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We aimed to evaluate how proximity to urban areas interferes with the relationship between socioeconomic variables and various
aspects of medicinal plant knowledge. The study was conducted in six communities of the Catimbau National Park (PARNA
Catimbau) in the state of Pernambuco. Eighty participants were interviewed. The communities were divided into two groups
according to their distance from the nearest urban center. Socioeconomic data and information on medicinal plants were collected
through semistructured interviews. Subsequently, generalized linear models were generated to verify the influence of the in-
teraction between the variables on medicinal knowledge. We observed that proximity to the urban center influenced the re-
lationship between the level of education and the knowledge of body systems treated by medicinal plants. We concluded that
environmental variables can generate a differentiated effect on the influence of socioeconomic factors on one’s knowledge of

medicinal plants.

1. Introduction

Traditional medicine and biomedicine are two branches of
medicine with differing characteristics. Traditional medicine
is based on popular knowledge (obtained from experiments
and experiences of human populations) on the use of me-
dicinal resources and reflects the cultural practices, beliefs,
and socioeconomic factors of a given population. In contrast,
biomedicine is characterized by clinical and experimental
studies that outline scientifically proven ways of treating
diseases and involves medical consultations, laboratory tests,
and the use of medicines and pharmaceuticals (1, 2].
Traditional medicine is more common in rural areas due
to the greater availability of medicinal plants in those regions
than in urban environments and its greater economic and
physical accessibility (compared to that of biomedical ser-
vices) for rural communities [3]. Biomedicine, on the other
hand, is more likely to be practiced in urban areas [4-6] as

accessing medical appointments, hospitals, allopathic
medicines, and pharmacies may be easier in those areas than
in rural areas [7, 8]. The close proximity of rural areas to
urban centers can favor hybridization between these dif-
ferent types of medicine and result in biomedical science
interacting with the knowledge of local/traditional medicine
[9, 10].

Hybridization is the process by which different types of
medicine coexist; it can affect the knowledge and use of
traditional medicine through the substitution of a medicinal
plant for an allopathic medicine or complement the treat-
ment of diseases [11]. Additionally, socioeconomic factors
can influence hybridization [12-14] as well as medicinal
knowledge, as demonstrated in the following paragraphs.

Quinlan and Quinlan [15] found that individuals
working in the trade had greater knowledge about medicinal
plants than those who did not. In addition, when analyzing
the combined effects of general occupation and formal
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education level, they showed that individuals with a com-
mercial occupation and higher formal education level
possessed less knowledge about medicinal plants. These
results indicate that different variables can modulate me-
dicinal knowledge.

Although it has been shown that an individual’s sex and
education level may be correlated with their knowledge of
local medicine, this varies across geographic regions and
income levels. Higher education levels generally provide
better-paying jobs [15-17]; this can lead to individuals
having greater purchasing power with respect to allopathic
medicines (pharmaceuticals) and a closer approach to
biomedicine. In rural communities, women are generally
responsible for the healthcare of family members, which
entails them having greater knowledge about medicinal
resources than that possessed by men in their communities
[18]. Currently, the impact of access to biomedicine on
knowledge of local medicine and how that might vary with
an individual’s sex and level of education is not understood.

Some studies have shown that the elderly are more likely
to prefer traditional medicine over biomedicine [19, 20] and
generally have greater knowledge about traditional medicine
than young individuals [21-23]. However, the impact of the
proximity to biomedicine, if any, on this knowledge is not
clear. In other words, do older people with greater access to
biomedicine have less knowledge of medicinal plants than
people of a similar age with less access to biomedicine?

Similarly, the impact of the number of cohabitants in
residences on their medicinal knowledge has not yet been
explored in depth. Andriamparany et al. [3] found a positive
correlation between the number of residents in a household
and their use and knowledge of medicinal plants. However,
Algethami et al. [24] found no such correlation. This diver-
gence in results highlights the need for further studies like these
and/or investigations into other potential factors that may
interact with the number of cohabitants in a given residence
and influence their use and knowledge of medicinal plants.

Different types of relationships can occur between one’s
socioeconomic characteristics (e.g., gender and occupation)
and their knowledge of medicinal plants [18] (see also
Medeiros et al. [25] and Garcia et al. [26]). Furthermore,
access to biomedicine favors the combined use of bio-
medicine and traditional medicine [12]. This combination
leads us to question whether close proximity to urban
centers can modify the predictive force between socioeco-
nomic variables and consequently modify its influence on
the knowledge and use of medicinal plants. Assessing this
question is of significant importance because it allows for a
better understanding of not only the predictive role of so-
cioeconomic variables in the relationship between people
and the use of medicinal plants but also in the structuring of
local medical systems.

Hence, in this study, we aimed to assess how proximity
to biomedicine influences the relationship between socio-
economic variables (age, gender, education, and number of
inhabitants per residence/house) and certain aspects of
medicinal knowledge (number of known medicinal plants,
therapeutic targets/treatments, and body systems treated by
medicinal plants).
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2. Materials and Methods

2.1. Study Area. The study was conducted in six commu-
nities located within Catimbau National Park (PARNA
Catimbau): Sitio Igrejinha, Breus, Dor de dente, Muquém,
Tunel, and Agude Velho. PARNA Catimbau is located in the
state of Pernambuco, between the geographic coordinates
8°29'01.7"S and 37°20'08.3"W, has a total area of
62,294.10ha, and covers three municipalities: Buique,
Tupanatinga, and Ibimirim (Figure 1). A total of 325 in-
habitants, with approximately 200 adults and 125 minors,
were distributed from 109 families living in the six selected
communities. PARNA Catimbau was established as an
environmental protection area in 2002; however, these
communities were living there prior to this establishment.
Land expropriation processes have not been completed and
have generated local socio-environmental conflicts [27, 28].

The region is a semiarid type of climate (type BSh) [29],
according to the Koppen classification. The total rainfall
varies between municipalities but generally has an annual
average of less than 700 mm, and the annual average tem-
perature is approximately 23°C. The vegetation consists of a
mosaic of arboreal and shrubby Caatingas. Some of the
dominant plant families found at the site are Fabaceae,
Euphorbiaceae, Boraginaceae, Cactaceae, Malvaceae, Bro-
meliaceae, and Asteraceae [28, 30].

2.2. Profile of the Populations of PARNA Catimbau. Most of
the local population live below the World Bank poverty line
($1.90 US dollars/person/day) and are highly dependent on
forest resources. The main occupation in the region is related
to agriculture. However, most families’ incomes come from
the sale of animals, especially that of goats. Several families
within the park receive support (such as food, clothing, and
medicine) from nongovernmental and governmental or-
ganizations, such as the Bolsa Familia Program (government
aid distributed monthly to people in poverty and extreme
poverty). More than half of their homes are built with mud
and wood and do not have sewers or toilets. Streets are either
paved or unpaved [27, 28].

Families living within PARNA Catimbau are isolated
because of the distance from markets and commerce in
urban areas. In addition, as they live within environmental
protection areas, they are more susceptible to poverty due to
land use restrictions [28]. The closest urban center to
PARNA Catimbau is Vale do Catimbau, where community
members travel 25 min to 1 h to access schools and/or health
posts because of the lack of such facilities within PARNA
Catimbau. In addition, since 2005, a nongovernmental or-
ganization called Amigos do Bem has offered the families of
PARNA do Catimbau employment opportunities through
plantation of cashew and nut processing as well as housing
that is situated closer to schools with basic and comple-
mentary education [31].

Taking the urban center of Vale do Catimbau as the
closest place that allowed people access to biomedicine, i.e.,
allopathic medicines and medical consultations, the distance
of each community was calculated using Google Maps and
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FIGURE 1: Map of the delineation of PARNA Catimbau in the semiarid region of Brazil, indicating the location of the communities studied
and the path taken (dashed line) by people to the urban center of Vale do Catimbau.

GPS. We did not consider the travel time of residents to the
urban center as all travel is via a single main unpaved route.
Motorized vehicles are the common mode of transport;
therefore, a shorter distance reflects a shorter travel time.
The proximity of the six communities to Catimbau Valley
ranged from 11 to 22.9km. Among these communities,
Igrejinha, which has the largest number of inhabitants, is
closest to the Catimbau Valley, being only 11.3 km from this
urban center. The other communities are located between
15.6km and 22.9km from Vale do Catimbau.

2.3. Ethical Legal Aspects. This study was approved by the
Ethics and Research Committee of the Federal University of
Pernambuco (CAE 40412318.4.0000.5207). Before data
collection, all the participants were informed of the study
objectives. Those who agreed to participate in the study were
asked to sign the free and informed consent term to meet the
legal requirements of research involving human beings
according to the current legislation of the National Health
Council (Resolution No. 510/2016).

2.4. Data Collection, Tabulation, and Statistical Analysis.
All homes in the six communities were visited to conduct a
sample census. Houses without residents or those with
residents who insisted on interviewing at another time were
excluded from the sample after the third attempt. In each

community, structured interviews were initially conducted
with all residents aged >18 years, with a total of 102 in-
formants. During the interview, information was on so-
cioeconomic factors such as age, gender, employment,
number of people per household, family income, and ed-
ucation was collected. Then, using the free-list technique,
each informant was asked to indicate the medicinal plants
they knew and what purposes they had used them for.

A preliminary analysis of the collected data was then
carried out, and it was found that seven informants did not
indicate some of the socioeconomic data, especially those
related to income. A possible reason for this is the local
conflict that was generated with the creation of the park,
which has caused fear in the informants about possible
expropriation of their lands. Therefore, we chose not to
include the family income variable in the analysis to avoid
reducing the sample size. In addition, 15 informants did not
list medicinal plants and admitted in this study that they did
not know or did not want to divulge this information. We
aimed to assess whether the relationship of each variable
with local medicinal knowledge is modified when we con-
sider the interaction between them and the distance from the
urban center, so we chose to include only individuals who
demonstrated knowledge about medicinal plants in the
sample. Consequently, two criteria were adopted to define
the final sample of informants to be considered in our study:
(a) having made available all socioeconomic data and



(b) having answered the free list on medicinal plants. Based
on these criteria, the responses of only 80 participants were
assessed.

We considered the central distance of displacement in
each distance group, along the central route (only the local
path), to the nearest urban center with access to biomedi-
cine, as a measure of access to biomedicine. We assumed that
the community closest to the Catimbau Valley overcomes
the distance barrier more easily and has easier access to
biomedicine than communities farther away from the
Catimbau Valley. The most distant group (15.6 to 22.9 km)
from Vale do Catimbau included informants (n=25) from
the communities Acude Velho, Breus, Dor de dente,
Muquém, and Tunnel. Meanwhile, the closest group
(11.3 km) comprised informants (n =55) from the Igrejinha
community.

The age of an individual and number of people per
household were not categorized. Interviewees” formal edu-
cation level was calculated using the number of academic
years taken from the first grade of elementary school. For
example, an informant who studied up to the fourth grade of
elementary school would have had four years of formal
education. There were no informants with a higher edu-
cation or graduate degree (complete or incomplete). Sex and
distance to the urban center were tabulated as discrete
numerical variables as follows: 1 for females or informants
from the close group and 2 for male informants or infor-
mants from the distant group.

Although biomedicine considers the symptoms of dis-
eases mentioned by the interviewees as mentioned of dis-
eases and not necessarily mentioned therapeutic complaints
as a disease, in this study, the diseases and/or symptoms
treated medicinally were considered as medicinal targets,
representing the informants’ perception of diseases treated
with medicinal plants, drawing from [32]. Therapeutic
targets were classified into body systems based on the In-
ternational Statistical Classification of Diseases and Related
Health Problems 10th Revision [33]. Therapeutic targets of
religious nature were categorized as spiritual diseases. After
classification, the number of body systems treated with the
medicinal plants of each informant was counted. The
measures used as response variables to assess the influence of
social variables on knowledge of medicinal plants among the
distance groups were the number of known medicinal plants
(treated as ethnospecies/vernacular name), the number of
therapeutic targets cited by the informant, and the number
of body systems treated by medicinal plants.

To test the hypothesis that ease of access to the urban
center can modify the explanatory power of the interactions
of social variables on the knowledge of medicinal plants,
generalized linear models (GLMs) were performed. For each
dependent variable, models were created with and without
interactions between the independent variables in addition
to a null model. For each model, the Akaike information
criterion corrected (AICc) for a small sample [34] and
AAICc were calculated. Models with AAICc >2 were selected
[35]. Reduction in the selected models was performed using
the likelihood method. The variables, number of ethno-
species, and number of therapeutic targets were transformed
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into square roots and a Gaussian error distribution was used
to create the models. For a variable number of body systems,
a Poisson distribution was used to create the models. The
independent variables in the GLMs were age, sex, number of
inhabitants per household, and education level. We chose
not to include informants’ occupation as an independent
variable in the GLMs because of the lack of information from
some informants and the consequent reduction of sample
size. All statistical tests were performed using the R software
[36].

3. Results

Models with the interaction of variables, such as the number
of therapeutic targets and number of ethnospecies, did not
prove to be plausible models but were likely to occur (AAICc
>2) (Table 1).

Age was the only social variable that influenced the
informants’ knowledge of ethnospecies and therapeutic
targets. Old adults showed greater knowledge of ethno-
species and therapeutic targets than that by young adults
(Table 2).

Distance from the urban center did not influence the
knowledge of the number of ethnospecies and therapeutic
targets, i.e., people from communities both near and far
from the urban center had similar knowledge about eth-
nospecies and therapeutic targets. However, the distance
from the urban center, when interacting with education
level, influenced the knowledge of body systems treated by
medicinal plants among the informants. In other words,
people with higher education and from communities far
from the urban center knew a greater number of body
systems treated by plants compared with the people with
higher education from communities near the urban center
(Table 2). However, when analyzing the influence of edu-
cation separately, we found that people with higher edu-
cation cited fewer body systems treated with medicinal
plants. Distance from the urban center alone did not have a
considerable influence on the number of body systems
treated with medicinal plants.

4. Discussion

By analyzing different measures of knowledge, we were able
to show that elderly people possessed greater knowledge of
ethnospecies and therapeutic targets in Catimbau. This can
be explained by the fact that older people have had greater
opportunity to try different medicinal species for the same
therapeutic purpose and/or experience a greater diversity of
diseases in the course of life compared to younger people. In
addition, older people may be more likely to try different
medicinal plants than that by younger people, as indicated
by previous studies [37-39]; this may occur locally and
generate greater medicinal knowledge.

We expected that a greater number of cohabitants would
diversify the experience of family members in the use of
medicinal plants for the treatment of diseases, which is
consistent with the findings of Algethami et al. [24]. Our
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TaBLE 1: Selection of appropriate models with an information-theoretical approach.

Models AAICc df
Number of body systems treated by plants

Sex +age + education + residents + distance 2.8 6
Sex  distance +age * distance + education * distance + residents * distance 4.8 10
Education + education : distance 1.5 3
1 8.3 1
Age 0.0 2
Number of ethnospecies

Sex + age + educated + residents + distance 43 7
Sex = distance +age * distance + education * distance + inhabitants * distance 8.3 11
1 15.2 2
Age 0.0 3
Number of therapeutic targets

Sex + age + educated + inhabitants + distance 3.8 7
Sex * distance + age * distance + education # distance + residents * distance 8.4 11
1 15.0 2
Age 0.0 3

AICc is the small sample-corrected difference in the Akaike information criterion (AIC) between each model and the smallest AIC value. df is the degree of

*

freedom;
intercept.

= interaction between variables and influence of each isolated variable; : = interaction between only two variables; 1=comparison with the

TaBLE 2: Generalized linear model (GLM) of socioeconomic variables in relation to different measures of knowledge about medicinal plants

in the Catimbau Valley.

Estimation Std. error T-value Pr (>[t]) AIC
Ethnospecies
Intercept 2.940814 0.102889 28,580 <2e-16""* 217.73
Age 0.026132 0.006002 4,354 4.02e —05"" )
Therapeutic targets
Intercept 2.636760 2.636760 28.803 <2e-16" 19902
Age 0.023060 0.005340 4.319 4.57e-05"" )
Body systems
The model with interaction
Intercept 1.62541 0.06556 24.794 <2e-16""*
Schooling -0.06210 0.02042 -3.042 0.00235** 342.72
Schooling;: distant group’ 0.06801 0.02557 2.660 0.00781**

! = difference from the close group, p <0.01, p <0.001.

findings suggest that other factors may modulate this
relationship.

Gender is recorded as a variable that can directly or
indirectly affect knowledge about medicinal plants as it is
associated with other factors, such as the type of work
performed by men and women [12]. Studies have reported
that in communities where women play the role of care-
takers and are responsible for collecting medicinal resources,
they have a greater plant knowledge [18, 40-42]. However, if
a man is involved in agricultural activities and is responsible
for collecting medicinal resources from forests, his knowl-
edge of medicinal plants may be more expansive than that of
the women [27]. Sometimes, men perform the role of healers
in some indigenous Brazilian communities, which means
that their knowledge of medicinal plants is more extensive
than that of the women [18]. However, some studies have
shown no relationship between sex and knowledge of me-
dicinal plants [37, 43, 44], as was found in our study for the
communities studied in Catimbau.

In general, the advancement of schooling enables jobs
with better pay [15] (see also Junior et al. [16]), which can
increase individuals’ purchasing power and favors the ac-
quisition of pharmaceutical drugs. Indirectly, the increase in
schooling may have a negative effect on the knowledge and
use of medicinal plants, as reported in several studies [15]
(see also Kidane et al. [44]; Teka et al. [45]; Voeks and Leony
[46]). A greater purchasing power of pharmaceutical drugs
reduces people’s dependence on natural medicinal resources
[47]. However, we did not find a relationship between the
number of known species and the level of education, which
is consistent with findings of other studies [48, 49]; we
recorded a decrease in the knowledge of the number of body
systems treated by medicinal plants with the advancement of
schooling. This decrease in the knowledge of body systems
treated with medicinal plants may be related to the health of
the individual, as a previous study suggests that healthier
individuals tend to have a higher level of education [50], but
this needs to be tested with the methods used in our study.



In addition, accessing schools requires the residents of
Catimbau to relocate to nearby urban centers (Vale do
Catimbau and/or Buique), which may provide greater
contact with biomedicine. Consequently, the inclusion of
biomedicine in the treatment of diseases can, over time,
interfere with knowledge about medicinal plants, as people
may prefer the use of biomedicine and retain less knowledge
about medicinal plants, as recorded in the study by Alqe-
thami et al. [24]. People with higher education are likely to
have greater contact with biomedicine, directly influencing
the choice between the use of medicinal plants and bio-
medicine. Moreover, people with higher education levels are
more familiarized with and/or educated about the treatment
of biomedicine for new therapeutic targets compared with
the people with less education, such as those in the Catimbau
region.

Many rural communities lack basic health services and
inhabitants are forced to travel to urban centers to access
them. This physical isolation can provide residents with
greater knowledge of medicinal plants by increasing their
dependence on them [9] (see also Garcia et al. [51]).
Moreover, contact with biomedicine may not interfere with
knowledge of medicinal plants [7, 11] (see also Hoyler et al.
[52]; Stiefel et al. [53]; Vandebroek and Balick [54]). In
Catimbau, the distance of isolation did not influence the
three aspects of medicinal knowledge analyzed in this study;
however, the interaction of distance from the urban center
with schooling proved to impact an individual’s medicinal
knowledge.

The interaction between schooling and distance to urban
centers positively influenced knowledge about the number
of body systems treated by medicinal plants, i.e., informants
from distant communities with higher education knew a
greater number of body systems treated by medicinal plants
than informants with higher levels of school education from
nearby communities. An increase in schooling likely favors
better knowledge of the characteristics and symptoms of
some diseases, which can improve the targeting and choice
of plants to treat a disease in specific parts of the human
body. However, this knowledge needs to be incorporated
into practice so that it becomes assimilated by the com-
munity, which may not happen in communities close to the
urban center due to greater ease of access to biomedicine. In
this study, informants from more distant communities did
not mention any pharmaceutical drug for the treatment of a
particular therapeutic target as an alternative to replace a
particular medicinal plant, which differs from what was
observed in the case of informants from communities close
to urban centers. In addition, informants from distant
communities commented that they had used medicinal
plants for the treatment of a specific therapeutic target more
recently than had informants from communities in closer
proximity to the urban center.

The findings of our study revealed that distance from the
urban center can interact with other socioeconomic vari-
ables and generate a differentiated effect on the knowledge of
medicinal plants, which makes the medicinal knowledge of
each community complex. This indicates the importance of
considering the set of variables that characterize the social
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and ecological context in which populations are situated to
enhance the accuracy of generating hypotheses about a given
community’s medicinal knowledge and its implications for
understanding the structure and resilience of medical sys-
tems. The interaction between individuals can influence
knowledge about medicinal plants, and the communities we
studied are consisted of related individuals. However, we did
not evaluate the interaction between communities in our
study. Therefore, we suggest that in future studies, similar
approaches should be considered in the analysis.
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