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Abstract

Background: Effective health care requires services that are responsive to local needs and contexts. Achieving this
in indigenous settings implies communication between traditional and conventional medicine perspectives.
Adequate interaction is especially relevant for maternal health because cultural practices have a notable role during
pregnancy, childbirth and the postpartum period. Our work with indigenous communities in the Mexican state of
Guerrero used fuzzy cognitive mapping to identify actionable factors for maternal health from the perspective of
traditional midwives.

Methods: We worked with twenty-nine indigenous women and men whose communities recognized them as
traditional midwives. A group session for each ethnicity explored risks and protective factors for maternal health
among the Mephaa and Nancue riomndaa midwives. Participants mapped factors associated with maternal health
and weighted the influence of each factor on others. Transitive closure summarized the overall influence of each
node with all other factors in the map. Using categories set in discussions with the midwives, the authors
condensed the relationships with thematic analysis. The composite map combined categories in the Me’phaa and
the Nancue Aomndaa maps.

Results: Traditional midwives in this setting attend to pregnant women'’s physical, mental, and spiritual conditions
and the corresponding conditions of their offspring and family. The maps described a complex web of cultural
interpretations of disease — “frio” (cold or coldness of the womb), “espanto” (fright), and “coraje” (anger) —
abandonment of traditional practices of self-care, women’s mental health, and gender violence as influential risk
factors. Protective factors included increased male involvement in maternal health (having a caring, working, and
loving husband), receiving support from traditional healers, following protective rituals, and better nutrition.

Conclusions: The maps offer a visual language to present and to discuss indigenous knowledge and to
incorporate participant voices into research and decision making. Factors with higher perceived influence in the
eyes of the indigenous groups could be a starting point for additional research. Contrasting these maps with other
stakeholder views can inform theories of change and support co-design of culturally appropriate interventions.
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Background

Childbirth involves a range of cultural practices and
meanings [1] that contribute to women’s perinatal ex-
perience and their health outcomes [2]. Many indigen-
ous communities in Latin America have poor access to
conventional health services and face harsh living condi-
tions [3]. As we try to understand the dramatic health
disparities between indigenous and non-indigenous
communities [4], it is difficult to disentangle the effects
of poor access to conventional health services from ef-
fects of communities losing their own cultures and tradi-
tions. There is a need for methods that assess how
culture and traditions can impact health outcomes [5].

Effective perinatal care requires services that are re-
sponsive to local needs and contexts [6]. Since the
1980s, the concept of cultural safety has gained recogni-
tion as a key ingredient in the delivery of quality care,
particularly among indigenous communities. Culturally
safe practice recognizes that power imbalances shape in-
tercultural interactions and have historical effects on
health disparities by influencing the lives and opportun-
ities of marginalized groups [7]. The central idea of cul-
tural safety is to provide health care without diminishing
or disrespecting the cultural identity of patients and
their communities.

Indigenous communities in Mexico’s Guerrero state
lost much of their ancestral traditions as they embraced
new elements from Western culture. In transitions like
this, in theory people have access to both conventional
and traditional health care. In practice, they face com-
plex health choices [8] as the transition from traditional
to conventional health care is incomplete in many
places, leaving important gaps [9]. Because they usually
live in remote parts, many indigenous communities have
access only to the very periphery of conventional health
services. Distance, inappropriate allocation of state re-
sources, and weak local governments are part of the
problem on the supply side [10]. The perceived lack of
respect for their traditional knowledge systems leads to
an aversion to conventional health services among many
indigenous people [11]. This hinders access to conven-
tional medical facilities [12]. In the indigenous commu-
nities in the southern mountainous areas of Guerrero in
Mexico, traditional midwives are either the only source
of perinatal care or the one that women prefer [12, 13].

Traditional midwives are the cornerstone of health
care developed over generations by indigenous commu-
nities [14]. These systems are culturally specific and have
strong links with the environmental conditions ground-
ing each group [15]. Anthropologists have described
some elements of traditional health care, mostly using
ethnography and interviews [1]. Almost invariably, how-
ever, the scientific literature describes these systems
from the perspectives of outsiders and using cultural
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reference points that do not necessarily coincide with
those of the indigenous community themselves [16].

Our objective was to systematize the knowledge of
traditional midwives about risks and protective factors
for maternal health among indigenous communities in
southern Mexico, to improve the interface between trad-
itional practitioners and the local health services [17].
The work in this manuscript is part of a bigger project
to promote safe birth in cultural safety among indigen-
ous communities in the south of Guerrero State. The
overall project includes a cluster randomized controlled
trial comparing maternal health outcomes in indigenous
communities with and without a co-designed interven-
tion to support the role of traditional midwives [17].
The intervention asserts the principles of cultural safety
[18] and intercultural dialogue [19]. The mapping
process described in this manuscript will contribute to
elicit prior stakeholder knowledge to inform Bayesian
analysis of the trial.

Methods

In recent years, fuzzy cognitive mapping [20] has
allowed inclusion of the knowledge of stakeholders into
models to describe their understanding of determinants
of poor health [21] and, in an additional step, juxtapose
this knowledge with conventional biomedicine evidence
[22]. These maps describe different knowledge systems
and can thus contribute to establishing common refer-
ence points to advance shared views of specific health is-
sues [23]. “Fuzzy” refers to the stakeholder assigned
weights to grade influences of different factors on each
other and on a specific outcome [24]. The maps repre-
sent soft models of the way people reason, depicting
their knowledge structures [20].

In fuzzy cognitive mapping, each factor is drawn as a
node, and each relationship is represented as an edge
(arrow) linking nodes. The arrows represent assump-
tions about causal relationships that can be based on
data or on unwritten knowledge [20]. Authors of the
maps attribute different values to weight the strength of
each arrow. Weights can have positive signs to indicate
that, as one node increases, the linked node also in-
creases (excitatory relationship), or negative signs for in-
hibitory relationships (as one node increases, the linked
node decreases). The causal weights express knowledge-
holder opinions, their explanatory models and theory of
change, rather than a predictive statistical model. By
contrasting different stakeholder groups, fuzzy cognitive
maps can highlight similarities and differences of alter-
native explanatory models and theories of change [25].

Participants
The Nancue iiomndaa and Me'phaa people have experi-
enced cultural loss associated with the growing Western
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influence in their area. Nonetheless, both indigenous
groups still maintain their identities. This is reflected in
the use of traditional languages and, especially in the
case of the Nancue riomndaa, clothing. The main eco-
nomic activities of both indigenous groups are subsist-
ence agriculture, raising cattle, and migrant labor.
During the last two decades, these communities have ex-
perienced out-migration mainly of male adults and
youth looking for jobs in other states, Canada and the
United States, to send money back to their families in
Guerrero. The minimum wage in the region is about
USD40 monthly, but for indigenous populations is
around USD34 [13].

Traditional midwives accompany indigenous women
throughout pregnancy, provide support through labour
and advise on care of the newborn [1, 26, 27]. We re-
cruited 29 indigenous traditional midwives, 18 from the
Me’phaa indigenous group (Tlapaneco) in the munici-
pality of Acatepec and 11 from the Nancue riomndaa
(Amuzgo) indigenous group in the municipality of
Xochistlahuaca. A household survey in 2015 interviewed
each indigenous woman who had delivered their chil-
dren in the last two years [17]. The answers allowed us
to identify active traditional midwives with de facto rec-
ognition in their communities, based on the number of
births they attended, the health outcomes of their pa-
tients, and the traditional knowledge they hold. The
traditional midwives invited to the mapping sessions also
took part in the intervention of the cluster randomized
controlled trial. We invited each midwife in person, as
expected in indigenous customs, some weeks before the
meeting. All accepted the invitation. The group in Aca-
tepec included two male traditional midwives.

Drawing the maps

Two community members fluent in both Spanish and
the indigenous language who were trained as intercul-
tural brokers [17], two field coordinators from the Cen-
tro de Investigacion de Enfermedades Tropicales (CIET)
at the Universidad Autonoma de Guerrero, and the lead
author facilitated the mapping sessions. After the partici-
pants gave their oral informed consent to participate,
the lead author gave a further detailed explanation of
the mapping steps, using lay language. Participants con-
structed their maps in one three-hour group session in
each indigenous community. The intercultural brokers
translated into Spanish the ideas voiced by the trad-
itional midwives. Two additional local translators identi-
fied any distortion of the meaning introduced in
translation.

Once participants confirmed they understood the
mapping process, we invited them to map their answers
to the question: To your knowledge, what are the factors
related to maternal health in your communities? Each
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group completed two maps: one of factors that promote
safe motherhood (protective factors) and another for fac-
tors that impede safe motherhood (risks). Through
group discussion, participants first listed the factors they
considered to be related to maternal health in their com-
munities. The facilitator wrote each factor on a card and
stuck the cards on a wall. Some factors described con-
cepts defined by the participants’ traditional culture. In
these cases, the facilitator asked for additional informa-
tion to clarify the meaning. When no additional factors
were forthcoming, the facilitator then asked the partici-
pants to identify the causal relationships between factors.
The facilitator drew the arrows linking factors and con-
firmed at each time with the participants that the arrow
represented the causal relation they wanted to convey,
asking for more details as necessary to understand why
they identified that relationship.

After defining all the relationships, participants then
ranked the strength of each relationship, using a scale
from one to five (with five being the strongest influence,
one being the weakest influence). The facilitator ex-
plained that the strongest influence (5) was a relation-
ship where the factor in question would almost always
cause the linked outcome, while the weakest influence
(1) was a relationship where the factor would seldom
cause the linked outcome. The midwives decided the
weight of each link by consensus. When one irreconcil-
able difference of opinion about the influence of hospi-
tals occurred, we incorporated this in a sensitivity
analysis. An experienced researcher fluent in indigenous
language took notes of the explanations and discussion
during the session, without recording any personal iden-
tifying data about participants. At the end of the session,
facilitators took pictures to record the final maps. We
used multiple translators to increase the likelihood of
capturing the meaning correctly.

Analysis of the maps

We digitized the maps using the free software yEd [28]
and generated a list of nodes and adjacency matrices for
the numerical analysis of the relationships. An adjacency
matrix presents the structure of the map as a square
table with # number of rows and # number of columns,
where n equals the total number of nodes. The value of
each cell is the weight of the relationship between two
nodes (directed from the row to the column). For the
matrices of the original maps, we scaled the weights 1 to
5 by dividing all with a constant 5.

For each original map, we calculated the fuzzy transi-
tive closure [29] between nodes, to measure the influ-
ence each node had on others in the map. Transitive
closure takes account of each pair of linked concepts in
the context of all the possible connections in the map. A
“walk” is any succession of edges (arrows) that allows
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transit from one node to another. The value of the fuzzy
transitive closure between two nodes A and B is the
maximum weight of any of the walks from A to B, and
the weight of each walk is the minimum weight of any
of the edges (arrows) involved in the walk. After transi-
tive closure, the maps had a new architecture that in-
cluded all the possible connections between nodes, with
values from 0 to 1 representing the strength of the influ-
ence (with one being the highest influence) and positive
or negative signs to represent excitatory and inhibitory
relationships respectively. After transitive closure, we
combined the maps using a weighted average of the
strength of the influences [23]. The weight assigned to
each map was the cumulative experience of the mid-
wives who made it, defined by the number of them in
each.

We used thematic analysis to condense the concepts
(nodes) into fewer categories to facilitate the communi-
cation of the content [30, 31]. The lead author developed
a first level of aggregation using a pattern matching table
to arrange the nodes of each map with similar meanings
and their corresponding categories (Table 1). Each factor
represented an idea that was discussed and agreed upon,
with traditional midwives clarifying the words and speci-
fying their meaning. Identifying categories from factors
across maps thus incorporated those deeper meanings
described in the notes from the mapping session. A
group of researchers with extensive experience with in-
digenous communities in Guerrero, including two who
participated in the mapping sessions, confirmed the cat-
egories developed in the first aggregation (SP, NA, AC,
Abraham de Jests Garcia, Nadia Maciel Paulino, and
Germdn Zuluaga). In a member checking exercise [32]
in July 2018, IS presented the maps to the traditional
midwives who confirmed their agreement with the re-
sults of the analysis.

Using the aggregation categories, we described similar-
ities and differences of maps from each municipality
(Table 2). A formal comparison between maps identified:
(a) validated connections (both maps share the non-zero
connection with the same sign), (b) non-validated con-
nections (it is only mentioned in one map), and (c) con-
flicting connections (both maps include the edge but
with different directions). We summarized the cumula-
tive net influence of each category from the thematic
analysis as a proportion of total weight for each factor in
two steps. First, we calculated the cumulative weight for
each category as the sum of weights of the influences of
the factors in the transitive closure maps in the corre-
sponding category. Second, we divided each cumulative
weight by the maximum total cumulative weight across
all the categories in the synthesis map. As a measure of
the overall agreement in the cumulative net influence,
we divided the total size of all differences (summation of
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the absolute value of the differences) by the number of
differences. An average difference closer to one indicates
less agreement about the weight of the relationships.

Results

The traditional midwives from Acatepec described un-
safe maternity as a set of traditional diseases that can
affect women, symptoms associated with those diseases,
and events that affect the women and their babies’
health and well-being. They included two additional cat-
egories to describe the concrete events of maternal and
infant deaths. When describing safe maternity, in
addition to not having a disease, they emphasized the
happiness and confidence of the women. Traditional
views characterized a healthy woman as one who can
give birth at home. In a similar integrated approach to
healthy maternity, midwives in Xochistlahuaca explicitly
included as outcomes in this category the health status
of the offspring and even the health status of the
husband.

Risk factors

In the map from Acatepec, participants described 44 risk
factors (nodes) with 87 relationships (edges). Xochistla-
huaca traditional midwives included 42 nodes and 87
edges. The thematic analysis grouped the nodes into 17
categories of risk factor. Table 1 presents the factors in-
cluded in each category. Factors with the same meaning
in both municipalities align in the same row. Figure 1
presents the fuzzy cognitive map of categories with the
highest cumulative net influence. The full adjacency
matrix with all the relationships for this map is available
as Additional file 1.

The most influential category of risk for unsafe mater-
nity was “not following self-care practices” as defined in
the customs and traditions of these communities. These
practices can include dietary restrictions, reduction of
heavy work, less exposure of mother’s body to cold
water, or hygiene practices. Midwives from both com-
munities included this category, although the actual con-
tents of these practices are heterogeneous and could be
culture specific. During thematic analysis, the re-
searchers recognized that factors in other categories
(such as rituals or nourishment) could also correspond
to self-care practices, which would increase their rele-
vance within the system. This category appeared as pro-
tective in Xochistlahuaca (“The woman follows self-care
practices”), but not explicitly mentioned in the Acatepec
protection map. Among the risk categories, the mid-
wives identified gender violence and mental health of
women (“The woman has worries, feels disgust or ner-
vous during pregnancy”) as highly influential (second
and third order importance respectively). They described
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Table 2 Pattern marching table of the cumulative net influence of each category on maternal health

Risk factors Protective factors

Me’phaa Nancue nomndaa Final map Me’phaa Nancue iomndaa Final map
Acatepe Xochistlahuaca Acatepe Xochistlahuaca

Factors CNI  Factors CNI Validation Difference CNI Factors CNI Factors CNI Validation Difference CNI

Category: The woman does not have a healthy maternity (nor a healthy
delivery)

17 029 23 1.00 Val. 0.71 0.76

Category: The woman dies

1 000 1 0.00 Val. 0.00 0.00
Category: The baby dies
2 000 1 0.00 Val. 0.00 0.00

Category: The woman suffers violence
1 011 2 046 Val. 035 034

Category: The woman has worries, feels disgust or nervous during
pregnancy

3 029 2 0.18 Val. 0.1 0.30
Category: The woman does not follow protective rituals

1 011 0 0.00 Nval. 0.1 0.07
Category: The woman does not follow self-care practices

6 100 6 0.71 Val. 0.29 1.00
Category: The woman has poor health condition (before pregnancy)

0 000 1 0.07 Nval. 0.07 0.04

Category: The woman is poorly nourished

1 004 1 0.09 Val. 0.05 0.08
Category: Abnormal position of baby

3 011 1 0.02 Val. 0.09 0.08
Category: Abortion

1 004 1 0.00 Val. 0.04 0.02

Category: Unsupportive family environment

1 011 0 0.00 Nval. 0.11 0.07
Category: Accidents
2 004 0 0.00 Nval. 0.04 0.02

Category: Intended spiritual attacks from others

2 021 O 0.00 Nval. 0.21 0.12
Category: Physical or spiritual imbalance

1 004 1 0.21 Val. 0.17 0.15
Category: Primigravida

1 004 0 0.00 Nval. 0.04 0.02
Category: Unwanted pregnancy

1 004 1 0.00 Val. 0.04 0.02

Category: The woman has a safe birth and healthy maternity

4 000 3 0.30 Val. 0.30 0.18

Category: The woman does not suffer violence
1 0.50 0 0.00 Nval. 0.50 024

Category: The woman lives without worries

0 0.00 1 0.36 Nval. 040 0.22
Category: The woman follows protective rituals

2 1.00 1 0.36 Val. 0.60 0.70
Category: The woman follows self-care practices

0 0.00 1 0.36 Nval. 040 0.22
Category: The woman has a good health condition (before pregnancy)
0 000 2 0.73 Nval. 0.70 044
Category: The woman is well nourished

1 0.81 1 042 Val. 041 0.65

Category: The woman has support of a traditional midwife or healer

2 094 2 0.79 Val. 0.14 093
Category: Healthcare center or hospital is available

1 -013 1 036 Con. 043 0.16
Category: The woman has a caring, working, and loving husband

1 0.81 3 1.00 Val. 0.19 1.00
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Table 2 Pattern marching table of the cumulative net influence of each category on maternal health (Continued)

Risk factors

Protective factors

Me’phaa Nancue nomndaa Final map Me’phaa Nancue iomndaa Final map
Acatepe Xochistlahuaca Acatepe Xochistlahuaca
Factors CNI  Factors CNI Validation Difference CNI Factors CNI Factors CNI Validation Difference CNI
Category: The woman has good communication with husband
0 000 2 073 Nval. 0.70 044
Category: The woman has economic stability
0 0.00 1 033 Nval. 0.30 0.20
44 41 0.14 - 12 18 0.42 -

# factors: number of factors included in the category; Validation: Val validated, Nval non-validated, Con conflictive; CNI cumulative net influence by municipality
and final map. Difference: absolute value of the difference between CNI in the two municipalities

an unsupportive family environment as a cause of vio-
lence against women.

In the final map, the multi-concept category “the
woman does not have a healthy maternity” has a self-
pointing edge with a cumulative net influence of 0.76
(Fig. 1). This loop, from the node back to itself, implies
that factors within the category influence other factors
grouped in the same category. We reviewed the initial
maps to identify concepts with greater influence within
the category. Three factors showed a strong influence in
maternal health outcomes, “cold or coldness of the

womb”, “espanto” (literally translated as fright), and
“coraje” (literally translated as anger). They also had a
strong influence on maternal and infant death. Both in-
digenous groups confirmed “coldness of the womb” and
“espanto”, but “coraje” was a specific factor for the Nan-
cue iomndaa from Xochistlahuaca (Table 2). Even with
translation, the words do not hold an equivalent mean-
ing in English or Spanish. Traditional midwives ex-
plained that “coldness of the womb” resulted from
exposing the mother’s body to cold elements such as
water, fresh air, or certain foods considered of cold

The woman suffers

The woman has
worries, feels disgust or

The woman does not

Physical or spiritual
imbalance

Intended spiritual
attacks from others

The woman is poorly
nourished

The woman dies

The woman does not
have a healthy maternity
(nor a healthy delivery)

violence nervous during pregnancy follow self-care practices
\ T\
0.34 0.3 0.09
1.0

0.23 0.29 0.18

1

Abnormal position of
baby

0.39 ==

The baby dies

| |
0.76

Fig. 1 Fuzzy cognitive map of the most influential categories of risk factors. To simplify the graph, we only included the highest-weighted
relationships. Additional file 1 contains all the relationships on the map. Strong lines represent excitatory relationships. The numbers on the edges
represent the cumulative net influence of one category on another, where 1 is the highest influence in the map
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nature. They explained the womb needs to remain warm
to allow for the correct development of the baby and to
function properly during delivery. The concept of
“espanto” (fright) describes a strong emotional impact
that alters one’s mental health. Examples include vio-
lence, an animal attack, or an accident. They explained
that “coraje” (anger) as caused by an imbalance pro-
duced by violence, not necessarily directed at the
woman, that affects the “aire” (air) or environment of
the mother and consequently affects her health.

Protective factors

In Acatepec, traditional midwives reported 12 protect-
ive factors (nodes) with 38 relationships while in
Xochistlahuaca, traditional midwives included in their
map 18 nodes and 31 relationships. The thematic
analysis condensed the protective factors into 12
shared categories (Table 1). Figure 2 presents the
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map of the strongest protective factors and Add-
itional file 2 has the full adjacency matrix with all the
relationships among categories. Protection maps
highlighted the importance of male support (described
as having a caring, working, and loving husband) and
support from traditional midwives in promoting ma-
ternal health. Midwives in both municipalities men-
tioned both these two factors (Table 2). They rated
protective rituals and access to adequate food for
pregnant women in third and fourth place for influ-
ence. The map also showed the influence of protect-
ive factors over the intermediate outcome of women’s
health condition before pregnancy (Fig. 2, category
P10 in Additional file 2).

In line with the risk map, the map of protective factors
showed non-exposure to violence as a strong influence.
The map showed how other factors were protective
through decreasing the levels of violence that women

Healthcare centre or
hospital is available

r—0.28
The woman has a (J

caring, working, and
loving husband

~ \A

I\ N

10 03 024

The woman has
support of a midwife or

The woman does not
suffer violence

The woman follows
protective rituals

hospitals and health centers

0.3

0.7

N

-0.06 A
\ traditional healer The woman is well
\ L nourished
\ 038
\ 0.93 2
\ 065

The woman has a
good health condition
(before pregnancy)

0.44

0.33
1
The woman has
good communication

The woman has a 0.44™ with husband

safe birth and healthy

maternity

0.18

Fig. 2 Fuzzy cognitive map of the most influential categories of protective factors on maternal health. To simplify the graph, we only included
the highest-weighted relationships. Additional file 2 contains all the relationships on the map. Strong lines represent excitatory relationships and
dashed lines represent inhibitory relationships. The numbers on the edges represent the cumulative net influence of one category on another,
where 1 is the highest influence in the map. For this map we used the maximum positive influence reported by participants for the role of




Sarmiento et al. BMC Medical Research Methodology (2020) 20:125

experience. These factors included counseling by trad-
itional midwives, protective rituals, access to food, eco-
nomic stability, and having a caring husband. Having a
caring husband was validated across both indigenous
groups. The map of protectors included other “mirror
images” of risk categories for mental health of women,
practicing protective rituals and self-care practices, good
nutrition and health condition of the women before
pregnancy (at the top of Table 2).

One category, “Healthcare center or hospital is avail-
able”, had a conflictive validation. Acatepec midwives
showed it as a negative influence on safe maternity
whereas it was a positive influence in Xochistlahuaca,
where it was the only relationship for which participants
did not reach consensus (Additional file 2). Individual
traditional midwives weighted its protective influence on
women’s health between no protective effect at all (0)
and a high positive effect (5). Per protocol, we sought
reasons for this divergence: one participant wanted to
assign a 5 and the others were discussing between 0 and
1. The participant who suggested a weight of 5 was a
very experienced traditional midwife who was well-
respected by the medical staff at the healthcare center,
suggesting that strong inter-professional and cross-
cultural relationships can greatly change the role that
healthcare centers can play in indigenous communities.
Additional file 2 includes an additional row to present
the variation of the cumulative influence when assuming
a positive effect of five or no-effect in the map from
Xochistlahuaca. The negative effect assigned in the map
from Acatepec not only affected safe maternity, but also
had negative impacts on other categories, particularly
those related with the services of traditional practi-
tioners, following traditional rituals, male involvement,
violence against women, and access to food (dashed lines
in Fig. 2). These effects did not emerge in the Xochistla-
huaca map.

Discussion

We used fuzzy cognitive mapping to document trad-
itional indigenous knowledge related to maternal health.
ECM is particularly useful in multicultural contexts, as it
can be used across language barriers and educational
levels [20]. Fuzzy cognitive mapping offered a transpar-
ent and systematic way to organize and to summarize
indigenous views despite intercultural differences. Trad-
itional midwives described a broad understanding of ma-
ternal health that included their well-being and their
surroundings. This comprehensive approach to health
highlights the need for better indicators, measures, and
benchmarks to assess quality of care [33]. We will use
the models to support discussion of future actions to
promote maternal health with health providers and com-
munity members.
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The views of indigenous traditional midwives on ma-
ternal health in their communities included a complex
set of concepts and relationships. Prominent among the
risk factors mentioned by the traditional midwives were
failure to follow traditional practices of self-care, those
associated with cultural concepts of disease (“espanto”
(fright), “coraje” (anger), and “coldness of the womb”),
and women’s mental health and experience of violence.
Among the protective factors, male involvement (having
a caring, working, and loving husband), support of trad-
itional healers, protective rituals and adequate nourish-
ment were most influential.

The literature is replete with examples of traditional
practices for childbirth and maternal health [34-39].
Traditional practices associated with maternal health
are best viewed as complex interventions with many
interacting aspects. This makes it difficult to tease
out the key element in any change [40]. Despite this
lack of understanding, potential benefits or harms of
these practices are usually defined authoritatively
from a conventional medicine perspective [41]. A cul-
tural gap prevents many of us going beyond initial
judgements of implausibility based on Western world-
views. This in turn hampers research on the etiology,
symptoms, and indigenous health concerns [1].
Methods like FCM can help to document and inter-
pret traditional practices, thus helping to bridge this
gap [16, 42]. With these methods in hand, Western
epistemological frameworks need not go unchallenged
in intercultural settings [43, 44].

The culturally specific conditions listed by the trad-
itional midwives are not limited to pregnancy and child-
birth. A study of Mexican populations in the United
States associates “espanto” (fright in English also called
susto in Spanish) with the onset of type 2 diabetes [45].
Other studies present “espanto” as the somatic expres-
sion of psychiatric disorders, often as a consequence of
domestic violence or other traumatic experiences [46].
And some other authors see these diseases as physical
consequences of unfulfilled social expectation, inequities,
or harsh environmental conditions [47-49]. The cold-
hot dichotomy associated with “coldness of the womb”
is a theory of disease etiology found in traditional health
systems of indigenous groups in the Americas, Africa,
Europe and Asia [40]. The concept is complicated by the
relative independence from temperature as understood
in conventional medicine [50]. Recent reports suggest an
association, however, between this indigenous classifica-
tion of diseases and physical responses to chemical stim-
uli of medicinal plants for their treatment [51].

Traditional midwives promote male involvement and
increase family and community support for women.
Supporting them in this role can use existing cultural
dynamics to promote positive change, for example to
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decrease domestic violence [52]. Reducing the role of
traditional midwives to “birth attendants” ignores the
crucial fact that they also work as counselors of women,
men, families and communities in general. Even those
who advocate replacing traditional midwives with practi-
tioners trained in conventional medicine acknowledge it
is worth keeping positive aspects of their role: “the sense
of caring, the human approach, and the response to cul-
tural and spiritual needs” [53].

The map of protective factors also highlighted trad-
itional rituals of fertility and proper nourishment of
women. The health effects of traditional rituals remains
an unexplored field with significant methodological chal-
lenges, mainly associated with the multifactorial nature
of these interventions [5, 54], as we have explained be-
fore for the category of self-care practices. Poor nutrition
is an important concern for populations like those in
our study, who have a disproportionately lower income,
depend on subsistence agriculture, and have been dis-
placed to less productive land. Poor nutritional indica-
tors are common among indigenous communities [55],
which often suffer from structural inequities [56]. Cul-
tural continuity and preservation of local resources, both
goals of a culturally safe approach, can improve food se-
curity among indigenous groups [57].

Strengths and limitations

The advantages of FCM are several. It takes only a short
time necessary to summarize a lot of information. The
graph language facilitates data collection, analysis, and
interpretation across cultural, language and educational
barriers, and it is easily adjusted for different knowledge
systems [20]. It can take into account complex socio-
cultural mechanisms that effect the well-being of
women, offspring and communities [33]. It is easy to
share knowledge in an accessible form to facilitate dis-
cussion with others and can facilitate intercultural dia-
logue [19] to improve the interface of indigenous
communities with conventional medicine.

In research, fuzzy cognitive mapping helps to
summarize participant views of causality. The maps can
identify theories of change and frame hypotheses for em-
pirical research and decision making. The bigger project
with indigenous communities in southern Guerrero used
a parallel group randomized controlled trial to test some
of the causal relationships in the maps, particularly the
influence of traditional midwifery on health outcomes
[17]. The maps also opened opportunities for evidence-
based conversations to deepen our understanding of the
factors involved in safe birth [58].

One risk category defined with the midwives to consoli-
date the maps turned out to be larger than other categories
and it included what seemed like heterogeneous factors. At
first glance, for example, “coldness of the womb” seems
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very different from “hemorrhage”. But for traditional mid-
wives hemorrhage is the outcome of coldness and it can
lead to the death of a woman. Category maps are models of
individual concepts generalized to a larger scale, which sim-
plify the contents to facilitate communication. But scale
matters, and interpretation of maps has to follow the level
of generalization of the model [59]. We cannot assume that
relationships between categories apply equally to all the fac-
tors within those categories. Doing so would constitute a
cross-level fallacy [59, 60]. It is possible to unpack aggre-
gated category maps by going back to the transitive closure
maps to identify specific paths through which individual
factors influence each other.

Interpretation across languages is a challenge in most
intercultural settings, especially when full translation is
not practical (as in a group discussion). As researchers, we
made several assumptions during the thematic classifica-
tion of factors and the overall weight assigned to the maps
from the two groups to calculate the weighted average.
We documented these assumptions so their impact in the
analysis can be assessed. Member checking with the au-
thors of the maps encouraged us to believe that researcher
assumptions during the analysis did not contradict the
meaning of the information the traditional midwives pro-
vided. The mapping exercise took place in the context of
years of work and trust building with the communities
concerned, and it was greatly helped by the involvement
of local personnel with skills and experience in intercul-
tural dialogue. Implementing a similar exercise in settings
without a history of collaboration would be challenging.

Conclusions
Fuzzy cognitive mapping provided a robust way to
summarize and to value the complex knowledge of indi-
genous midwives. In our example, the maps identified
locally relevant cultural concepts related to maternal
health in Guerrero State. Better understanding of these
could promote collaboration and help to defuse dis-
agreements between conventional health services and in-
digenous communities; thus, increasing the effectiveness
of perinatal care in those disadvantaged communities.
More broadly, fuzzy cognitive mapping is a tool for indi-
genous and other marginalized communities to communi-
cate their way of seeing things to health authorities and to
open discussions about health initiatives. In combination
with maps from other sources, such as researchers or pub-
lished literature, the maps can be used to develop compos-
ite theories of change. They can identify key factors for
inclusion in questionnaires and to frame health outcomes
and weight stakeholder prior beliefs to serve in Bayesian
analysis. From clarifying the causal concepts through to
formal statistical analysis, fuzzy cognitive mapping helps
to build the voices of indigenous participants into modern
health research.



Sarmiento et al. BMC Medical Research Methodology (2020) 20:125

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512874-020-00998-w.

Additional file 1. Adjacency matrix of the final map showing categories
of risk factors for maternal health in the South of Guerrero.

Additional file 2. Adjacency matrix of the final map showing categories
of protective factors for maternal health in the South of Guerrero.

Abbreviations
CIET: Centro de Investigacién de Enfermedades Tropicales; FCM: Fuzzy cognitive
mapping

Acknowledgements

The traditional midwives generously have shared their knowledge
throughout the research process. Their commitment to women'’s health in
their communities will remain an inspiration beyond the limits of this
research. Abraham de Jesus Garcia, Nadia Maciel and German Zuluaga
supported the interpretation of results. Abraham de Jesus Garcia and Nadia
Maciel Paulino generously served as intercultural brokers to facilitate the
dialogue with the indigenous communities. Dr. Mateja Sanja kindly advised
the mathematical aspects of the analysis. The participating traditional
midwives agreed to publication of their names in recognition of their
contribution. In Acatepec: Albina Francisco Dolores, Rafaela Santiago de
Jesus, Marcelina Linares Francisco, Marcela Jacinto Albina, Marfa Cayetano
Carmen, Cornelio Garcia Jesus, Julia Santiago Neri, Maria Florencia Ferrer,
Bernardino Basurto Sanchez, Marfa Morales Flores, Cleofas Basurto Sierra,
Ernesta Herndndez Sixto, Rutilia Candia Bernardo, Pascuala Herndndez
Espinosa, Maria Florencia Dolores, Sofia Santiago Elidia, Nieves Palmirez
Santiago and Maximina Dircio. In Xochistlahuaca: Cefia Crescencia De la Cruz,
Margarita Lépez Lopez, Tranquilina Lopez, Severa Maxima Rédmos, Rosa
Ramos Victoria, Marfa De los Santos Teresa, Natalia Lopez Granado, Catalina
Victoria De los Santos, Ancelma Santiago Lopez, Martina Martinez Lauro and
Concepcion Calista Agapito Flores.

Authors’ contributions

IS designed and conducted fieldwork, conducted the analysis and drafted
the first manuscript. SP developed the collaborative work with traditional
midwives and advised the field procedures. DL and AD provided advice for
the methods and interpretation of results. AC and NA supervised the
research process and guided the application of FCM. All the authors
contributed to the final version of the manuscript.

Funding

CONACyT, the National Council of Science and Technology of Mexico
funded the fieldwork in 2017 (PDCPN-2013-214858). The Faculty of Medicine
of McGill University and the Quebec Population Health Research Network
(QPHRN) provided support for fieldwork in 2017 and 2018, respectively. The
CelBa Foundation and the Canadian Institutes of Health Research funded the
work of lvan Sarmiento (201804HI9-406583-290461). The authors thank the
QPHRN for its contribution to the financing of this publication. The funders
had no role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Availability of data and materials

The datasets generated during or analyzed during the current study will be
available upon request from CIET. Before the information can be shared, the
requester will need to present a plan for data analysis. Also, the requester
will need to complete the procedure for ethical approval of the secondary
analysis in accordance with the procedures defined by the Ethics Board of
the Universidad Auténoma de Guerrero and the agreements with
communities to ensure the protection of the participants.

Ethics approval and consent to participate

The methods and procedures received ethical approval from all participating
communities (2015), the Ethics Committee of the Centro de Investigacidn de
Enfermedades Tropicales of the Universidad Auténoma de Guerrero (reference
2013-014), and McGill's Faculty of Medicine Institutional Review Board
(reference A06-B28-17B). Participants provided oral consent using predefined
formats authorized during the ethics reviews.

Page 14 of 16

Consent for publication

Participants authorized the publication of the results during the mapping
sessions. They confirmed this authorization on July 2018 during the member
checking sessions to review the results.

Competing interests
The authors declare that they have no competing interests.

Author details

1CIETfParticipatory Research at McGill, Faculty of Medicine, Department of
Family Medicine, McGill University, 5858 Chemin de la Cote des Neiges 3rd
floor, Montreal, Quebec H3S 171, Canada. “Centro de Investigacion de
Enfermedades Tropicales, Universidad Auténoma de Guerrero, Acapulco,
Mexico.

Received: 3 October 2019 Accepted: 28 April 2020
Published online: 19 May 2020

References

1. Jordan B. Birth in four cultures: a crosscultural investigation of childbirth in
Yucatan, Holland, Sweden, and the United States. 4. edicion. Long Grove:
Waveland Press; 1993.

2. Davis-Floyd R, Sargent C. Introduction: The anthropology of birth. En: Davis-
Floyd R, Sargent C, editores. Childbirth and authoritative knowledge: Cross-
cultural perspectives. Berkeley: University of California Press; 1997. p. 1-53.

3. King M, Smith A, Gracey M. Indigenous health part 2: the underlying causes
of the health gap. Lancet. 2009;374:76-85. https://doi.org/10.1016/S0140-
6736(09)60827-8.

4. Leonard SA, Main EK, Scott KA, Profit J, Carmichael SL. Racial and ethnic
disparities in severe maternal morbidity prevalence and trends. Ann
Epidemiol. 2019. https://doi.org/10.1016/J ANNEPIDEM.2019.02.007.

5. World Health Organization. General guidelines for methodologies on
research and evaluation of traditional medicine. Geneva: World Health
Organization; 2000. http://apps.who.int/medicinedocs/en/d/Jwhozip42e/.
Accedido 5 de abril de 2019.

6. Koblinsky M, Moyer CA, Calvert C, Campbell J, Campbell OMR, Feigl AB,
et al. Quality maternity care for every woman, everywhere: a call to action.
Lancet. 2016;388:2307-20. https://doi.org/10.1016/S0140-6736(16)31333-2.

7. Papps E, Ramsden I. Cultural safety in nursing: The New Zealand experience.
Int J Qual Heal care. 1996;8:491-7.

8. Chukwuneke FN, Ezeonu CT, Onyire BN, Ezeonu PO. Culture and biomedical
care in Africa: the influence of culture on biomedical care in a traditional
African society, Nigeria, West Africa. Niger J Med J Natl Assoc Resid Dr
Niger. 2012,21:331-3.

9. Chalmers B. Changing childbirth in Eastern Europe. Which systems of
authoritative knowledge should prevail? En: Davis-Floyd R, Sargent C,
editores. Childbirth and authoritative knowledge: Cross-cultural perspectives.
Berkeley: University of California Press; 1997. p. 263-283.

10.  World Health Organization. The world health report 2005: make every
mother and child count. Geneva: World Health Organization; 2005. http://
www.who.int/whr/2005/en/. Accedido 16 de febrero de 2017.

11. Stephens C, Porter J, Nettleton C, Willis R. Disappearing, displaced, and
undervalued: a call to action for indigenous health worldwide. Lancet. 2006;
367:2019-28. https://doi.org/10.1016/50140-6736(06)68892-2.

12. de Jesus-Garcia A, Paredes-Solis S, Valtierra-Gil G, FRS | S, Sénchez-Gervacio
BM, Ledogar RJ, et al. Associations with perineal trauma during childbirth at
home and in health facilities in indigenous municipalities in southern
Mexico: A cross-sectional cluster survey, BMC Pregnancy Childbirth. 2018;18:
198. https://doi.org/10.1186/512884-018-1836-8.

13. Meneses S, Pelcastre B, Vega M. Maternal mortality and the coverage,
availability of resources, and access to women'’s health services in three
indigenous regions of Mexico: Guerrero Mountains, Tarahumara Sierra, and
Nayar. (In) Schwartz DA, editor. Maternal death and pregnancy-related
morbidity among indigenous women of Mexico and Central America.
Cham: Springer International Publishing; 2018. p. 169-88. https.//doi.org/10.
1007/978-3-319-71538-4_9.

14.  World Health Organization. The promotion and development of traditional
medicine. Geneva: World Health Organization; 1978. https://extranetwho.
int/iris/restricted/bitstream/10665/40995/1/WHO_TRS_622.pdf. Accedido 20
de noviembre de 2013.


https://doi.org/10.1186/s12874-020-00998-w
https://doi.org/10.1186/s12874-020-00998-w
https://doi.org/10.1016/S0140-6736(09)60827-8
https://doi.org/10.1016/S0140-6736(09)60827-8
https://doi.org/10.1016/J.ANNEPIDEM.2019.02.007
http://apps.who.int/medicinedocs/en/d/Jwhozip42e/
https://doi.org/10.1016/S0140-6736(16)31333-2
http://www.who.int/whr/2005/en/
http://www.who.int/whr/2005/en/
https://doi.org/10.1016/S0140-6736(06)68892-2
https://doi.org/10.1186/s12884-018-1836-8
https://doi.org/10.1007/978-3-319-71538-4_9
https://doi.org/10.1007/978-3-319-71538-4_9
https://extranet.who.int/iris/restricted/bitstream/10665/40995/1/WHO_TRS_622.pdf
https://extranet.who.int/iris/restricted/bitstream/10665/40995/1/WHO_TRS_622.pdf

Sarmiento et al. BMC Medical Research Methodology

20.

21,

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

(2020) 20:125

International Council for Science. ICSU Series on science for sustainable
development No. 4: Science, traditional knowledge and sustainable
development. 2002. http://unesdoc.unesco.org/images/0015/001505/150501
eo.pdf. Accedido 18 de octubre de 2018.

Segato R. Una paradoja del relativismo: el discurso racional de la
Antropologia frente a lo sagrado. En: Gorbach F, Rufer M, editores. (In)
Disciplinar la investigacién: archivo, trabajo de campo y escritura. Mexico:
Grupo Editorial Siglo Veintiuno, Universidad Auténoma
MetropolitanaXochimilco; 2016. p. 25-62.

Sarmiento |, Paredes-Solis S, Andersson N, Cockcroft A. Safe birth and cultural
safety in southern Mexico: study protocol for a randomised controlled trial.
Trials. 2018;19:354. https//doi.org/10.1186/513063-018-2712-6.

Cameron M, Andersson N, McDowell |, Ledogar R. Culturally safe
epidemiology: oxymoron or scientific imperative. Pimatisiwin J Aborig Indig
Community Heal. 2010;8:89-116 https://www.ncbinlm.nih.gov/pmc/articles/
PMC2962656/. Accedido 7 de abril de 2020.

Pérez Ruiz ML, Argueta AV. Saberes indigenas y dialogo intercultural. Cult y
Represent Soc. 2011;AfR0 5:31-56. http://www.journals.unam.mx/index.php/
crs/article/view/24448.

Gray S, Zanre E, Gray SRJ. Fuzzy cognitive maps as representations of
mental models and group beliefs. (In) Papageorgiou El, editor. Fuzzy
cognitive maps for applied sciences and engineering. Berlin: Springer; 2014.
p. 29-48. https://doi.org/10.1007/978-3-642-39739-4_2.

Giles BG, Findlay CS, Haas G, LaFrance B, Laughing W, Pembleton S.
Integrating conventional science and aboriginal perspectives on diabetes
using fuzzy cognitive maps. Soc Sci Med. 2007;64:562-76. https://doi.org/10.
1016/j.s0cscimed.2006.09.007.

Dion A, Joseph L, Jimenez V, Gutierrez AC, Ben Ameur A, Robert E, et al.
Grounding evidence in experience to support people-centered health services.
Int J Public Health. 2018. https//doi.org/10.1007/500038-018-1180-9.

Kosko B. Hidden patterns in combined and adaptive knowledge networks.
Int J Approx Reason. 1988;2:377-93. https://doi.org/10.1016/0888-
613X(88)90111-9.

Gray S, Chan A, Clark D, Jordan R. Modeling the integration of stakeholder
knowledge in social-ecological decision-making: benefits and limitations to
knowledge diversity. Ecol Model. 2012,229:88-96. https://doi.org/10.1016/j.
ecolmodel.2011.09.011.

Ozesmi U, Ozesmi SL. Ecological models based on people’s knowledge: a
multi-step fuzzy cognitive mapping approach. Ecol Model. 2004;176:43-64.
https://doi.org/10.1016/j.ecolmodel.2003.10.027.

Sesia PM. "Women come here on their own when they need to": prenatal
care, authoritative knowledge, and maternal health in Oaxaca. Med
Anthropol Q. 1996;10:121-40.

Pigg SL. Authority in translation. Finding, knowing, naming, and training
«traditional birth attendants» in Nepal. En: Davis-Floyd R, Sargent CF,
editores. Childbirth and authoritative knowledge: Cross-cultural perspectives.
Berkeley: University of California Press; 1997. p. 233-262.

yWorks. yEd Graph Editor Manual. https://yed.yworks.com/support/manual/
index.html. Accedido 16 de junio de 2016.

Niesink P, Poulin K, Sajna M. Computing transitive closure of bipolar
weighted digraphs. Discret Appl Math. 2013;161:217-43. https://doi.org/10.
1016/J.DAM.2012.06.013.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3:77-101. https://doi.org/10.1191/1478088706qp0630a.

Saldafia J. The coding manual for qualitative researchers. Los Angeles: Sage
Publications Inc; 2016. https.//www.sagepub.com/sites/default/files/upm-
binaries/24614_01_Saldana_Ch_01.pdf. Accedido 26 de abril de 2019.

Birt L, Scott S, Cavers D, Campbell C, Walter F. Member Checking: A Tool to
Enhance Trustworthiness or Merely a Nod to Validation? Qual Health Res.
2016;26:1802-11. https://doi.org/10.1177/1049732316654870.

Kennedy HP, Cheyney M, Dahlen HG, Downe S, Foureur MJ, Homer CSE,

et al. Asking different questions: a call to action for research to improve the
quality of care for every woman, every child. Birth. 2018;45:222-31. https://
doi.org/10.1111/birt.12361.

Raman S, Nicholls R, Ritchie J, Razee H, Shafiee S. Eating soup with nails of pig:
thematic synthesis of the qualitative literature on cultural practices and beliefs
influencing perinatal nutrition in low and middle income countries. BMC
Pregnancy Childbirth. 2016;16:192. https://doi.org/10.1186/512884-016-0991-z.
Raman S, Nicholls R, Ritchie J, Razee H, Shafiee S. How natural is the
supernatural? Synthesis of the qualitative literature from low and middle
income countries on cultural practices and traditional beliefs influencing

36.

37.

38.

39.

40.

41.

42,

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Page 15 of 16

the perinatal period. Midwifery. 2016;39:87-97. https://doi.org/10.1016/j.
midw.2016.05.005.

Withers M, Kharazmi N, Lim E. Traditional beliefs and practices in pregnancy,
childbirth and postpartum: a review of the evidence from Asian countries.
Midwifery. 2018;56:158-70. https://doi.org/10.1016/j.midw.2017.10.019.
Aziato L, Omenyo CN. Initiation of traditional birth attendants and their
traditional and spiritual practices during pregnancy and childbirth in Ghana.
BMC Pregnancy Childbirth. 2018;18. https://doi.org/10.1186/512884-018-1691-7.
Selin H, Stone PK. Introduction. En: Selin H, editor. Childbirth Across
Cultures. Dordrecht: Springer Netherlands; 2009. p. 1. doi:https://doi.org/10.
1007/978-90-481-2599-9.

Dennis C-L, Fung K, Grigoriadis S, Robinson GE, Romans S, Ross L.
Traditional postpartum practices and rituals: a qualitative systematic review.
Womens Heal. 2007;3:487-502. https://doi.org/10.2217/17455057.3.4.487.
Logan MH. Selected references on the hot-cold theory of disease. Med
Anthropol Newsl. 1975,6:8-14 http://wwwjstor.org/stable/647601.
Grigoriadis S, Robinson GE, Fung K, Ross LE, Chee C, Yin |, Dennis C-L, et al.
Traditional postpartum practices and rituals: clinical implications. Can J
Psychiatr. 2009;54:834-40. https://doi.org/10.1177/070674370905401206.
Hovey R, Delormier T, McComber A, Lévesque L, Martin D. Enhancing
indigenous health promotion research through two-eyed seeing: a
hermeneutic relational process. Qual Health Res. 2017,27:1278-87. https://
doi.org/10.1177/1049732317697948.

Hall BL, Tandon R. Decolonization of knowledge, epistemicide, participatory
research and higher education. Res All. 2017;1:6-19. https//doi.org/10.
18546/RFA.01.1.02.

Santos BDS. Epistemologfas del Sur. Siglo XXI: México; 2009.

Caban A, Walker EA. A systematic review of research on culturally relevant
issues for Hispanics with diabetes. Diabetes Educ. 2006;32:584-95. https://
doi.org/10.1177/0145721706290435.

Castaldo M. Susto: etiology of mental disorders in mothers and children in
Mexico. J Pregnancy Child Heal. 2015;02. https://doi.org/104172/2376-127X.
1000206.

Gross T. Letting the air out: Aire as an empty signifier in Oaxacan
understandings of illness. Cult Med Psychiatry. 2016;40:707-25. https://doi.
0rg/10.1007/511013-016-9501-z.

Mysyk A. Susto: an illness of the poor. Dialect Anthropol. 1998,23:187-202
http://www jstor.org/stable/29790573.

Rubel AJ. The epidemiology of a folk illness: Susto in Hispanic America.
Ethnology. 1964;3:268-83.

Zhao Y-L, Wang J-B, Xiao X-H, Zhao H, Zhou C, Zhang X, et al. Study on the cold
and hot properties of medicinal herbs by thermotropism in mice behavior. J
Ethnopharmacol. 2011;133:980-5. https//doi.org/10.1016/}jep.2010.09014.

Geck MS, Cabras S, Casu L, Reyes Garcia AJ, Leonti M. The taste of heat:
how humoral qualities act as a cultural filter for chemosensory properties
guiding herbal medicine. J Ethnopharmacol. 2017;198:499-515. https://doi.
org/10.1016/},jep.2017.01.027.

Turinawe EB, Rwemisisi JT, Musinguzi LK, de Groot M, Muhangi D, de Vries
DH, et al. Traditional birth attendants (TBAs) as potential agents in
promoting male involvement in maternity preparedness: insights from a
rural community in Uganda. Reprod Health. 2016;13:24. https://doi.org/10.
1186/512978-016-0147-7.

World Health Organization, The United Nations Children’s Emergency Fund,
United Nations Population Fund. Traditional birth attendants: a joint WHO/
UNFPA/UNICEF statement. Geneva: World Health Organization; 1992. http://
www.who.int/iris/handle/10665/38994. Accedido 19 de enero de 2019.
Zuluaga G, Andersson N. Initiation rites at menarche and self-reported
dysmenorrhoea among indigenous women of the Colombian Amazon: a
cross-sectional study. BMJ Open. 2013;3:e002012. https://doi.org/10.1136/
bmjopen-2012-002012.

Anderson |, Robson B, Connolly M, Al-Yaman F, Bjertness E, King A, et al.
Indigenous and tribal peoples’ health (The Lancet-Lowitja Institute Global
Collaboration): a population study. Lancet. 2016;388:131-57. https.//doi.org/
10.1016/50140-6736(16)00345-7.

de Graaf JP, Steegers EAP, Bonsel GJ. Inequalities in perinatal and maternal
health. Curr Opin Obstet Gynecol. 2013;25:98-108. https://doi.org/10.1097/
GCO.0b013e32835ec9h0.

Kuhnlein HV, Erasmus B, Spigelski D, Food and Agriculture Organization of
the United Nations, McGill University. Centre for Indigenous Peoples’
Nutrition and Environment. Indigenous peoples’ food systems: the many
dimensions of culture, diversity and environment for nutrition and health.


http://unesdoc.unesco.org/images/0015/001505/150501eo.pdf
http://unesdoc.unesco.org/images/0015/001505/150501eo.pdf
https://doi.org/10.1186/s13063-018-2712-6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962656/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2962656/
http://www.journals.unam.mx/index.php/crs/article/view/24448
http://www.journals.unam.mx/index.php/crs/article/view/24448
https://doi.org/10.1007/978-3-642-39739-4_2
https://doi.org/10.1016/j.socscimed.2006.09.007
https://doi.org/10.1016/j.socscimed.2006.09.007
https://doi.org/10.1007/s00038-018-1180-9
https://doi.org/10.1016/0888-613X(88)90111-9
https://doi.org/10.1016/0888-613X(88)90111-9
https://doi.org/10.1016/j.ecolmodel.2011.09.011
https://doi.org/10.1016/j.ecolmodel.2011.09.011
https://doi.org/10.1016/j.ecolmodel.2003.10.027
https://yed.yworks.com/support/manual/index.html
https://yed.yworks.com/support/manual/index.html
https://doi.org/10.1016/J.DAM.2012.06.013
https://doi.org/10.1016/J.DAM.2012.06.013
https://doi.org/10.1191/1478088706qp063oa
https://www.sagepub.com/sites/default/files/upm-binaries/24614_01_Saldana_Ch_01.pdf
https://www.sagepub.com/sites/default/files/upm-binaries/24614_01_Saldana_Ch_01.pdf
https://doi.org/10.1177/1049732316654870
https://doi.org/10.1111/birt.12361
https://doi.org/10.1111/birt.12361
https://doi.org/10.1186/s12884-016-0991-z
https://doi.org/10.1016/j.midw.2016.05.005
https://doi.org/10.1016/j.midw.2016.05.005
https://doi.org/10.1016/j.midw.2017.10.019
https://doi.org/10.1186/s12884-018-1691-7
https://doi.org/10.1007/978-90-481-2599-9
https://doi.org/10.1007/978-90-481-2599-9
https://doi.org/10.2217/17455057.3.4.487
http://www.jstor.org/stable/647601
https://doi.org/10.1177/070674370905401206
https://doi.org/10.1177/1049732317697948
https://doi.org/10.1177/1049732317697948
https://doi.org/10.18546/RFA.01.1.02
https://doi.org/10.18546/RFA.01.1.02
https://doi.org/10.1177/0145721706290435
https://doi.org/10.1177/0145721706290435
https://doi.org/10.4172/2376-127X.1000206
https://doi.org/10.4172/2376-127X.1000206
https://doi.org/10.1007/s11013-016-9501-z
https://doi.org/10.1007/s11013-016-9501-z
http://www.jstor.org/stable/29790573
https://doi.org/10.1016/j.jep.2010.09.014
https://doi.org/10.1016/j.jep.2017.01.027
https://doi.org/10.1016/j.jep.2017.01.027
https://doi.org/10.1186/s12978-016-0147-7
https://doi.org/10.1186/s12978-016-0147-7
http://www.who.int/iris/handle/10665/38994
http://www.who.int/iris/handle/10665/38994
https://doi.org/10.1136/bmjopen-2012-002012
https://doi.org/10.1136/bmjopen-2012-002012
https://doi.org/10.1016/S0140-6736(16)00345-7
https://doi.org/10.1016/S0140-6736(16)00345-7
https://doi.org/10.1097/GCO.0b013e32835ec9b0
https://doi.org/10.1097/GCO.0b013e32835ec9b0

Sarmiento et al. BMC Medical Research Methodology

58.

59.

60.

(2020) 20:125

Rome: Food and Agriculture Organization of the United Nations; 2009.
http://www.fao.org/docrep/012/i0370e/i0370e00.htm. Accedido 5 de marzo
de 2020.

Sarmiento |, de Jesus-Garcia A, Paredes-Solis S, et al. Indigenous factors
relevant for Safe Birth in Cultural Safety among Nancue fiomndaa
communities in Guerrero, Mexico: Protocol of a qualitative study based on
conversations. Int J Indig Heal. 2019;14:7-18. https://doi.org/10.32799/ijih.
v14i2.31946.

Montello DR. Scale in geography. En: International Encyclopedia of the
Social & Behavioral Sciences. Elsevier; 2015. p. 1-3. https://www.
sciencedirect.com/referencework/9780080970875/international-
encyclopedia-of-the-social-and-behavioral-sciences#book-info.

Harary F, Norman RZ, Cartwright D. Structural models: an introduction to
the theory of directed graphs. New York SE - ix, 415 pages illustrations 24
cm: Wiley; 1965.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.fao.org/docrep/012/i0370e/i0370e00.htm
https://doi.org/10.32799/ijih.v14i2.31946
https://doi.org/10.32799/ijih.v14i2.31946
https://www.sciencedirect.com/referencework/9780080970875/international-encyclopedia-of-the-social-and-behavioral-sciences#book-info
https://www.sciencedirect.com/referencework/9780080970875/international-encyclopedia-of-the-social-and-behavioral-sciences#book-info
https://www.sciencedirect.com/referencework/9780080970875/international-encyclopedia-of-the-social-and-behavioral-sciences#book-info

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Drawing the maps
	Analysis of the maps

	Results
	Risk factors
	Protective factors

	Discussion
	Strengths and limitations

	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

