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ABSTRACT
The combination of tuberculosis with other diseases can affect tuberculosis treatment 
within populations. In the present study, social network analysis of data retrieved from 
the Mexican National Epidemiological Surveillance System was used in order to explore 
associations between the number of contacts and multimorbidity. The node degree 
was calculated for each individual with tuberculosis and included information from 242 
contacts without tuberculosis. Multimorbidity was identified in 49.89% of individuals. 
The node degrees were highest for individuals with tuberculosis + HIV infection (p < 
0.04) and lowest for those with tuberculosis + pulmonary edema (p < 0.07). Social 
network analysis should be used as a standard method for monitoring tuberculosis and 
tuberculosis-related syndemics. 
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Tuberculosis is the second leading cause of death from 
an infectious disease worldwide, occurring primarily in 
developing countries.(1) In Mexico, the highest rates of 
morbidity and mortality from tuberculosis occur in only 
0.95% of all municipalities, one of which is Hermosillo, 
the capital of the state of Sonora, in northwestern Mexico, 
near the United States-Mexico border. Spatial analysis has 
revealed clusters of tuberculosis cases there, in areas of 
high social deprivation.(2) Other risk factors for tuberculosis 
include belonging to an ethnic minority, consuming drugs 
or alcohol, having been in prison, being a panhandler, 
being HIV-positive, being male, and being young.(3) 
Transnational migration and the complex population 
dynamics of border areas such as the city of Hermosillo 
have also been considered particularly important, given 
that they can contribute to drug resistance.(4) 

Although the associations between certain social 
determinants and the occurrence of tuberculosis have 
been explored,(5) the relationships among individuals have 
been less studied. Although one recent study explored 
social groups (social networks) among individuals with 
tuberculosis,(6) no social network analysis (SNA) methods 
were used. This type of analysis is important because it 
explores a new dimension of variables that goes beyond 
the traditional epidemiological approach based on the 
study of differences among persons, times, and places. 
SNA is the standard quantitative approach to the study of 
relationships among nodes, as in the case of individuals 
with tuberculosis. For instance, this methodology has been 
used in order to study how tuberculosis is transmitted 
during endemic and epidemic periods,(7-12) making it 
possible to identify the individuals and characteristics 
that facilitate transmission. 

Tuberculosis has been reported in association with 
malnutrition, diabetes, smoking, alcoholism, chronic 
pulmonary disease, and HIV infection.(13,14) The combi-
nation of tuberculosis with other diseases, which is now 
known as “multimorbidity,”(15) is important because it 
can complicate clinical treatment and increase costs, 
among other reasons.(14) Given that previous social 
network analyses of individuals with tuberculosis have 
not addressed the topic of multimorbidity, the objective 
of the present study was to explore possible associations 
between the number of contacts and multimorbidity. 

Epidemiological surveillance data for the city of 
Hermosillo were analyzed with the use of the Mexican 
National Epidemiological Surveillance System Integrated 
Information Platform (tuberculosis module). General data 
on patients registered with the Sonora State Medical 
Department were retrieved from the aforementioned 
system over a period of five months. In addition, reported 
data on contacts and comorbidities were collected for all 
patients admitted for medical examinations. 

Some of the characteristics of the study participants 
were described by measures of central tendency and 
dispersion. A truth table was then constructed to describe 
the different presentations of multimorbidity in the 
individuals with tuberculosis. With those data, first-order 
egocentric social networks of individuals with tuberculosis 
were constructed; for those networks, a symmetric matrix 
was generated and subsequently converted into graphs 
with the program NetDraw, version 2.111.(16) The degree 
of each node in the network was then calculated with the 
program UCINET, version 6.232. (17) The degree of a node 
is a measure of centrality corresponding to the number 
of edges connected to a given node (i.e., its number of 
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direct contacts).(18) Finally, the Mann-Whitney U test 
was used in order to compare the groups of individuals 
with and without each of the secondary diagnoses, 
the program Stata, version 13 (StataCorp LP, College 
Station, TX, USA), being used to that end. 

Of the individuals with tuberculosis (n = 90), most 
(76.67%) were male, whereas, of those without tuber-
culosis (n = 242), approximately half (50.40%) were 
female (p < 0.001). The individuals with tuberculosis 
varied widely in age (from 3 to 79 years), the median 
age being 30.5 years. Table 1 shows the distribution of 
multimorbidity among the individuals with tuberculosis, 
49.89% of whom had tuberculosis and another disease. 
The most common comorbidities (and combinations 
of comorbidities) were diabetes, malnutrition, HIV 
infection, malnutrition + alcoholism, and heart failure 
+ pulmonary edema, which together accounted for 
approximately three fifths of all comorbidities. 

Figure 1 shows all first-order egocentric social 
networks of individuals with tuberculosis in the city of 
Hermosillo. The low density of the network is notable, as 
is the range of node degrees (from 0 to 9). A comparison 
of the node degrees for all types of multimorbidity 
(or lack thereof) revealed significant differences only 
between the node degree for tuberculosis + HIV 
infection and that for tuberculosis + pulmonary edema. 
The node degree for tuberculosis + HIV infection was 
higher than were those for tuberculosis + any other 
disease, whereas the node degree for tuberculosis 
+ pulmonary edema was lower than was that for 
tuberculosis without pulmonary edema. 

To the best of our knowledge, this study presents 
the first results of SNA of individuals with tuberculosis 
alone or in combination with other diseases in Mexico. 
Comorbidity was found to be common, and the most 
common comorbidities were malnutrition, alcoholism, 

Figure 1. Social networks of individuals with tuberculosis in the city of Hermosillo, Mexico (n = 342). Squares represent 
individuals with tuberculosis, whereas triangles represent individuals without tuberculosis; black nodes represent 
individuals with HIV infection. 

Table 1. Multimorbidity among individuals with a recent diagnosis of tuberculosis in the city of Hermosillo, Mexico (n = 90). 
Secondary 
diagnosis

Tuberculosis (primary diagnosis) n p

HIV infection R R R 7 0.0420

Alcoholism R R R R R R 12 0.1788

Diabetes R 7 0.1875

Malnutrition R R R R R R R 17 0.5950

Cancer R R R 3 0.1249

Heart failure R 3 0.1168

Pulmonary 
edema

R R R 5 0.0763

Other diseases R R R R R 13 0.0226

Cases (n) 1 1 5 1 1 2 5 1 1 7 6 1 3 1 8 47

(%) 1.11 1.11 5.56 1.11 1.11 2.22 5.56 1.11 1.11 7.78 6.67 1.11 3.33 1.11 8.89 51.11

Comorbidity (%) 2.27 2.27 11.36 2.27 2.27 4.55 11.36 2.27 2.27 15.92 13.64 2.27 6.82 2.27 18.19
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HIV infection, and diabetes, findings that are consistent 
with the literature.(14) In addition, individuals with 
tuberculosis + HIV infection tended to have more 
contacts than did those with tuberculosis + any other 
disease, whereas the opposite was true for those 
with tuberculosis + pulmonary edema. On the basis 
of our data, this might be related to the age of the 
individuals with tuberculosis; those with tuberculosis 
+ HIV infection tended to be younger, whereas those 
with tuberculosis + pulmonary edema tended to be 
older. Another possible explanation is that those with 
tuberculosis + HIV infection can easily live in the 
community while receiving treatment, whereas those 
with tuberculosis + pulmonary edema typically require 
hospital treatment and therefore become isolated from 
their social networks. 

Some of the most important limitations of the present 
study are related to problems inherent to how data 
are collected in the Mexican National Epidemiological 
Surveillance System and the system protocols. The 
system is based on Official Mexican Standard NOM-
017-SSA2-1994 and includes relatively few variables. In 
addition, the complete network was unavailable; only 
immediate (i.e., degree 1) networks were available. 

Given the cross-sectional design of the study, it was 
impossible to establish the temporality between the 
network of contacts and infection. This is important 
because differences in the number of contacts can 
reflect events that occurred before or after the diagnosis 
of tuberculosis or some of the concomitant diseases. 

This is a pioneering study of multimorbidity and the 
social networks of individuals with tuberculosis. By 
incorporating the importance of the different positions 
and roles of individuals in their social relationships, it 
is possible to begin to go beyond the view of person-
time-place variables as predictors of disease. This 
means that the analysis begins to change from one 
of comorbidity to one of syndemics. This term, coined 
by Merill Singer and Scott Clair,(19) makes it possible 
to describe the co-occurrence of diseases and their 
mutual reinforcement in epidemics or clusters. It also 
contributes to understanding their presence in terms of 
the consequences of social inequities and injustice. (20) 
This type of approach has been recommended to 
complement the conventional methods used for contact 
investigations,(11) and surveillance systems should 
therefore incorporate social network tools as a first 
step toward exploring nonbiological determinants. 
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