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Introduction: Environmental factors contribute with 16% of the burden of disease in Colombia. A main
obstacle in implementing national and regional environmental and occupational health policies is the
limited knowledge on the local ability to study and control the impact of harmful exposures on health.
Objective: To identify needs for research and training in environmental and occupational health in
Colombia.

Materials and methods: We conducted a three-round hybrid Delphi study. A group of environmental
and occupational health Colombian experts (n=16) from government agencies, universities, and
research centers was recruited to participate in the study. Expert's opinions on research and training
needs were gathered through online questionnaires, followed by an in-person meeting. The percentage
of agreement and the coefficient of variation were used to measure consensus.

Results: Air pollution and chemical products were considered the most important environmental and
occupational exposures, due to their significant impact on chronic non-communicable diseases, such
as respiratory diseases, cardiovascular diseases, and cancer. Research on the effects of outdoor
air pollution on cardiovascular and respiratory diseases was considered of the greatest importance.
Priority training areas included environmental and occupational health risk assessment, exposure
modeling, advanced statistical methods, urban planning, occupational safety and hygiene, and
epidemiology and toxicology.

Conclusions: These findings provide a valuable input for the definition and implementation of national
environmental and occupational health policies and for the development of a regional hub aimed at
strengthening the capacity for research and training in Colombia.
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Necesidades de investigacion y formacion en salud ambiental y ocupacional en Colombia: un
estudio Delphi

Introduccidn. Los factores ambientales contribuyen con el 16 % de la carga de enfermedad en Colombia.
Un obstaculo importante para la implementacion de politicas en salud ambiental y ocupacional es el
conocimiento limitado sobre la capacidad local para estudiar y controlar el impacto de exposiciones
ambientales y ocupacionales.

Obijetivo. Identificar necesidades de investigacion y formacién en salud ambiental y ocupacional
en Colombia.

Materiales y métodos. Se hizo un estudio Delphi hibrido en tres rondas. Se reclutdé a un grupo de
expertos en salud ambiental y ocupacional (n=16) de instituciones gubernamentales, universidades
y centros de investigaciéon. Las opiniones de los expertos sobre necesidades de investigacion y
formacion se recolectaron mediante cuestionarios electronicos, seguidos de una reunion presencial. El
porcentaje de acuerdo y el coeficiente de variacién se usaron para cuantificar el consenso del grupo.
Resultados. La contaminacion del aire y los productos quimicos fueron considerados por los
expertos como las exposiciones mas importantes, dado su gran efecto en las enfermedades crénicas
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no transmisibles. La investigacion de los efectos de la contaminacion del aire ambiental sobre las
enfermedades cardiovasculares y respiratorias, se consider6 de importancia maxima. Las areas
prioritarias de formacion fueron la evaluacion del riesgo, el modelado de la exposicion, los métodos
estadisticos avanzados, la planeacién urbana, la higiene y la seguridad industrial, y la epidemiologia y
la toxicologia aplicadas a la salud ambiental y ocupacional.

Conclusiones. Estos resultados son un insumo importante para la implementacion de politicas
nacionales en salud ambiental y ocupacional, y para el desarrollo de un nodo regional que fortalezca
la capacidad de investigacion y formacion en Colombia.

Palabras clave: salud ambiental, salud laboral, investigacion, educacién, Colombia.
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The World Health Organization (WHO) estimates
that 24% of the global burden of disease can
be attributed to environmental exposures (1,2).
Environmental and occupational (EO) interventions
have, therefore, a large potential to improve popu-
lation health and reduce health disparities across
the world. Yet, the role of EO interventions in
reducing the global disease burden has been
limited, due in part to a lack of risk assessments
and cost-effectiveness studies of EO interventions
in developing countries (3). In Colombia, environ-
mental factors contribute with 16% of the burden
of disease, mostly through increased risk of
neuropsychiatric disorders, intentional injuries,
and cancer (4). Also, in 2006 the World Bank
estimated that the highest costs associated with
environmental degradation and health impacts
in Colombia were urban and indoor air pollution,
inadequate water supply, sanitation and hygiene,
natural disasters (such as floods and landslides),
and land degradation (5).

Recently, environmental health issues have
become a public policy priority in Colombia. In
2008, the Concejo Nacional de Politica Econémica
y Social (CONPES) issued specific guidelines
for a comprehensive environmental health policy
(6). The overall objective of these guidelines was
to promote integrated work on prevention and
control of adverse health effects of environmental
factors. Air and water quality, as well as chemical
safety, were identified as the main targets for inter-
vention. Two specific goals defined by CONPES
were: a) to promote environmental health policy
actions based on population risk assessment and
social determinants, and b) to strengthen the
training of professionals and develop research
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on environmental health problems. Although
CONPES’ guidelines were issued in 2008, their
implementation is just under way.

One of the main obstacles in implementing sound
national and regional environmental health policies
is the limited knowledge on the local ability to study
and control health impacts of harmful EO exposures.
In response to this need, we conducted a systematic
synthesis of experts’ opinions to identify gaps in
EO health needs and opportunities for research
and training in Colombia. The objectives of our
study closely match those defined by CONPES
(6). Moreover, findings from our study will be
used as essential background information for the
planning and development of a Global EO Health
Hub in Colombia, as part of the GEOHealth Hubs
Program sponsored by the US National Institutes
of Health/Fogarty International Center (http://
www.fic.nih.gov/programs/Pages/environmental-
occupational.aspx). This GEOHealth Hub will be
aimed at strengthening the capacity for research,
training, and policy formulation in South America
and the Caribbean.

Materials and methods

Our systematic synthesis was based on the
Delphi method, a structured group communication
process used to reliably attain group consensus
and make decisions based on expert judgment (7).
The method was developed in the early 1950’s as
an approach based on a panel of experts that can
explore complex topics and develop consensus of
opinion regarding future advances in a given field
(8). Itis used in situations where statistical or model-
based procedures are not practical or possible due
to a lack of adequate data (9) and it has been widely
applied in social sciences and in the area of policy
development to achieve convergence of opinions
from experts on specific issues (10-12).

We used a collaborative or hybrid Delphi method, a
modified approach involving the use of anonymous
guestionnaires interspersed with controlled opinion
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feedback during in-person meetings (13,14).
This hybrid approach combined with online tools
outperforms the traditional paper-based Delphi
design, since reliable consensus among experts is
reached in less time (15).

We recruited Colombian EO health experts from
academic institutions and research centers, and
government employees involved in EO health
decision making. An initial group of 18 EO experts
and stakeholders was identified by the authors and
invited for a face-to-face meeting to introduce the
Delphi study and our project to develop a GEOHealth
Hub in Colombia. They were also asked to provide
the names of other national EO experts potentially
eligible to participate in the Delphi study. Through
this meeting we identified 68 potential participants.

Expert selection was based mainly on their
experience in EO health research, training, and
policy making. The selection process was aimed
at selecting 20 to 30 experts and included three
sequential screenings. For the first screening we
calculated an individual score that incorporated
information on the type of institution the expert was
associated with, and the expert’s current position,
area of expertise, number of times listed as an
expert by the initial group of experts, and number of
indexed scientific publications in the last ten years.

For the second screening, we reviewed the
curriculum vitae of the 30 experts with the highest
scores in the first screening. These CVs were
publicly available through the online research
platform “ScienTi” prepared by the Colombian
Administrative Department of Science and Tech-
nology (COLCIENCIAS, http://www.colciencias.
gov.co/scienti). From this source we verified
and gathered further information on academic
degrees, past and current research activity, and
indexed and non-indexed publications.

Experts whose main field of research/work was
loosely related to EO issues were excluded at this
stage. For the third screening step, the authors
discussed the individual information from potential
participants and agreed on a list of 27 to be invited
to participate. This decision was based on the
expected ability of the expert to provide informed
and useful opinions about the focus questions of
our Delphi study and the expert’'s experience on
EO health. Experts received a formal invitation
by electronic mail, along with a description of the
study’s objective and procedures, and what was
expected from them if they chose to participate.
Twenty three experts accepted the invitation.
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The study was developed in three consecutive
rounds, using an iterative feedback process:
gquestionnaire— data analysis— feedback — new
questionnaire. The results from each round were
used to produce a structured questionnaire for the
next round. The questionnaire design for the first
round focused on these a priori questions: 1) “What
are the environmental and occupational health
problems that most influence disease burden in
Colombia?”; 2) “How will their impact and relative
importance change during the next decade?”;
3) “What are the environmental and occupational
health training priorities in Colombia?”, and 4)
“What levels of training are needed for those
training priorities?” All questionnaires were made
available to participants through a username and
password protected web site designed for the
study. Questionnaires for rounds two and three
were posted along with a summary of the findings
from the previous round and an explanation of the
issues to be considered in the new round. When
agreement was below a predefined consensus
level the issue was readdressed in an attempt to
clarify and reach consensus.

The first round was aimed at identifying EO
exposures with the highest impact on health
in Colombia and the corresponding research
priorities. We asked participants to provide a list of
the five EO current agents or exposures of greatest
importance in terms of their health impact and to
provide a similar list for 2023, ten years from now.
Also, we asked participants to list the five diseases
or health outcomes and the three chronic diseases
most strongly related with the five exposures
they had identified as of the greatest current
importance. Then, we asked participants to assign a
numeric score of the potential impact of the five main
exposures on their main health outcomes based on
the current frequency and tendency of the exposure,
the fraction of morbidity and mortality attributable
to the exposure, and the feasibility of intervening
to curtail the effects of the exposure. Finally, we
asked participants to identify up to three research
priority areas, based on their list of priority EO health
problems from the previous questions. EO agents/
exposures reported by participants were grouped and
standardized by areas and sub-areas as suggested
by Ordofez (16). The reported diseases or health
effects were standardized using the International
Disease Classification-10™ edition (17).

The goals of the second round were: 1) to validate
the findings from the first round in terms of EO
exposures with the highest health impact; 2) to
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further specify previously identified research needs,
and 3) to identify priorities in EO health training
needs. We asked participants to score again the
research areas identified in the previous round and
gave them the opportunity to include other specific
research areas they had not included the first time.
Also, we invited the experts to identify the knowledge
areas Colombia should have as priorities for training
in EO health. For this purpose, experts were
provided a hypothetical amount of money that they
could distribute in direct proportion to the relative
importance of each area. Then, the participants were
asked to identify specific topics in which training was
needed within each priority knowledge area. Finally,
we requested each expert to assign the proportion
of resources that should be invested in each level of
training (technical or undergraduate, specialization
or master, and doctorate level) for each of the specific
priority training topics. Knowledge and subject areas
were standardized using the National Information
System for Higher Education from the Ministry of
Education (18).

The main purpose of the final round was to present
issues in which consensus was reached and to
further discuss issues of poor consensus. This
round included one in-person meeting and one on-
line questionnaire administered after the meeting.
Though experts surrendered their anonymity
for the meeting, objectivity was preserved by
keeping individual responses confidential. In this
meeting the authors presented the findings from
the previous rounds and encouraged an in-depth
discussion of unresolved issues, i.e., those with
poor consensus. During this meeting some experts
called our attention to the fact that risk assessment
was the dominant approach used to prioritize
EO health problems in the previous rounds, and
that this may have resulted in the exclusion of
important problems that did not fit this approach.
In response to this concern, the investigators and
the group of experts decided to include anew the
first component of the questionnaire used in the
first round in the one used in round three, allowing
the participants to depart from the risk assessment
approach as they deemed fit. In this third round we
also asked the experts to assign an importance
score (from 0 to 100) to the seven specific subject
training needs identified in the previous round.
Experts also assigned independent scores to the
level of training needed for those subjects.

We conducted a descriptive analysis using simple
frequencies and percentages for nominal answers
to open questions and calculated the total sum and
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the coefficient of variation (CV = standard deviation
divided by the mean) for continuous scores. For
open questions with nominal responses we defined
consensus as a percent agreement >50%. For
continuous responses we defined consensus as
CV<0.5. Finally, we used the difference between
the CV in two consecutive rounds as an indicator
of the reliability of the degree of consensus (19).

Results

Sixteen out of 23 participants (69.6%) completed
the first and second rounds, and 14 completed all
three rounds (60.9%). Most of them were male
(63%), 25% were from government agencies,
and similar proportions (37.5%) were working in
public and private universities. Ten participants
worked in Bogota (10), three in Cali, and one
in Bucaramanga, one in Medellin and one in
Popayan. About half (56%) had a background in
health sciences, and 25%, in engineering. All had
graduate degrees and 63% had doctoral degrees
on public health or epidemiology. Three quarters
had scientific publications in national journals and
about one third had more than 10 papers published
in international journals.

Main EO health exposures and their health
effects

Experts reached consensus in identifying chemical
exposures and hazardous wastes, mainly related to
contamination by heavy metals and pesticides, as
well as air pollution, particularly outdoor pollution,
as the most important EO exposures in Colombia
at the present time (table 1). The participants also
expect these exposures to be predominant in 2023,
in addition to climate change which was listed
as third in importance, even though consensus
(38% of agreement) was below our predefined
minimum. The results of the five main EO health
exposures were consistent across the three rounds
of the Delphi study. However, drinking water, basic
sanitation, and hygiene were replaced by climate
change as the fifth most important exposure iden-
tified in the third round. During the third round in-
person meeting experts also identified other EO
problems and exposures of importance, such as
general and occupational accidents, exposure
to solvents, psychosocial risks, environmental
inequity, public policy management, zoonosis,
deforestation, endocrine disruptors, biodiversity,
and food safety. Nevertheless, after the third round
the level of consensus about these issues was
below our minimum.
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Table 1. The most important environmental and occupational problems, Colombia 2013-2023

Environmental and 2013 2023
occupational problems
Round 1 (n=16) Round 3 (n=14)
Total Experts Position  Total Experts Position  Total Experts Position
score score score
n % n % n %

Chemical exposures and 55 11 69 1 44 9 64 1 56 10 63 1
hazardous wastes
Air pollution 54 14 88 2 34 8 57 2 51 12 75 2
Occupational exposures 28 7 44 3 25 5 36 3 20 3 19 5
Water resources and 24 6 38 4 22 6 43 4
contamination
Drinking water, basic 19 4 25 5 20 5 31 4
sanitation and hygiene
Climate change 14 4 29 5 24 6 38 3

Experts also concurred in identifying respiratory
diseases, neoplasms, and cardiovascular diseases
as the main types of diseases associated to the
most important EO exposures (table 2). Thus,
most of the health effects of priority EO expo-
sures identified by the experts were chronic
non-communicable diseases (CNCD). However,
acute respiratory, gastrointestinal diseases, and
acute poisoning were also identified as important
health effects.

Moreover, experts were consistent in stating that
air pollution (88% agreement) and chemical and
hazardous waste exposures (63% agreement)
were the main exposures associated with CNCDs,
followed by occupational exposures (44% agree-
ment). There was also consensus in that outdoor air
pollution has a large impact on respiratory diseases
(69% agreement). Cardiovascular diseases and
lung cancer were also listed as outdoor air pollution
effects, but experts did not reach minimum con-
sensus about their importance. Experts pointed
to the link between exposure to heavy metals and
pesticides and malignant and benign neoplasms,
but were not consistent regarding the relevance of
this problem.

Table 2. Main health effects associated with the most important
environmental and occupational exposures, Colombia 2013

Diseases Experts (n=16)

n %
Respiratory diseases 13 81
Malignant and benign tumors 12 75
Cardiovascular diseases 8 50
Gastrointestinal diseases 5 31
Poisoning 5 31
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Research needs priorities

Upon identifying the most important EO health
problems, i.e., exposures with a large absolute
impact on CNCD burden, experts pointed out the
three to five research topics they considered most
important regarding these problems (table 3). During
the second round, participants reached consensus
around the idea that research on the effect of the
outdoor air pollution on cardiovascular and res-
piratory diseases was of the greatest importance,
the latter being the research topic that reached the
highest consensus reliability between the first and
second rounds. Experts also agreed on the need to
investigate the effects of heavy metals and pesticides
exposures on neurological diseases and congenital
malformations. They also called attention to the need
of quantifying the burden of disease attributable
to exposures such as water contamination and
climate change, which are hard to characterize.

Training needs priorities

Four knowledge areas were consistently identified
by the experts as priority training areas: Health
sciences, engineering and related areas, social/
human sciences, and mathematics (table 4).
The training disciplines or topics signaled by the
experts as the most important were environmental
and sanitary engineering, mathematical exposure
models, urban planning, biology/microbiology, and
EO epidemiology.

Although seven specific training topics were
identified, the experts only reached minimum
consensus for health risk assessment (table 5).
Finally, minimum consensus on specific level
of training was achieved only for mathematics-
related topics (exposure models and statistical
methods) at the doctoral level.
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Table 3. Environmental and occupational health research needs by exposure impact on non-transmissible chronic diseases,

Colombia 2013
Area of research need Round 1 Round 2 Stability

Environmental and Diseases related to the Importance Cv1* Importance Ccv2 CV1i-CV2
occupational exposures exposure score score
Outdoor air pollution Cardiovascular 106 1.6 455 0.3 1.3

Respiratory 294 0.9 438 0.4 0.5
Chemical exposures Neurologic 86 2.4 300 0.5 1.9
and hazardous wastes™ Congenital malformations 54 3.0 258 0.5 25
Water resources and Burden of disease 875 0.4
contamination
Climate change Burden of disease 900 0.4
Occupational health Malignant and benign neoplasms 26 2.7 353 0.4 2.3
and safety Respiratory diseases 77 2.8 300 0.5 2.3

*Coefficient of variation
** Heavy metals and pesticides

Table 4. Environmental and occupational training needs by areas of knowledge and disciplines or topics, Colombia 2013

Area of knowledge Disciplines/Topics Experts Total score
n %
Health sciences EO* health risk assessment 8 50 385
Health administration and management 7 44 385
EO epidemiology 9 56 303
EO health 8 50 273
EO toxicology 6 38 190
Engineering, architecture, urban Environmental and sanitary engineering 11 69 447
planning and related Urban planning and health 10 63 468
Occupational safety and hygiene 6 38 370
Social and human sciences Sociology of health 9 56 393
Political science 3 19 180
Anthropology 3 19 113
Mathematics Mathematical exposure models 11 69 764
Advanced statistical methods 8 50 501
Natural and biological sciences Biology, microbiology and related 10 63 700
Earth sciences 5 31 320
Chemistry and related 3 19 150

* Environmental and occupational

Table 5. Main specific topics in which environmental and occupational health training is needed by level of training, Colombia 2013

Topics Level of education
Technical or undergraduate Specialization or master Doctorate (PhD)

Ccv* Ccv* Ccv*
EO**health risk assessment 0.5 0.4 0.4
EO epidemiology 0.8 0.5 0.6
EO toxicology 0.6 0.4 0.4
Urban planning and health 0.7 0.4 0.4
Occupational safety and hygiene 0.7 0.6 0.7
Mathematical exposure models 15 0.6 0.5
Advanced statistical methods 1.3 0.7 0.5

* Coefficient of variation
** Environmental and occupational
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Discussion

We identified a list of EO health research and
training priorities in Colombia, based on the
consensus of a group of EO experts. Air pollution
and chemical products were the most important EO
exposures, and this was partly due to their large
impact on CNCD morbidity and mortality. This
finding is somehow consistent with that from the
World Bank’s Country Environmental Assessment
-CEA (5). Indeed, the CEA showed that two of the
most costly problems associated with environmental
degradation in Colombia were urban and indoor
pollution and inadequate water supply, sanitation,
and hygiene. In contrast, natural disasters and land
degradation, the other two EO priorities identified
by the CEA were not singled out by our panel of
experts. This discrepancy is likely due to the fact
that our panel of experts was asked to select EO
exposures based on their impact on health instead
of their overall cost to society.

CNCD, particularly respiratory diseases, cardio-
vascular diseases, and cancer, were identified
as the main outcomes of the most important EO
exposures. This was in agreement with results from
the national disease burden study, which found that
CNCDs accounts for 76% of total disability adjusted
life years (DALYs) in both sexes in Colombia
(20). In contrast, according to the WHO report on
environmental health burdens, the larger fractions
of disease burden attributable to environmental
factors pertain to malaria and unintentional and
road traffic injuries in developing countries and to
cardiovascular diseases and cancer in developed
countries (1). Colombia, a middle-income devel-
oping country, seems to exhibit a mixture of acute
and chronic health conditions as main effects of EO
exposures, with a preponderance of CNCD. This is
probably explained by a transition in environmental
exposures dominated by water supply and sanitation
to a pattern dominated by air pollution from industrial
facilities and traffic in urban settings.

We found that studies on the effects of the outdoor
air pollution on cardiovascular and respiratory
health, and training on EO health risk assessment,
exposure modeling, EO epidemiology/toxicology
and urban planning are considered of the utmost
importance. As far as we know, similar assessments
have not been conducted in this setting.

Fortunately, our findings are closely aligned with
CONPES’ recommendation of using research
findings to inform national environmental health
policy focused on air and water quality, and on
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chemical safety (6). In fact, the fifth objective
outlined in the CONPES action plan is to strengthen
the research and training processes required for
solving the environmental health problems in the
country. Therefore, our findings about research
and training gaps should inform CONPES about
priorities that should be taken into account to reach
this goal. They should also be useful in guiding
the implementation of the research and training
component of the environmental health dimension
of the current Public Health Decennial Plan 2012-
2021 issued by the Colombian Ministry of Health
and Social Protection (21). This plan identifies
environmental health as the first of seven priority
areas to address for the next decade.

We recognized that our findings are somehow
subjective, as they are based on the opinions of
a group of experts. Unfortunately, an assessment
based on collection of hard data would have been
unfeasible and would have been devoid of the
perceptions and values of key players that are
and will be involved in EO research, training, and
policy formulation. The hybrid Delphi we used
combines characteristics of directed face-to-face
discussion groups, the nominal group technique,
and the traditional Delphi method, maximizing their
efficiency in reaching consensus (14,15).

It is also possible that our results were unduly
influenced by the particular sample of experts
included in our study, as this was a convenience
instead of a random sample. However, our selection
process was solely guided by the goal of recruiting
a well qualified and minimally homogeneous group
of experts to achieve valid and reliable results. In
fact, the homogeneity of the group and consider-
able knowledge of the subject are primordial for
a successful Delphi study, even more than group
size. Also, the number of participants in our study
(n=16) was within the ideal range (10 to 18) for a
Delphi panel (22).

Although it is possible that expert’'s opinions
depended on their areas of research or work, the
iterative feedback process using summary findings
of previous rounds to re-assess needs should have
limited this potential bias. Also, we cannot discard
that experts were more prone to identify as more
important those research topics with large gaps in
knowledge, but with limited impact on EO health.
However, to minimize this bias, experts were asked
to assess the importance of exposure/disease
combinations by considering the prevalence of
the exposure and its relative and absolute impact
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on health, in addition to local gaps in knowledge.
It is also possible that expert’'s identification of
research priorities was based on well documented
EO health problems and, in consequence, other
important research needs related to less well
known problems might have been missing from
the research priority list.

In summary, identifying EO health research and
training needs is only one of the first steps in
achieving the goal of defining a comprehensive
national EO health policy. Findings from this study
provide valuable input for the implementation of
national environmental health policies and for the
planning and development of a regional GEOHealth
hub aimed at strengthening the capacity for EO
health research, training, and policy formulation in
the region.
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