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Abstract
Air pollution is a common problem. Particulate matter generated from air
pollution has been tied to adverse health outcomes associated with cardiovascular
disease. Biomass fuels are a specific contributor to increased particulate matter and arise
as a result of indoor heating, cook stoves and indoor food preparation. This is a two part
cross sectional study looking at communities in the Madre de Dios region. Survey data
was collected from 9 communities along the Madre de Dios River. Individual level
household PM2.5 was also collected as a means to generate average PM data stratified by
fuel use. Data collection was affected by a number of outside factors, which resulted in a
loss of data. Results from the cross-sectional study indicate that hypertension is not a
significant source of morbidity. Obesity is prevalent and significantly associated with
kitchen venting method indicating a potential relationship.
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1. Introduction
Air pollution is a common problem. Most notably in large industrialized cities,
pollution can be seen and experienced by simply looking around and breathing in. The
effects of air pollution on the environment have been extensively researched, and
continue to be studied today. Experts report on depleted ozone levels and greenhouse
gas emissions. The media reports predicted outcomes from global warming and green
energy initiatives. Carbon footprint calculators and how-to guides to reducing emissions
are all ways the developed world has tried to raise awareness to the problem. The
creation of hybrid and all electric cars is a new subject being addressed by the auto
industry. What is less discussed are the health outcomes associated with air pollution.
The world simply knows that air pollution is bad. How bad is it?
The World Health Organization predicts that in 2012 alone, 7 million people died
as a result of air pollution exposure (WHO, 2014). These statistics are double what the
World Health Organization estimated in previous years. This new estimate is based on
increased knowledge of diseases caused by air pollution as well new measurements and
technology to better assess human exposure to air pollution. With these new
technologies, researchers have been able to conduct much more detailed analysis of risks
from both rural and urban areas (WHO, 2014). These new findings make air pollution
the single most deadly environmental health risk, meaning that collectively air pollution
is responsible for more deaths than any other environmental factor. Contributing to this
statistic are the effects of both indoor and outdoor air pollution. Of this 7 million figure,
1

approximately 4.3 million deaths can be attributed to indoor air pollution (WHO, 2014).
Figure 1 shows a flow chart describing air pollution types and causes.
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Figure 1 Air Pollution Framework

1.1 Indoor Air Pollution
Indoor air pollution is typically caused by the burning of biomass and fossil fuels
for the purpose of cooking and heating. The effects of other air pollutants, such as
second hand smoke from tobacco, are also a factor though it is harder to measure the
impact of these pollutants (Zhang & Smith, 2003). Indoor pollution due to cooking
typically happens when coal or biomass fuels are used. When burned, these types of fuel
have more incomplete combustion that leads to an increased production of particles and
the release of other chemicals such as carbon monoxide, nitrogen oxides and polycyclic
aromatic carbons, which are toxic to human health (Bruce, Rehfuess, Mehta, Hutton &
Smith, 2006). Cook stoves that use coal and biomass also inefficiently use energy. With
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low energy efficiency, more of the fuel type is needed to complete the cooking task,
leading to higher levels of pollution. Other fossil fuels, such as natural gas, liquefied
petroleum gas and kerosene as well as electricity can be used to heat and cook in the
home.
According to Zhang and Smith (2003), “gaseous fuels…emit substantially smaller
amounts of pollution, including particulate matter”. However, almost half of the worlds
population still uses coal and biomass fuels as the main fuel source for cooking and
heating (Bruce, Perez-Padilla, & Albalak, 2000). According to Bruce et al., (2006) about 3
million people use the aforementioned solid fuels. Of this number, approximately 2.4
billion people use biomass fuels and the leftover 600 million people rely on coal. This
coal usage is mostly localized in China. People that rely on biomass and coal tend to be
localized in lower socioeconomic settings and in Lower and Middle Income Countries
(LMICs). Looking at Peru, between 80%-90% of rural households rely on biomass fuels
to cook and heat (Bruce et al., 2006). In contrast, only between 10% and 20% of urban
Peruvian households use biomass fuels, the majority uses gas or electricity.

1.2 Particulate Matter
Particulate matter refers to a mixture of solid and liquid particles that hang
suspended in the air (United States Environmental Protection Agency, 2013 b). The
particles themselves can be made out of numerous types of chemicals and materials, all
depending on the process that emitted them. Particulate matter is measured in microns.
3

Large particles or those that measure between 10 and 2.5 microns in diameter are
classified as “coarse” particulates. Smaller particles, whose measurements fall less than
2.5 microns in diameter, are classified as “fine” (United States Environmental Protection
Agency, 2013 b). The notation for coarse particles is PM10, and the notation for fine
particles is PM2.5. Fine particles are what make up what we know as reduced visibility or
“haze” in industrialized cities (United States Environmental Protection Agency, 2013 c).
The smaller the particle the greater the health risks as smaller particles are able to
penetrate deep in the lungs upon inhalation and can even get into the bloodstream. This
can lead to many adverse health effects (United States Environmental Protection
Agency, 2013). Notably, inhalation of particles affects the lungs foremost and can cause
inflammation, reduced mucociliary clearance and impaired immune response (Bruce et
at., 2006). Mucociliary clearance is the Lung’s natural response to foreign particulates.
With reduced clearance, particles accumulate faster than they are cleared and lung
function can be impaired.

1.3 Health Outcomes
A wide range of negative health outcomes can occur from exposure to particulate
matter. As expected, inhaling extensive PM can lead to respiratory illnesses and lung
cancer (Armstrong & Campbell, 1991; Balakrishnan et al., 2002; Bruce, Neufeld, Boy, &
West, 1998; Pandey, 1984; Pandey, Boleij, Smith, & Wafula 1989; Robin et al., 1996;
Smith, Samet, Romiew, & Bruce 2000). PM exposure has also been linked to increased
4

prevalence of diabetes, chronic obstructive pulmonary disease (COPD), and
cardiovascular disease (Brook, 2007; Brook et al., 2010; Brunekreef et al., 2009; Lackland
et al., 2012; McCormack et al., 2015; Meo et al., 2015). Most notably, in 2004, the
American Heart Association published a report linking PM exposure to increased
morbidity and mortality from cardiovascular disease (CVD) (Brook et al., 2010). Since
then, extensive research has been conducted to quantify the effects of PM2.5 on CVD.
Findings have shown that even a short-term exposure to PM contributed to acute CVD
morbidity and mortality in both rural and urban areas (Brook et al., 2010). Additionally,
as expected, this translated into substantial reduction in life expectancy for long-term
exposure to PM. From a biological standpoint, the fine mechanisms behind this are still
being determined. However, several biological pathways have been deemed plausible
for PM instigation of CVD (Brook et al., 2010). For example, increased PM inhalation has
been shown to cause an inflammatory response in the lungs. This inflammatory
response can lead to the promotion of atherosclerosis, a condition that is related to CVD
(Brook et al., 2004).
Cardiovascular disease describes a large set of heart and blood vessel diseases.
These diseases are marked by the symptoms of heart valve problems, arrhythmia, heart
attack and stroke (Franchini & Mannucci, 2009). Increased blood pressure is related to
atherosclerosis, which dictates many of these symptoms. Atherosclerosis is a term that
describes the thickening of an arterial wall. If the walls of the major arteries become
5

obstructed, blood pressure will be increased. This blockage can also lead to blood clots
causing strokes and heart attacks (AMA, 2015). In this way, increased BP is related to
both issues of morbidity and mortality in patients suffering from CVD. Other risk factors
for CVD can be see in Figure 2 and include tobacco use, raised blood glucose levels
(diabetes, which is also influenced by PM), physical inactivity, unhealthy diet,
cholesterol/lipid levels and being overweight or obese (AMA, 2015). Research has also
pointed to obesity as being an effect modifier for increased BP in those exposed to PM
(Kannan et al., 2010). In the study, those participants categorized as obese had a higher
BP response when exposed to higher levels of PM than those that were not categorized
as obese. In each case, higher than usual BP was recorded but the effect was more
consistent in obese participants (Kannan et al., 2010).

Figure 2: Cardiovascular Disease Risk Factors
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Importantly for this study are the effects of indoor air pollution, which have also
been measured in relation to CVD. In a study in Guatemala, researchers concluded that
reducing exposure to elevated PM air pollution due to inefficient cook stoves was
associated with lowered systolic and diastolic blood pressure (McCracken, Smith, Díaz,
Mittleman, & Schwartz, 2007). This suggests that indoor air pollution is important to
CVD health outcomes, namely blood pressure. Focusing on CVD is important because
the World Health Organization (2015) estimated in 2012 that 17.5 Million people died
from CVD. This figure makes CVD the number 1 cause of death globally and represents
31% of all global deaths. Notably, over three fourths of CVD deaths occur in LMICs
(WHO, 2015).

1.4 Fuel Types
Assessing air pollution in the developing world can be challenging. For one,
measuring exposure to various PM levels can vary by location, time of day, weather,
fuel usage, smoking levels, trash burning etc. Different types of fuel produce different
levels of PM (Zhang & Smith 2003). Biomass fuels are organic in substance and are
derived from organic materials such as wood and crops, as well as animal wastes (Bruce
et al., 2013; Dickinson et al., 2015). This means that biomass fuels are renewable. Biomass
fuels can be converted into other forms of useable energy, such as biodiesel and ethanol,
but in developing nations they are typically used in their original form. In some
locations, biomass fuels are easy to come by and are preferred to fossil fuels because of
7

cost. Additionally, some areas may not have access to fossil fuels making biomass fuels
the only choice (Bruce et al., 2006).
Fossil fuels are derived from geological deposits of decaying organic materials and
are not considered a renewable source of energy. These include natural gas, coal,
petroleum and petroleum based fuels (Bruce et al, 2006). The use of coal is a major
contributor of PM to both outdoor and indoor air pollution, as its uses range from
industrial burning as well as indoor cooking and heating (Zhang & Smith, 2003).
However, some fossils fuels produce less PM than biomass fuels. For example, PM
emissions from the combustion of natural gas are markedly lower than PM generated by
the burning of biomass fuels (Brook et al., 2010). This implies that stoves using natural
gas will produce less PM than stoves using biomass fuels. Electric stoves would be the
cleanest in regards to indoor pollution, but it should be noted that to generate electricity
the use of an additional fuel source could contribute to pollution at the location of
electricity generation. While beneficial to reducing indoor PM pollution electric stoves
are not practical in areas where electricity is scarce or available.

1.5 Study Aims
The theoretical framework outlined in Figure 3 will be used to address the aims
of the study. The aims of this study are
1. To quantify the association between fuel type and CVD risk factors in the
Madre de Dios region of Peru using cross-sectional data from 19 river communities.
8

2. To measure household PM2.5 levels due to fuel combustion for food
preparation in (19) river communities in the Madre de Dios region of Peru using a crosssectional study design.

Figure 3: Theoretical Framework
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2. Methods
This was an exploratory study involving 2-5 households in 19 communities along
the Madre de Dios River. This study was nested in a cross-sectional study focusing on
environmental health outcomes in the Madre de Dios region. Aims were addressed in a
two-part study. To start, cross sectional survey data was analyzed and compared among
communities along the Madre de Dios River. This data was pulled from the larger
exploratory study. In this data, focus was placed on health outcomes that are associated
with CVD as well as type of fuel used for cooking. Basic anthropometric data was also
analyzed and used to generate other associated health outcomes such as BMI and Waist
to Hip ratios (WHR). These were used to assess obesity. The hypothesis is that CVD
associated health outcomes will be higher in households with greater exposure to PM as
measured by survey questions looking at fuel type, burning practices and kitchen
venting methods.
The second part of the study is to look specifically at PM levels at the household
level in communities along the river. The original larger study collected data from 2-5
households in 19 communities. River communities are hard to reach (some only
accessible by boat) and have diverse fuel usage. The air monitor will measure PM levels
as they relate to cooking habits. Generating PM levels will determine if indoor air
pollution is a consistent or large impact concern for the river communities. This data will
be collected along side survey data collection as part of the larger study. Houses will be
10

selected from the pre-selected households as dictated by the study design of the larger
study.

2.1 Settings
The Madre de Dios region of Peru is home to 106,036 people, as measured in
2007, and makes up a large section of the Peruvian Amazon (MINSA, 2007). Madre de
Dios, which translated means “Mother of God”, is a common phrase for “the Virgin
Mary” in Peru. The country is broken up into regions known as departments (like states)
(MINSA, 2007). The department of Madre de Dios has a high level of biodiversity and is
rich in flora and fauna (Brooks et al., 2006). About 70% of citizens are immigrants from
the neighboring regions of Cusco and Puno (Gardner, 2012). The area is also home to
many indigenous populations as well as home to some uncontacted populations, the
latter of which there is limited data due to the protected nature of uncontacted persons
in Peru (Pringle, 2014). Uncontacted populations refer to people that have had brief or
no contact with the outside world. Indigenous populations refer to people who were
present in Peru before the colonization of the Spanish.

2.1.1 Madre de Dios River
The Madre de Dios River runs through a large portion of the department of
Madre de Dios. Starting in Manu Park, it extends all the way to Puerto Maldonado, the
capital of Madre de Dios. From there, the Madre de Dios River extends across the
Bolivian border to the Beni River that eventually feeds into the Amazon River in Brazil.
11

Communities along this river are typically found right next to the shore, though some
are a little farther inland. All communities rely on the river as a food source and diets are
rich in fish. Transportation to some communities in Madre de Dios can be difficult.
Some communities along the river can only be accessed by boat; with others have access
through roads that originate from Cusco or Puerto Maldonado. Pollution in these areas
is likely due to localized burning (trash, agricultural wastes) and indoor because of
biomass fuels and natural gas. Figure 4 is a map of the communities labeled by access to
the river only or access to both the river and by road.

Figure 4 Map of Madre de Dios
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2.2 Survey Selection Procedures
This project is a small part of a larger epidemiological study looking at health
outcomes in the Madre de Dios region as a result of environmental factors. 19
communities along the River were preselected by Duke and Collaborators and were
separated by 4 strata that correspond to location and predicted population totals. From
here, households in the community were numbered and 10 were randomly selected. At
least 4 houses in each community were surveyed with a target of at least 20 persons
interviewed. People of all ages were surveyed. Houses were approached in order of the
random selection. If, after 10 houses were visited, not enough houses enrolled then an
additional 10 houses would be selected and the process would continue until at least 4
households or at least 20 people were enrolled. Participants were chosen based on
household level data. Those that were present at the time of data collection were
interviewed and surveyed. Household members were not required to participate in the
study and some opted out of more invasive health surveying.
IRB was obtained from Duke University and the U.S. Naval Medical Research
Unit 6 (NAMRU-6). The larger study is a collaborative project with the Peruvian
Ministry of Health (MINSA), the Regional Health Directorate of Madre de Dios
(DIRESA-MDD), the Peruvian Ministry of Environment (MINAM), NAMRU-6, and The
National Center for Occupational and Environmental Health (CENSOPAS).
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2.2.1 Survey and Biomarkers
The Pan lab developed the survey and it aimed to assess health. Questions
relevant to air pollution were selected from this larger survey to serve as data for this
study. Additionally, biomarkers were also collected for analysis. Blood was drawn with
the purpose of testing for anemia, testing for emerging pathogens, and to assess
mitochondrial DNA damage. Those questions most relevant to this study fell into the
categories of: anthropometrics, blood pressure, fuel usage, burning habits and kitchen
structure.

2.2.2 SidePak™
The SidePak™ personal air monitor is specifically used to measure particulate
matter. The device can be formatted to measure coarse or fine PM. For this study we
used attachments so that we could measure PM2.5 . The monitor uses light scattering
technology to determine mass concentration of particulates in real time. The aerosol
samples are drawn into the machine by a hose. This is a continuous stream. A laser is
used to scatter particulates and a photodetector calculates concentration. Data is
presented to the viewer in real-time via a screen on the monitor. It is recorded internally
in the machine. Data is recorded as milligrams per cubic meter (mg/m3). For analysis this
will be transformed into micrograms per cubic meter (ug/m3).
For each community, data was collected from 2-4 households as permitted by
time. Runs were approximately 3 hours and were collected around meal times.
14

Approval from homeowners was obtained at the same time the survey was conducted.
This typically led to data collection associated with the meal directly following the
survey distribution. All of the mealtime runs collected were either breakfast or dinner.
The aim of this data collection is to have an equal representation of biomass only, fossil
fuel (defined as liquefied gas or kerosene) only, and both biomass and fossil fuels.

2.3 Measures
All measures pertain to cardiovascular disease health risks and particulate
matter. Since this is a cross-sectional survey only prevalence was measured. For each
person over 18, two measurements of systolic and diastolic blood pressure were
measured. To assess hypertension, average systolic and average diastolic blood
pressures were used. To assess obesity, waist circumference and hip circumference were
used to calculate waist to hip ratio. Body mass index was calculated using height in
meters and weight in kilograms. Obesity classification was determined by world
standards as dictated by literature.

2.3.1 Survey
The following measures were analyzed in the study; community, age, sex,
height, weight, blood pressure, fuel type, kitchen description, waist measurement, and
hip measurement. From the anthropometric data, levels of abdominal obesity, obesity
and hypertension were generated using WHR, BMI and averaged blood pressures. As
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per study design, only those 18 and over were eligible to have blood pressure
measurements. Due to this, only participants 18 and over were included in this study.
Body Mass Index (BMI) is measured by the mass (in kilograms) divided by the
height (in meters) squared. BMI is used by the world health organization as a standard
for measuring underweight and overweight/obesity in people (WHO, 2015 b). It is age
independent and the same for both genders. Increased BMI is associated with increased
systolic and diastolic blood pressures which are CVD risk factors (Chorin et al., 2015).
BMI is calculated by the following formula
Body Mass Index (BMI) = mass (kg)/ height (m2) = kg/m2
Once the BMI score is generated, the values correspond to different weight categories
ranging from underweight to obesity (CDC, 2015). This is described in detail in Table 1
Table 1: Body Mass Index Chart

BMI (kg/m2)

Underweight

Normal Weight

Overweight

Obesity

<18.5

18.5-24.9

25-29.9

>=30

Waist to hip ratio (WHR) is another measure of health that is associated with
cardiovascular disease. Higher waist to hip ratios, that is, the closer to one or over one
the ratio is, the higher the chance of developing these and associated heart problems.
This is because people who have more fat around their waists than around their hips
have a predisposition to heart problems (Harvard, 2015). The standard cut-off for
obesity based on WHR as given by the World Health Organization is different for men
16

and women. The cut offs for classification of abdominal obesity are given in Table 2
(Harvard, 2015).
Table 2: Waist to Hip Ratio Definition of Abdominal Obesity
World Health Organization

Male
Female

>0.9
>0.85

Waist circumference by itself is also used as a health indicator and risk for
obesity, diabetes, and cardiovascular disease (Harvard, 2015). Between ethnic groups
there is variability in standard waist circumference associated with abdominal obesity.
For South American and Central Americans there is not a designated standard. Instead
the World Health Organization and the International Diabetic Federation recommend
that the measurements for Asian populations be used as a standard for South American
and Central America populations (Alberti, Zimmet, & Shaw, 2006). Different standards
vary between organizations. The World Health Organization, the International Diabetes
Federation and the American Heart Association have different standards for WHR
(Harvard, 2015). These are shown in Table 3. For this study the International Diabetes
Federation standard will be used.
Table 3: Waist Circumference Definitions for Abdominal Obesity
Organization
American Heart Association
and National Heart. Lung and
Blood Institute
International Diabetes
Federation

Male
Female

Circumference (cm)
>102 cm

Male

>88 cm
>90 cm

Female

>80 cm
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International Diabetes
Federation Ethnic Specific:
South and Central Americans

Male

> 90 cm

Female

> 80 cm

Systolic and Diastolic averages were taken from the two-recorded measures (the
survey protocol is that blood pressure be measured twice) and this was used as the final
blood pressure measurement per participant. These averaged values were used to
determine Hypertension risk. Hypertension is defined in Table 4 (CDC, 2014). For this
study, those that had both systolic and diastolic measurements, as well as those that
only had systolic measurements that fell in the hypertension range were considered
hypertensive. Literature describes isolated systolic hypertension (only the systolic
measurement is in the hypertension range) as being a risk factor for CVD (Tin, Beevers,
& Lip, 2002). While originally thought to also be a contributor to CVD, isolated diastolic
hypertension has not shown significance in longitudinal cohort studies (Tin et al., 2002).
Due to this, participants with isolated diastolic hypertension will not be considered
hypertensive.
Table 4: Hypertension Index Chart

Normal

Pre
Hypertension

High Blood Pressure
Stage 1
Stage 2
Hypertension
Hypertension

Systolic

mmHg

<120

120-139

140-159

160<

Diastolic

mmHg

<80

80-89

90-99

100<
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To assess PM risk the following questions were used from the survey. They are
represented in the table below
Table 5: River Survey Questions to Assess PM Risk
River Survey
Question
Does your kitchen have a way to vent smoke?
(Mark all that apply)

What do you use for cooking? (list up to three)

Do you Burn Kerosene/oil as a bug repellent?

Do you Burn trash as a bug repellent?

Answers
No
Window
Door
Its open/Outside house
Smokestack
Other
Electricity
Liquefied Gas
Kerosene
Charcoal
Wood/Firewood
Agricultural Wastes
We do not cook
Unread
Yes
No
Read
Yes
No
Unread
Yes
No
Read
Yes
No

Looking at the first question, if the house does not have a way to vent smoke (answer
no) then they would have a higher chance of being exposed to PM as PM would be
trapped from the cooking process. This question, however, may not capture traditional
risk as many houses in MDD have open cooking areas or have very open houses.
Studies that have been conducted in Peru typically are done so in the highlands where
houses are insulated to keep warm. In Madre de Dios, a tropical area, this is not of great
19

importance when building homes. Looking at the second question, literature describes
biomass fuels as producing more PM than fossil fuels (with the exception of coal) (Bruce
et al., 2006). For the answers of ‘we do not cook’ and ‘electricity” there would be little to
no PM generated. Fossil fuels include ‘Liquefied gas’ and ‘Kerosene’. Biomass fuels
include ‘charcoal’, ‘wood/firewood’, and ‘agricultural wastes’. The 3rd and 4th questions
are part of a larger set of questions looking at methods of bug repellents. First
participants are asked if they use anything to protect against mosquitoes. If they say
they burn trash or kerosene/oil during this time the answers are marked as “unread
yes/no”. After, the survey options are then read to the participant and answers are mark
as “read yes/no”.

2.3.2 SidePak™ Indoor Air Sampler
Data were recorded internally in the machine. 12 Runs were collected from 4
communities. Data are recorded as milligrams per cubic meter (mg/m3). For analysis this
will be computed into micrograms per cubic meter (ug/m3). Each data point is also
accompanied by a time stamp. This in addition to the PM level was used in analysis. The
monitor was set up approximately 1 hour before cooking, ran for the duration of
cooking and then turned off after at least 30 minutes of ceased cooking. Additionally,
prior to recording the machine was turned on 30 minutes before logging data to ensure
it was warmed up and ready.
20

2.4 Analysis
Analysis was conducted in Stata 13.1 for Mac (StataCorp 4905 Lakeway Dr,
College Station, TX 77845) and in Microsoft® Excel® for Mac 2011 (Version 14.4.8).

2.4.1 Survey
Surveys from the River were completed on paper in Peru by field workers. Data
were entered in Spanish using CSPro and cleaned by members of the Pan Lab. Data that
were not present on the survey were represented by a “n/a” or a “.” where appropriate.
Once this was completed, only those data points that were related to health outcomes of
CVD and anthropometric data were chosen for analysis. No personal identifiers, such as
name or address were selected for analysis in an effort to make this data set completely
anonymous. The only identifying data kept was community to indicate where a
participant lives. This was kept to compare frequency of participants and their locations.

2.4.2 SidePak™ Indoor Air Sampler
Air data was collected in the field using the SidePak™ personal air monitor. Data
were stored in the device after each run. After returning to US, air data were
downloaded using manufactures software on a PC computer in the Jim Zhang lab at
Duke University. It was formatted into an Excel file for analysis.
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3. Results
Prior to data collection, Peru issued a stronger stance on illegal gold mining in
the Madre de Dios area (Kozak, 2014). In an effort to crack down on the practice, Peru
used its navel fleet along the Madre de Dios River, and other rivers associated with
illegal gold mining, to destroy unregistered mining operations. The result was unrest
and dangerous conditions in some of the preselected communities. Due to this strife in
the communities, our research team was unable to travel down the Madre de Dios River
all the way to the capital of Puerto Maldonado. Instead, research was conducted in 3
communities upstream from mining (Salvacion, Itahuania and Boca Manu) and then in 6
communities accessible by road near Puerto Maldonado. Those communities in mining
areas were not surveyed.
Due to the change in itinerary, SidePak™ measurements were only collected in
areas upstream on mining. Measurements were not collected in the 6 communities
accessible from Puerto Maldonado. Additionally, some of the SidePak™ measurements
were lost due to unknown reasons. Of the 12 runs, only 5 could be formatted into usable
data. Of the 5 saved runs, 2 were households that use both biomass and fossil fuels
(liquefied gas) and 3 were households that use biomass fuels only.

3.1 Cross Sectional Survey
The surveys gathered information from 213 people. For this study, only those
that were over the age of 18 were used because this population of people had blood
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pressure measurements. After accounting for this, 107 people were left for analysis
consisting of 57 males and 50 female. This breakdown is shown in Table 6.
Table 6: Survey Inclusion Requirements
Total
population

Total
Population
n = 213

Inclusion rule,
18 and over

n = 107

Gender
statistics

Male
n = 57

Female
n = 50

Looking at Table 8, we can see the breakdown of participants per community covered by
the survey.
Table 7: River Community Population

Community

BAJO MADRE DE
DIOS
BOCA MANU
ITAHUANIA
LAGO VALENCIA
PALMA REAL
PUERTO PARDO
PUERTO
PASTORA
SALVACION
TRES ISLAS
Totals

Total
population
Surveyed

Ages
<13

13-17

18-45

45+

16

43.8%

18.8%

25.0%

12.5%

24
22
27
26
21
29

29.2%
36.4%
37.0%
34.8%
37.5%
31.0%

29.2%
18.2%
17.4%
12.5%
17.2%

41.2%
31.2%
48.1%
30.4%
29.2%
31.0%

13.6%
14.8%
17.4%
20.8%
20.7%

20
28
213

35.0%
35.7%

5.0%
10.7%

45.0%
35.7%

15.0%
17.8%
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Most of the communities had roughly the same age population distribution with
majority of the population over the age of 18.
Table 8: Summary Statistics by Sex Given as Mean, Standard Deviation and
Range
T-test
P values

Summary Statistics

Male
N=57

Female
N=50

Age
(years)

37.7 + 14.5
(19 – 70)

36.46 + 13.3
(19 - 70)

Height
(cm)

158.3 + 13.9
(103-183)

151.7 + 6.8
(132-165)

0.0061*

Weight
(kg)

70.1 + 12.9
(45.9 – 96.7)

66.9 + 11.4
(49.2 – 95.9)

0.2258

BMI
(kg/m2)

28.820 + 9.784
(18.926 – 73.522)

28.994 + 5.428
(20.195 – 49.63)

0.9189

Waist Circumference
(cm)

89.265 + 13.039
(66-116)

90.738 + 11.621
(69-121)

0.5815

Hip Circumference
(cm)

89.197 + 11.832
(70-114)

96.153 + 10.405
(70-125)

0.0050*

WHR

1.001 + 0.075
(0.758-1.349)

0.94 + 0.060
(0.718-1.079)

0.0001*

Average Systolic
108.314 + 14.518
117.636 + 11.771
0.0010*
Blood Pressure
(98 – 142.5)
(87-151)
(mmHg)
Average Diastolic
74.147 + 9.203
72.802 + 10.603
Blood Pressure
0.5287
(50 – 94)
(55.5 - 105)
(mmHg)
* = Significant value less than 0.05
21 data points were missing for height and waist circumference (13 males, 8 females)
22 data points were missing for weight, BMI, hip circumference and WHR (13 males, 9 females)
20 data points were missing for average systolic and diastolic blood pressure (13 males, 7
females)

Table 9 shows the summary statistics for basic anthropometric data and
calculated data for BMI, WHR and average Systolic and Diastolic blood pressures. The
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average age for men was approximately 37 while the average age for women was 36.
Average height for men was 158 cm or 5 feet 2 inches. For women, average height was
151 centimeters, or 4 feet 11 inches. This indicates that this population is stunted. This is
likely due to nutrition problems from a young age as the population has high rates of
childhood anemia. Other significant things to note in this population are WHR, BMI,
and Waist Circumference. For each of these categories the averages indicated an
elevated level of abdominal fat. For both men and women BMI averages fell into the
overweight category. For women, average waist circumference indicates abdominal
obesity across all scales as described in Table 3. WHR was also high for both men and
women as each average fell nearly the same amount over the cut off as described in
Table 2.
A t-test shows that the categories of height, hip circumference, WHR and average
systolic blood pressure all were significantly different between the sexes. However,
these can be explained by physiological differences between Males and Females. Males
are biologically taller than females, while females have a larger hip circumference to
facilitate childbirth. Additionally, men typically have higher blood pressure than
women (Sandberg & Ji, 2012). Waist to hip ratio had the smallest p value. However, the
standard for WHR ratio are different between men and women. Thus the significant pvalues when put into context are not significant.
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Taking a closer look at BMI, Table 10 shows where males and females fall into
categories as described by BMI.
Table 9: BMI Breakdown for Sexes
Male
N=44
0
Underweight
(0.00%)
15
Normal
(34.09%)
17
Overweight
(38.63%)
12
Obesity
(27.27%)
*Missing 22 data points (13 males, 9 females)
BMI

Female
N=41
0
(0.00%)
5
(12.19%)
19
(46.34%)
17
(41.46%)

Total
N= 85
0
(0.00%)
20
(23.52%)
36
(42.35%)
29
(34.11%)

In this population no one was underweight and approximately 23% were considered
normal weight. Normal range BMI varies by sex, with 24% of males and 12% of females
classified as normal weight. The majority of people were overweight or obese with 42%
and 34% in these categories, respectively. Women had both the higher prevalence of
obesity and overweight BMI calculations. A two-sided t-test had a significant p-value of
<0.02 indicating this prevalence is significant.
Looking closer at WHR, Table 11 shows how many males and females were
considered to have abdominal obesity by World Health Organization standards.
Table 10: Waist to Hip Ratio Breakdown for Sexes
Male
N=44
42
Yes
(95.45%)
Abdominal
Obesity
2
No
(4.54%)
*missing 22 data points (13 males, 9 females)
WHR
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Female
N=41
40
(97.56%)
1
(2.43%)

Total
N=83
82
(96.47%)
3
(3.53%)

By these standards, nearly everyone had abdominal obesity with only 2 males and 1
female not reaching the cutoff. This is consistent with the previous analysis of BMI as
majority of men and women fell into the classification of overweight and obesity.
However, this measurement is higher for males, as BMI had 65% of men as overweight
and above and WHR is nearly 100%.
To assess hypertension prevalence in the area, Table 12 shows the averaged
systolic blood pressures taken from the participants.
Table 11: Averaged Systolic Blood Pressure Categories
Systolic Blood Pressure
Normal
Pre Hypertension
Stage 1 Hypertension
Stage 2 Hypertension

Male
N=44
27
(61.36%)
16
(36.36%)
1
(2.27%)
-

Female
N=43
35
(81.39%)
6
(13.95%)
2
(4.65%)
-

Total
N=87
62
(71.26%)
22
(25.28%)
3
(3.44%)
-

*Missing 20 data points (13 males, 7 females)

Regardless of the high prevalence of obesity, no one exhibited and stage two
hypertension and only 3 people had averages that indicated stage one hypertension
Table 12: Averaged Diastolic Blood Pressure Categories
Diastolic Blood Pressure
Normal
Pre Hypertension
Stage 1 Hypertension

Male
N=44
33
(75.00%)
8
(18.18%)
3
(6.82%)
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Female
N=43
36
(85.71%)
4
(9.52%)
2
(4.76%)

Total
N=87
69
(80.23%)
12
(13.95%)
5
(5.81%)

Stage 2 Hypertension

-

1
(2.38%)

1
(1.16%)

*Missing 20 data points (13 males, 7 females)

Additionally, as described in Table 13, only 1 person had stage two hypertension and 5
were classified as stage one. Having isolated systolic hypertension is cause for concern
and could lead to CVD, which is not the case for isolated diastolic blood pressure (Tin et
al., 2002). This happens when an individual has elevated systolic blood pressure in the
hypertension range but no elevated diastolic blood pressure. Therefore it should be
noted that all participants with systolic blood pressure in this range are at an elevated
risk for CVD even if their diastolic blood pressure is normal. Only 1 person had both
systolic and diastolic levels of stage 1 hypertension and 1 person had stage 1 systolic and
stage 2 diastolic blood pressures.
Conclusions from the anthropometric data are that the population has high
prevalence of obesity as defined by WHR, Waist circumference, and BMI. Hypertension
is not a serious problem, with less than 3% of the population having both hypertension
levels of systolic and diastolic blood pressure.
Looking at PM risk, the following tables show the answers gathered by the
survey.
Table 13: Indoor Air Pollution Vent Routes
Does your kitchen have a way
to vent smoke? N=106

No
Window
Door
Its open/Outside house
Smokestack

28

32.55%
0
44.18%
-

14
19
-

Other
Both Window and Door

23.25%

10

n=43 households
*missing 1 household

Table 14: Burning Practices as Bug Repellent
Unread
Read
1
2
Yes
(2.38%)
(4.76%)
41
40
No
(97.62%)
(95.24%)
Do you burn
4
16
Yes
trash as a bug
(9.52%)
(38.09%)
repellent?
38
26
No
(90.48%)
(61.90%)
*In some cases no response was marked for ‘unread’ or “read”
however 42 households gave responses
Do you burn
kerosene/oil
as a bug
repellent?

Table 15: Fuel Usage
Fuel Types
What do you
use for cooking?

Electricity
Liquefied Gas
Kerosene
Charcoal
Wood/Firewood
Agricultural
Residues
We do not cook

Primary
n=40
2.50%
72.50%
5.00%
20.00%
-

Secondary
n=27
51.85%
44.44%
3.70%

Tertiary
n=3
100%
-

-

-

-

n=40
*Missing 4 households

Everyone surveyed had a method of venting smoke when cooking. Majority of people
had an outdoor or open kitchen (44.18% or 19 households). Based on my observations in
the field, this is congruent with the area. Often times the houses would have space
between the roof and the walls, creating a more sheltered home but also allowing for
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maximum air flow and ventilation. While cooking however, smoke still has the potential
to get trapped in the roof/ceiling of the kitchen. Burning kerosene was not a common
method of bug repellent. Kerosene is more widely available closer to cities as
distribution favors closer communities. Trash burning was more popular with around
38% of households indicating that they practice this method after being read it as an
option. Primary fuel usage indicated that 75% of households used fossil fuels, while only
25% used biomass as a primary fuel source.
In order to assess association between CVD risk factors and the measureable
health outcomes of BMI and hypertension a simple linear regression was preformed.
BMI was chosen to represent the outcome of obesity/overweight because for both males
and females the BMI standards are the same. CVD risk factors were chosen using the
theoretical framework outlined in Figure 3. Age and sex were chosen, as these are nonmodifiable risk factors associated with CVD. Fuel type, kitchen venting method, and
burning practices as a use of bug repellent were chosen for their potential to cause PM
exposure. Variables were coded as shown in Table 16
Table 16: Variable Coding
Variable
Community1

Format
Categorical

1 = Boca Manu
2 = Bajo Madre
de Dios
3 = Itahuania
4 = Palma Real
5 = Puerto Pardo
6 = Puerto
Pastora
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Summary
Survey
Communities

7 = Salvacion
8 = Tres Islas
9 = Lago Valencia
0= 18-30
1= 31-40
2= 41-50
3= 51-60
4= 61-70
kitchen vent
0 = none
1 = window
2 = door
3=
itsopen/outside
house
4 = smokestack
5 = other
6 = Window and
Door
0=Clean Fuels
1=Biomass
2=Biomass/Clean
Fuels
0= Female
1=Male
0=No
1=Yes

Agec

Categorical

kitchen

Categorical

fuel

Categorical

sex

Binary

smokeoil

Binary

smoketrash

Binary

bmib

Binary

0=No
1=Yes
0=No 1=Yes

Hyper

Binary

0=No 1=Yes

Age in categories

Types of venting
used in kitchen

Fuel organized into
categories on usage

Do you burn
oil/kerosene as a
bug repellent?
Do you burn trash
as a bug repellent?
Body Mass Index
Overweight/Obesity
Hypertension

Increased PM exposure is associated with higher rates of CVD. In order to control for
repeated observations in each household, households were set as panel data.
Community was also controlled for as variable. Data was formatted to include only
those persons who had complete responses for each variable, leaving 62 participants.
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Table 17 shows the bivariate analysis using random effects generalized least
squares (GLS) model for BMI and CVD associated risk factors. In the bivariate analyses,
we found that BMI was significantly associated with kitchen venting method as denoted
by the variable kitchen (p-value 0.044) While no other independent variables were
significantly associated with BMI, age (p-value 0.139), and Fuel type (p-value 0.178) had
p-values below 0.20.
Table 17: Bivariate Analysis of BMI and Associated CVD Risk Factors
Variable

Coefficient Standard
Error
Agec
1.477
0.998
Sex
-0.164
2.050
Kitchen
-1.493
0.740
Fuel
-2.700
2.006
smokeoil
-4.898
8.390
Smoketrash -2.894
3.456
Hyper
-0.436
5.171
Community1 0.759
0.610

P- value

95% CI

R2 Overall

0.139
0.936
0.044*
0.178
0.559
0.402
0.933
0.213

(-0.479, 3.433)
(-4.184, 3.855)
(-2.944, -0.041)
(-6.633, 1.234)
(-21.342, 11.546)
(-9.668, 3.880)
(-10.571, 9.699)
(-0.436, 1.956)

0.0472
0.0003
0.0883
0.0554
0.0077
0.0176
0.0006
0.0290

Table 18 shows the bivariate analysis using random effects GLS model for
systolic blood pressure and CVD associated risk factors. Systolic blood pressure was
chosen to represent hypertension risk because of the negative health effects associated
with isolated systolic hypertension (as apposed to isolated diastolic hypertension) as
well as hypertension (Tin et al., 2002). In both cases the systolic number will be in the
hypertension range. In the bivariate analyses, we found that systolic blood pressure was
significantly associated with age (p-value 0.005), kitchen venting method (p-value 0.004)
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and community (p-value 0.008). While no other independent variables were significantly
associated with systolic blood pressure, sex (p-value 0.199) had a p-value below 0.20.
Table 18: Bivariate Analysis of Systolic Blood Pressure and associated CVD
Risk Factors.
Variable

Coefficient Standard
Error
Agec
4.199
1.483
Sex
4.289
3.339
Kitchen
-2.403
0.837
Fuel
1.217
2.534
Smokeoil
-4.104
10.760
Smoketrash 1.884
4.407
Bmib
3.072
3.802
Community1 1.860
0.703

P- value

95% CI

R2 Overall

0.005*
0.199
0.004*
0.631
0.703
0.669
0.419
0.008*

(1.292, 7.107)
(-2.255, 10.834)
(-4.045, -0.762)
(-3.749, 6.185)
(-25.194, 16.984)
(-6.755, 10.523)
(-4.379, 10.525)
(0.481, 3.239)

0.1180
0.0277
0.1209
0.0047
0.0030
0.0026
0.0132
0.1044

A multivariate random effects GLS regression was also preformed for both BMI
and systolic blood pressure. Table 19 shows the BMI regression model. Only two
iterations were preformed, as subsequent models did not fit the data as well as Model 2
as dictated by goodness of fit. Goodness of fit was determined by overall R2 values. In
both models, none of the independent variables were statistically significant.
Table 19: Multivariate Analysis for BMI
Independent Variable

Model 1

Model 2

Agec
Sex
Kitchen
Fuel
Smokeoil
Smoketrash
Hyper
Community1

1.169 (0.268)
-0.717 (0.741)
-1.135 (0.221)
-1.184 (0.581)
-0.649 (0.937)
-4.100 (0.232)
-3.385 (0.545)
0.541 (0.403)

1.171 (0.263)
-0.717 (0.739)
-1.126 (0.214)
-1.210 (0.561)
--4.184 (0.192)
-3.417 (0.537)
0.548 (0.382)
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Intercept
32.063 (0.000)
32.026 (0.000)
R2 Overall
0.1796
0.1798
Data is reported by beta coefficients and associated p-values

A multivariate random effects GLS regression for systolic blood pressure is
shown in Table 20. One model of this regression was preformed, as subsequent models
did not fit the data as well. For this model, age (p-value 0.042), sex (p-value 0.087),
kitchen venting method (p-value 0.010) and fuel use type (p-value 0.030) were all
statistically significant.
Table 20: Multivariate Analysis for BMI
Independent Variable

Model 1

Agec
2.950 (0.042)*
Sex
5.471 (0.087)*
Kitchen
-2.655 (0.010)*
Fuel
5.014 (0.030)*
Smokeoil
-5.787 (0.536)
Smoketrash
-0.412 (0.912)
Bmib
1.513 (0.676)
Community1
0.849 (0.251)
Intercept
104.047 (0.000)
R2 Overall
0.3285
Data is reported by beta coefficients and
associated p-values

3.2 SidePak™ Air Data
The SidePak™air monitor recorded PM2.5 data every minute. This real time data
is useful for looking at trends in PM exposure. During cooking it would make sense that
ambient PM in the room would increase with the added fuel combustion. The SidePak™
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recorded data precooking, during cooking and after cooking to try and capture these
changes. It also serves to have definitive times of cooking and not cooking to establish if
PM is increased at all. In houses that are mostly open or have a method of venting this is
important to track. During data collection 12 households were sampled. Of the
households, 4 used fossil fuels (liquefied gas) only to cook, 4 used both biomass fuels
(typically firewood) and fossil fuels at the same time and 4 used only biomass fuels.
During the collection process 7 of the runs failed to save to the monitor and data was
lost. The following Figure 5 shows the 5 captured households and the real time PM2.5
data. Looking at the data it is obvious that PM2.5 is highly variable through time. Looking
at Figure 6 we can see the averaged PM2.5 levels per run as compared to the EPA
standards (United States Environmental Protection Agency, 2012). It is also separated
into breakfast or dinner runs. Of the salvageable data, only 1 run was from a breakfast
collection. Two of the runs indicated high levels of PM. In all instances each house was
vented or open, and each house used biomass fuels to cook with some using biomass
and fossil fuels at the same time.
Since the graph is very skewed by these two high runs Figure 7 shows all data
without test run 12 and test run 13. These runs seem more believable given that the
houses were open.
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Figure 5: Overall PM Data
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Figure 6: Average ug/m3 per run
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Figure 7: PM2.5 Data without Highest recorded runs
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Figure 8: Fossil Fuel and Biomass Comparison
Looking the data, a comparison between houses that use only biomass and
houses that use both biomass and fossil fuels can been see in figure 5. The two extremely
high runs, Boca Manu house 2 and Boca Manu House 3, were both households that only
used biomass along with Queros house 1. Itahaunia house 3 and Boca Manu house 2
used both biomass and fossil fuels. During the run, both these households had both a
fossil fuel and biomass stove on. If two stoves were in use, each would produce their
own levels of PM. As such we should expect to see PM from both combine and the levels
should be higher.
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4. Discussion
The SidePak™ air monitoring did not go as planned. Originally there were 12
runs captured on the device. Due to the loss in data, it was impossible to compare
households that only used fossil fuels to those that used both fossil and biomass and just
biomass fuels, as the only runs recovered fell into the same category. Somewhere in the
data collection process these runs were lost and only the last 5 could be recovered from
the device. The resulting data only described households that used biomass fuels or
biomass fuels and fossil fuels at the same time. The category of only fossil fuels was left
out. Additionally the SidePak™ air monitor, while appropriate to use outdoors, is
affected by high humidity rates (Day, Malm, & Kreidenweis, 2000). It is considered an
unreliable source in areas with a relative humidity over 60%. Unfortunately, humidity
was not measured in the field and this could be a contributing factor to some of the
output numbers. Additionally, looking at humidity data for the day of data collection
from the airport in Madre de Dios, humidity was consistently above 60%. These
numbers cannot be considered as substitute for the missing humidity data from the river
communities but it does speak to the typical rates for the area.
Studies focused on indoor air pollution typically take place in highland areas
where houses are enclosed to protect from cold weather (Balakrishnan et al, 2002). A
comparable study by Balakrishnan et al. (2002), measured PM2.5 in Southern India were
the temperature is milder and fuel is only used to heat homes during the monsoon
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season. Due to the climate, households are likely to be vented and people are also likely
to cook outside. In this study, average PM2.5 measurements for wood burning stoves
were about 847 ug/m3. Kerosene and gas stoves were measured at 80 ug/m3 and 78
ug/m3 respectively. While we did not have any household that used only gas or
kerosene, these averages are higher than the averages obtained from the households that
used both biomass and gas (Itahuania house #3 had and average of 58.64 ug/m3 and
Boca Manu house #1 had 27.65 ug/m3). Additionally, the averages for the biomass only
households were also substantially lower than the averages found in the Balakrishnan et
al (2000) study. Looking at the developed world, a study by Balmes et al. (2014) looked
at PM2.5 averages in California households and found an average level of 39.1 ug/m3 in
kitchens. This number is comparable to both of the households that used biomass and
gas stoves.

4.1 Implications for policy and practice
Since much of the PM data was lost, findings were inconclusive. However, based
on the 5 runs that were analyzed, PM2.5 is not as high in the region as it is in
comparable regions (Balakrishnan et al. 2002). However, larger research on how PM can
affect health should be shared with the community. Limiting exposure to PM can have
positive heath benefits for the entire population, especially children (Brook et al., 2010).
This is further supported by the bivariate analysis of BMI to CVD risk factors and
systolic blood pressure to CVD risk factors. The only common significant variable was
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kitchen-venting method. With this in mind, advocating for more open and vented
cooking spaces, with an emphasis on outdoor cooking spaces, could affect overall
obesity and hypertension prevalence.
Looking at the outcomes of hypertension and obesity, it is important to note that
these measurements are affected by other factors. For example physical activity, which
was not directly captured by the survey, could be a confounding factor in the analysis.

4.2 Implications for further research
If further research is done in the area, it should focus on comparing PM data
between households that use only fossil fuels, both biomass and fossil fuels and just
biomass fuels as well as collecting more in-depth health measures to accurately look at
obesity and CVD. This way a better picture of exposure can be captured across the fuel
types. Additionally, looking at trash/debris burning in the area is also something that
should be studied. Frequency of fire, duration and proximity to households should be
marked an assessed for possible ways of exposure.
Running multiple runs or a longer all day run in the same household would also
be useful to standardize data. Matching these runs with individuals health data would
give a better picture of the health effects, or lack of any correlation between PM and
disease outcome. Looking specifically at CVD, gaining a better picture of prevalence in
the area and then associated risk factors would benefit an analysis of PM. An actual
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diagnosis of CVD would be useful to look at prevalence of CVD and then another indepth look at risk factors would help indicate what was driving the prevalence rates.
Looking specifically at the anthropometrics data, obesity (as defined by WHR,
waist circumference and BMI) is an overwhelming problem for the area. Further
research specifically focusing on obesity should be conducted to explain this
phenomenon. Additionally, obesity is a risk factor for a number of illnesses. Further
research into these illnesses and associated risk factors for obesity are all areas for
further research.

4.3 Study Strengths and limitations
This study had many limitations. To start, unrest along to river shorted the trip
and limited the number of communities available to study. Traveling along the river has
its limitations, especially considering weather. In some instances, data collection needed
to be postponed because of the weather. Additionally, PM data could only be recorded
for meals and the machine needed to be set up before cooking. As the households were
recruited from preselected survey households, permission could only be granted once
the house was contacted and interviewed. Do to this delay in availability and the fact
that time in each community was only for a couple of days; multiple runs at households
were not a possibility. This also could have been a good measure to see exposure rates
throughout the day.
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Lastly, the air monitor is limited. The monitor is battery operated. In an area with
low electricity usage and availability, charging the machine proved to be difficult. In one
instance, a run needed to be postponed due to low battery. A full battery or reliable
power source would be an improvement to the technique. Additionally the monitor is
intended for indoor use. As such, it is affected by relative humidity. Due to the high
humidity of the Peruvian Amazon, PM measurements may be immeasurably affected.
An alternative to measure PM is to use an outdoor monitor, which would be better
suited to deal with increased humidity.
Looking at obesity measures, the population in question is very stunted. This
stunting could have an effect on calculated BMI. Additionally, there is not a specific
WHR for Central and South American populations. By comparing this population to the
larger world standards there could be a bias in the prevalence. Further research into
creating a standard for South American populations would help with this measurement.
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5. Conclusion
The SidePak™ monitor was inconclusive in its data findings to make any
inferences about PM data in the area. Further data collection in the area is necessary to
really understand the impact. The small sample size that resulted from a user error or
machine error made generalizing the data difficult. Future studies aimed at looking at
PM data should be more cautious in using the SidePak™ as a storage device.
The population studied only presented few risk factors for CVD, namely Obesity.
Hypertension was a largely negligible outcome. This could have a large number of
factors and while hypertension is linked to CVD it is not the only health measure. Future
studies on CVD in the area should aim to gather more information on family history,
which is one of the non-modifiable risk factors. Collecting more descriptive data on
venting practices should also be a focus of future studies as this was the only variable
significantly associated with both BMI and systolic blood pressure. However, obesity
was a larger problem in the area than Hypertension. Studies looking into obesity would
be a good focus of future research.
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