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Abstract Chow diet is used in the majority of
rodent studies and, although assumed to be standard-
ized for dietary source and nutritional contents, it var-
ies widely across commercial formulations. Similarly,
current approaches to study aging in rodents involve a
single-diet formulation across the lifespan and over-
look age-specific nutritional requirements, which may
have long-term effects on aging processes. Together,
these nutrition-based disparities represent major gaps
in geroscience research, affecting the interpretation
and reproducibility of the studies. This perspective
aims to raise awareness on the importance of rodent
diet formulation and proposes that geroscientists
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include detailed descriptions of all experimental diets
and feeding protocols. Detailed reporting of diets will
enhance rigor and reproducibility of aging rodent
studies and lead to more translational outcomes in
geroscience research.
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Introduction

Rodent models of aging are critical for advancing the
field of geroscience but biological heterogeneity has
long hampered the reproducibility of aging rodent
studies [1, 2]. It is known that diet has a major impact
on aging and that dietary intake of macronutrients
modulates the aging process [3, 4]. Furthermore, sub-
tle variations in dietary composition can have sub-
stantial effects leading to variable rodent phenotypes
that impact metabolism and aging-associated out-
comes [2—4]. Despite its importance, the role of diet
heterogeneity is particularly underappreciated when
interpreting results of aging studies. We propose that
enhancing awareness regarding the importance of diet
among geroscience investigators and requiring more
rigorous descriptions of diets in funding applications
and in peer-reviewed publications will improve repro-
ducibility in aging rodent studies. While acknowledg-
ing that the same principles apply to all animal mod-
els of aging, this review will be focused on rodent
models.
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There is no such thing as a “regular chow diet”

Most peer-reviewed publications using rodent mod-
els of aging include little, if any, description of the
diet used in the study design. Indeed, the majority
contain terms such as “food and water” or “chow.”
The assumption behind this lack of detail on the diet
is that all “standard” chow diets are the same. How-
ever, careful comparison of the nutritional values of
two commonly used diets such as LabDiet® 5K0G
and Teklad 2018 (Table 1, Supplemental Data)
reveals major differences between the two. For exam-
ple, gross energy (kcal/g) is 4.18 in LabDiet® SKO0G
versus 3.1 in Teklad 2018, while levels of vitamin
A and vitamin Dj; are, respectively, 4.44- and 117.3-
fold greater in the former compared to the latter. By
contrast, levels of vitamin E and iodine are, respec-
tively, 1.64- and 2.8-fold greater in Teklad 2018 com-
pared to LabDiet® 5K0G. Notably, nine dietary con-
stituents found in LabDiet® 5K0G are absent or not
reported in Teklad 2018 (taurine, arachidonic acid,
omega-3 fatty acids, carotene, cholesterol, sulfur, flu-
oride, cobalt, and chromium; Table 1), all of which
have known bioactive properties that may impact
metabolism. These differences may contribute to
diverse rodent metabolic phenotypes and aging out-
comes, lack of reproducibility, and erroneous conclu-
sions even in highly controlled experimental setups
involving genetically identical inbred rodents.

It has been long appreciated within the nutri-
tion field that standardization of rodent research
diets is critical for reproducibility of results across
all disciplines [5]. Nutritional guidelines can reduce
variability among rodent studies, and thus prevent
“wasted effort and money caused by failure to dupli-
cate research findings and faulty conclusions in nutri-
tional, toxicological, behavioral, and cancer studies”
[6]. While commercially produced chow diets have
consistently supported growth in rodent models, their
historically uncontrolled variability in minerals and
vitamins has sometimes resulted in nutritional inad-
equacies [5]. This prompted the American Institute of
Nutrition (AIN), now known as the American Society
of Nutrition (ASN), to develop formula rodent diets
in 1976, with clearly stated percentages and/or quan-
tities of ingredients that met established rodent nutri-
ent requirements at that time. This initial formulation
did provide a critical framework to develop standard-
ized diets for rodents but was not without challenges.
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In fact, the diet was designed to meet nutritional
needs for all rodents but was found to induce ectopic
calcification of the kidneys in female Sprague Dawley
rats [7].

The AIN diet was revised in 1993 with a focus
on weight gain over 3—4 months. The final adopted
formulation(s), named AIN-93, resulted in a 13%
weight increase in Swiss-Webster mice but not in
Sprague—-Dawley rats [8]. Of particular relevance to
this commentary and the field of geroscience is the
fact that these diets and their efficacy were designed
to maximize bodyweight during growth of relatively
young mice. Subsequent studies, which further exam-
ined the effects of micronutrient manipulation in
mice, were performed on mature mice but not specifi-
cally aged mice. For example, dietary copper require-
ments were determined in 20-week-old male mice fed
AIN-93 diets with variable levels of copper [9]. Thus,
our understanding of nutrient requirements remains
limited within the context of aging.

The current AIN-93 diet is assumed by many
to be a “regular” chow diet. However, AIN-93 is a
defined diet formulated from purified ingredients,
while “chow” generally comprise a variety of grain
or cereal-based diets, including soybean meal, corn,
fish meal, and animal byproducts in either openly
disclosed (open) or proprietary (closed) formula-
tions (Table 1). This lack of dietary information
poses issues when trying to reproduce and/or com-
pare results among rodent studies. In addition, batch
effects, which are impacted by factors including sea-
son-dependent nutritional quality of the crops, may
result in distinct compositions of the diets within and
across commercial manufacturers. In the absence of
a direct analysis of the ingredients for each batch of
diet, substantial variability in the formulation can be
inadvertently introduced over the course of an aging
rodent study. Diet variability can confound the results
of studies that compare phenotypes of interest at dif-
ferent points in the lifespan, thus, heavily impacting
the interpretation of research outcomes.

The different compositions of chow diets can
induce a shift in macronutrient ratios that can in turn
impact research results and create challenges in repro-
ducibility across studies. For example, the carbohy-
drate component is 63% (10% sucrose and approxi-
mately 53% cornstarch) in the AIN-93G formula,
while is 62% (cornstarch only) in the AIN-93 M for-
mula (5). Importantly, the AIN-93G is formulated for
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growth, pregnancy, and lactation, whereas the AIN-
93 M is formulated for maintenance. The Open For-
mula NIH-31 diet (62% carbohydrates from ground
corn and corn gluten meal), which is the standard
rodent reference diet for the National Institutes of
Health (NIH), is formulated for maintenance in addi-
tion to growth, reproduction, and lactation in rodents.
No diet has been developed for the specific purpose
of aging, yet every nutritional component in rodent
diets may have distinct biological effects that impact
aging processes.

Chow diet variability extends beyond that of abso-
lute macro- and micronutrient concentrations. In fact,
although autoclaving and irradiation are intended to
sterilize diets to meet animal barrier facility regula-
tions, heat treatment (heat, pressure, steam) condi-
tions are variable and directly affect nutrient bioavail-
ability [10]. For example, the autoclaving process is
known to alter the levels of heat-labile vitamins such
as vitamin K [11], and the bioavailability of soy pro-
tein [10]. As a way to circumvent this issue, the NIH-
31 Open Formula Autoclavable diet contains addi-
tional amounts of vitamins to compensate for losses
upon steam sterilization (Table 1).

What is the appropriate diet for aging rodent
studies?

In the absence of systematic long-term studies on the
dietary requirements of aging rodents, it has been
assumed that chow diets developed for the mainte-
nance of younger animals are also suitable for studies
on aging. However, the effects of such diets on aging
in mice remain unclear, largely because it is hard to
discern physiological changes associated with aging
(mitochondrial dysfunction, cellular senescence, and
neurodegeneration) from diet-induced effects.
Long-term studies, such as The Study of Longi-
tudinal Aging in Mice (SLAM), will ultimately pro-
vide unique insight into normative aging (1). Here,
8-week-old inbred C57BL/6 J and outbred UM-HET3
mice of both sexes were purchased from The Jackson
Laboratory (Bar Harbor, ME) and fed LabDiet SKOG
(22% protein, 16% fat, and 62% carbohydrates). Dur-
ing 1 month of acclimatization, mice were fed Envigo
2018SX (24% protein, 18% fat, and 58% carbohy-
drate) before being transitioned to the open source
NIH-31 formula (24% protein, 14% fat, and 62%

carbohydrate) (Envigo, Table 1) for the duration of
the study. In addition, fiber content varied between
4.2% in LabDiet® 5KO0G, 3.5% in 2018SX, and 4%
in NIH-31 (Table 1). Fiber content impacts gut micro-
biome function and host metabolism [12]. Although
it is likely that differences in fiber levels across diets
will impact aging processes [12], it is still unknown
whether these multiple modifications in macronutri-
ent ratios (and their source) during the first 3 months
of life will have an impact later in life. Regardless, we
commend the SLAM investigators for publishing data
on the diet manufacturers and formulations as well as
timelines for transition of diets, as these data will be
critical when comparing aging rodent studies that use
different diet formulations.

Caloric restriction

Caloric restriction (CR), through a reduction in total
diet intake, has been demonstrated to extend longev-
ity in rodents [13, 14]. In a unique rodent study com-
paring longevity between ad libitum fed and dietary-
restricted rats (31% less overall energy intake), Duffy
et al. reported that survival rates for the ad libitum fed
were lower than those of the dietary-restricted group,
consistent with findings from other studies [14, 15].
Both groups of rats were fed a purified AIN-93 M diet
(casein as source of protein) that had the same con-
tent of vitamins and mineral per gram of diet, such
that the calorie-restricted animals had a commensu-
rate reduction in micronutrient intake. The conse-
quences of inadequate vitamin and mineral intake in
dietary restricted rats were not analyzed in this work.
The authors then compared their results to a prior
rodent study in which rats were fed the cereal-based
NIH-31 Open Formula, either ad libitum or at 25% or
40% dietary restriction [14]. In contrast to the AIN-
93 M diet regimen which did not adjust for vitamins
and minerals, the rats fed the NIH-31 Open Formula
were fed a formulation that contained 1.67 X addi-
tional vitamin mix. While survival was no differ-
ent between the rats that were fed either diet ad libi-
tum, the rats fed the AIN-93 M diets at 31% dietary
restriction had lower survival compared to those fed
the NIH-31 formula at both 25% and 40% dietary
restrictions. Although there were no differences in
survival when compared to NIH-31-fed rats, ad libi-
tum consumption of AIN-93 M by Sprague Dawley
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Table 1 Comparison of the nutritional values of commonly used diets
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rats resulted in approximately a 10% increase in bod-

consumption of NIH-31 [16]. This study highlights
yweight at 96 weeks of age as compared to ad libitum

the importance of documenting the exact composition
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of diets when manipulating macronutrients to extend
longevity in murine models. Of note, despite the
importance of micronutrients (vitamins and miner-
als) in regulating metabolic processes and their likely
impact on aging outcomes, alterations in their levels
are generally not accounted for in CR rodent studies.
The team of LeCouteur and colleagues elegantly
leveraged rodent aging studies that have complete diet
information to demonstrate the importance of macro-
nutrient ratios [3, 17]. These studies reported that
female and male mice that were fed ad libitum with
higher protein and lower carbohydrate diets had the
greatest reproductive potential. In contrast, female and
male mice fed ad libitum with lower protein and higher
carbohydrate diets had longer lifespans, independent of
their caloric intake. Several conclusions can be drawn
from these studies. It is critical to better define and
report macronutrient ratios and compositional subtypes
(i.e., unsaturated versus saturated fats [18]) instead
of simply reporting the calories and their degree of
restriction in rodent studies. Perhaps more impor-
tantly, the fact that a protein-rich diet is beneficial dur-
ing reproduction but detrimental to aging indicates
that rodent diet formulations and their macronutrient
ratios should be adjusted over the lifespan instead of
being kept throughout, as in the current practice. Fur-
thermore, it has been shown that circadian alignment
impacts the effect of caloric restriction [19]. Therefore,
it is important to include details on the exact time of
feeding as related to the light cycle. Lastly, much more
research is needed to determine whether it would be
beneficial to adjust nutrient by age (age-specific diets).

Looking forward

In order to improve scientific rigor and reproducibil-
ity, the geroscience research community needs to bet-
ter define the composition of rodent diets used in aging
studies, preferably across the lifespan. We propose two
ways to enhance this awareness: (1) review process of
grant applications submitted to the National Institute of
Aging (NIA); and (2) review process of manuscripts
submitted to geroscience journals.

NIH provides clear guidance on how to address
rigor and reproducibility for all grant applications sub-
mitted, including a mandatory section entitled, ““Con-
sideration of relevant biological variables.” Currently,
biological variables are defined as sex, age, weight,

and underlying health conditions. We propose that the
NIA considers diet as an additional mandatory biologi-
cal variable. Applicants should be required to describe
the exact diet formulations and provide details of diet
modifications to be made within the study design. This
will raise awareness on the importance of rodent diet
formulation in research studies and improve the assess-
ment of rigor in prior research (20).

We propose that geroscience journals that publish
rodent studies require a detailed description of both
the control and experimental diets. When a diet com-
position is published for the first time in a journal,
complete information on all the components, includ-
ing any modifications to published diet compositions,
should be presented in a table. Nutrition journals,
such as Journal of Nutrition, have already imple-
mented this requirement and it is our opinion that
research progress in other fields would benefit from a
standardization in the reporting of this important yet
overlooked experimental variable.

In summary, detailed reporting of diets in aging
rodent studies will enhance reproducibility and lead to
more translational outcomes, thus improving the use
and relevance of animal models in geroscience research.
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