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Socio-economic research plays an important role to success-

fully introduce novel, controversial goods, such as GM food.

This review presents a conceptual framework to explore the

market potential of GM food with health benefits at both micro

and macro level. While the former examines consumer accep-

tance and willingness-to-pay, the latter assesses the health im-

pacts and cost-effectiveness. Thereby, underlying theories,

methods and empirical research underpinning each line of in-

quiry are reviewed. By compiling results from eight socio-

economic studies, Folate Biofortified Rice is taken as a case

to illustrate how the framework contributes to assess its market

demand as well as cost-effectiveness.
Introduction
Since its introduction in 1995, Genetically Modified (GM)
crops have become one of the fastest adopted technologies
in agriculture, resulting in a total cultivated area of 170
million ha, adopted by more than 14 million farmers in
25 countries (James, 2012). This Gene Revolution focused
solely on the adoption of GM crops with improved agro-
nomic traits, like insect resistance and drought tolerance.
As such, it mainly benefited farmers and particularly
small-scale farmers in developing countries (Anthony &
Ferroni, 2012; Raney, 2006). As compared to the positive
impacts and the remarkable growth, the use of GM technol-
ogy in food remains heavily debated. This led to a large,
growing body of research on consumer reactions towards
GM foods worldwide, which aims to better understand
the drivers behind acceptance or reluctance (Bredahl,
2001; Costa-Font, Gil, & Traill, 2008), as well as
willingness-to-pay (WTP) for GM or GM-free foods
(Lusk, Jamal, Kurlander, Roucan, & Taulman, 2005).

Although the currently commercialized GM foods may
also positively affect consumers, e.g. through their positive
impacts on household income, rural employment, health
(Qaim, 2009), or food prices (Brookes, Elobeid, Tokgoz,
& Yu, 2010), they all are missing a crucial aspect to attract
the consumer, i.e. a direct, tangible benefit (Engel, Frenzel,
& Miller, 2002). Nevertheless, following the Gene Revolu-
tion and its farmer-oriented crops, GM technology is more
and more applied to enhance the vitamin or mineral con-
centrations in staple crops, i.e. the so-called GM bio-
fortified crops. Besides single biofortified crops, like
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Folate Biofortified Rice (FBR) (Storozhenko et al., 2007)
and Golden Rice (Paine et al., 2005), research and develop-
ment increasingly focuses on multi-biofortification by
stacking several micronutrient traits (De Steur, Gellynck,
Blancquaert, et al., 2012; Naqvi et al., 2009). Such foods
have direct benefits for consumer health and, thus, hold
the potential to be a valuable intervention for alleviating
the global burden of micronutrient malnutrition (Bouis,
2002), which is affecting roughly two billion people. How-
ever, because these crops are developed with a controver-
sial technology, governments, decision-makers, health
planners and researchers look for information on consumer
reactions, as well as the potential impacts of introducing it
as a health intervention. In other words, from a policy point
of view, economic evaluation is needed to assess whether
GM biofortified foods are worthwhile to implement, while
knowledge of its demand is needed to evaluate the market
potential of such novel, controversial crops.

Unlike conventional biofortified foods, GM biofortified
foods are still under development. Therefore, little is known
about their acceptance and purchase intentions (Gonzalez,
Johnson, & Qaim, 2009; Lusk, 2003), as well as their pub-
lic health impacts and cost-effectiveness (Stein, Sachdev, &
Qaim, 2006), especially in poor, developing regions at high
risk of micronutrient malnutrition. This paper aims to
simultaneously address these knowledge gaps by providing
a scientifically sound conceptual framework to evaluate ex-
ante the market potential of GM foods with health benefits,
like GM biofortified crops. Therefore, emphasis is put on
four key lines of inquiry, i.e. acceptance, willingness-to-
pay, health impacts and cost-effectiveness. While accep-
tance and WTP are examined at the individual consumer
level (micro), the potential health impacts and cost-
effectiveness is assessed for a society as a whole (macro).
Even though the perceptions of other stakeholders also in-
fluence the success and coverage rate of introducing these
and other GM foods, it is crucial to explore the ex-ante po-
tential at consumer level. Not surprisingly, market failure of
novel food products or technologies is often caused by a
lack of, or inadequate ex-ante consumer research (Lusk &
Hudson, 2004). Moreover, as the asynchronous and asym-
metric approval of authorized GM foods demonstrates, con-
sumer preferences also play an important role for political
support and farmer adoption.

The next part presents themicro/macro conceptual frame-
work as well as the underlying theories and methods. For
each of the targeted lines of inquiry, the current state-of-
the-art in consumer research on biofortified and GM foods
is described. To underline the framework’s potential, this pa-
per also applies it to a specific case, namely FBR. Therefore,
we reviewed and compiled the findings of various studies that
evaluated its socio-economic potential in China.

Conceptual framework
Fig. 1 outlines the conceptual framework for deter-

mining the market potential of GM crops with health
benefits at micro and macro level. Building upon the large
body of consumer research on GM foods, the micro-level
pillar broadly addresses two key research topics: accep-
tance and WTP. The studies on acceptance of GM foods
with health benefits are mainly oriented towards the anal-
ysis of its key determinants, especially knowledge, con-
sumer perceptions and socio-demographic indicators.
Thereby, segmentation analysis is often proposed to further
define the potential market for a particular GM food. More-
over, because the majority of GM food research with con-
sumers focuses on the evaluation of the benefits or risks
associated with the improved trait, this framework goes
beyond this by exploring the influence of potential negative
changes of regular product attributes, such as taste and
appearance. As a second step of consumer market analysis,
WTP for GM foods with health benefits is examined. As the
selection of the value elicitation method to define con-
sumers’ WTP is crucial, it is worthwhile to derive and
compare WTP values from different approaches. Therefore,
both non-hypothetical (revealed) and hypothetical (stated)
preference methods are included. When measuring WTP,
the influence of socio-demographic indicators, GM food
knowledge and acceptance, information about the improved
trait or the applied technology, and, through the selection of
different valuation methods, design characteristics is
deemed important.

The macro-level analysis evaluates GM food with health
benefits as a potential health intervention through three sub-
sequent steps: (1) quantification of the current burden of
disease; (2) assessment of the health gap between a situa-
tion before and after the introduction of the health interven-
tion, the so-called health impact or effectiveness; and (3)
measurement of the cost-effectiveness through the compar-
ison of the health intervention costs and health benefits.

Although current socio-economic research on GM foods
with (or without) health benefits generally focuses on only
one analytical level, results at the micro-level can be inte-
grated in macro-level analysis. This is particularly the
case when aiming to measure the effectiveness of its intro-
duction, as this is partially determined by the number of
people that are favorable to, and willing to pay for the tar-
geted product.

In the subsequent sections, the different components of
the conceptual framework and the rationale to investigate
them are discussed in relation to the current research liter-
ature. It is important to note that this framework only pro-
vides the key concepts. Therefore, concepts will be further
defined according to the investigated research topic, e.g.
knowledge about GM food, or reference will be made to
specific measures, e.g. the DALY concept as a health
impact indicator.

Acceptance
The concept of acceptance measures whether a con-

sumer is favorable to GM food with health benefits. Due
to the direct consumer benefits, these products are expected
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Fig. 1. Conceptual framework for evaluating the market potential of GM foods with health benefits, partially adopted from Costa-Font et al. (2008)
and Stein et al. (2005).
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to be more warmly embraced than GM food with improved
agronomic traits and may be able to compensate for the
negative perception that might be associated with the GM
technology (Anand, Mittelhammer, & McCluskey, 2007;
Frewer, Howard, Hedderley, & Shepherd, 1997; Hossain,
Onyango, Schilling, Hallman, & Adelaja, 2003;
L€ahteenm€aki et al., 2002; Lusk et al., 2005; O’Conner,
Cowan, Williams, O’Connell, & Boland, 2005; Schnettler,
Sepulveda, & Ruiz, 2008). Scientific research to underpin
the higher acceptance rate of GM foods when health bene-
fits are present, is scarce (Lusk, 2003), but steadily
growing. Only few studies explored consumer acceptance
of a biofortified foods, e.g. conventionally bred provitamin
A enriched corn (De Groote & Kimenju, 2008; Stevens &
Winter-Nelson, 2008) and GM rice with a high folate con-
tent (De Steur et al., 2010b).

The analysis of acceptance of GM food products with
health benefits addresses two challenging issues in con-
sumer research: the investigation of its underlying determi-
nants and the effect of potential negative attribute changes
associated with the applied GM technology, aside from the
improved health attribute. Below, both aspects are elabo-
rated with reference to the conceptual framework, existing
and comparable research in the field.

Determinants of GM food acceptance
The framework of consumer acceptance is mainly

derived from the explanatory GM food acceptance model
(Costa-Font et al., 2008) and scientific evidence on accep-
tance of GM and/or biofortified food crops. In their review,
Costa-Font et al. (2008) developed a framework that builds
on the attitude model of Bredahl, Grunert, and Frewer
(1998) and Fishbein’s multi-attribute theory (Fishbein,
1963). It considers GM food attitudes and acceptance as
complex constructs, which are determined by consumer
perceptions of benefits and risks, general attitudes, knowl-
edge and socio-demographic factors. In line with previous
research (Pope, Voges, Brown, & Forrest, 2004;
Verdurme & Viaene, 2003), the framework emphasizes
the role of the two GM related concepts, namely knowledge
and consumer perceptions of GM food. Besides the afore-
mentioned determinants, attitude formation may also be
affected by the investigated study population, as cross-
country studies have shown (Bredahl, 2001; Costa-Font &
Gil, 2009), the targeted product or trait (De Steur,
Blancquaert, et al., 2013; Frewer et al., 2013; Huang,
Qiu, Bai, & Pray, 2006), or general beliefs (Costa-Font
et al., 2008; Saher, Lindeman, & Hursti, 2006).

Although GM food knowledge is considered as a key
determinant of acceptance (Chen & Li, 2007; Costa-Font
& Mossialos, 2007), its inclusion (e.g. mediated through
consumer’s literacy) (Rodr�ıguez-Entrena & Salazar-
Ord�o~nez, 2013; Saher et al., 2006) as well as the direction
of its effect remains a topic for discussion (House et al.,
2004; Kassardjian, Gamble, & Gunson, 2005). Due to the
discrepancy between objective and subjective GM food
knowledge, with the latter typically higher than the former
(Costa-Font et al., 2008; Ganiere, Chern, & Hahn, 2006;
Ho, Vermeer, & Zhao, 2006; House et al., 2004; Li,
Curtis, McCluskey, & Wahl, 2002; Verdurme, Viaene, &
Gellynck, 2003b), it is crucial to make a distinction be-
tween both components.

Cognitive variables such as consumer perceptions of
GM food have an important influence on consumer accep-
tance (Baker & Burnham, 2001; Bredahl et al., 1998; Li
et al., 2002), especially if they refer to benefits and risks
(Costa-Font et al., 2008; Frewer & Shepherd, 1995;
Roosen et al., 2005). Moreover, several authors opted for
a multi-item scale for evaluating perceptions of risks, ben-
efits, safety and price impact (Verdurme & Viaene, 2001);
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knowledge, labeling and trust (Pope et al., 2004); benefits,
health or environmental risks, safety and trust (Verdurme,
Viaene, et al., 2003); or product- and process-related beliefs
(Bredahl et al., 1998). In their review, Frewer, et al. (2013)
further demonstrated the use of various categories of per-
ceptions in consumer research on GM foods.

While several authors do not consider socio-
demographic indicators (alone) as strong predictors of
GM food acceptance (Anand et al., 2007; Baker &
Burnham, 2001; Bredahl et al., 1998; Kontoleon & Yabe,
2006; Li et al., 2002), most studies found various signifi-
cant effects (Chen & Li, 2007; Hoban, 1998), even on bio-
fortified foods (De Groote & Kimenju, 2008). For example,
women (Moerbeek & Casimir, 2005; Siegrist, Cvetkovich,
& Roth, 2000), older people (Ganiere et al., 2006) and
those with a low education (Hoban, 1998; Traill et al.,
2004) or a low income level (Yee et al., 2008) are generally
more skeptical of GM food. However, there is still discus-
sion about the strength and the sign of these determinants
(Costa-Font et al., 2008).

Consumer segmentation is often used as a marketing
technique to further analyze the variance of consumer reac-
tions to GM food. In the end, market strategies are required
to efficiently target the consumer in the market. Identifying
consumer segments is a prerequisite to reach this goal.
Table 1 present the results of a review on studies that clus-
tered the market for GM food in general, or specific GM
food products in particular. While most consumer research
on GM food acceptance can be understood as a binary seg-
mentation analysis (yes/no), this table goes beyond this by
presenting studies that identified more than two groups of
consumers, who also differ from each other with respect
to underlying determinants of acceptance.

According to the review of Costa-Font et al. (2008), the
consumer’s reaction towards GM food can be generally
classified into three groups: ‘pessimistic’, ‘risk-tolerant’
or ‘information searchers’, and ‘optimistic’. The majority
of studies focus on agronomic traits, while consumer ori-
ented traits are only targeted in the case of cholesterol
reducing GM dairy spread (O’Conner et al., 2005) and
GM oil seed as a source of omega-3 fatty acids (Cox,
Evans, & Lease, 2008). Zhang, Huang, Qiu, and Huang
(2010) also demonstrated that there is a group of Chinese
consumers (14%) who attaches importance to nutrition ben-
efits. When looking at European studies, including the
Eurobarometer reports, the results confirm a large, growing
opposition or skepticism towards GM food. Except for the
large indifferent segment in Germany, the size of the
opposed cluster is about two times as large as the optimistic
segment. In the United States, however, such a reluctant
segment is less represented (Ganiere et al., 2006).

GM food segments are typically based on socio-
demographic, attitudinal and behavioral differences, but
also refer to GM related determinants, such as knowledge
and consumer perceptions (Christophe, Bruhn, & Roosen,
2008; Verdurme & Viaene, 2003; Zhang et al., 2010).
Acceptance of negative GM food attributes
Consumers evaluate GM food products by the attribute

changes caused by the GM technology, rather than the tech-
nology itself (Ganiere et al., 2006). When linking
Fishbein’s multi-attribute theory to GM food, acceptance
not only depends on knowledge and consumer perceptions
of GM food, but also on the reactions towards its specific
product attributes (Bredahl et al., 1998; Rimal, Moon, &
Balasubramanian, 2007; Siegrist, 2008). According to
Lancaster (1966), consumers maximize utility through the
combination of product attributes. Nevertheless, research
on GM foods solely focused on the evaluation of the
product-enhancing attributes of GM food, such as the nutri-
tional benefits.

However, applications, such as GM biofortification, who
are initially aimed at improving the health of consumers,
may involve other product attribute changes, such as an un-
desired appearance or taste. Therefore, it is crucial to keep
the GM product as natural as possible (Onyango,
Govindasamy, Hallman, Jang, & Puduri, 2006; Siegrist,
2008; Tenb€ult, De Vries, Dreezens, & Martijn, 2005).
Improving the provitamin A level in corn, for example, re-
sults in a yellow color and alters its sensory characteristics,
which hampered consumer acceptance in Africa (Stevens &
Winter-Nelson, 2008). Furthermore, aspects related to its
introduction, such as the availability, the cultivation poten-
tial, the environmental impact and the price, could play a
role (Verdurme, Gellynck, & Viaene, 2003). If consumers
are not favorable to these new properties or impacts, it
may compensate for the positive perceptions of the benefits.

Willingness-to-pay
Following acceptance, the next step to evaluate the po-

tential demand of novel GM food products is to determine
its economic value for consumers. WTP for a GM food
product is generally expressed in terms of the dollar pre-
mium or discount consumers place on it. When the
improved trait of a GM crop is oriented towards consumers,
research on consumers’ preferences focuses on eliciting
their premium. While there is a large body of economic
valuation studies on GM food with agronomic traits
(Dannenberg, 2009; Hall, Moran, & Allcroft, 2006; Lusk
et al., 2005), evidence on conventional (Chowdhury,
Meenakshi, Tomlins, & Owori, 2009) and GM biofortified
crops (Lusk, 2003) continues to mount. However, in both
cases, the evidence shows that WTP most likely exceeds
valuations of GM food products without health benefits.
Or, as is the case in Europe, the discount one demands
for GM foods with health traits is lower than for improved
agronomic traits (Costa-Font, Tranter, & Gil, 2012).

Table 2 classifies the most commonly used WTP values,
as defined by the applied methodology. One can broadly
conceptualize these values as either stated or revealed pref-
erences, which measure WTP, respectively, directly or indi-
rectly (Balistreri, McClelland, Poe, & Schulze, 2001;
Blamires, 1997; Lusk & Shogren, 2007; Pearce &



Table 1. Overview of market segmentation studies on GM food acceptance, per product category, research location, name and size (% of sam-
ple) of the identified clusters, and source.

Product category Location Identified clusters (% respondents) Source

GM food EU-15 1 Trade-off (18%)
2 Relaxed (14%)
3 Skeptical (62%)
4 Uninterested (6%)

4th Eurobarometer Surveyb

(Gaskell et al., 2004)

EU-15;-25;-27 Cluster name (EU-15; EU-25; EU-27)
1 Optimistic (22%; 27%; 23%)
2 Pessimistic (50%; 54%; 61%)
3 Undecided (28%c; 16%; 16%)

5th, 6th & 7th Eurobarometer Surveysb

(Gaskell, Allum, & Stares, 2003;
Gaskell et al., 2006; Gaskell et al., 2010)

Belgium 1 Halfhearted (34.5%)
2 Enthusiasts (23.5%)
3 Balancers (26.5%)
4 Green opponents (15.5%)

(Verdurme & Viaene, 2003)

China 1 Neutral (46.5%)
2 Knowledgeable (18.1%)
3 Biotechnology learners (26.9%)
4 Price-conscious (8.5%)

(Li, Wahl, & McCluskey, 2003)

China 1 Food safety (31%)
2 Nutritional technologist (14%)
3 GM Skepticism (26%)
4 GM for non-food promoter (29%)

(Zhang et al., 2010)

Germany 1 Supporters (25%)
2 Indifferent (47%)
3 Opponents (28%)

(Christophe et al., 2008)

Greece 1 Opposition (38%)
2 Potential (10.8%)
3 Early adopter (41.3%)
4 Extreme opposition (9.8%)

(Arvanitoyannis & Krystallis, 2005)

South Korea 1 Open mindedness (29%)
2 Convenience/familiarity seekers (47%)
3 Biotechnology opponents (24%)

(Onyango et al., 2006)

United States 1 Proponents (4.7%)
2 Non-opponents (61.0%)
3 Moderate opponents (22.7%)
4 Extreme opponents (11.7%)

(Ganiere et al., 2006)

United States 1 Risk avoiders (33%)
2 Risk dismissers (23%)
3 Balanced but interested (44%)

(Radas, Teisl, & Roe, 2008)

United States 1 Ambivalentebiotech (42%)
2 Antibiotech (6%)
3 Biotechenormer (38%)
4 Biotech individual (14%)

(Silk, Weiner, & Parrott, 2005)

GM apples New Zealand 1 Price sensitive (15.3%)
2 True believing (13.0%)
3 Appreciative (23.3%)
4 Middle of the road (18.3%)
5 Opposed (16.3%)
6 Concerned (13.7%)

(Kaye-Blake, O’Connell, & Lamb, 2007)

GM chocolate &
GM tomatoes

New Zealand Cluster name (chocolate; tomato)
1 Price sensitive (7%; 13%)
2 Price & technology insensitive (40%; 25%)
3 Anti-GM, not benefit sensitive (30%; 21%)
4 Neophobic (c: 12%; t: 11%)

(Gamble, Muggleston, Hedderley,
Parminter, & Richardson-Harman, 2000)d

GM corn flakes United States 1 Brand buyers (40.5%)
2 Safety seekers (30.3%)
3 Price pickers (29.2%)

(Baker & Burnham, 2001)

GM dairy spreada Ireland 1 Pro-2nd generation (29.4%)
2 Anti-2nd generation (24.4%)
3 2nd generation accepters (14.4%)
4 2nd generation rejecters (31.8%)

(O’Conner et al., 2005)
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Table 1 (continued )

Product category Location Identified clusters (% respondents) Source

GM derived
animal foods

UK 1 Opponents (7.6%)
2 Cautious (41.3%)
3 Optimists (51.1%)

(Kontoleon & Yabe, 2006)

GM corn South Africa 1 Anti-GM, brand aware (35%)
2 Brand unaware, farmer sympathetic (20%)
3 GM consumer benefit, brand aware (25%)
4 Brand aware, Pro-GM (20%)

(Vermeulen, Kirsten, Doyer, &
Sch€onfeldt, 2005)

GM oil seeda Australia 1 Conservatives (28%)
2 Confident protectors (51%)
3 Anti-GM (20%)

(Cox et al., 2008)

GM tofu Taiwan 1 Conventional Buyer (45%)
2 GMO Buyer (32%)
3 Non-GMO buyer (23%)

(Jan, Fu, & Huang, 2007)

GM ricea,b China 1 Enthusiastic (14.2%)
2 Cautious (41.2%)
3 Opposed (44.6%)

(De Steur, Liqun, et al., 2014)

EU, European Union; GMO, genetically modified organism.
a To our knowledge these are the only segmentation studies solely focusing on GM products with consumer benefits. The GM rice study is the

only cluster analysis on GM biofortified crops.
b 4th, 5th, 6th and 7th Eurobarometer Surveys are conducted in 1999, 2002, 2005 and 2010, respectively.
c In the 5th Eurobarometer ‘undecided’ is replaced by ‘risk-tolerant’.
d Although the authors discovered three additional, smaller segments with respect to GM tomatoes, only the common clusters are shown.
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€Ozdemiroglu, 2002). Although values derived from experi-
mental auctions are sometimes categorized as revealed
preferences, they actually combine the strengths of both re-
vealed and stated preference methods (Lusk & Shogren,
2007). While in theory all methods should obtain the
same value, a discrepancy often occurs in practice
(Balistreri et al., 2001). As this is particularly the case for
GM food studies (Lusk et al., 2005), the most applied
methods will be discussed below.

WTP for GM food is mainly determined by stated pref-
erence methods, such as open-ended and closed-ended
contingent valuation (Lusk et al., 2005). While the open-
ended format directly measures the amount one is willing
to pay, the single or double-bounded dichotomous choice
closed-ended format includes a take-it-or-leave-it bid in
advance, with (double) or without (single) follow-up
(Bishop & Heberlein, 1979; Hanemann, 1984; Langford
& Bateman, 1993). As the outcomes of these approaches
are often different (Hanemann & Kanninen, 1999), one
should carefully select the technique based on the nature
of the investigated product, the characteristics of the tar-
geted sample, the applied statistical technique and the
cost of the survey (Venkatachalam, 2004). Other stated
preference methods, such as discrete choice experiments,
are often less applicable to estimate economic values of
novel food products, due to its complexity, the limited pos-
sibility of including important determinants of buying
behavior (Lusk & Hudson, 2004), or because of the low ex-
plained variation (Lusk & Shogren, 2007), but are generally
accepted as multi-attribute modeling tools to measure
trade-offs between various factors.
Although hypothetical methods are still commonly
applied in GM food research (Lusk et al., 2005), inferring
stated preferences for novel products has been shown to
lead to an overestimation of consumers’ true value,
partially because the former does not attach monetary con-
sequences to the participant’s responses (Balistreri et al.,
2001; Huffman, Rousu, Shogren, & Tegene, 2007; List &
Gallet, 2001). This hypothetical bias is considered one of
the key shortcomings of stated value elicitation methods
(Loomis, 2011). As a consequence, non-hypothetical pref-
erence methods are often proposed as a valuable tool for
eliciting one’s true WTP (List & Gallet, 2001). Experi-
mental auctions, for example, address important challenges
of the stated (e.g. hypothetical bias) and revealed prefer-
ence methods (e.g. indirectly deducting WTP from empir-
ical patterns), while improving the conventional
contingent valuation approach (Lusk & Shogren, 2007).
Not surprisingly, this method becomes more and more
used in the field of novel food products, among which
GM foods (Colson & Rousu, 2013).

Besides the choice of valuation method, also the applied
value measure, WTP versus WTA (willingness-to-accept,
i.e. the compensation one is prepared to accept to sell a
product), is an important topic for discussion. A clear diver-
gence with substantially higher WTA values is often found
when applying hypothetical methods (Plott & Zeiler, 2005;
Venkatachalam, 2004), non-hypothetical methods (Brown,
2005; Shogren et al., 2001), or both (Horowitz &
McConnell, 2002), known as the endowment effect. This
WTP/WTA gap also occurs when eliciting values for GM
foods (Lusk et al., 2005). For an overview of these and



Table 2. Overview of the main types of value elicitation methods, based on the applied value elicitation method and empirical setting, and
applications to GM biofortified foods.

Value elicitation method Description Applications to GM biofortified
foods

Hypothetical Stated preference methods Elicits values for a non-market good or service,
derived from indirect (i.e. choice modeling) or direct
surveys (i.e. contingent valuation).

Contingent valuation
Open-endeda

Closed-endedb

Obtains statements that are contingent on the
hypothetical scenario that is presented.
Asks howmuch someone is willing to pay for a good.
Asks whether someone is willing is to pay a certain
amount for a good, with or without a follow-up
question (i.e. respectively single or double-bounded
dichotomous choices).

(De Steur et al., 2010b)
(Gonzalez et al., 2009; Li et al.,
2002; Lusk, 2003)e

Choice modeling
Conjoint analysis
Contingent ranking
Choice experimentsc

Multi-attribute valuation techniques that elicit values
for multiple attributes of a non-market good by
asking respondents to rate, rank or choose a set of
attributes (levels).
Techniques that infer a value from hypothetical
choices for varying sets of product attributes, either
by contingent rating or paired comparisons.
Ranking a series of alternative options, e.g. product
profiles, in order of preference.
Valuation techniques, among which discrete choice
experiments, where respondents have to make trade-
offs and indicate their preferred option out of a set of
alternatives.

(Gonzalez et al., 2009)
(Canavari & Nayga, 2009; Corrigan
et al., 2009)

Non-Hypothetical Revealed preference
methods

Derives someone’s implicit value for a market good
or service through the observation of preferences
revealed by actual market behavior. In other words,
one infers values for a good that indirectly exists in
the market from actual choices.

Market data analysis Deriving values (price responses) from observed
market data through information on purchases of
consumer panels, or household or store scanner data
on transactions.

Travel cost methodd

Hedonic pricingd

Random utility models

Measures the value for a good/service by
determining the cost of travel in order to access it.
Measures the implicit (hedonic) price of a non-
market good/service through the value of surrogate
goods/services (e.g. house prices) and the relative
impact of their attributes.
Analyzes choice behavior in a utility maximizing
framework to derive values from implicit trade-offs
among attributes and costs of alternatives (e.g.
discrete choice models).

Experimental auctions
Laboratory auctionsa

Field auctions

Simulates an active market in order to elicit values
for non-market goods, either in a laboratory or a
natural context (e.g. supermarket), where real
products are auctioned for money. As such, this
method is more often proposed as a valuable, more
accurate value elicitation method as compared to
survey based (stated) preference methods. Key value
elicitation mechanisms are: English auction; BDM,
Becker-Degroot-Marschalk; (random) nth price
auction, 2nd price (Vickrey) auction and collective
auction.

(Colson & Huffman, 2009; Colson,
Huffman, & Rousu, 2011; Corrigan
et al., 2009; De Steur, Buysse,
et al., 2013; De Steur, Feng, et al.,
2014; De Steur, Gellynck, Feng,
et al., 2012; Depositario et al.,
2009)

a Selected valuation method in the reviewed case-studies.
b Commonly applied formats are dichotomous choice, payment card (i.e. asking for maximum WTP from a list on a card) and bidding game.
c Although choice experiments are hypothetical in nature, there is an increased interest in non-hypothetical variants.
d Both methods are typically used for environmental valuations (e.g. costs for accessing natural sites or for avoiding damage; valuing pollution

through house price variations based on the proximity to industrial sites).
e Contingent valuation studies are based on a double-bounded dichotomous choice format.
Source: Own compilation. Classification and definitions based on Bateman et al. (2002), Breidert, Hahsler, and Reutterer (2006), Hanley,
Shogren, and White (2006), Lusk and Shogren (2007), UN, EC, IMF, OECD, and World Bank (2005) and Venkachalam (2004).
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other issues in economic valuation research, such as sam-
pling bias, strategic bias, anchoring bias (product/informa-
tion), order effects, social desirability bias and income
endowment effects, we refer to the reviews of
Venkatachalam (2004) on contingent valuation methods
and De Steur, Feng, Xiaoping, & Gellynck (2014); De
Steur, Liqun, Van Der Straeten, Lambert, & Gellynck
(2014); De Steur et al. (2014) on experimental auctions
(see also the handbook of Lusk and Shogren (2007)), i.e.
two of the most applied methods in GM food studies.

Determinants of WTP for GM foods
Notwithstanding the importance of determining the level

of WTP, identifying its determinants is considered one of
the key directions of future valuation research on GM foods
(Lusk, 2011). In line with the literature on acceptance,
WTP for GM food is expected to be influenced by knowl-
edge, consumer perceptions and socio-demographic indica-
tors (Bredahl et al., 1998; Costa-Font et al., 2008; De
Groote & Kimenju, 2008; Han & Harrison, 2006; House
et al., 2004; Verdurme, Viaene, et al., 2003), although evi-
dence on the effect of the latter is inconclusive (Lusk, Fox,
Schroeder, Mintert, & Koohmaraie, 2001; Umberger &
Feuz, 2004). Acceptance has a positive effect on WTP for
GM technologies (Colson & Huffman, 2009) or GM food
products (Kassardjian et al., 2005). Besides, WTP estimates
for GM foods also vary according to the type of GM tech-
nology (e.g. animal versus plants), food product and
geographical region (Dannenberg, 2009; Lusk et al., 2005).

In the case of GM foods with health benefits, which in-
creases consumers’ WTP (Dannenberg, 2009; Lusk et al.,
2005), information is expected to play an important role.
Auctions, for example, allow to define the effect of the pro-
vision of specific information about product and process
characteristics. Key information treatments refer to product
(e.g. nutrition content and associated health benefits) or
process characteristics (e.g. information regarding GM
technology) (Depositario, Nayga, Wu, & Laude, 2009).
Although health related information is expected to raise
WTP, awareness of the GM technology may counter this ef-
fect. Due to the controversy surrounding the use of GM
technology in food products, there is a large body of
research on the role of specific GM information. While pos-
itive GM information increases consumers’ WTP for GM
food products (Colson & Huffman, 2009), and vice versa,
there is less consensus about the direction of conflicting in-
formation effects (Colson & Huffman, 2009; Corrigan,
Depositario, Nayga, Wu, & Laude, 2009; Depositario
et al., 2009; Parkhurst, Shogren, & Dickinson, 2004;
Rousu, Huffman, Shogren, & Tegene, 2004).

When applying value elicitation methods on (GM)
foods, especially in an experimental setting, the character-
istics of the research design (recruitment method, timing,
sample/panel size, bidding procedures) could account for
differences in values (De Steur et al., 2014). In experi-
mental auctions, for example, commonly reported effects
are the time-of-the-day effect (Hoffman, Menkhaus,
Chakravarti, Field, & Whipple, 1993), panel size effect
(Umberger & Feuz, 2004), training effect (Drichoutis,
Nayga, & Lazaridis, 2011), multiple-good valuation effect
(List, 2002), top-dog effect (Corrigan & Rousu, 2006)
and bidder affiliation (List & Shogren, 1999). Also the
applied value elicitation mechanism (Lusk, Feldkamp, &
Schroeder, 2004; Lusk & Shogren, 2007) and bidding
method, i.e. endowment (and up- or downgrade) versus
full bidding approach (Corrigan & Rousu, 2006;
Loureiro, Umberger, & Hine, 2003), may account for value
differences.

Health impact and cost-effectiveness
While the analysis of acceptance and WTP provides

insight in the consumer reactions to GM food with health
benefits, one needs to realize that such crops may only be
supported and implemented when the generated health ef-
fects verify the allocated resources. An economic evalua-
tion is an essential tool to determine an intervention’s
potential health impact and cost-effectiveness. Here, the
widely applied Disability-Adjusted Life Year (DALY)
approach is integrated in the cost-effectiveness analysis
(CEA) to measure the burden of disease before and after
the intervention and to compare costs and benefits. The
rationale behind the selection of the DALY concept and
CEA will be discussed below.

Burden of disease
When evaluating health interventions that aim to address

a specific disease in a society, like GM biofortification in-
tends to do with micronutrient malnutrition, and to
adequately inform decision-makers and health planners
about the potential of such strategies, it is essential to
analyze the current status of the targeted disease, i.e. the
burden of disease.

In their 1993 World Development Report, the World
Health Organization (WHO) and the World Bank intro-
duced the Disability-Adjusted Life Year (DALY) as a
health unit to analyze the burden of disease (World Bank,
1993). Since then, the DALY framework is the standard
measurement tool in the WHO Global Burden of Disease
(GBD) reports, including those on micronutrient malnutri-
tion, and has been widely applied to compare health inter-
ventions (Musgrove & Fox-Rushby, 2006). It quantifies the
burden of a disease as a single index, i.e. the number of
DALYs lost. This number reflects both mortality and
morbidity, as it is defined as the sum of years of life that
are lost (YLL) and the years of life that are lived with a
disability due to the disease (YLD) (Murray & Lopez,
1996).

The effectiveness of GM crops with health benefits
By comparing the burden of disease without or with the

(potential) introduction of a health intervention, potential
health impacts can be assessed. As Fig. 2 shows, this can
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Fig. 2. Health impact assessment of GM food with health benefits. Application of the DALY framework, adopted from Zimmermann and Qaim (2004)
and Meenakshi et al. (2010).
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be done by applying the DALY approach. In comparison
with the burden of disease (in DALYs lost), the effective-
ness is expressed in DALYs gained. It represents the contri-
bution of the intervention to alleviate this burden. The
effectiveness of introducing GM food with health benefits
mainly depends on the product characteristics and the po-
tential coverage rate of the intervention, which refers to
consumers’ acceptance (derived from the micro-level anal-
ysis) and access (based on farmers’ acceptance or willing-
ness-to-adopt) (Stein et al., 2005). By taking into account
the doseeresponse relationship, i.e. the effect of the
improved trait on specific outcomes of the targeted disease,
one can estimate the potential effectiveness.

The DALY framework is well recognized and recom-
mended (Musgrove & Fox-Rushby, 2006), especially for
developing countries/regions (Evans, Tan-Torres Edejer,
Adam, & Lim, 2005; World Bank, 1994), and is widely
applied in health impact studies on biofortified crops
(Meenakshi et al., 2010). Thereby, the focus is mainly on
crops tackling key micronutrient deficiencies, like iron,
zinc and vitamin A deficiencies.
The cost-effectiveness of GM crops with health
benefits

While an intervention’s effectiveness refers to the
improved health outcomes, a full economic evaluation
brings in the cost factors associated with this intervention.
In principle, an economic evaluation aims to compare the
consequences (e.g. health impacts) and costs of an interven-
tion, in order to contribute to priority-setting and to facili-
tate decision-making about the resource allocation
(Drummond, Sculpher, Torrance, O’Brien, & Stoddart,
2005).

Table 3 gives an overview of the different approaches to
describe the burden of disease and to evaluate health inter-
ventions. This overview does not aim to be exhaustive, but
focuses on the most applied evaluation methods in eco-
nomic health literature.

Basically, there are two main approaches in economic
health literature: cost-effectiveness analysis (CEA) and
cost-benefit analysis (CBA). Their objective is to identify
interventions that maximize the effectiveness per unit of
cost, i.e. the (health) value for money, rather than focusing
on minimizing the costs, like cost-minimization analysis
does. The major difference between CEA and CBA is
that the former expresses cost-effectiveness in natural
health units, while such health outcomes are converted
into monetary values in the latter (Johannesson, 1995).
The most important strength of cost-effectiveness, i.e.
avoiding the monetization of health effects, is often consid-
ered its main weakness. Although one can attach a mone-
tary value to a DALY or another health unit by using, for
example, country-specific annual per capita incomes
(WHO, 2001; Zimmermann & Qaim, 2004), a standardized
international value for a DALY, i.e. US$ 1000 (World Bank,
1994), or a WTP value threshold for incremental risk reduc-
tions (Willan, O’Brien, & Leyva, 2001), proponents of
CEA are questioning this approach on ethical grounds
and the uncertainty regarding the level of the assigned value
(Johannesson, 1995; Laxminarayan, Chow, & Shahid-
Salles, 2006; Willan et al., 2001). Due to the necessity of
reporting health consequences, economic evaluation studies
of health interventions are mainly based on CEA (Grosse,
Teutsch, & Haddix, 2007; Ngorsuraches, 2008; WHO,
2000). Although CBA certainly has its merits over CEA,
e.g. improved attractiveness, easier to comprehend, inclu-
sion of non-health benefits and comparability between
different sectors (Coast, 2004; Musgrove & Fox-Rushby,
2006), the latter will be selected in order to maintain the
non-monetary dimension of the DALY framework, instead
of using a purely economic indicator.

Together with the Quality-Adjusted Life Years (QALY)
framework, the DALY framework is one of the most



Table 3. Approaches of burden of disease analysis, health impact assessment and economic evaluation, and applications to GM biofortified
foods.

Approach Description Health
unit

Cost unit Standard measure Applications to GM
biofortified foods

Burden of disease
Health approach,
e.g. DALY
framework

Estimation of the burden of a
disease through health outcome
measures. The DALY framework,
for example, calculates the number
of DALYs lost.

Natural
units

/ DALYs losta; QALYs lost;
mortality; morbidity

Cost approach,
e.g. cost-of-illness
analysis (COI)

According to the COI, the
importance of the disease burden is
evaluated by the direct and indirect
costs that are associated to the
disease.

/ Monetary
units

US$

Intervention
Health impact
Health approach,
e.g. DALY
framework

The health impact is evaluated in
terms of improved health
outcomes. The DALY framework,
for example, estimates the number
of DALYs lost that can be averted
through an intervention.

Natural
units

/ DALYs saveda; QALYs
saved; deaths averted

(De Steur et al., 2010a)

Cost analysis
Cost approach,
e.g. CMA

Cost-minimization analysis (CMA)
analyzes the intervention costs in
order to identify the least expensive
intervention; also known as cost
analysis, cost identification,
programmatic cost analysis, cost
outcome analysis or cost
consequence analysis.

(Equal
benefits)

Monetary
units

US$

Economic evaluation
CEA, Cost-
effectiveness
analysis

All costs are related to a single
health index, i.e. the outcome
measure, and expressed as the
additional cost spent per unit of
health outcome.

Natural
units

Monetary
units

Reduced prevalence;
US$ per DALY saveda;
US$ per QALY saved

(Chow, Klein, & Laxminarayan,
2010; De Steur, Blancquaert,
et al., 2012; De Steur,
Gellynck, et al., 2012; Stein
et al., 2006)b

CBA, Cost-benefit
analysis

Both costs and benefits are
converted into monetary units and
outcomes are expressed as the
value of the benefits per dollars
expended; sometimes referred to as
benefit-cost analysis

Monetary
units

Monetary
units

Benefit-cost ratio (B/C)
Net benefit (BeC)
Internal rate of return
(IRR)

(Chow et al., 2010; Stein et al.,
2006; Zimmermann & Qaim,
2004)b,c

CBA, Cost-benefit analysis; CEA, Cost-effectiveness analysis; CMA, Cost-minimization analysis; COI, cost-of-illness analysis; DALY, disability-
adjusted life year; QALY, quality-adjusted life year.
a Selected valuation measure in the applications, including the reviewed case-studies.
b Except for Chow et al. (2010), all studies included a burden and health impact assessment.
c All studies estimated the IRR, while Stein et al. (2006) also determined the benefit-cost-ratio.
Source: Own compilation, based on Ngorsuraches (2008) and Drummond et al. (2005). Descriptions based on the CDC economic evaluation
glossary index (CDC, 2011).
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applied cost-effectiveness approaches for health interven-
tions (Evans et al., 2005). Both QALYs and DALYs are
considered as Health-Adjusted Life Years methods, i.e.
techniques to describe both mortality and morbidity of a
health condition as a single number (Gold, Stevenson, &
Fryback, 2002). Due to the inclusion of preference weights
(‘utilities’) for the quality of life, these standardized health
measures are often categorized under cost-utility analyses
(CUA), an extended CEA (Ngorsuraches, 2008). When
controlling for age-weighting and discounting, a QALY
(health gain) is considered the opposite of a DALY (health
loss). While the former uses a ‘health related quality of life’
weight, the latter uses its inverse, i.e. ‘disability’ weights.

Although using QALYs has its own advantages, there is
evidence that it leads to higher health impact figures, espe-
cially in the case of childhood diseases (Sassi, 2006), and
may result in a different ranking of cost-effective interven-
tions (Arioldi, 2007). The selection of the DALY approach
was mainly motivated by the historical use of DALYs in
World Bank (World Bank, 1993) and WHO reports on
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developing countries (Evans et al., 2005) as well as in bio-
fortification studies (Meenakshi et al., 2010). Although this
health indicator is often criticized, e.g. less transparent to
decision makers (Arnesen & Kapiriri, 2004), it is widely
recognized as an economic evaluation tool without the
need to attach a monetary value to a health benefit.

Costs that are generally included in economic evalua-
tions on conventional (Meenakshi et al., 2010) and GM bio-
fortification (De Steur, Gellynck, Blancquaert, et al., 2012;
Stein et al., 2006) refer to R&D, the regulatory process,
backcrossing of the desired trait into local varieties, social
marketing efforts and maintenance breeding. Costs associ-
ated with environmental risk management, among which
co-existence measures to avoid cross-pollination and segre-
gation measures to avoid trade disruptions, as well as label-
ing costs are not captured in current models. This
emphasizes the need for advanced cost-benefit ramifica-
tions in future research.

The cost-effectiveness is generally expressed in a stan-
dardized unit, i.e. US$ per gained DALY, which enables
the comparison of different health interventions. Thereby,
one could use a fixed cut-off level for cost-effective inter-
ventions (Laxminarayan et al., 2006; Tan-Torres Edejer
et al., 2003), such as the US$ 150-threshold of the World
Bank (1993) or per capita income levels, as proposed by
the WHO (Evans et al., 2005).

Reviewing the case of Folate Biofortified Rice in China
The aforementioned conceptual framework has been used

to determine the market potential of folate biofortified rice as
a particular GM food crop with health benefits. By reviewing
the results of eight ex-ante socio-economic studies, this sec-
tion demonstrates the applicability and relevance of this
framework. The focus is on folate biofortified rice as a poten-
tial, alternative health intervention to alleviate the burden of
folate deficiency. China and Shanxi Province are selected as
the research locations at, respectively,macro andmicro level.
Besides being the world leader in rice production and con-
sumption, China is also one of the largest GM crop producers
and is heavily involved in research and development of GM
rice (Wang & Johnston, 2007) and GM biofortified crops
(Campos-Bowers & Wittenmyer, 2007; Pray & Huang,
2007). Butmore importantly, with an estimated affected pop-
ulation of about 260million, folate deficiency is amajor pub-
lic health problem in China (De Steur et al., 2010a). As a
consequence, about 9%of all Neural-TubeDefects, i.e. folate
deficiency’s main adverse health outcome, occur in China.
Folate biofortification is particularly relevant for Shanxi
Province, where 44% of all women lack folate in pregnancy
(Ren et al., 2007), leading to an estimated record number of
6.5 Neural-Tube Defects per day (Dai et al., 2002).

Micro-level analysis of FBR: acceptance and
willingness-to-pay

Table 4 summarizes the key findings of the micro-level
evaluation of FBR in Shanxi Province, China. While the
analysis of acceptance and stated preference is based on a
standardized survey with 944 rice consumers (De Steur
et al., 2010b), the experimental auctions on WTP encom-
pass 252 women of childbearing age (De Steur, Gellynck,
Feng, Rutsaert, & Verbeke, 2012). The design characteris-
tics and the rationale of the methodological choices are
described in more detail in the reviewed studies. Besides re-
viewing published evidence, we also present novel findings
based on their datasets.

The population-based consumer survey on FBR in
Shanxi Province reports a high acceptance rate (62.2%),
as compared to a low level of reluctance (11.2%) and indif-
ference (26.6%) (De Steur et al., 2010b). When looking at
those who accept FBR, a negative change in key rice attri-
butes could outweigh their perception of the improved
health attribute (De Steur, Blancquaert, et al., 2013). In
some cases, like a decrease in taste and negative effects
on the environment, the coverage rate of introducing FBR
would be drastically reduced, up to a level that is 55%
lower than the initial acceptance rate.

A closer look into the data reveals three distinct con-
sumer segments: enthusiasts (14.2%), opponents (41.2%)
and cautious consumers (44.6%) (De Steur, Liqun, Van
Der Straeten, Lambert, & Gellynck, 2014). These segments
do not only differ in terms of GM knowledge, perceptions
and acceptance, but also in the acquisition of, and their
trustworthiness in GM information. Therefore, the low rep-
resentation of the optimistic segment is mainly due to its
high scores on each selected variable, rather than it is an
indication of FBR’s low acceptance. As such, the cautious
segment is not really reluctant, but only less optimistic. GM
food knowledge, attitudes and acceptance are highest in the
group of enthusiasts. The cautious hold an intermediate po-
sition between enthusiastic and reluctant consumers.

In correspondence with reviews on determinants of GM
food acceptance (Bredahl et al., 1998; Verdurme & Viaene,
2001), acceptance of FBR is influenced by the socio-
demographic indicators, GM knowledge and consumer per-
ceptions. Being male, farmer, young or highly educated, or
having a positive view on the risks or benefits increases the
probability to be favorable towards FBR. Also objective
knowledge of GM food, together with perceptions of the
potential risks and benefits, plays an important role. The
subjective knowledge component, which generally exceeds
ones’ objective knowledge, is insignificant.

As expected, there is a discrepancy betweenWTP derived
from stated preference methods or experimental auctions.
Based on the survey data on acceptance (De Steur et al.,
2010b), women of childbearing age stated to be prepared to
pay 46.7% more for rice when it would be biofortified with
folate. This is significantly higher than the 33.7% premium
in the experimental auctions (De Steur, Gellynck, Feng,
et al., 2012). A similar observation is made for reluctance,
as there are less women opposed to buying FBR in a hypo-
thetical (11.3%) than in a non-hypothetical setting (17.5%).
Although specific design characteristics might account for



Table 4. Review of four micro-level evaluation studies on FBR in Shanxi Province, China. Key findings on acceptance (determinants, impacts of
negative rice attributes) and willingness-to-pay (determinants, information effects).

Acceptance

Significant determinantsa Likelihood ratio tests c2 Impacts of negative rice attributesb % Reduction of acceptance

Gender (male)b 6.90* Taste 54.82
Age (young)b 10.61* External appearance 26.05
Farmer status (farmer)b 9.78* Price impact 44.53
Education level (high)b 7.84* Availability 34.73
Obj. GM knowledge (high)c 11.74*** Cultivation potential 19.61
GM food benefits (positive)c 5.93* Environmental impact 53.54
GM food risks (positive)c 6.31*
Model 102.03***
Nagelkerke’s R2 0.25

WTP

Determinantsc Coefficients Information effectsd t-value

Choice Level

Target group (non-student)b 0.63* 2.50* Folate benefits 6.82***
Auction type (2 products)g 0.12 �0.25 GM technology 3.77***
Farmer family (yes)b 0.22 0.76 Positive 2.67**
Residence (rural)b 0.11 �0.23 Negative �5.73***
Obj. GM knowledge (high)c 0.78� 0.16 Positive þ negative 0.27
GM acceptance (yes)b 1.01** 3.36* Negative þ positive �2.96**
Sigma 3.122** Objective �3.79***
Log likelihood �102.162 �348.515 All �3.73***

GM, genetic modification. Note: �, *, **, *** denote statistical significance at 10%, 5% and 1% and 0.1%, respectively. Significance at 10% is
only applicable to the double hurdle model. Categories or levels in between brackets refer to the direction of the effect. Education (<, � college
degree); Age (<, �40 years); Target group (student, non-student sample); Auction type (1 product ‘FBR’ versus 2 products ‘FBR þ non-GM alter-
native’); Farmer family (no, yes), Residence (urban, rural); and Acceptance (no, yes).
a Based on multinomial logistic regression analysis (De Steur et al., 2010b).
b Based on De Steur et al. (2013). The percentage reduction refers to the initial acceptance rate is 62.2%.
c Based on double hurdle regression analysis (De Steur, Gellynck, Feng, et al., 2012). Whilst the 1st hurdle examines the determinants of being

willing to pay for FBR or not (i.e. WTP choice; n ¼ 251), the 2nd hurdle analyzes the effects on the amount someone is willing to pay (i.e. WTP
level; n ¼ 207).
d Based on ‘random effects’ panel data regression analysis (De Steur, Buysse, et al., 2013). Effects refer to the impact of an information treatment

on the initial WTP, i.e. when only information about folate content is provided.
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these differences, this may be attributable to hypothetical
bias (De Steur, Vanhonacker, et al., 2014).

WTP for FBR is largely determined by objective GM
food knowledge and acceptance (De Steur, Gellynck,
Feng, et al., 2012). Besides, the target group variable indi-
cates significant differences between the student and non-
student subsample, by which the latter is typically in favor
of GM technology and FBR. While this may call for
tailored folate interventions, e.g. promoting folic acid sup-
plementation for young people, another study specifically
confirmed the unattractiveness of such supplements in rela-
tion to FBR (De Steur, Feng et al., 2014). This is also
shown in the insignificant effect of auctioning FBR alone
or together with supplements as a non-GM alternative.
When the latter is available, the majority still prefers FBR.

A closer look at the role of information demonstrates
that learning about the folate benefits of FBR increases con-
sumers’ WTP (De Steur, Buysse, Feng, & Gellynck, 2013).
Surprisingly, awareness of the application of GM technol-
ogy did not necessarily affected WTP for FBR. Even if
this information lowered WTP, knowledge about the folate
benefits was generally effective enough to compensate for
this reduction. As such, the consumer benefits of FBR
seem to be the decisive factor that outweighs potential
negative perceptions that might be associated with the
GM technology. Nevertheless, the premium for FBR is
lower than if it would have been based on conventional
breeding techniques (De Steur, Feng et al., 2014). Another
interesting finding relates to the impact of specific GM in-
formation and conflicting information in particular. While
Shanxi women are most susceptible to one-sided positive
or negative GM information, and evaluate objective infor-
mation rather as a negative treatment, conflicting informa-
tion resulted in a significant reduction of WTP, which
confirms previous research (Fox, Hayes, & Shogren,
2002; Parkhurst et al., 2004; Rousu et al., 2004). However,
as the downward adjustment of WTP is less pronounced
when positive information is presented first, a primacy ef-
fect is expected to occur.

Regarding the effect of design characteristics, we did not
found significant differences in bidding behavior when the
auctions were held on a different time (morning, afternoon
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or evening; weekday versus weekend), or with smaller or
larger panel sizes.

Macro-level analysis: potential health impacts and
cost-effectiveness

The results of the macro-level analysis of FBR in China
are presented in Table 5. Here, the DALY concept is
selected as the health measure of CEA. Besides reviewing
the findings from key studies on FBR in China (De Steur
et al., 2010a) and Shanxi Province (De Steur,
Blancquaert, Gellynck, Lambert, & Van Der Straeten,
2012), reference is also made to a cost-effectiveness study
on multi-biofortified rice, in which also zinc, iron and pro-
vitamin A levels are enhanced (De Steur, Gellynck,
Blancquaert, et al., 2012).

The burden analysis shows that a total number of 314
180 DALYs are lost due to folate deficiency in China, of
which 72.2% is caused by fatal outcomes, namely
Neural-Tube Defects that result in abortions or stillbirths
due to inadequate maternal folate intake. Regarding non-
fatal outcomes, spina bifida accounts for the highest num-
ber of years lived with disability.

By focusing only on women of childbearing age, the size
of this burden is largely underestimated, by which currently
only 3% of China’s burden of micronutrient malnutrition is
attributable to folate deficiency (De Steur, Gellynck,
Blancquaert, et al., 2012). A regional health analysis dem-
onstrates that more than 80% of the folate burden affects
Northern China (De Steur et al., 2010a). As expected, the
situation in Shanxi Province is particularly problematic.
According to the most recent analysis, this region obtains
a share of 36.4% (De Steur, Blancquaert, et al., 2012).

Due to the relatively high folate content of biofortified
rice, i.e. about 40 times higher than in regular rice, imple-
menting FBR would substantially reduce the annual
Table 5. Review of three macro-level evaluation studies on FBR in China
deficiency, and potential health impacts and cost-effectiveness of FBR.

Current burdena Folate deficiency Health impacts

(DALYs lost/year) Shanxi Provinceb Chinac (DALYs
saved/year)

YLD (i.e. NTD live births) 31 710 87 500 Pessimistic
scenario

YLL (i.e. fatal NTDs) 82 645 226 680 Optimistic
scenario

Total (YLD þ YLL) 114 355 314 180

DALY, disability-adjusted life year; FBR, folate biofortified rice; NTD, neur
a The annual burden of folate deficiency focuses on NTDs as the main a
b Shanxi figures derived from De Steur et al. (2012).
c Based on a health impact study on folate biofortified rice (De Steur et al

Steur, Gellynck, Blancquaert, et al., 2012).
d The application of the DALY framework on FBR is based on the HarvestP

(Stein et al., 2005).
e In line with previous research, two impact scenarios were used accordin

(60%) (Stein et al., 2006; Zimmermann & Qaim, 2004). These estimates ar
level analysis of FBR”), and access to FBR (farmers’ acceptance).
number of DALYs lost. Under the assumption that current
rice patterns are maintained, 22 871e68 614 DALYs
(Shanxi) and 62 836e188 508 DALYs (China) could be
saved each year. Even though the burden of folate defi-
ciency is smaller than for other micronutrient deficiencies,
comparison of the potential health impacts of conventional
biofortified crops (Meenakshi et al., 2010) and GM Golden
Rice (Zimmermann & Qaim, 2004) shows that the FBR has
relatively one of the highest effectiveness rates (De Steur,
Blancquaert, et al., 2012).

When taken into account the intervention costs, i.e. US$
19.9 million (Shanxi) versus US$ 32.3 million (China) (De
Steur, Blancquaert, et al., 2012; De Steur, Gellynck,
Blancquaert, et al., 2012), both the regional and country-
wide introduction of FBR are considered to be highly
cost-effective micronutrient strategies. Depending on the
impact scenario and geographical scope, saving a DALY
with FBR would cost between US$ 21.4 and US$ 120.3.
Because of the targeted nature of the intervention, by which
health benefits solely refer to prevention of maternal folate
deficiency, the cost to save a DALY is higher than in the
case of Golden Rice (US$ 3.1e19.4) (Stein et al., 2006).
Nevertheless, inserting both transgenic traits e folate and
pro-vitamin A e into a so-called multi-biofortified crop
would result in the largest cost-effectiveness, i.e. US$
2.3e9.6 per DALY saved (De Steur, Blancquaert, et al.,
2012).

Discussion
In this review article, we have presented a socio-economic

research framework for evaluating GM foods with health
benefits. Through the combination of both micro- and
macro-level analysis it addresses key knowledge gaps in
four key research domains: acceptance, willingness-to-pay,
health impacts and cost-effectiveness. Thereby, the focus is
and Shanxi Province. Key findings on the current burden of folate

e FBRd Cost-effectivenesse FBRd

Shanxi
Provinceb

Chinac (US$/DALY saved) Shanxi
Provinceb

Chinac

22 871 62 836 Pessimistic scenario 120.3 64.2

68 614 188 508 Optimistic scenario 40.1 21.4

al-tube defect; YLD, years lived in disability; YLL years of life lost.
dverse health outcome of folate deficiency.

., 2010a) and cost-effectiveness analysis on multi-biofortified rice (De

lus Technical Monograph on vitamin A, zinc and iron enriched crops

g to the applied coverage rate, i.e. pessimistic (20%) versus optimistic
e based on consumers’ acceptance of (micro-level data, see “Micro-
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primarily on GM biofortified foods as one of the most
advanced examples of using GM technology to develop
foods with consumer/health benefits. This relatively new
and growing area in agriculture biotechnology is highly rele-
vant from a policy and societal perspective because its prod-
uct innovations are both controversial and beneficial to
humans. As such, this article highlights the importance of
proactive market analysis in order to valorize GM foods
with health benefits and to provide policy makers, decision
makers and health plannerswith information about the poten-
tial demand and impacts. Furthermore, it may assist re-
searchers in (better) predicting the market potential of such
foods, as well as allow them to go beyond the current state
of literature.Moreover, this frameworkmight also be adapted
to other research fields dealingwith healthy, but controversial
products, for which socio-economic evidence is lacking at
different analytical levels. This calls for systematic reviews
or meta-analyses on a specific socio-economic research
level, applied to agricultural biotechnology and its GM foods
with other improved health traits (Martin, 2013), health care
biotechnology and its biopharming applications like anti-
bodies or vaccines (Ahmad et al., 2012), or the broad spec-
trum of functional foods (Hasler, 2002; Siro, Kapolna,
Kapolna, & Lugasi, 2008). After all, (GM) biofortified crops
are not panacea and the only tool to reduce micronutrient
malnutrition. Furthermore, it will be also key to adapt this
framework to evaluate GM technologies targeted at the
improvement of non-health related quality traits, such as an
extended shelf life or an improved taste (Engel et al., 2002).

Even though this framework provides a scientifically
sound basis for further research in this field, it is not in-
tended to be perceived as an all-inclusive model. Instead,
it builds upon existing and comparable research on GM
foods and health interventions, and encompasses well-
established or highly relevant concepts in socio-economic
literature, while being specifically targeted towards the con-
sumer. Although the perceptions of, and impacts on con-
sumers can be perceived as precursors of other
stakeholders’ decision to support, adopt or implement
GM foods with health benefits, future research could
further extend this framework. At micro-level, for instance,
one could conduct a stakeholder analysis and incorporate it
into the micro or macro-level analysis. Thereby, it would be
interesting to confront key stakeholders, such as producers,
decision-makers and health planners, with the findings at
consumer level. But also macro-level analysis could
contribute to micro-level research, e.g. by including the po-
tential health benefits as an information treatment in order
to examine the effect of health related messages on the
acceptance of GM foods with health benefits.

Furthermore, our framework did not reflect upon inter-
national trade issues for adopting such GM foods. When
looking at trade models on GM rice (Demont & Stein,
2013), and Golden Rice (Anderson & Jackson, 2005;
Anderson, Jackson, & Nielsen, 2005) in particular, very
large welfare gains with small trade effects have been
reported. Still, one may need to consider the possible role
of (perceptions on) trade barriers on the introduction of
future GM foods with health benefits.

Besides the empirical focus, we also make methodolog-
ical choices, which are scientifically underpinned in this re-
view. However, these choices do not aim to restrict future
research. For example, despite the relevance of current
GM food valuation research to agribusiness stakeholders
and policy makers, there are still concerns on the artificial,
one-time measurement of WTP and its determinants, like
information (Colson & Rousu, 2013; Lusk, 2011). CEA,
for instance, has as much advantages and disadvantages
as CBA, while both methods provide only one indicator
of the decision process of policy makers or program plan-
ners. One could also take into the account the irreversibility
and uncertainty of introducing GM crops by adopting a real
option approach (Andoseh, Bahn, & Gu, 2014) for evalu-
ating (the timing of) decisions on GM crops (Furtan,
Gray, & Holzman, 2003), and, as Kikulwe, Wesseler, and
Falck-Zepeda (2008) suggested, combine it with WTP anal-
ysis to justify (a delay in) release.

The relevance of this framework is further illustrated by
reviewing the case of FBR in China. When analyzing ex-
ante the potential of this GM crop with health benefits,
different studies at micro-level lend support for a substan-
tial market in high-risk regions. Consumers generally
accept it and are even prepared to pay 34% more than for
regular rice. The health impact studies further support
FBR as a valuable micronutrient intervention, which could
reduce 20%e60% of China’s burden of folate deficiency.
Moreover, as it would cost between US$ 21.4 and US$
64.2 to save a DALY, FBR is also considered a highly
cost-effective health strategy. However, despite the market
potential of such GM foods with health benefits at both mi-
cro and macro level, it is important to notice that their spe-
cific characteristics, especially the linkage between
nutrition and agriculture, require additional conditions to
be met in order to ensure a successful commercialization.
Nevertheless, through its combined approach, the present
review article has provided a valuable, easily adaptable
and applicable conceptual framework to measure key
socio-economic aspects of GM foods with health benefits.
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