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Introduction

Reducing maternal mortality is the fifth millennium goal for the United Nations. For the specific

case of Colombia, compared with other countries, maternal mortality is one of the biggest problems

to treat and it has been tackled in two ways: the medical study of biological causes, including

genetic and immunological, and the measuring of possible environmental causes. A condition that

can cause maternal deaths is preeclampsia, a particular form of hypertension during the pregnancy

period that can cause maternal deaths. In Colombia, preeclampsia is the first cause of morbidity

during pregnancy and maternal mortality (Serrano-Diaz & Dı́az-Martinez 2005) and has been mostly

studied in a medical context, generating a lack of knowledge about the environmental part.

This study attempts to determine how the socio-demographic causes that are involved in the

development of preeclampsia in order to contribute to the description of the environmental causes,

more specifically to determine if socio-demographic factors are associated with the development of

the disease. This study is based on data from two sources, one from the National Department of

Statistics (DANE), the institution responsible for Colombia’s official statistics, and the other from

the GenPE project (Genetics and Preeclampsia), which has been developed in Colombia and it has

had a great impact on the description of genetic factors leading to preeclampsia. The idea of this

study is to extend the GenPE project’s focus to some relevant demographic aspects in order to get

better knowledge about the environmental determinants of preeclampsia and the applicability of

the social development of the health system in Colombia. This country has special characteristics

that make the analysis interesting, not just because each city mentioned in the analysis has specific

conditions of race, culture, music, weather, geography, etc. but also it means is a very diverse country

in terms of population. Furthermore the reader will find this logic incorporated in a development of

some statistical methodologies until the performance of a multilevel analysis.
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In the next document, the reader will be also contextualized about how are the trends of hyper-

tensive disorders in Colombia and the main medical issues around preeclampsia development. The

discussion will be elaborated on why is important to have a demographic view of the environmental

effects leading preeclampsia in order to make a deeper analysis on the socio-demographic aspect.
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Background

The World Health Organization (WHO) has promoted the achievement of the Millennium Devel-

opment Goals (MDG’s), a set of eight aims towards which governments have to work. MDG-5

establishes that the world has to improve maternal health. The Maternal Mortality Ratio (MMR)

for Colombia has passed from 400 per 100,000 live births in 1990 to 85 per 100,000 in 2008, while

in the world, the MMR decreased from 400 to 260 per 100,000 live births in the same period, being

listed as “making progress” in the battle to reach the millennium goal. For Colombia is a favorable

case in comparison with the rest of the world, having a rate in the same level of some developed

countries (World Health Organization 2010).
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Causes of maternal death can be indirect or direct. Indirect causes refer to previous diseases, like

cardiac conditions or HIV. The direct causes are almost always referred to as deaths from “obstetric

complications” during pregnancy, delivery or postpartum (Khan et al, 2006).

Medical Determinants

One of the most important causes of maternal deaths in Latin-America is hypertension during preg-

nancy and in this group is included preeclampsia. Thus, it becomes relevant to study preeclampsia

as a direct risk factor of death but more than this, it is important to clarify which are the medical

and socio-demographic mechanisms or determinants that contributes to develop this disease. The

following graph shows the prevalence of hypertensive disorders in the world. Note that Colombia has

one of the most highest levels compared with the rest of the countries.
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Figure !: Country distribution of haemorrhage, hypertensive disorders, sepsis or infection, and abortion as causes of maternal deaths
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Figure 2. Country distribution of hypertensive disorders during pregnancy (Khan, Wojdyla, Say,

Gülmezoglu & Look 2006).

It is also important to know where preeclampsia fits within the whole set of hypertensive disorders

in order to have a clear idea of the different variants. The Figure 3. gives an overview of the

classification of those disorders. The difference with gestational hypertension and preeclampsia is
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the presence of proteinuria1 when is tested (Crosa, Vega & Vázquez 2001).

Figure 3. Graphical contextualization of Preeclampsia within hypertension disorders (flagged)

(Crosa et al. 2001, p.296).

In the case of Latin-America 25.7% of maternal deaths are due to hypertensive disorders (Khan

et al. 2006), and for the specific case of Colombia, 42% of maternal mortality cases are caused by

preeclampsia (Serrano-Diaz & Dı́az-Martinez 2005, p.159).

According to Serrano-Diaz & Dı́az-Martinez (2005), the cause of preeclampsia is still unknown,

however, it is considered a complex disease and the product of the interaction between various genes

and the environment. Preeclampsia is aggregated within families which means having one or more

relatives with the disease increases the risk to get it. Serrano-Diaz & Dı́az-Martinez (2005) also

established the weight of the genetic and environmental part, estimating 31% for the first and 63%

for the last. Defining environmental as the non-genetic contribution to get the disease, is important

to start thinking about which kind of variables can take role.

Socio-Demographic Determinants

Following a study made by Wolf, Shah, Jimenez-kimble, Sauk, Ecker & Thadhani (2004) about

hypertensive disorders of pregnancy among hispanic women, have selected some covariates to control

being the most often age, Body Mass Index, smoking status, number of fetuses, diabetes status,

socioeconomic status, marital status, insurance, years of education, income and access to a prenatal

care, where all of these variables were significant in the development of preeclampsia and gestational

hypertension, is important to define why is relevant to include this kind of variables.

1means the presence of an excess of serum proteins in the urine (http://en.wikipedia.org/wiki/Proteinuria).
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As is mentioned before, the environment takes a great proportion and is something unknown

that can be explained by social conditions of the pregnant mothers. The place that they live, the

economic conditions, the nutritional status, the family composition (in the way that feelings towards

family can generate proper conditions of better pregnant period and support during pregnancy), can

be the form to explain this high percentage of uncertainty in the develop of that disease. Most of

the studies are focused on controlling for these factors to avoid masking but they are no accurately

studied by themselves and it could be controversial. Also, it is still on debate what kind of measure

techniques should be use, because due to the definition people tend to mix in the same data direct

and indirect causes, as was paneled by the Global Health Metrics & Evaluation conference2 that took

place in Seattle (GHME, 2011). In it some other analysis and critiques point to do spatial analysis

for the facilities that a mother have like clear information and access to emergency obstetric care

(EmOC) near home (PRH 2012).

The study of Wolf et al. (2004) also shows the difference between caucasian and hispanic showing

trough Kaplan-Meier estimators that the risk for hispanic women is higher than the risk for caucasian.

This fact allows the introduction of the idea that race (in terms of ethnic origin) can have a strong

influence in the outcome. For the purpose of the GenPE study, the use of auto-determination is the

better option due to the use around the world as a gold standard procedure. Race is always a delicate

issue, for this reason in this work is just the mere concept of different background. For example,

the study made by Odedosu, Shoenthaler, Vieira, Agyemang & Ogedegbe (2012), states that “high

blood pressure takes a devastating toll on African Americans” and shows different studies made since

2000 to 2010 where is shown the significance of the improvement of blood pressure. It means that

it will be positive if the analysis of GenPE data involves race as a control variable given the ethnic

composition of Colombia overall after the spanish invasion which lead more mixture between black,

white and indigenous people. However antropometrics is still used when the person does not know

the race but this can be less accurate.

“Social environment also can manifest itself spatially as in population density and in urban/rural

lifestyle differences or in those place-based effects of social stratification such as quality of police, fire,

schooling, or medical services” (Trostle 2005, p.43). Thus place plays and important role in health.

2http://ghme.org/
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For instance, health is influenced by access to clean water without parasites or bacteria, temperature,

etc. Place can also lead another kind of consequences. For example, in the case of rural-urban (most

often) migration, place should be the neighborhood of residence and its characteristics which probably

shape the sexual behaviour of the young adolescents. According to Brewster (1994), neighborhood’s

context influences young women’s use of contraceptives and risk of non marital intercourse, that also

increase the probability to give up school and have children being a teenager. For the colombian

case, the highest fertility is observed for the ages 20-24, being 122 per 1,000 women, while for the

adolescents between 15 and 19 the rate is 84 per 1,000. According to the latest survey of quality

of life of the DANE, who was 14.801 thousand households throughout the country, for 2010, 32.7%

of households in the country were headed by women, 2.9 percentage points more than recorded in

2008 (29.8%). It has a high influence in young women which could become mothers by the lack

of parental accompaniment specially by the father, because in Colombia is still the breadwinner

for many households which is traduced in a power relationship and at the same time trigger sexual

harassments in some cases. This can be the more accurate explanation about the births when women

are in the 10 to 14 age group. The lack of support from the state, makes also that teenage pregnancy

becomes risky and it is clear that the pregnancy development is not the same in a young girl with

prenatal controls and another without them. Governmental programs are oriented to give support

to women who are already mothers but not to prevent the unwished pregnancy.

Other kind of socio-demographic variables can be analyzed. “Studies of migrants have had a

particular force in the attempt to discover causes of obesity, hypertension, and coronary hearth

disease” (Trostle 2005, p.44). Those things are very related with the change of life style when a

person take the decision to migrate, for example changing the diet and engaging in different kind

of physical activities, passing from subsistence labor to wage labor, and creating another system of

values that can lead to cultural shock causing stress and higher blood pressure. This is a good reason

to look into the increase of blood pressure especially for this study which is related to hypertension

in a pregnancy period. For Colombia due to displacement generated by the armed conflict, cities are

crumbling in the peripheries and most of the places of living for the displaced people are the slums or

very isolated places, where it is difficult to access public services (sometimes people build the house

illegally) and transport.
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Another issue is policy making in prenatal care. It is important in terms of reducing maternal

mortality trough the health system. A recent study done by Ruiz-Rodriguez, Wirtz & Nigenda

(2009) shows the importance of the inclusion of a public health package in Chile in 1972, country

that holds the lowest MMR in Latin-America, compared with the effort in Colombia made since 1993.

In this study they show also the strategies given to tackle the problem: “skilled birth attendants,

access to care for complications and access to contraception”. The study sets another three elements

to develop the maternal health policy: “the geographic organization of services, the type of human

resources and the level of integration of this package”. In the Chilean case, the concept of territorial

organization of health plays an important role in the prevention, promotion and treatment as well

as the jump from the midwifes to a health professionals that attend the births reaching the 99.4% of

coverage (Ruiz-Rodriguez et al. 2009), while Colombia has put all the effort to increase the coverage

without make the link with specialized professionals which can promote the maternal care. From

this study is clear that Chile, has had a complete package of maternal health, which is developed in

a very structured form based in the primary care level in all the municipalities, and this is a good

example for Colombia to follow.

To sum up, hypertensive disorders during pregnancy are a complex phenomenon that involves

many factors. Medical determinants that comes mainly by genetics and predisposition of the person,

plays a role in the development of those. However, there is still a huge percentage that comes from

the environment. This part is the main focus to extend in the GenPE work, taking into account

important factors as prenatal care, access to prenatal care, social environment, teenage pregnancy,

migration, socio-economical stratification, race and other environmental factors, believing that the

sociodemographic view contributes to have a better description of the phenomenon.

Specific Research Question

The relative importance of socio-demographic and genetic factors for preeclampsia morbidity.
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Data and Methods

Data Sources

Statistics Colombia Description

The data from the Administrative National Department of Statistics (DANE) consist various sources

that were useful to describe trends in Maternal Mortality from 1998 to 2009. Those data are the

number of deaths and the births occurred both for each year. This was desegregated by specific

groups of ages in the fertility period, and also information for specific cause of death was obtained.

All this information is summarized in the website of DANE. It is important to remark that the con-

text plays an important role, having a notion about what is happening we can compare the surveys

that a country and private institutions can carry out. If the surveys as a descriptive hint offer the

possibility to contrast, they are valid to make inferences if the information is scarce. Is to take into

account that the surveys do not provide information about the parameters in the population but

estimators, it means, it can have many kind of bias. The logic behind the data collection was to

get information about the maternal deaths due to pregnancy related causes, identifying the most

important to give support to the survey analysis. The codes selected are into the maternal mortality

due to pregnancy related causes established in the International Statistical Classification of Diseases

and Related Health Problems 10th Revision by WHO to standardize the definitions and have better

estimations are detailed below:
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Table 1. ICD Description for Hypertensive disorders.

Code ICD-10 Death Cause

O10 Pre-existing hypertension complicating pregnancy, childbirth and the puerperium

O11 Pre-existing hypertensive disorders, added with proteinuria

O13 Gestational hypertension (InducedPregnancy), no significant proteinuria

O14 Gestational hypertension (InducedPregnancy),with significant proteinuria

O15 Eclampsia

O16 Maternal hypertension not specified

GenPE Survey Description

GenPE is a multicentric case-control study that take place in Colombia, developed by the research

group called Genetic Study of Complex Diseases of the Universidad Autónoma de Bucaramanga

(UNAB) in association with the London School of Hygiene and Tropical Medicine and the University

College London as the major partners. This is a genetic association study (See Appendix) that

aims to identify which genes contribute to the development of preeclampsia for future prediction,

prevention and treatment to help the death rates due to this disease go down. The design calls for

a sample of 4000 women with preeclampsia it and 4000 control women. GenPE is an ongoing study

and has collected until this moment 3289 cases and 4569 controls. All the forms, protocols of blood

sampling, data capture, consent and detailed project description is open to the public on the website

(GenPE 2011).

11



The hospitals (public and univer-

sity) were selected chiefly because

have a high volume of births per

year. Municipalities were taken

as the project progressed forward

cover more. The aim is to even-

tually cover the whole country.

Note that in Figure 4. the munic-

ipalieties chosen are mostly in the

north of the country where the

mountain range is. The south-

eastern part is jungle.

Figure 4. Spatial distribution of the cases and controls of

GenPE in Colombia. The marked place is the location of

UNAB (GenPE 2011).

GenPE has strict protocols already defined for the patient selection. As a first step the group

has designed a written informed consent, where the patient agrees to become part of the project and

is informed of the procedures. The cases are women who arrive tho the different associate hospitals

in the different municipalities (Antioquia, Bolivar, Cundinamarca, Norte de Santander, Santander

y Valle del Cauca) of Colombia, diagnosed with preeclampsia: the presence of high blood pressure,

associated with proteinuria, after the 20 week of pregnancy and in otherwise good heath. The con-

trols are women without preeclampsia in good heath, with no chronic diseases like hypertension or

diabetes, without previous abortion or premature symptoms and at the end of gestation period in

between 37 to 41 week. Both are taken from the same institution in order to have comparable pop-

ulation. Matching was 2:1 at the beginning but with the time, the power3 of the association tests

between a risk factor an a disease remain with a 1:1 matching. According to Woodward (1999) in

3The power of a statistical test is the probability that the test will reject the null hypothesis (no association in this

case) when the null hypothesis is false, the power is directly relate to how homogeneous are the populations. When

the sample is increasing by thousands as in the GenPE, it is not so much important to have more controls than cases

instead.
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case-control studies with 1:1 matching there is a direct control of the confounders and adjustment

or standardization is certainly possible. But the effect on disease of the matching variable cannot be

observed.

The study also has a form completed for each woman with the following information:

1. Enviromental

• Age: Age in years, but less than 26 years old (sample criterion: the way that the sample

was taken, involve that the patient go when the condition of being pregnant is present,

most of them are from low socio-economic strata where there is supposedly more risk to

be pregnant when you are teenager).

• Region (City of capture): The region is an important variable due to the nature of this

variable. For Colombia is very important because the cities chosen are the main cities

in each municipality (Bucaramanga, Cartagena, Tunja, Cúcuta, Bogotá, Cali, Medelĺın

and Popayán) and represent more that just a different city. The weather, the food, the

culture, the way to speak, different familiar system, different level of develop and other

variables that are part of the environment in the sense of the neighborhood. This variable is

important because furthermore, in the multilevel analysis it will be the clustering variable.

The reason is because the differences previously mentioned is good enough to consider

that observations are not independent at all and they need a model which consider this

situation.

• Race/Etnicity: Patiences are asked to self-classify their race or etnicity. Colombia has

predominantly as caucasian, black or African-American, native or indigenous and mixed

or mestiza (mixed) populations. But if the person does not define one, interviewer use

a table (see Appendix Table A) to categorize the patient in one of those groups. In the

distribution of races in GenPE (2011) is 65% Mestiza, 3% Indigenous, 12% Black and

20% White. “Despite the fact that race is commonly invoked in public health and medical

literature, definitions of race are rare, conflicting, and muddled... Race is included in

research articles even it is irrelevant to the disease explored: this was the case for 82%

of the American Journal of Public Health” as is showed by Negre, 1995 cited in Trostle
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(2005, p.56). But, still arguably that race can be approximated not just for the skin color,

also for the combinations of language, skin color and background origin.
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Figure 5. Distribution of Indigenous people

by total population into each municipality

(DANE 2005).
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people by total population into each

municipality (DANE 2005).

• Place of Birth and Place of Residence: This information is useful to include a dummy

variable which capture if the person has migrated or not and to distinguish if is living in

a rural or urban area. For example, if the person has born in place 1 but live in place 2 it

will be coded as a 1 which means that the person has migrated. If appear 1 in both cases

it will be coded as a 0.

• Socio-Economic Stratification: In Colombia, people are categorized in one of six socio-

economical strata, to help the government to design the programs of health, public services,

education, etc. The stratification is 1 and 2 for low economic situation, 2 and 4 for middle

class and 5 and 6 for high class and other to undefined (if apply). This categorization

is an indirect method that degree of wealth and quality of life based on eight criteria

that has to be with the characteristics of the house, in terms of isolation, access roads,

pavement, presence of pollution sources, garage, material of the walls and material of the
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door (Rosero 2004). For the GenPE study, women asked which socio-economical strata

belongs because this categorization is specified in the electricity, gas, water and phone

bill’s services.

2. Medical Women were asked the following questions about medical history:

• Number of total prenatal controls.

• Time to first control in weeks.

• Did you smoke during pregnancy?: Almost often a control variable to avoid masking in

epidemiological studies.

• Did your mother have preeclampsia? Question related with the common environmental

effects that can lead the disease as well as the following two questions. “Write down if her

biological mother was diagnosed with Preeclampsia in any of her pregnancies.”

• Did your sisters have preeclampsia (if apply) on any of their pregnancies? “If none of her

sisters have been pregnant, you should write an X where it says N/A (do not apply)”

• Do your parents suffer or did they suffered from at least one of the following illnesses?:

Here are included Acute myocardial infarction, high blood pressure, stroke.

Methods

This section is divided in two parts. The first one, starts with the general description of the data for

maternal mortality due to hypertensive disorders in Colombia. The second, is a comparison between

a logistic regression model and a multilevel model in order to make an specific characterization of

preeclampsia and the influence of the socio-demographic surroundings.

Basic measures of maternal mortality

“There are two common measures of maternal mortality (and corresponding measures for pregnancy-

related mortality). They are the Maternal Mortality Ratio (MMR), the target for MDG-5, and the

Maternal Mortality Rate (here abbreviated as MMRate).
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• Maternal Mortality Ratio: The MMR is the number of maternal deaths in a period per 100,000

live births in the same period. Note the use of live births rather than pregnancies in the

denominator. The MMR is primarily a measure of obstetric risk, roughly the risk of dying per

100,000 risky event.

• Maternal Mortality Rate: The MMRate is a cause-specific mortality rate. It is the number of

maternal deaths in a period per 1,000 person-years lived by the female population of reproduc-

tive age (usually ages 15-49).

The MMR and MMRate share a numerator, and have a simple relationship to one another:

MMR =
MD

LB
× 100, 000 =

MD

FPRA
× 1, 000× FPRA

LB
× 100 = MMRate× 100, 000

GFR

where, for a given time period, MD is maternal deaths, LB is live births, FPRA is the person-years

lived by the female population of reproductive age, and GFR is the General Fertility Rate expressed

per 1,000 women of reproductive age” (UNFPA & IUSSP 2012).

Associations

A Pearson’s chi-squared will be used to test if each variable included later in the models is independent

of the response. A test of independence assesses whether paired observations on two variables,

expressed in a contingency table, are independent of each other (e.g. polling responses from people

of different socio-economic strata to see if one’s strata affects the response). This is the first step that

usually medical studies perform to have a first idea about the variables that would be significant.

Statistical Modeling

For the following two regression strategies, is good to remember that the outcome variable was case,

which is defined as to have or not preeclampsia and the covariates included were age, the total number

of controls, the time to first control, if the woman smoke, the race of the woman, if the sister has

had preeclampsia, if the mother has had preeclampsia, the socio-economical strata, if the person has
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migrated or not and the region and the hypertension antecedents from the family (father, mother

and sister). Remember also that region will be included in logistic regression but in the mixed model

will be the level.

Logistic Regression

Many categorical response variables have only two categories: for example, whether you have prenatal

controls (yes,no), or whether you have had any particular disease like to have or not preecalmpsia.

For a binary response variable Y and an explanatory variable X, let π(x) = P (Y = 1|X = x) =

1− P (Y = 0|X = x). The specification of the logistic regression model (one variable case) is

π(x) =
exp(α + βx)

1 + exp(α + βx)

Equivalently, the log odds, called logit, has the linear relationship

logit(π(x)) = log
π(x)

1− π(x)
= α + βx

A fixed change in x may have less impact when π is near 0 or 1 than went π in near the middle of its

range (Agresti 2002). The model specification will be show later in the Analysis and Results section.

Multilevel Models for Binary Response

The analyses of data that come from diseases geographically distributed consider the observation

units as populations, no individuals and also, each population is into a delimited geographic space.

Multilevel models are useful as an instrument for the study of the behavior of a disease including the

spatial correlation structure owned by the data nature. Those models are a tool that born motivated

by the hierarchical structure, nested or multilevel in some data groups. The hierarchy or nesting

consists in that the units are grouped into others. The last can be grouped inside others and so on.

In the last 10 years, many studies has been shown the flexibility of the structure of those models,

involving the spatial auto-correlation and then obtain models with better fit, which means better

information quality given by the model (Forero 2004).

The necessity of the multilevel models appears when the data are grouped. Thus, the observations

of the same group are generally more similar that compared with the observations in different groups,
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which violates the assumption of independence. This model is also known as random coefficient

model, variance component model, hierarchical linear model and mixed effects or mixed model. The

assumptions are basically three: a hierarchical structure of the data, a response variable measured in

the most inferior level (for continuous responses) and the existence of covariates measured in every

possible level (Forero 2004) .

Without regard if the focus or purpose is inferential or exploratory, some factors should be taken

into account that can be an influence in the distribution of the disease. In general, there are three

factors:

1. Effects into the area units like population at risk or individual characteristics.

2. Hierarchical effects that appear when small areas are grouped into bigger areas due to admin-

istrative, cultural or geographical reasons.

3. Neighborhood effects appear when the areas share a geographical border thus, can share envi-

ronmental factors that contribute in the incidence or outcome for a specific disease. Usually

the formed areas are established trough geopolitical limits and they are no related with the

disease.

The same principle is applied to logistic regression but there is a random effect that will be seen

as the clustering variable in terms of population. The specification of the multilevel model (one

variable case) is logit(π(x)) = β0j + β1jxi,j + εi,j and the two levels becomes β0j = γ00 + u0j and

β1j = γ10 because in this case, each class has a different intercept coefficient β0j and different slope

β1j.

Missing Data

In the original data base there was two classes of missing data. The first one was described as an

unknown answer and the second was a real missing data. For this reason every unknown type of

missing was converted in a blank space as a real missing (NA). The NA’s in the regression performed

in R doesn’t take the ”NA” category, It means that NA’s are not taken into account in the calculation.

The individuals are still covered in the other variables where they are non-missing values.
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Results

Maternal Mortality Trends in Colombia

In a first step it is necessary to understand the trends that characterize maternal mortality in Colom-

bia. For this purpose, the data obtained from the National Administrative Department of Statistics

(DANE) was analyzed by specific cause of death according with the definitions of the International

Code of Diseases (ICD-10). In this analysis were included the codes O10, O11, O13, O14, O15 and

O16, giving much more relevance to the codes O14 and O15, which correspond to preeclampsia and

eclampsia respectively.

Figure 7. Evolution of Maternal Mortality Ratio from 1998 to 2009.

The Figure 7. shows the number of maternal mortality ratio from 1998 to 2009 in Colombia.

The data came since 1998 because this the year when the methodology was completely changed for
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measuring vital statistics (EEVV) including death records. We have to take into account that in

EEVV data from DANE exist some important biases: The no coverage due to the isolation because

of jungle or danger zone, the under registration due to precarious conditions or no report and the

masking due to bad diagnostics from the physicians. The Figure 8. also shows the early structure

of the number of births registered have a slow decrease from 2006 to 2010p (the p is for previous

compilation) (Source: DANE website). The ages between 15 to 19 are as high the ages between 25

to 29. The mode is always in the ages from 20 to 24. In the first case is more serious because a

teenager is not well physically and mentally prepared, even the 20 to 24 aren’t because the scarce

socio-economical conditions.

Figure 8. Number of births by Age group.

The Figure 9 shows the MMR due to hypertensive disorders from 1998 to 2009. It is noticeable

that the gestational hypertension with significant protenuria (preeclampsia) and eclampsia have the

highest MMR which encourage the study of preeclampsia confirming that those disorders can acquire

more relevance. For the hypertensive disorders, the Figure 10. was also obtained trying to show the

distribution by year of the MMR among the ages. It is important to highlight that in the process of

having birth woman are more prone to have difficult pregnancies than when they are getting older.

20



Besides, women up to 29 years old remain almost the same, and this could be an effect of the high

teenage pregnancy 19,5% (Profamilia 2010) which is biasing the result.

Figure 9. Maternal Mortality Ratio due to hypertensive disorders from 1998 to 2009.

Figure 10. Maternal Mortality Ratio due to hypertensive disorders for women from 15 to 29.
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Maternal Morbidity Approach with GenPE

Table 2. Basic descriptive results of the variables in the survey.

VARIABLE PERCENTAGE PER EACH CATEGORY (N=7858)

Case Control Case

58.14 41.86

Race White Hispanic Afro Caribbean Amerindians Mixed NA’s

13.18 14.07 1.44 70.17 1.13

Strata 1 2 3 4 5 6 NA’s

52.09 35.95 6.21 0.65 0.18 0.03 4.90

Smoke No Yes NA’s

97.47 2.02 0.51

Pree.mother No Yes NA’s

71.51 10.38 18.11

Pree.sister No Yes NA’s

43.76 7.02 49.21

City of Capture Bucaramanga Cartagena Tunja Cúcuta Bogotá Cali Medelĺın Popayán

15.61 38.72 0.71 0.73 3.83 23.57 16.59 0.23

Migration No Yes NA’s

66.35 33.43 0.22

f.infarction No Yes NA’s

76.76 1.95 21.29

f.hypertension No Yes NA’s

70.64 7.75 21.61

f.stroke No Yes NA’s

78.15 0.36 21.49

m.infarction No Yes NA’s

80.29 1.17 18.54

m.hypertension No Yes NA’s

62.78 18.54 18.68

m.stroke No Yes NA’s

80.90 0.42 18.68

For the 4569 valid controls and 3289 valid cases, the mean age is 18.89 years and the median was

19. All women were less than 26. 7559 women were not smokers and the most predominant race is

the mixed followed by afro-caribbean. Most of the women come from the poorest socio economical

strata in this case first and second and also most of them have had prenatal control, approximately

79.5% of the cases. The variable prenatal control was not included in the models tested later because

was more important to check the total number of controls and time to the first one in order to have

more specific information from the women who had received prenatal care. The first one is very

concentrated before 10 (X̄ = 5.849, median=6) prenatal controls but the distribution has a heavy

tail. The second one is the time to the first control. This variable has some hotspots in the time in

which the pregnant women has most of the prenatal checks. All of the three continuous variables

were not strictly normal distributed and has a right tail. There is no possibility to create a variable
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for ‘no sister’ because the answer was not taken in account when was registered, and there is no

chance to distinguish between no response, no sister and missing data (NA: 49.21%).

Figure 13. Distribution for the continuous variables.

Associations

A χ2 − test of association was performed to determined from the beginning to construct an idea of

the variables that are likely to have any relation with the response variable. The following table

shows up the p-values for the test. The p-values for the test, shows that just ten (age, race, region,

institution, preeclampsia in mother, preeclampsia in sister, father infarction, father hypertension,

mother infarction and mother hypertension) variables are associated with the response variable which

is case. Taking into account, that race has been described in the literature as a risk factor for

hypertension especially in afro-American people, the significant association between this variable

with the development of preeclampsia is definitely coherent.
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Region became significant giving us a sense

of a clustered effect into the different cate-

gories. Medical variables less stroke (in mother

and father) were significantly associated with

preeclampsia development. What is relevant is

the fact that the socio-economical strata do not

have any association with the disease (which was

the expected background) and the same for smok-

ing, which has been widely described as a risk

factor for hypertensive diseases.

Table 3. p− values for χ2 − test for association.

names.p.val p.values

1 Age 0.000**

2 Total number of controls 0.000**

3 Time to first control 0.000**

4 Race 0.000**

5 SES 0.562

6 Region (City of capture) 0.000**

7 Smoke 0.258

8 Preeclamsia in mother 0.000**

9 Preeclampsia in sister 0.000**

10 Migration 0.737

11 Infarction in father 0.000**

12 Hyperension in father 0.000**

13 Stroke in father 0.453

14 Infarction in mother 0.020**

15 Hypertension in mother 0.000**

16 Stroke in mother 0.197

Regressions Findings

As a part of the the work, some regressions were run. The first one was the natural thinking to get

the probability trough a logistic regression and the second one was trough a multilevel model. In

the last, three R functions were tested (glm, glmPQL and glmer). The following checks will detail

each one as a review of the possibilities, however, only the package for the mixed model was totally

detailed in order to keep the simplest and most robust method. R gives the coefficients of the model

taking the first category as the reference to compare (same with the OR), it means that there is no

‘omitted’ categories in any the model. Two models were tested in all the cases contains 3 continuous

variables (age, total.controls and first.control), one ordinal (SES) and the rest of them are categorical.

The first model (model 1) just involve the socio-demographic variables:

case = age+ total.controls+ first.control + race+ strata+migration+ (region)

The second model (model 2) incorporates the medical variables to compare with the previous model.

case = age+total.controls+first.control+smoke+race+pree.sister+pree.mother+strata+migration+

f.infarction+ f.hypertension+ f.stroke+m.infarction+m.hypertension+m.stroke+ (region)

Due to the few cases, the SES variable had a modification; Strata 4, 5 and 6 were mixed as one

category. There is two other variables with more than 2 categories, region and race. For region
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is impossible to re-categorize it because the geography in Colombia plays a big role, that includes

climate, customs, food, etc. which made every place very particular. The variable region is between

brackets to symbolize that this variable will be used in both models but the difference is that in

the multilevel model will be the level of aggregation. For the case of race, is no pertinent to make

a re-categorization because is a key factor previously described by the literature, where is evidence

about the differences that race confers to the develop of hypertensive disorders. The categories shown

below which are in bold have statistical significance.

Logistic Regression

Table 4. Results of the logistic regression model using region as a covariate.

LOGISTIC MODEL

Model 1 Model 2

Variable Estimated OR Std. Error |1− OR| ∗ 100 Estimated OR Std. Error |1− OR| ∗ 100

(Intercept) 0.306 1.313 69.371 0.321 1.560 67.896

age 1.082 1.010 8.196 1.059 1.016 5.886

total.controls 0.879 1.017 12.140 0.897 1.030 10.335

first.control 0.976 1.005 2.441 0.973 1.009 2.701

race2 1.321 1.116 32.050 0.966 1.200 3.418

race3 0.940 1.275 5.952 0.703 1.444 29.664

race4 0.937 1.088 6.312 0.962 1.152 3.808

region2 1.309 1.104 30.912 1.015 1.179 1.527

region3 2.219 1.365 121.867 1.868 1.632 86.831

region4 2.147 1.430 114.734 1.138 1.711 13.787

region5 1.996 1.218 99.608 1.567 1.354 56.724

region6 1.827 1.110 82.661 1.231 1.191 23.148

region7 1.887 1.115 88.677 1.349 1.201 34.865

region8 3.347 1.772 234.723 0.787 2.610 21.347

strata.2 0.841 1.224 15.916 0.702 1.380 29.830

strata.3 1.097 1.171 9.677 0.995 1.288 0.528

strata.4 0.992 1.108 0.766 1.028 1.185 2.828

migration1 0.905 1.061 9.459 0.946 1.108 5.415

smoke1 1.001 1.416 0.130

pree.sister1 2.477 1.136 147.725

pree.mother1 2.314 1.157 131.423

f.infarction1 1.145 1.353 14.481

f.hypertension1 1.435 1.156 43.539

f.stroke1 0.565 2.448 43.481

m.infarction1 1.889 1.442 88.927

m.hypertension1 2.151 1.113 115.070

m.stroke1 0.920 1.879 7.989

The results of logistic regression shows some significative variables as age, total number of con-

trols, the time to first control, the presence of preeclampsia in mother and sister, the presence of

hypertension in father and mother and presence of myocardial infarction in the mother all of them
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with p < 0.05. The variable region is significant (p < 0.05) for all categories just when medical

variables are excluded of the model, the same as the variable migration but at the level of p < 0.1

(weak but informative). Notice that Socio Economical Strata was’t significant as in the χ2 − test

previously performed, confirming that is no relevant even when the medical variables are included.

For the variable age per each year increased there is 8.19% more risk to get preeclampsia for

the model 1 and 5.88% for the model 2. One important result is the similarity between the data

obtained for the age specific mortality rate due to hypertensive disorders and the significance of the

variable age in the model. The total number of controls variable being a protective factor has a

negative sign which indicates that per each control taken there is 12.1% less risk to get the disease

for the model 1 and 10.33% for model 2 and the variable time to first control has also a protective

factor giving 2.44% less risk to get it for the model 1 and 2.70% for the model 2. Just in the model

1, being of race 2 it means Afro-Caribbean has 32.05% more risk to get preeclampsia. This race

appear when just the socio-demographic factors are included in the model because when the medical

variables are included and, although the coefficients do not vary a lot the Afro-Caribbean race does

not have any significance. The familiar preeclampsia background still has much more important

participation to obtain the disease. For example, if the sister has had preeclampsia the risk to get

it is 147.72% much higher and if the mother has had it the risk is 131.42% much higher. The same

thing in relation with the hypertensive background, but the difference is that in when the mother

has had hypertension antecedents the risk is much higher (115.07%) than when the father has those

(43.53%). The presence of myocardial infarction was only significant for the mother, giving 88.92%

more risk to get the disease.

For he case of region is interesting to see how every region is significant when the medical variables

are not included. Compared which the reference category, Popayán (region 8) is the one where the

risk is the highest, being 234.72% much higher, followed by Tunja (Region 3, 114.73%), Cúcuta

(Region 4, 114.73%), Bogotá. This is another reason to choose region as a clustering variable taking

advantage that every category has a significative risk in the logistic model.
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Multilevel Models

The following models were researched in R, and SPSS software, but R seems to be more flexible to

evaluate the tables and the graphs. The two functions are glmmPQL and glmer which are shown

below with the results about the statistical significance. Specially in R, is more flexible due that is

easy to get access to the insights of the model, it means to get the residuals in order to make tests.

The first model then, is the penalized quasi-likelihood estimation. In it . Furthermore I will give the

explanation about the model chosen.

I prefer to analyze the mixed model deeper because two important reasons. First, the logit

model is still correct, it estimates the liability of get preeclampsia but, the observations are clustered

by region, it means the assumption of the observation’s independence does not fit here. Second

and although the results are very similar, the Penalized Quasi-likelehood is feasible to calculate the

coefficients, the model does not offer the Akaike Criterion to compare with the other two models, in

this case is good to use the AIC obtaining for the logistic model 1 was 7786.9 and for model 2 was

3025.6. For the mixed model 1 was 7797 and for model 2 was 3021. The criterion establish that the

lowest value should be chosen. They are no really different but the mixed has less value in the model

1 but the other way around in the model 2. The penalized quasi-likelihood (PQL) by Breslow and

Clayton (1993) is the most popular for the GLMM. It approximates the high-dimensional integration

using the wellknown Laplace approximation and the approximated likelihood function has that of a

Gaussian distribution. Subsequently, it suggests to apply linear mixed model restricted maximum

likelihood (REML) estimation to the normal theory problem introduced in Harville (1977). The PQL

method is a complex method and mixed models are more flexible and in this case of R sintaxis, it

allows to put more variables as a random effects and give same results (Jang & Lim 2006).

The coefficients in mixed model are in terms of the log odds, that is, the coefficient 0.05904

implies that a one unit change in age results in a 0.05904 unit change in the log of the odds. But for

the variables is better to know the ‘risk’ quantification in terms of the OR = exp(β) and its intervals

IC = e(β+/−sd(β)). The following table shows the calculations for the Odds Ratio for the coefficients

given by the mixed models. The great advantage on multilevel models with binary outcome is that

the coefficients can be interpreted in the same way as in the logistic regression.
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Table 5. Results of the multilevel model when region is used as the clustering variable.

MULTILEVEL MODEL

Model 1 Model 2

Variable Estimated OR Std. Error |1− OR| ∗ 100 Estimated OR Std. Error |1− OR| ∗ 100

(Intercept) 0.503 1.324 49.749 0.370 1.533 62.990

age 1.083 1.010 8.266 1.061 1.016 6.061

total.controls 0.879 1.017 12.109 0.902 1.029 9.770

first.control 0.976 1.005 2.430 0.975 1.008 2.494

race2 1.314 1.115 31.367 0.936 1.189 6.380

race3 0.935 1.274 6.469 0.687 1.437 31.315

race4 0.927 1.088 7.279 0.870 1.141 12.969

strata.2 0.850 1.223 15.035 0.789 1.371 21.102

strata.3 1.095 1.171 9.513 0.977 1.287 2.279

strata.4 0.993 1.108 0.664 1.030 1.183 3.049

migration1 0.909 1.061 9.071 0.986 1.104 1.402

smoke1 1.021 1.413 2.084

pree.sister1 2.491 1.136 149.061

pree.mother1 2.286 1.157 128.604

f.infarction1 1.156 1.347 15.621

f.hypertension1 1.454 1.155 45.401

f.stroke1 0.533 2.437 46.714

m.infarction1 1.828 1.427 82.763

m.hypertension1 2.201 1.111 120.096

m.stroke1 0.917 1.877 8.337

For the variable age per each year increased there is 8.26% more risk to get preeclampsia for

the model 1 and 6.06% for the model 2. An important result is the similarity between the data

obtained for the age specific mortality rate due to hypertensive disorders and the significance of the

variable age in the model. The total number of controls variable being a protective factor indicates

that per each control taken there is 12.1% less risk to get the disease for the model 1 and 9.77%

for model 2 and the variable time to first control has also a protective factor giving 2.43% less risk

to get it for the model 1 and 2.5% for the model 2. As is shown in the logistic model, being of

race 2 it means Afro-Caribbean has 32.05% more risk to get preeclampsia. This race appear when

just the socio-demographic factors are included in the model because when the medical variables are

included and, although the coefficients do not vary a lot the Afro-Caribbean race does not have any

significance. The familiar preeclampsia background still has much more important participation to

obtain the disease. For example, if the sister has had preeclampsia the risk to get it is 149.06% much

higher and if the mother has had it the risk is 128.6% much higher. The same thing in relation with

the hypertensive background, but the difference is that in when the mother has had hypertension

antecedents the risk is much higher (120.09%) than when the father has those (45.40%). The presence

of infarction was only significant for the mother, giving 82.76% more risk to get the disease.
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To summarize, maternal mortality ratio in Colombia has had a significative reduction since 1998

trying to reach the fifth millennium development goal. The same has happened with when maternal

mortality due to hypertensive disorders is explored in detail using data from the statistical bureau.

To explore the causes, GenPE project provides valuable information about the socio-demographic

view that are necessary to lead preeclampisa. One important result is the importance of the num-

ber of prenatal controls and the time to do the first one, because it highlights the importance of

governmental programs focused on emergency obstetric care. Statistical modeling yields unexpected

results as the no association between SES, race and region as covariates with the outcome (have or

not preeclampsia), that can be explained by the sampling, besides, there is not that much difference

between the two modeling strategies in terms of significant variables.
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Discussion

Demography is a very complex issue which needs a lot of resources to commit a good result or

estimation. In the study of mortality and morbidity, the resources needed are many and the process

itself has to face some problems like in the case of this work. First, the lack of information in

developing countries does not allow to work in a comfortable situation, it makes that the studies

involve more sources than the register data. Instead, collection of surveys are used and although

they can not contribute to have the population parameter, the are still useful to have estimations

based in our hypothesis combined with what its happening in the reality. Second, the lack of follow-

up studies does not permit a deeper demographic work but still demography is a combination of

many assumptions, data, methods and obviously people. This section will be divided in two parts.

The first will discuss about the mortality trends description made with the DANE data. The second

will be done about the morbidity analysis made with the GenPE data.

To begin with, the results obtained in the first part of the analysis are interesting that the MMR

is decreasing continuously since the year 2000 until 2009, to get a level of 73 deaths per 100,000 being

less compared with the data used by the World Health Organization which is 85 deaths per 100,000.

This difference could be explained by the use of a combination of sources that maternal mortality

report uses, like DHS, vital statistics and other organizations’ data (WHO, UNFPA, UNICEF and the

World Bank) for the estimations. The information of vital statistics of DANE is not totally accurate

at all because there is a omission and no response which sub-estimate the parameters because in

some regions of Colombia there is not a good quality of the data and the omission gets high levels.

The same thing happens with the 42% of deaths due to preeclampsia established by Serrano-Diaz &

Dı́az-Martinez (2005). One important issue is that in DANE data is that pregnancy related deaths

where pulled for the proxy I was trying to use in the survey analysis. O14 and O15 corresponding
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to Gestational hypertension (Induced Pregnancy),with significant proteinuria (Preeclampisia) and

Eclampsia where the highest and that corroborates the importance of studying this field deeper and

in this case trough the GenPE survey. The reduction of the MMR can be due to different reasons

like public policies focused on decrease the number of pregnant teenagers. Although is still high

for ages between 15 to 19 and 20 to 24 (adolescence) a decrease in fertility is noticeable. This

is a fundamental fact to say because the reduction of MMR do not just obey to a reduction in

mortality rates but the reduction of the number of pregnant women, for example, the use of modern

contraceptive methods for all the women between 15 to 19 in 2010 was about 46.1% compared with

five years before which was 34.9% (Profamilia 2010). There is then two primal problems in DANE

data. The lack of geographical coverage due to the difficult landscape where people lives, makes the

estimators biased and underestimated and besides, the lack of information about key variables like

the educational level data, if there is information, is at the aggregated level or new but non-official

data restrained to not certified previous analysis.

For the morbidity analysis is valuable to regard that GenPe appeared as a genetical study but with

the process of mixing different disciplines it supply important information which give us pathways

to follow the morbidity of preeclampsia. The results can be biased by the sampling method, because

the people is coming to the study due to a disease and is not picked randomly as a planned process.

As a suggestion this sample should be fixed trying to pick more people from different strata and

different races using a quote sampling, it means using the same proportions that are theoretically

in the population to get representativity. The variable education was not included in the model no

just because the few information but, because for this study is a one-point-time measure and is not

correct to check the influence in the outcome of preeclampsia because if a person is educated now,

the result will not be immediately, it should take time and that is the reason why is important to

carry out more follow-up studies.

In the background, the theory was balanced to think that the socio-economical strata, was leading

the risk of preeclampsia, but more important, social stratification can influence the outcome if it is

included as a covariate in the presence of others like the total prenatal controls and the time to the

first control. Social stratification was not significant but it can help to investigate how is the influence

on variables like the total prenatal controls and the time to the first control because it can play a
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indirect role for them. If we assume the transitivity to begin with, saying that socio-economic factors

have a strong influence on prenatal controls and prenatal controls (time and number) has a strong

influence on preeclampsia because the relation is masked by prenatal care. There is an intriguing

result with the variable region because for the sample it was not significant in the total inclusion

of variables in the logistic regression testing process, but it was when just the socio-demographic

factors were included. The variable region, which for this very specific study was the main city

of each municipality, as is mentioned in the results, is playing a neighborhood effect and this is

the primary reason to select it as a clustering variable for the multilevel analysis, considering the

differences in the regions’ culture and level of development. A very central contribution of this finding

is; if this kind of variables are tested separately the effect can be shown and in the practice people

just run complete models that can mask the effects of the demographic which are usually weak when

more medical variables are included. Other interesting outcome was with the variable race, which in

the literature is widely described for hypertension differences in african-american people therefore,

afro-caribbean was expected to be significant as Odedosu et al. (2012) established previously in the

background, and it was when just the socio-demographic variables were included in the models.

Other socio-demographic issues can be converted in variables for further studies. It is interesting

how the variable migration, which have a weak level of significance in the logistic regression and is

still informative and open the question a about the information that is prudent to involve later in

the research. More factors mentioned in the background as family composition (women house-head),

emergency obstetric care (in terms of coverage and technology applied in public health), urban/rural

MMR differences, migrants by armed conflict, trends in the percentage of trained personal, education

levels, and public health packages reforms, require more data manipulation. There is lack of informa-

tion about the educational level related to prenatal controls in register data. If there is information,

is at the aggregated level. In fact, education as a one-point-time measure is not correct to check the

influence in the outcome of preeclampsia because if a person is educated now, the result will not be

immediately, it should take time and that is the reason why is important to carry out more follow-up

studies.

The inclusion of parental diseases was to check the influence of direct related hypertensive dis-

orders including preeclampsia in the mother and sister to get part of the environmental conditions
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influencing the offspring. Also because as started being an epidemiological research we can no forget

that there is an effect of the heritance on the outcome and that is why is important to take into ac-

count that there is familiar aggregation of the hypertensive disorders. As they become significative,

it corroborates that the influence is high for preeclampsia in mother and sister and hypertension

present in the parental level. The significance of most of the hypertensive disorders tested, confirm

that the family background is important in the develop, more from the mother than from the fa-

ther, or for other female family member indeed. This argument is in favor of familiar aggregation of

hypertension and stroke overall when they are pregnant.

More demographic methods are part of further research like comparison between different kind of

indirect estimations and life table calculations in order to see the effect on the life expectancy. The

modeling of hazard rates to analyze variables like time to first control, will be useful to investigate

the real influence of those social variables on that. It is very required to include more about the

influence of teenage pregnancy which is considered high in Colombia because, as is observed that age

is increasing is needed to stress on that special due to its relevance as a poverty indicator. Further

research should try to measure the type of trained personal which follows the pregnancy process, the

place of birth, the baby weight, the information available and others to establish more accurate in

which directions colombian has to take to decrease maternal mortality rates.
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Appendix

Genetic association studies

“Genetic association studies aim to detect association between one or more genetic polymorphisms

and a trait, which might be some quantitative characteristic or a discrete attribute or disease”(Cordell

& Clayton 2005). There is two types of association: direct, where the aim is to target polymorphisms

which are themselves variants and indirect, where the polymorphism is a surrogate for the causal

locus. All of this procedure is to identify if‘ “(1) the polymorphism has a causal role; (2) the

polymorphism has no causal role but is associated with a nearby causal variant; or (3) the association

is due to some underlying stratification or admixture of the population.” (Cordell & Clayton 2005).

A Polymorphism occurs when two or more clearly different traits exist in the same population of a

species it means, the occurrence of more than one form (morph).
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Table A. Races definition if person does not determine one

  GenPE: International study of genetics in preeclampsia 
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Figure 14. Simple sketch of the basic inclusion criteria (GenPE 2011)
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Residual Analysis for the Mixed Model

The Figure 15. shows something common in the literature. Residual analysis is not very useful when

a binary outcome is modeled because is not possible to observe a pattern to prove homoscedasticity,

although it is still informative about the closeness with the zero (0) in the standardized residuals

(between -2 and 2 SD). As is shown, there multi-modality and also they can not be considered

normal. Is not really possible trough this way that we can choose the good model because residuals

are similar between the logistic and the mixed model. There are some outliers that we have to take

into account but are just one after 3 standard deviation which can be problematic.

Figure 15. Distribution and analysis of residuals of the model.
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