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Introduction: Clinical and nutritional research in Latin America faces significant
challenges that limit scientific development and evidence-based healthcare.
Understanding these barriers is essential for developing effective strategies to
enhance research capacity in the region. This study aimed to identify multilevel
barriers to clinical and nutritional research in Latin America and compare them
between countries of different socioeconomic levels.

Methods: A cross-sectional study was conducted with 327 healthcare
professionals involved in clinical and nutritional research across Latin America.
Data collection occurred via an online survey in which participants rated the
importance of 16 potential barriers on a 3-point Likert scale. Analysis included
descriptive statistics, chi-square tests to compare barriers between upper-
middle and lower-middle-income countries, logistic regression to identify
predictors of research participation, and k-means cluster analysis to identify
researcher profiles.

Results: Funding (84.4%), research materials (71.6%), and time constraints (70.9%)
emerged as the most significant barriers across all countries. Three barriers
showed statistically significant differences between income levels: participant
commitment (73.6% vs. 42.6%, p < 0.001), frequent appointments (56.6% vs.
37.8%, p = 0.02), and language barriers (39.6% vs. 22.9%, p = 0.02), all of which
were higher in lower-middle-income countries. Logistic regression identified
the importance of research materials (OR = 0.36, p = 0.002) and telemedicine
(OR = 1.74, p = 0.044) as significant predictors of research participation. Cluster
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analysis revealed three distinct researcher profiles based on barrier perception

patterns.

Conclusion: Multilevel barriers to research in Latin America are dominated by
universal resource constraints (funding, materials, time), with lower-middle-
income countries facing additional challenges in participant engagement
and study logistics. The relative homogeneity of most barriers across income
groups suggests that regional and institutional factors may be more influential
than national income levels. These findings provide a foundation for developing
targeted strategies to strengthen research capacity and infrastructure across

Latin America.

KEYWORDS

clinical research barriers, global health equity, health research capacity, knowledge
partnership, Latin America, nutrition science, research inequality, scientific

infrastructure

1 Introduction

Clinical and nutritional research plays a pivotal role in tackling
global health challenges, especially in low- and middle-income
countries (LMICs), where the burden of disease is disproportionately
high. Yet, these settings face numerous obstacles, including limited
funding, inadequate infrastructure, and complex regulatory
environments that collectively impede the development of evidence-
based interventions (1, 2).

In Latin America, such barriers are further exacerbated by
pronounced health disparities and limited resources, which hinder the
development of effective public health policies. Regions characterized
by socioeconomic inequality face persistent gaps in healthcare access
and quality. Therefore, it is essential to implement health system
reforms that promote universality, comprehensiveness, and
sustainability—underscoring the urgent need to strengthen research
capacity (3).

At the same time, global shifts in the food system and ongoing
nutrition transitions, characterized by rapid urbanization, changing
dietary patterns, and a rising prevalence of ultra-processed foods, have
driven increases in non-communicable diseases such as obesity,
diabetes, and cardiovascular disease (4-13). These trends have given
rise to the “double burden” of malnutrition, wherein undernutrition
and overnutrition coexist within the same populations, further
complicating public health responses (14-16).

Moreover, systemic constraints, including insufficient training, a
dearth of interdisciplinary collaboration, and weak regulatory
frameworks, continue to limit the capacity to conduct high-quality
research in resource-constrained environments. In this context,
pragmatic clinical trials designed to test interventions under real-
world conditions offer an appealing strategy for generating actionable
evidence. Yet, their successful implementation requires overcoming
both operational hurdles and regulatory challenges (2, 3).

Against this backdrop, the intersection of clinical and nutritional
research in Latin America presents both unique challenges and
promising opportunities. Given the region’s diverse cultural,
economic, and epidemiological landscapes, tailored research
approaches are essential to address local priorities. This study aims to
identify and analyze multilevel barriers to clinical and nutritional
research in Latin America, with a focus on understanding differences
across countries with varying socioeconomic levels. By providing a
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comprehensive assessment of these barriers, the study seeks to inform
strategies to strengthen research capacity and foster equitable health
outcomes across the region.

2 Methodology
2.1 Study design and setting

This cross-sectional study employed a quantitative approach to
identify and analyze barriers to clinical and nutritional research in
Latin America and the Caribbean. The study was conducted between
September 2021 and February 2022. All participants provided
informed consent before completing the survey.

2.2 Participant selection and recruitment

Healthcare professionals involved in clinical and nutritional research
across Latin America and the Caribbean were invited to participate
through a multi-stage recruitment process. Initial recruitment was
conducted through purposive sampling, with outreach to research
institutions, universities, and hospitals across the region. Primary
recruitment channels included professional societies affiliated with
FELANPE (Latin American Federation of Parenteral and Enteral
Nutrition) and ILAS (Latin American Institute of Food Science),
institutional email lists, newsletters, and social media platforms (e.g.,
LinkedIn, ResearchGate). The survey link was distributed through these
channels along with a standardized invitation letter explaining the study’s
purpose and procedures. Subsequently; snowball sampling was employed,
wherein initial participants were encouraged to share the survey link with
eligible colleagues in their professional networks. Participants accessed
the questionnaire through a secure Google Forms link that required
informed consent before proceeding to the survey questions. The survey
was accessible via computer, tablet, or smartphone to maximize
participation across different technological contexts.

2.2.1 Inclusion criteria

Inclusion criteria: (1) being a healthcare professional (including
physicians, nutritionists/dietitians, pharmacists, nurses, and related
fields); (2) having participated in or currently being involved in
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clinical or nutritional research; and (3) practicing in a Latin American
or Caribbean country at the time of survey completion.

2.2.2 Exclusion criteria

Exclusion criteria, defined independently from inclusion criteria,
included: (1) incomplete survey responses (less than 80% completion
rate); (2) duplicate submissions (verified by IP address and
timestamps); (3) lack of informed consent; (4) respondents who were
not healthcare professionals; and (5) surveys completed in less than
5 min, suggesting insufficient attention to responses.

2.3 Ethical consideration

This study was classified as exempt from formal ethics committee
review because it involved an anonymous, minimal-risk survey of
healthcare professionals without patient data or interventions, in
accordance with international guidelines, including the Council for
International Organizations of Medical Sciences (CIOMS) International
Ethical Guidelines for Health-Related Research Involving Humans and
the U.S. Common Rule 45 CFR 46.104 (17, 18). All participants provided
explicit informed consent electronically before accessing the survey
questions. No personally identifiable information was collected, ensuring
participant anonymity and confidentiality.

2.4 Survey development and validation

The survey instrument was developed based on a comprehensive
literature review of barriers to clinical and nutritional research in low-
and middle-income countries, combined with expert panel
consultation. The initial questionnaire was evaluated for face and
content validity by a panel of six experts in clinical and nutritional
research from across the region, representing diverse disciplinary
backgrounds and institutional settings.

The survey was then pilot-tested with 20 researchers not included
in the final sample to assess clarity, comprehensibility, and time
required for completion. Based on feedback from the pilot test,
modifications were made to improve question wording, response
option clarity, and survey flow. Internal consistency reliability was
assessed using Cronbach’s alpha for the barrier perception scale,
yielding an acceptable value (a = 0.78). Test-retest reliability was
evaluated with a subset of 15 participants who completed the survey
twice with a two-week interval, demonstrating good temporal stability
(intraclass correlation coefficient [ICC] = 0.82, 95% CI: 0.61-0.93).
These reliability measures confirm the consistency and stability of our
data collection instrument.

The final questionnaire consisted of three sections.

2.4.1 Section 1: demographic and professional
information

This section included questions on sex (male/female), age group
(categorized as: <25 years, 26-35 years, 36-45 years, 46-55 years,
56-65 years, >65 years), profession (nursing, pharmacy, medicine,
nutrition/dietetics, other), highest education level attained (doctorate/
postdoctorate, specialty/subspecialty, master’s degree, bachelor’s
degree, other), country of residence, years of clinical experience
(1-3 years, 4-6 years, 7-9 years, >10 years), and institutional affiliation
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(university, teaching hospital, research center, non-teaching
hospital, other).

2.4.2 Section 2: research experience

This section assessed participants’ involvement in research
protocols, including current or past participation in research projects
(yes/no), types of research conducted (qualitative studies,
observational studies, clinical trials, post-marketing studies, other),
number of research projects participated in (1-5, 6-10, >10, none),

and institutional research approval processes.

2.4.3 Section 3: barriers to research

Participants rated the importance of 16 potential barriers to clinical
and nutritional research using a 3-point Likert scale (1 = high importance,
2 =medium importance, 3 =low importance). The barriers assessed
included: (1) funding limitations; (2) research materials (medicines,
reagents, equipment); (3) time constraints due to workload; (4) ethics
committee procedures; (5) competent authority/regulatory procedures;
(6) trained personnel availability; (7) additional biopsies required; (8)
insurance/coverage issues; (9) participant commitment to study protocols;
(10) risks associated with the intervention; (11) laboratory test
requirements; (12) frequent appointments/follow-up visits; (13) strict
inclusion/exclusion criteria; (14) language barriers; (15) patient
enrollment difficulties; and (16) telemedicine utilization for follow-up.

The decision to use a 3-point Likert scale rather than the more
common 5- or 7-point scales was deliberate and based on several
methodological considerations. First, research has shown that simpler
response scales can reduce respondent burden and cognitive load,
particularly in international surveys where respondents may have
varying levels of language proficiency. Second, the 3-point scale (high,
medium, low importance) provides sufficient discrimination for
practical decision-making while minimizing ambiguity in the middle
categories that often plague longer scales. Third, pilot testing indicated
that participants found the 3-point scale intuitive and easier to
complete consistently across all 16 barrier items. Finally, the scale
retained adequate psychometric properties as evidenced by acceptable
internal consistency (a = 0.78) and test-retest reliability (ICC = 0.82).

The survey was made available in Spanish, Portuguese, and English to
accommodate participants from different countries in the region.
Professional translators ensured linguistic equivalence across all three
versions, with back-translation procedures implemented to verify accuracy.

2.5 Income classification methodology

Countries were classified according to the World Bank income
categories for fiscal year 2022, which corresponds to the survey period
from September 2021 to February 2022. The World Bank categorizes
economies based on gross national income (GNI) per capita,
calculated using the World Bank Atlas method. For fiscal year 2022,
the income groups were defined as follows: low-income economies
(GNI per capita <$1,085), lower-middle-income economies ($1,086—
$4,255), upper-middle-income economies ($4,256-$13,205), and
high-income economies (>$13,206).

2.5.1 Country-specific classifications

The following countries represented in our sample were classified
according to official World Bank designations: High-income: Chile,

frontiersin.org


https://doi.org/10.3389/fnut.2025.1599344
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Frias-Toral et al.

Spain, United States, Panama, Uruguay (n = 19, 5.8% of the sample).
Upper-middle-income: Argentina, Brazil, Colombia, Costa Rica,
Ecuador, Mexico, Peru, Dominican Republic (n =249, 76.1% of
sample). Lower-middle-income: El Salvador, Guatemala, Nicaragua,
Paraguay (1 = 53, 16.2% of sample).

2.5.2 Treatment of unclassified countries

Two countries in our sample presented classification challenges.
Cuba (n = 5) lacks a recent official World Bank income classification
because standardized economic data are unavailable. Venezuela
(n=1), which has historically been classified as upper-middle-
income, has experienced a severe economic crisis since 2014, and
current World Bank data are incomplete. To maintain methodological
rigor and avoid arbitrary assumptions about income status in the
absence of reliable data, both Cuba and Venezuela were classified as
“Unclassified” (total n=6, 1.8% of sample) and excluded from
inferential statistical comparisons. Their descriptive statistics are
and this classification limitation is

presented separately,

explicitly acknowledged.

2.6 Sample size considerations and
statistical power

Given the use of purposive and snowball sampling techniques,
traditional priori power calculations were not applicable for this study
design. These non-probabilistic sampling methods do not allow
conventional sample size estimation based on population parameters,
as the sampling frame and population denominator cannot be
precisely defined. Instead, sample size considerations were guided by
practical and methodological factors: (1) achieving representation
across multiple Latin American and Caribbean countries; (2) ensuring
adequate sample sizes for subgroup analyses by income level and
professional categories; (3) meeting minimum requirements for
multivariate statistical analyses, particularly logistic regression
(minimum 10 events per predictor variable) and (4) considering
resource constraints and feasibility of recruitment through
professional networks (2).

2.6.1 Minimum sample size threshold for
statistical testing

Following established guidelines for group comparisons in
exploratory research (19). We prespecified a minimum threshold of
n > 30 participants per group for conducting inferential statistical
tests. This threshold is based on the Central Limit Theorem, which
suggests that sampling distributions approximate normality when
n>30, and on practical considerations for achieving adequate
statistical power (typically >80%) for detecting medium-to-large
effect sizes in comparative analyses. Groups with fewer than 30
participants were analyzed descriptively only, without statistical
hypothesis testing, to avoid Type I and Type II errors associated with
underpowered analyses.

Based on similar cross-sectional studies in healthcare research
and recommendations for exploratory research in low- and middle-
income countries, we aimed to target a sample of 300-350 participants
to provide sufficient heterogeneity for meaningful comparisons while
maintaining analytical robustness. The final sample of 327 participants
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provided stable estimates for our planned analyses and adequate
representation across the region.

2.6.2 Limitations of non-probabilistic sampling

We acknowledge that the non-probabilistic sampling approach
limits generalizability to the broader population of healthcare
researchers in Latin America. This study employed purposive and
snowball sampling as an exploratory approach, consistent with
research capacity studies in LMICs, where probabilistic sampling is
often impractical (20). As such, our findings are hypothesis-generating
and not intended for population-level inference. Results should be
interpreted as representing the experiences and perspectives of
healthcare professionals engaged in clinical and nutritional research
who were accessible through our recruitment networks, rather than a
statistically representative sample of all such professionals in
the region.

Data collection occurred between September 2021 and February
2022 through an online Google Forms survey. The questionnaire
took approximately 15-20 min to complete. Three follow-up
reminders were sent at two-week intervals to maximize response
rate, without being overly intrusive. Participants were explicitly
requested to complete the survey only once, and both IP address
and timestamp verification were used to identify potential duplicate
submissions. All responses were automatically recorded in a secure,
password-protected database accessible only to the research team.

2.7 Missing data management

Missing data were systematically assessed and managed throughout
the study. Surveys with completion rates below 80% were excluded as
per our predefined criteria (n = 43 surveys excluded on this basis). In
the final sample of 327 participants, the overall missing data rate was
very low (0%) because the Google Forms platform was configured to
require responses to all key questions before submission. This
complete-case dataset eliminated the need for imputation procedures
and the associated assumptions about missing-data mechanisms.

2.8 Variable definitions and measurements

2.8.1 Outcome variable

The primary outcome variable was current or past participation
in research protocols, assessed with the question: “Are you currently
participating or have you participated in any research protocol?” with
dichotomous response options (1 = Yes, 2 = No).

2.8.2 Predictor variables

Income group: Based on World Bank classifications as described
above, countries were grouped for the primary analysis as follows:
Main inferential analysis: Upper-middle-income vs. Lower-middle-
income (n =302 total). Descriptive only: High-income (n=19,
excluded due to n < 30 threshold). Descriptive only: Unclassified
(n = 6, excluded due to lack of valid income classification and n < 30).

Demographics: Sex (male/female), age (ordinal categories as
described above), education level (ordinal scale from bachelor’s degree
to doctorate), profession (categorical: nursing, pharmacy, medicine,
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nutrition/dietetics, other), clinical experience (ordinal: 1-3, 4-6, 7-9,
>10 years).

Barriers: Each of the 16 barriers was measured on the 3-point
Likert scale described above. For primary analyses, barriers were
dichotomized as “high importance” (score = 1) versus “medium/low
importance” (scores = 2 or 3) to facilitate interpretation and enable
chi-square testing. Sensitivity analyses using the original ordinal scale
and nonparametric tests (Mann-Whitney U) were conducted to verify
the robustness of the findings.

2.9 Statistical analysis

All statistical analyses were performed using Python (version 3.9)
with the following libraries: pandas (version 1.4.2) for data
manipulation, numpy (version 1.22.3) for numerical operations, scipy
(version 1.8.0) for statistical tests, statsmodels (version 0.13.2) for
regression modeling, and scikit-learn (version 1.0.2) for cluster
analysis. Statistical significance was set at p < 0.05 for all analyses, and
all tests were two-tailed. All analysis code is provided as
Supplementary materials to ensure full reproducibility.

2.9.1 Descriptive statistics

Descriptive statistics were calculated for all variables. Categorical
variables were presented as frequencies and percentages. Continuous
variables were described using means and standard deviations when
normally distributed, or medians and interquartile ranges (IQR) for
skewed distributions. Barrier importance ratings were ranked by the
percentage of participants who rated each barrier as having “high
importance” overall and by income group.

2.9.2 Main comparative analysis: upper-middle
vs. lower-middle income

The primary inferential statistical comparisons were conducted
between upper-middle-income and lower-middle-income countries, as
these were the only income groups meeting the #n > 30 threshold
(n =249 and n = 53, respectively; total n = 302). For categorical variables
(including dichotomized barriers): Chi-square tests of independence
were used when all expected cell frequencies were >5. When expected
frequencies were <5, Fisher’s exact test was used instead, as it provides
exact p-values without relying on asymptotic approximations. The
choice of test for each variable was determined by examining the
expected frequencies in the contingency tables. For ordinal variables
(original 3-point Likert scales): Mann-Whitney U tests were conducted
as sensitivity analyses to verify that dichotomization did not materially
affect conclusions. The Mann-Whitney U test is a nonparametric
alternative to the independent-samples t-test that does not assume
normality and is appropriate for ordinal data. Effect sizes: For significant
chi-square results, Cramér’s V was calculated to quantify effect size
(small: 0.10, medium: 0.30, large: 0.50). For Mann-Whitney U tests,
rank-biserial correlation was computed as an effect size measure.

2.9.3 High-income and unclassified groups:
descriptive presentation only

For high-income countries (n = 19) and unclassified countries
(n = 6), only descriptive statistics (frequencies, percentages, medians,
IQRs) were calculated and reported. “No statistical hypothesis tests
were performed” for these groups due to insufficient sample sizes
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(n < 30), which would result in low statistical power and unreliable
p-values. All tables and figures clearly indicated which results were
descriptive only versus those that were statistically tested, maintaining
transparency about the scope of inference.

2.9.4 Logistic regression analysis

Multivariable logistic regression was performed to identify
independent predictors of research protocol participation among the
302 participants in the main analysis sample (from upper-middle- and
lower-middle-income countries). The binary outcome was coded as
1 = currently participating or have participated, 0 = never participated.

Model building strategy: We employed a theory-driven approach
combined with bivariate screening. Variables were included in the
multivariable model if they: (1) showed associations with the outcome
in bivariate analyses at p < 0.20; (2) were identified as theoretically
necessary based on prior literature; or (3) were demographic
confounders (age, sex, education). To avoid overfitting, we adhered to
the rule of thumb of at least 10 events (participations) per predictor
variable in the model, limiting our model to approximately 17-20
predictors given 177 participation events.

Model specifications: The final model included: income group
(upper-middle vs. lower-middle), sex (male vs. female), age (ordinal),
education level (ordinal), profession (categorical, with nutrition/
dietetics as reference), and key barriers identified through bivariate
screening (funding, research materials, time constraints, patient
enrollment, telemedicine; each dichotomized as high vs. medium/
low importance).

Model diagnostics: Multicollinearity was assessed using variance
inflation factors (VIF), with VIF <5 considered acceptable and
VIF < 3 ideal (14). Model fit was evaluated using the Hosmer-
Lemeshow goodness-of-fit test (p > 0.05 indicates acceptable fit)—
Discrimination ability was assessed using the area under the receiver
operating characteristic curve (AUC-ROC), with AUC > 0.70
considered acceptable. Pseudo-R* (Nagelkerke) was calculated to
estimate the proportion of variance explained. Residual analysis and
CooK’s distance were examined to identify influential outliers.

Reporting: Odds ratios (OR) with 95% confidence intervals (CI)
and p-values were reported for all predictors. ORs> 1 indicate
increased odds of research participation; ORs<1 indicate
decreased odds.

2.9.5 Cluster analysis

K-means clustering was conducted to identify distinct groups of
researchers based on their patterns of barrier perception across all 16
barriers. Before clustering, barrier scores were standardized (z-scores)
to ensure equal weighting of all variables.

Determination of optimal number of clusters: Multiple methods
were used in conjunction: 1. Elbow method: plotting within-cluster
sum of squares (inertia) against number of clusters. 2. Silhouette
coefficient: assessing cluster cohesion and separation (range: —1 to +1,
higher is better). 3. Interpretability: ensuring clusters had meaningful
and distinct profiles. Based on these criteria, k = 3 was selected as
optimal, balancing statistical metrics with practical interpretability.

Methodological note on k-means for ordinal data: We
acknowledge that k-means clustering assumes continuous variables
and uses Euclidean distance, which may not be ideally suited for
ordinal 3-point Likert data. However, several considerations supported
this choice: (1) the ordinal scale approximates interval properties
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given relatively balanced response distributions; (2) k-means provides
interpretable centroid-based clusters; (3) comparative analyses using
alternative methods (hierarchical clustering with Ward’s linkage,
k-modes for categorical data) yielded substantively similar cluster
structures, supporting robustness; and (4) this approach maintains
consistency with the original manuscript framework while
acknowledging its limitations.

Cluster characterization: Mean barrier scores for each cluster were
calculated and ranked to identify the top barriers (lowest mean
scores = highest perceived importance) characterizing each cluster.
Demographic and professional characteristics of cluster members
were also described.

2.9.6 Sensitivity analyses

To assess the robustness of findings and address reviewer concerns
about alternative grouping strategies, we conducted the following
pre-specified sensitivity analyses:

Sensitivity Analysis 1: Upper-middle vs. Lower-middle +
Unclassified (excluding High-income). This analysis added the six
unclassified participants (Cuba, Venezuela) to the lower-middle-
income group, creating a more inclusive “lower resource” category
while still excluding high-income countries. Chi-square tests were
re-run for all barriers.

Sensitivity Analysis 2: Upper-middle + High vs. Lower-middle +
Unclassified. This analysis combined upper-middle- and high-income
countries into a “higher resource” group and lower-middle and
unclassified countries into a “lower resource” group, maximizing
sample sizes for both groups (n = 268 vs. n = 59). This represents the
most inclusive 2-group comparison possible with the available data.

Sensitivity Analysis 3: Mann-Whitney U tests on original Likert
scales. As described above, all comparisons were repeated using
non-parametric tests on the original 3-point ordinal scales to verify
that dichotomization did not alter substantive conclusions.

Sensitivity Analysis 4: Logistic regression with alternative
specifications. The logistic regression model was re-estimated with
alternative variable combinations to assess the stability of coefficient
estimates and significance levels.

2.10 Statement on generalizability

The findings of this study should be interpreted in the context of
the sampling methodology employed. While every effort was made to
recruit a diverse sample across multiple countries and professional
backgrounds, the use of non-probabilistic sampling (purposive and
snowball) means that results are not statistically generalizable to all
healthcare professionals conducting clinical and nutritional research
in Latin America. Instead, findings represent the experiences and
perspectives of research-engaged professionals accessible through our
professional networks (FELANPE, ILAS, and affiliated institutions).
The study provides valuable hypothesis-generating insights and
identifies barriers warranting further investigation through
representative sampling designs.

Moreover, the marked imbalance in sample sizes across income
groups (upper-middle: n = 249, 76%; lower-middle: n = 53, 16%; high:
n =19, 6%; unclassified: n=6, 2%) limits the scope of statistical
inference. The main comparative analyses were restricted to upper-
middle-income versus lower-middle-income countries, as these were
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the only groups meeting the #n > 30 threshold. Findings for high-
income and unclassified countries are descriptive only and should be
interpreted with caution.

3 Results
3.1 Demographic characteristics

A total of 327 healthcare professionals from 19 Latin
American and Caribbean countries completed the survey
between September 2021 and February 2022. Most respondents
were from upper-middle-income countries (n = 249; 76.1%),
followed by lower-middle-income countries (n =53; 16.2%).
Brazil (27.2%), Mexico (14.1%), and Guatemala (11.3%)
contributed the most significant numbers of participants, while
eight countries had fewer than 10 respondents, indicating some
geographical concentration in the sample. The geographic and
income-level distribution is presented in Supplementary Figure S1,
including the pre-specified threshold of n > 30 used to determine
eligibility for inferential analyses.

Based on the predefined threshold of n > 30 for inferential
analyses, only upper-middle- and lower-middle-income groups met
the minimum sample size requirements (combined #n = 302; 92.4% of
the total). Accordingly, statistical comparisons were restricted to these
groups. Participants from high-income countries (n=19) and
unclassified countries (n = 6) were included descriptively only due to
insufficient sample size.

The sample was predominantly female (73.1%), with the largest
age groups being 36-45 years (30.9%), 26-35 years (24.8%), and
46-55 years (22.0%). Nutritionists/dietitians represented the most
common profession (49.8%), followed by physicians (31.5%),
pharmacists (9.2%), and nurses (7.3%). Regarding education, 44.6%
held a specialty or subspecialty degree, 27.2% held a master’s degree,
and 28.2% reported other academic training. Most participants had
more than 10 years of clinical experience (73.4%), and 61.2% reported
current or prior involvement in research protocols. Full demographic
details are provided in Table 1.

Demographic patterns were similar between upper-middle- and
lower-middle-income countries, including sex distribution, age
structure, professional background, and research participation (58.2%
vs. 60.4%; p = 0.76). High-income and unclassified groups showed
extreme values—for example, research participation rates of 89.5 and
100%, respectively—although these findings should be interpreted
cautiously given their very small sample sizes.

3.2 Barriers to clinical and nutritional
research

Among the 327 respondents, barriers were ranked by the
proportion rating each as “high importance” Three obstacles
consistently emerged as the most critical: limited funding (84.4%),
insufficient research materials such as reagents, medicines, and
equipment (71.6%), and time constraints resulting from clinical
workload (70.9%). These were followed by ethics committee
procedures (64.5%), competent authority or regulatory procedures
(61.2%), and shortages of trained personnel (60.6%). Detailed
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TABLE 2 Top barriers to clinical and nutritional research (validated).

Characteristic Category n (%) Barrier High importance (%)
Female 239 (73.1) Funding 84.4
Sex
Male 88 (26.9) Research materials 71.6
36-45 101 (30.9) Time constraints 70.9
46-55 72 (22.0) Ethics committee procedures 64.5
Age (years)
26-35 81 (24.8) Competent authority procedures 61.2
Others 73 (22.3) Trained personnel 60.6
Nutrition/dietetics 163 (49.8) Additional biopsies 52.3
Physician 103 (31.5) Insurance/coverage 49.8
Profession Pharmacist 30 (9.2) Participant commitment 48.0
Nurse 24 (7.3) Risks 45.0
Others 7(2.1)
Master’s degree 89(27.2) appointments were also more often rated as highly important in
Education level Specialty/subspecialty 146 (44.6) lower-middle-income settings (56.6% vs. 37.8%; p = 0.020; Cramér’s
Others 92 (282) V =0.17), suggesting greater logistical burden for participants. In
addition, language barriers were more frequently prioritized in lower-
>10 240 (73.4 . . )
Clinical experience e 7 middle-income contexts (39.6% vs. 22.9%; p =0.016; Cramér’s
Others 87 (26.6) V =0.17). All remaining barriers showed no statistically significant

rankings are provided in Table 2, and full distributions are shown in
Figure 1.

Moderate-frequency barriers—including additional biopsies,
insurance or coverage issues, participant commitment, and perceived
risks—were each rated as highly important by roughly half of
respondents. Less frequently cited obstacles included challenges with
laboratory tests, patient enrollment, frequent appointments, inclusion
and exclusion criteria, telemedicine, and language barriers, indicating
comparatively lower perceived importance for most participants.

3.2.1 Barrier profiles by country income level
Descriptive patterns across income groups closely aligned with the
overall results. In upper-middle-income countries, the three leading
barriers were identical to the full ssmple—funding, research materials,
and time constraints—followed by ethics and regulatory procedures.
In lower-middle-income countries, funding remained the top barrier;
however, participant commitment ranked notably higher than in
upper-middle-income settings (73.6% vs. 42.6%). Other frequently
cited barriers in this group included research materials, time
constraints, ethics committee procedures, and limited trained
personnel. Respondents from high-income countries, presented
descriptively due to small sample size, placed strong emphasis on time
constraints (94.7%), while patient enrollment appeared less
problematic than in other groups. Results from unclassified countries
were highly variable due to the very small number of participants.

3.2.2 Comparative analysis: upper-middle vs.
lower-middle income countries

Statistical comparisons between upper-middle- and lower-
middle-income groups are presented in Table 3 and Figure 2. Of the
sixteen barriers assessed, three demonstrated statistically significant
differences. Participant commitment showed the most substantial
contrast, with markedly higher ratings in lower-middle-income
countries (73.6% vs. 42.6%; p < 0.001; Cramér’s V = 0.28). Frequent
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differences between groups, and the three most critical barriers—
funding, research materials, and time constraints—displayed virtually
identical ratings across settings, indicating that these obstacles are
pervasive and universally felt irrespective of country income level.

3.2.3 Sensitivity analysis

To ensure that the findings were not an artifact of dichotomizing
the original 3-point Likert scale, Mann-Whitney U tests were
conducted on the complete ordinal responses and are summarized in
Supplementary Table S1. Results were highly consistent with those of
the chi-square analyses: participant commitment remained highly
significant (p < 0.001), frequent appointments remained significant
(p=0.02), and language barriers showed borderline significance
(p=0.05). All remaining barriers remained non-significant,
confirming that the overall conclusions are robust across
analytical approaches.

3.3 Predictors of research protocol
participation

The independent predictors of research participation were
examined using a multivariable logistic regression model restricted
to the 302 respondents from upper-middle- and lower-middle-
income countries. Full model results are shown in Table 4, and
effect estimates are visualized in Figure 3. The final model
incorporated thirteen predictors, including income classification,
sex, age, education level, four professional categories, and five key
perceived barriers. Model diagnostics indicated acceptable
performance: all variance inflation factors were below 3, ruling out
problematic multicollinearity; the Hosmer-Lemeshow goodness-
of-fit test demonstrated adequate calibration (y*=6.87, df =8,
p = 0.549); the area under the ROC curve (AUC = 0.675) suggested
acceptable discriminatory ability; and the model explained 6.7% of
the variance in research participation (Nagelkerke pseudo-
R*=0.067), with an overall classification accuracy of 65.2%.
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Although the explained variance was modest, the diagnostic
indicators support the reliability and interpretability of the
parameter estimates.

Two predictors demonstrated statistically significant associations
with research participation. Rating research materials as a high-
importance barrier was associated with substantially lower odds of
(OR=0.36, 95% CI: 0.19-0.69; p=0.002), a
counterintuitive result that may reflect greater awareness of material

participation

resource limitations among those with prior research experience or,
conversely, the resilience required to engage in research despite such
constraints. In contrast, rating telemedicine as highly important was
associated with greater odds of participation (OR = 1.74, 95% CI:
1.02-2.99; p = 0.044), suggesting that individuals actively involved in
research may be more attuned to or engaged with emerging digital
modalities relevant to clinical and nutritional research.

Several additional predictors approached statistical significance
but did not meet conventional thresholds. Female respondents showed
a tendency toward lower participation (OR = 0.58, 95% CI: 0.32-1.05;
p = 0.072), raising the possibility of underlying gender disparities in
research engagement. Higher educational attainment displayed an
unexpected trend toward lower participation (OR =0.78, 95% CI:
0.59-1.03; p = 0.083), potentially attributable to coding structure or
unmeasured confounding factors. Likewise, respondents in medicine
showed a trend toward higher participation relative to nutritionists/
dietitians, the reference category (OR =1.78, 95% CI: 0.93-3.39;
p=0.082).

Frontiers in Nutrition

Predictors that did not demonstrate significant associations
included income classification, age, other professional groups, and
perceived importance of funding, time constraints, and patient
enrollment (all p > 0.10). Their nonsignificance suggests that, within
this sample, sociodemographic factors may be less influential than
specific operational or attitudinal barriers in shaping engagement in
research activities.

3.4 Cluster analysis of barrier perception

K-means clustering was applied to identify distinct profiles of
researchers based on their perception of all sixteen assessed barriers,
with the results summarized in Table 5 and illustrated in Figure 4.
The optimal solution consisted of three clusters (k = 3), determined
through triangulation of the elbow method—showing stabilization
of inertia at k=3—the highest silhouette coefficient among
candidate models (0.21), and conceptual interpretability. The first
profile, comprising 49 participants (15.0% of the sample), showed a
moderate level of barrier perception. Although this group identified
time constraints, funding limitations, competent authority
procedures, ethics committee requirements, and research materials
as their top concerns, the mean scores for these barriers were closer
to 2 (medium importance), indicating that these researchers
generally perceived obstacles as less severe. Demographically,
Cluster 1 showed balanced representation across professions and
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TABLE 3 Comparison of high-importance barrier ratings between upper-middle and lower-middle income countries.

Barrier Upper- Lower- A (pp) %2 test Cramér's V p-value Significance
middle (n, middle (n,
%) %)

Participant

106 (42.6%) 39 (73.6%) -31.0 $(1) = 15.5 0.28 <0.001 o
commitment
Frequent

94 (37.8%) 30 (56.6%) -18.9 ¥4 (1) =5.7 0.17 0.017 *
appointments
Language barriers 57 (22.9%) 21 (39.6%) —16.7 ¥*(1)=5.6 0.17 0.019 *
Risks 107 (43.0%) 30 (56.6%) -13.6 ¥ (1) =27 0.11 0.097 ns
Inclusion/exclusion

86 (34.5%) 25 (47.2%) ~12.6 x(1) =25 0.10 0.115 ns
criteria
Telemedicine 78 (31.3%) 23 (43.4%) —-12.1 ¥(1) =23 0.09 0.126 ns
Additional biopsies 126 (50.6%) 32 (60.4%) -9.8 ¥(1)=13 0.07 0.253 ns
Patient enrollment 105 (42.2%) 26 (49.1%) —6.9 ¥4(1) =0.6 0.05 0.444 ns
Laboratory tests 108 (43.4%) 26 (49.1%) —5.7 ¥4(1)=0.4 0.04 0.546 ns
Trained personnel 149 (59.8%) 34 (64.2%) —4.3 ¥4(1)=0.2 0.03 0.668 ns
Insurance/coverage 128 (51.4%) 25 (47.2%) +4.2 ¥4(1)=0.2 0.03 0.683 ns
Competent

154 (61.8%) 31 (58.5%) +3.4 ¥4(1)=0.1 0.02 0.764 ns
authority procedures
Ethics committee

157 (63.1%) 35 (66.0%) -3.0 ¥*(1) = 0.06 0.02 0.800 ns
procedures
Funding 211 (84.7%) 46 (86.8%) -2.1 ¥*(1) =0.03 0.01 0.866 ns
Time constraints 174 (69.9%) 37 (69.8%) +0.1 x*(1) < 0.01 <0.01 1.000 ns
Research materials 181 (72.7%) 38 (71.7%) +1.0 (1) <0.01 <0.01 1.000 ns

A (pp): absolute difference in percentage points (lower-middle minus upper-middle). y*(df): Pearson chi-square statistic with degrees of freedom. Effect size reported via Cramér’s V,
interpreted as: small (0.10), medium (0.30), large (0.50). Significance codes: **¥p < 0.001; **p < 0.01; *p < 0.05; ns = not significant. All p-values two-sided.

income groups, suggesting a heterogeneous but relatively
resilient subgroup.

The second profile, representing 145 participants (44.3%),
corresponded to a pattern of high general barriers and constituted the
largest cluster. Members of this group consistently rated resource-
related obstacles as highly important, with particularly elevated ratings
for funding, time constraints, research materials, ethics committee
procedures, and regulatory approvals. This profile aligns closely with
the overall distribution of the full sample and represents the “typical”
researcher facing multiple systemic and operational constraints.

The third profile, consisting of 133 participants (40.7%), exhibited
a pattern of very high specific barriers, characterized by exceptionally
elevated ratings across nearly all operational and personnel-related
obstacles. Funding, participant commitment, research materials,
availability of trained personnel, and requirements for additional
biopsies all showed mean scores near 1, indicating widespread
perception of high severity. This group appears to represent individuals
working in particularly challenging research environments or those
with heightened sensitivity to the cumulative effect of multiple barriers.

Cluster membership did not differ significantly by country income
classification; chi-square testing showed no association between
cluster assignment and income group (p = 0.34). This finding suggests
that differences in barrier perception are not solely determined by
macroeconomic context. Still, it may instead reflect institutional
factors, local research ecosystems, or individual experience within
clinical and nutritional research environments.
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3.5 Sensitivity analyses

A series of sensitivity analyses was conducted to evaluate the
robustness of the main findings across alternative income-group
classifications. In the first analysis, the six respondents from
unclassified countries (Cuba and Venezuela) were included in the
lower-middle-income group, creating an expanded comparison with
upper-middle-income countries. As shown in Supplementary Table S1,
the results were virtually identical to the primary analysis. Participant
commitment remained highly significant (p < 0.001), and the pattern
of non-significant barriers remained unchanged, indicating that
excluding unclassified countries did not materially influence
the conclusions.

A second analysis examined the broadest possible contrast by
merging upper-middle- and high-income countries into a single
group and comparing them against lower-middle-income countries
plus unclassified countries. This approach increased the sample size in
both comparison groups (n =268 vs. n=>59). The results again
confirmed the stability of the findings: participant commitment
remained significantly different between groups (p = 0.001), while
frequent appointments and language barriers remained statistically
significant. No additional barriers emerged as significant,
demonstrating that the observed differences were consistent across
alternative grouping strategies.

For completeness, descriptive summaries are also provided for
participants from high-income and unclassified countries; however,
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in accordance with the pre-specified analytic plan and minimum
sample size requirements (n > 30), no statistical comparisons or
hypothesis tests were performed for these groups. Among respondents
from high-income countries (1 = 19), 84.2% were female, and 89.5%
reported prior or current participation in research. Their most
frequently cited high-importance barriers were time constraints
(94.7%), ethics committee procedures (78.9%), and funding (78.9%),
whereas patient enrollment was the least cited (26.3%). In unclassified
countries (1 = 6), 33.3% were female, and all participants reported
research experience. The most salient barriers in this group were
research materials (83.3%), funding (66.7%), and ethics committee
procedures (66.7%). Given the very small sample sizes, these
descriptive patterns should be interpreted with considerable caution,
and no inferences may be drawn regarding differences with other
income groups.

4 Discussion

This cross-sectional study of 327 healthcare professionals across
19 Latin American and Caribbean countries identified multilevel
barriers to clinical and nutritional research and compared perceptions
of these barriers between upper-middle-income and lower-middle-
income countries. Three key findings emerged from our analysis.
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First, funding emerged as the overwhelmingly dominant barrier,
cited as highly important by 84.4% of all participants, with remarkably
consistent ratings across both income groups (upper-middle: 84.7%
vs. lower-middle: 86.8%, p = 0.87). This universal acknowledgment of
funding limitations transcends country income classifications and
suggests that inadequate financial investment in clinical and
nutritional research represents a systemic, region-wide challenge.
Research materials (71.6%) and time constraints (70.9%) constituted
the second tier of critical barriers, also showing no significant
variation by income level. These findings align with previous studies
documenting pervasive resource limitations as the primary
impediment to health research in low- and middle-income
countries (21).

Second, lower-middle-income countries face distinct operational
challenges related to participant engagement and study logistics. Three
barriers showed statistically significant differences: participant
commitment to study protocols (73.6% vs. 42.6%, p <0.001),
requirements for frequent appointments (56.6% vs. 37.8%, p = 0.02),
and language barriers (39.6% vs. 22.9%, p = 0.02). These findings
suggest that, beyond universal resource constraints, lower-middle-
income settings contend with additional patient-level and
infrastructure-related obstacles that may reflect limited health system
capacity, lower health literacy, transportation difficulties, or language
diversity in research protocols not adapted to local contexts. The
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TABLE 4 Multivariable logistic regression predicting research participation (n = 302).

Variable p coefficient 95% ClI Significance
Intercept 1.86 6.40 1.28-31.98 0.82 0.024 *
Income (upper-middle) —0.19 0.82 0.42-1.61 0.34 0.570 ns
Female sex —0.55 0.58 0.32-1.05 0.31 0.072 +
Age —0.12 0.89 0.71-1.12 0.12 0.327 ns
Education level —0.25 0.78 0.59-1.03 0.14 0.083 T
Profession: nursing —0.21 0.81 0.29-2.23 0.52 0.680 ns
Profession: pharmacy —0.35 0.71 0.29-1.70 0.45 0.440 ns
Profession: medicine 0.57 1.78 0.93-3.39 0.33 0.082 t
Profession: other 0.49 1.63 0.24-11.15 0.98 0.617 ns
Barrier: funding (high

importance) 0.29 1.34 0.62-2.86 0.39 0.455 ns
Barrier: research

materials (high —-1.02 0.36 0.19-0.69 0.33 0.002 Ak
importance)

Barrier: time constraints

(high importance) 0.27 1.30 0.76-2.23 0.27 0.332 ns
Barrier: participant

commitment (high 0.20 1.22 0.72-2.06 0.27 0.457 ns
importance)

Barrier: telemedicine

(high importance) 0.56 1.74 1.02-2.99 0.28 0.044 *

B, logistic regression coefficient; OR, odds ratio; SE, standard error; CI, confidence interval. Odds ratios were derived from exponentiated p coefficients, and 95% CIs were calculated as
exp(P + 1.96 x SE). p-values correspond to two-sided Wald tests. Significance codes indicate: *p < 0.05; **p < 0.01; T 0.05 < p < 0.10 (trend-level); ns, not statistically significant. The reference
category for professional background was nutrition/dietetics. Model diagnostics are reported in the main text (Hosmer-Lemeshow test, AUC, VIFs, Nagelkerke R?).

31-percentage-point difference in participant commitment represents
a substantial operational burden that may disproportionately affect
research feasibility in resource-constrained settings (22, 23).

Third, contrary to our hypothesis that income-level differences
would be pronounced across many barriers, most barriers showed no
significant variation between upper-middle and lower-middle income
countries. Regulatory barriers (ethics committees, competent
authorities), patient enrollment, insurance issues, and most procedural
barriers were perceived as equally challenging, regardless of income
classification (24). This unexpected homogeneity suggests that within
the middle-income spectrum, structural barriers to research may be
driven more by regional or institutional factors than by national
income levels (25). It also indicates that the dichotomy between
“middle-income” countries may be less meaningful than the broader
distinction between high-income and middle/low-income settings, or
that within-country heterogeneity exceeds between-country
differences (26).

In addition, gender disparities also emerged as a significant
barrier. Our results—where being female was associated with lower
odds of participation—align with findings reported by Silva et al. and
Ozkazanc et al. (27), who documented those systemic inequalities,
including limited access to research funding and mentorship,
disproportionately restrict female researchers’ engagement in high-
quality studies (27, 28). Addressing such disparities necessitates
targeted policy interventions that protect research time for female
investigators and enhance their access to leadership and collaboration
opportunities (29).
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The role of telemedicine in clinical research presents both
opportunities and challenges. Although telemedicine holds the
potential to overcome geographical and logistical barriers, our study
found that a higher valuation of telemedicine was paradoxically
associated with reduced participation. Ciocca et al. (30) and Glass et
al. (31) have discussed how underdeveloped digital infrastructures
and limited digital literacy in the region could hamper the effective
implementation of telemedicine in research contexts. Consequently,
technological investments must accompany capacity-building
initiatives to realize the full potential of telemedicine in
advancing research.

The discrepancies in patient enrollment between income groups
further underscore the impact of socioeconomic disparities.
Researchers from lower-middle countries face amplified challenges,
such as lower insurance coverage and limited outreach capabilities,
which constrain recruitment efforts (32, 33). In addition, factors such
as language barriers and stringent laboratory test requirements,
although not always statistically significant, indicate underlying
systemic inequities that restrict research inclusiveness (34, 35).

Our cluster analysis identified three distinct researcher profiles
based on barrier perception. This segmentation suggests that
interventions must be customized; for instance, targeted mentoring
for clusters facing high overall barriers and capacity-building
initiatives for those reporting moderate difficulties. Vicente-Crespo et
al. (36) emphasize that tailored interventions informed by institutional
capacity analyses can significantly enhance research productivity in
lower-middle-income settings. Complementing this view, Balan (37)
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FIGURE 3
Predictors of research participation in a multivariable logistic regression model. Forest plot showing predictors of research participation in the
multivariable logistic regression model (n = 302). Points represent adjusted odds ratios (ORs), and horizontal lines indicate 95% confidence intervals.
The vertical dashed line denotes the null value (OR = 1). Predictors with p < 0.05 are shown in blue, while those with 0.05 < p < 0.10 are shown in
orange. Significant predictors included high-importance ratings for research materials (OR = 0.36, p = 0.002) and telemedicine (OR = 1.74, p = 0.044).
Marginal associations were observed for profession (medicine), female sex, and education level.

argues that strengthening institutional support and streamlining
administrative processes are critical to creating a supportive
research environment.

the of
interdisciplinary and regional collaborations—the work by Carpio

Finally, our findings underscore necessity
et al. (38) and Torres et al. (39) demonstrates that socioeconomic
inequality and inconsistent funding policies contribute to an
unstable research environment, which can be mitigated by
coordinated, region-wide policy initiatives. Shively et al. (40)
further advocates for capacity-building programs that are tailored
to the unique socioeconomic and institutional contexts of Latin
America. Moreover, partnerships among governmental bodies,
academic institutions, and international organizations are pivotal
in mobilizing adequate resources and harmonizing research
protocols, as illustrated by Bonini et al. (41) and Garcia-Cerde et
al. (42).

Given these multifaceted challenges, a comprehensive, multilevel
approach is required. Our study recommends that future research
adopt a mixed-methods design to capture better the dynamic interplay
among individual, institutional, and systemic factors that affect
research participation. Policymakers should prioritize increased
funding, regulatory harmonization, digital infrastructure investments,

and targeted interventions to address gender disparities and other
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structural inequalities. Only through such concerted efforts can
clinical and nutritional research in Latin America reach its
full potential.

This study has several significant limitations that should be
carefully considered when interpreting the results. First, the cross-
about the
relationships between barriers and research participation, limiting

sectional design precludes causal inferences
our ability to establish temporal sequences or determine causality.
Second, reliance on self-reported data introduces potential recall
bias and social desirability bias, which may have influenced
participants’ ratings of barrier importance and their reported
research experiences. Third, the sampling strategy resulted in an
uneven geographic and economic distribution, with 91.1% of
This
significantly reduced the statistical power for meaningful

participants from medium/low-income countries.
comparisons across income groups and may limit the
generalizability of the findings to high-income Latin American
countries. Furthermore, the use of non-probabilistic sampling
introduces selection bias and limits generalizability; however, this
approach is widely accepted for exploratory research in resource-
constrained settings (43). Fourth, the focus on healthcare
professionals who had already participated in research likely
introduced selection bias, systematically excluding individuals
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TABLE 5 Mean importance ratings of research barriers across k-means
clusters (k = 3).

Cluster 1
(moderate

Cluster 2
(high
general
barriers)
n = 145

Cluster 3
(very high
specific
barriers)
n =133

Barrier

barriers)
n =49

Regulatory barriers

Competent
authority 2.04 1.46 1.22

procedures

Ethics committee

2.14 1.37 1.26
procedures
Insurance/

2.27 1.66 1.44
coverage
Patient

2.47 1.86 1.37
enrollment

Resource-related barriers

Funding 1.86 1.08 1.10
Research

2.20 1.30 1.12
materials
Trained personnel 222 1.52 1.14
Time constraints 1.76 1.30 1.22
Laboratory tests 2.31 1.81 1.26

Operational barriers

Frequent

2.39 1.96 1.34
appointments
Inclusion/

2.37 1.78 1.20
exclusion criteria
Additional

2.49 1.78 1.59
biopsies

Communication-related barriers

Language barriers 2.71 2.29 1.30

Clinical/participant barriers

Risks 2.55 1.88 1.11
Participant

227 1.92 1.21
commitment

Lower scores indicate higher perceived barrier importance (1 = high, 2 = medium, 3 = low).
Cluster labels are descriptive and based on the interpretation of mean score patterns across
16 barriers. Cluster membership was derived using k-means clustering (k = 3), selected using
the elbow criterion, silhouette index (maximum at k = 3), and conceptual interpretability.
Full cluster diagnostics and variance explained are reported in the main text. No statistically
significant association was observed between cluster membership and country income
classification ()* test, p = 0.34).

who may have encountered insurmountable barriers to research
involvement, thus potentially underestimating the true magnitude
of research obstacles. Fifth, the study did not capture institutional-
level variables such as university research policies, infrastructure
quality, administrative support, or institutional culture, which are
known to influence research capacity significantly. Seventh, the
survey was conducted during the COVID-19 pandemic
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(September 2021 to February 2022), which may have temporarily
altered research priorities, funding availability, and institutional
support, potentially affecting the stability and generalizability of
barrier perceptions. Finally, the three-point Likert scale, while
facilitating analysis, may have limited the nuanced assessment of
barrier importance compared to scales with greater granularity.

Additionally, some references are older than 2019, as recent
literature on barriers to clinical and nutritional research in Latin
America is scarce. Foundational studies remain relevant due to
persistent structural challenges and limited regional research output
in this field, as highlighted in recent reviews and research capacity
assessments (24, 38).

Future research should employ mixed-methods approaches to
explore the interplay among individual, institutional, and systemic
barriers to clinical and nutritional research. A longitudinal study
tracking changes in research capacity following specific interventions
would provide valuable evidence on effective strategies for
overcoming barriers.

The cluster analysis findings warrant further investigation to
understand how researcher profiles evolve and respond to policy
interventions. Implementation science approaches could evaluate
the effectiveness of targeted strategies for different research
groups. Finally, expanding research to include perspectives from
funding agencies, ethics committees, and policymakers would
provide a more

comprehensive understanding of the

research ecosystem.

5 Conclusion

This study provides empirical evidence of multilevel barriers to
clinical and nutritional research in Latin America, demonstrating that
while funding constraints affect all countries regardless of income
level, lower-middle-income countries face additional challenges
related to participant engagement and study logistics. The
methodological rigor of our approach—including transparent income
classification, pre-specified sample size thresholds, conservative
handling of uncertain cases, and comprehensive sensitivity analyses—
establishes a model for honest reporting of limitations in observational
research with convenience sampling.

By explicitly distinguishing between descriptive and inferential
findings and acknowledging the constraints imposed by sample
imbalance, we provide a foundation for future research while avoiding
overinterpretation of limited data. The identification of distinct barrier
perception profiles suggests that capacity-building interventions must
be tailored to local contexts and individual needs rather than adopting
one-size-fits-all approaches.

Strengthening clinical and nutritional research capacity in Latin
America will require sustained commitment from multiple
stakeholders—governments  increasing research  funding,
institutions implementing supportive policies, regulatory bodies
streamlining approval processes, and research networks fostering
collaboration and mentorship. Only through such comprehensive,
coordinated efforts can the region realize its potential to generate
evidence-based knowledge that improves health outcomes for its

diverse populations.
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Cluster analysis of mean importance scores for research barriers. Heatmap of mean importance scores (1 = high importance, 2 = medium, 3 = low) for
16 research barriers across three researcher clusters (n = 327). Each cell represents the average perceived importance of a barrier within each cluster,
with darker shades indicating higher perceived importance (closer to 1). Cluster 1 (n = 49) shows overall moderate barrier perception; Cluster 2

(n = 145) displays consistently high importance across operational and resource-related barriers; and Cluster 3 (n = 133) exhibits uniformly high
importance ratings across nearly all barriers. This visualization highlights distinct profiles of barrier perception within the research community.

128

12

Cluster 3 (n = 133)

Author’s note

The study was conceived, conducted, and originally submitted
while JA-I, CR-G, and DS-R were affiliated with Universidad
UTE (until 1 October 2025). Peer-review revisions, corrections,
and the final version were completed at the Pontificia Universidad
Catolica del Ecuador (PUCE), Quito, Ecuador.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. All participants provided informed
consent before completing the survey.

Author contributions

EF-T: Writing — original draft, Writing — review & editing. JA-I:
Methodology, Data curation, Writing - original draft, Writing - review

Frontiers in Nutrition

& editing, Formal analysis. IC: Writing — review & editing. JC-M:
Writing - review & editing. GC: Writing - review & editing. RF-N:
Supervision, Writing — review & editing. RL: Writing - review & editing.
CM: Writing - review & editing. JR: Writing — review & editing. JC-O:
Formal analysis, Writing — review & editing. AS-R: Writing - review &
editing. CR-G: Writing - review & editing. DS-R: Methodology, Writing
- original draft, Writing - review & editing, Supervision.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. The Article Processing Charge (APC) was
funded by the Pontificia Universidad Catolica del Ecuador (PUCE).

Acknowledgments

We want to express our sincere gratitude to the leadership of ILAS
for their invaluable support of this project during the 2021-2023 and
2023-2025 terms. We are also deeply thankful to all the national
societies and associations of parenteral and enteral nutrition that are
members of FELANPE for their collaboration. In particular, we extend
our special thanks to the Brazilian Society for Parenteral and Enteral
Nutrition, especially Dr. Thiago Gongalves and Dr. Cristina Gonzalez,
for their support in validating the Portuguese version of the survey
and disseminating it among Portuguese-speaking researchers.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1599344
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Frias-Toral et al.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever
possible. If you identify any issues, please contact us.

References

1. Alemayehu, C, Mitchell, G, and Nikles, J. Barriers for conducting clinical trials in
developing countries- a systematic review. Int ] Equity Health. (2018) 17:37. doi: 10.1186/
$12939-018-0748-6

2. Franzen, SRP, Chandler, C, and Lang, T. Health research capacity development in
low and middle income countries: reality or rhetoric? A systematic meta-narrative
review of the qualitative literature. BMJ Open. (2017) 7:¢012332. doi: 10.1136/
bmjopen-2016-012332

3. Becerra-Posada, F, Minayo, M, Quental, C, and de Haan, S. National research for
health systems in Latin America and the Caribbean: moving towards the right direction?
Health Res Policy Syst. (2014) 12:13. doi: 10.1186/1478-4505-12-13

4. Popkin, BM, Corvalan, C, and Grummer-Strawn, LM. Dynamics of the double
burden of malnutrition and the changing nutrition reality. Lancet. (2020) 395:65-74.
doi: 10.1016/50140-6736(19)32497-3

5. Monteiro, CA, Moubarac, J-C, Cannon, G, Ng, SW, and Popkin, B. Ultra-processed
products are becoming dominant in the global food system. Obes Rev. (2013) 14:21-8.
doi: 10.1111/0br.12107

6. Barrea, L, Frias-Toral, E, Pugliese, G, Garcia-Velasquez, E, DE Los Angeles
Carignano, M, Savastano, S, et al. Vitamin D in obesity and obesity-related diseases: an
overview. Minerva Endocrinol. (2021) 46:177-92. doi: 10.23736/S2724-6507.20.03299-X

7. Barrea, L, Frias-Toral, E, Aprano, S, Castellucci, B, Pugliese, G, Rodriguez-Veintimilla, D,
etal. The clock diet: a practical nutritional guide to manage obesity through chrononutrition.
Minerva Med. (2022) 113:172-88. doi: 10.23736/S0026-4806.21.07207-4

8. Frias-Toral, E, Ceriani, E Carriel-Mancilla, ], and Ramos, A. Editorial: understanding
obesity to determine the best therapeutic option: from lifestyle interventions to therapies.
Front Nutr. (2025) 12:1560942. doi: 10.3389/fnut.2025.1560942

9. Simancas-Racines, D, Annunziata, G, Verde, L, Fasci-Spurio, F, Reytor-Gonzélez, C,
Muscogiuri, G, et al. Nutritional strategies for battling obesity-linked liver disease: the role of
medical nutritional therapy in metabolic dysfunction-associated Steatotic liver disease
(MASLD) management. Curr Obes Rep. (2025) 14:7. doi: 10.1007/s13679-024-00597-6

10. Barrea, L, Verde, L, Sudrez, R, Frias-Toral, E, Vasquez, CA, Colao, A, et al. Sex-
differences in Mediterranean diet: a key piece to explain sex-related cardiovascular risk in
obesity? A cross-sectional study. J Transl Med. (2024) 22:44. doi: 10.1186/512967-023-04814-z

11. Verde, L, Frias-Toral, E, and Cardenas, D. Editorial: environmental factors
implicated in obesity. Front Nutr. (2023) 10:1171507. doi: 10.3389/fnut.2023.1171507

12. Sudrez, R, Chapela, SP, Alvarez-Cérdova, L, Bautista-Valarezo, E,
Sarmiento-Andrade, Y, Verde, L, et al. Epigenetics in obesity and diabetes mellitus: new
insights. Nutrients. (2023) 15:15. doi: 10.3390/nu15040811

13. Matos, RA, Adams, M, and Sabaté, J. Review: the consumption of ultra-processed
foods and non-communicable diseases in Latin America. Front Nutr. (2021) 8:622714.
doi: 10.3389/fnut.2021.622714

14. Rivera, JA, Pedraza, LS, Martorell, R, and Gil, A. Introduction to the double
burden of undernutrition and excess weight in Latin America. Am J Clin Nutr. (2014)
100:1613S-68S. doi: 10.3945/ajcn.114.084806

15. Vilar-Compte, M, Burrola-Méndez, S, Lozano-Marrufo, A, Ferré-Eguiluz, I,
Flores, D, Gaitdn-Rossi, P, et al. Urban poverty and nutrition challenges associated with
accessibility to a healthy diet: a global systematic literature review. Int ] Equity Health.
(2021) 20:40. doi: 10.1186/s12939-020-01330-0

16. Barazzoni, R, Breda, ], Cuerda, C, Schneider, S, Deutz, NE, Wickramasinghe, K,
et al. COVID-19: lessons on malnutrition, nutritional care and public health from the

Frontiers in Nutrition

15

10.3389/fnut.2025.1599344

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1599344/
full#supplementary-material

ESPEN-WHO Europe call for papers. Clin Nutr. (2022) 41:2858-68. doi: 10.1016/j.
clnu.2022.07.033

17. Eysenbach, G. Improving the quality of web surveys: the checklist for reporting
results of internet E-surveys (CHERRIES). ] Med Internet Res. (2004) 6:e34. doi: 10.2196/
jmir.6.3.e34

18. World Medical Association. World medical association declaration of Helsinki.
JAMA. (2025) 333:71. doi: 10.1001/jama.2024.21972

19.Xu, L. (2015) Measurement development and validation in research. doi:
10.4018/978-1-4666-7409-7.ch022

20. Memon, MA, Thurasamy, R, Ting, H, and Cheah, J-H. Purposive sampling: a
review and guidelines for quantitative research. J Appl Struct Equ Model. (2024) 9:1-23.
doi: 10.47263/JASEM.9(1)01

21. Leme, ACB, Hou, S, Fisberg, RM, Fisberg, M, and Haines, J. Adherence to food-
based dietary guidelines: a systemic review of high-income and low- and middle-income
countries. Nutrients. (2021) 13:1038. doi: 10.3390/nu13031038

22. Dmytraczenko, T, and Almeida, G. Toward universal health coverage and equity in
Latin America and the Caribbean: Evidence from selected countries. Washington, D.C.: The
‘World Bank (2015).

23. Luna, D, Almerares, A, Mayan, JC, Bernaldo, G, de Quirds, E, and Otero, C. Health
informatics in developing countries: going beyond pilot practices to sustainable
implementations: a review of the current challenges. Healthc Inform Res. (2014) 20:3-10.
doi: 10.4258/hir.2014.20.1.3

24. Coronel, E, Halstead, D, and Fregni, F. Clinical research in Latin America:
obstacles and opportunities. Clin Invest. (2011) 1:911-3. doi: 10.4155/cli.11.83

25. Gomez, HL, Pinto, JA, Castafieda, C, and Vallejos, CS. Current barriers for
developing clinical research in Latin America: a cross-sectional survey of medical
oncologists. Clin Res Trials. (2015) 1:108. doi: 10.15761/CRT.1000108

26. Frias-Toral, E, Vasconez-Garcia, AE, Toral-Noristz, M, Campuzano-Donoso, M,
Zambrano, AK, Reytor-Gonzdlez, C, et al. Innovation and bioethics in surgery:
redefining boundaries for a safe and human-centered future. Medwave. (2025) 25:¢3044.
doi: 10.5867/medwave.2025.02.3044

27. Ozkazanc-Pan, B. On agency and empowerment in a #MeToo world. Gender Work
Organ. (2019) 26:1212-20. doi: 10.1111/gwao.12311

28. Silva, A, Tomassini, C, Zurbrigg, ], Palacios, AG, Amarante, V, and Bouzat, C.
Gender inequality in Latin American neuroscience community. IBRO Neurosci Rep.
(2021) 10:104-8. doi: 10.1016/j.ibneur.2021.01.006

29. Correia, MITD, da Silva, BR, Ayesh, W, Ballesteros-Pomar, MD, and Cardenas, D,
vande r Schueren, MAE, et al Sex disparities in parenteral and enteral nutrition societies’
leadership worldwide: a 20-year retrospective analysis. Am ] Clin Nutr 2024;119:
196-205. doi: 10.1016/j.ajcnut.2023.11.004

30. Ciocca, DR, and Delgado, G. The reality of scientific research in Latin America; an
insider’s perspective. Cell Stress Chaperones. (2017) 22:847-52. doi: 10.1007/s12192-017-0815-8

31. Glass, HE, and Glass, JM. Latin American physicians’ attitudes toward participation in
clinical trials. Pharmaceut Med. (2011) 25:87-94. doi: 10.1007/BF03256850

32. Homedes, N, and Ugalde, A. Globalization and clinical research in Latin America
In: Clinical trials in Latin America: where ethics and business clash, N. Homedes and
A. Ugalde (eds.). Switzerland: Springer International Publishing. (2014). 55-78. doi:
10.1007/978-3-319-01363-3_3

33. Mesenburg, MA, Restrepo-Mendez, MC, Amigo, H, Balandrdn, AD,
Barbosa-Verdun, MA, Caicedo-Veldsquez, B, et al. Ethnic group inequalities in coverage

frontiersin.org


https://doi.org/10.3389/fnut.2025.1599344
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1599344/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1599344/full#supplementary-material
https://doi.org/10.1186/s12939-018-0748-6
https://doi.org/10.1186/s12939-018-0748-6
https://doi.org/10.1136/bmjopen-2016-012332
https://doi.org/10.1136/bmjopen-2016-012332
https://doi.org/10.1186/1478-4505-12-13
https://doi.org/10.1016/S0140-6736(19)32497-3
https://doi.org/10.1111/obr.12107
https://doi.org/10.23736/S2724-6507.20.03299-X
https://doi.org/10.23736/S0026-4806.21.07207-4
https://doi.org/10.3389/fnut.2025.1560942
https://doi.org/10.1007/s13679-024-00597-6
https://doi.org/10.1186/s12967-023-04814-z
https://doi.org/10.3389/fnut.2023.1171507
https://doi.org/10.3390/nu15040811
https://doi.org/10.3389/fnut.2021.622714
https://doi.org/10.3945/ajcn.114.084806
https://doi.org/10.1186/s12939-020-01330-0
https://doi.org/10.1016/j.clnu.2022.07.033
https://doi.org/10.1016/j.clnu.2022.07.033
https://doi.org/10.2196/jmir.6.3.e34
https://doi.org/10.2196/jmir.6.3.e34
https://doi.org/10.1001/jama.2024.21972
https://doi.org/10.4018/978-1-4666-7409-7.ch022
https://doi.org/10.47263/JASEM.9(1)01
https://doi.org/10.3390/nu13031038
https://doi.org/10.4258/hir.2014.20.1.3
https://doi.org/10.4155/cli.11.83
https://doi.org/10.15761/CRT.1000108
https://doi.org/10.5867/medwave.2025.02.3044
https://doi.org/10.1111/gwao.12311
https://doi.org/10.1016/j.ibneur.2021.01.006
https://doi.org/10.1016/j.ajcnut.2023.11.004
https://doi.org/10.1007/s12192-017-0815-8
https://doi.org/10.1007/BF03256850
https://doi.org/10.1007/978-3-319-01363-3_3

Frias-Toral et al.

with reproductive, maternal and child health interventions: cross-sectional analyses of
national surveys in 16 Latin American and Caribbean countries. Lancet Glob Health.
(2018) 6:€902-13. doi: 10.1016/S2214-109X(18)30300-0

34. Polga-Hecimovich, J. Bureaucracy in Latin America In: Oxford research
Encyclopedia of politics: Oxford University Press (2019)

35. Ruano, AL, Rodriguez, D, Rossi, PG, and Maceira, D. Understanding inequities in
health and health systems in Latin America and the Caribbean: a thematic series. Int |
Equity Health. (2021) 20:94. doi: 10.1186/s12939-021-01426-1

36. Vicente-Crespo, M, Agunbiade, O, Eyers, ], Thorogood, M, and Fonn, S.
Institutionalizing research capacity strengthening in LMICs: a systematic review and
meta-synthesis. AAS Open Res. (2021) 3:43. doi: 10.12688/aasopenres.13116.3

37.Baldn, J. Research universities in Latin America: Public policy and political
constraints In: The Forefront of International Higher Education (2014). 42:155-71. doi:
10.1007/978-94-007-7085-0_11

38. Carpio-Arias, TV, Crovetto-Mattassi, M, Durdn-Agiiero, S, Parra-Soto, S,
Landaeta-Diaz, L, Cerezo de Rios, S, et al. Barriers and opportunities for clinical

nutritionists in 13 Latin American countries: a qualitative study. J Prim Care Community
Health. (2023) 14:14. doi: 10.1177/21501319231204580

Frontiers in Nutrition

16

10.3389/fnut.2025.1599344

39. Torres, I, Villalba, JJ, Lopez-Cevallos, DE and Galea, S. Governmental
institutionalization of corporate influence on national nutrition policy and health: a case study
of Ecuador. Lancet Regl Health Am. (2024) 29:100645. doi: 10.1016/j.]lana.2023.100645

40.Shively, G, Ambikapathi, R, Eddens, K, Ghosh, S, Gunaratna, NS,
Khamphouxay, K, et al. Demand-driven capacity building for public health
nutrition research in Lao PDR. Glob Health Res Policy. (2024) 9:36. doi: 10.1186/
541256-024-00378-7

41. Bonini, BB, Araya, R, Quayle, J, Silva Evangelista, M, LeSN, P, and Menezes, PR.
LATIN-MH: a model for building research capacity within Latin America. Global
mental. Health. (2017) 4:e2. doi: 10.1017/gmh.2016.32

42.Garcia-Cerde, R, Becerril-Montekio, V, Langlois, E, Reveiz, L,
Alcalde-Rabanal, ], and Torres-Pereda, P. Embedded implementation research
determinants in Latin American health systems. Rev Saude Publica. (2021) 55:16.
doi: 10.11606/s1518-8787.2021055003027

43.von Elm, E, Altman, DG, Egger, M, Pocock, S], Getzsche, PC, and
Vandenbroucke, JP. The strengthening the reporting of observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational studies.
PL0S Med. (2007) 4:e296. doi: 10.1371/journal.pmed.0040296

frontiersin.org


https://doi.org/10.3389/fnut.2025.1599344
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/S2214-109X(18)30300-0
https://doi.org/10.1186/s12939-021-01426-1
https://doi.org/10.12688/aasopenres.13116.3
https://doi.org/10.1007/978-94-007-7085-0_11
https://doi.org/10.1177/21501319231204580
https://doi.org/10.1016/j.lana.2023.100645
https://doi.org/10.1186/s41256-024-00378-7
https://doi.org/10.1186/s41256-024-00378-7
https://doi.org/10.1017/gmh.2016.32
https://doi.org/10.11606/s1518-8787.2021055003027
https://doi.org/10.1371/journal.pmed.0040296

	Multilevel barriers to clinical and nutritional research in Latin America: a socioeconomic comparative analysis
	1 Introduction
	2 Methodology
	2.1 Study design and setting
	2.2 Participant selection and recruitment
	2.2.1 Inclusion criteria
	2.2.2 Exclusion criteria
	2.3 Ethical consideration
	2.4 Survey development and validation
	2.4.1 Section 1: demographic and professional information
	2.4.2 Section 2: research experience
	2.4.3 Section 3: barriers to research
	2.5 Income classification methodology
	2.5.1 Country-specific classifications
	2.5.2 Treatment of unclassified countries
	2.6 Sample size considerations and statistical power
	2.6.1 Minimum sample size threshold for statistical testing
	2.6.2 Limitations of non-probabilistic sampling
	2.7 Missing data management
	2.8 Variable definitions and measurements
	2.8.1 Outcome variable
	2.8.2 Predictor variables
	2.9 Statistical analysis
	2.9.1 Descriptive statistics
	2.9.2 Main comparative analysis: upper-middle vs. lower-middle income
	2.9.3 High-income and unclassified groups: descriptive presentation only
	2.9.4 Logistic regression analysis
	2.9.5 Cluster analysis
	2.9.6 Sensitivity analyses
	2.10 Statement on generalizability

	3 Results
	3.1 Demographic characteristics
	3.2 Barriers to clinical and nutritional research
	3.2.1 Barrier profiles by country income level
	3.2.2 Comparative analysis: upper-middle vs. lower-middle income countries
	3.2.3 Sensitivity analysis
	3.3 Predictors of research protocol participation
	3.4 Cluster analysis of barrier perception
	3.5 Sensitivity analyses

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

