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Background

Shoulder to Shoulder Global (STSG) recognizes anemia as a cause of morbidity among
patients in Santo Domingo, Ecuador. Little research has been done to assess targetable
anemia risk factors to serve as a foundation for future pharmacotherapeutic
interventions. This study sought to characterize anemia in this population to lay the

foundation for future preventive intervention.

Methods

Cross-sectional data obtained from existing clinic records from 2010 to 2016 included
hemoglobin/hematocrit, age, sex, pregnancy status, and respective community.
Chi-square compared means to examine risk factors associated with anemia. Logistic
regression and odds ratios (OR) were used to estimate risk factors associated with

anemia.

Results

Of the 1145 (86.2%) subjects with complete data for analysis, 67.2% were female, 33%
were children under five, 1.6% were pregnant, and 42.8% were anemic. Subjects were
distributed throughout the seven communities with 11.2% presenting from an indigenous
community. Risk factors for anemia were age <5 years and presenting from the
communities of Plan de Vivienda, Los Naranjos, or El Bua. Neither sex nor pregnancy
were significantly associated risk factors with anemia.

Conclusions

Risk factors for anemia in this population have not previously been determined. In this
study, risk factors were age group <5 years and presentation from three different
communities. This study pioneered the use of an electronic medical record database in
this setting. A limitation of the study is its observational cross-sectional design with a
study population that allows for selection bias. Additional research should evaluate the
effectiveness of STSG health interventions on anemia.

Shoulder to Shoulder Global (STSG) is a global health
initiative seeking to improve the health and well-being of
impoverished and underserved communities worldwide. In
Santo Domingo, urban crowding has resulted in the forma-
tion of cooperativas or barrios generally located on the out-
skirts of the city.! Many of these communities lack elec-
tricity, developed water sources, sanitation, and access to
healthcare.? In 2002, STSG established partnerships with
community health organizations in the area to work toward
a sustainable impact on healthcare. Nearly two decades
have passed and STSG has grown exponentially. In 2007,
a clinic, Centro de Salud Hombro a Hombro (CSHH), was

opened in the cooperativa of Carlos Ruiz Burneo to provide
primary care, pharmacy services, oral health services, and
preventative health workshops to the surrounding area.l
The Fundacion Hombro a Hombro was established with US
and Ecuadorian board members to enact financial opera-
tions on behalf of CSHH. In line with its vision to support
the local community, the foundation employs local staff at
the CSHH with the support of STSG to provide healthcare
to nearly 50 patients per day. The clinic serves about 20,000
people from the barrios of Carlos Ruiz Burneo, Plan de
Vivienda, and Luz del Dia.
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While the CSHH has served the community for over a
decade, STSG continues to provide support to the clinic
in the form of interprofessional short-term experiences in
global health (STEGHS). Interprofessional STEGHs began in
2008 with the aim to provide acute care to patients and
refer more extensive or chronic health problems back to
CSHH.! Additionally, STSG partnered with Timmy Global
Health (TGH) which provided monetary, technologic, and
human capital support to the STEGHs. Throughout each
academic year, health professionals and students from
communication sciences and disorders, dentistry, educa-
tion, Hispanic studies, medicine, nursing, pharmacy, phys-
ical therapy, physician assistant studies, psychology, and
public health travel to Santo Domingo, Ecuador for STEGHs
in March, May, June, and August.! The STEGH teams work
together to supplement existing healthcare efforts to pa-
tients across various sites in Santo Domingo and the sur-
rounding area. In 2010, TGH implemented an electronic
medical record (EMR), TimmyCare (Timmy Global Health,
Indianapolis), in the CSHH clinic, which is also used by the
STEGHSs. Through the use of a local intranet, TimmyCare
allows clinic staff and STEGH volunteers to follow a patient
from registration at reception to discharge at the pharmacy.
The implementation of an EMR has allowed for improved
efficiency, accuracy of patient care, and systematic data in-
quiry for research purposes.

A large majority of patients served by CSHH present
from peri-urban communities. As STSG has continued to
develop, CSHH has formed partnerships with the indige-
nous Tsdchila people who live in small, isolated rural com-
munities outside city limits with little access to healthcare
(Figure 1).! However, through partnerships with Tsdchila
community leaders, STSG and TGH are able to reach these
communities at least three times per year to provide health
services. While the STEGHs provide health screenings and
healthcare to patients in the community away from the
clinic, the goal is to establish relationships with these pa-
tients and refer them to CSHH in order to provide care for
chronic conditions and improve continuity of care. Despite
these efforts, many patients presenting to the STEGHs from
the Tsdchila communities continue to report that their only
access to healthcare is via STEGH.1:3 With the assistance of
STEGHs, the CSHH has realized one of the most common
chronic diseases for the people of Santo Domingo and the
Tsdchila community is anemia.

Globally, anemia is considered the most common nutri-
tional deficiency affecting approximately a quarter of the
world population, especially children and women of repro-
ductive age.? Iron deficiency is one of the most common
causes of anemia.* Severe anemia is associated with fa-
tigue, weakness, dizziness, and drowsiness.> Pregnant
women and children are most vulnerable to the deleterious
effects of anemia. For the developing fetus, major risks of
anemia include preterm birth and low birth weight.46 In
children, anemia can negatively affect cognitive develop-
ment, school performance, growth, and immunity.” Accord-
ing to the World Health Organization (WHO), Ecuador is
classified as moderate to severe with regard to level of pub-
lic health significance for anemia.> Per the WHO, the es-

timated percentage of Ecuadorian children, non-pregnant
women, pregnant women, and all women of reproductive
age with anemia are 40%, 24%, 29%, and 24%, respec-
tively.> The Ecuadorian Ministry of Health provides clas-
sifications for anemia.8 However, this guide only includes
anemia ranges for pregnant women that coincides with the
guidance from the WHO.8° However, these country-level
data are insufficient to develop a targeted anemia interven-
tion strategy in the communities served by STSG and CSHH.

While STSG continues to aid the CSHH by allocating
funds and other resources for nutritional supplements, lit-
tle has been done to characterize specific risk factors for
anemia in this population. Previous efforts to improve ane-
mia via iron supplementation have been unfocused with
questionable evidence of benefit. The objective of this study
is to provide demographic information for the anemic pop-
ulation and determine specific risk factors for anemia at
STSG STEGHs and the CSHH clinic in order to take action-
able steps for iron supplementation or other interventions
in the future. It is hypothesized that higher incidence rates
for anemia will be seen among women and subjects from
indigenous communities.

METHODS
POPULATION

This retrospective, cross-sectional study was declared ex-
empt by the University of Kentucky Institutional Review
Board. Due to limited resources and cost considerations for
the CSHH, only subjects from 1 to 6 years of age, female
subjects greater than 12 years of age, or any subject with
clinical signs of anemia were routinely screened in accor-
dance with standard clinic protocol. In order to determine
anemia status, hemoglobin (Hgb) levels were measured via
capillary blood obtained with one-way lancets fitted to an
ACCU-CHEK® lancing device (Roche; Mannheim, Germany)
and analyzed using portable HemoCue Hb 201+ hemoglo-
binometers (HemoCue America; A ~ngelholm, Sweden). If
Hgb levels were unattainable due to instrument malfunc-
tion or maintenance, hematocrit (HCT) concentrations
were obtained. All HCT concentrations were converted to
Hgb equivalents for data analysis by dividing the HCT con-
centration by three.? Subjects were considered anemic if
they met mild anemic status with hemoglobin levels consis-
tent with the WHO Anemia Definitions for their age group
and, if adult, sex.8° Subjects were grouped into their re-
spective communities from which they presented to the
STEGH or the CSHH. Duplicate patient information after
the first encounter was removed by excluding duplicate
subject encounters.

MEASURES

To extract the data, TimmyCare was queried for patient de-
mographics, including patient and visit identification num-
ber, age, sex, pregnancy status, and community location.
The seven community locations included Laura Flores, Plan
de Vivienda, CSHH, Los Naranjos, 9 de Marzo, El Baa, and
Congéma. The communities of Los Naranjos, El Bua, and
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Figure 1. Tsdchila Communities Served by the Centro de Salud Hombro a Hombro in Santo Domingo, Ecuador.

Los Naranjos, El Bta, and Congéma are indigenous Tsachila communities.

Congéma are predominantly comprised of indigenous
Tsdchila people and located furthest from the CSHH (Figure
1). TimmyCare assisted in harvesting further information
pertinent to anemia diagnoses, including Hgb level or HCT
concentrations. Data from all subjects who received Hgb or
HCT testing from January 1, 2010 to August 31, 2016 were
compiled. No subjects were excluded based on age, sex, or
race.

STATISTICAL ANALYSES

Univariable and bivariable analyses were conducted using
Chi-squared tests or Fisher’s exact tests, when appropriate,
to describe the distribution of subject characteristics. De-
mographic characteristics, location, and year at data collec-
tion were considered in the analysis. Odds ratios (OR) and
95% confidence intervals (CI) were calculated via logistic
regression. Logistic regression analysis to identify factors
associated with anemia was conducted with SAS software
version 9.4. Backward elimination was used to generate the
final predictive model. In addition, a stratified analysis was
conducted to evaluate whether factors associated with ane-
mia differed by sex.

RESULTS

Data from a total of 1328 subjects were collected, which re-
flects all subjects with hemoglobin levels recording during

the study period. Of the 1328 subjects initially screened,
1145 (86.2%) were unique subject encounters. Within the
unique subject population, 67.2% were female, 33% were
children under five, 1.6% were pregnant, and 42.8% were
anemic. Over 42% of anemic subjects were younger than
the age of five compared with only 26% of non-anemic
subjects. Subjects were distributed throughout the seven
communities with 11.2% presenting from an indigenous
community. Demographic characteristics of the study pop-
ulation are further summarized in Table 1. Figure 2 depicts
row percentages for each of the variables tested in this
study for anemia in order to demonstrate the effect of ane-
mia within each group. When subjects with anemia were
compared to subjects without anemia via Chi-square analy-
sis, a statistically significant result was seen for age group
(p<0.001) and location (p<0.005).

The final logistic regression model generating the odds
ratios of anemia with a number of covariates including age,
sex, pregnancy status, and community location is included
in Table 2. The subjects from Congéma were excluded from
the logistic regression due to the low sample size for this
location (n=5). The youngest subjects (<5 years of age) had
1.46 times the odds of anemia compared to the oldest age
group (>15 years of age) (95% CI [1.17, 1.82]). Additional
groups with greater odds for anemia presented from the
communities of Plan de Vivienda (OR = 1.36; 95% CI [1.09,
1.69]), Los Naranjos (OR = 1.5; 95% CI [1.04, 2.17]), or El
Baa (OR =1.61; 95% CI [1.12, 2.32]). Neither female sex (OR
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Table 1. Selected demographics of anemic and non-anemic populations of Santo Domingo, Ecuador (2010 -

2016).
Total, n (%) Anemic, n (%) n=490 Non-Anemic, n (%) n=655
n=1145 (42.8) (57.2) p-value
Visit Year
2013 51(4.45) 21(4.29) 30(4.58)
2014 472 (41.22) 179 (36.53%) 293(44.73) 0.824
2015 622 (54.32) 290(59.18) 332(50.69)
Age Group (years)
1)<5 378 208 (55.0) 170 (45.0)
2)>5<11 238 85(35.7) 153(64.3)
3) 12.00 - 14.99 67 21(31.3) 46 (68.7) 0.00000008531
4) 215.00 462 176 (38.1) 286 (61.9)
Sex
female 770 320(41.6) 450(58.4) 0,938
male 375 170(45.3) 205 (54.7)
Pregnancy Status
pregnant females 18 8(44.4) 10 (55.6)
non-pregnant 0.801
females 752 312 (41.49) 440 (58.51)
Community Location
Laura Flores 141 52(36.9) 89(63.1)
Plan de Vivienda 281 146 (52.0) 135 (48.0)
CSHH 501 183(36.5) 318 (63.5)
Los Naranjos® 62 34 (54.8) 28(45.2) 0.000043
9 de Marzo 94 39(41.5) 55(58.5)
El Bua© 61 35(57.4) 26(42.6)
Congéma‘ 5 1(20.0) 4(80.0)

a. Column percentages are in parentheses.
b. Boldface indicates statistical significance (p<0.001).
c. Indigenous Tsdchila communities.

=1.02; 95% CI [0.83, 1.25]) nor pregnancy status (OR = 1.25;
95% CI [0.61, 2.54]) were statistically significant for ane-
mia per the model (Table 2). Additionally, age groups 2 and
3 had lower odds of anemia. However, neither age group 2
(OR =0.94; 95% CI [0.72, 1.23]) nor age group 3 (OR = 0.84;
95% CI [0.53, 1.32]) were statistically significant the per the
logistic regression model.

When controlling for male sex, the first age group (<5
years of age) had 5.61 times the odds of anemia compared
to the oldest age group (>15 years of age) (95% CI [2.62,
12]). Only one location yielded statistically significant odds
of anemia within the male population, Plan de Vivienda
(OR = 1.77, 95% CI [1.03, 3.04]). Similar results were re-
flected in the female population as well resulting in 1.48
times the odds of anemia in the first age group compared to
the oldest age group (95% CI [1.03, 2.13]). Females present-
ing from Los Naranjos and El Baa had statistically higher
odds of anemia when compared to CSHH (OR = 2.27, 95% CI
[1.2, 4.31] and OR = 2.5, 95% CI [1.36, 4.63], respectively).
Among the female subgroup analysis, pregnancy status was
not a statistically significant predictor of anemia (OR =
0.72, 95% CI[0.27, 1.93]. Given a lack of statistically signif-

icant prediction for anemia in the pregnant female popu-
lation, additional analyses were performed. After reconfig-
uring the model to exclude male subjects, pregnancy was
again not a statistically significant predictor of anemia (OR
=1.39, 95% CI [0.52, 3.71)).

DISCUSSION

To the knowledge of the authors, this is the first study to
investigate risk factors for anemia among subjects living
in Santo Domingo, Ecuador, and the public health implica-
tions for risk-related factors. Several risk factors were found
to be associated with anemia in this population. Subjects
greater than five years of age were less likely to be anemic
than subjects less than five years of age. This finding is con-
sistent with WHO anemia estimates for Ecuador in 2011.5
Although a large proportion of the study population was
children, the adult male group likely reflects an element of
selection bias within this study.

This study demonstrated that males were more likely to
be anemic than females. However, sex was not a statisti-
cally significant predictor of anemia in the logistic regres-
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Figure 2. Row percentages for anemia with various stratifications in Santo Domingo, Ecuador (2010 - 2016).

a. Among the four age groups, age group 1 representing children less than five years were the largest percentage of the anemic population with a statistically higher incidence rate of

anemia in comparison to age group 4.

b. On the basis of sex, there was no statistically significant difference between male and female with regard to anemia.

c. Positive pregnancy status, a known risk factor for anemia, did not produce a statistically significant difference for anemia.

d. The communities of Plan de Vivienda, Los Naranjos, and El Bua had statisticially significant higher incidence rates for anemia. Subjects from Congéma were excluded due to low
sample size. The communities of Congéma, El Bda, and Los Naranjos are indigenous Tsdchila communities.

Table 2. Logistic regression results with odds ratios for anemia from Santo Domingo, Ecuador (2010 - 2016).

Full Model Final Model

Variable OR 95% CI OR 95% CI
Age Group (years) (reference: 215.00)
1)0.50 - 4.99 146 (1.17,1.82) 2.00 (1.51-2.65)
2)5.00-11.99 0.94 (0.72,1.23)
3)12.00 - 14.99 0.84 (0.53,1.32)
Female Sex (reference: male) 1.02 (0.83,1.25) - -
Pregnancy (reference: non-pregnant) 1.25 (0.61,2.54) - -
Community Location (reference: CSHH)?
Laura Flores 0.98 (0.72,1.33) 0.95 (0.64-1.42)
Plan de Vivienda 1.36 (1.09, 1.69) 1.77 (1.31-2.40)
Los Naranjos® 1.50 (1.04,2.17) 217 (1.26-3.72)
9 de Marzo 121 (0.85,1.71) 1.37 (0.87-2.16)
El Bua® 1.61 (1.12,2.32) 251 (1.45-4.33)

a. The referent groups for age group and community location were age >15.00 and CSHH, respectively.

b. IRR = incidence rate ratio; Boldface indicates statistical significance.

c. Indigenous Tsdchila communities; The community of Congéma was excluded from the logistic regression model due to low sample size.
d. Full model: c-statistic=0.638, Hosmer-Lemeshow test p=0.0758; Final model: c-statistic=0.639, Hosmer-Lemeshow test p=0.131

sion model when adjusting for additional factors. According
to the WHO, all Ecuadorian women of reproductive age are
at moderate risk of anemia.> Large demographic differences
and potential selection bias in this study could account for

the apparent reduced risk of anemia for females in this pop-
ulation. Due to standard clinic and STEGH procedures, only
subjects from 1-6 years, only female subjects >12 years,
and any other subject with clinical concerns for anemia
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are screened for anemia. Given that women of reproduc-
tive age are frequently provided nutritional supplementa-
tion via prenatal vitamins, females may have an artificially
diminished prevalence of anemia. Due to this potential se-
lection bias, male subjects with a higher clinical suspicion
for anemia may have been tested with greater frequency re-
sulting in a falsely elevated prevalence of adult male ane-
mic subjects. Despite more females being routinely tested,
including a large majority of females who have a high clini-
cal probability of testing positive for anemia, selection bias
may account for the inability of the study to demonstrate
female sex, a known risk factor for anemia, as having a
higher risk of anemia.*

Pregnancy was also not a statistically significant predic-
tor of anemia in this study. A higher incidence of anemia
in this population was expected due to gestational iron de-
mands for fetal development.# However, prenatal supple-
ment use and/or low sample size in this population may
have affected the lack of statistical significance in this
study. Although STSG provides prenatal vitamin supple-
mentation to patients during clinic visits and STEGH en-
counters, the extent and impact of these interventions are
unknown. Despite this, up to 85% of Ecuadorian women ac-
cess prenatal healthcare less than once per month through-
out pregnancy.l® Given these results and the relatively
small number of pregnant subjects in this study, it is dif-
ficult to draw conclusions from this population. Additional
studies are required in order to determine the relationship
between anemia and specific risk factors for this popula-
tion.

Location was a statistically significant predictor of ane-
mia. Presenting from the communities of Plan de Vivienda,
Los Naranjos, or El Buia was associated with higher preva-
lence of anemia. Although subjects from indigenous
Tsdchila communities only comprised a small proportion
of the total population (11.2%), Los Naranjos and El Bla
accounted for two of the three communities with higher
risk of anemia. These communities are more rural, often
several miles from community centers, and lack access to
proper nutrition and routine healthcare.3 In contrast, Plan
de Vivienda is one of the most proximal community loca-
tions to CSHH. When selecting a site for the CSHH, commu-
nities were anecdotally assessed by STSG founders based on
which communities might have the highest level of health
disparity. Based on health disparity and many other logis-
tical factors (eg, centrality of the clinic to other locations
within the community, ease of access for STEGHs, etc), the
CSHH was strategically placed in an area that might ben-
efit most from additional healthcare services. The poverty
within this community severely limits access to basic re-
sources, such as nutritious food and clean water. Due to
the proximity of this community to CSHH, subjects from
Plan de Vivienda may be over-represented in this sample
because of the ease of access to the various STSG and TGH
STEGHSs. Previous work with CSHH shows approximately
33% of children in the first age group had evidence of devel-
opmental stunting as evidenced by height-for-age Z-scores
of -2.0 or worse (29 of 89 children), around 50% of
preschool children had stunting, and 25% had wasting (low

weight-for-age).3 While growth stunting can be caused by
low birth weight, other factors such as parasitic infection
can play a role in development.!! Although additional re-
search is required to clarify the relationship between para-
sitism and anemia in these communities.

LIMITATIONS

This study has several limitations. First, data input into
TimmyCare during patient registration could have poten-
tial errors because there are many volunteers who assisted
with registration of subjects during STEGHs and at CSHH.
Additionally, due to the non-profit nature of STSG and
TGH, laboratory collection resources are limited and many
adult subjects, particularly men, who received blood testing
for anemia may have had other symptoms of anemia, such
as fatigue, and been referred for testing by a healthcare
provider after preliminary examination. This could have
introduced a significant degree of selection bias into the
study. With regard to laboratory testing, subjects received
HCT and Hgb testing due to limitations of available instru-
mentation. Due to instrument maintenance and potential
for laboratory error in the clinic, it is possible that some
HCT concentrations or Hgb levels were falsely reported. Ad-
ditionally, there is data to suggest that it is impossible to
accurately convert HCT to Hgb, which may have resulted
in false reporting of anemia in subjects with only HCT
results.!?2 However, the conversion method described has
been historically accepted and is standard practice within
the clinic and on STEGHs. Additionally, only 49 data points
(4.1% of the sample) required conversion from HCT to Hgb.
This study is based on a convenience sample of subjects
within close proximity to the CSHH in Santo Domingo,
Ecuador in addition to the more remote Tsdchila commu-
nities. Thus, these results are not generalizable to a larger
population in Ecuador. Despite these limitations, this study
identifies risk factors associated with anemia in this popu-
lation that may allow STSG and its partners to make more
mindful pharmacotherapeutic and/or dietary interventions
in the future.

Anemia is an important public health issue due to po-
tential adverse effects on maternal and child health and
development.? There is little published research on geo-
graphical implications on anemia in low- and middle-in-
come South American countries, although there are likely
to be important public health implications of anemia given
the high prevalence and the possible additional effects of
poor diet or parasitic infection. Public health recommen-
dations include increasing access to sufficient iron supple-
mentation and providing health education messages that
increase awareness of the potentially adverse nutritional
consequences of poor diet.!3 Public health policies aimed at
improving rates of anemia should continue to support pro-
grams that provide iron supplementation and/or improve
access to iron-rich foods.
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CONCLUSIONS

In summary, this study identified two risk factors for ane-
mia in this population. Age less than five years or residing
in three of the observed communities were predictive of
anemia. These findings are of public health relevance and
will be the focus of greater targeted pharmaceutical and
educational efforts for STSG in the future. Although there
were many limitations to this study, especially potential se-
lection bias, the overall concept will assist in the formation
of a uniform strategy to develop education and intervention
programs to reduce the prevalence of anemia in these pop-
ulations in Santo Domingo. Health education programs led
by the CSHH and STEGHs should be explored as an entry
point to decrease the burden of anemia in peri-urban and
rural areas of Santo Domingo.
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