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Abstract
Purpose of Review It is estimated that over 400 million people worldwide are living with diabetes. Excess adiposity is the
strongest risk factor for non-insulin-dependent diabetes, type 2. Lifestyle interventions have demonstrated that diet plays a critical
role in preventing the onset of type 2 diabetes. Dietary fat is not only a source of energy and nutrients, but also bioactive fatty
acids.

The purpose of this review was to examine data from recent prospective cohort studies and dietary interventions to determine
if there are benefits to fat consumption on diabetes risk.
Recent Findings The consumption of fish and marine n-3 fatty acids among Asian populations and regular-fat dairy foods and
trans-palmitoleic acid (trans-16, n-7) among Western populations may be associated with reduced risk for type 2 diabetes.
Summary Whereas some dietary fat may contribute to reduced diabetes risk, lifestyle recommendations to balance calories with
physical activity are prudent at this time.

Keywords Dietary fat . Fat .Monounsaturated fat . Polyunsaturated fat . Saturated fat .Trans-fat . Fatty acids . Diabetes . Type 2
diabetes

Introduction

Diabetes mellitus, a group of metabolic disorders character-
ized by increased blood glucose concentration, increases the
risk for morbidity and mortality [1]. It was estimated in 2015
that worldwide, 415 million people, 20–79 years of age, were
living with diabetes and 5 million deaths could be attributed to
it [1]. The global estimated healthcare costs associated with
the disease were 673 billion US dollars [1]. Further, it is esti-
mated that by 2040, the number of people living with diabetes
will increase by approximately 55% [1].

The dramatic global increase in the prevalence of diabetes
is associated with the global obesity epidemic, particularly
because excess adiposity is the strongest risk factor for non-
insulin-dependent diabetes, also known as type 2 diabetes [2,
3]. The Diabetes Prevention Program, a lifestyle intervention

that promotes weight loss through energy-restriction and
physical activity, was shown in a clinical trial to reduce the
incidence of type 2 diabetes more effectively than pharmaco-
logical intervention, indicating that diet can play a critical role
in preventing the onset of type 2 diabetes [4].

Whereas it is recognized that an overall healthy dietary
pattern that promotes 30–40% of calories from low-
glycemic index carbohydrates is effective at promoting
improved glycemic control [5], the effects of dietary fat
on diabetes risk are less understood. Dietary fat is not only
a source of energy and nutrients, but also bioactive fatty
acids that affect cell metabolism [6]. The purpose of this
review was to examine the data from recent prospective
cohort studies and randomized clinical trials to determine
if there are benefits to fat consumption on risk for type 2
diabetes.

Search Strategy and Selection Criteria

PubMed was searched for original research articles and meta-
analyses/systematic reviews conducted in humans over the
last 10 years (2008–August 2018). Search terms included “di-
etary fat,” “monounsaturated fat,” “polyunsaturated fat,” “sat-
urated fat,” and “trans-fat” in combination with “diabetes,”
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“type 2 diabetes,” and “diabetes risk.” Prospective cohort
studies and randomized clinical trials that assessed incidence
and risk of type 2 diabetes were included in the review. The
reference lists of selected articles were also reviewed for rel-
evant literature.

The search yielded mostly articles published on observa-
tional findings from prospective cohort studies. Dietary data
collected from food frequency questionnaires and fatty acid
biomarker data collected from plasma and serum samples in-
dicated that the majority of research pertaining to dietary fat
and fatty acids and risk for type 2 diabetes can be categorized
by classes of fatty acids, such as n-3, saturated, trans-, mono-
unsaturated, and polyunsaturated, as well as by their primary
food sources, such as fish, meat and dairy, and plant oils. Each
of these categories is discussed in this review.

Associations Between Fish, Marine Sources
of n-3 Fatty Acids, and Risk for Type 2
Diabetes

A body of prospective research investigating the associations
between fish (a predominant source of n-3 fatty acids) and n-3
fatty acid consumption on risk for type 2 diabetes indicates
opposing findings depending on geographical location of
study. According to findings from five meta-analyses, where-
as fish and marine n-3 fatty acid consumption among Asian
populations was associated with a decreased risk for type 2
diabetes, fish and marine n-3 fatty acid consumption among
western Europeans and Americans was associated with in-
creased incidence of the disease [7–9, 10•, 11]. Zhou et al.
[11] reported that consuming fish about four times per month
and consuming about 0.1 g of marine n-3 fatty acids per day
increased the risk for type 2 diabetes. These results were based
on 13 prospective cohort studies conducted in Western popu-
lations. Zheng et al. [10•], however, showed that in pooled
analyses from 24 prospective cohorts, that whereas studies
conducted in Western populations observed positive associa-
tions between fish and marine n-3 fatty acid consumption and
type 2 diabetes, those studies conducted in Asian populations
observed an inverse association. Meta-analyses by Wu et al.
[9] and Wallin et al. [8], which utilized many of the same data
sets, also reported opposing risks depending on geographical
location of study. Muley et al. [7] reported similar findings but
indicated that marine n-3 fatty acids were associated with
reduced risk for type 2 diabetes in Australian cohorts as well
as in Asian cohorts. A more recent prospective study from the
Australian Longitudinal Study ofWomen’s Health, conducted
in 8370 women, 45–50 years of age, however, indicated that
total n-3 fatty acids were associated with a 55% increased risk
of incident type 2 diabetes in Australian women (Table 1)
[17]. These data indicate that fish and marine n-3 fatty acid

consumption may reduce risk for type 2 diabetes among Asian
populations but may be detrimental to Westerners.

Implications for a connection between fish and marine n-3
fatty acid consumption and risk for type 2 diabetes among
Westerners should be taken with caution, however, because
the meta-analyses reviewed were based on many of the same
heterogeneous data sets taken from various cohorts in western
Europe and the USA [7–9, 10•, 11]. Whereas analyzing the
data by subgroup homogenized the datasets from Asian pop-
ulations, data among Westerners remained heterogeneous
[10•]. No clinical trials have shown that fish consumption or
marine n-3 fatty acids contribute to diabetes risk [5]. Further,
biomarker data from prospective cohorts that aimed to assess
the fatty acids present in human plasma and serum and risk for
type 2 diabetes indicate no increased risk associated with ma-
rine n-3 fatty acids and type 2 diabetes among two Finnish
cohorts and one American cohort (Table 2) [28, 29, 33]. Data
from Finnish men enrolled in theMetabolic Syndrome inMen
Study indicated that total n-3 polyunsaturated fatty acids elu-
cidated from erythrocyte membranes were not associated with
worsening hyperglycemia or type 2 diabetes [28]. Data from
another cohort of Finnish men, from the Kuopio Ischaemic
Heart Disease Risk Factor Study, indicated that the highest
versus the lowest quartile of eicosapentaenoic acid (EPA) +
docosapentaenoic acid (DPA) + docosahexaenoic acid (DHA)
from serum was associated with 33% lower risk for type 2
diabetes [29]. Similarly, in a US cohort of men and women
from the multi-Ethnic Study of Atherosclerosis (MESA),
higher diabetes incidence was observed for individuals with
serum total n-3 fatty acid levels below the 75th percentile [33].
No associations with diabetes were observed for those with
serum total n-3 fatty acids above the 75% percentile [33].
Whereas these data indicate no detrimental association be-
tween serum and plasma n-3 fatty acids and type 2 diabetes
in Western cohorts, it is still difficult to draw any definitive
conclusions based on them. Data from erythrocyte membranes
give short-term insight into diet, and it is unclear from the
Metabolic Syndrome in Men and MESA cohorts what the
dietary sources of n-3 fatty acids were. Current available ev-
idence indicates that fish and marine n-3 fatty acid consump-
tion may reduce the risk for type 2 diabetes in Asian popula-
tions and that more research is necessary to better understand
the associations between fish, marine n-3 fatty acids, and type
2 diabetes among Western populations.

Associations Between Dairy Foods, Ruminant
Sources of Fatty Acids, and Risk for Type 2
Diabetes

Current dietary recommendations promote dietary patterns
that are low in saturated and trans-fat and are associated with
reduced risk for chronic diseases [38]. Within those dietary
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patterns, dairy foods including milk, cheese, and yogurt are
recommended in low-fat and fat-free varieties [38]. Whole
(4% milk fat) and reduced-fat (2% milk fat) dairy foods,
known collectively as “regular fat dairy,” however, and the
saturated and trans-fatty acids that are derived from them have
been associated with a reduced risk of type 2 diabetes [15, 18,
19, 23••, 35, 39].

In a prospective study of Australian men and women,
whereas total dairy consumption was not associated with type
2 diabetes or metabolic syndrome, a leading risk factor for the
development of type 2 diabetes, the highest versus the lowest
quartile of regular-fat dairy consumption was inversely asso-
ciated with metabolic syndrome [18]. Further, in a cohort of
Swedish men and women, the highest versus the lowest quin-
tile of regular-fat dairy consumption was associated with 23%
less incidence of type 2 diabetes [19].

Milk fat is a complex mixture of many fatty acids of vary-
ing chain lengths with different degrees of saturation. Several
of the fatty acids derived from milk have been neutrally or
inversely associated with type 2 diabetes in prospective anal-
yses. A meta-analysis designed to investigate the associations
between saturated and trans-fat consumption and risk for
chronic diseases indicated that saturated fat consumption
was not associated with type 2 diabetes and ruminant derived
trans-palmitoleic acid (trans-16:1, n-7) was associated with
42% lower risk for type 2 diabetes [39]. Four large cohorts,
the Cardiovascular Health Study, the Multi-Ethnic Study of
Atherosclerosis, the Nurses’ Health Study, and the Health
Professionals Follow-Up Study cohorts, were included in the
meta-analysis. Prospective biomarker data from these cohorts
indicated inverse associations between circulating trans-
palmitoleic acid (trans-16:1, n-7) and insulin resistance [25,
40] and incident type 2 diabetes [25, 35, 40]. Data from a
smaller cohort from the USA, however, indicated that serum
trans-palmitoleic acid (trans-16:1, n-7) had no association
with risk for type 2 diabetes [27].

Prospective studies have also indicated an inverse associa-
tion between saturated fats derived from dairy foods and type
2 diabetes. In Swedish men and women from the Malmö Diet
and Cancer Cohort, the highest versus the lowest quintiles of
saturated fatty acids with four to ten carbons, lauric acid
(12:0), and myristic acid (14:0) were associated with de-
creased risk for type 2 diabetes [19]. The dietary assessment
was an interview-based diet history method that combined a
diet-recall and food-frequency questionnaire with the inter-
view [19]. Biomarker data from plasma fatty acids has also
indicated inverse associations between milk fat consumption
and reduced risk for type 2 diabetes. Prospective data from
659 multi-ethnic men and women from the Insulin Resistance
Atherosclerosis Study and 3333 men and women from the
Nurses’ Health Study and the Health Professionals Follow-
Up Study indicated that serum pentadecanoic acid (15:0), a
short-term marker of milk fat consumption, was associated

with 27% and 44% lower incidence of type 2 diabetes, respec-
tively [27, 35]. Heptadecanoic acid (17:0), another short-term
marker of milk fat consumption, was also inversely associated
with type 2 diabetes in the Nurses’ Health Study and Health
Professionals Follow-Up Study cohorts [35]. Concerns have
been raised about the use of pentadecanoic acid (15:0),
heptadecanoic acid (17:0), and trans-palmitoleic acid (trans-
16:1, n-7) as biomarkers of dairy intake. These fatty acids are
not exclusive to dairy fat [41•]. Further, trans-palmitoleic acid
(trans-16:1, n-7) can be synthesized endogenously from
vaccenic acid (trans-18:1, n-11), the predominant trans fatty
acid isomer in dairy fats, but one also present in partially
hydrogenated fats and oils [41•]. Finally, the methods used
to analyze fatty acids need to be optimized to properly eluci-
date each fatty acid; thus, it is difficult to ensure that the bio-
marker data were not exaggerated by errors in methodology
[41•]. Publications that used pentadecanoic acid (15:0),
heptadecanoic acid (17:0), and trans-palmitoleic acid (trans-
16:1, n-7) as biomarkers of dairy consumption did, however,
correlate findings with data obtained from self-reported die-
tary recalls and food frequency questionnaires, which have
also been brought into question. With those limitations con-
sidered, current available evidence indicates a possible inverse
association between regular fat dairy consumption and risk for
type 2 diabetes.

Meat, Saturated Fat from Animal Sources,
and Risk for Type 2 Diabetes

A prospective analysis of associations between food sources
rich in saturated fatty acids and incidence of type 2 diabetes
from 3349 Spanish men and women from the PREvención
con DIeta MEDiterránea (PREDIMED) study indicated that
whereas total dietary fat, monounsaturated fatty acids, poly-
unsaturated fatty acids, and trans-fatty acids were not associ-
ated with type 2 diabetes, the highest versus the lowest quar-
tile of saturated and animal fat consumption was associated
with the incidence of type 2 diabetes [21]. These findings were
in agreement with those from the Malmö Diet and Cancer
Cohort in which the highest versus the lowest quintile of meat
consumption was associated with increased risk for type 2
diabetes [19]. Whereas these data indicate an association be-
tween meat consumption and risk for type 2 diabetes, more
research is necessary to test these observations.

Vegetable Oils, n-3 Monounsaturated
and Polyunsaturated Fatty Acids, and Risk
for Type 2 Diabetes

Prospective data from the Nurses’ Health Studies (I and II)
indicated after 22 years of follow-up, that women who
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consumed greater than one tablespoon (approximately 8 g) of
olive oil per day compared to those who never consumed olive
oil had 10% lower risk of incident type 2 diabetes [20]. The
predominant fatty acid in olive oil is oleic acid (18:1, n-9), a
monounsaturated fatty acid. One prospective study of Finnish
men from the Metabolic Syndrome in Men Study, however,
indicated that fasting serum total monounsaturated fatty acids
and oleic acid (18:1, n-9) predicted worsening of hyperglyce-
mia and were associated with increased odds of developing
type 2 diabetes [26]. Whereas results from these two prospec-
tive cohorts are in direct opposition to one another, as stated
previously results from the PREDIMED study indicated no
association between total monounsaturated fatty acid con-
sumption and risk for type 2 diabetes [21], and results from
two dietary interventions support an inverse association be-
tween monounsaturated fatty acid consumption and insulin
sensitivity, a risk factor for type 2 diabetes [42, 43]. In a ran-
domized, parallel design study conducted in 55 men and 76
women, 28 years of age on average, a moderate-fat diet con-
taining 35–45% of energy and greater than 20% of energy as
monounsaturated fatty acids decreased fasting insulin by 2.6
± 3.6 pmol/L and the homeostasis model assessment of insulin
resistance by 0.17 ± 0.13 when compared to a low-fat diet
containing 20–30% of energy from fat or a control diet con-
taining 35% of energy from fat [42]. Similarly, in a cross-over
feeding intervention among 164 men and women from the
Optimal Macronutrient Intake Trial to Prevent Heart Disease
(OmniHeart), an unsaturated fat-rich diet made up of predom-
inantly monounsaturated fatty acids increased the quantitative
insulin sensitivity check index significantly more than a
carbohydrate-rich diet similar to the Dietary Approaches to
Stop Hypertension (DASH) diet or a protein-rich diet predom-
inantly from plant sources [43].

Vegetable oils are also leading dietary sources of n-3 poly-
unsaturated fatty acids, such as α-linolenic acid, which can
also be derived from nuts, milk, and meat. In a cohort of over
3000 elderly American men and women from the
Cardiovascular Health Study, the highest versus the lowest
quartile of plasma α-linolenic acid was associated with 43%
lower risk for type 2 diabetes [24]. In a cohort of Chinese men
and women from the Singapore Chinese Health Study, non-
marine α-linolenic acid and n-3 fatty acids were inversely
associated with self-reported incidence of type 2 diabetes
[13]. In a cohort of over 36,000 women from the Women’s
Health Study, plant-based n-3 fatty acids were not associated
with incident diabetes [14]. In a cohort of Australian women
from the Australian Longitudinal Study of Women’s Health,
however, total n-3 polyunsaturated fatty acids and α-linolenic
acid were associated with validated, self-reported incidence of
type 2 diabetes [17]. To date, no dietary interventions have
been conducted showing a detrimental effect of plant-derived
n-3 fatty acids and type 2 diabetes. Collectively, the data in-
dicate that vegetable oils, total monounsaturated fatty acids,

and n-3 polyunsaturated fatty acids do not contribute to risk
for type 2 diabetes.

Conclusion: Are There Benefits to Fat
Consumption on Risk for Type 2 Diabetes?

Dietary fat is a complex umbrella term that does not provide
specific details regarding chain length, degree of saturation, or
food source. The observational, biomarker, and clinical re-
search published over the last decade indicates that total dietary
fat consumption is not associated with risk for type 2 diabetes.
Data from prospective cohort studies indicate that some fats
may be particularly beneficial in reducing the risk for type 2
diabetes. In Asian populations, the consumption of fish and
marine n-3 fatty acids has been associated with reduced risk
for type 2 diabetes. In Western cohorts, reduced risk for type 2
diabetes has been associated with the consumption of regular-
fat dairy foods and trans-palmitoleic acid (trans-16, n-7). Of the
utmost importance, however, is that humans do not eat dietary
fats and fatty acids in isolation. Humans eat foods, not nutrients,
and based on dietary interventions that tested overall dietary
patterns, low-fat dietary patterns have not been demonstrated
to increase the risk for, or significantly reduce the incidence of,
type 2 diabetes [37, 44]. Whereas some dietary fat may help
contribute to a reduced risk for type 2 diabetes, the lifestyle
recommendation to balance caloric intake with physical activity
is prudent at this time.
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