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Abstract
Background Nutrigenomics, the study of nutrient-gene interactions, holds immense potential for alleviating 
India’s overburdened healthcare system and improving overall health-related quality of life. Yet, its utility remains in 
the nascent stages. To understand the factors affecting the implementation of nutrigenomics, we investigate the 
perceptions of practising dietetic professionals.

Objective The purpose of this study was to investigate the perceptions of Indian dietetic professionals related to the 
implementation of Nutrigenomics and to understand the factors affecting it.

Methods A total of 249 Indian dietetic professionals participated in an online survey between April 2024 - May 
2024. This data was then statistically analyzed using the Chi-square test and Fisher’s Exact test. Furthermore, in-depth 
interviews were conducted for 10 out of the 249 participants, the data collected from the interviews were analysed 
using reflexive thematic analysis.

Results Majority of the dietetic professionals had high awareness (97.2%) and interest (87.5%) in incorporating 
genetic testing into their practice. While the survey identified several barriers to its integration, such as high costs, 
(p-value = 0.000), lack of clinical trials (p-value = 0.013), and ethical concerns (p-value = 0.023). The in-depth interviews 
highlighted the need for increased education, standardization of testing panels, and collaboration among healthcare 
professionals to enhance the feasibility of nutrigenomics integration.

Conclusion Indian dietetic professionals express a positive outlook on integrating nutrigenomics into mainstream 
healthcare practice. However, successful establishment of personalized nutrition in India also requires addressing 
key challenges with respect to education, cost, training, development of regulatory frameworks and raising public 
awareness.
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Introduction
Nutrigenomics is an emerging field that integrates nutri-
tion, molecular biology, genetics and omics technology to 
study how nutrients influence gene expression, enabling 
the development of personalized dietary recommen-
dations [1]. By leveraging genetic data, nutrigenomics 
helps identify various health and nutrition risks, thereby 
improving health outcomes and overall quality of life [2]. 
This field holds the potential to revolutionize the preven-
tion and management of non-communicable diseases 
(NCDs ) [3], as well as optimize athletic performance 
through tailored dietary recmmendations and individual-
ized training adaptations [4]. Additionally, nutrigenomics 
enables precise identification and correction of micronu-
trient deficiencies by targeting genetic factors affecting 
nutrient absorption and metabolism [1].

The prevalence of NCDs in India has substantially 
grown, with an observed 36% increase in diseases like 
diabetes [5, 6] and 35.5% increase in hypertension [7]. 
Despite high awareness surrounding NCDs, the treat-
ment and control rates remain low [8]. This necessitates 
improvements in prevention strategies and increased 
public health funding to mitigate its escalating burden 
and strain on the healthcare system [9]. Targeting nutri-
tional intake is a cost-effective way to promote a healthy 
lifestyle and prevent NCDs [10].

Personalized nutrition recommendations, such as those 
guided by nutrigenomics, are found to be more effective 
than general guidelines in improving individuals’ health 
and performance outcomes while eliciting sustained pos-
itive behaviour change [11]. Identifying disease predis-
positions allows tailored lifestyle changes that prevent or 
delay disease onset [12]. NCDs like obesity, type 2 diabe-
tes, and cardiovascular disease are influenced by a com-
plex interplay of genetic and environmental factors, the 
application of nutrigenomics could provide significant 
insights into identifying and addressing these [13]. Even 
in diseases like cancer and obesity, nutrigenomics dem-
onstrates how bioactive components present in foods can 
be utilized to modulate gene expression and thereby pre-
vention [14].

Personalized nutrition, akin to precision nutrition, 
encompasses a framework that considers factors such 
as genetics, lifestyle, dietary habits, microbiome, and 
socioeconomic status [15]. Countries like Malaysia have 
taken cognisance of the role of nutrigenomics and per-
sonalized nutrition in addressing health challenges. They 
have developed frameworks for implementating these 
approaches to tackle the country’s triple burden of mal-
nutrition [16].

An Indian study by Mathew and colleagues (2023) [3] 
among dietitians and nutritionists found that while most 
had heard of genetic testing for personalized diets, their 
knowledge about it was limited; highlighting the need 

for developing professional competency and confidence 
in this realm [17]. Despite this, the study [3] indicated 
that dietitians believed understanding individual genetic 
needs could improve dietary recommendations for 
managing NCDs and their outcomes in the Indian set-
ting. Aligning with the findings of a previous study, that 
undergraduates showed a strong interest in pursuing 
further education in nutrigenomics, although they had 
limited knowledge of genetic testing [18]. These studies 
strongly suggested improvements in education, creation 
of guidelines and training workshops in nutrigenom-
ics to enhance the understanding of research methods 
and applications for academics and stakeholders [3, 16]. 
However, these and prior studies presented inconsistent 
results, with some lacking sufficient detail with regard to 
insights into the facilitators, barriers, and feasibility of 
nutrigenomics implementation [19].

Several barriers hinder the proper implementation 
of nutrigenomic testing, such as, high cost of testing, 
insufficient clinical data, lack of education and training 
opportunities for healthcare professionals and ethical 
considerations [20]. Despite these challenges, with the 
increasing awareness surrounding nutrigenomics also 
comes a growing demand among health professionals to 
pursue and implement education and training related to 
personalized nutrition [14]. Nonetheless, dietetic profes-
sionals, including registered dietitians (RDs) and regis-
tered dietitian nutritionists (RDNs) [21], are identified as 
key players [22] to bridge the translational gap between 
research and practice in personalized nutrition [20].

Successful implementation of nutrigenomics is depen-
dent on evidence-based science and acceptance from 
health professionals and consumers [14, 23]. Under-
standing the perceptions of dietetic professionals about 
integrating nutrigenomics into nutrition practice is thus 
crucial to its implementation [20].

Studies have highlighted the urgent need for further 
training to address barriers perceived by RDs in imple-
menting nutrigenomics, emphasizing the importance 
of exploring genetic testing’s feasibility and cost-effec-
tiveness while addressing challenges such as skepticism, 
regulatory concerns, and health inequalities, in lieu of 
diverse understudied genetic ethnicities like those of 
Southeast Asia and Maori, for instance [13, 24]. Overall, 
ongoing education and training programs were deemed 
essential to enhance healthcare professionals’ under-
standing and effective application of nutrigenomics [19, 
20, 25, 26].

The scarcity of global studies on the viewpoints of 
dietetic professionals, particularly in India underscores 
the need for further research, specifically on their per-
ceptions of the facilitators, barriers, and feasibility of 
implementing nutrigenomics in practice. While stud-
ies like Mathew et al. (2023) reveal that Indian dietitians 
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have heard of genetic testing for personalized diets, their 
practical knowledge remains limited [3]. This is consis-
tent with global findings where challenges such as the 
high cost of testing, insufficient clinical data, and lack 
of education and training opportunities hinder effective 
implementation [13, 20]. Despite growing awareness and 
interest in nutrigenomics, barriers like a lack of regula-
tory frameworks and professional competency have 
limited its uptake in countries like India. For example, 
Malaysia has laid down frameworks for nutrigenom-
ics training to address its triple burden of malnutrition 
[16]. However, India lacks these critical systems, and no 
studies have comprehensively explored how Indian dieti-
tians perceive the practical challenges and benefits of 
nutrigenomics.

The aim of this study is to investigate the perceptions 
of Indian dietetic professionals regarding the implemen-
tation of nutrigenomics and to identify the factors influ-
encing its feasibility, including barriers and facilitators. 
This study seeks to bridge this knowledge gap and con-
tribute to the limited data on nutrigenomics in India. By 
adopting a mixed-methods approach, the study provides 
a comprehensive understanding of the factors affecting 
nutrigenomics implementation through both, qualitative 
and quantitative insights. This approach was chosen to 
capture the depth of the dietitians’ experiences and atti-
tudes, while also quantifying trends and key factors influ-
encing the successful integration of nutrigenomics into 
Indian healthcare practice. We hypothesize that integrat-
ing nutrigenomics will significantly improve personal-
ized dietary planning, preventive healthcare, and national 
health outcomes in India.

Materials and methods
Data collection
A cross-sectional mixed-methods study design was 
adopted to collect comprehensive evidence. To ensure 
a robust sample, the sample size was calculated using 
Cochran’s formula: n = Z2 p (1-p)/ d2, where Z = 1.96 (95% 
confidence interval), p = expected proportion of popula-
tion based on previous studies (50%) and D = 0.5 (abso-
lute error of precision) [27]. Based on this calculation, 
a sample size of 461 was targeted, accounting for a 20% 
attrition rate [3]. Invitations were sent between April 
2024 and May 2024 via various social networking plat-
forms, utilizing a convenience sampling method. Prior 
to this, a pilot test was conducted to ensure reliability 
of the data collection process. The study included active 
dietetic professionals who had obtained tertiary educa-
tion in nutrition and dietetics. In contrast, those who 
were inactive or who had completed only a 3–6 month 
certificate course in nutritional science were excluded 
to maintain the study’s focus on professionals with sub-
stantial educational backgrounds. The mixed-methods 

approach, combining both quantitative and qualitative 
data, allowed for a deeper exploration of the perceptions 
and factors influencing the adoption of nutrigenomics in 
dietetic practice in India.

Questionnaire development
Survey
A self-administered online questionnaire was developed 
as the primary tool for quantitative data collection. It 
consisted of close-ended questions and included a mix 
of dichotomous (“yes” or “no”) questions and items mea-
sured on a 5-point Likert scale, ranging from 1 (strongly 
disagree) to 5 (strongly agree). This would assess pre-
existing awareness of nutrigenomics, as well as perceived 
motivators, facilitators and barriers, to its integration. 
The questionnaire was embedded as a Google Form 
link within the invitation message sent to potential par-
ticipants. This link also included a subject information 
sheet and an informed consent form, presented at the 
beginning of the questionnaire, to ensure participants 
were fully informed about the study’s purpose, proce-
dures, and potential implications before providing their 
consent to participate. The questionnaire was carefully 
adapted from previous studies [3, 13] and underwent a 
pilot testing for refinement and improved clarity. It was 
also translated into English and Hindi to accommodate 
participants from different linguistic backgrounds across 
India. Additionally the questionnaire obtained a Cron-
bach’s alpha reliability score of 0.85, indicating a high 
level of internal consistency and reliability [28]. The esti-
mated time to complete the survey was approximately 
five minutes, making it convenient for busy professionals 
to participate.

Interview
Semi structured in-depth interviews were conducted 
to collect qualitative data, this would provide first hand 
insights from dietetic professionals on the implemen-
tation of nutrigenomics in India. Participants were 
selected based on their experience with or interest in 
nutrigenomics using a purposive sampling method to 
ensure a diverse range of perspectives and were drawn 
from the initial survey respondents. The interview ques-
tionnaire was reviewed by a qualitative methods expert, 
pilot-tested and translated into English and Hindi. It 
included questions related to interests, challenges, moti-
vators, prospects and the feasibility of implementing 
nutrigenomics. The interview guide underwent iterative 
refinement based on feedback from pilot testing, ensur-
ing clarity and relevance of the questions. The interviews 
were conducted via an online video communication plat-
form to accommodate participant’s schedule and loca-
tions ensuring convenience and flexibility. The estimated 
duration of each interview was 45–60  min. The study 
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received ethical approval from the relevant institutional 
review board, and informed consent was obtained from 
all participants prior to the interviews. All ten in-depth 
interviews were transcribed verbatim to preserve the 
authenticity of the participants’ responses.

Data analysis
Once the data collection was completed, the survey 
responses were downloaded from Google Sheets and 
exported onto the SPSS Software Version 29 where 
descriptive statistical analysis was done to summarize 
key findings. Inferential tests, including the chi-square 
test and Fisher’s Exact Test, were conducted to identify 
significant relationships between categorical variables. In 
parallel, the in-depth interview transcriptions were ana-
lyzed using the reflexive thematic analysis, allowing for a 
nuanced and exploratory examination of complex themes 
[29]. This approach enabled identification of key themes 
and subthemes directly from the data. Combining both 
quantitative and qualitative methods provided a com-
prehensive understanding of the topic, with the statisti-
cal relationships complementing the depth of the themes 
explored through the interviews.

Results
Study population
The socio-demographic details of the subjects are pre-
sented in Table  1. Of the 452 invitations sent, 249 sur-
vey responses and 10 complete interview responses were 
recorded. Participants had a mean age of 27.3 ± 5.8 years, 
with the majority being females (91.2%, n = 227). A sig-
nificant portion of respondents ( 92.8%, n = 231) reported 
having a postgraduate degree in nutritional science as 

their highest education qualification. Most participants 
were from West India (48.6%, n = 121) and South India 
(32.5%, n = 81). Nearly half (41%, n = 102) of the partici-
pants were employed in the private sector. The majority 
(75.5%, n = 188) had less than 5 years of on-field experi-
ence. Less than a third (29.35%, n = 71) of participants 
were nutrigenomics integrators, whereas more than half 
(66.6%, n = 168) were non-integrators.

Survey
As shown in Table  2, dietetic professionals were largely 
aware of the term ‘Nutrigenomics’ (97.2%, n = 242), with 
almost three-fourths considering personal genetic tests 
and having read related literature. Most (87.5%, n = 218) 
were keen to learn more. However, only 47.4% (n = 118) 
received nutrigenomics education as their qualification; 
66.7% (n = 166) did not offer nutrigenomics counseling, 
compared to 33.3% (n = 83) who did. Nearly all partici-
pants (99.2%, n = 247) viewed genetic testing as impor-
tant to the health industry. However, nearly half (46.6%, 
n = 116) felt dietetic professionals were not equipped 
to provide gene-based nutrition counselling. A similar 
proportion (46.6%, n = 116) expressed a neutral stance 
and only a small minority (6.8%, n = 17) felt they were 
equipped. A large majority (96.8%, n = 241) of dietetic 
professionals were open to changing aspects of their 
practice based on new knowledge regarding nutrigenom-
ics. Statistically significant differences were not observed 
for pre-existing nutrigenomics awareness between 
dietetic professionals who were nutrigenomics integra-
tors and non-integrators.

A great proportion of dietetic professionals perceived 
that integrating nutrigenomics would provide multiple 

Table 1 Participant characteristics
Survey participants Interview 

participants
n % n %

Gender (n = 249) Female 217 87 10 4.2
Male 22 8.8 - -

Highest Education Qualification (n = 249) Postgraduate 221 88.8 10 4
Graduate 18 7.2 - -

Geographic Zones
(n = 249)

North India 34 13.7 - -
South India 81 32.5 5 2
East India 13 5.2 1 0.4
West India 121 48.6 4 1.6

Practice Setting (n = 249) Corporate Set-Up 69 27.7 8 3.2
Private Set-Up 102 41 1 0.4
Hospital 44 17.7 - -
Research Institute 24 9.6 1 0.4

Years of Experience (n = 249) < 5 years 188 75.5 10 4.1
> 5 years 51 20.4 - -

Nutrigenomics Integration
(n = 249)

Integrators 71 28.5 10 4
Non-integrators 168 67.5 - -
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Integrator
n (%)

Non-integrator
n (%)

p-value

Pre-existing nutrigenomics awareness
Have you or Would you consider getting a genetic test for yourself? (n = 249) 0.639
Yes 61 (75.3) 125 (74.4)
No 3 (3.7) 11 (6.5)
Maybe 17 (21) 32 (19)
Have you heard of the term ‘Nutrigenomics’ before? (n = 249) -
Yes 79 (97.5) 163 (97)
No 2 (2.5) 5 (3)
Was Nutrigenomics taught as a part of your qualification? (n = 249) 0.359
Yes 46 (56.8) 85 (50.6)
No 35 (43.2) 83 (49.4)
Provided counselling to clients/patients related to nutrigenomics in the past year? (n = 249) 0.151
Yes 32 (39.5) 51 (30.4)
No 49 (60.5) 117 (69.6)
Read scientific literature related to nutrigenomics in the past year. (n = 249) 0.191
Yes 57 (70.4) 131 (78)
No 24 (29.6) 37 (22)
Interested in learning more about Nutrigenomics (n = 249) 0.094
Yes 75 (92.6) 143 (85.1)
Maybe 6 (7.4) 25 (14.9)
How important do you think genetic testing is in the medical/health industry? (n = 249) -
Not important 0 (0) 2 (1.2)
Important 81 (100) 166 (98.8)
How equipped are dietitians/nutritionists to provide nutrigenomics counselling? (n = 249) 0.959
Not equipped 38 (46.9) 78 (46.4)
Neutral 37 (45.7) 79 (47)
Equipped 6 (7.4) 11 (6.5)
Likeliness to change aspects of your practice due to new knowledge regarding nutrigenomics? (n = 249) 0.153
Likely 43 (53.1) 73 (43.5)
Not likely 38 (46.9) 95 (56.5)
Perceived Benefits of Application of Nutrigenomics
Greater individualization of diet prescription (personal nutrition.) (n = 249) 0.410
Disagree 3 (3.7) 4 (2.4)
Neutral 6 (7.4) 21 (12.5)
Agree 72 (88.9) 143 (85.1)
Stronger foundations for nutrition. (n = 249) 0.013 a

Disagree 1 (1.2) 3 (1.8)
Neutral 18 (22.2) 15 (8.9)
Agree 62 (76.5) 150 (89.3)
Dietary prescriptions that would effectively manage or prevent certain diseases. (n = 249) 0.064
Disagree 8 (9.9) 6 (3.6)
Neutral 25 (30.9) 43 (25.6)
Agree 48 (59.3) 119 (70.8)
Perceived Consumer Motivators Affecting the Implementation of Nutrigenomics
Motivated by desire to prevent or manage disease. (n = 249) 0.011 a

Disagree 9 (11.1) 5 (3.0)
Neutral 23 (28.4) 37 (22)
Agree 49 (60.5) 126 (75)
Prevent a disease based on family history. (n = 249) 0.005 a

Disagree 4 (4.9) 0 (0)
Neutral 17 (21) 24 (14.3)
Agree 60 (74.1) 144 (85.7)

Table 2 Perceptions related to integration of nutrigenomics - survey
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benefits - greater individualization of diet prescrip-
tion (86.3%, n = 215); stronger foundations for nutrition 
(85.1%, n = 212) and dietary prescriptions that would 
effectively manage or prevent certain diseases. (67%, 
n = 167). There was a significant difference between 

integrators and non-integrators in how they perceived 
nutrigenomics as enhancing the foundations of nutrition 
(p = 0.013), with integrators more likely to agree (Table 2). 
Dietetic professionals agreed with the identified con-
sumer motivators affecting the implementation of 

Integrator
n (%)

Non-integrator
n (%)

p-value

Control health outcomes based on family history. (n = 249) 0.054
Disagree 5 (6.2) 6 (3.6)
Neutral 29 (35.8) 39 (23.2)
Agree 47 (58) 123 (73.2)
Improve overall health-related quality of life. (n = 249) 0.266
Disagree 4 (4.9) 3 (1.8)
Neutral 18 (22.2) 31 (18.5)
Agree 59 (72.8) 134 (79.8)
Perceived Barriers Affecting the Implementation of Nutrigenomics
Cost concerns. (n = 249) 0.000 a

Disagree 15 (18.5) 13 (7.7)
Neutral 33 (40.7) 41 (24.4)
Agree 33 (40.7) 114 (67.9)
Not enough experts to convey professional expertise. (n = 249) 0.000 a

Disagree 8 (9.9) 1 (0.6)
Neutral 19 (23.5) 22 (13.1)
Agree 54 (66.7) 145 (86.3)
Lack of Continuing Education for Healthcare Professionals. (n = 249) 0.003 a

Disagree 10 (12.3) 14 (8.3)
Neutral 29 (35.8) 31 (18.5)
Agree 42 (51.9) 123 (73.2)
Lack of Continuing Education for Consumers. (n = 249) 0.003 a

Disagree 6 (7.4) 3 (1.8)
Neutral 25 (30.9) 30 (17.9)
Agree 50 (61.7) 135 (80.4)
Limited access to Nutrigenomics for clients or patients. (n = 249) 0.000 a

Disagree 6 (7.4) 5 (3)
Neutral 24 (29.6) 20 (11.9)
Agree 51 (63) 143 (85.1)
Confidentiality issues. (n = 249) 0.002 a

Disagree 9 (11.1) 17 (10.1)
Neutral 27 (33.3) 24 (14.3)
Agree 45 (55.6) 127 (75.6)
Moral concerns (n = 249) 0.044 a

Disagree 9 (11.1) 17 (10.1)
Neutral 26 (32.1) 31 (18.5)
Agree 46 (56.8) 120 (71.4)
Too many environmental influences to give a definite connection between the effect of nutrition on disease progression. (n = 249) 0.034 a

Disagree 4 (4.9) 9 (5.4)
Neutral 31 (38.3) 38 (22.6)
Agree 46 (56.8) 121 (72)
Lack of clinical trials to prove efficacy of personalized interventions. (n = 249) 0.013 a

Disagree 7 (8.6) 4 (2.4)
Neutral 27 (33.3) 40 (23.8)
Agree 47 (58) 124 (73.8)
ap value using χ2 or Fisher’s exact tests, as appropriate, p < 0.05 considered statistically significant

Table 2 (continued) 
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nutrigenomics - motivated by desire to prevent or man-
age disease (70.3%, n = 175); prevent a disease based on 
family history (81.9%, n = 204); control health outcomes 
based on family history (68.3%, n = 170), improve overall 
health-related quality of life (75%, n = 193). Statistically 
significant differences were seen where non-integrators 
perceived consumer motivators such as desire to prevent 
or manage disease (p = 0.011); and prevention of disease 
based on family history (p = 0.005) more significantly 
(Table 2).

Several barriers affecting the implementation of nutrig-
enomics were identified (Table  2), with substantial dif-
ferences between integrators and non-integrators. Cost 
concerns were highlighted by both groups (59%, n = 147). 
The statistically significant difference (p = 0.000) sug-
gested that cost poses a substantial obstacle for non-
integrators. Lack of continuing education for healthcare 
professionals (p = 0.003) and consumers (p = 0.003) 
emerged as significant barriers for non-integrators; adi-
tionally, they reported several other barriers, including 
limited access to nutrigenomics for clients or patients 
(77.9%, n = 194, p = 0.000), concerns about confidential-
ity (69%, n = 172, p = 0.002), moral issues (66.6%, n = 166, 
p = 0.044), and the lack of clinical trials proving the 
efficacy of personalized interventions (68.7%, n = 171, 
p = 0.003). Finally, environmental influences (67%, 
n = 167) were cited as a barrier by both groups, a signifi-
cant difference (p = 0.034) is seen with non-integrators 
more likely to agree.

Interview
Of the 249 dietetic professionals who completed the 
survey, 10 were selected to participate in an in-depth 
interview. To gain firsthand insights into implementing 
nutrigenomics in India, only those currently integrat-
ing nutrigenomics into their practice were selected. Ten 
themes emerged from reflexive thematic analysis of the 
interview data: (i) Understanding of nutrigenomics; (ii) 
Understanding of gene-based nutrition advice; (iii) Expe-
riences with genetic testing in nutritional counselling; (iv) 
Nutrigenomics’ impact on nutritional practices; (v) Prac-
titioners’ challenges in applying nutrigenomics; (vi) Con-
sumer barriers to nutrigenomic integration in India; (vii) 
Challenges and motivators in integrating nutrigenomics; 
(viii) Feasibility and practicality of integrating nutrige-
nomics; (ix) Future directions for nutrigenomics in India; 
(x) Participant learnings on integrating nutrigenomics. 
An overview has been provided in Table 3.

Understanding of nutrigenomics
Dietetic professionals describe “nutrigenomics” primarily 
as personalized nutrition or health care tailored to indi-
vidual genetic needs. One participant noted, “Technol-
ogy is so advanced, we are able to tell you what kind of 

meals… you are supposed to be having, just based on your 
genetics.” (participant 8, 29 years old.). The role of genes 
was highlighted by five participants, with one referring to 
DNA as a health blueprint: “Your DNA report. is a blue-
print, it is a ‘Patrika,’ of your own… health.” (participant 
7, 24 years old). The interaction between genes and nutri-
ent absorption was also highlighted. Additionally, some 
participants mentioned disease prevention: “We can also 
try to find out diseases which can come in the future based 
on their susceptibility and can try to prevent them as well.” 
(participant 2, 23 years old). These insights suggested that 
nutrigenomics is a developing field that aims to personal-
ize nutrition based on an individual’s genetic makeup to 
optimize health and potentially prevent disease.

Understanding of gene-based nutrition advice
The responses highlighted key aspects of paerticipants’ 
understanding of gene-based nutrition advice, empha-
sizing personalization: “It’s a customization of your diet 
based on your DNA…which nutrients we need to focus…
which particular things we need to implement.” (par-
ticipant 6, 24 years old). Several participants contrasted 
gene-based advice with the traditional “one-size-fits-
all” approach to nutrition, viewing it as a more precise: 
“Gene-based approach works upon precision nutrition, 
understanding your genotype and correlating with your 
phenotype. that’s extremely precise and works on the root 
cause of the individuals, making it more systematic.” 
(participant 4, 23 years old). While most responses were 
positive, some participants acknowledged the need to 
consider factors beyond genes: “I don’t think that it is 
only a gene-based diet. genes are a part of the entire sce-
nario.” (participant 8, 29 years old.). Overall, participants 
viewed gene-based nutrition as a way to use genetic 
information for tailored dietary plans, while recognizing 
the importance of a holistic approach.

Experiences with genetic testing in nutritional counseling
Dietetic professionals shared their experiences with 
genetic testing in nutritional counseling, highlighting 
positive outcomes such as improved health conditions: 
“Within one or two weeks, we got a wonderful result. gas-
tric issues and medications stopped.” (participant 7, 24 
years old); weight management breakthroughs: “I’ve seen 
a lot of wonderful transformations honestly. individuals 
come with a stagnant weight issue… they don’t understand 
fat mobilization, circadian rhythm, body’s fat-storing ten-
dency. So, then we understand that by the nutrigenomic 
test, (it) becomes very easy to work on their hormonal bal-
ance, exercise pattern… a lot of bariatric patients that we 
have been able to help.” (participant 4, 23 years old).

A core theme was the ability to personalize nutrition 
plans based on genetic information, addressing macro-
nutrient metabolism, micronutrient deficiencies, and 
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intolerances. Prevention was another key point, with 
genetic tests detecting disease predispositions: “Genetic 
testing today so advance… right from nutrition it also 
gives you your risk of diabetes, cardiovascular health… 
a lot of other things that I was never aware of - when it 
comes to sports specifically,- your injury risk, your flex-
ibility and everything.” (participant 1, 23 years old). 

However, interpreting client-provided reports remained 
a challenge: “Sometimes clients would come in with their 
own genetic reports. There’s so much information in the 
genetic reports. It is very difficult to counsel them.” (par-
ticipant 8, 29 years old). The responses suggest that 
incorporating genetic testing can significantly improve 

Table 3 Perceptions related to integration of nutrigenomics - interview
Themes Illustrative Quotes
Understanding of 
Nutrigenomics

“Technology is so advanced, we are able to tell you what kind of meals… you are supposed to be having, just based on your genetics.” 
(participant 8, 29 years old.)
“We can also try to find out diseases which can come in the future based on their susceptibility and can try to prevent them as well.” 
(participant 2, 23 years old)

Understanding of 
Gene-Based Nutrition 
Advice

“It’s a customization of your diet based on your DNA…which nutrients we need to focus…which particular things we need to imple-
ment.” (participant 6, 24 years old)
“Gene-based approach works upon precision nutrition, understanding your genotype and correlating with your phenotype. that’s 
extremely precise and works on the root cause of the individuals. Making it more systematic … more precise.” (participant 4, 23 years 
old).

Experiences with 
Genetic Testing in Nu-
tritional Counselling

“I’ve seen a lot of wonderful transformations honestly. individuals come with a stagnant weight issue… they don’t understand fat 
mobilization, circadian rhythm, body’s fat-storing tendency. So, then we understand that by the nutrigenomic test, (it) becomes very 
easy to work on their hormonal balance, exercise pattern…  a lot of bariatric patients that we have been able to help.” (participant 4, 
23 years old).
“Genetic testing today so advance… right from nutrition it also gives you your risk to diabetes, cardiovascular health… a lot of other 
things that I was never aware of - when it comes to sports specifically,- your injury risk, your flexibility and everything.” (participant 1, 
23 years old).

Nutrigenomics’ 
Impact on Nutritional 
Practices

“There is no scope for trial and error. because this is what your genetic report is. it gives more precise and, uh, good results. if we com-
pare to the normal practice.” (participant 7, 24 years old).
“This is not out of thin air. it’s, again, very, very data-driven. In a long run, they (clients) definitely see good results. in terms of how they 
feel overall.” (participant 9, 23 years old).

Practitioners’ Chal-
lenges in Applying 
Nutrigenomics

“People get so panicked because there are certain risks that are mentioned in the report…but they need to realize that it’s a predictive 
report.” (participant 6, 24 years old).
“This whole thing takes around almost 4–5 weeks to get processed… Not all clients agree with how this whole algorithm is built. they 
just keep asking you a lot of counter questions.” (participant 9, 23 years old).

Consumer Barriers to 
Nutrigenomic Integra-
tion in India

“The main reason.the test not being cost-effective…The larger part of India, being India II and India III (middle and lower income 
households), they can’t afford paying for a preventative health care model.” (participant 4, 23 years old).
“When we tell people that there is genetic testing and all available in our state, people are still surprised to hear that it’s even possible.” 
(participant 5, 26 years old).

Motivating Dietetic 
Professionals to Em-
brace Nutrigenom-
ics: Challenges and 
Opportunities

“It could be introduced at the college level first.in a way of making people understand that what more it (Nutrigenomics) has to offer, 
what are the different scopes, that one can envision after choosing a career in Nutrigenomics.” (participant 1, 23 years old).
“Start using the power of social media to create an awareness . it can be viewed by anyone from anywhere on the internet. If there is a 
consistency…your audience …will start correlating… that psychological impact is going to be there.” (participant 7, 24 years old).

Integrating Nutrig-
enomics: Navigat-
ing Feasibility and 
Practicality

“Feasibility. I don’t know. Not sure, like we can, we can convince a person about this, but…will they take it? I don’t know.” (participant 
2, 23 years old).
“So, once the awareness is there, once people start talking about the same, automatically the DNA labs, the, feasibility, affordability, 
will fall into the place.” (participant 7, 24 years old).

Future Directions for 
Nutrigenomics in 
India

“I believe that a lot of nutritionists and a lot of dietitians have been trying to incorporate nutrigenomics. A lot of younger nutritionists, 
a lot of budding nutritionists understanding the importance of nutrigenomics. trying to apply that in their practices…, I definitely see 
the whole regime. changing into towards precision nutrition.” (participant 4, 23 years old).
“This has to have a mediator, right?. We have to be the ones that’ll be carving it out; the entire journey of Nutrigenomics. to explain 
to them that this (genes) is just the loaded gun; you have to pull the trigger to fire it. So, this thing has to go through a dietitian or a 
nutritionist only. to devote that time to give out that information in an absorbable way.” (participant 8, 29 years old)

Participant Learn-
ings on Integrating 
Nutrigenomics

“I have understood that, a lot of people are still not aware of what Nutrigenomics is and how it could be applied in real life.  with lot of 
people still having an understanding that genes will define your future.genes, play are very small part.” (participant 4, 23 years old).
“It is an actual problem, that the entire fraternity is facing…it is very much important to understand that in terms of a greater popu-
lation.the more suggestions that will come up…  from nutritionists who are practicing in the field. they have the best insights about, 
what could have improved. more of such studies needs to be participated in by qualified nutritionists. it is a real-time problem and 
there should be real-time solutions. Until and unless facts and data speak up for it. Nobody is going to take action.” (participant 8, 29 
years old).
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client health outcomes, but effective communication and 
understanding are crucial for success.

Impact of nutrigenomics on nutritional practices
Participants’ responses reveal that nutrigenomics is seen 
as a transformative approach in dietetics, moving away 
from trial-and-error methods to provide targeted recom-
mendations: “There is no scope for trial and error. because 
this is what your genetic report is. it gives more precise 
and, uh, good results. if we compare it to normal practice.” 
(participant 7, 24 years old); highlighting its data-driven 
nature: “This is not out of thin air. it’s, again, very, very 
data-driven. In the long run, they (clients) definitely see 
good results. in terms of how they feel overall.” (participant 
9, 23 years old).

Other impacts included client empowerment and 
addressing public health issues related to genetics: “I’m 
currently in the public health sector, I can see a lot . of 
genetic issues, which has not been addressed and there 
are so many taboos…when I tell them (patients) … This 
might be genetic, because this, this is there in the family 
tree,. people are very surprised to know … there’s even a 
genetic element to it. that (genetic) kind of counseling can 
be really helpful.” (participant 5, 26 years old). The role of 
ongoing education for dietitians was also emphasized: 
“We don’t have the first basic understanding. Nutrigenom-
ics is such an untapped resource… it would dramati-
cally change the results.” (participant 8, 29 years old). The 
responses suggested that although nutrigenomics prom-
ises a more personalized and evidence-based approach to 
nutrition, challenges in education, and access to reliable 
information persist.

Practitioners’ challenges in applying nutrigenomics
Dietetic professionals faced several challenges while 
integrating nutrigenomics into their practices. A signifi-
cant hurdle was the complexity of genetic concepts, with 
difficulties in understanding reports and the need for 
improved education: “There are conditions which basi-
cally sometimes even the dietitian is unaware.sometimes 
I think that would. put the dietitian in the back seat. that 
level of communicating . should be a part of curriculum… 
More of practicality, should be you know, inculcated.” 
(participant 1, 23 years old).

Educating clients about nutrigenomics and its benefits 
was another challenge:“People get so panicked because 
there are certain risks that are mentioned in the report…
but they need to realize that it’s a predictive report.” (par-
ticipant 6, 24 years old). Skepticism about genetic testing 
algorithms also surfaced: “This whole thing takes around 
almost 4–5 weeks to get processed… Not all clients agree 
with how this whole algorithm is built. they just keep 
asking you a lot of counter questions.” (participant 9, 23 
years old). Lack of awareness among both lay people and 

doctors was noted: “The awareness among lay people is as 
important as the awareness among doctors. the first con-
tact of illness . is directly to the doctor in our society.” (par-
ticipant 7, 24 years old).

Additional barriers included, the cost of genetic testing: 
“Nutrigenomics tests, yet, are not very cost efficient. So, 
helping them (clients) understand that this (genetic test-
ing) is still an investment.” (participant 4, 23 years old); 
and limited availability of testing equipment: “Less num-
ber of genetic, uh tests, you know, kind of apparatus avail-
able here in India.” (participant 9, 23 years old). Concerns 
about test accuracy and the interpretation of gene vari-
ants were also raised: “There is no systematic information 
available.” (participant 4, 23 years old). Effective commu-
nication, ongoing education and addressing affordability 
and accessibility issues will be crucial for the successful 
integration of nutrigenomics into mainstream nutritional 
practice.

Consumer barriers to nutrigenomic integration in India
Dietetic professionals identified several barriers hinder-
ing the widespread adoption of nutrigenomics in India. 
The high cost of genetic testing was a major concern: 
“The main reason.the test not being cost-effective…The 
larger part of India, being India II and India III (middle 
and lower income households), they can’t afford paying for 
a preventative health care model.” (participant 4, 23 years 
old). This limits accessibility for many consumers.

Lack of public awareness was another significant bar-
rier: “When we tell people that there is genetic testing 
and all available in our state, people are still surprised to 
hear that it’s even possible.” (participant 5, 26 years old). 
Other challenges included concerns about data privacy 
and resistance to change traditional healthcare practices: 
“When it comes to the word ‘DNA’, ‘gene’ and all people 
can get confused and flustered. people go to the hospital or 
take diet plans at the end, when they are really sick.” (par-
ticipant 2, 23 years old). The responses suggested that 
addressing the high cost, raising awareness, and building 
practitioner knowledge are critical steps for enabling the 
successful integration of nutrigenomics into the Indian 
healthcare landscape.

Challenges and motivators in integrating nutrigenomics
Dietetic professionals highlighted various strategies to 
motivate dietitians and nutritionists to integrate nutrig-
enomics into their practices. Education and awareness 
campaigns were seen as essential: “Definitely education 
and webinars… The more they are done, the more peo-
ple will have that awareness.” (participant 3, 23 years 
old). Notably, social media was seen as an effective tool 
for raising awareness: “Start using the power of social 
media to create awareness . it can be viewed by anyone 
from anywhere on the internet. If there is a consistency…
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your audience …will start correlating… that psychological 
impact is going to be there.” (participant 7, 24 years old). 
Showcasing practical benefits through case studies and 
real-world examples was also emphasized: “Doing proper 
clinical studies or case studies on clients will bring in the 
proof. the testimonies… will be really helpful.” (participant 
5, 26 years old). Client interest in advanced tools like 
nutrigenomics further highlighted the need: “One time, I 
had this one client who just came to me, and I had to walk 
him through how the technology is so advanced, he was so 
intrigued. The next day, I’m sending him the genetic test 
kit, he is ready to do the test. So, people… actually want to 
invest in health.” (participant 9, 23 years old).

Standardization of genetic testing and interpretation 
was also a concern: “If it’s standardized, we will still have 
to take a look at the individual level… At this point, it 
may not be possible because there are very few companies 
working in it. But as it will go ahead, definitely you need to 
incorporate some standard guidelines to make our life eas-
ier with Nutrigenomics.” (participant 6, 23 years old). Edu-
cation was deemed essential for successful integration: 
“It could be introduced at the college level first.in a way 
of making people understand that what more it (Nutrig-
enomics) has to offer, what are the different scopes, that 
one can envision after choosing a career in Nutrigenom-
ics.” (participant 1, 23 years old). Overcoming challenges 
in standardization, education, and affordability, while 
addressing ethical implications is crucial for integrating 
nutrigenomics into nutrition practice. The potential for 
personalized nutrition and improved client outcomes 
underscores its significance in modern dietetics.

Feasibility and practicality of integrating nutrigenomics
Dietetic professionals expressed nuanced views of the 
practicality and feasibility of incorporating nutrigenom-
ics into mainstream practice. They acknowledged its 
practicality in precision nutrition and long-term health: 
“I think it should be introduced early in life… making 
yourself strong enough right from childhood to improve 
your quality of life, increase your chances of having a 
disease-free life. It’s a one-time investment and it’s for life. 
It doesn’t change.” (participant 1, 23 years old). However, 
feasibility concerns were also prevalent, with cost as a 
major barrier: “There should be people who are ready to 
pay…People are not open to it. So, the reason is lack of 
awareness. I think it will need a whole support…when 
they get the correct education… awareness, I think Nutrig-
enomics is something everybody should accept.” (partici-
pant 3, 23 years old). Lack of standardized testing panels 
were additional hurdles: “If we prepare standardization in 
terms of gene panels or … costing, that can definitely make 
it more practical and feasible to everyone.” (participant 6, 
23 years old).

Participants suggested raising awareness among public 
and practitioners: “So, once the awareness is there, once 
people start talking about the same, automatically the 
DNA labs, the feasibility, affordability, will fall into the 
place.” (participant 7, 24 years old). Bridge courses for 
practitioners and training for nutrigenomics counsel-
ors were also highlighted: “If you are more equipped at 
the basic level… then we are probably at an advantage. I 
have a stronger resonance now that we need to have bridge 
courses.” (participant 8, 29 years old). Data confidentiality 
was another concern: “Based on the confidentiality issues, 
though there are negatives. it should be improved. seeing 
the benefits of the testing. it’s very evident for their person-
alization. we have to focus more on the positive details.” 
(participant 10, 25 years old). These responses indicate 
that while significant challenges exist, focusing on educa-
tion, cost reduction, and practitioner knowledge develop-
ment is required for making nutrigenomics a feasible and 
practical tool for improving health outcomes.

Future directions for nutrigenomics in India
Participants envisioned a future where nutrigenomics 
empowers personalized dietary plans based on individual 
genetic profiles, aligning with the concept of precision 
nutrition: “I believe that a lot of nutritionists and a lot of 
dietitians have been trying to incorporate nutrigenomics… 
I definitely see the whole regime. changing into towards 
precision nutrition.” (participant 4, 23 years old). Collabo-
ration among healthcare professionals was seen as cru-
cial: “There has to be meaningful collaboration, where we 
actually get to learn from each other. and have respect for 
each other’s profession.” (participant 8, 29 years old).

Dietitians and nutritionists were identified as key play-
ers in advancing nutrigenomics by educating themselves 
and the public: “Awareness. needs to be created. the best 
marketing strategy till date is the word-of-mouth public-
ity. until, a single client gets a good result, they under-
stand its value… We are marketing science.” (participant 
7, 24 years old). They can bridge the gap between the sci-
ence of nutrigenomics and the public: “This has to have a 
mediator. We have to be the ones that’ll be carving it out. 
this thing has to go through a dietitian or a nutritionist 
only. to give out that information in an absorbable way.” 
(participant 8, 29 years old).

Dietetic professionals also emphasized advocating for 
the integration of nutrigenomics into mainstream prac-
tice, including corporate settings: “As a Nutrigenomics 
counselor, we can actually suggest the company to start 
something… when it comes to Nutrigenomics testing. it’s 
just a matter of connections.” (participant 2, 23 years old). 
Through education, collaboration, and advocacy, they 
can help create a more personalized, preventive, and col-
laborative approach to healthcare in India.
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Participant learnings on integrating nutrigenomics
Participants’ responses revealed valuable insights and 
heightened awareness of nutrigenomics: “I definitely 
understand that there can be different perspectives to 
what we have been studying so far. I went into introspec-
tion - ‘What challenges can come? What barriers can 
come?‘. it made me think a lot deeper.” (participant 6, 24 
years old). They acknowledged the vastness and complex-
ity of the field while recognizing the need for ongoing 
education and public awareness campaigns. One partici-
pant stressed correcting misconceptions about genetic 
influence: “A lot of people are still not aware of what 
Nutrigenomics is and how it could be applied in real life… 
genes, play are very small part.” (participant 4, 23 years 
old).

The study motivated dietetic professionals to further 
explore nutrigenomics into practice: “I would be willing to 
know more about this field.” (participant 1, 23 years old). 
There was optimism about the field’s future: “It is neces-
sary that we start working on Nutrigenomics as much 
as we can, and let’s take this field forward, it will grow.” 
(participant 7, 24 years old). Practical applications and 
community growth of nutrigenomics integrators were 
also discussed: “I’m really happy that there are not just a 
handful of us now, but there are so many more people out 
there.” (participant 5, 26 years old).

Another participant emphasized the importance of 
practitioner insights informing research: “It is very much 
important to understand. the more suggestions that will 
come up from nutritionists who are practicing in the 
field. they have the best insights about what could have 
improved. more of such studies needs to be participated in 
by qualified nutritionists. Until and unless facts and data 
speak up for it. Nobody is going to take action.” (partici-
pant 8, 29 years old). The responses conveyed a deeper 
understanding, enthusiasm, and need for education and 
collaboration to unlock the full potential of nutrigenom-
ics in healthcare in India.

Discussion
The present study explores the perceptions among prac-
ticing dietetic professionals in India regarding the inte-
gration of nutrigenomics. Findings indicate a strong 
awareness of nutrigenomics (97.2%) among participants, 
with a positive outlook on its application. A large propor-
tion (87.5%) expressed interest in learning more about 
nutrigenomics, although only 47.4% received nutrige-
nomics education as part of their qualifications, revealing 
a gap in formal education and training [17]. While nearly 
all participants viewed genetic testing as important to 
the health industry (99.2%), only a third provided nutrig-
enomics counseling, highlighting the limited practical 
application despite awareness [20].

Dietetic professionals with postgraduate education 
showed significantly higher awareness compared to those 
with undergraduate qualifications, reflecting the growing 
emphasis on nutrigenomics in postgraduate programs 
[17]. Moreover, newer professionals (those with qualifi-
cations within the last 5 years) were more likely to have 
received such education, indicating a recent shift towards 
incorporating nutrigenomics into the curriculum [17]. 
These findings suggest that while awareness is high, 
structured education and training remain critical for 
widespread implementation, a conclusion also supported 
by global studies [18, 20].

Corporate dietitians were more likely to provide 
nutrigenomics counseling compared to those in hospitals 
or research institutes, likely due to better funding and 
resources in corporate settings [20]. This aligns with the 
notion that private sector autonomy can facilitate early 
adoption of innovative practices, as previously observed 
[20].

The perceived benefits of integrating nutrigenomics 
include greater individualization of dietary prescriptions 
(86.3%) and improved disease management (67.1%), sup-
porting the view that nutrigenomics enhances the foun-
dations of nutrition. Both integrators and non-integrators 
agreed on the potential of nutrigenomics to strengthen 
nutrition practice, a finding mirrored by previous stud-
ies [14, 19]. Consumer motivators, such as the desire to 
prevent or manage disease and improve health-related 
quality of life, were also acknowledged as key drivers for 
nutrigenomics testing [12, 14]. This reflects global trends, 
where consumers increasingly turn to nutrigenomics for 
personalized health solutions [30].

Barriers to the integration of nutrigenomics were sub-
stantial, particularly cost concerns (59%), lack of expert 
knowledge (70.2%), and insufficient continuing education 
for both professionals and consumers [3, 19, 20]. Non-
integrators reported these barriers more frequently than 
integrators, particularly in areas such as cost and educa-
tion, consistent with findings from other studies [19, 26, 
30–32]. Concerns about confidentiality and the absence 
of clinical trials to prove efficacy were also prevalent, 
underscoring the need for robust evidence and ethical 
considerations [30, 32, 33, 34].

Mixed perceptions were reported regarding the feasi-
bility of integrating nutrigenomics. While participants 
recognized its potential benefits in precision nutrition, 
challenges such as cost, limited practitioner knowledge, 
and a lack of standardized testing panels were identified 
as significant obstacles [20]. These findings reflect the 
broader challenges faced in implementing nutrigenom-
ics in clinical practice globally, where cost and education 
remain critical barriers [19]. Participants suggested rais-
ing awareness, standardizing testing panels, and offering 
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bridge courses to enhance practitioner knowledge and 
improve feasibility [13].

Despite these challenges, there was optimism about 
the future of nutrigenomics in India. Participants envi-
sioned a shift towards personalized dietary plans based 
on genetic profiles, emphasizing the importance of col-
laboration between nutritionists, nutrigenomics counsel-
ors, and general practitioners to optimize client care [3]. 
Dietitians and nutritionists were identified as pivotal in 
driving the adoption of nutrigenomics, with a key role in 
educating both professionals and the public [20, 33].

The strengths of this study include a substantial data 
set of 249 survey responses and 10 in-depth interviews, 
providing comprehensive insights into the perceptions 
and challenges of integrating nutrigenomics in India. The 
mixed-method approach allowed for both quantitative 
and qualitative analysis, identifying practical obstacles 
and potential solutions [3, 26]. However, a potential bias 
exists, as those with an interest in nutrigenomics may 
have been more likely to participate, and the uneven geo-
graphic distribution of responses limits the generalizabil-
ity of the findings [3, 20].

Conclusion
The study reveals that dietitians and nutritionists in India 
had a favorable attitude towards nutrigenomics. Major 
barriers such as high cost, insufficient continuing educa-
tion, limited public awareness and ethical concerns were 
identified. To overcome these, participants suggest solu-
tions like raising awareness on social networking plat-
forms, improving accessibility towards bridge courses, 
strengthening data protection policies and engaging with 
other healthcare professionals in improving and advo-
cating for nutrigenomics. Future recommendations for 
advancing studies in this domain should include broader 
participation across various practice settings and geo-
graphic zones of India. Additionally, it is advisable to 
assess knowledge scores regarding nutrigenomics and 
delve into its branches such as sports nutrigenomics, and 
gut microbiome to name a few.
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