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ABSTRACT

This study tested whether the prediction of health-related knowledge (correct breastfeeding practices
in this case) could be improved by including information about the composition of an individual's per-
sonal network above and beyond that predicted by his/her socioeconomic or demographic characteristics.
Few studies have tested the predictive value of social networks, especially for population-based studies,
despite an increased use of social networks in the past few years in several fields of health research,
especially in research relating to prevention of HIV/AIDS and design of HIV/AIDS programmes. Pro-
motion of breastfeeding practices that enhance child survival is important in Bolivia because of high
infant morbidity and mortality in the country. Data on a cross-sectional urban probability sample of
2,354 women and men aged 15-49 years were collected from seven urban areas in Bolivia. Model building
and the log likelihood ratio criteria were used for assessing the significance of variables in a logistic
model. Results showed that the network variables added significantly (p<0.05 for knowledge of breast-
feeding only with no other liquids and for knowledge of breastfeeding only with no solids p<0.01) to
the predictive power of the socioeconomic variables. These results may also hold for other health research
areas, increasingly using social network analysis, such as that of HIV/AIDS.
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INTRODUCTION

This study tested whether the prediction of health-related
knowledge (correct breastfeeding practices in this case)
could be improved by including information about the
composition of an individual's personal network above
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and beyond that predicted by his/her socioeconomic or
demographic characteristics. Few studies have tested
the predictive value of social networks, especially for
population-based studies, despite an increased use of
social networks in the past few years in several fields of
health research, especially in research relating to pre-
vention of HIV/AIDS (1-8) and design of HIV/AIDS
programmes (9).

The field of network analysis has emerged from the
disciplines of social anthropology, social psychology,
and sociometry and has progressed rapidly over the past
two decades (10-14). Network analysis is a "technique
used to analyze the pattern of interpersonal communi-
cation in a social system by determining who talks to
whom" (15). Individual beliefs and actions are shaped
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by the influence—whether by persuasion, constraint, or
example—exerted by the social relationship structures
and networks that individuals are embedded in (16).

A social network is a group of nodes linked together
by different types of ties (17). These nodes could be
groups, individuals, or other units. Personal network
refers to an individual and his/her direct contacts, while
a whole network refers to an entire group of persons and
their links in a specific population (18,19). A population
can be a single social network comprising as many per-
sonal networks as there are individuals (17).

Valente notes that these individual connections are
not random and that, therefore, rather than concentrating
on individual characteristics (such as age, educational
level, and income) and on relations, researchers may
identify the community or social structure which then
can be used for understanding health-related behaviours
(15). This statement reflects the polarization of approaches
used for analyzing aspects of the social world: whether
through attributes or characteristics which belong to an
individual apart from relations with other individuals;
or through relationships which are not derived from any
intrinsic characteristics of the individuals involved but
are instead a property generated by the linkage or connec-
tion between individuals (12,20,21). In support of the
pro-relational position, Rogers and Kincaid reported on
results of different types of studies on the effect of net-
work variables versus individual characteristics on be-
haviour (22). They concluded that, in some instances as
in the case of acquisition of knowledge about social
agencies by Korean immigrants in Honolulu, the perso-
nal network characteristics of the immigrants (connected-
ness and density) predicted 'information acquisition'
better than demographic variables, such as education, age,
and occupation.

In addition, Phillips et al., in a case-control study of
family-planning acceptance, showed that characteristics
of the individual were not significant determinants of
contraceptive innovation, but that, on the other hand,
network indicators of husband's support, spousal com-
munication, and social interaction about family plan-
ning were significant determinants of method adoption
(23). Behrman, Kohler, and Watkins, in a longitudinal
study in rural Kenya, found that the effect of social net-
works on attitudes and behaviour regarding family plan-
ning and AIDS were significant even when controlling
for unobserved factors that might also determine the
social network itself (24). Similar results for family
planning were reported in a 2001 longitudinal study in
Ghana (25).

To further test the theory that by simply aggregating the
individual attributes of its members, it is not possible
to capture the properties of social systems, the present
research studied whether the prediction of breastfeeding
knowledge can be improved by the composition of an
individual's personal network above that predicted by
his/her socioeconomic or demographic characteristics.
We hypothesize that personal network characteristics
will explain variation in breastfeeding knowledge in
addition to that explained by socioeconomic/demographic
characteristics.

MATERIALS AND METHODS

The study analyzed data originally collected to assess
the effectiveness of a mass-media campaign in Bolivia
on reproductive health (26). Results of the effectiveness
of the campaign on the breastfeeding knowledge of the
target population have been published elsewhere (27).

Briefly, a cross-sectional urban probability sample
of 2,354 women and men, distributed proportionally to
the population size among the seven largest cities in
Bolivia, was selected: La Paz (25%), Santa Cruz (23%),
Cochabamba (16%), E1 Alto (14%), Oruro (8%), Sucre
(8%), and Tarija (6%). To ensure that the sample was
representative of urban women and men aged 15-49 years
from the middle to lower-middle socioeconomic classes,
a stratified random sampling approach was used. First,
using census maps, all the middle to lower-middle socio-
economic neighbourhoods were enumerated in each of
the seven cities, then a random sample of neighbourhoods
in each city was selected from these neighbourhoods.
Second, the research team enumerated all the households
in each selected neighbourhood in each city using census
maps and then randomly selected households, including
replacement households. Third, at the household level,
the interviews were conducted with the youngest man or
woman (age range: 15-49 years) present in the household,
and the questionnaires were administered by interviewers
of the same sex as the interviewees. The sample design
was structured to provide a self-weighting sample repre-
sentative of the middle to lower-middle socioecono-
mic neighbourhoods in the seven cities. Data were ana-
lyzed using Stata version 7 (28).

Data for network analysis can be collected through
several different techniques. Often the respondent (also
called ego) is asked to name those people to whom they
go for advice or to discuss specific questions. In this
manner, the names of persons (also called alters) in the
respondent's personal network are collected. The net-
work nominations can be used for recording the presence
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or absence of ties among the alters (binary representa-
tion of the data), or they can provide a value, such as fre-
quency of interaction among members of a community
(15,12). The network information available from the
Bolivia Reproductive Health Campaign is of this nature;
measures, such as closeness and personal network den-
sity (which refers to the proportion of an individual's
nominees that know one another), could be obtained.

Conceptual framework

The framework (Fig. 1) summarizes and specifies the
relationships between the background and personal net-
work characteristics and the breastfeeding knowledge.
Breastfeeding knowledge was the outcome variable, and
personal network characteristics were the predictor vari-
ables of interest. Other covariates that influence breast-
feeding knowledge directly or indirectly included socio-
economic/demographic characteristics and access to
the health system. This framework illustrates what was
compared: the predictive power of socioeconomic/demo-
graphic characteristics, access to the health system, and
network characteristics on breastfeeding knowledge.

few hours?"—responses were coded as O=After a few
hours or 1=Immediately.

Breastfeeding only with no other liquids (BFNL) for
the first six months of life: The question asked was
"Do you think that, during the first six months of life,
a baby should be breastfed only or in addition should
be given other liquids?"—responses were coded as 0=
Breastfed+liquids or 1=Breastfed only.

Breastfeeding only with no solids (BFNS) for the
first six months of life: The respondents were asked:
"Do you think that, during the first six months of life,
a baby should be breastfed only or in addition should
be given other foods?"—responses were coded as 0=
Breastfed+other foods or 1=Breastfed only.

The background variables selected were traditional
demographic and socioeconomic status variables, inclu-
ding age, sex, marital status, number of living children,
education, and a wealth index (29). An index of access
to the health system was also included. Details of the
background variables are given in Table 1.

Fig. 1. Conceptual framework for predicting breastfeeding knowledge
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Breastfeeding knowledge

Early attachment to breast
(proxy for giving colostrums)

Only breastmilk with no other
liquids for the first six months

Only breastmilk with no
solids for the first six months

Access to health system index

Variable definition

The dependent variables in this study were knowledge
of three correct breastfeeding practices. Each outcome
variable measured knowledge of specific infant-feeding
practices because, in Bolivia, where discarding of colos-
trums, provision of prelacteal feeds, and early introduc-
tion of solids are all ingrained cultural practices, it was
important to measure the level of knowledge for each
type of infant-feeding practice separately.

Early attachment to the breast (EA): Early attachment
to the breast was used as proxy for feeding colostrum.
The respondents were asked whether "A baby should
be put to the breast immediately after birth or after a

The mediating variables—social network variables—
included: network size, closeness, density, and alters
characteristics, such as sex, age, education, family-plan-
ning use, and index of wealth. Some network measures,
such as density, can range from 0 to 1, where 0 represents
low density, and 1 represents a very dense network (i.e.
where all the alters nominated by that particular respon-
dent or ego know one another). Density can only be
calculated for those who nominated at least two alters.
Details of the social network variables are given in
Table 2.

Model building and hypothesis testing

Multiple logistic regression was used for testing the hypo-
theses of this research. The same approach was used for
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Table 1. Description of background variables

Variable Code

Age
Sex
Marital status

Number of living children
Education

Wealth index

Access to the health system

Age reported in years

Binary: 0=Male, 1=Female

Two categories: (1) Married (married or in union), and (2) Single
(single, widowed, divorced, not in union)

Number of children

Four categories: none/elementary, middle school, high school,
and technical/university

Possession of four objects and one service: radio, television,
indoor water, telephone, and car

Scale 0-5: 0=no possessions/service (less wealthy) and 5=all the
possessions and service (more wealthy)

Four categories ranging from 0 (no access) to 3 (high access).
Includes access to prenatal care, family-planning services, and
institutional delivery for the last birth

Table 2. Description of personal network variables

Network density Scale of 0 to 1

Sex of each alter in
the personal network

Age of each alter in
the personal network

Education of each
alter in the personal
network

Binary: male/female (%)
In years

Six categories: 1=none,
2=elementary, 3=middle
school, 4=high school,
S=technical, 6=university
Binary: 0=No

1=Yes

Family-planning use
of each alter in the
personal network

Wealth index for
each alter in the
personal network

Scale 0-5: 0=No
possessions/service
(less wealthy) and
5=all the possessions/
service (more wealthy)

Variable Code Variable used in analysis

Network size Range 0 to 5 Number of persons (alters*) with whom respondent
discusses personal topics

Closeness Range 1to 5 First person nominated is the closest, and 5th is the

least close

Number of alters that are reported to know each other.
1=very dense network

Summary variable to measure gender composition for
the network

Summary variable to measure mean age composition for
the network

Summary variable to measure mean education
composition for the network

Summary variable to measure mean family-planning
use for the network

Possession of four objects and 1 service: radio, television,
indoor water, telephone, and car

Summary variable to measure mean wealth composition
for the network

*Alter refers to a person who was nominated by the respondent as being in his/her social network

each of the three outcome variables. Outcome Y (breast-
feeding knowledge) can only assume two possible values:
Y=1 denotes correct knowledge, and Y=0 denotes in-
correct or no-knowledge. Let

px)=P{Y=1 ‘ x}, where x=x,+x, and
x;=Vector of demographic/socioeconomic variables

X,=Vector of personal network characteristics.

Three models were considered: Model 1 included demo-
graphic and socioeconomic variables and access to health
system variable; Model 2 included personal network
variables; and Model 3 is the full model, including all
variables in Model 1 and Model 2.

To test if personal network characteristics could pre-
dict breastfeeding knowledge better than socioeconomic/
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demographic characteristics alone, models 1, 2, and 3
will be used. To assess the significance of the variables
in the model (testing if the background or predictor vari-
ables were significantly related to the outcome variable),
the log likelihood ratio criteria were used (30-32). We
determined, using the full model (model 3), whether this
model, which included the composition of an individual's
personal network (model 2), predicted the outcome vari-
able (breastfeeding knowledge) better than model 1
which included only socioeconomic characteristics.

RESULTS

The sample was composed of 2,354 respondents, of
whom 59% were women and 41% men. The majority
(66%) of the respondents were married or in union, and
70% had at least one living child. The majority (66%)
of the respondents also had a high school or higher
education (Table 3).

Knowledge of correct breastfeeding practices differed
significantly between men and women (Fig. 2). Men
had higher knowledge than women that a baby should
be fed only breastmilk for the first six months of life,
while women had higher knowledge than men regard-
ing early attachment to the breast (p<<0.01).

Personal network characteristics

Network size: The mean overall network size was 1.98.
Opverall, 17.3% of the respondents did not nominate any
alters, and 16.5% nominated 4 alters or more. Approxi-
mately, 30% nominated only one alter (Table 4). Although
women reported smaller networks than men, the differ-
ences were not significant.

Network sociodemographic characteristics: More men
than women were nominated as the closest person (alter 1)
in the network (53% and 46.6% respectively), but 6-10%
more women than men were listed for alter 2-5 (Table 5).
Those nominated as alter 1 were older, especially in the
age-group of 35-49 years (32.4%), when compared to
alter 2-5 which had approximately 25% of alters in that
age-group. Those nominated as alters 4 and 5 were more
educated; approximately, 74% had a high school or
higher education than those nominated as alters 1 and
2 (68% and 69% respectively had a high school or higher
education).

Regarding the family-planning use variable, which is
a proxy for access to the healthcare system, there was
a higher proportion of users among those nominated as
alter 1 (48%) than for those nominated as other alters
which ranged from 41% to 43% of reported use.

Table 3. Distribution of demographic characteristics
for survey respondents, Bolivia, 1994 Natio-
nal Reproductive Health Campaign

Sociodemographic Percentage of
characteristics respondents (n=2,354)
Gender
Male 41.0
Female 59.0
Age (years)
15-19 17.2
20-24 18.6
25-29 19.8
30-34 14.5
35-39 13.5
40-49 16.4
Marital status
Married 66.2
Single* 33.8
Number of live children
0 33.1
1 16.1
2 18.6
3 14.1
4+ 18.1
Education
None or primary 16.9
Middle school 16.0
High school 41.4
Technical and university 25.7
Wealth index
(range 0 to 5 possessions/service)
0 2.0
1 2.9
2 13.4
3 53.9
4 18.6
5 9.2

*Single includes: single, widowed, divorced (not in
union)

Fig. 2. Percentage of respondents who had correct
breastfeeding knowledge, by sex (n=955 men
and 1,399 women )

45
40 -
35 -
30
25
20
15
10
5,
0,

Breastfeeding knowledge

EA=Early attachment to the breast; BFNL=Breast-
feeding only, no other liquids; BFNS=Breastfeeding
only, no solids
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Types of relations: The relational composition for those
nominated as alter 1 differed markedly from that of other
alters: a large proportion of first alters (44.2%) were
partners to the ego who nominated them while for other
alters the percentage of partners varied from 4.6% to
8.9%. On the other hand, the category of friend increased
with the rank of the alters, from 20.7% for alter 1 to
43.6% for alter 5, which accordingly is the alter least
close to ego.

Table 4. Percentage distribution of network size by
gender
Network si Male Female Total
CIWOTK SIZC - (1=965)  (n=1,389)  (n=2,354)
0 18.3 16.6 17.3
1 26.6 31.5 29.5
2 23.1 22.8 23.0
3 13.9 13.6 13.7
4 7.2 5.9 6.5
5 10.9 9.6 10.0
Total 100.0 100.0 100.0
Overall network size mean: 1.98; Standard
deviation 1.49

Density: Density can only be calculated for those who
nominated at least two alters, and results were very simi-
lar for men and women; Table 6 reports overall network
density. The overall network density for the networks
in this study was 0.79 with a standard deviation of 0.35.
This means that, overall, 79% of the alters nominated
knew one another. Respondents who nominated 3 alters
had the most dense networks, although this difference
was not statistically significant.

In the next level of analysis, the maximum log likeli-
hood ratio for the model was tested with both socio-
economic and network variables included (FM=Full
model=model 3) in the model, to the model of only the
socioeconomic variables (model 1). The added predictive
value on breastfeeding knowledge that networks pro-
vide is reported in Table 7, including the values for
the variables in the full model (socioeconomic and social
networks) and for the socioeconomic model alone, and
the difference between the two which provides the results
for this test. The network variables acted differently for
knowledge about early attachment versus knowledge of
feeding an infant breastmilk only with no other liquids
(BFNL) or for breastmilk only with no solids for first

Table 5. Distribution of network sociodemographic characteristics for each alter
Sociodemographic Alter* by closenessT to the egoi
characteristics Alter 1 Alter 2 Alter 3 Alter 4 Alter 5
Gender
Male 534 46.3 47.8 46.5 442
Female 46.6 53.7 522 53.5 55.8
Age (years)
15-19 9.2 14.3 14.4 13.6 12.8
20-24 16.7 18.2 18.7 20.0 20.3
25-29 17.3 16.2 16.0 16.9 16.1
30-34 15.3 14.2 14.4 13.2 14.7
35-39 15.1 11.4 10.5 10.9 10.9
40-49 17.3 15.4 15.2 15.0 14.7
50+ 9.1 10.3 10.8 10.4 10.5
Education
None 3.4 4.0 2.5 2.6 1.8
Basic 14.1 13.2 11.9 8.4 9.9
Middle school 14.3 12.9 13.9 15.2 13.6
High school 373 37.5 38.2 36.0 38.4
Technical 7.9 8.2 7.5 7.6 6.8
University 23.0 242 26.0 30.2 29.5
Family-planning usef
Yes 48.1 41.0 42.9 42.8 42.9
No 52.0 59.0 57.1 57.2 57.1
*Alter refers to a person who was nominated by the respondent as being in his/her social network
fCloseness is measured by how close the respondent reports the alter to him/her, where 1=closest and 5=least close
fEgo=Respondent
fFamily-planning use is a proxy for access to the health system
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six months of life (BFNS). For early attachment to the
breast, the network variables did not add significantly
to the predictive power of the socioeconomic variables
on breastfeeding knowledge. However, the network

Table 6. Network density* for respondents with at
least 2 persons (alters) in their network™ by
network size

. Mean density Standard

Network size "\ _| 148) deviation
2 0.78 0.41
3 0.81 0.32
4 0.77 0.30
5 0.79 0.29
Overall mean density: 0.79  SD 0.35

*Density range: 0-1, where 0=Not dense, i.e. none
of the alters knew one another, and 1=Dense
network, i.e. all the alters knew one another

fDensity can only be measured on a sub-sample of
the respondents (53%) that nominated at least 2
alters in their network

SD=Standard deviation

variables added significantly to the predictive power of
the socioeconomic variables for the other two knowledge
outcomes: BFNL (13.73 with 6 degrees of freedom;
p<0.05) and BFNS (25.8 with 6 degrees of freedom;
p<0.01).

DISCUSSION

The goal of this research was to test whether the predic-
tion of health-related knowledge, in this case, correct
breastfeeding practices (34-37), could be improved by
including information on the composition of an indivi-
dual's personal network. Breastfeeding is an almost uni-
versal practice in Bolivia, with approximately 98% of
infants having been breastfed at some time (38). Unfor-
tunately, breastfeeding initiation is delayed because the
mother and infant are usually separated during the first
hours of life (39), and in 1994 when data were collected
for this study, only 22% of newborns were put to the
breast within one hour after birth. There have been im-
provements in the rates of early attachment to the breast
(38), but other detrimental practices, such as discarding

Table 7. Adjusted odds ratio from 'Full' model 3 (FM) and SES only (model 1) to test for additional predictive
power associated with network variables
(n=1,954%)
Variable Early attachment BF only, no liquids BF only, no solids
FM# SES FM SES FM SES
Socioeconomic status (SES)
Age (years) 1.00 1.00 0.99 0.99 0.99 0.99
Sex (ref.=male) 1.34* 1.35™ 0.66™* 0.64™ 0.55** 0.55™
No. of live children (1-9) 1.02 1.02 0.04™* 0.86™" 0.89* 0.90"
Education (ref.=None/primary)
Middle school 0.80 0.83 1.04 0.97 0.89 0.86
High school 1.07 1.10 1.00 0.92 0.90 0.91
Technical/university 1.15 1.22 0.90 0.78 0.73 0.74
Wealth index (0-5) 0.97 0.98 0.92 0.93 0.96 0.99
Access to HS index (0-3) 1.08 1.09 0.94 0.92 0.83** 0.82**
Network
Network size (1-5) 0.95 1.07 1.17*
Alter'sT age (years) 0.99 0.99 1.01
Alter's sex (ref.=male) 1.14 0.68** 0.71%
Alter's education (none—university) 1.04 0.96 0.99
Alter's wealth index (0-5) 1.00 1.05 1.06
Alter's FP use(yes=1) 0.99 0.83 0.84
x2 3.04 14.54 25.77
DF 6 6 6
LR test$ 0.80 0.02* 0.00"*
TSignificance of network model compared to full model *p<0.05; **p<0.01; TAlter refers to a person who was
nominated by the respondent as being in his/her social network; $These analyses included only those respon-
dents who nominated at least one alter in their network; {FM=Full model=model 3
BF=Breastfeeding; DF=Degree of freedom; FP=Family planning; HS=Health services; LR=Likelihood ratio
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of colostrum, considered to be poisonous to the infant,
and provision of prelacteal feeds are still the cultural
norm (39). Changing cultural practices is a long-term
process that begins with increased knowledge and even-
tually over a period of time results in improved attitudes
and behaviour (40).

Increases in knowledge of early attachment to the
breast seem to follow a different dynamic than for the
other two types of breastfeeding knowledge. Approxi-
mately, one-third of men and women knew that a baby
should be put to the breast within one hour after birth,
while a higher percentage (approximately 40%) of men
knew about breastfeeding only with no other liquids
(BFNL) and breastfeeding only with no solids (BFNS).
However, less than one-third of the women interviewed
knew about BFNL or BFNS. Results of a more detailed
analysis on the influence of the closest member of the
network on breastfeeding knowledge published else-
where showed that women who nominated their partners
as the closest persons in their networks had significantly
higher knowledge of correct breastfeeding practices than
those who nominated their mothers as their closest mem-
bers of their network (27). Other researchers also found
that partners were very influential in the women's deci-
sion on infant-feeding practices and an important source
of support to breastfeeding woman (41-44). On the other
hand, the low knowledge of correct breastfeeding
practices among women who nominated their mothers
as their closest members in their network confirmed
assertions by previous researchers that the mother
through her advice, which is based on past experience
with traditional practices, is also very influential in the
women's decision on type of feeding for her baby (45-
48). The influence of the respondents appears to be
negative and seems to support the traditional infant-
feeding patterns, but not the behaviours promoted by the
communication campaign, namely early attachment to
the breast and exclusive breastfeeding for the first six
months of life.

The results of this research also showed that social
networks add to the predictive power of socioeconomic
characteristics for certain types of breastfeeding know-
ledge but not for others. The network variables did not
add significantly to the predictive power of socioecono-
mic variables regarding knowledge of early attachment
to the breast, used in this study as a proxy for feeding
colostrum to the newborn. This is not a surprising find-
ing since early attachment to the breast implies that the
baby will be fed colostrum which in traditional Bolivian
practices should be discarded because it is considered
to be 'pus' and is, therefore, bad for the baby. Changing

this ingrained practice will require the replacement of
the negative cultural belief by a positive image that uses
the organoleptic characteristics of colostrum in a positive
manner.

On the other hand, the personal network characteris-
tics added significantly to the explanation of variation
in knowledge regarding the other two infant-feeding
practices (BFNL and BFNS), in addition to the varia-
tion explained by socioeconomic characteristics. Women
who had networks composed mainly of women and
who had a larger number of children had significantly
lower odds of knowing about BFNL. It is possible that
women with more children were more reluctant to change
the infant-feeding practices that they had already used
with previous children and that additionally were being
supported by the members of their personal networks,
especially when the networks were composed mainly of
women. The same was true for BFNS with the excep-
tion of those with larger networks, who had 12% higher
odds of knowing about BFNS. Having a larger network
may sometimes overcome the effects of other network
characteristics, such as having a network composed
mainly of women.

In summary, network characteristics added signifi-
cantly to the explanation of variation in knowledge of
EBNL and EBNS, in addition to the variation explained
by socioeconomic characteristics. These results lend sup-
port to previous research that found network characte-
ristics to be significant determinants of other types of
knowledge and behaviours studied (15,16,22,23,49).
These results may also hold for other areas of health
research that are increasingly using social network cha-
racteristics, including design of HIV/AIDS programmes
(9) and in research of prevention and transmission of
HIV/AIDS (1-8,50). Further research is needed to better
understand the dynamics by which social networks in-
fluence knowledge and behaviour.
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