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Objectives: Important links between dietary patterns and diseases have been widely applied to establish nutrition in-
terventions. However, knowledge about between-person heterogeneity regarding the benefits of nutrition intervention can
be used to personalize the intervention and thereby improve health outcomes and efficiency. We performed a systematic
review of cost-effectiveness analyses (CEAs) of interventions with a personalized nutrition (PN) component to assess their
methodology and findings.

Methods: A systematic search (March 2019) was performed in 5 databases: EMBASE, Medline Ovid, Web of Science, Cochrane
CENTRAL, and Google Scholar. CEAs involving interventions in adults with a PN component were included; CEAs focusing on
clinical nutrition or undernutrition were excluded. The CHEERS checklist was used to assess the quality of CEAs.

Results: We identified 49 eligible studies among 1792 unique records. Substantial variation in methodology was found. Most
studies (91%) focused only on psychological concepts of PN such as behavior and preferences. Thirty-four CEAs were
trial-based, 13 were modeling studies, and 4 studies were both trial- and model-based. Thirty-two studies used quality-
adjusted life year as an outcome measure. Different time horizons, comparators, and modeling assumptions were applied,
leading to differences in costs/quality-adjusted life years. Twenty-eight CEAs (49%) concluded that the intervention was
cost-effective, and 75% of the incremental cost-utility ratios were cost-effective given a willingness-to-pay threshold of
$50 000 per quality-adjusted life year.

Conclusions: Interventions with PN components are often evaluated using various types of models. However, most PN in-
terventions have been considered cost-effective. More studies should examine the cost-effectiveness of PN interventions that
combine psychological and biological concepts of personalization.
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Introduction

There are well-established links between poor dietary pat-
terns, representing a complex set of highly correlated dietary ex-
posures1 and an increased risk of different diseases.2,3 Obesity
may be an intermediate outcome of these links,4 since obesity
often leads to diet-related diseases such as type 2 diabetes, heart
disease, stroke, and cancer.2 In other cases, poor dietary patterns
can arise from other problems (eg, hip fracture), which may lead
to malnutrition and possibly result in disorders such as functional
disability and impaired cognitive function.5 In this regard, diet-
based prevention of obesity and malnutrition can help to reduce
the frequency of various diseases, improve health outcomes, and
reduce economic burden.6 This knowledge has led to the devel-
opment of many nutrition interventions based on population av-
erages. However, although these nutrition interventions might
have an acceptable average overall effectiveness (ie, population
15 - see front matter Copyright ª 2021, ISPOR–The Professional Society for
cess article under the CC BY license (http://creativecommons.org/licenses/b
level), they often have poor individual-level effectiveness.3,7

Studies have shown this might be caused by inter-individual
variability of metabolic responses to specific diets and food com-
ponents that affect health.8,9 Knowledge about an individual’s
response could lead to a personalized intervention to maximize
the potential health benefits of these diets and food components.9

Various personalized nutrition (PN) interventions, which can
be defined as an approach that uses information on individual
characteristics to develop targeted nutritional advice, products, or
services,2 have been developed and assessed. For example, the
Food4Me study found that internet-delivered personalized advice
produced larger and more appropriate changes in dietary behavior
than a conventional (one-size-fits-all) approach.10 However, policy
decisions must be guided by their ability to improve health out-
comes and their cost-effectiveness,11 given the ever-present ten-
sion between effectiveness and financial constraints.12 In
fact, various cost-effectiveness analyses (CEAs) of nutrition
Health Economics and Outcomes Research. Published by Elsevier Inc. This is an
y/4.0/).
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interventions have been published, and systematic reviews of
these CEAs have been conducted.11,13,14 However, these reviews
often focused on specific diseases or interventions (eg, salt
reduction14). To our knowledge, no review has ever focused spe-
cifically on PN. Therefore, we reviewed and critically appraised
CEAs of personalized interventions with a nutrition component in
adults by describing and assessing their methodology, findings,
and quality. This can support policy decisions around PN.2,12 In
addition, this review can help to design and improve future CEAs
of PN interventions.
Methods

Literature Search

The approach in this review was based on a series of 3 articles
describing methodological guidelines for systematic reviews of
CEAs.12,15,16 The term CEA was used as an overarching term for full
economic evaluations such as CEA and cost-utility analysis (CUA).
A biomedical information specialist helped to design the sys-
tematic search strategy; the search was performed on March 8,
2019. Five bibliographic databases were used (ie, Embase, Medline
Ovid, Web of Science, Cochrane CENTRAL, and Google Scholar).
Search terms (including MESH terms and text words) were terms
related to CEA (eg, economic evaluation), nutrition (eg, diet ther-
apy), and personalization (eg, individual). Specific search queries
are provided in Appendix 1 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.12.006.

Inclusion criteria were full texts, English-language publications
of CEAs involving interventions with a PN component focusing on
adults. Interventions involving children, clinical nutrition, and
studies of adults with underweight (body mass index ,18.5) were
excluded. Appendix 2 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.12.006 provides detailed information
about inclusion/exclusion criteria.

Two authors (MMJG, WKR) independently reviewed titles and
abstracts of all articles (including CEAs found via screening sys-
tematic reviews) to determine which ones met the eligibility
criteria. Interrater agreement about the eligibility for full-text re-
view was then assessed and found to be moderate (Cohen’s kappa:
0.498).17,18 Any disagreement not resolved by discussion resulted
in full-text screening. Full-text versions of the articles were then
examined to determine which ones met all eligibility criteria. This
was done primarily by the first author (MMJG) using a detailed list
of criteria, and any doubt was discussed with a second reviewer
(WKR).

Data Extraction/Analyses

Data extraction was initially done by one author (MMJG) and
checked by a second author (WKR). General features of the studies
that might influence economic outcomes (eg, intervention char-
acteristics including definitions) were collected as well as eco-
nomic findings themselves (eg, incremental cost-effectiveness
ratio and incremental cost-utility ratio (ICUR)). Summary tables
and figures of these characteristics were created, and each inter-
vention was matched to a PN concept. Previous literature defined
the conceptual basis for PN; specifically, personalization can be
based on the analysis of current eating habits, behavior, prefer-
ences, barriers, and objectives (“psychological concept”) or on the
biological evidence of differential responses to foods/nutrients (ie,
biomarkers, genotype, and microbiota) (“biological concept”).2,19

Conclusions of the authors regarding the cost-effectiveness of
the intervention were collected and arranged into 4 categories:
“yes” (cost-effective), “no” (not cost-effective), “sometimes” (only
cost-effective in some subgroups), and “no conclusion.” Total costs
and ICURs were inflated to 2019 costs using the country-specific
Consumer Price Index20 and converted to Unites States dollars
(US$) using the purchasing power parity.21 If the cost year of the
study was not specified, it was assumed to be the year of
publication. To determine whether an intervention would be
considered cost-effective, ICURs were compared with 2
willingness-to-pay (WTP) thresholds (values in US$ per quality-
adjusted life years (QALY)): $20 000 (close to the thresholds
of £20 000 ($25 93722) used in United Kingdom and V20 000
($23 68022) in The Netherlands for interventions targeting dis-
eases with a low disease burden23) and $50 000 (widely used in
the United States). The incremental net monetary benefit (iNMB)
was calculated by valuing incremental QALYs in monetary values
using both thresholds. Furthermore, we examined possible
relationships between the results (QALYs and costs) and general
features (ie, population, intervention, choice of comparator) and
modeling choices (ie, time horizon, perspective, discount rate,
number of health states, intermediate outcomes, and assumptions
regarding intervention effects).

Quality Assessment

The quality of all studies was assessed using the Consolidated
Health Economic Evaluation Reporting Standards (CHEERS)
checklist,24 which is preferred when modeling studies are
included.16 This checklist consists of 24 items, subdivided into 6
categories: (1) title and abstract; (2) introduction; (3) methods;
(4) results; (5) discussion; and (6) other. There are 3 possible
answers for each item: fulfilled, not fulfilled, and not applicable.

Results

The database searches identified 2864 articles (Fig. 125); an
additional 15 records26–40 were identified manually via systematic
reviews.41–46 After removing duplicates, 1792 records
were screened on title/abstract, and 1577 records were excluded
based on the eligibility criteria. The remaining 215 articles
underwent full-text screening, which resulted in a final list of
49 articles. Most studies were performed in Europe
(44% (n = 24)31–33,35,36,38,41,47–63), of which 10 studies were in the
UK.33,35,41,49,53,55,56,58,59,61 Almost as many were performed in
North America (n = 22 (42%)26,28,30,34,39,40,64–79). Dalziel et al80

conducted different CEAs, of which we included 5,56,63,68,81,82

which led to a total of 53 unique CEAs (48 1 5 = 53). Since
several characteristics of interventions differed between study
arms, some frequencies of characteristics were reported per arm.

Population and Intervention

Figure 2 provides an overview of the general study character-
istics (ie, populations, interventions, methods); Appendix 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.12.006 provides detailed information per study. Nine studies
focused on interventions related to the Diabetes Prevention Pro-
gram (DPP)26,28–30,39,40,45,50,71 and 4 on the Diabetes Prevention
Study (DPS).31,32,36,41,80 The DPP trial determined whether lifestyle
intervention or pharmacological therapy (metformin, placebo)
prevented or delayed the development of type 2 diabetes in the
United States.83 DPS was a Finnish randomized controlled trial
with a personalized lifestyle intervention arm.84,85

Fifteen CEAs27,33,34,37,38,61,64,69,73,75,76,78–80 focused on the
obesity/diabetes/impaired glucose tolerance population but
studied interventions other than DPP/DPS (Fig. 2, Appendix 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.12.006). These interventions were mostly computer-based (n = 6

https://doi.org/10.1016/j.jval.2020.12.006
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Figure 1. PRISMA diagram.
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studies; 7 arms33,34,37,73,75,79) and comprised interventions with
only a nutrition component27,37,61,78,79,81 instead of exercise and
nutrition as in DPP/DPS. Other CEAs focused on general/healthy
populations (n = 631,54,67,72,80) or “other” populations such as
depression (n = 1447–49,53,55,57–59,62,65,70,74,77,86). The only CEA in
the review that assessed an intervention based on only the bio-
logical concept of PN was found here.47 CEAs found in malnour-
ished (at risk of undernutrition) populations (n = 551,52,60,87,88)
studied interventions that were similar to the interventions
studied in CEAs of other populations. For example, individual
counseling was studied in both CEAs of malnourished pop-
ulations60,87 as well as CEAs of other populations.78,82

In total, 34 studies had 1 or more arms that defined
PN as “individualized” nutrition (arms: 46%, n = 45),
followed by 18 studies28,36,39–41,45,47,48,50,54,56,58,60,63,72,75,77,84

that used “tailored” (arms: 23%, n = 23) and 18
studies33,48,49,52–56,58,61,62,67,68,72,73,77,81,86 that used “personal-
ized” (arms: 19%, n = 20) (Fig. 2, Appendix 3 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2020.12.006).
Ordovas et al2 found that personalized nutrition partly
overlaps with different terms such as individualized and
tailored, but they have slightly different meanings; tailored
interventions group individuals with shared characteristics,
whereas personalized and individually tailored mean similar
things and involve delivery of interventions suited to a
particular individual. Most studies (n = 48) included arms
(n = 60) that were based on the psychological concept of PN.
One study47 (n = 3 arms) applied personalization based on the
biological concept, and 4 studies59,68,78,88 (n = 4 arms; 1 arm
per study) used interventions that comprised both concepts
(integrated approach).

Methodology of the CEAs

Nineteen studies27,28,30,32,33,39,41,47–49,55,57–59,61,71,74,86,87 in-
volved a CUA and reported QALYs as outcome measure; 13
studies26,31,36,52,54,56,60,62,63,65,68,81,88 conducted both a CEA
and CUA. Other studies conducted a CEA (n =
1929,34,37,38,40,45,50,53,64,67,70,72,73,75–79,82) and cost-consequence
analysis (CCA) (n = 251,69); these studies used other outcome
measures such as weight change (n = 1034,51,52,60,63,64,76,81,82,89)

https://doi.org/10.1016/j.jval.2020.12.006


Figure 2. Frequencies regarding study design elements.
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and life years gained (n = 631,36–38,40,45) (Fig. 2, Appendix 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.12.006). Two CUAs also calculated the iNMB using WTP
thresholds not specifically related to nutrition interventions.54,74

Most studies (n = 36) were trial-based, 13 were model-
based,28,30–32,36,37,39–41,45,47,50,71 and 4 studies used both.56,63,68,81

The range of time horizons among the trial-based studies was
0.08 years (4 weeks)53 to 6 years,48,63 whereas the range of time
horizons in the model-based studies was 3 years50 to
lifetime.30,31,36,39,45,47 See Appendix 4 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.12.006 for frequencies
of time horizons.

The societal perspective was most commonly used
(n = 2226,28,30–33,36,49,50,52,54,56,58,60,63,65,68,71,74,81,82,86), followed by
healthcare (n = 1526,29,30,48,49,55,57,61,62,71,78,79,86–88) and payer
(n = 1028,31,39–41,45,47,50,73,75); other CEAs used a patient perspective
(n = 228,76), intervention/program (n = 276,77), and employer
(n = 165) (Fig. 2, Appendix 3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.12.006). Most studies used
“usual care” or “standard care” as comparator. However, some
studies used other comparators; Herman et al30 used metformin,
and Sukhanova et al72 used a comparator (untailored program)
that was similar to the intervention (tailored program) but did not
have a personalized component.

CUAs of DPP/DPS interventions evaluated almost homoge-
neous populations, interventions, comparators, and outcomes
(PICOs) (Fig. 2, Appendix 3 in Supplemental Materials found at
https://doi.org/10.1016/j.jval.2020.12.006). However, in some CUAs
subgroup analyses were done (eg, overweight, borderline, and
obese)36 and variation in comparators was observed; drug com-
parators,26,30 general lifestyle recommendations, or no interven-
tion were used.28,32,36,39,41,71,80 Moreover, variation was found in
the CUA models (ie, different assumptions and approaches). First,
time horizons varying from 3 years26 to lifetime30,36,39 and
societal,26,28,30,32,36,71,80 payer,39,41 and health system26,30,71 per-
spectives were used. Second, CUAs of the DPS intervention were
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Figure 3. Cost-effectiveness plane.

ICURs indicates incremental cost-utility ratios; QALYs, Quality-Adjusted Life Years; USD; United States dollar. Incremental costs (in 2019 USD) are shown on the y-axis and
incremental effects (in QALYs) on the x-axis. Four different cost-effectiveness thresholds (in USD) are shown. The percentages in the northwest, southwest, and
southeast quadrants are based on the number of ICURs found in that quadrant. The percentages in the northeast quadrant are based on the number of ICURs
below a particular threshold divided by the total number of ICURs in the northeast quadrant. Figure 3A provides the ICURs of all studies, Figure 3B shows the ICURs
arranged according to the concepts of personalized nutrition used in the studies, and Figure 3C shows the ICURs according to the population that was studied.

THEMED SECTION: NUTRITION ECONOMICS 329
done with Markov models using 3,41 4,36,80 or 732 health states.
Additionally, different assumptions were made about the treat-
ment effect over time and intermediate outcomes; the interven-
tion effect was modeled using cardiovascular disease (CVD) risk
factors and body mass index36 through CVD risk factors alone,32 or
no CVD risk factors were modeled.41 Third, models in DPP in-
terventions varied; 439,71 or 530 health states were used in Markov
models, and Eddy et al28 used the Archimedes model (addresses
what happens underneath clinical states, between annual jumps
and inside transition probabilities). See Appendices 3 and 5 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.202
0.12.006 for detailed information about modeling approaches in
DPP/DPS studies.
Results of the CEAs

Appendix 6 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2020.12.006 shows results of the base-case
analysis in the different studies but only shows results of com-
parisons involving an intervention with a PN component. Several
comments can be made about these results. First, an overall range
in incremental QALYs of -0.03480 to 0.7768 was found. The smallest
QALY gain was seen in the malnourished population
(maximum:0.020 QALYs87), which is lower than that seen in other
populations. Second, authors of 47% (n = 27) of the studies
concluded that the intervention was cost-effective, 12%
(n = 733,49,50,57,62,64,76) concluded that the intervention was not
cost-effective, 11% considered the intervention cost-effective in
some subgroups (sometimes) (n = 647,48,52,54,60,74), and 30%
(n = 1727,28,34,39,41,51,55,58,59,67,73,75,80) had no conclusion.

Figure 3A shows incremental costs (in 2019 US$) and QALYs of
all CUAs in a cost-effectiveness plane. Fifty-five percent of the
ICURs are found in the southeast (lower costs, higher QALYs) (20%)
or northeast quadrant (higher costs, higher QALYs) below theWTP
threshold of $20 000 (35%). This means that 55% of the ICURs can
be considered cost-effective given a threshold of $20 000. Using a
threshold of $50 000 increases the percentage to 75%. The varia-
tion in incremental costs and QALYs seen in Figure 3A leads to a
range in iNMB (l = 50 000) of $-853128 to $37 86268 (mean:
$4456). Table 1 provides results of the additional analyses with
the iNMB. Appendix 7 in Supplemental Materials found at https://
doi.org/10.1016/j.jval.2020.12.006 provides all (converted) costs/
ICURs.

https://doi.org/10.1016/j.jval.2020.12.006
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Relationship Between Study Characteristics, Methods,
and Results

Examination of the relationship between study features and
economic outcomes yielded a number of noteworthy findings.
First, interventions that were considered cost-effective according
to the authors showed incremental QALYs that varied from
0.009048 to 0.771468 and costs varying from $-487730 to $736930

(iNMB(l = $50 000) mean: $5769) (Table 1). In contrast, in-
terventions considered not cost-effective by the authors showed
incremental QALYs varying from -0.034048 to 0.020054 and costs
from $-108760 to $202649 (iNMB(l = $50 000) mean: $-940).

Second, variation in incremental costs, QALYs, and iNMB is
seen between the PN concepts (Fig. 3B). The highest mean iNMB
(l = $50 000) was found in the integrated approach ($13 366),
followed by the psychological concept ($4443) and the biological
concept ($13) (Table 1). Third, a wide variation in incremental
costs and QALYs is found within the DPP and DPS interventions,
despite their comparable PICOs (Fig. 3C). For example, 2 main
outliers were found in the DPP CUAs; 1 study was associated with
relatively high costs ($10 242) and low QALY gain (0.034) ($299
424 per QALY, iNMB (l = $50 000) $-8531),28 and the other outlier
reported costs of $-4877 and QALY gain of 0.4500 (iNMB (l = $50
000) $27 377).30

The relationship between costs and QALY results of DPP and
DPS CUAs and various study characteristics, including methodol-
ogy, was explored. First, some differences in PICOs of DPS studies
might explain differences in outcomes (see Appendix 3 in Sup-
plemental Materials found at https://doi.org/10.1016/j.jval.202
0.12.006); slightly different populations were studied in different
countries (eg, Switzerland36 and the UK41). Moreover, different
Table 1. Additional analyses of incremental net monetary benefits.

Lowest value in
$ (WTP $50 000)

Highest value in
$ (WTP $50 000)

Mean in $
(WTP $50
000)

iNMB categorized by population

Obesity/diabetes/IGT
population: DPP

28531 28 300 9212

Obesity/diabetes/IGT
population: DPS

793 14 461 11 852

Obesity/diabetes/IGT
population: Other

2433 1794 818

General 22677 37 862 4026

Other 23657 9357 556

Malnourished 87 900 581

Total 28531 37 862 4456

iNMB categorized by authors’ conclusion about cost-effectiveness

Cost-effective (yes) or
sometimes (cost-
effective answer)

22053 37 862 6169

Not cost-effective (no)
or sometimes (not
cost-effective answer)

23657 268 2940

iNMB categorized by concept

Biological concept 21226 1215 135

Psychological concept 28531 28 300 4443

Combination of
concepts

900 37 862 13 366

DPP indicates Diabetes Prevention Program; DPS, Diabetes Prevention Study; IGT
willingness-to-pay.
comparators were used, but no clear pattern related to outcomes
was observed here. Second, longer time horizons were associated
with more QALY gain. Third, we found that an assumed prolonged
effect of DPS intervention80 (for 20 years) causes higher QALY gain
compared to waning or no lasting effect. Fourth, 1 study did not
consider the DPS intervention impact on hypertension, hyper-
cholesterolemia, and CVD and reported lower QALYs than other
CUAs.41 See Appendix 5 for information about modeling ap-
proaches of DPP/DPS studies and Appendix 8 for the cost-
effectiveness planes divided by different characteristics of DPP/
DPS interventions (Appendices 5 and 8 in Supplemental Materials
found at https://doi.org/10.1016/j.jval.2020.12.006).

The model-based DPP CUAs also showed that longer time ho-
rizons in the models resulted in more QALY gain. Moreover, much
variation was seen in incremental QALYs and costs of CUAs by
Herman et al30 and Eddy et al.28 These differences might be
explained by different assumptions. First, Herman et al30 used a
70-year time horizon and studied 1 intervention over time,
whereas Eddy et al28 used a 30-year time horizon and added
another intervention after a person was diagnosed with diabetes.
Second, both studies assumed a treatment waning effect. How-
ever, Eddy et al28 did not assume a constant transition rate,
resulting in less cost-savings than Herman et al.30 Third, Eddy
et al28 incorporated a considerably higher level of biological detail
and clinical realism, which affected the outcomes.

Quality of Economic Analyses

Figure 4 summarizes the quality of reporting using the CHEERS
checklist.24 Many studies showed a high quality of reporting their
results, but 6 studies53,59,67,69,70,89 reported 10 or fewer statements
Lowest value in
$ (WTP $20 000)

Highest value in
$ (WTP $20 000)

Mean in $
(WTP 20
000)

Number of
iNMB
values

29557 13 877 2227 14

2293 7481 4509 9

2980 263 2315 4

21777 14 715 1266 13

24280 6207 60 25

261 750 480 4

29557 14 715 1310 69

23880 14 715 2188 47

24280 687 2979 15

21485 673 -323 6

29557 13 877 1273 60

449 14 715 5305 3

, impaired glucose tolerance; iNMB, incremental net monetary benefit; WTP,

https://doi.org/10.1016/j.jval.2020.12.006
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Figure 4. Study quality based on the CHEERS checklist. CHEERS indicates Consolidated Health Economic Evaluation Reporting
Standards. The 24 statements of the checklist are shown on the y-axis. The frequencies of each category are shown on the x-axis. Three
categories were used: Fulfilled (study scored well on this statement), Not fulfilled (study scored poorly) and Not Applicable (ie, the
statement was not applicable for a study). The total number of studies included was 49 since the article of Dalziel et al was counted as 1
study.
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correctly. Most problems in reporting were found in statement 18
related to study parameters (n = 26 not fulfilled) and in reporting
heterogeneity of cost-effectiveness results across different sub-
groups/patient populations (statement 21); 13
studies28,30,48,60,78,31,34–39,47 reported this appropriately. Appendix
9 in Supplemental Materials found at https://doi.org/10.1016/j.
jval.2020.12.006 provides information about the quality per study.
Discussion

This systematic literature review was done to synthesize and
critically appraise CEAs of PN interventions. We identified 53 CEAs
of interventions with a PN component in adults. Interventions
were based mostly on the psychological concept of PN (48
studies), 1 study47 on the biological concept and 4 studies59,68,78,88

on the integrated approach. Approximately half of the authors
concluded that an intervention with a PN component was cost-
effective (49%). Of the interventions that reported a QALY gain,
55% were cost-effective according to the lowest assessed
threshold $20 000, increasing to 75% based on a threshold of $50
000. Moreover, studies that used an integrated approach showed
the highest iNMB based on both $50 000 and $20 000 thresholds.
Wide variation in methodology of the CEAs in this review was
found. First, variation is seen in terminology/definitions of PN and
in the conceptualization of the terms. For example, Sherwood
et al34 used “individualized” to describe individual counseling
sessions with goal-setting and individual feedback, whereas Olsen
et al38 only used “individualized” to describe individualized
counseling sessions. Furthermore, the duration of the personal-
ized component used in the interventions varied. For example, 2
studies used the term “personalized” but varied the duration of
the interventions; participants receiving 1 intervention could
expect to have 4 counseling sessions on personalizing snacks,53

whereas participants receiving a different intervention received
personalized messages via the internet when needed.33 Future
research could examine how the different terms used in PN relate
to cost-effectiveness.

Second, different comparators and number of comparators are
used in studies, resulting in different cost-effectiveness outcomes.
While the “best” comparator is study-dependent, 1 comparator
might be insufficient in some cases. For example, if usual care is
used as a comparator to assess a PN intervention, a second
comparator could be a similar nutrition intervention but without
the personalized component. By adding this third arm, researchers
would be able to see not only the effect of the intervention (when

https://doi.org/10.1016/j.jval.2020.12.006
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compared to usual care), but also the effect of a specific person-
alized component. Additional research regarding the best choice
of comparator when studying PN interventions is needed.

Third, different cost perspectives were used; choice is mainly
depending on the resident country of the population. Two CEAs
found in this review used the perspective of an individual,28,76

which might be considered when assessing the cost-
effectiveness of PN interventions since individuals will likely
have to pay for at least part of the extra costs; the actual amount
would be country- and intervention-dependent. However, these 2
CEAs did not include all costs related to this perspective. This is
very similar to what Bilvick Tai et al90 reported in their systematic
review. They not only found a paucity of CEAs using a patient
perspective but also observed that studies that used this
perspective did not fully explore the true patient costs.

Fourth, variation was observed in time horizons, and many
CEAs used time horizons that are probably too short to capture all
important effects of PN interventions on outcomes and costs. That
is, CEAs with a short follow-up would not observe any long-term
benefits of behavioral change and would therefore show less
favorable results than ones with a longer follow-up.80,91 Further-
more, nutrition often has a preventive effect, in which benefits
take longer timespans to develop.92 One CEA from this review
supports this and showed a decrease in ICURs when time horizons
increase (per QALY gained: £113 905 ($238 856) (year 1) – £5825
($12 215) (year 15)).41 Moreover, from DPP/DPS studies it was
observed that longer time horizons were associated with more
QALY gain. It is therefore recommended to use longer time hori-
zons and/or to include both trial and model data to investigate the
full impact of PN. While well-designed trials can help to establish
short-term (cost-)effectiveness of interventions, modeling beyond
that point may be unavoidable to estimate the intervention’s
overall cost-effectiveness.

It is debatable what the best modeling approach for PN in-
terventions beyond the trial can be. Nutrition economics requires
a holistic approach because of the complexity of food and its in-
teractions with multiple interdependent processes,92 and yet
there is no systematic approach to assess the health impact of
(personalized) nutrition.93 Therefore, there is still much variation
in models for PN (even those with comparable PICOs, eg, DPP/DPS
interventions), resulting in avoidable variation in estimated costs
and QALYs. Some suggestions specific for nutrition interventions
could be made for models, such as linking identified markers in
trials to longer-term outcomes.92 For example, Eddy et al28 linked
LDL cholesterol to a reduction in long-term CVD risk. More
research is needed to define good PN modeling approaches.

Variation in QALYs was observed between populations. The
smallest QALY gain was observed in the malnourished population.
Since all studies found in this populationwere done in elderly, this
might explain the lower QALY gain compared to younger pop-
ulations. These findings are in line with an earlier review that
reported that studies in elderly found no differences in quality of
life between intervention and control treatments.94

Additionally, variations in health economic outcomes between
the different PN concepts were found, in which most promising
outcomes were found by the integrated approach. However, only a
few CEAs with different methodologies evaluated the integrated
approach. Nevertheless, there are different reasons to suspect that
an integrated approach will be most cost-effective. First, this re-
view found a lowest iNMB in CEAs with an integrated approach.
Second, previous studies in the nutrition field have mentioned
that an integration of biological and psychological characteristics
is the optimal approach.2,19,95 An example of an intervention with
an effective integrated approach is Food4Me, which has shown
greater improvement in dietary behavior.10,96 Moreover, CEAs of
integrated approaches in different disease areas often tend to have
positive results, such as improved cost-effectiveness of the inte-
grated care management versus the standard care of advanced
chronic obstructive pulmonary disease.97 This integrated
approach of PN deserves further investigation.

Limitations

First, since our literature search was restricted to CEAs pub-
lished in English-language journals, it may have missed CEAs re-
ported elsewhere. Second, some bias in our review might have
arisen through inclusion of poor-quality CEAs. Nevertheless,
assessing quality of the CEAs was important for revealing im-
provements for future CEAs, such as better reporting on study
parameters. Third, our results could have been influenced by
publication bias, since interventions that are found to be cost-
effective are more likely to be published.98 Fourth, heterogene-
ities in methodology and the limited number of CEAs that studied
the integrated or biological concept made it difficult to draw
stable conclusions about the cost-effectiveness of these concepts;
more CEAs are therefore needed.

Future Research

In addition to the suggestions for future research already given
above, another question to consider is how much people are
willing and able to spend on PN. This review calculated iNMBs
with 2 different WTP thresholds, but there is no specific cut-off
point defined in the literature for PN.54 A study by Corso et al99

found that treatment is preferred above prevention by society,
which might imply that the WTP might be greater for a compa-
rable treatment rather than for prevention-oriented PN. Since
costs of these interventions are often (partly) borne by the user,
WTP studies of PN interventions could give perspectives on po-
tential consumer behavior for 2 reasons. First, a WTP will indicate
the willingness of the user to make the required behavioral
change and how much the user expects to benefit from PN. Sec-
ond, these studies show policy makers how much demand might
vary between different social classes and indicate how demand for
PN varies depending on the level of public subsidy applied.
However, to date, it seems there has been only 1 published WTP
study in this area.100

Moreover, multiple criteria decision analysis might be consid-
ered for future research, because there are many factors besides
cost-effectiveness that affect the value of PN.42,101–103 Personal
preferences might be relevant as well, and particularly for diet-
related interventions, since food—and all activities related to
food—has a profound role in a person’s life. Therefore, any
assessment of the merits of PN strategies should consider
preferences.

Conclusions

Heterogeneity exists in the methodology of CEAs done in the
field of PN, including variation in definitions and its conceptuali-
zation, PICOs, and modeling approaches. This leads to differences
in health economic outcomes. Nevertheless, PN interventions tend
to be cost-effective compared to usual care and drug-related
treatments with WTP thresholds of $20 000 and $50 000. This
suggests that many PN interventions may offer good value for
money. Moreover, this review found that an integration of PN
concepts may yield the greatest iNMB. Future CEAs should
improve their methods to support later implementation and
reimbursement decisions.
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