, Se µg 52.70 Vitamin K µg 2.60
Nutrient Unit Value Nutrient Unit Value

(per 100 g) (per 100 g)
Fatty acids Fatty acids
Fatty acids, total saturated g 1.53 Fatty acids. total polyunsaturated g 5.15
12:0 g 0.00 18:2 undifferentiated g 3.54
14:0 g 0.19 18:3 undifferentiated g 0.50
16:0 g 0.99 18:4 g 0.13
18:0 g 0.34 20:4 undifferentiated g 0.00
Fatty acids. total monounsaturated g 3.87 20:5 n-3 (EPA) g 0.47
16:1 undifferentiated g 0.22 22:5 n-3 (DPA) g 0.00
18:1 undifferentiated g 2.15 22:6 n-3 (DHA) g 0.51
20:1 g 0.42 Cholesterol mg 149
22:1 undifferentiated g 1.08
Nutrient Unit Value Nutrient Unit Value

(per 100 g) (per 100g)
Amino acids Amino acids
Tryptophan g 0.28 Valine g 1.27
Threonine g 1.08 Arginine g 1.47
Isoleucine g 1.13 Histidine g 0.73
Leucine g 2 Alanine g 1.49
Lysine g 2.26 Aspartic acid g 2.52
Methionine g 0.73 Glutamic acid g 3.67
Cystine g 0.27 Glycine g 1.81
Phenylalanine g 0.96 Proline g 0.87
Tyrosine g 0.83 Serine g 1
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There have not been many studies where sardine was given as an intervention (Table 4). Human 
studies in which this fish has been supplemented, ensuring at least double weekly fish consumption 
from sardine-based, reveal a positive effect in overweight or obese non-treated T2D patients with 
HbA1c between 6.0 and 8.0% and aged between 40 and 70 years old. Participants increased of 
adiponectin from 2.1 ± 0.3 μg/mL at baseline to 3.0 ± 0.3 μg/mL after 6 months intervention, 
a biomarker related to an improvement of insulin sensitivity and the decreased of CVD risk index .[122]

Moreover, in diabetic humans receiving hemodialysis, sardines consumption 3 times/week during 
8 weeks have promoted a significant reduction −1.01 ± 1.11 mg/L of C-reactive protein which is 
known for its role in inflammation and considered as a T2D and CVD-progression marker .[123]

Also, animal model studies have reported the beneficial actions of this fish. Reduction of systolic 
and diastolic pressure, reduction of glycemia and HbA1c, reduction of 137 and total cholesterol and 

Table 4. Studies with sardine supplementation.

Compound Dose Model Sample size Effect Reference

Sardine by- 
products

30% 
30 days

Wistar rats 
(In vivo)

12 total. 
6 in group of sardine by- 

products supplemented

Reduction of glycemia 
(7.23 ± 0.28 and 
8.93 ± 0.75 mmol/L 
sardine supplemented 
and control respectively) 
and HbA1c (3.14 ± 0.70 
and 5.51 ± 1.51% 
sardine supplemented 
and control 
respectively). 

Moreover, reduction of 
SBP, DBP, TAG, total 
cholesterol, LDL 
cholesterol and VLDL. 

Increase of HDL cholesterol 
and LCAT enzyme.

[120]

Canned sardines 11% or 22% of 
the total 
diet. 

10 weeks

Wistar rats 
(In vivo)

27 total. 
9 in each 2 groups of 

canned sardines 
supplemented

22% of sardines group had 
higher % of EPA+DHA 
and MUFA. Increase 
omega-3 FA:omega-6 
FA ratio. Higher EPA 
deposition in liver and 
erythrocytes. Decrease 
total cholesterol 
decrease LDL 
cholesteroland increase 
adiponectin in both 
groups (21.8–24.5 and 
18.7 µg/ml sardine and 
control group 
respectively).

[121]

Sardine 100g sardine 
5d/week. 

6 months

T2D subjects without 
antidiabetic drugs

35 total. 
19 in group of sardine 

supplemented

Increased adiponectin 
(40.7%), omega-3 FA 
index (2.6%) and 
Prevotella 
concentrations. 

Decreased Firmicutes/ 
Bacteroidetes ratio

[122]

Sardine canned 
sandwich

3 times per 
week. 

8 weeks.

Human subjects 
receiving 
hemodialysis

63 total. 
31 in group of sardine 

sandwich supplemented

Reduction of CRP in 
patients with higher 
baseline concentrations 
(−1.01 ± 1.11 and 
−0.079 ± 0.85 the 
higher and lower CRP at 
baseline respectively).

[123]
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increases of adiponectin, HDL cholesterol, and EPA+DHA have been observed after administering 
sardines .[120,121] Furthermore, studies report an improvement of insulin resistance, increased activity 
of PI3K/Akt pathway, and translocation of GLUT4 transporters which all together contribute to the 
improvement of insulin action and glucose homeostasis .[124]

Although studies with sardine supplementation are not very common, research with its main 
components has been performed more regularly (Table 5). In the case of sardine oil supplementation, 
it has been seen to reduce TAG as well as total and LDL cholesterol. However, the effects of sardine on 
glycemia have not been as clearly described as different controversial results have been published.

On the other hand, studies with animal models in which sardine protein was supplemented have 
reported a reduction of white adipose tissue, improvements on insulin sensitivity and glycemia[124,129] 

(Table 6).

Conclusions

Non-communicable diseases, especially T2D, are becoming widespread. Researchers must investi-
gate the best strategies to prevent its development and weight loss is one of the most studied areas. 
However, in elderly people, who are at greater risk of developing T2D, we know that it may be more 
interesting to focus on the quality of the food they eat.

Table 5. Studies with sardine oil supplementation.

Compound Dose Model Sample size Effect Reference

Sardine oil 20% 
30 days or 
60 days

Male Wistar 
rats 
(In vivo)

24 total. 
12 in group of sardine oil 
supplemented. 
And 6 from control group 
started with sardine oil at 
middle of study.

Lowers hypertriglyceridemia (−68%) 
and hypercholesterolemia (−50%) 
replacing margarine. No effects on 
glycemia but improves HbA1c 
(−36%) and insulinemia (−65%) 
when sardine oil replaces 
margarine.

[125]

Sardine oil 20% 4 weeks Obese male 
Wistar rats 
(in vivo)

16 total. 
8 in group of sardine oil 
supplemented

No effect on glycemia. 
Reduces cholesterol (−8%), TAG 
(−36%) and apolipoproteins. 
Increased lecithin (35%) and 
paraoxonase-1 activity (25%).

[89]

Sardine oil 0,5 mL/rat 
3 weeks

Alloxan- 
induced 
diabetic rats

32 total. 
8 in group of sardine oil 
supplemented

Decreases glycemia (−54%). 
Inhibition of α-amylase activity 
(−27%). 
Improve ALT, AST and ALP 
enzymes (−66, 26 and 69% 
respectively).

[126]

Sardine oil 7,5% 
6 weeks

Sucrose- 
induced 
metabolic 
syndrome 
male Wistar 
rats.

44 total. 
10 in group of sardine oil 
supplemented

Serum glucose remained similar to 
no metabolic syndrome rats. 
Moreover, other metabolic 
parameters returns to control 
level (reduces serum insulin by 
−150%, BP by −60%,, TAG by 
−98%, total cholesterol by −106% 
and LDL cholesterol by −40%)

[127]

Sardine oil Oil capsules: 
180 mg EPA 
and 120 mg 
DHA during 
90 days

Human with 
metabolic 
syndrome.

102 in total. 
21 in group of sardine oil 
supplemented and 26 in 
group with control 
supplementation + 
sardine oil.

Reduction of prooxidant state 
(hydroperoxide, AOPP, AOPP/ 
TRAP index and TRAP/AOPP 
index). 
No effects on glycemia, insulin 
levels or HOMA-IR. 
Decreases total cholesterol 
(around −20 mg/dL compared to 
control) and LDL cholesterol 
(around −27 mg/dL post- 
intervention).

[128]
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Fish consumption has been studied on various occasions, with some contradictory results due to 
the differences between the species consumed. The fish with the least amount of toxic compounds as 
well as the highest amount of PUFA, especially omega-3 FA, could be the most interesting due to the 
subject’s improvement in insulin sensitivity.

Fish also contain other interesting nutrients that can stop or delay progression to T2D. Among 
them, protein content and more specifically some amino acids. Taurine is one of the most present, 
especially in oily fish, and has been related to a hypoglycemic effect but without being able to 
demonstrate it in the supplementing trials in isolation.

The fish with the lowest concentration of POPs and the highest content of PUFA as well as 
taurine is sardine. An in vivo study in rats concluded that sardine consumption reduced glycemia 
and HbA1c, but the few clinical trials investigating the effect of sardine consumption with diabetes 
were unable to link it. Instead, they observed a decrease in CRP and an increase in circulating 
adiponectin.

On the other hand, some in vitro studies in rats, not carried out in humans to reproduce effects, 
with sardine-derived products such as oil or proteins, produced an improvement in glycemia as well as 
an improvement in sensitivity to insulin or in the absorption of glucose.

More interventional studies need to be carried out to know discover the impact of sardine 
consumption in metabolic diseases is. Specially, it could be interesting to promote clinical trials in 
order to evaluate the preventive effects that a sardine-enriched diet could have against T2D. This 
would be especially interesting in a high-risk population with preDM but also with a high level of 
fragility for example an old-age population.

We consider that is very important to know the mechanisms by which sardine consumption, 
through its nutrients acts on glucose homeostasis as well as insulin secretion or sensibility. Therefore, 
mechanistic studies involving the composition of the gut microbiota, transcriptomic, or metabolomics 
could be of great interest in the scientific community.

Table 6. Studies of sardine protein supplementation.

Compound Dose Model Sample size Effect Reference

Sardine 
protein

200 g/kg 
2 months

Wistar rats 
(in vivo)

24 in total. 
6 in each 2 groups 
sardine-protein 
supplemented.

Decrease of glycemia and insulin levels (glucose 
6.54 ± 0.47 and 8.31 ± 1.06 mmol/l, insulin 
43.22 ± 12.25 and 66.65 ± 5.97 µU/ml sardine 
protein supplemented and control in high- 
fructose diets respectively). Likewise, in same 
diet, reduces HOMA-IR (12.70 ± 4.46 and 
21.94 ± 5.43) and HbA1c (10.39 ± 1.29 and 
16.42 ± 1.74%) sardine protein supplemented 
and control respectively. 
Reduces index of adiposity (2.05 ± 0.29 and 
2.68 ± 0.14) and TAG (0.92 ± 0.09 and 1.21 ± 0.08) 
sardine protein supplemented and control 
respectively. 
Decrease inflammatory markers (leptin between 
−15 and −19% and TNF-α between −16 and 
−31%).

[124]

Sardine 
protein

20% 
28 days

High-fat 
diet- 
induced 
T2D rats.

24 in total. 
6 in each 2 groups 
of sardine-protein 
supplemented

Lowers glycemia (14.49 ± 2.07 and 
23.15 ± 1.71 mM), HbA1c (8.32 ± 0.84 and 
11.70 ± 1.51%) and insulin levels (292.10 ± 21.91 
and 331.77 ± 24.89 pmol/l) likewise HOMA-IR 
(24.90 ± 1.50 and 50.54 ± 4.14) sardine protein 
supplemented and control respectively. 
Reduce serum total cholesterol (2.51 ± 0.44 and 
4.71 ± 0.73 mM) and TAG (1.97 ± 0.58 and 
3.51 ± 0.43 mM) sardine protein supplemented 
and control respectively. Enhances LCAT activity 
(16.74 ± 5.81 and 27.55 ± 2.09 nol/h per ml).

[129]
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To summaries, it may be both timely and appropriate to suggest that the elderly tailor their dietary 
intake to increase the consumption of sardine as all studies carried out to date prove that its 
consumption is safe. Moreover, it could lead to a health benefit by promoting the consumption of 
healthy fats, as well as vitamins and minerals potentially at risk in this population group such as 
calcium or vitamin D and reducing the risk of protein-energy malnutrition. In conclusion, after all the 
scientific evidence presented in this review, sardine consumption could have a protective effect against 
the development of metabolic diseases such as T2D with such a high prevalence and incidence in this 
group.
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