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Abstract

Establishing causality in nutritional science is difficult. Human diets are complex, and individuals vary substantially in how they respond to
dietary exposures. The nutrition literature mostly relies on observational studies, which are vulnerable to confounding and measurement
error. Twin-based randomized controlled trials (RCTs), especially the co-twin control design, offer a compelling methodological solution to
many of these challenges. This design enables researchers to distinguish genetic from environmental influences on health outcomes. The
present scoping review was conducted to systematically map twin RCTs in nutrition science, evaluate their methodological approaches, and
identify gaps and opportunities for future research. A comprehensive search across clinical trial registries and electronic databases yielded only
13 eligible studies, demonstrating that co-twin randomized dietary interventions remain rare relative to standard study designs using nontwins
or twins assigned to the same arm. The interventions used in these eligible RCTs could be classified into four groups: dietary pattern
interventions, nutrient- or supplement-based interventions, dietary component modification, and behavioral or multimodal interventions.
This limited number of studies may be explained by recruitment challenges and concerns about generalizability. Greater international
collaboration, standardized trial protocols, and integration of emerging technologies could expand the utility of twin designs in nutrition
science.
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Establishing causality in nutritional science is a challenge.
Complexity of human diet and behaviors, substantial inter-
individual variability in metabolic responses to dietary exposures,
and variations in foods and food products are just a few reasons for
this challenge (Vitolins & Case, 2020). Most nutrition literature
relies on observational studies, but these studies are not at the top
of the hierarchy of evidence. Cumulative biases, with extensive
residual confounding, unclear cause-and-effect relationships, and
measurement errors in dietary data, which are often self-reported
and imperfectly measured, are among their key limitations
(Ioannidis, 2018; Jacobs Jr., 2023). Randomized controlled trials
(RCTs) are considered the gold standard for causal inference in
clinical and public health research (Collins et al., 2020; Okeh &
Ugwu, 2009). However, their application in nutrition is often
limited due to high costs, logistical burdens, and ethical con-
straints. The effect sizes in nutrition RCTs are commonly modest.
Therefore, they frequently require large sample sizes to achieve
adequate statistical power, which complicates trial feasibility
(Jadad, 1998; Reeves et al., 2005; Stolberg et al., 2004).

Combinations of bioactive compounds in human diet, influ-
enced by cultural, behavioral, and environmental factors as part
of human variations, make nutritional research even more

complicated (Drewnowski & Kawachi, 2015; González, 2020). In
addition, causal interpretation in nutrition is often hindered by a
lack of formal training in causal inference, leading to overreliance
on correlational findings from large datasets (Chiolero, 2018).
Another obstacle in nutrition research is the heterogeneity in
individual responses to dietary interventions. For instance, data
from the POSITIVe network, a European research consortium
investigating plant bioactives, demonstrated up to a 37-fold
difference in metabolic responses to orange juice among parti-
cipants. These differences were explained by the variation in
absorption, digestion, and excretion pathways (Manach et al.,
2017). Also, the findings in the PREDICT 1 study, a cohort of
1002 twins and unrelated adults in the United Kingdom, showed
substantial interindividual variability in postprandial triglycer-
ide, glucose, and insulin responses following standardized meals
(Berry et al., 2020). Factors that may influence this variability
include sex, age, BMI, habitual diet, microbiome composition,
and genetic polymorphisms (de Roos et al., 2019; Favari et al.,
2024; Head & Buckley, 2020).

Twin studies are a potential methodological tool for addressing
these challenges. Monozygotic (MZ) twins are genetically identical,
while dizygotic (DZ) twins share, on average, 50% of their genes.
This characteristic provides the opportunity for researchers to
distinguish the genetic influences from environmental exposures
(Boomsma et al., 2002; Pallister et al., 2014; van Dongen et al., 2012).
Utilizing international twin registries such as the CODATwins
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Project has been a step toward conducting large-scale, diverse, and
longitudinal investigations into health outcomes and their deter-
minants in twin populations (Jelenkovic et al., 2016; Jelenkovic et al.,
2017; Silventoinen et al., 2015; Silventoinen et al., 2016). Among the
most valuable applications of the twin design is the co-twin control
method. In this design, one twin is randomized to an intervention
while the other serves as a genetically matched control. With this
approach, both measured and unmeasured confounding decrease,
and internal validity and statistical power increase even in small
samples (Martin et al., 1982; McAdams et al., 2021; McGue et al.,
2010; Plomin & Haworth, 2010).

Advantages of the twin study design in nutrition RCTs are
clear, and particularly beneficial for studies on genetic or early-
life environment. However, twin designs remain underutilized in
nutrition research (Craig et al., 2020). Existing twin studies
predominantly use observational designs or assign twin pairs to
the same group rather than using discordant co-twin interven-
tions (Sumathipala et al., 2018; Trepanowski & Ioannidis, 2018).
With the shift in nutrition science toward personalization and
precision, co-twin randomized trials can be an efficient design
to determine whether measured outcomes are caused by the
intervention itself or by biological differences (de Roos &
Brennan, 2017).

This systematic review aims to evaluate randomized controlled
trials using a co-twin design in nutrition science. In this review, we
will synthesize methodological approaches and study character-
istics of existing twin-based RCTs, with attention to their strengths,
challenges, and implications for future research designs in nutri-
tion science.

Methods

Study Design

This scoping review was conducted and reported in accordance
with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-ScR;
Tricco et al., 2018).

Eligibility Criteria

Studies were eligible for inclusion if they met all of the following
criteria: (1) the study employed a randomized controlled trial
design; (2) participants included twin pairs, with co-twins allo-
cated to different intervention arms (i.e., a co-twin control
design); (3) the intervention involved a dietary or nutritional
component, including whole-diet approaches, macronutrient
manipulation, or dietary supplementation; and (4) at least one
health-related outcome was reported. No restrictions were placed
on participant age, sex, zygosity, health status, or geographic
location. Studies were excluded if: (1) they did not use an
interventional design (e.g., observational, cross-sectional, or
cohort studies); (2) both twins within a pair were assigned to the
same treatment arm; (3) the intervention was not dietary or
nutritional in nature; (4) the study was published only as a
conference abstract without sufficient methodological detail; (5)
full-text was unavailable; (6) the study was conducted in animals;
(7) the study examined the effects of breastfeeding as the primary
dietary exposure; or (8) the study focused on the effects of
maternal diet on the birth outcomes of twins (i.e., the twins were
the offspring rather than the participants receiving the inter-
vention). There were no language or date restrictions applied.

Information Sources and Search Strategy

A systematic search was conducted on July 1, 2024, across four
electronic databases: PubMed (MEDLINE), CINAHL, Web of
Science, and Scopus. To ensure currency of the evidence, a search
update was conducted in March 2026 using the same search
strategies across all four databases. Search strategies were devel-
oped using a combination of controlled vocabulary terms and free-
text keywords related to two core concepts: twin study designs and
dietary interventions. The PubMed strategy combined MeSH
terms (Twins[Mesh]; Diet[Mesh]) with title and abstract keyword
searches (twin[tiab]; diet[tiab]). Analogous strategies were applied
in CINAHL using subject headings (MH Twinsþ; MHDietþ) and
title/abstract fields, and in Web of Science and Scopus using topic
and title-abstract-keyword fields respectively. Boolean operators
(AND, OR) were used to combine search terms across concepts.
Full search strings for all databases are provided in Supplementary
File 1. Reference lists of included studies were also hand-searched
to identify any additional eligible records not captured by the
database searches.

Study Selection

All records retrieved from the database searches were imported
into Covidence (Veritas Health Innovation,Melbourne, Australia),
a web-based systematic review management platform, where
duplicate records were automatically identified and removed.
Study selection proceeded in two stages. In the first stage, two
reviewers independently screened all titles and abstracts against the
eligibility criteria. In the second stage, full texts of potentially
eligible records were retrieved and independently assessed by the
same two reviewers. Disagreements at either stage were resolved
through discussion and consensus between the reviewers. Reasons
for exclusion at the full-text stage were recorded. The study
selection process is summarised in a PRISMA-ScR flow diagram
(Figure 1).

Data Extraction

Data were extracted from all included studies by two reviewers
independently using a prespecified data extraction form developed
a priori. The following data items were extracted from each
included study: study number; study name; year of publication;
study purpose; diets or dietary exposures compared; intervention
description; intervention duration; setting (e.g., free-living, clinical,
metabolic ward); study design; outcome measures; number of twin
pairs enrolled; zygosity (MZ, DZ, or both); recruitment source;
health status of participants; age group (child, 0–18 years; adult; or
older adult); participant age; study location; sex ratio (male:
female); race and ethnicities; exclusion criteria; outcomes reported;
study limitations; considerations specific to the use of a twin
design; future research directions noted by the authors; and any
additional notes. Any discrepancies in extracted data were resolved
by discussion between the two reviewers. A formal quality
assessment or risk of bias appraisal of included studies was not
performed, consistent with the scoping review methodology,
which aims to map the breadth of available evidence rather than
appraise its quality (Munn et al., 2018).

Data Synthesis

Given the heterogeneity of study designs, intervention types,
participant populations, and outcome measures across included
studies, a narrative synthesis approach was adopted. Findings were
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Figure 1. PRISMA diagram to illustrate the literature search process and the resulting number of reviewed articles.
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summarized descriptively and organized thematically according to
intervention type (e.g., whole-diet interventions, macronutrient
manipulation, dietary supplementation, behavioral interventions)
and primary outcome domain (e.g., cardiometabolic health, bone
mineral density, sensory perception, epigenetic aging, cognition).
Study characteristics were tabulated to facilitate comparison across
studies. No quantitative pooling or meta-analysis was conducted.

Results

A total of 5405 records were identified and imported for screening.
Following the removal of duplicates, 3475 studies were screened by
title and abstract. After excluding clearly irrelevant studies, 294
full-text articles were assessed for eligibility. The majority of full-
text exclusions were due to the intervention not being diet- or
nutrition-related, being conference abstracts, or not involving twin
participants. After full-text screening, an additional 38 studies were
excluded for reasons such as identical interventions administered
to both twins, observational design, or ineligible population
(Figure 1).

A total of 13 studies met the inclusion criteria for this scoping
review, published between 1987 and 2025. These studies were
conducted across various geographic locations, primarily the
United States and Australia, with two based in Europe. The
interventions varied in duration, from two study visits to longer
periods lasting up to three years. In terms of the type of inter-
vention, we can categorize them in four groups, including dietary
pattern interventions, nutrient/supplement-based interventions,
dietary component modification interventions, and behavioral or
multimodal interventions. A detailed overview of the included
studies, covering study design, intervention details, population
demographics, and outcome measures, is presented in Table 1.

Participant Characteristics and Recruitment

Participants’ characteristics and recruitment strategies varied
across the studies. Twin pairs were primarily recruited from
national twin registries, such as Twins Research Australia (TRA),
the TwinsUK Registry, and the Stanford Twin Registry (STR), as
well as through local advertisements, community outreach, uni-
versity records, and school-based initiatives. Healthy populations
were targeted, and most studies had explicit exclusion criteria to
screen out individuals with chronic conditions or factors that could
interfere with adherence to the intervention or protocol (e.g.,
recent antibiotic use, pregnancy, severe allergies, or metabolic
diseases).

Participants ranged in age from as young as 5 years to over 60.
Some studies focused on specific life stages such as premenarcheal
girls (Cameron et al., 2004) or older adults with low protein intake
(Ní Lochlainn et al., 2024). In most included studies, both sexes
were recruited, except for two, which focused exclusively on female
participants due to sex-specific research aims (Cameron et al.,
2004; Nowson et al., 1997) and one study that included only male
participants (Faith et al., 2006). Reporting of sex ratios and racial/
ethnic backgrounds varied across studies. Zygosity composition
also differed: seven studies enrolled only MZ twins, while six
included both MZ and DZ pairs. Sample sizes ranged from 3 to 70
twin pairs.

Interventions

The 13 included trials used four broad types of dietary interven-
tions. Dietary pattern interventions, defined as assignment to

distinct overall dietary patterns (e.g., vegan vs. omnivorous diets;
Carter et al., 2025; Dwaraka et al., 2024; Landry et al., 2023; Zeitlin
et al., 2025); nutrient- or supplement-based interventions,
involving the addition of specific nutrients or bioactive compounds
(e.g., calcium or botanical extracts; Cameron et al., 2004; Johnston
et al., 1992; Nowson et al., 1997, Perrinjaquet-Moccetti et al., 2008);
dietary component modification, in which a single dietary
component such as fat or sodium intake was systematically
altered while maintaining overall dietary structure (Costanzo et al.,
2019; Costanzo et al., 2018, Luft et al. 1987); and behavioral or
multimodal interventions, combining dietary components with
behavioral strategies or additional modalities such as exercise
(Faith et al., 2006, Ní Lochlainn et al., 2024).

The most recent studies in this review were dietary pattern
interventions that used randomized controlled trials to compare
vegan and omnivorous dietary patterns over 8 weeks. In the initial
phase, participants typically started with structured meal delivery
and then self-prepared meals. This approach supports dietary
adherence while also reflecting how these diets might realistically
be adopted in everyday life (Carter et al., 2025; Dwaraka et al., 2024;
Landry et al., 2023; Zeitlin et al., 2025). Dietary intake was assessed
using repeated 24-hour dietary recalls to evaluate adherence to
assigned dietary patterns (Landry et al., 2023; Zeitlin et al., 2025).
Outcomes in the primary analyses were primarily related to car-
diometabolic risk factors (Landry et al., 2023) and a subpaper
provided detailed information about dietary quality (Zeitlin et al.,
2025). Multiple subanalyses from this trial extended the primary
findings; for example, one integrated detailed biological profiling,
including metabolomic, cytokine, and gut microbiome analyses, to
examine potential mechanistic pathways linking dietary patterns
to metabolic regulation (Carter et al., 2025), while the other
focused on DNA methylation-based epigenetic aging markers to
evaluate changes in biological age following the dietary interven-
tion (Dwaraka et al., 2024).

Nutrient- and supplement-based interventions were another
major methodological category. These interventions typically used
placebo-controlled or dose-comparison designs. Calcium supple-
mentation trials used placebo-controlled co-twin designs over
extended durations ranging from 6 months to 3 years in the
pediatric population. These studies showed greater gains in bone
mineral density in supplemented twin compared with the placebo-
treated co-twin (Cameron et al., 2004; Johnston et al., 1992;
Nowson et al., 1997). Perrinjaquet-Moccetti et al. (2008) evaluated
the effects of two doses of olive leaf extract in MZ twins with
borderline hypertension using a dose-comparison design.

Another group of studies used dietary component modification
methods, such as controlled low-fat versus high-fat diets. These
studies were designed to maintain weight stability while assessing
molecular and sensory adaptations, including taste perception and
gene expression responses. Based on the results, dietary fat
modification influenced gene expression and taste sensitivity
independent of genetic background (Costanzo et al., 2019;
Costanzo et al., 2018). Another example is the sodium restriction
protocol implemented by Luft et al. (1987), in which dietary
sodium intake was reduced and subsequently reintroduced to
examine blood pressure responses within twin pairs. The co-twin
design showed that differences in blood pressure response to salt
were likely due to genetic differences, not just environmental
factors.

Behavioral and multimodal interventions represented a smaller
but distinct category of twin-based trials. One of these interven-
tions used reward systems to modify dietary behaviors, to
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Table 1. Summary of twin studies utilizing a co-twin randomized controlled trial design

Author, year Purpose Diets compared Intervention
Intervention
duration Setting Study design Measurements

Cameron
et al. (2004)

To test the hypothesis that
calcium supplementation
enhances bone accrual in
premenarcheal females.

Calcium
supplementation
vs. placebo

1200 mg calcium carbonate (Caltrate)
supplementation vs. placebo

24 months Australian Twin
Registry, Australia

Randomized,
single-blind,
placebo-
controlled trial

Areal bone mineral density, total body bone
mineral content, height, weight, dietary
calcium intake, physical activity

Carter et al.
(2025)

To evaluate the effects of
vegan versus omnivorous diets
on the microbiome,
metabolome, and immune
system in MZ twins.

Healthy vegan vs.
healthy
omnivorous diet

MZ twins randomized so that one twin
consumed a vegan diet and the co-twin
consumed an omnivorous diet; meals
provided during first 4 weeks and self-
prepared during last 4 weeks.

8 weeks Stanford Twin
Registry with clinic
visits and free-living
participants

Randomized
controlled twin
dietary
intervention

Metagenomics, metabolomics, immune
profiling, blood and stool biomarkers,
dietary recalls

Costanzo
et al. (2018)

To determine whether an 8-
week low-fat or high-fat
diet alters fatty acid taste
thresholds and to assess the
genetic contribution.

Low-fat (<20%
fat) vs. High-fat
(>35% fat)

Diet modification with either LF or HF
diet maintaining weight stability.

8 weeks Laboratory setting
(Deakin University)

Co-twin
randomized
controlled trial

Fatty acid taste threshold, fat ranking ability,
liking, intensity ratings, anthropometry
(weight, height, waist/hip), 24-h food recall

Costanzo
et al. (2019)

To assess the associations
between diet-mediated
changes in fatty acid taste
(FAT) receptor expression and
FAT perception in humans.

Low-fat diet
(<20% energy
from fat) vs.
High-fat diet
(>35% energy
from fat)

Assignment to low-fat or high-fat diet
for 8 weeks with regular dietary
counseling.

8 weeks Laboratory setting
(Burwood, Victoria,
Australia); free-living
participants with
dietary monitoring.

Co-twin
randomized
controlled trial
(RCT)

FAT receptor gene expression, FAT
perception threshold (three-alternate forced
choice methodology), 24-hr dietary recalls

Dwaraka
et al. (2024)

To assess how a healthy vegan
diet vs. a healthy omnivorous
diet affects DNA methylation
markers of aging in twins.

Healthy vegan
diet vs. healthy
omnivorous diet

MZ twins randomized to healthy vegan
or omnivorous diet for 8 weeks; meals
provided first 4 weeks, self-prepared
last 4 weeks.

8 weeks Single-center trial at
Stanford university,
US

Randomized,
parallel, single-
site, clinical
trial

DNA methylation measures, epigenome-wide
methylation, telomere length, methylation
surrogates, global health surveys

Faith et al.
(2006)

To test the use and
effectiveness of the co-twin
control design for behavioral
economic theories of child
nutrition.

Reinforced fruit
and vegetable
intake vs. non-
reinforced intake

Contingent vs. noncontingent
reinforcement based on food intake.

2 visits Laboratory (St.
Luke’s-Roosevelt
Hospital)

Co-twin control
design

Height, weight, BMI, fruit and vegetable
intake, total energy intake, fat intake

Johnston
et al. (1992)

To assess whether calcium
supplementation in childhood
increases bone mineral density
and potentially reduces the
risk of future fractures.

Calcium
supplementation
vs. placebo

1000 mg/day calcium citrate malate. 3 years Home and clinical
visits

Randomized,
double-blind,
placebo-
controlled twin
study

Bone mineral density (radius, spine, hip),
urinary calcium/creatinine ratio, serum
osteocalcin, tartrate-resistant acid
phosphatase, calcium-44 enrichment

Landry et al.
(2023)

To compare the effects of a
healthy vegan diet vs. a
healthy omnivorous diet on
cardiometabolic measures
during an 8-week intervention.

Healthy vegan
diet vs healthy
omnivorous diet

MZ twins randomized to healthy vegan
or omnivorous diet for 8 weeks; meals
provided first 4 weeks, self-prepared
last 4 weeks.

8 weeks Single-center trial at
Stanford university,
US

Randomized,
parallel, single-
site, clinical
trial

Low-density lipoprotein cholesterol (LDL-C),
body weight, Fasting triglycerides, High-
density lipoprotein cholesterol (HDL-C),
Fasting glucose, Fasting insulin, Serum
trimethylamine N-oxide, Plasma vitamin B12
level

Luft et al.
(1987)

To examine the genetic
influence on blood pressure,
sodium homeostasis, and the
response to dietary sodium.

Normal vs.
sodium-restricted

Sodium restriction with dietary
counseling; 3-phase intervention
including salt reintroduction for one
twin.

12 weeks Home & clinic Randomized
twin
intervention
study with
controlled
dietary
manipulation

Blood pressure, sodium excretion,
sympathetic activity, urine/plasma
electrolyte and creatinine, anthropometrics

(Continued)
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Table 1. (Continued )

Author, year Purpose Diets compared Intervention
Intervention
duration Setting Study design Measurements

Ní Lochlainn
et al. (2024)

To examine the effects of
prebiotics and protein on
physical function and
cognition in older twins.

Prebiotic þ
protein vs.
placebo þ
protein

Daily sachet of branched-chain amino
acids, plus either prebiotic or placebo
(maltodextrin); resistance exercises
included.

12 weeks Remote/At home Double-blinded
placebo-
controlled RCT

Chair rise time, grip strength, gait speed,
stool microbiota, 3-day food diary, cognitive
tests, self-reported compliance

Nowson
et al. (1997)

To assess the effect of calcium
supplementation on bone
mineral density (BMD) in
adolescent females.

Calcium
supplement vs.
placebo

1000 mg/day calcium tablet (Sandocal
1000) vs. placebo

Up to 18
months
(data at 6,
12, and 18
months)

Clinical research
center (Australia)

Double-blind,
placebo-
controlled
randomized
twin study

DXA at spine, hip, total body; 4-day food
record; physical activity questionnaire;
anthropometrics; compliance via tablet
count

Perrinjaquet-
Moccetti
et al. (2008)

To evaluate antihypertensive
and cholesterol-lowering
effects of olive leaf extract
(EFLA®943) in borderline
hypertensive MZ twins

500 mg/day vs.
1000 mg/day
EFLA®943 vs.
lifestyle advice

Olive leaf extract tablets or lifestyle
advice (control).

8 weeks Not specified Controlled,
parallel-group,
co-twin study

Blood pressure, heart rate, body weight,
glucose, lipids (total cholesterol, LDL),
adverse events

Zeitlin et al.
(2025)

To evaluate changes in diet
quality, nutrient intake, and
food group consumption
among identical twins
assigned to vegan vs.
omnivorous diets.

Healthy vegan
diet vs. healthy
omnivorous diet

MZ twins randomized to healthy vegan
or omnivorous diet for 8 weeks; meals
provided first 4 weeks, self-prepared
last 4 weeks.

8 weeks Single-center trial at
Stanford university,
US

Randomized,
parallel, single-
site, clinical
trial

Healthy Eating Index–2015 (HEI-2015),
nutrient intake, food group intake, dietary
recalls, demographic characteristics,
anthropometrics

Author, year Twin pairs Zygosity Recruitment Health status Age Location Sex ratio (M:F) Race/ethnicities

Cameron
et al. (2004)

51 pairs of
premenarcheal
female twins

27 MZ and 24
DZ

The Australian Twin
Registry

Healthy, premenarcheal
females

8–17 years Australia 0 : 102 Not specified

Carter et al.
(2025)

21 twin pairs MZ Stanford Twin Registry Healthy Mean 39.6
years

United States 8 : 34 White: 32 (72.7)
Native Hawaiian/Pacific Islander: 1 (2.3)
Asian: 5 (11.4)
Black/AA: 2 (4.5)
Multiracial: 4 (9.1)

Costanzo
et al. (2018)

44 twin pairs 34 MZ, 10 DZ Twins Research
Australia registry and
advertisements

Healthy Mean age
43.7 ± 15.4
years

Melbourne,
Australia

21 : 67 Not specified

Costanzo
et al. (2019)

13 twin pairs 10 MZ, 3 DZ Twins Research
Australia (TRA)

Healthy adults (no major
illnesses, no dairy allergies, not
pregnant or lactating)

18–68
years

Melbourne,
Australia

2 : 16 Not specified

Dwaraka
et al. (2024)

21 twin pairs MZ Stanford Twin Registry,
other registries, Netflix
recruitment

Healthy adults; BMI <40; LDL-C
<190 mg/dL; no serious chronic
disease

≥18 years USA (Stanford and
other recruitment
locations)

5 : 16 Not specified, Primarily White

Faith et al.
(2006)

3 twin pairs MZ Unclear, but subjects
recruited from a local
community

Healthy 5 years Not specified 6 : 0 Caucasian

Johnston
et al. (1992)

70 pairs enrolled, 45
completed

MZ Twin registry and local
schools (Indiana)

Healthy children 6–14 years Indiana, USA 54 : 84 White
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increase fruit and vegetable intake. This approach increased fruit
and vegetable intake by 2.0 servings/day (Faith et al., 2006).
Multimodal interventions combined dietary supplementation
with an additional lifestyle component, resistance exercise. This
intervention was implemented using remotely monitored or
home-based protocols. In this study with twins sharing lifestyle
conditions, the effect of prebiotic supplementation was isolated,
resulting in improvements in cognitive function and gut
microbiota composition (Ní Lochlainn et al., 2024).

Discussion

Following a comprehensive search of clinical trial registries and
multiple databases, only 13 studies met our inclusion criteria,
suggesting that co-twin randomized dietary interventions are
rare, especially when compared with standard studies using
nontwins or twins assigned to the same group. Twins can be
incorporated into clinical trials using three different approaches.
They may be randomized to the same treatment group, inde-
pendently assigned without consideration of their twin pair, or
intentionally allocated to different groups, as in the co-twin
control design. Each approach offers unique methodological
advantages and limitations. Randomizing both twins to the same
group can help them follow the study protocol better and
minimize variability in treatment delivery, but it limits direct
comparison within pairs (Segal, 2017). Independent randomi-
zation treats each twin as an individual. This approach increases
generalizability but potentially neglects shared genetic and
environmental factors that are unique characteristics in the twin
population (van Dongen et al., 2012). The co-twin control design,
in contrast, enhances internal validity, effectively controls for
many confounding variables, and allows more precise causal
inference (Polderman et al., 2015). However, this design also faces
challenges, such as limited generalizability, potential carryover
effects between twins, and ethical concerns about deliberately
assigning different treatments within closely bonded pairs (Tan
et al., 2015).

Zygosity and whether the sample includes MZ-only or
mixedMZ/DZ twin pairs is another important factor in co-twin
designs, because each design may offer different inferential
value. MZ twins, who share nearly all of their segregating
genetic variation, provide the strongest control for genetic
confounding among twin designs. Therefore, MZ-only samples
can provide a unique opportunity to reduce genetic con-
founding and more clearly estimate the effect of dietary
interventions by minimizing the influence of inherited bio-
logical differences (Boomsma et al., 2002; McAdams et al., 2021;
van Dongen et al., 2012). However, MZ-only trials may be more
difficult to recruit and may have limited generalizability
because they represent a narrower subgroup of the population.
In contrast, mixed MZ/DZ samples may improve feasibility,
increase sample size, and better represent the broader twin
population. However, because DZ twins share only about 50%
of their segregating genes on average, mixed samples provide
less complete genetic control than MZ-only designs and may
require stratified or sensitivity analyses by zygosity when
sample size allows (Boomsma et al., 2002; Polderman et al.,
2015; van Dongen et al., 2012). The choice between MZ-only
and mixed MZ/DZ designs should be aligned with the study
objective.

Because of the shared genetic and environmental factors
among twins, when they are utilized in nutritional RCTs, many
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confounding factors are controlled by nature. In addition,
comparing co-twins can reduce between-person variability and
strengthen internal validity (McAdams et al., 2021; McGue et al.,
2010). Several studies in this review had relatively small sample
sizes, but they were able to detect meaningful intervention-related
differences. For example, Landry et al. (2023) compared healthy
vegan and omnivorous diets in 22 identical twin pairs. They
reported a greater reduction in LDL-C in the vegan group
compared with the omnivorous group after 8 weeks (−13.9 mg/
dL). In comparison, the NEW Soul trial, as a conventional
nontwin RCT with a similar exposure and outcome, randomized
159 African-American adults with overweight or obesity to a
vegan or low-fat omnivorous diet. They found no significant
between-group differences in weight or lipid outcomes, including
LDL-C, at 12 months (−2.56 mg/dL in the vegan group vs. −0.79
mg/dL in the omnivorous group; Turner-McGrievy et al., 2023).
It should be considered that these two studies differed in
population, intervention design, and outcome measurements,
and this is just an indirect comparison.

The current evidence does not prove that co-twin RCTs pro-
duce larger effect sizes with smaller sample sizes compared with
nontwin studies. There are examples that show almost the same
power using these two designs. Nowson et al. (1997) reported that
calcium supplementation in 42 female twin pairs produced a 1.62%
greater increase in spine BMD at 18 months compared with pla-
cebo. In a conventional RCT, Lloyd et al. (1993) randomized 94
adolescent girls and found greater increases in lumbar spine BMD
in the calcium group compared with placebo (18.7% vs. 15.8%).
Even with twin designs, intervention effects may still be small or
inconsistent, as shown in some included studies (Ní Lochlainn
et al., 2024). Twin studies do not guarantee larger effects, but they
may help detect intervention-related effects with less confounding
variability.

Across the 13 included studies, the co-twin RCT design
appeared to offer methodological advantages in three main
contexts. First, for outcomes with strong biological or genetic
influences, this design helped reduce genetic and shared envi-
ronmental variability. Therefore, intervention-related differences
could be interpreted with greater internal control. Examples
include lipid response, blood pressure response, bone mineral
density, taste perception, gene expression, and epigenetic markers
(Costanzo et al., 2019; Costanzo et al., 2018; Dwaraka et al., 2024;
Johnston et al., 1992; Landry et al., 2023; Nowson et al., 1997).
Second, when studies use more controlled or structured inter-
ventions, the co-twin design adds another layer of control. The
calcium supplementation trials are examples of this pattern. These
studies used placebo-controlled co-twin designs, standardized
calcium doses, objective measurements of bone outcome, and
relatively long follow-up periods to examine bone mineral density
in children and adolescents (Cameron et al., 2004; Johnston et al.,
1992; Nowson et al., 1997). More recently, the vegan versus
omnivorous diet trial provided meals during the first 4 weeks
before participants transitioned to self-prepared meals, allowed
dietary exposure to be more controlled during the early phase of
the intervention (Landry et al., 2023). Third, co-twin designs may
also be especially useful for mechanistic or exploratory outcomes.
In these studies, the goal is not only to test whether a dietary
intervention changes a clinical outcome, but also to understand the
biological pathways that may explain the effect. For example,
Carter et al. (2025) examined microbiome, metabolomic, and
immune markers in twins assigned to vegan or omnivorous diets,
while Dwaraka et al. (2024) examined DNA methylation and

epigenetic aging markers from the same intervention. Because
these outcomes may be influenced by inherited biological
differences, the co-twin design can help reduce genetic variability
andmake it easier to interpret whether observed biological changes
are related to the dietary intervention. Co-twin RCTs may be
particularly useful for smaller mechanistic nutrition trials, while
large nontwin pragmatic trials may be more appropriate when the
main goal is population-level generalizability.

Despite the discussed advantages, twin studies face several
methodological challenges. The potential for behavioral con-
tamination between cohabitating twins (when twins influence each
other’s behaviors, such as sharing diet habit) is a concern to
internal validity, especially in behavioral or dietary interventions
(Sumathipala et al., 2018). Ethical concerns and participant
preferences may complicate recruitment, adherence, and accept-
ability in co-twin RCTs. For example, some twins may be less
willing to enroll or may find it more difficult to adhere to the
protocol when co-twins are assigned to different interventions,
although allocation itself should remain determined by the ran-
domized study design (Craig et al., 2020). Small sample sizes and
recruitment challenges may also reduce statistical power and
generalizability (Collins et al., 2020; Sumathipala et al., 2018).
Twin populations represent only a small subset of the general
population — approximately 2.4% of all live births (J. A. Martin
et al., 2015), and this makes the identification of eligible twin pairs
challenging. Twin registries are valuable resources for efficiently
locating and enrolling twins for research. However, not all
countries have well-developed twin registries. Without access to
these established resources, researchers often rely on less sys-
tematic recruitment methods such as public advertising or refer-
rals, which may lead to slower enrollment, selection bias, and less
representative samples. Consequently, these recruitment difficul-
ties can hinder the feasibility of adequately powered twin RCTs and
limit the ability to conduct large-scale, multicenter studies.
International collaborations that leverage existing twin registries
across countries could help overcome some of these barriers by
expanding the available twin participant pool and enhancing study
generalizability. Integration of twin registries into omics tech-
nologies (e.g., nutrigenomics and metabolomics) can help
researchers better understand cause-and-effect relationships and
create more personalized diet recommendations (Boomsma et al.,
2002; de Roos & Brennan, 2017; van Dongen et al., 2012).

Twin-based RCT designs can be compared with the other causal
inference approaches used in nutrition research. Mendelian ran-
domization can support causal inference by using genetic variants
related to an exposure, which may reduce confounding and reverse
causation. However, unlike co-twin RCTs, it does not directly test
the effect of assigning participants to a specific dietary interven-
tion, such as a supplement or dietary pattern, under trial condi-
tions (Davey Smith & Ebrahim, 2003; Davies et al., 2018). Other
within-family designs, including sibling or family-based compar-
isons, can reduce confounding from shared family background, but
they generally provide less complete genetic control than co-twin
designs (Brumpton et al., 2020; McGue et al., 2010). Crossover
trials also reduce between-person variability because each par-
ticipant serves as their own control. However, they may be limited
by carryover effects, washout requirements, and the need for short-
term or reversible interventions (Lim & In, 2021).

Future directions should include consistent and standardized
methods for conducting twin trials, find ways to reduce con-
tamination bias, and compare twin RCTs with traditional trials
involving nontwin individuals to statistically optimize power and
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feasibility in nutritional studies (Ioannidis, 2018; Trepanowski &
Ioannidis, 2018). Incorporating modern technologies, such as
omics analyses, microbiome profiling and digital dietary tracking
tools, into co-twin studies can help researchers better understand
the many interacting factors that influence how dietary exposures
affect health outcomes (McAdams et al., 2021).

This review was conducted as a descriptive scoping review
without a meta-analysis and did not include a quantitative syn-
thesis of study outcomes. Our primary focus was on the meth-
odological aspects of the included studies, such as design, sample
characteristics, and use of twin models, rather than on evaluating
the efficacy of the interventions or synthesizing their results. A
major strength of this review is its focused evaluation of co-twin
randomized controlled trials, a relatively underutilized design in
nutrition research. By emphasizing methodological features, this
review provided an overview of how twin designs have been
implemented to strengthen causal inference in nutrition science.

Conclusion

This scoping review highlights the unique value and methodo-
logical advantages of using twin designs, particularly co-twin
control RCTs, in nutritional intervention research. Few studies
with this design were identified in the nutrition literature. Co-twin
control designs strengthen causal inference and allow for more
precise effect estimates by controlling for genetic and shared
environmental confounding. Twin studies also present unique
challenges, including limited sample sizes, recruitment barriers,
and ethical concerns. As nutrition science moves toward precision
and personalized approaches, co-twin randomized trials may play
an important role in clarifying complex diet–health relationships
and interpretability of dietary intervention studies.
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