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Introduction
The study of nutrition uses research approaches that run the gamut from in vitro 
systems through experimental animal models, to experimental and population-based 
studies in humans.  All approaches contribute to our knowledge of the impact of diet 
and nutrients on an organism.  Over half a century of intensive testing of diet and 
dietary constituents in animal models has greatly advanced our knowledge of nutrition; 1 

however, to date, organizations and institutions that develop guidelines and policies 
related to nutrition and health rely on human data and the potential insights from 
experimental animal data remain largely untapped.   

Animal-model studies are an integral component of nutrition research that allow 
investigators to address questions that cannot be studied directly in humans. There 
are limitations in what we can test in humans that are dictated in part by ethical, 
logistic, and economic considerations.2 Experimental studies in animals enhance 
our understanding of physiologic and pathologic processes and provide important 
mechanistic insights into causality.  Nonetheless, questions remain as to how best to 
translate the findings from preclinical research in ways that can contribute to improved 
recommendations for human health.  The field of oncology has been grappling with 
similar challenges in relation to translating data generated using pre-clinical tools 
(cell-line and animal models) to therapeutic modalities in humans.  For oncologists, 
some of these challenges are inherent in the complexity of cancer as a disease, but as 
Begley and Ellis3 point out, they also stem from more universal concerns such as the 
quality of published preclinical data, reproducibility, relevance of exposure and dose, 
blinding and use of relevant controls, and publication bias.  We also face these concerns 
in nutrition research.  

Designing and conducting systematic reviews that include a formal critical appraisal 
of animal studies may maximize the utility of preclinical studies and their application 
to identifying the highest levels of collective evidence in support of clinical practice 
and public policy.  In the Spring 2014 issue of the The Digest, Obbagy et al4 outlined 
the USDA Nutrition Evidence Library (NEL) methodologies for conducting systematic 
reviews.  Here, we discuss the need for systematic review and meta-analyses of animal 
studies and approaches for integrating dietary and nutrition data across research 
platforms.
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Systematic Reviews and Meta-
Analyses of Studies in Animal Models
There is a need for conducting 
systematic reviews and, where 
appropriate, meta-analyses of animal 
studies of nutrition.  In the past, 
a habitual approach to reviewing 
mechanistic studies in animals has 
been the use of narrative reviews that 
describe a series of studies selected 
in support of a hypothesis, where the 
focus is often on a subset of studies in 
an area chosen based on availability of 
publications or author selection. Bias 
is often associated with this approach 
and has the potential to undermine 
the credibility and value of mechanistic 
data in its capacity to allow for drawing 
causal inferences.5   

Methods for conducting systematic 
reviews and meta-analyses of 
intervention trials and observational 
studies in humans are well-developed 
and routinely used to summarize 
bodies of research.  The Cochrane 
Reviews6 is an example of systematic 
reviews of primary research that 
investigate the effects of interventions 
for prevention, treatment, and 
rehabilitation.  Although the reviews 
focus on a broad range of topics related 
to human health care and policy, 
they also have addressed an array 
of nutrition and diet interventions; 
205 of 8616 records in the Cochrane 
Library appear when the key word 
“diet” is searched.6  Application of 
systematic reviews and meta-analyses 
to observational studies has been a 
long-term undertaking of the American 
Institute for Cancer Research (AICR)/ 
World Cancer Research Fund (WCRF). 

They published the Food, Nutrition, 
Physical Activity and the Prevention 
of Cancer: a Global Perspective and, 
along with the Continuous Update 
Project,7 continue to provide updates 
of the observational studies on diet 
and physical activity and cancer, 
predominantly in prospective cohorts. 

The rationale for systematic reviews 
of animal studies was outlined in a 
commentary over a decade ago in 
relation to therapeutic drug testing.8  
Since then there has been an on-
going attempt to encourage the use 
of systematic reviews of preclinical 
research, particularly animal studies, 
and to extend systematic-review 
methodologies to cover these types 
of studies.  A primary reason for this 
effort is to address the challenge of 
translating animal data to the human 
situation, particularly as it relates to 
health care, and the premise that 
systematic reviews may help mitigate 
the challenges.  Several factors 
have been identified as hampering 
this translation, including use of 
different animal models with varying 
comparability to humans, small 
sample sizes with inadequate power, 
limited attention to external validity, 
insufficient reporting of details of the 
study, and publication bias.5  

Systematic reviews and meta-analyses 
of animal studies are only as good as 
the original studies on which they are 
based.  Review of systematic reviews to 
date suggests that currently the internal 
validity of systematic reviews needs to 
be improved and the risk of bias needs 
to be better assessed.9  These findings 

suggest that one danger is that the 
outcomes of both the individual studies 
and the subsequent systematic reviews 
of these studies are biased.  Published 
primary research may not meet basic 
requirements to be worthy of inclusion 
in a review because the study is not 
appropriately powered, randomized, 
blinded, etc., or these aspects are not 
sufficiently documented in the paper.  
Therefore, Peters et al10 suggest that 
initiatives to improve the conduct and 
reporting of primary animal studies and 
systematic reviews of animal studies 
should go hand-in-hand since the 
quality of primary studies is critical to 
the quality of systematic reviews and 
meta-analyses.  For example, adoption 
of guidelines for reporting primary 
animal studies and consideration of the 
authors’ adherence to these on the part 
of editors of nutrition journals would 
move this in a positive direction. 

The methodology for conducting 
systematic reviews in animal studies 
is currently evolving. Although the 
methods used for conducting systematic 
reviews of randomized controlled 
trials in humans (e.g., The Cochrane 
Reviews) have been a useful starting 
point for reviewing experimental 
animal studies, differences between 
the two types of studies require further 
method adaptation and optimization to 
accommodate the latter. For example, 
the Systematic Review Centre for 
Laboratory animal Experimentation 
(SYRCLE) has developed a tool based on 
the Cochrane Collaboration RoB Tool (for 
assessing bias in randomized controlled 
trials) that assesses methodological 
quality and aspects of bias in animal 
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studies.11   Other more general 
guidelines have also been published 
(Table 1).10  

Several factors have been identified 
that particularly warrant attention 
in considering the strength of the 
animal model experiments, include 

randomization, blinding, and reporting 
bias. Random allocation of animals 
to experimental and control grooups 
and assessment of baseline differences 
between treatment groups are not 
routine practice and can result in 
baseline differences between groups.11  
Further, randomizing the housing 

conditions is also important given that 
differences in housing conditions (e.g., 
lighting, humidity, temperature, etc) 
can affect study outcomes. Animal 
model experiments with fairly objective 
outcomes, such as quantitative 
biochemical assays, likely have no 
or a low degree of observer bias; 
however, outcomes with a subjective 
component, such as histopathology, 
may suffer from considerable bias.  
Bello et al12 evaluated the impact 
of not blinding subjective outcome 
assessors on estimates of intervention 
effects in animal experiments modeling 
human clinical conditions. They 
found that, on average, odds ratios 
were exaggerated by 59% (80-18%) 
when based on nonblinded outcome 
assessors. Reporting bias in systematic 
reviews of animal studies is difficult to 
assess because protocols for animal 
studies are not reported in a central 
database and there is likely a strong 
bias toward publication of statistically 
significant data.  However, in a recent 
review of all systematic reviews and 
meta-analyses of experimental animal 
studies published 2005-2010, Korevaar 
et al13  determined that increasingly 
publication bias is being considered 
and assessed, suggesting a growing 
awareness of the issue.  

Meta-analyses offer the ability 
to explore consistency and 
generalizability of effects, and a 
framework for investigation of 
statistical, clinical and methodological 
heterogeneity among studies and 
possible publication bias.10  An issue 
particular to meta-analyses of animal 
studies is differences between animal 

Table 1 was adapted from Peters JL, Sutton AJ, Jones DR, Rushton L, Abrams KR. A systematic review of system-
atic reviews and meta-analyses of animal experiments with guidelines for reporting. Journal of Environmental 
Science and Health Part B. 2006;41:1245-58 and reprinted with permission from Taylor & Francis Ltd
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Table 1.  Proposed general guidelines for reporting of systematic reviews and 
meta-analyses of animal studies (from Peters et al10)
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species and strains.  New meta-analysis 
approaches are being developed that 
can be applied to heterogeneous 
studies, each conducted in a different 
environment, and with animals from 
different genetic backgrounds. An 
interesting example of the application of 
this to study gene-by-diet interactions 
was a recent study of 4,965 mice.14 
Combining 17 mouse studies, the 
investigators identified 26 significant 
loci involved in HDL cholesterol; 
several of the loci showed evidence 
of involvement in gene-by-diet 
interactions.14  These approaches may 
allow for more effective application of 
the genetic variation in animal models to 
address gene-by-diet interactions and 
allow for translation to humans.  

In general, the number of systematic 
reviews of animal studies has been 
increasing steadily; however, they 
are still considered to be relatively 
rare.5  Recently, systematic reviews of 
animal studies have been applied to 
topics related to nutrition.15, 16  Use of 
systematic reviews in animal studies of 
nutrition faces the challenges outlined 
above, but may be further complicated 
by the complexity of diet as an exposure.  
Nonetheless, this should not preclude 
applying the same degree of rigorous 
evaluation to reviews as is being applied 
to other systematic reviews.

Co-Clinical Approaches in Nutrition 
Research
As mentioned above, animal-model 
studies are an integral component 
of nutrition research that allows 
investigators to address questions 
that cannot be studied directly in 
humans.  Some experimental animal 

research is performed solely to study 
the physiologic and pathophysiologic 
response to diet in animals; however, to 
paraphrase Ioannidis,17 more frequently 
the goal is to gain knowledge 
and insights that are useful for 
understanding the human response to 
diet. In this regard, systematic reviews 
and meta-analyses of animal studies 
may help to improve clinical trial 
design, contribute to improving animal 
study design, and prevent unnecessary 
additional animal studies.18  Further, 
human studies, both observational and 
experimental, can inform and improve 
animal study design. 

Traditionally, a preclinical to clinical 
approach has been used in nutrition 

and health-related research, with in 
vitro or animal models providing the 
“proof-of-principal” experiments and 
human intervention studies following 
later.19  More recently, in some 
disciplines, a more unified cage-to-
bedside approach has been expanded 
further to try to maximize the efficacy 
of translational integration of animal 
and human trials. Achieving this has 
required a more rigorous concurrent 
alignment and synchronization of 
the clinical trial in humans with the 
preclinical study in the animal model 
and consideration to establishment 
of an appropriate infrastructure.20, 21 
Much of this effort has been in the area 
of therapeutic potential of novel drug 
targets in cancer treatment.  Parallel 
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Figure 1. Coordinated conduct of a) human and B) animal studies.  Leveraging the use of 

intermediate biomarkers in the animal studies with disease endpoints can help to inform 

approaches in short-term human interventions with intermediate measures and provide 

mechanistic support for diet-disease relationships.  
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testing of new therapeutic modalities in 
genetically-engineered mouse models 
and patients is being considered in 
attempts to streamline progression 
of therapeutic target validation and 
personalization of therapy for prostate 
cancer.22  As pointed out by Zhao and 
Nelson22  “The ultimate success of the 
co-clinical approach is dependent on 
the faithful reproduction of human 
cancer attributes in the model system.”  
Given species differences in response to 
diet, application of these approaches to 
nutrition research similarly requires the 
right animal model for predictions of 
what might occur in humans.1

Although co-clinical trial strategies 
may not lend themselves to all studies 
of nutrition in animals and humans, 
formalized co-clinical approaches 
afford the opportunity to couple hard 
clinical outcomes in animal models 
with intermediate or surrogate markers 
that can be monitored in both animals 
and humans. A better integrated 
comparison of biochemical and 
physiologic responses to specific diets in 
animals and humans (Figure 1) has the 
potential to accelerate the translation 
of promising preclinical findings and 
enhance the development of new 
strategies to prevent human disease.

Conclusion
Animal studies constitute an important 
source of scientific insight in the 
study of nutrition; however, better 
approaches to integrating these 
findings into our estimates of the 
strength of the evidence are needed.  
Systematic reviews and meta-analyses 
routinely used to summarize results 

from clinical and observational research 
have served the nutrition community 
well.  The strength of inferences from 
animal studies to the clinical context 
could also benefit from  the application 
of systematic review methods, attention 
to research methodologies that address 
both risk of bias and applicability to 
human health and, where possible, the 
formation of transdisciplinary teams 
conducting animal and human research 
in parallel. 
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