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     INTRODUCTION 

 Neurocysticercosis (NCC) is a major public health problem 
in many countries and is caused by the larva of the zoonotic 
cestode  Taenia solium . This disease is predominantly found 
and considered endemic in Latin American, Asian, and 
African countries where sanitation is poor. 1–  3  However, it is 
now being seen in non-endemic countries such as the United 
States because of an increasing flow of immigrants from 
endemic areas who may already have NCC at entry into the 
country or who may have taeniasis and infect people who 
had never traveled to endemic areas. 4,  5  Neurocysticercosis 
is considered endemic in Mexico, although true prevalence 
estimates are not available. 6  

 Neurocysticercosis occurs when immature  T. solium  larvae 
migrate to the central nervous system. When NCC manifests, it 
is often in the form of acute seizures, epilepsy, severe progres-
sively worsening headaches, or focal deficits. Other clinical 
manifestations include cranial hypertension, hydrocephalus, 
stroke, and dementia. 7,  8  Various studies performed with tools 
such as the short form 12 (SF-12) quality of life survey, the 
Comprehensive Quality of Life Scale, and the EuroQol Group 
Index have shown that, regardless of etiology, epilepsy, stroke, 
and migraine reduce the quality of life of affected individu-
als. 9–  11  However, no previous study has compared the quality 
of life of NCC patients with a control population. 

 Quality of life assessment is used to measure changes in 
physical, mental, and social health caused by conditions and 
interventions that are influenced by a person’s experiences and 
perceptions. 12  The short form 12 v2 health survey (SF-12 v2) 
(Quality Metric Inc., Lincoln, RI) is a short and easy to use 
tool to assess the quality of life of an individual at a given point 
in time. The SF-12 v2 survey is considered a generic health sur-
vey and, therefore, can be used across age, health conditions, 
and treatment groups. The survey is specifically designed for 

adults 18 years of age and older and is available in multiple 
languages. It uses 12 questions to measure eight domains of 
functional health and well being. The eight domains of health 
assessed are physical functioning, role physical, bodily pain, 
general health, vitality, social functioning, role emotional, and 
mental health. A brief description of each domain is found in 
 Table 1 . 13  The objective of this study was to assess the qual-
ity of life of NCC patients in Mexico using the SF-12 v2 and 
compare quality of life of these patients to that of a matched 
control group. In addition, medical chart reviews were con-
ducted for the NCC outpatients to evaluate presenting clinical 
manifestations. 

       MATERIALS AND METHODS 

  Source and study population.   The source population included 
adults (> 18 years of age) in Mexico who have access to formal 
health care. This study was conducted in the two major referral 
hospitals for adult neurological cases in Mexico City, Mexico, 
the Instituto Nacional de Neurologia y Neurocirugia (INNN), 
and the Hospital de Especialidades of the Instituto Mexicano 
del Seguro Social (HE-IMSS). 

   Study design.   A cross-sectional study was conducted to 
compare SF-12 v2 health scores of NCC outpatients coming to 
either the INNN or the HE-IMSS to age-sex-hospital-date of 
visit matched controls selected from individuals accompanying 
patients with neurological disorders other than NCC. In 
addition, medical chart reviews were conducted for the NCC 
outpatients to evaluate presenting clinical manifestations. 

   Definition and selection of NCC cases and non-NCC cases 
(controls).   The NCC patients were identified by reviewing daily 
outpatient appointment books for individuals with a confirmed 
diagnosis of NCC. The diagnosis of NCC was made by the 
patient’s physician on the basis of the presence of cerebral 
lesions compatible with NCC on a computed tomography scan 
or magnetic resonance imaging. 14  All NCC patients enrolled 
in the study had at least one computed tomography scan of 
the brain and/or magnetic resonance imaging performed. 
Patients who had epilepsy, recurrent symptomatic seizures, 
hydrocephalus, dementia, vasculitis, stroke, and/or severe 
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headaches for more than three continuous days were eligible 
for participation in the study. All NCC cases with the symptoms 
mentioned previously and who presented themselves for an 
outpatient appointment to the INNN from July 17, 2007 to 
December 7, 2007 or to the HE-IMSS from June 2, 2008 to 
August 12, 2008 were asked for their consent to participate 
in the study. All patients who provided written consent were 
interviewed by a trained member of the research team (i.e., a 
Mexican intern, resident, or social worker) at the time of their 
appointment. 

 An individual who accompanied a non-NCC outpatient to 
either the INNN or the HE-IMSS was considered as a possible 
control. Eligibility for acting as a control was further narrowed 
by selecting only individuals who accompanied a non-related 
patient to reduce the potential impact of living with a per-
son suffering from a neurological disease on quality of life. 
Controls were paired with an NCC patient seen at the same 
hospital on the same day by sex and age (±5 years) to reduce 
any possible confounding effect from these variables. This 1:1 
matched control group was selected and interviewed in the 
hospital’s waiting area by a member of the research team after 
obtaining written consent   . 

   Quality of life.   The SF-12 v2 survey (Mexican Spanish 
version) was completed by all consenting participants. Twelve 
questions were used to assess eight domains of health in the 
survey: physical functioning, role physical, bodily pain, general 
health, vitality, social functioning, role emotional, and mental 
health. All domains were checked for missing data for each 
patient-control pair. If more than four health domains were 
missing for any case or control, that case/control pair was not 
included in the analysis. Data were rescored for uniformity (i.e., 
positive health responses received higher scores) according to 
Quality Metric guidelines. 15  Raw scores were then transformed 
to a 0–100 scale in accordance with standard procedures. 15  This 
transformation converts the lowest and highest possible scores 
to zero and 100, with scores between these values representing 
the percentage of the total possible score achieved. 

 Physical Component Summary and Mental Component 
Summary scores were determined using norm-based methods. 
In short, Physical and Mental Component Summary scores were 
calculated by aggregating the eight domains of the SF-12 v2, 
transforming to z-scores and multiplying by factor score coef-
ficients, and standardizing as  t  scores with a mean of 50 and 

a standard deviation of 10 according to Quality Metric guide-
lines. 15  Because of a lack of information on factor score coef-
ficients for Mexico, means and standard deviations used in 
scoring came from the 1998 general United States population 
and the factor score coefficients from the 1990 general United 
States population. Therefore, scores above 50 were above the 
United States population mean and scores below 50 were below 
the United States population mean. The Physical Component 
Summary score evaluates the physical health of a person and 
weighs more heavily physical functioning, role physical, and 
bodily pain than to the other scales. On the other hand, the 
Mental Component Summary score evaluates the mental health 
of a person and gives greater weight to mental health, social 
functioning, and role emotional than to the other scales. 16  

   Description of manifestations associated with NCC cases.  
 Intake forms were completed by reviewing the medical charts 
of all consenting NCC cases who participated in this study. The 
intake forms were used to obtain information on the clinical 
manifestations of NCC that caused the patient to be referred 
to the neurology referral hospital. Chart reviews took place 
between July 17, 2007 and December 7, 2007 at the INNN and 
between June 2, 2008 and August 12, 2008 at the HE-IMSS. The 
forms were prepared in English, translated into Spanish, and 
back translated into English independently by two persons. 
All forms were pilot tested locally before use. 

   Data management and statistical analysis.   Information 
obtained from the SF-12 v2 survey and chart reviews was 
captured in paper form. Later, the information was entered 
into the Select Survey program (ClassApps Com., Overland 
Park, KS) and then exported into Excel (Microsoft Corp., 
Redmond, WA) spreadsheets for analysis. Paper copies of the 
completed SF-12 v2 survey and chart review forms were kept 
in a locked filing cabinet at Texas A&M University, with access 
provided only to members of the research team. 

 Descriptive analyses of the data were performed using 
means, medians, and proportions. The distribution of the 
scores for the eight SF-12 v2 domains for NCC patients and 
controls were visually compared by drawing box plot graphs. 
Normality of the scores for each of the eight domains was ana-
lyzed by the Shapiro–Wilk method, with the data found to be 
non-Gaussian. Therefore, the Wilcoxon matched pairs test 
was used to compare the ranks of the scores of the eight indi-
vidual domains for the case and control populations. Norm-
based Physical and Mental Component Summary scores for 
cases and controls were compared using paired sample  t  tests. 
A  P  value of 0.05 or less was considered statistically significant. 

 All eight health scores and the two summary scores for the 
NCC outpatient and control groups were compared overall 
and stratified by sex, age, time since diagnosis (< 6 and ≥ 6 
years prior) and the clinical manifestations of epilepsy, severe 
headaches, and hydrocephalus. Patients were divided into 
two age groups (≤ 45 years and > 45 years of age). The cut-off 
points were based on the median age (46 years) and median 
time since diagnosis (5 years) among NCC outpatients. 

   Ethical approval.   This study received Institutional Review 
Board approval from Texas A&M University, the INNN, and 
the HE-IMSS. 

    RESULTS 

 Chart reviews were conducted for 123 patients from the 
INNN and 101 patients from the HE-IMSS. There were slightly 

 Table 1 
  Description of the health domains used in the SF-12 v2 quality of life 

survey 14   
Domain Description

Physical functioning Degree to which health limits everyday 
physical activities

Role physical Degree to which physical problems interfere 
with usual daily activities such as work or 
school

Bodily pain Degree of pain to the body
General health Ratings of current health in general
Vitality Ratings of energy level
Social functioning Degree to which health interferes with social 

activities
Role emotional Degree to which emotional problems 

interfere with usual daily activities such 
as school or work

Mental health Degree to which health limits emotional 
well being, including depression, anxiety 
and well being
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more female patients (117) than male patients (107). Patient 
ages ranged from 19 to 88 years, with a mean age of 47 years. 
One hundred one patients were 45 years of age or younger and 
the remaining 123 patients were older than 45 years of age. 

  Clinical manifestations associated with NCC cases.   The 
NCC outpatients reported numerous clinical manifestations 
( Figure 1 ), with hydrocephalus (48%), severe headaches (47%), 
and epilepsy (31%) being the most common. In 46% of 
patients, more than one clinical manifestation was present such 
as epilepsy and severe headaches; epilepsy, hydrocephalus, 
and severe headaches; or hydrocephalus and epilepsy. The 
most common combination was hydrocephalus and severe 
headaches (15%). 

    Comparison of the eight domains’ scores for quality of life.  
 All outpatients consented to complete the SF-12 v2 quality of 
life survey. Four pairs of cases and controls were not used for 
the analysis because of missing data. Individuals with NCC 
had a significantly lower score in each of the eight domains of 
health (physical functioning, role physical, bodily pain, vitality, 
general health, social functioning, role emotional, and mental 
health) compared with their matched controls ( P  < 0.05) 
( N  = 220 pairs) ( Figure 2 ). 

  Male NCC outpatients had significantly lower scores in role 
physical, bodily pain, vitality, social functioning, role emotional, 
and mental health compared with their matched controls 
( P  < 0.05) ( N  = 104 pairs). Except for general health, female 
NCC outpatients had significantly lower scores in all domains 
compared with their matched controls ( P  < 0.05) ( N  = 116 
pairs). Younger individuals (≤ 45 years) with NCC had lower 
health scores in all eight domains compared with their matched 
controls ( N  = 100 pairs). However, for the older individuals 
(> 45 years), three domains (bodily pain, general health, and 
vitality) were not significantly different between the two 
groups ( N  = 120 pairs). 

 The NCC cases diagnosed < 6 years ago had lower health 
scores in all eight domains compared with their matched 
controls ( N  = 102 pairs). However, two domains (bodily 
pain and vitality) were not significantly different for NCC 
cases diagnosed 6 or more years prior ( N  = 82 pairs). Thirty-
six NCC cases did not have time of diagnosis documented 

in their medical charts and these individuals and their cor-
responding controls were, therefore, not included in this 
comparison. 

 The NCC outpatients with epilepsy had significantly lower 
scores in all domains compared with their matched controls, 
except for physical functioning and bodily pain ( N  = 66 pairs). 
The NCC outpatients with severe headaches had significantly 
lower scores in all domains compared with their matched con-
trols, except for general health ( N  = 103 pairs). The NCC out-
patients with hydrocephalus had significantly lower scores in 
all domains except for general health and vitality ( N  = 104). 
Patients with more than one clinical manifestation (epilepsy, 
severe headaches, or hydrocephalus) could be included in 
multiple categories because relatively few patients presented 
with only one of the three evaluated clinical manifestations. 
Patients without epilepsy, severe headaches, or hydrocephalus 
were not included in this comparison. 

   Comparison of the Physical and Mental Component Sum mary 
scores.   Both the Physical and Mental Component Sum mary 
scores for all NCC outpatients assessed were significantly 
lower than the corresponding scores for the matched control 
group ( Table 2 ). Physical and Mental Component Summary 
scores for different sub-groups of NCC outpatients and for 
their respective matched controls are shown in  Table 2 . 

         DISCUSSION 

 This study is the first to report on the quality of life of 
patients suffering from NCC compared with a matched con-
trol group. Overall, NCC patients scored significantly lower in 
all eight domains of health compared with their matched con-
trols. Therefore, findings from this study suggest that NCC is 
associated with both poorer physical health and mental health. 
These findings are consistent with those of previous studies 
using the SF-12, the Comprehensive Quality of Life Scale, 
and the EuroQol Group Index, which showed that clinical 

 Figure 1.    Neurocysticercosis (NCC)-related clinical manifes-
tations of patients seeking treatment at the Instituto Nacional de 
Neurologia y Neurocirugia (INNN) or the Hospital de Especialidades 
of the Instituto Mexicano del Seguro Social (HE-IMSS).    

 Figure 2.    Health scores from the SF-12 v2 health survey for neu-
rocysticercosis (NCC) patients vs. their matched control group (over-
all population).    
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manifestations such as epilepsy, stroke, and migraine reduced 
the quality of life of affected individuals. 9–  11  

 The difference in quality of life between NCC outpatients 
and their controls was more marked among females than 
among males, suggesting that females with NCC may be 
more impaired mentally and physically than males. This may 
be caused by differences in the types of jobs that males and 
females perform in their daily lives. Females tend to perform 
more unpaid and socially vital work in the home and in the 
informal sector, which may make them more unable (because 
of monetary constraints) or unwilling (because of family com-
mitments) to seek care unless they become severely ill. 17  

 Similarly, the difference in quality of life between NCC out-
patients and their controls was more marked among younger 
individuals (aged 45 years or less) as compared with the older 
group. This finding was especially pronounced in terms of 
mental health, which could result because the general popula-
tion of older individuals generally has a lower quality of life, 
making them more similar to the older patients with NCC. 
Another explanation could have been that older NCC patients 
had been sick for a longer period of time, and had acclimatized 
more to the symptoms compared with the younger group. 
However, this was not the case because the mean time since 
diagnosis of NCC patients was similar in both the younger 
and older categories (5.7 and 4.9 years, respectively). The dif-
ference in scores between NCC cases and their controls was 
larger among those diagnosed < 6 than among those diag-
nosed 6 or more years prior. This may be caused by individuals 
who were diagnosed longer ago having somewhat acclimated 
to their situation or that their quality of life has improved 
because of the treatment they received. 

 The results of this study suggest that NCC patients with 
epilepsy may be particularly affected in the mental health 
domains. These findings are consistent with the literature, 
which indicates that epilepsy affects psychosocial variables 
caused by depression, stress, anxiety, and social isolation. 18,  19  
In contrast, scores for both physical and mental domains were 
lower in NCC outpatients with severe headaches and hydro-
cephalus compared with controls. These differences were sta-
tistically significant for all but the physical domain associated 
with hydrocephalus, which had a  P  value of 0.06. This too is 
consistent with the literature that has shown headaches affect 
both physical and emotional dimensions of health. 20,  21  

 When the norm-based Physical and Mental Component 
Summary scores from this study were compared with a study 

evaluating severe mental illness in patients within the pub-
lic mental health systems of the United States, the mean 
Physical Component Summary scores for NCC-associated 
epilepsy, hydrocephalus, and severe headaches (46.4, 45.8, 
and 45.8, respectively) were found to be similar to those of 
bipolar patients in the United States study (46.1). However, 
Physical Component Summary scores for the Mexican NCC 
outpatients with epilepsy, hydrocephalus, and severe head-
aches were lower than Physical Component Summary scores 
for United States schizophrenia patients (48.2). Mean Mental 
Component Summary scores for Mexican outpatients with 
NCC-associated epilepsy, hydrocephalus, and severe head-
aches (43.2, 47.1, and 46.7, respectively) were higher com-
pared with United States patients with bipolar disorder (39.6), 
but were similar to United States patients with schizophre-
nia (42.4). 22  However, these comparisons need to be made 
with care because patients from two different countries were 
being compared and most of the Mexican patients had mul-
tiple clinical manifestations and, therefore, the effect may be 
caused by the combinations of symptoms. In addition, United 
States norms were used to calculate the Physical and Mental 
Component Summary scores for Mexican NCC outpatients, 
which may not be optimal for this population. 

 This study was conducted in two neurology reference hos-
pitals in Mexico, and most likely only represents a fraction of 
the total regional population with NCC, with an over-repre-
sentation of more severe cases. Indeed, hydrocephalus (48%) 
and severe headaches (47%) were the most common clinical 
manifestations presented among the participants with NCC. 
However, all known NCC manifestations were not included 
in this study because of their low frequency in the study pop-
ulation. Therefore, the distribution of clinical manifestations 
differs somewhat from other available literature. For exam-
ple, a recent systematic review of the literature found that epi-
lepsy was the most common clinical manifestation of NCC 
(mean: 79%, 95% confidence interval [CI]: 65–90%) followed 
by severe headaches (mean: 38%, CI: 23–54%) in neurology 
clinics in endemic regions (Carabin H and others, unpublished 
data). Nevertheless, the fact that the NCC outpatients in this 
study with epilepsy, hydrocephalus, and severe headaches had 
reduced quality of life scores compared with their matched 
controls suggests that these results may be somewhat gener-
alizable to NCC cases with those three clinical manifestations. 
The overall results may, however, overestimate the impact of 
NCC on quality of life. 

 Table 2 
  Norm-based mean physical component summary (PCS) and mental component summary (MCS) scores for neurocysticercosis (NCC) patients and 

their matched controls overall and stratified by demographic and clinical characteristics  

Characteristic

Mean PCS

 P  value * 

Mean MCS

 P  value * NCC Control NCC Control

All 45.9 48.5 < 0.01 † 45.8 51.8 < 0.01 † 
Sex Male 46.1 48.2 0.1 47.2 53.5 < 0.01 † 

Female 45.7 48.7 0.01 † 44.7 50.3 < 0.01 † 
Age Younger (≤ 45 years) 47.8 51.8 < 0.01 † 42.9 53.1 < 0.01 † 

Older (> 45 years) 44.4 45.8 0.29 48.2 50.8 0.08
Manifestation Epilepsy 46.4 48.1 0.3 43.2 52.0 < 0.01 † 

Severe headaches 45.8 48.5 0.02 † 46.7 52.2 < 0.01 † 
Hydrocephalus 45.8 48.2 0.06 47.1 52.3 < 0.01 † 

Time since diagnosis Less than 6 years ago 45.3 48.6 0.02 † 45.4 51.2 < 0.01 † 
 6 or more years ago 45.8 48.0 0.1 45.7 52.4 < 0.01 † 

  *    P  value calculated using paired  t  tests.  
  †   Represents significant difference at  P  ≤ 0.05.  



786 BHATTARAI AND OTHERS

 The Mexican Spanish version of the SF-12 v2 was adminis-
tered to NCC outpatients by a native Spanish speaking inter-
viewer. However, persons administering the questionnaire 
were not blinded, which may have resulted in information 
bias. Confounding by age, sex, hospital, and time was limited 
through matching. However, the controls were taken from 
individuals accompanying someone with a neurological disor-
der being seen at a tertiary reference hospital and do not nec-
essarily represent the general population of Mexico. The fact 
that the controls were in contact with a person with a neuro-
logical condition may have affected their own quality of life, 
which could have underestimated the difference in quality of 
life scores between the NCC and control group. 

 In conclusion, individuals with NCC had a significantly lower 
score in each of the eight domains of health and significantly 
lower Physical Component Summary and Mental Component 
Summary scores measured by the SF-12 v2 health survey com-
pared with a matched control group. Additional studies are 
needed to determine whether the differences observed in this 
cross-sectional study represent a causal link between NCC 
and an individual’s decline in function. This information can 
then be used to better define and estimate the total disability 
associated with NCC. 

 Received November 15, 2010. Accepted for publication February 1, 
2011. 
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