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Are fat and sugar just as detrimental in old age?
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Abstract Aging and poor nutrition are independent
risk factors for the development of chronic disease.
When young animals are given diets high in fat or
sugar, they exhibit hallmarks of aging like mitochon-
drial dysfunction and inflammation, and also develop
a greater risk for age-related disease. The same mito-
chondrial dysfunction and inflammation that progress
with aging may also further predispose older individ-
uals to dietary insults by fat and sugar. The purpose
of this work is to review the most recent studies that
address the impact of fat and sugar consumption on
hallmarks of aging (mitochondrial dysfunction and
inflammation). Findings from these studies show that
obesogenic, high-fat diets can exacerbate age-related
disease and hallmarks of aging in young animals,
but high-fat diets that are non-obesogenic may play
a beneficial role in old age. In contrast, high-sugar
diets do not require an obesogenic effect to induce
mitochondrial dysfunction or inflammation in young
rodents. Currently, there is a lack of experimental
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studies addressing the impact of sugar in the context
of aging, even though empirical evidence points to
the detrimental effect of sugar in aging by contribut-
ing to a variety of age-related diseases.
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Introduction

Aging is a major risk factor for developing the same
chronic diseases that have been previously linked with
fat and sugar consumption, such as Alzheimer’s dis-
ease (AD), cardiovascular disease (CVD), and type 2
diabetes (T2DM) [1-3]. Americans have been recom-
mended to restrict their saturated fat consumption for
its association with CVD since 1977 [4]. This has led
to the widespread marketing strategy of labeling pro-
cessed food as “low-fat” in an effort to combat meta-
bolic disease that continues to impact people’s food
choices today. There has also been growing popular-
ity of high-fat containing-diets like ketogenic diets
that stimulate debates among experts arguing against
the restriction of fat [5, 6]. More recently, Americans
have also been called to restrict their consumption
of added sugars [7], especially as the contribution
of processed foods to the American diet continues to
grow in conjunction with the prevalence of metabolic
disease [8]. (Fig. 1)
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Fig. 1 Mitochondrial dysfunction and altered cellular com-
munication (e.g. inflammation) progress with advancing age
and increase the risk for age-related disease (ARD). Given the
physiological changes that occur with age, the impact of high-
fat (HFD) and high-sugar diets (HSD) may differ in later and
earlier stages of life. HFD can promote the development of
hallmarks of aging in young animals and can also exacerbate
the risk for ARD when consumed at an old age. However, non-

While there is a reasonable assumption that fat
and sugar could only promote disease in a vulnerable
population, the high fat content of ketogenic diets
has proven beneficial in older people with cognitive
decline [9, 10], high-fat feeding improves health-
span in mouse models of accelerated aging [11-13],
and being overweight or obese has been unexpect-
edly linked to reduced mortality in older adults [14].
Therefore, it is important to clarify how fat and sugar
may differentially affect health in advanced age,
as fat and sugar could either exacerbate or perhaps
reduce the risk for age-related disease and mortal-
ity. Currently, there are no differences in the recom-
mended intakes of sugar or fat between younger and
older adults. According to the Dietary Guidelines
for Americans,<30 and<10% of energy should be
coming from fats and added sugars, respectively. The
main difference in dietary recommendation for peo-
ple of advanced age is to reduce caloric intake as a
result of decreased metabolic rate and reduced physi-
cal activity. Based on the estimated caloric needs for
people over the age of 71 and sugar and saturated fat
consumption values from the National Data in Usual
Intakes, individuals in 75-95th percentile of intakes
consumed 1.5-2.4 times more sugar and 2.0-2.8
times more saturated fat than recommended [7, 15].
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obesogenic high-fat diets may also reduce the risk for ARD in
old age by acting on these hallmarks of aging. On the other
hand, HSD promotes mitochondrial dysfunction and inflam-
mation without necessarily inducing weight gain in young ani-
mals. Empirical evidence points to sugar as a major contribu-
tor to age-related disease and more experimental studies are
needed to clarify whether aged individuals are more suscepti-
ble to its effects

This review attempts to highlight some of the
recent literature examining the interactions between
aging and fat or sugar consumption. There has been
significant progress in nutritional interventions,
such as caloric and protein restriction, to delay the
process of aging, [16, 17]. Our goal is to address
a different question, and that is if fat and sugar are
more or less detrimental in old age. Mitochondrial
dysfunction and altered cellular communication
(e.g. inflammation) are two hallmarks of aging [18]
that not only progress with advancing age, but are
also associated with diets high in fat and sugar.
Here, we will briefly provide evidence that fat and
sugar consumption in youth can lead to hallmarks of
aging by promoting mitochondrial dysfunction and
inflammation. We will then review recent studies
that address the effects of sugar and fat consump-
tion in an aged environment to discuss the inter-
action between old age and high-fat or high-sugar
consumption in the development of age-related dis-
eases. We also discuss evidence showing that high-
fat consumption can be both detrimental and ben-
eficial to health based on whether it is obesogenic;
whereas, the obesogenic effect is not necessary for
sugar to disrupt health. By appreciating age-related
differences in the effects of common components of
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our diet like fat and sugar, we have a better chance
of improving health in advanced age.

In youth: fat and sugar contribute to hallmarks of
aging and accelerate aging

The consumption of high fat diets (HFD) can reca-
pitulate mitochondrial dysfunction and inflammation
in young rodents (2—6 months old) [19-23], suggest-
ing that these diets can promote hallmarks of aging in
healthy, younger environment. A key consequence of
HFD is the induction of obesity, which is a major risk
factor for age-related disease and an important link
between the effects of HFD and hallmarks of aging.
Obesity is a complex disease that is influenced by
factors including family history of obesity, lifestyle,
that increases the risk for T2DM, CVD, and a vari-
ety of chronic diseases. Despite its complexity, obe-
sity can be easily induced experimentally in rodents
by increasing fat content in the diet, where 45-60%
of energy is derived from fat (HFD-45 or HFD-60,
respectively) compared to standard chow that usually
contains <5% [24]. Application of this diet strategy to
induce obesity in young animals resulted in reduced
mitochondrial respiration in the aorta [19], altered
mitochondrial morphology in neuronal synapses [20],
reduced mitochondrial density in the myocardium
[21], and reduced activity and expression of mito-
chondrial enzymes in liver [22], myocardium [21],
and skeletal muscle [25]. However, a study that dif-
ferentiated the effects of caloric excess and fat con-
tent found that the excess calories from both HFD-60
and high-calorie-low-fat diet led to cardiac hypertro-
phy, increased malondialdehyde (oxidative stress),
and reduced activity of mitochondrial complexes in
the myocardium; whereas feeding fat without caloric
excess did not result in any of the mentioned out-
comes [26]. The composition of fat also plays a sig-
nificant role in the obesogenic effect of HFD. The
most used HFD diets contain lard fat that is made up
of saturated long-chain triglycerides. A diet modified
to have equal fat composition as HFD-45 but with
most of the fat replaced by medium-chain triglycer-
ides (HF-MCT) did not increase body weight or intra-
hepatic lipid compared to HFD-45. The HF-MCT
increased the liver’s and adipose tissue’s ability to
oxidize fat by increasing thermogenic expression for
genes encoding carnitine palmitoyl acyl transferase-1

(CPT1) and peroxisome proliferator-activated recep-
tor alpha coactivator 1-alpha (PGC-la) in 13-week-
old mice [22]. These studies support the hypothesis
that obesity is a critical link for HFD to impair mito-
chondrial function.

High sugar diets (HSD) are less commonly used
as a tool to induce mitochondrial dysfunction and
oxidative stress, but sugar’s effect on tissue function
should not be overlooked. Unlike HFD, the disrup-
tions of tissue function by sugar do not always require
a significant expansion of fat mass. For instance, the
acute hyperglycemia that occurs after consuming
600 ml of a sweetened beverage resulted in detect-
able decreases in microvascular and macrovascular
endothelial function in healthy 30-year-old men. To
explore mechanisms, young rats were injected with
glucose to induce acute hyperglycemia, which led to
increased aortic reactive oxygen species (ROS) pro-
duction, decreased bioavailability of nitric oxide, and
a reduction in microvascular blood flow. Endothelial
function was preserved in rats that were also treated
with antioxidant n-acetylcysteine, suggesting the role
of sugar-induced redox stress in promoting endothe-
lial dysfunction [27]. Sugar intake, in the form of
fructose, can also induce mitochondrial changes in
the brain without inducing significant body weight
gain or adiposity. As early as 2 weeks into consuming
a diet where 30% of calories came from fructose, a
reduction in citrate synthase and cytochrome oxidase
was seen in the brains of young adult rats [28]. After
12 weeks of drinking water with 10%g/vol fructose,
there was a sharp decrease in antioxidant enzyme
activities of superoxide-dismutase 1 (SOD1) and cat-
alase in the cortex and striatum that was associated
with increased behavioral hyperactivity in 9-month-
old mice [29].

Like HFD, HSD can also be obesogenic and
induce mitochondrial dysfunction and oxidative
stress. Consuming 30%g/vol fructose in drinking
water for 5.5 months led to a 20% increase in body
mass as a result of intra-abdominal fat expansion
compared to chow-fed young rats [30]. Consuming
30%g/vol sucrose in drinking water also increased
hydrogen peroxide generation and lipid peroxida-
tion in the kidney [31]. Another study comparing the
effects HFD and HSD (both 30%g/g or g/vol) found
that despite both diets inducing similar weight gain
(12%) and similar levels of hepatic fat content after
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8—12 months, only HSD-induced hyperleptinemia and
hyperinsulinemia in addition to increased lipogenic
gene expression like sterol regulatory element-bind-
ing transcription factor 1 (SREBP1) and peroxisome
proliferator-activated receptors gamma (PPARM)
increased nitrosylation of mitochondrial proteins, and
increased expression proteins involved in mitochon-
drial fission like dynamin-related protein 1 relative to
fusion protein mitofusin [32]. Another study compar-
ing multiple diets given for 10 weeks to 6-week-old
mice, found that fructose (30% g/vol) and, to a lesser
extent glucose, decreased mitochondrial density and
affected mitochondrial fusion and fission in the liver,
when HFD-60 alone did not. Mice fed glucose and
fructose were 30% heavier than controls, while the
mice fed the HFD were 40-60% heavier [33]. Thus,
there is a differential effect of HFD and HSD in
inducing mitochondrial dysfunction in young rodents.

Inflammation is prominent in aging and leads to
“altered cellular communication” that plays a role
in enhanced activation of proinflammatory path-
ways, atherosclerosis, and decline in immune sys-
tem response with aging. Both HFD and HSD can
induce inflammation in a variety of tissues of young
rodents, and similar to effects on mitochondria, the
effects of HFD are linked to the development of obe-
sity whereas the effects of HSD are not always associ-
ated with changes in body weight. Sixteen-week-old
male mice were given either a HFD (45%kcal from
fat), HSD (32%kcal from sucrose), or HFHSD for
15 weeks [34]. All diets increased body weight and
heart mass to the same extent. All diets also increased
gene expression of fibrosis and inflammation in heart
tissue (IL1- B and TNF «). The effect of diet was
absent in mice lacking the gene for NLRP3-inflam-
masome, suggesting that NLRP3-inflammasome
inhibition may be protective against metabolic per-
turbations induced by both HFD and HSD. Besides
the heart, HFD can induce inflammation in the lungs
of very young and adult mice [35], and HFD can
induce changes in the gut microbiome that are associ-
ated with changes in body weight and inflammation
of colon and liver [36]. Because HFD is intended to
induce obesity in most studies, it is difficult to dif-
ferentiate the effects of fat from the effects of obesity
on inflammation. However, HFD has been shown to
reduce inflammation in brains of mice with acceler-
ated aging and in livers of mice with complex III defi-
ciency without inducing weight gain [13, 37].
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HSD from sugar sweetened beverages (SSB) can
also induce systemic and adipose inflammation. Mice
that drank Coca-Cola for 13 weeks were 10% heav-
ier than controls, and also had 37% more circulating
MCP-1, and 30% greater HOMA-1R [38]. When SSB
were combined with HFD, SSB exacerbated inflam-
matory markers suggesting an interaction between
fat and sugar. In the brain, sucrose and fructose water
can induce neuroinflammation and promote increases
in genes associated with AD like amyloid beta even
in the absence of major changes in adiposity or body
weight [28, 39]. Thus, HFD and HSD can induce
inflammation in young animals, and while HFD tends
to be obesogenic, the HSD can promote inflammation
in the absence of major weight gain.

Provided that fat and sugar promote mitochondrial
dysfunction and inflammation, we looked for recent
studies where HFD or HSD were given to rodents
for longer than 12 months to determine if the rate of
aging and development of age-related disease accel-
erated. Unfortunately, we were unable to find recent
studies using chronic interventions of HSD. On
the other hand, HFD was fed to rodents long term
(16-21 months) to induce long-term obesity and bet-
ter mimic age-related disease such as non-alcoholic
steatohepatitis (NASH) [40], chronic kidney disease
[23], and sarcopenia [23, 41]. Altogether, chronic
consumption of HFD can accelerate the develop-
ment of age-related tissue pathology when it is used
to promote obesity, and similar studies should test the
effects of chronic HSD consumption.

We described studies showing that HFD and HSD
induce mitochondrial dysfunction and inflamma-
tion in young rodents. However, it is important to
clarify the limitations in translating these findings to
humans, as metabolic disease is also influenced by a
variety of factors including physical inactivity, alco-
hol consumption, lack of sleep, socioeconomic sta-
tus, and food selection in humans [42]. These factors
can be controlled in rodent studies, but the diets used
(i.e. HFD-60) are meant to rapidly induce obesity and
metabolic stress by exceeding the fat content nor-
mally consumed by laboratory rodents (5%) and thus,
do not fully translate to what is consumed by humans
(~30-45%) [24]. Human diets are typically more
mixed, and thus there may be an interactive effect
between fats and sugars, or even a tertiary dietary
component that may not appear in these controlled
rodent studies dedicated to either sugar or fat. Studies
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using HF in conjunction with HS show more meta-
bolic defects than HF or HS alone [34]. Rodent stud-
ies on sugar consumption are less consistent in the
strategy used to add sugar, with some replacing com-
plex carbohydrates for sugar in the diet, others replac-
ing drinking water with sugar water, and some using
different sweeteners (fructose vs. glucose). However,
the use of sucrose, high fructose corn syrup, or com-
mercially available SSBs increase the translation
potential of these studies, as these are the same added
sugars that make up a variety of processed foods in
the human diet.

In the context of aging: effects of fat

The likelihood of getting a disease like CVD, T2DM,
or AD increases with the number of risk factors pre-
sent in addition to aging, such as genetics, the envi-
ronment, and diet. In the laboratory where risks-fac-
tors can be better controlled, HFD has been used as a
“third hit” by inducing obesity in aged animals when
a stressor is insufficient to recapitulate the patho-
physiology seen clinically. To find a model for heart
failure with preserved ejection fraction (HFpEF),
18-22-month-old female mice were given a HFD-60
for 12 weeks to induce obesity and treated with angi-
otensin II (ANGII). Without ANGII treatment, HFD
caused enlargement of the left ventricle and increased
the aortic pressure gradient. However, it did not lead
to fibrosis, a reduction in capillary density, nor gene
expression of hypertrophy and fibrotic genes until
animals were also treated with ANGII [43]. Another
study using 16-month-old rats, found that providing
HFD-45 for 6 months led to increased body weight
and mild cardiac hypertrophy without changes in
diastolic or systolic function in normotensive rats.
However, the effect of HFD-45 exacerbated car-
diac pathology in hypertensive rats, with detectable
increase in left ventricular mass, decrease in ejection
fraction, as well as a sharp increase in atrial expres-
sion of inflammatory and hypertrophic genes [44].
In addition to cardiovascular pathology, HFD can
also promote retinal pathology to mimic age-related
macular degeneration (AMD), the leading cause of
blindness in the elderly. Young (7-month-old) and old
(20-month-old) transgenic mice expressing either the
AMD-associated variant or the full CFH variant (nor-
mal) were provided with a HFD +cholesterol diet,
and only old mice with the AMD-associated variant

exhibited decreased visual function and retinal pig-
ment epithelium stress [45]. These studies show that
HFD-induced obesity can act as a metabolic stressor
in aged animals but may require additional stressors
to lead to clinically relevant disease models.

The sensitivity to insults in old age by obesogenic-
HFD can be attributed to low grade chronic inflam-
mation that progresses with aging. For instance,
fibrosis of the kidney was exacerbated in old rats after
only 15 days of consuming HFD-60 [46]. Young rats
did not show any evidence of fibrosis or any changes
in the proteins involved in mitochondrial respira-
tion, inflammation, or lipid metabolism with HFD,
whereas old rats, which started with elevated inflam-
mation to begin with, had the highest protein levels
of p-p65, COX-2, and iNOS, and the lowest content
of lipid oxidation proteins like CPTla. This find-
ing highlights a vulnerability to metabolic insults
by HFD that is specific to the aged kidney. Another
study using a short-term diet intervention found that
3 days of HFD-60 led to 4% increase in body weight
in 24-month-old rats and 2% increase in body weight
in young 3-month-old. It also led to cognitive defi-
cits in old but not young rats, specifically contextual
memory and cued-fear memory. HFD only increased
interleukin 1 beta (IL18) expression in the hippocam-
pus and amygdala of old but not younger rats [47],
which suggests that the old brain is particularly sus-
ceptible to inflammation by HFD that is associated
with impaired memory. Similar findings were found
by a different group, where only old rats (23 months)
exhibited increased inflammatory markers like CD68
in the hippocampus and hypothalamus after 12 weeks
of HFD-60 compared to a middle-aged (13 months)
and young group (3 months) and were also the only
group with a significant gain in body weight with
HFD [48]. Behaviorally, the HFD increased the num-
ber of errors in a Barnes maze probe trial in the old
and middle-aged rats but not young, indicating an
HFD-dependent decline in spatial learning and mem-
ory that was unique to aged groups. Similar suscepti-
bilities of old rodents to HFD have been shown in the
vasculature. To determine if hyperlipidemia would
increase the susceptibility of aged mice to atheroscle-
rosis compared to young mice, 2-3-month-old and
18—-19-month-old C57/BL6 mice were given AAV-
Pcsk9 injection to degrade lipoprotein lipase recep-
tor and induce hypercholesterolemia in addition to a
HFD-45 for 10 weeks [19]. Both young and old mice
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developed similar degrees of weight gain, fat mass,
hypercholesterolemia, and circulating monocytes.
However, only aged mice showed an amplified ath-
erosclerotic response with larger and more necrotic
arterial lesions and impaired aortic mitochondrial
function. The authors showed that the elevation of
IL-6 seen with aging, primed the vasculature to ath-
erosclerosis when presented with a hypercholester-
olemic insult. Thus, the progression of inflammation
with age predisposes old animals to metabolic insults
by an obesogenic HFD.

Despite old age amplifying the stress induced by
HFD-induced obesity, fat consumption may promote
some beneficial effects in context of aging in both
animals and humans. These studies often modify
the timing, fat source, or composition of diet that
reduces their obesogenic effect. One study used self-
foraging of sunflower seeds to increase fat intake
in 16 month-old mice for 9 weeks, which led to a
smaller increase in body weight (24%) compared to
commonly used HFD-60 (40-60%) [49]. Old-HFD
mice showed improvements in locomotory muscle
function, specifically soleus and extensor digitorium
longus, evidenced by increased muscle mass, cross-
sectional area, and power output. Another study
tested the effects of ad libitum HFD-75 versus con-
suming it every other week starting at 12 months
old until death. Feeding a cyclic-HFD-75 prevented
obesity and tended to reduce mid-life mortality
compared to CHOW. The opposite was true in mice
fed HF-75 ad libitum who lived shorter lives [50].
The timing of HFD to prevent obesity has also been
tested in old humans. In a cross-over design, older
adults (55-75 years old) were given fat-based break-
fasts (45%kcal from fat, 35% from carbohydrate) or
carbohydrate-based breakfast (20%kcal from fat, and
60%Xkcal from carbohydrate) for 4 weeks. This led to
an increase in total fat consumption of only 10% in
the fat-based breakfast group compared to carbohy-
drate-based breakfast group and did not increase body
weight nor plasma cholesterol. However, eating a
fat-based breakfast was enough to lower 24-h respira-
tory quotient (RQ) and reduce c-reactive protein that
is indicative of increased whole body fat oxidation
and lower inflammation, respectively [S1]. In obesity
and in conditions of insulin resistance, the rates of
far oxidation by skeletal muscle decrease [52], there-
fore, increasing fat oxidation throughout the day may
be beneficial for overweight and obese older adults
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to prevent further weight gain. Recommending fat
consumption to older, overweight or obese individu-
als sounds counterintuitive, but it has been shown in
a 5-year longitudinal randomized control trial that
included over 4000 women and 3000 men who were
obese and overweight that Mediterranean diets rich
in healthy fats (olive oil and nuts) (~40% kcal from
fat) do not increase body weight throughout a 5-year
period and in fact promote better weight maintenance
than the group consuming a control diet (<30% kcal
from fat) and could thus be beneficial in reducing risk
for cardiovascular events in people over 65 [53].
Ketogenic diets (KD) sit in a different realm
than the commonly used high fat diets; neverthe-
less, it is relevant to discuss them as these diets
have the highest fat composition tested, with>60%
of calories deriving from fat and almost no calories
from carbohydrate to induce ketosis (a rise in blood
ketones). Unlike HFD, KD is not given with the pur-
pose to induce obesity. To prevent obesity, KDs can
be given in a cyclic manner (every other week) [50],
or by controlling the calories consumed in order to
see benefits from fat intake. It was demonstrated by
Newman et al. that mice fed ad libitum KD-85 had
increased rates of mortality, but mice fed a cyclic-KD
had reduced mid-life mortality and did not develop
obesity seen in ad libitum feeders, suggesting that
fat intake can be beneficial when it does not promote
obesity. Studies testing the effects of KD in older peo-
ple tend to report benefits, particularly in the aging
brain and in neurological disease [9, 54, 55]. For
instance, Parkinson’s patients aged 60+7 years old
demonstrated greater improvements in non-motor
symptoms (MDS-UPDRS scores) after consuming a
KD for 8 weeks compared to those consuming a low-
fat-high-carbohydrate diet, despite both groups hav-
ing similar reductions in body weight, plasma triglyc-
erides, and HbA1C [56]. A recent study also showed
that a ketogenic formula made up of medium chain
triglycerides for 12 weeks had positive effects on
working memory, short-term memory, and process-
ing in 20 older Japanese adults (73.4 +6.0 years old)
with mild to moderate AD, although results should
be interpreted with caution as there was no placebo
group [57]. A pilot trial found that KD intervention
of 3 months in participants with AD (age 73.1+9.0)
improved cognition scores without increasing body
weight, blood lipid profile, or impairing metabolic
status (HOMAIR, blood glucose/insulin). After a
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1-month wash-out period, cognition scores returned
to baseline suggesting that the improvements may
have been due to the KD diet itself, but a larger study
is needed to confirm their findings [10]. Findings are
consistent with animal studies using isocaloric KD
or cyclic-KD that show improvements in cognition
without weight gain [50, 58]. KD is also contraindi-
cated in a variety of conditions that are common with
aging, such as cardiac arrhythmias, frailty, heart fail-
ure, recent stroke or myocardial infarction, liver fail-
ure, and kidney disease. In fact, 16 weeks of KD con-
sumption promoted cardiac pathology in young rats
by impairing mitochondria and promoting cardiac
fibrosis as a direct result from the elevation of ketone
beta-hydroxybutyrate [59]. The evidence supporting
these contraindications has been recently reviewed by
Watanabe et al., and suggests that there is a no defini-
tive conclusion as to the harm of KD in the presence
of these conditions, but providing KD to fragile popu-
lation should be approached with caution [60], and
further research is needed to determine KD’s benefits
in vulnerable populations like seniors.

In the context of aging: effects of sugar

The benefits of fat cannot be purely attributed to
increasing fat intake as there is usually a concomi-
tant decrease in carbohydrate intake. For instance, a
carbohydrate-based breakfast led to increased RQ that
was positively correlated with higher fasting glucose
and insulin, and reduced insulin sensitivity [51]. The
authors suggested that a carbohydrate-based break-
fast may lead to greater metabolic perturbations than
a fat-based breakfast in older adults. On the other
hand, consuming a low-fat-high-carbohydrate diet
still improved MDS-UPDRS scores in older individu-
als with Parkinson’s Disease, though less so than KD
[56]. To clarify, carbohydrates are the primary source
of energy for the human body, and starches and whole
grains are considered to be part of a healthy diet.
However, there is growing evidence that added sugars
(sucrose and high-fructose-corn-syrup) contribute to
disease and may exacerbate age-related disease.
Compared to the published work on HFD, there
are very few experimental studies that have tested
the effects of sugar in the context of aging, although
empirical evidence suggests that sugar intake is
implicated in increased risk of age-related diseases.
A report from Centers for Disease Control and

Prevention provided strong evidence that added sugar
consumption increased the risk of CVD-mortality in
the US population, and that 71% of the population
exceeded the recommended intake [2]. The hazard
ratio was 1.83 and 1.67 for people over and under
60, respectively. A recent study also found that SSB
consumption increased the risk for congestive heart
failure in African Americans independent of risk
factors like age or BMI [61]. An opposite associa-
tion was found between sugar intake and CVD risk
in older adults living in Hong Kong, where there was
a lower risk for CVD with increased sugar consump-
tion; though the average sugar intake for this popu-
lation was 3%, and only 6% for the highest quintile
with the lowest risk of CVD, suggesting the cau-
tion that a diet too low in sugar (less than 3% calo-
ries from sugar) may also be unfavorable in old age
[62]. Empirical evidence also shows that blood pres-
sure is associated with sugar consumption in women
between 65 and 80 years old after adjusting for BMI.
It was concluded that reducing sugar intake by 2.3 tsp
would result in a drop in systolic and diastolic blood
pressure of 8.4 mmHg and 3.7 mmHg, respectively
[63]. Also in women > 60 years old who participated
in the Nurse’s Health Study an increase of 1 serving/
day of SSB were 1.3 times more likely to have frailty
(fatigue, poor strength, reduced aerobic capacity, hav-
ing several chronic illnesses, and significant weight
loss during the previous year) after adjusting for BMI
[64]. Finally, it has been hypothesized that fructose
metabolism plays a causative role in the development
of AD by decreasing mitochondrial function and cer-
ebral energy levels [3]. A recent study also found that
simple sugars did not increase inflammatory markers
in plasma or adipose tissue of 65-year-old adults after
4.5 weeks compared to refined and unrefined carbo-
hydrates, suggesting that the effects of sugar on health
may not be solely dependent on inflammation [65].
Based on what we know about fat and sugar con-
sumption during youth and fat consumption dur-
ing old age, we can make some hypotheses as to
sugar’s effect in the context of aging. Sugar and fat
induced mitochondrial dysfunction and inflammation
in young animals, but the effects of fat were associ-
ated with obesity whereas the effects of sugar were
not. Obesogenic fat diets can exacerbate inflamma-
tion and increase the risk for disease in advanced
age, but non-obesogenic fat can also decrease risk
for age-related disease when it does not cause weight
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gain. Non-obesogenic fat consumption can promote
the expression of genes required to oxidize fat result-
ing in mitochondrial biogenesis, thermogenesis, and
increased fatty acid oxidation enzymes like CPT1. So,
having the ability to oxidize fatty acids while prevent-
ing excess weight gain would reduce stress on other
organs like liver, adipose tissue, and skeletal muscle
and thus prevent the inflammation commonly seen
in obesity. Unlike fat, sugar does not promote fatty
acid oxidation and instead enhances de novo lipo-
genesis by activating SREBP, carbohydrate response
element binding protein (ChREBP) in the liver, and
acetate production by microbiota in the gut [66]. In
addition, sugar promotes inflammation by damaging
the intestinal barrier [67] and contributes to increases
in post-translational modifications of proteins such as
O-GlcNAcylation that increase cytokine production
[68] and advanced-glycated-end products (AGEs)
that contribute to inflammation, suppress sirtuins, and
promote oxidative stress [69]. Since aged individuals
already have higher levels of inflammation, AGEs,
and mitochondrial dysfunction, and sugar does not
appear to improve but only worsen these factors, it is
reasonable to hypothesize that excess sugar could be
particularly detrimental in the context of aging inde-
pendent of obesity.

Conclusion

The rise in fat and sugar consumption has undoubt-
edly contributed to the rise in non-communicable dis-
ease and mortality in recent years. However, dietary
guideline recommendations for adults as young as
18 years old and older individuals are almost identical
[7]. Only 8% of published literature on dietary poli-
cies and programs in the United States has focused
on older adults (>65 years) [70]. While healthy
behaviors such as physical activity and eating a bal-
anced nutritious diet are recognized to benefit all age
groups, the focus of fat and sugar continue to influ-
ence food guidelines, marketing, and food choices
today [71]. A recent review of dietary guidelines
worldwide found that most graphics from 78 coun-
tries conveyed the restriction of sugar and fats/oils
[72]. Thus, we focused this review on summarizing
some of the recent evidence on the influence of fat
and sugar in hallmarks of aging.
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Experimental studies have been able to show that
old rodents can be more susceptible to mitochondrial
dysfunction and inflammation with HFD-induced
obesity, partly due to low grade chronic inflammation
in advanced age. However, most evidence comes from
studies on obesity, which is recognized to be a meta-
bolic condition also influenced by a variety of factors
(i.e. lower physical activity) and may not be a direct
result of solely fat consumption. In fact, HFD can
also be controlled or modified, such as in a cyclic diet
or high intake of healthy fats so it does not promote
obesity and is potentially beneficial in the context of
aging, especially to the aging brain, although more
research is needed to determine their safety in older
populations. Nevertheless, the trends on fat consump-
tion have gone to extremes (low to very high fat), and
more research is necessary to (1) assess whether rea-
sonable, sustainable levels of fat consumption may be
particularly beneficial to the older population given
the benefits seen with HFD, and (2) how the call for
fat restriction could be especially harmful in older
age.

On the other hand, added sugar does not appear
to be beneficial in youth or in old age as it induces
mitochondrial dysfunction and inflammation, even in
the absence of weight gain. Sugar consumption does
not reliably induce weight gain in humans or mice,
which may be a reason why it is less often used as a
metabolic stressor like HFD in experimental studies.
There is a significant gap in the literature regarding
the effects of sugar in old age, despite epidemiologi-
cal evidence of sugar accelerating the development of
conditions associated with aging (e.g. frailty, CVD).
Future research should focus on the effects of high
sugar intake in older humans and rodents compared
to younger counterparts, and determine whether the
aged population is more susceptible to mortality and
morbidity by this ubiquitous food additive.
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