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Abstract

Background: The socioeconomic and sociodemographic situation are important components for the design and
assessment of malaria control measures. In malaria endemic areas, however, valid classification of socioeconomic
factors is difficult due to the lack of standardized tax and income data. The objective of this study was to quantify
household socioeconomic levels using principal component analyses (PCA) to a set of indicator variables and to
use a classification scheme for the multivariate analysis of children < 15 years of age presented with and without
malaria to an outpatient department of a rural hospital.

Methods: In total, 1,496 children presenting to the hospital were examined for malaria parasites and interviewed
with a standardized questionnaire. The information of eleven indicators of the family’s housing situation was
reduced by PCA to a socioeconomic score, which was then classified into three socioeconomic status (poor,
average and rich). Their influence on the malaria occurrence was analysed together with malaria risk co-factors,
such as sex, parent’s educational and ethnic background, number of children living in a household, applied malaria
protection measures, place of residence and age of the child and the mother.

Results: The multivariate regression analysis demonstrated that the proportion of children with malaria decreased
with increasing socioeconomic status as classified by PCA (p < 0.05). Other independent factors for malaria risk
were the use of malaria protection measures (p < 0.05), the place of residence (p < 0.05), and the age of the child
(p < 0.05).

Conclusions: The socioeconomic situation is significantly associated with malaria even in holoendemic rural areas
where economic differences are not much pronounced. Valid classification of the socioeconomic level is crucial to
be considered as confounder in intervention trials and in the planning of malaria control measures.

Background
Malaria is one of the major public health challenges
subverting development in the poorest countries in the
world. The direct and indirect costs of malaria are very
high and the disease has played a significant role in the
poor economic performance of sub-Saharan Africa.
Sachs (2002) estimated, that the gross domestic product
in these countries would be up to 32% greater today if
malaria had been eliminated 35 years ago [1]. In con-
trast to a retrogressive trend of malaria morbidity and

mortality in many areas malaria burden has been
increasing in other areas [2]. Factors such as deteriorat-
ing health systems, growing drug and insecticide resis-
tance, failure of water management but also
socioeconomic, land-use factors, and climate are
hypothesized to influence the emergence of malaria
[3,4].
In Ghana, where the study was conducted, malaria is

prevalent during the entire year and accounts for about
32-42% of all outpatient admissions and for major in-
patient causes of death [5]. Sociodemographic factors
such as ethnic group, parent’s education and occupation,
use of protective measures, and living standard of the
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family are suggested to be important risk factors for
malaria and malaria epidemics [6-8]. The impact of
socioeconomic factors, namely the family’s financial
situation, is difficult to assess due to the lack of standar-
dized economic data of income and tax. The use of sin-
gle indicators for the household’s economical situation
reduces the available information and may imperfectly
set the focus point on the selected parameters. Addi-
tional socioeconomic factors assessed in the Demo-
graphic and Health Survey 2008 and not considered
here are marital status and religion, which we did not
found appropriate in the context of the study.
The aim of the presented study was to investigate the

association between the socioeconomic status of families
classified with a number of indicators as a PCA-based
score and their association with childhood malaria.

Methods
Study area
This survey was accomplished at the Child Welfare
Clinic and the Pediatric Ward of the Agogo Presbyterian
Hospital, Asante Akim North District (Ashanti Region)
in central Ghana, West Africa. Recruitment area
included 14 villages which were summarized into 4 clus-
ter (“Greater Agogo” (Agogo city and Hwidiem),
“Greater Konongo” (Konongo and Odumasi), “West of
Agogo” (Akutuase, Amantena and Wioso) and “Near
Street” (Domeabra, Juansa, Kyekyebiase, Nyaboo, Obeni-
mase, Patriensah and Pekyerekye) (Figure 1). The study
area covers ~345 km2; the coverage population of the

study hospital was 61,346 inhabitants (census data 2004)
where the population ranged from 890 inhabitants in
the smallest village to 15,383 in the largest.
The vegetation of the study area is mainly semi-decid-

uous forest with major vegetation types of open forest,
closed forest and wooded savannah. The climate is tro-
pical with a mean annual temperature of 26°C and two
rainy seasons: a first rainy season from May to July and
a second from September to November. The dry har-
mattan season occurs between December and April and
is associated with drought conditions. The topography
of the district is generally undulating and the altitude
variation is 226 m between the lowest (227 m) and the
highest (453 m) village included in our study. Agricul-
ture is the predominant major occupation among peo-
ple; main staple food crops produced in the district
include maize, cassava, plantain, cocoyam and yam [9].
The principal malaria vectors are mosquitoes of the
Anopheles gambiae complex and Anopheles funestus.
Malaria is hyper-/holoendemic in this area with intense
perennial transmission and seasonal peaks and the pre-
dominant Plasmodium species is Plasmodium falci-
parum (> 90%) [10]. Entomological evaluation during
the study period indicated ~400 infective bites per per-
son-year (EIR) (unpublished data). Subsidized insecti-
cide-treated bed nets were available, and their use was
encouraged.
The study was carried out between May 2007 and

August 2009 (duration 26 months). Diagnostic assess-
ments were integrated into the hospital routine. In total,

Figure 1 Map of the 14 included villages and village clusters in the Asante Akim North District, Ashanti Region, central Ghana, West
Africa. Red dots indicate villages; the solid line indicates the main road.
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1,496 children up to 14 years of age, who visited the
hospital for medical care, were included in the study.
The case definition for malaria was fulfilled if the axil-
lary temperature was ≥ 37.5°C and a P. falciparum para-
sitaemia count of > 0 parasites/μL was detected in the
thick or thin smears. Parasite examination was done
according to quality-controlled standardized procedures
described elsewhere [11].

Data collection
Information on personal or family characteristics with a
possible influence on malaria (sex, ethnic group, age,
mother’s age, use of protective measures [usage of bed
net, window net, other or no protection], number of
children and place of residence) and information about
factors indicating the family’s financial situation (living
in a brick or wood/mud house, existence of electricity,
water supply, mother’s education and profession, father’s
education and profession, indoor toilet and use of freez-
ing as measure of conservation, income management,
existence of a relative abroad for possible financial sup-
port and membership in the national Health Insurance
Scheme [NHIS]) was collected through interviewing a
parent or the guardian who accompanied the child to
the hospital using a structured interview with a ques-
tionnaire in English or if necessary in the local language,
Twi. The question sheet was composed according to
standard questionnaires adjusted to local requirements
and appropriateness. Data from questionnaires and
forms were double entered after case closed, plausibility
checked, and cleaned before the database was locked.
All information on participants and their parents was
treated confidentially. Only children who were examined
for malaria and where information about the sociode-
mographic and socioeconomic situation was available
were included in the analysis (n = 1496).
The study was approved by the Committee on Human

Research, Publications, and Ethics, School of Medical
Sciences, Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana.

Data analysis
Participants were allocated into one of the four village
clusters described above (Greater Agogo, Greater
Konongo, West of Agogo and Near Street), according to
their place of residence. Additionally, all participants
were classified into two ethnic groups according to their
tribal background: the Akan and those who are the
natives of the area and the Northeners who have a
migratory background but are now permanent residents
of the area. It was hypothesized that children between
the ages of 1 to 5 years are at highest risk of acquiring
malaria; hence we stratified for age (≤ 1 year, > 1 to ≤ 5
years and > 5 years). It was also suggested that the

mother’s age might be of importance for the child and
its risk for malaria; all mothers were stratified and
grouped to young mothers (≤ 30 years) and older
mothers (> 30 years). High numbers of children living
in a household were assumed as an influence factor
(two groups: ≤ 4 children and > 4 children). Addition-
ally, it was asked in the interview whether a family used
protective measures such as bed nets or window-
screens. Individuals with missing values on any of these
variables (n = 18) were excluded from the analysis
(n = 1478).
To classify the family’s economic status, the following

socioeconomic indicator variables were considered:
mother’s and father’s profession (employed/unemployed)
and education (ability to read and write: yes/no), type of
house the family is living in (cement/brick house or
mud/wood house), water supply (open water source/
closed water source), existence of an indoor kitchen
(Yes/No), electricity (Yes/No), indoor toilet (Yes/No),
use of freezing as measure of conservation (Yes/No),
existence of a relative abroad who might financially sup-
port the family (Yes/No), the self-rated ability to manage
with the available monthly income (difficult or not diffi-
cult) as well as the membership in the health insurance
(Yes/No). All socioeconomic and sociodemographic data
including information on protective measures based on
self-reports of the mothers or guardians and were not
confirmed by direct observations during household
visits.
For the sake of the multivariable analysis, a principal

component analysis (PCA) was applied to those socioe-
conomic indicator variables, which showed relevant con-
tributions (> 10%) to the combined socioeconomic
status score factor [12]. The factor of the PCA with the
highest eigenvalue was used as the variable, which
describes sufficiently the socioeconomic status of a
household. The respective factor scores were categorized
in terciles and used in the regression analysis. The low-
est 33% of households according to the economic status
variable were classified as poor, the highest 33% as rich
and the rest as average economic status [13].
For the PCA, missing values of distinct binary vari-

ables were replaced by the means of all summarized “0”
values (asset not present) and “1” values (asset present)
of this variable (n = 1496) [12]. This approach may have
reduced variation among households and may have
increased the potential for clumping and truncation
[12,14]. In the presented study population, the percen-
tage of households with missing values was, however,
small (< 1%) and such a bias might be negligible.
For each potential risk factor of malaria, the odds ratio

(OR) was calculated and the significance level was tested
by the chi-square test. Adjusted ORs were estimated by
multivariate logistic regression. Confounding was
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determined as a relative difference of 15% between
crude odds ratios and odds ratios adjusted for prede-
fined covariates without signs of effect modification. All
covariables in the multivariate regression model were
examined for possible effect modification by Wald tests
and preference of the model with interaction by log-
likelihood tests (both p < 0.05).

Results
In total, 1,496 children were examined for malaria para-
sites and participated in the questionnaire survey; 1,478
without missing values were included in the multivariate
model. Most participants came from the region Greater
Agogo (n = 871), fewer came from Greater Konongo
(n = 333), Near Street (n = 229), and West of Agogo
(n = 63). Most malaria cases were reported from Greater
Agogo (n = 364), followed by Greater Konongo (n = 66),
Near Street (n = 61), and West of Agogo (n = 21) (See
additional file 1 describing characteristics of the study
group).
Of those variables with a possible influence on malaria

use of individual control measures had a protective
effect on malaria (crude OR = 0.69, p = 0.02) (See addi-
tional file 1 describing characteristics of the study
group). Malaria odds were increased if a child was
between > 1-< 5 or above 5 years of age (OR = 3.41,
and OR = 2.07, both p < 0.001). Notably, the area of
residence was strongly associated with the frequency of
malaria (OR Greater Agogo compared to Greater
Konongo = 3.1, p < 0.001). The variables “ethnic
groups”, “sex”, “mother’s age” and “number of children
in the family” did not show any significant association
with malaria.
Of those factors indicating the family’s socioeconomic

status the proportion of literate fathers was very high (>
75%) and evenly distributed under children with and
without malaria. Likewise, the variables “house type”,
“income manage”, “membership in a health insurance”,
“existence of an indoor kitchen” and “mother’s and
father’s occupation” did not show any distinct associa-
tion with malaria (See additional file 1 describing char-
acteristics of the study group). In the univariate analysis,
the variables “existence of electricity”, “indoor toilet”,
“use of freezing as food conservation”, “mother’s ability
to read and write” and a “closed water supply” were
negatively associated with malaria odds (OR = 0.72,
OR = 0.67, OR = 0.63, OR = 0.68, OR = 0.70, respec-
tively, all p-values < 0.01). Additionally, the variable
“existence of a relative abroad” known to be indicative
for a substantive contribution to the household income
in Africa had a protective effect on malaria (p = 0.05).
All variables with relevant contributions (> 10%) to the
combined socioeconomic score were used to generate a
combined socioeconomic indicator by PCA; hence

“mother’s occupation” and “father’s occupation” were
excluded from the final PCA (weight mother’s occupa-
tion and father’s occupation: 5% and 4%, respectively).
The results of the PCA are presented in Table 1. The

eigenvalues demonstrated that one principal factor had
a weight greater than two (2.20) and thus was suited to
appropriately represent the socioeconomic status in
further analyses. This variable (factor 1 in Table 1), now
interpreted as a socioeconomic score, explained 20% of
the variance of the eleven original variables. All variables
included in the PCA had positive factor scores, and
therefore were associated with higher socioeconomic
status. Freezing as measure of conservation had, with a
weight of 0.65, the highest contribution to the combined
socioeconomic status score (Table 1), membership in
the NHIS had the lowest impact on the combined indi-
cator with a weight of 0.15. For further analyses, we
classified the socioeconomic score in three categories
using tertiles: “poor”, “average” and “rich”. The village
cluster Greater Agogo and Near Street had the highest
proportion of households considered poor with 38% and
35%, respectively. In Greater Konongo was the highest
proportion of households categorized as being rich
(47%). Most malaria cases were reported from indivi-
duals classified as “poor” (n = 202, 39%) followed by
those grouped as “average” (n = 189, 37%) and “rich”
(n = 121, 24%).
Additionally, clumping and truncation (if the distribu-

tion of scores tend not to follow a normal curve or if
they were skewed) was checked by using a histogram to
show the distribution of socioeconomic scores. Internal
coherence for our study region could be shown, suggest-
ing appropriate and sufficient choice of asset variables.
All potential risk factors, together with the newly cre-

ated variable describing the socioeconomic status were
included in the final logistic regression model to assess
their independent effect on malaria risk (Table 2). In the
full multivariable model, an independent association was
seen for the family’s socioeconomic status. In compari-
son to the poor group, belonging to the group of aver-
age socioeconomic status decreased the odds to 0.88
(p = 0.35), and being rich decreased the odds for malaria
further to 0.56 (p < 0.001). The results remained consis-
tent in the parsimonious stepwise logistic regression. All
significant risk factors were checked for effect modifica-
tion, but none could be detected.

Discussion
The analysis showed that, in an area of high endemicity,
the proportion of malaria in children presented to a
hospital is markedly influenced by the socioeconomic
status of the family: children from households classified
as poor had a significantly higher chance to get malaria.
This is in agreement with previous reports on distinct
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socioeconomic risk factors for malaria [6-8,15,16]. One
possible explanation of this observation is that the pro-
portion of children using protective bed nets increases
with the socioeconomic status as reported before
[17,18]. However, after adjustment for the use of bed
nets in the multivariate analysis an association of the
socioeconomic status with malaria still remained. Other
possible explanations for the association between
malaria and socioeconomic status are (i) differences in
the coverage of health insurance [19] which was, how-
ever, not of significant influence in the univariate analy-
sis, (ii) differing access to health facilities, whereas such
a selection bias might be low due to the hospital-based
study design, (iii) various environmental or housing con-
ditions in the vicinity of households e.g. preferred habi-
tats or breeding sites for vectors what is difficult to
exclude [20,21].
Socioeconomic levels might also be associated with

diseases beyond malaria and may influence the propor-
tion of malaria cases among all children seen in the hos-
pital. This would have an indirect influence on the
calculated odds ratios. However, the two symptom com-
plexes predominant in children without malaria, namely
respiratory distress and gastrointestinal symptoms, were
not or only weakly associated with socioeconomic levels.
The study design, which bases on a single hospital,
might limit the generalization of the results to other

regions. On the other hand, the focus on one hospital
allowed the thorough collection of data on the clinical
condition, infectious disease agents, and exact diagnosis.
One problem of the determination of individual socio-

economic levels in Africa is the fact that unambiguous
quantitative measures often do not exist and various
proxy measures must be used as an approximation. The
use of single variables as risk indicators often leads to
false conclusions because they only reflect parts of the
general view. In contrast, in PCAs socioeconomic indi-
cator variables were combined to enable a quantification
and classification of individual socioeconomic levels and
to use the resulting score for risk analyses. The PCA
showed that usage of a freezer as conservation method,
which was interpreted as ownership of a freezer in a
household, had the highest weight for the socioeco-
nomic score. On the other hand, having a health insur-
ance was the smallest compared to the other ten
variables and, hence, was of a minor importance for the
socioeconomic score.
An advantage of the PCA is that it reduces measure-

ment problems, such as recall bias, and that it reduces
the complexity of correlated data, which can be easily
collected as single indicator variables in household sur-
veys [12,22]. On the other hand, the process of generali-
zation leads to a loss of information, the criteria for the
selection of variables for PCA are not well defined, and

Table 1 Results from the principal component analysis (PCA)

Factor Eigenvalue Variance proportion Cumulative variance proportion

Factor 1 2.20 0.20 0.20

Factor 2 1.07 0.10 0.30

Factor 3 1.06 0.10 0.40

Factor 4 1.01 0.09 0.49

Factor 5 0.97 0.09 0.57

Factor 6 0.94 0.09 0.66

Factor 7 0.85 0.08 0.74

Factor 8 0.82 0.07 0.81

Factor 9 0.76 0.07 0.88

Factor 10 0.71 0.06 0.94

Factor 11 0.62 0.06 1.00

Observed variable Weight for factor 1 (economic status score)

Freezing as conservation 0.65

Education mother 0.58

Toilet supply 0.56

Electricity 0.53

House type 0.47

Education father 0.43

Income manage 0.43

Relative abroad 0.33

Water supply 0.27

Cooking 0.22

NHIS 0.15
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the number of selected components is arbitrary.
Whether a single principal component can sufficiently
determine the socioeconomic status is entirely depen-
dent on the data and the correlation matrix of the vari-
ables, their validity and reliability [12].
Apart from the socioeconomic status, sociodemo-

graphic factors were associated with malaria. As
expected the malaria risk was highest in the age group
of children between 1 and 5 years, compared to chil-
dren below the age of 1 year [23] and lower in chil-
dren from families, which reported the use of
mosquito protection measures [16,24]. There was a
decrease of odds for malaria with increasing distance
from the study hospital. A simple selection bias is not
a sufficient explanation for that observation since all
children included had access to the hospital. However,
it is conceivable that the willingness to bring a child
with malaria symptoms decreases with increasing dis-
tance from the study hospital and, in contrast, the
readiness to bring a child with other symptoms is
more independent from distance. If so, the relative
contribution of malaria cases decreases with distance
and this would falsely suggest a protective effect of dis-
tance against malaria. Nevertheless, data from a
recently performed community survey in the same area
showed that the health seeking behaviour among dif-
fering symptoms did not change with distance. It was
not possible to include the village population size as
influence factor due to the village-cluster based

analysis. Geographical risk factors seem to exist inde-
pendently from other influences, maybe through envir-
onmental and habitat factors favouring the occurrence
of vectors. To assess environmental influence factors
remotely sensed data with high resolution should be
analysed with Geographical Information System (GIS)
to detect microspatial patterns in relation to malaria
risk.
Age of mothers did not influence the occurrence of

malaria of their children. However, in the study group
only 3% of the mothers were younger than 20 years of
age, which does not represent the mother’s age distribu-
tion in Ghana or other African countries. Although eth-
nicity was found to influence malaria risk in a study
conducted in an adjacent region in Ghana [6] this could
not be confirmed in the presented study possibly due to
the predominance of one ethnic group.

Conclusions
In conclusion, the herein presented results show that
children from poorer households are of greater risk for
malaria. It is under discussion how far poverty influ-
ences the occurrence of malaria or malaria influences
the occurrence of poverty. In either case, the fight
against malaria has to be escorted by the fight against
poverty and improvement of living standard. Moreover,
the spatial variability of malaria risk might be of impor-
tance for the planning of control measures and the con-
duction of intervention trials.

Table 2 Influence of socioeconomic and sociodemographic factors on malaria in a multivariate logistic regression
analysis

Stepwise logistic Regression

Determinants OR1 CI p-value OR1 CI p-value

Reference* 1

Economic status2

’average’ 0.88 0.66 - 1.16 0.35 0.88 0.67-1.15 0.34

’rich’ 0.56 0.41 - 0.76 < 0.001 0.56 0.42-0.75 < 0.001

Use of protection measures3 0.71 0.51 - 1.00 0.05 0.72 0.51-1.00 0.05

Age < 1 - ≤ 5 years 3.34 2.57-4.36 < 0.001 3.39 2.61-4.40 < 0.001

Age > 5 years 2.10 1.52 - 2.88 < 0.001 2.04 1.51-2.75 < 0.001

Place of Residence

West of Agogo 0.77 0.43 - 1.37 0.38 0.78 0.44-1.37 0.38

Near street 0.52 0.37 - 0.74 < 0.001 0.51 0.36-0.72 < 0.001

Greater Konongo 0.39 0.28- 0.53 < 0.001 0.39 0.29-0.54 < 0.001

Ethnic group 0.90 0.63 - 1.29 0.58

Number of children 1.19 0.87- 1.64 0.28

Sex 0.88 0.70 - 1.10 0.26

Mother’s age 1.02 0.78-1.33 0.91

*Reference: Economic status ‚poor’, no use of protection measures, age ≤ 1 year, place of residence ‚Greater Agogo’, Ethnic group ‚Northeners, > 4 children, sex:
male, mother age ≤ 30 years of age.
1Odds ratio mutually adjusted with all other variables in a multivariable logistic regression
2Economic status classified by using factor 1 of PCA (Table 1)
3Reported protection measures such as bed net or window fences
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Additional material

Additional file 1: Characteristics of the study group. the table shows
the results of a first univariate analysis including variables which give
information on personal or family characteristics with a possible
influence on malaria and information about factors indicating the family’s
financial situation.

Acknowledgements/Funding
We thank all interviewees for their participation in this study. We are also
grateful for the continuous endeavours of fieldworkers of the Kumasi Centre
for Collaborative Research in Tropical Medicine (KCCR) without whose efforts
this research would not have been possible, and to the members of the
Public Health Unit of the Agogo Presbyterian Hospital for their enduring
collaboration. We gratefully acknowledge the financial support received from
a Swiss Foundation. The work is part of the PhD thesis of ACK.

Author details
1Bernhard-Nocht-Institute for Tropical Medicine, Infectious Disease
Epidemiology, Bernhard-Nocht-Straße 74, 20359 Hamburg, Germany.
2Environmental Health Research Institute (IUF), Heinrich Heine University of
Düsseldorf, Germany. 3Kumasi Centre for Collaborative Research in Tropical
Medicine, Kumasi, Ghana. 4Kwame Nkrumah University of Science and
Technology, School of Medical Sciences, Kumasi, Ghana.

Authors’ contributions
ACK participated in the conception, performed the statistical analysis, was
involved in the interpretation of results and participated in drafting the
results. NGS participated in the design, assisted in performing the statistical
analysis, was involved in the interpretation of the results, and helped to draft
the manuscript. WL created Case Report Forms and was responsible for data
management and data preparation for analyses. UR was involved in the
initial design of the study, assisted in performing the statistical analysis and
participated in drafting the manuscript. JM conceived and coordinated the
study, was involved in the initial design of the study and writing of the
manuscript. NS organized the day-to-day work on the ground, BN and SA
carried out the malaria parasite examination and contributed to the writing
of the manuscript, and YAS planned, initiated the study, and reviewed
manuscript. All authors have read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 25 February 2010 Accepted: 13 July 2010
Published: 13 July 2010

References
1. Sachs G, Malaney P: The economic and social burden of malaria. Nature

2002, 415:680-685.
2. WHO: World malaria report 2009 Geneva: World Health Organization [http://

www.who.int/malaria/world_malaria_report_2009/en/index.html].
3. Nájera JA, Kouznetzsov RL, Delacollette C: Malaria epidemics. Detection and

control, forecasting and prevention. WHO/MAL/98.1084 Geneva: World Health
Organization [http://www.emro.who.int/rbm/publications/epidemics_najera.
PDF].

4. World Bank: Malaria at a glance. World Bank Report World Bank, Washington
D.C 2001.

5. De-Graft Aikins A: Ghana’s neglected chronic disease epidemic: a
developmental challenge. Ghana Med J 2007, 41:154-159.

6. Kreuels B, Kobbe R, Adijei S, Kreuzberg C, Von Reden C, Bäter K, Klug S,
Busch W, Adijei O, May J: Spatial variation of Malaria incidences in young
children from a geographically homogeneous area with high
endemicity. J Infect Dis 2008, 197:85-93.

7. Koram KA, Bennett S, Adiamah JH, Greenwood BM: Socio-economic risk
factors for malaria in a peri-urban area of The Gambia. Trans R Soc Trop
Med Hyg 1995, 89:146-150.

8. El Samani FZ, Willett WC, Ware JH: Nutritional and socio-demographic risk
indicators in children under five: a cross-sectional study in a Sudanese
rural community. J Trop Med Hyg 1987, 90:69-78.

9. Information about all districts in Ghana. [http://www.ghanadistricts.com/
districts/?news&r=2&_=18].

10. Browne EN, Frimpong E, Sievertsen J, Hagen J, Hamelmann C, Dietz K,
Horstmann RD, Burchard GD: Malariometric update for the rainforest and
savanna of Ashanti region, Ghana. Ann Trop Med Parasitol 2000, 94:15-22.

11. Trape JF: Rapid evaluation of malaria parasite density and
standardization of thick smear examination for epidemiological
investigations. Trans R Soc Trop Med Hyg 1985, 79:181-184.

12. Yvas S, Kumaranayake L: Constructing socio-economic status indices: how
to use principal components analysis. Health Policy Plan 2006, 21:459-468.

13. Filmer D, Pritchett LH: Estimating wealth effect without expenditure data-
or tears: an application to educational enrollments in states of India.
Demography 2001, 38:115-132.

14. Jobson JD: Applied multivariate data analysis New York: Springer Verlag
2002.

15. Somi MF, Butler JR, Vahid E, Njau J, Kachur SP, Abdulla S: Is there evidence
for dual causation between malaria and socioeconomic status? Findings
from rural Tanzania. Am J Trop Med Hyg 2007, 77:1020-1027.

16. Baragatti M, Fournet F, Henry MC, Assi S, Ouedraogo H, Rogier C, Salem G:
Social and environmental malaria risk factors in urban areas of
Ouagadougou, Burkina Faso. Malar J 2009, 8:13.

17. Noor AM, Omumbo JA, Amin AA, Zurovac D, Snow RW: Wealth, mother’s
education and physical access as determinants of retail sector net use in
rural Kenya. Malar J 2006, 5:5.

18. Howard N, Chandramohan D, Freeman T, Shafi A, Rafi M, Enayatullah S,
Rowland M: Socio-economic factors associated with the purchasing of
insecticide-treated nets in Afghanistan and their implications for social
marketing. Trop Med Int Health 2003, 8:1043-1050.

19. Sarpong N, Loag W, Fobil J, Meyer CG, Adu-Sarkodie Y, May J, Schwarz NG:
National health insurance coverage and socio-economic status in a rural
district of Ghana. Trop Med Int Health 2009, 15:191-197.

20. Edillo FE, Toure YT, Lanzaro GC, Dolo G, Taylor CE: Spatial and habitat
distribution of Anopheles gambiae and Anopheles arabiensis (Diptera:
Culicidae) in Banambani village, Mali. J Med Entomol 2002, 39:70-77.

21. Shililu J, Ghebremeskel T, Seulu F, Mengistu S, Fekadu H, Zerom M,
Ghebregziabiher A, Sintasath D, Bretas G, Mbogo C, Githure J, Brantly E,
Novak R, Beier JC: Larval habitat diversity and ecology of anopheline
larvae in Eritrea. J Med Entomol 2003, 40:921-929.

22. McKenzie DJ: Measure inequality with asset indicators. BREAD Working
Paper No.042 Cambridge, MA: Bureau for Research and Economic Analysis
of Development, Center for International Development, Harvard University
2003.

23. Snow RW, Guerra CA, Noor AM, Myint HY, Hay SI: The global distribution
of clinical episodes of Plasmodium falciparum malaria. Nature 2005,
434:214-217.

24. Clark TD, Greenhouse B, Njama-Meya D, Nzarubara B, Maiteki-Sebuguzi C,
Staedke SG, Seto E, Kamya MR, Rosenthal PJ, Dorsey G: Factors
determining the heterogeneity of malaria incidence in children in
Kampala, Uganda. J Infect Dis 2008, 198:393-400.

doi:10.1186/1475-2875-9-201
Cite this article as: Krefis et al.: Principal component analysis of
socioeconomic factors and their association with malaria in children
from the Ashanti Region, Ghana. Malaria Journal 2010 9:201.

Krefis et al. Malaria Journal 2010, 9:201
http://www.malariajournal.com/content/9/1/201

Page 7 of 7

http://www.biomedcentral.com/content/supplementary/1475-2875-9-201-S1.DOC
http://www.ncbi.nlm.nih.gov/pubmed/11832956?dopt=Abstract
http://www.who.int/malaria/world_malaria_report_2009/en/index.html
http://www.who.int/malaria/world_malaria_report_2009/en/index.html
http://www.emro.who.int/rbm/publications/epidemics_najera.PDF
http://www.emro.who.int/rbm/publications/epidemics_najera.PDF
http://www.ncbi.nlm.nih.gov/pubmed/18464903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18464903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18171290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18171290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18171290?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7778137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7778137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3494136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3494136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3494136?dopt=Abstract
http://www.ghanadistricts.com/districts/?news&r=2&_=18
http://www.ghanadistricts.com/districts/?news&r=2&_=18
http://www.ncbi.nlm.nih.gov/pubmed/10723520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10723520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3890280?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3890280?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3890280?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17030551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17030551?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11227840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11227840?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18165515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18165515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18165515?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19144144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19144144?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16436216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16436216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16436216?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14641838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14641838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14641838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19961565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19961565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11931274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11931274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11931274?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14765671?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14765671?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15759000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18522503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18522503?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18522503?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study area
	Data collection
	Data analysis

	Results
	Discussion
	Conclusions
	Acknowledgements/Funding
	Author details
	Authors' contributions
	Competing interests
	References

