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Objective: To evaluate the association between depression and sugary drink intake using participant data from the Behavioral Risk Factor Surveillance Survey (BRFSS).
Design: Cross-sectional data from the 2012 and 2013 BRFSS were examined (N=44,603).
Depression was based on self-report of symptoms within the past 30 days. Covariates included
age, sex, race, employment status, body mass index (BMI), education level, and exercise in the
past 30 days.
Setting: Data from a national telephone survey (BRFSS) were used to assess risk factors associated with health of the participants.
Subjects: Participants in the 2012 and 2013 BRFSS were included in this analysis (N=44,603).
Results: Adjusting for confounders, the odds of depression increased by 5% for every sugary
drink consumed (odds ratio (OR)=1.06, 95% confidence interval (CI)=1.02-1.10). Depression
was also associated with race, with non-Hispanic blacks being 60% more likely to be depressed
than non-Hispanic whites. Unemployment and having a high school or less education were
independently associated with depression. The association of depression and consumption of
sugar sweetened beverages was stronger among women than men.
Conclusion: This study indicates that consuming sugary drinks are associated with an increased
odds of depression. These findings support advocacy efforts for an overall healthy lifestyle.
In addition, future research should evaluate this association using a cohort design in order to
establish the temporality of this association.
KEYWORDS: Mental health; Epidemiology; Diet; Soda.
ABBREVIATIONS: BRFSS: Behavioral Risk Factor Surveillance Survey; USDA: United States
Department of Agriculture; NIH: National Institutes of Health; BMI: Body Mass Index; IRB:
Institutional Review Board.
INTRODUCTION

Copyright
©2016 Sullivan KL. This is an open
access article distributed under the
Creative Commons Attribution 4.0
International License (CC BY 4.0),
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distribution, and reproduction in
any medium, provided the original
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Increased sugar intake has become a major concern in the United States over the past few decades, with particular concern related to sugar sweetened beverages. Between 1977 and 1996
all age groups in the United States (US) more than doubled their consumption of sugary beverages.1 In 2000, the average American citizen consumed 260 grams of sugar per day, although
the United States Department of Agriculture (USDA) recommends no more than 40 grams per
day. This recommended amount would be equivalent to one 12-ounce soft drink.2 The United
States also has an increasing rate of mental health disorders, especially depression and anxiety.
According to the National Institutes of Health (NIH), 15.7 million adults reported having at
least one major depressive episode in 2013, accounting for 6.7% of the overall US population.
The NIH also reported that an estimated 18% of the adult population identifies themselves as
having an anxiety disorder, with 4% of these being classified as “severe”.3 The increased levels
of sugar intake and increased reporting of mental illness are both major public health concerns
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Overwhelming evidence suggests that added dietary
sugar has a negative impact on an individual’s mental health.
Research has provided many examples of sugar consumed excessively leading to altered mental health, however the association between the concentrated sugar contents in manufactured
sugary beverages and depressive symptoms has not been examined. With the current increase in both sugary beverage intake as
well as reported depression in the US, the objective of this study
was to evaluate the possible association between sugary beverage intake and reported depression symptoms using data from
the Behavioral Risk Factor Surveillance System (BRFSS).

employment status, body mass index (BMI), education level,
and exercise in the past 30 days. Age was categorized as 1824, 25-34, 35-44, 45-54, 55-64, and 65+ years. Race was classified as Non-Hispanic white (reference group), Non-Hispanic
black, or other; employment status was categorized as employed
(employed for pay or self-employed) or not employed (retired,
student, homemaker or looking for work); education was coded
as high school or less or more than high school, and exercise
was dichotomized to indicate if the participant exercised at all
outside of their employment during the past month. BMI was
treated as a continuous variable and was calculated by BRFSS
based on participants’ self-reported weight and height. These covariates were considered as possible confounders.

METHODS

Analysis

The BRFSS is a national telephone survey used to assess risk
factors associated with health of the participants.4 It is conducted
on an annual basis throughout the US. Response data for the
years 2012 and 2013 were included in this analysis.

The bivariate association between each covariate and
depression and sugar sweetened beverages (separately) was
evaluated using t-tests and Chi-square tests, as appropriate.
Means and standard errors (SE) were calculated for continuous
variables and frequencies were obtained for categorical variables. A logistic regression model was constructed to evaluate
the association between sugar sweetened beverages and depression, controlling for confounders. In addition to the model for the
entire sample, separate models were evaluated stratified by sex
in order to assess possible effect modification. Survey weights
were used throughout the analysis, which was performed using
SAS version 9.4.6 Survey procedures were used for mean, frequency and logistic procedures.

in the US.

Inclusion and Exclusion Criteria

For participants to be included in this analysis, answers for both
the outcome and exposure variables (described below) must
have been valid. Any missing responses to the aforementioned
variables excluded the participant from the analysis.
Outcome

BRFSS participants were asked how often during the past month
they felt “so depressed that nothing could cheer (them) up?”.4,5
Participants who self-reported depression in this manner were
categorized as depressed.
Exposure

The primary exposure for this analysis was intake of sugar
sweetened beverages. Two questions in the BRFSS provide
these data, asking participants to report their consumption in the
past 30 days:
1. “About how often do you drink regular soda or pop that contains sugar?.”4,5
2. How often did you drink sugar-sweetened fruit drinks (such
as Kool-aid and lemonade), sweet tea, and sports or energy
drinks (such as Gatorade and Red Bull)?”.4,5
Participants were asked to not include 100 percent fruit
juice, diet drinks, or artificially sweetened drinks such as diet
soda or diet pop. Responses to these questions were standardized
to the number of drinks consumed per day and this variable was
considered continuous.
Covariates

Covariates for the study included participant’s age, sex, race,
Epidemiol Open J

RESULTS

Table 1 shows the unadjusted demographic distribution by depression status. Among those depressed, more than 60% of the
study population was 44 years of age or older, income level was
fairly evenly distributed among the participants, education was
also fairly even for those obtaining a high school degree and
higher, some college or technical school and finishing college.
Those not participating in exercise reported depression more
frequently than those who did exercise (32.8% crude fibre (cf.)
20.1%, respectively), although the majority of both groups did
not exercise. There was also a lower percentage of employed and
retired individuals in the depressed group (43.5% of depressed
participants were employed and 18.7% were retired cf. 56.8%
employment and 28.0% retirement among non-depressed participants); however in the depressed group there was also a large
percentage (18%) of individuals classified as “unable to work”.
After adjusting for confounders using logistic regression, it was found that drinking one sugary beverage per day
increases the likelihood of depression by 6% (OR=1.06, 95%
CI=1.02-1.10) (Table 2). Among other covariates, race was
most strongly associated with depression, with black non-Hispanics being approximately 60% more likely to be depressed
(OR=1.62, 95% CI=1.19-2.20) and other races being more than
twice as likely to be depressed (OR=2.16, 95% CI 1.79-2.62)
compared to white non-Hispanics. Being unemployed and havPage 2
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Depressed
(N=5,439)

Non-Depressed
(N=39,164)

N (%)

N (%)

Sex
Male
Female

2,119 (39.0%)
3,320 (61.0%)

16,498 (42.1%)
22,666 (57.9%)

<0.0001

Age (years)
18-24
25-34
35-44
45-54
55-64
65 and Older

377 (6.9%)
659 (12.1%)
794 (14.6%)
1,236 (22.7%)
1,246 (22.9%)
1,127 (20.1%)

1,829 (4.7%)
3,869 (9.9%)
5,068 (12.9%)
6,991 (17.6%)
9,020 (23.0%)
12,387 (31.6%)

<0.0001

1,988 (36.6%)
373 (6.9%)
354 (6.5%)
269 (4.9%)
273 (5.0%)
170 (3.1%)
1,018 (18.7%)
981 (18.0%)

18,439 (47.1%)
3,805 (9.7%)
756 (1.9%)
778 (2.0%)
2,101 (5.4%)
857 (2.2%)
10,980 (28.0%)
1,332 (3.4%)

<0.0001

603 (11.1%)
518 (9.5%)
593 (10.9%)
636 (11.7%)
607 (11.2%)
616 (11.3%)
557 (10.2%)
729 (13.4%)

1,114 (2.8%)
1,451 (3.7%)
2,229 (5.7%)
3,086 (7.9%)
3,834 (9.8%)
5,477 (14.0%)
6,239 (15.9%)
11,199 (28.6%)

<0.0001

16 (0.3%)
209 (3.8%)
466 (8.6%)
1,722 (31.7%)
1,608 (29.6%)
1,408 (25.9%)

33 (0%)
538 (1.4%)
1,321 (3.4%)
10,211 (26.1%)
11,494 (29.3%)
15,482 (39.5%)

<0.0001

4,186 (80.0%)
308 (5.7%)
95 (1.7%)
182 (3.3%)
473 (8.7%)
195 (3.9%)

34,561 (88.2%)
1,142 (2.9%)
530 (1.4%)
631 (1.6%)
1,444 (3.7%)
856 (2.2%)

<0.0001

1,783 (32.8%)
3,642 (67.2%)

7,864 (20.1%)
31,248 (79.9%)

<0.0001

Mean±SE

Mean±SE

p-value

BMI

27.87±0.19

27.16±0.07

0.0004

Sugary-drink consumption (#/day)

1.12±0.13

0.62±0.02

<0.0001

Variables

Employment Status
Employed for Wages
Self-employed
Out of work for more than 1 year
Out of work for less than a year
A homemaker
A student
Retired
Unable to work
Missing=129
Income Level (Household, $/year)
Less than 10,000
Less than 15,000
Less than 20,000
Less than 25,000
Less than 35,000
Less than 50,000
Less than 75,000
75,000 or more
Missing=5,115
Education
Never attended school or only kindergarten
Grades 1 through 8 (elementary)
Grades 9 through 11 (some high school)
Grade 12 or GED (high school graduate)
College 1 to 3 years
College 4 years or more years
Missing=95
Race
White non-Hispanic
Black non-Hispanic
Asian non-Hispanic
American Indian/Alaskan Native
Hispanic
Other race non-Hispanic
Exercise
Yes
No
Missing=66
Continuous Variables

p-Value
(crude)

SE: Standard Error.
Table 1: Demographics.

ing a high school education or less were also associated with
depression status (OR=2.12, 95% CI=1.80-2.51; OR=1.89, 95%
CI=1.62-2.18, respectively).
Consistent with prior research, there also was a protective factor associated with exercise, as those who did not partake
in regular exercise, outside of their profession, were 71% more
likely to be depressed in comparison with their counterparts who
did exercise. This protective factor was also seen in individuals
of “retirement age” in the 65 years and older category, which is

Epidemiol Open J

also consistent with a greater percentage of non-depressed retirees seen (Table 1).
It should also be noted that there was a greater percentage of women that self-reported depression with women having
a 17% greater chance of depressive symptoms. In the sex-stratified analysis, the odds of depression was higher among women
than men, although the confidence intervals overlapped (Table
3). Contrary to the whole-group findings, age was not independently associated with depression among women.
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Odds Ratio

95% CI

1.06

1.02-1.10

Sugary Beverages (#per day)
Sex
Male

Ref

Female

1.17

1.01-1.36

Age
18-24 years

Ref

25-34 years

1.50

1.10-2.02

35-44 years

1.18

0.88-1.58

45-54 years

1.25

0.94-1.65

55-64 years

0.99

0.74-1.33

65+ years

0.43

0.31-0.59

Race
White, non-Hispanic

Ref

Black, non-Hispanic

1.61

1.18-2.19

Other

2.06

1.70-2.50

1.01

1.00-1.03

BMI
Employment
Employed for pay

Ref

Not employed

2.12

1.79-2.51

Education
More than high school

Ref

High school graduate or less

1.78

1.53-2.02

1.71

1.45-2.02

Exercise
Yes

Ref

No

1.71

1.45-2.02

Each measure is adjusted for other variables in table.
CI: Confidence Interval; Ref: Reference group.
Table 2: Odds of depression (adjusted*) (n=44,243).
*

Sugary Beverages (#per day)

Men

Women

Odds Ratio (95% CI)

Odds Ratio (95% CI)

1.05 (1.02-1.08)

1.11 (1.01-1.22)

Age
18-24 years

Ref

25-34 years

2.19 (1.34-3.57)

1.09 (0.75-1.58)

35-44 years

1.47 (0.92-2.35)

1.03 (0.70-1.50)

45-54 years

1.75 (1.12-2.73)

0.97 (0.68-1.39)

55-64 years

1.64 (1.05-2.57)

0.66 (0.46-0.96)

65+ years

0.65 (0.40-1.05)

0.32 (0.21-0.49)

Race
White, non-Hispanic

Ref

Black, non-Hispanic

1.28 (0.78-2.12)

1.85 (1.24-2.76)

Other

1.96 (1.47-2.61)

2.03 (1.58-2.60)

1.00 (0.97-1.02)

1.02 (1.01-1.04)

BMI
Employment
Employed for pay
Not employed

Ref
2.19 (1.66-2.88)

2.11 (1.71-2.60)

Education
More than high school
High school graduate or less

Ref
2.05 (1.66-2.53)

1.59 (1.28-1.97)

Exercise
Yes

Ref

No

1.30 (1.02-1.65)

2.05 (1.63-2.57)

Each measure is adjusted for other variables in table.
CI: Confidence Interval; Ref: Reference group.
*

Table 3: Sex-specific Odds of Depression (adjusted*).

Epidemiol Open J
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DISCUSSION

not caloric surplus plays a more significant role in depression.14

We found that sugary drink consumption was positively associated with depression, controlling for age, sex, and measures of
socio-economic status. For every sugary drink consumed daily,
the odds of depression increased by 5%. Depression was also
independently associated with younger age as well as race, with
non-Hispanic blacks being 60% more likely to be depressed than
non-Hispanic whites. There also appeared to be an effect modification showing sugary sweetened beverages may have a greater
effect on women than men (OR=1.17).

The large, nationally representative sample included in
the BRFSS is the primary strength of this study. However, there
were limitations in the methodology. Importantly, the survey
did not clearly define an amount for what constituted one drink.
Variables such as the particular sugar sweetened beverage, the
volume of beverage or sugar content contained in the beverage
can vary widely, leading to information bias. The results are further limited by participants’ self-report of depressive symptoms
in lieu of a validated measure of depression. The BRFSS is a
national survey in which questions are categorized in modules
and many modules are only offered semi-annually. Additionally,
variables included in the survey are generally limited to specific
options for response. Expanding these options would enhance
analytic options in future research. Due to the cross-sectional
nature of the data, the temporal relation between consumption of
sugary drinks and depression cannot be established and should
be further investigated.

This study is one of the few to compare men and women of all adult age groups, as well as to examine the direct association between sugary drinks and depression. Previous studies have typically focused solely on youth or women, as well
as specific diets.7-14 An ecologic study evaluated the association
between major depression and national sugar consumption in
Korea, the US, France, Germany, Canada, and New Zealand and
found a positive correlation (p=0.004).7 Whitaker et al8 found a
significant association between depressive symptoms and saturated fat and sugar intake (<0.05) and, although not statistically
significant, a positive association between depressive symptoms
and sweetened beverage consumption (p=0.06).
The association between sugar and depression is especially concerning in children and adolescents, as rates for both
are dramatically increasing in this age group. An Australian
study reported that individuals who consumed more than a half
litre of soft drinks per day had approximately a 60% greater risk
of having depression, stress, suicidal ideation, and psychological
distress than those who did not consume soft drinks.9 A crosssectional study in China of 12-19 year old students found an
association between soda intake and suicidal plans or attempts.
Individuals who consumed at least three soft drinks per day were
80% more likely to attempt suicide than non-consumers.10 Additionally, a survey in 2005 in California reported 40% of 2-11
year old children consumed at least one soda per day.11 A significant association between soda consumption and withdrawn
behavior, attention, and aggressive behaviors (p<0.05) has been
reported among urban 5-year olds, which may influence the occurrence of mental disorders as the children grow.12
High consumption of sugar may also affect women
differently than men. Women who consumed a traditional diet
based on vegetables, meats, fish, fruits, and whole grains were
shown to have a lower risk of having depression while those
who consumed a Western diet consisting of processed or fried
foods, refined grains, sugary products, and beer were more likely
to have depression (OR=1.52).13 An examination of BMI, specific food intake, and severity of depression reported that greater consumption of high-calorie sweet food, such as chocolate,
soda, and sweetened fruit drinks, were associated with depressive symptoms (p<0.01) but not BMI. The opposite was true for
high-calorie non-sweet food, such as fried foods, hamburgers,
and whole-milk, where there was an association between BMI
but not with depressive symptoms. This may suggest sugar and
Epidemiol Open J

Another limitation is that the BRFSS does not account
for the effects of caffeine. Caffeine can be found in many sugar
sweetened beverages, especially sodas and pops. The association
between sugar consumption and depression may be confounded
by caffeine intake. In 2011, Lucas et al15 investigated this issue,
surveying 50,739 US women with a mean age of 63 years who
were free from depressive symptoms at baseline. They prospectively assessed caffeine and coffee consumption and depressive
symptoms. During the 10 year follow-up 2,607 incident cases of
depression were observed.
Consistent with established risk factors for depression,
we found employment status (OR=2.12), race (non-Hispanic
blacks (OR=1.61), and races other than non-Hispanic white
(OR=2.06)) accounted for the highest odds for development
of depression. Further analysis of these sub-populations could
establish more demographically deterministic information on
sugar and depression. Furthermore, because women were shown
to be an effect modifier, in the future it might be advantageous to
look at gender specifically when doing research on the topic.
CONCLUSIONS

The association among consumption of sugary sweetened beverages and depression adds to the volume of evidence negatively
linking health and sugar. As policymakers look to advocate
against high sugar contents in both foods and beverages, this
data can provide additional support for their recommendations.
Lowering the allowable sizes of sugar sweetened beverages
available for purchase or informing consumers of the health
consequences of their beverage choices is important to begin to
reduce the prevalence and incidence of preventable morbidities.
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ABSTRACT

The purpose of this study is to establish a theoretical epidemiologic threshold for the rate of
reported malaria cases in order to detect epidemics and evaluate the impact of control measures.
To create this epidemiologic threshold it has been used an multiple cross-over time series
autoregressive integrated moving average forecasting model that reflects the dependence of the
magnitude of the rate of malaria reports on the past levels of rain, temperature and vegetation
density according to factors related with malaria transmission described by the MacDonald’s
theory. Information available for the model derivation and accuracy testing was obtained
from Médecins Sans Frontières in Karuzi, a Burundi’s province, with a health network of a
100-bed hospital and 11 health centers, that consists in the monthly malaria incidence rate
estimated from clinical diagnostics in medical consultations with a 5-20% of clinical cases
with microbiological confirmation in non-epidemic periods and less than 2% during outbreaks,
the cumulative monthly level of precipitation and the minimum and maximum mean monthly
temperature recorded by the local meteorological stations, as well as the NDVI provided by the
National Oceanographic and Atmospheric Administration satellites. This available information
covers the 1997-2003 period. The obtained model makes it possible to create a curve of expected
non-epidemic case reports with a reliability of 95%. This model identified four epidemics in the
7-year study period and detected the impact of a malaria control campaign in the last year. The
application of this methodological tool permits the timely detection of malaria epidemics and
the evaluation of the impact of measures for its control.
KEYWORDS: Autoregressive integrated moving average modeling (ARIMA); Malaria; Malaria
epidemiologic surveillance system.
ABBRIVATIONS: ARIMA: Autoregressive integrated moving average modeling; ACF: Sample

autocorrelation function; PACF: Partial autocorrelation function; NDVI: Normalized Difference Vegetation Index.
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•
•
•
•

Malaria is rampant in Africa and causes significant mortality and morbidity
Malaria transmission is complex and is believed to be associated with local climate changes
We propose a tool of malaria incidence forecasting for their epidemiological surveillance
The proposed model could be useful for detecting and preventing malaria epidemics

INTRODUCTION

Malaria epidemics are an important public health problem for the populations of SubSaharan Africa.1-5 The influence of climatic factors on the genesis of malaria epidemics has
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been described in numerous studies.6-9 Early detection of these
epidemics has been difficult; however, giving rise to high rates
of morbidity and mortality that could be avoided with timely
and effective detection and intervention measures.10-11 Initiatives
such as the Malaria Early Warning Systems12 have been
undertaken to develop and evaluate more precise methods for the
definition, detection, early warning and forecasting of malaria
epidemics.13-15 Both the definition and methods of detection
of malaria epidemics are generally based on the estimation
of measures of central tendency and dispersion of historic
malaria morbidity to establish epidemic thresholds in order to
make decisions about the application of contingency measures
to control its spread.16,17 This approach suffers from serious
methodological weaknesses, however, such as the arbitrary
manner of deciding what morbidity rates to exclude from the
calculation of the threshold because they are considered epidemic
values, thus defining “epidemic” before hand in order to make
a supposedly objective determination of what constitutes an
epidemic. Another limitation is the use of statistical procedures
for the treatment of random variables for measurements of
incidence, when the variables are auto-correlated, because of
these kinds of weaknesses; the epidemiologic thresholds for
epidemic detection obtained by such methods are not reliable.
Our starting hypothesis is that environmental factors
such as temperature, precipitation and vegetation levels, as
estimators of the population density and infectivity of the
vector and the development of the parasite, on the one hand,
combined with the level of malaria incidence in a recent period,
as an estimator of the magnitude of the parasite reservoir and
population susceptibility, on the other, could explain variations
in malaria incidence. This study aims to create a theoretical
epidemiologic threshold i.e, endemic, non-epidemic, usually
expected, normally, incidence, based on the behavior of the
incidence rate predicted by a model that establishes the relations
among the variables. The purpose is to obtain a simple and easily
applied tool that provides a practical and reliable way to identify
epidemics, so that health services can implement timely control
measures to interrupt the spread of the disease or mitigate its
effects, and to assess the effectiveness of health interventions to
these ends. Considering the methodological purpose of this study
we use only real data in order to verify the validity and accuracy
of our theoretical elaboration. This verification uses as empirical
material the available reports of monthly malaria cases treated
by the medical services routinely collected by the surveillance
system, together with monthly levels of rain, temperature and
vegetation density in the province of Karuzi, Burundi, during a
seven years period.

larvae production and maturation capacity, and is reflected in
the vegetation index; and temperature influences transmission
capacity by affecting the extrinsic incubation period. Our
hypothesis is based on the fact that in tropical areas at
altitudes over 1,200 m, the most important factor limiting
malaria transmission is minimum temperature, since under
16 ºC inhibit parasite maturation, sexual reproduction and
sporozoite development. Tropical areas between latitudes 25
ºN and 25 ºS and at altitudes of 1,000-2,000 m have enough
monthly precipitation to maintain abundant marshy areas where
vector larvae can develop. In an epidemic situation, factors
that can most plausibly explain fluctuations in transmission
are: i) increased minimum temperature, which would permit a
prolongation of seasonal transmission and a “staircase” effect of
repeated superinfections with increasing parasitemia and anemia
up to clinical thresholds; ii) increased maximum temperature,
shortening the extrinsic incubation period with an exponential
effect on vector transmission capacity; iii) increased rainfall,
with consequent increase in vegetation density, resulting in a
larger vector population and a transmission increase; and iv)
increased population reservoir of the parasite, which induces
faster transmission.
One way of symbolically representing these assumptions
can be obtained by taking It to mean the malaria incidence rate
in month t; Rt as the cumulative level of precipitation in that
month; Tt as the mean temperature in that month; Vt as the mean
vegetation density in that month; p as the seasonal oscillation
period for the previous three variables; and It+k as the malaria
incidence rate for a future month that is k months from month t.
These variables would then be interrelated as follows:

∑ α I ∑ βsin(2π / p) ( R T V )
t

∗

t

*

t

*

t

→ I t + k 		

(a)

This relation represents a cumulative linear combination
of previous values of the incidence rate, as an estimator of
immunity or population reservoir, and the combination of
past levels of rainfall, temperature and vegetation density, as
estimators of vector capacity, combined to influence future
values of the incidence rate. The term that includes rainfall,
temperature and vegetation confers an oscillation in the malaria
incidence with a period according to their common seasonality.
In expression (a) α is the coefficient for the incidence rate, and β
for the amplitude of seasonal oscillation estimated by regression.
The use of * as an operator to link the components expresses
the lack of a priori knowledge of how they are interrelated. The
model combines all those terms having significant autocorrelation
and cross-correlation coefficients with the incidence rate in their
corresponding lags.

MATERIAL AND METHODS

Our model is based on factors related with malaria transmission
described by MacDonald.18 According to this relation; the
determining factors are vector population density, transmission
capacity based on vector survival and duration of the extrinsic
incubation period, and immunity in the susceptible human
host. Rainfall influences the vector population by affecting
Epidemiol Open J

Data Processing

First we explored malaria rate series, together with temperature,
precipitation and vegetation levels series, to identify regularities.
Incidence rate trend analysis and periodogram obtained with
Fast Fourier and Tukey Transforms help to identify the periodic
oscillations to be modeled. The sub-series of the last seasonal
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period are separated. The shortened series is called “base” and
the separate sub-series “complement”. Rainfall, temperature
and vegetation series are shortened to the base period. Simple
autocorrelation function (ACF) and partial autocorrelation
function (PACF) graphics are obtained for these bases, with lags
equal to their oscillation period. Then, we identified, adjusted and
evaluated autoregressive integrated moving average (ARIMA)
models, which explains the malaria rate by its past values, to
introduce as a term in model (a). Periodograms are obtained for
the bases of precipitation, temperature and vegetation series to
identify seasonal oscillations and their period p in (a). Crosscorrelations are obtained of these three series with the ARIMA
model residual in the malaria rate base series, to identify lags in
the relationship. The ARIMA and oscillatory component terms
are combined to form model (a). The coefficients of the terms and
goodness-of-fit of the model are estimated. The model works by
successively entering the previous rates predicted by the model
itself, and the observed values for precipitation, temperature and
vegetation in their corresponding lags, thereby obtaining each
expected non-epidemic rate in the time series window. The 95%
confidence thresholds are estimated with the base rate series
white-noise residuals. Data processing was performed using the

http://dx.doi.org/10.17140/EPOJ-2-108

SPSSTM 21.0 and Statgraphics PlusTM 5.1. The usual two-tailed
statistical significance level of p≤0.05 was established for all
these tests.
Information available for the model derivation and
accuracy testing was obtained from Médecins Sans Frontières
in Karuzi. Karuzi is a Burundi’s province located in the centraleastern area of the country, with a population around 300,000
inhabitants, at an altitude of 1,500-1,900 m, with mean annual
temperatures ranging from 10.5-13 ºC to 25.5-28.5 ºC. The area
is characterized by a October-May wet season, with 141 mm
mean monthly precipitation, and a June-September dry season,
with 30 mm mean precipitation. The vegetation mass varies
with a mean monthly Normalized Difference Vegetation Index
(NDVI) of 0.36 in July-October, and 0.53 in November-June.
In Figure 1 shows a typical Burundi vegetation map. Karuzi has
a health network consisting of a 100-bed hospital and 11 health
centers with a total of 311 beds.19 The monthly malaria incidence
rate is estimated from medical consultations considering as a
case the patient seeking medical care with a fever over 38 ºC,
after excluding other causes. five hundred twenty percent of
clinical cases had microbiological confirmation in non-epidemic

Figure 1: Burundi map of vegetation.
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periods, and <2% during outbreaks, depending on the health
facility. For the incidence rate the monthly cumulative reports is
the numerator and the denominator is the total population of the
province according to the census adjusted for the growth factor.
We use the cumulative monthly level of precipitation and the
minimum and maximum mean monthly temperature recorded by
the local meteorological stations, as well as the NDVI provided
by the National Oceanographic and Atmospheric Administration
satellites.20 The images of the vegetation index were processed
using WinDisp 4. This available information covers the January
1997 through December 2003 period. During this period
various epidemic events occurred in Karuzi.17,21 Moreover, at
the end of 2003, Médecins Sans Frontières together with the
Burundi Ministry of Health, launched an intervention to reduce
transmission consisted of implementing a new protocol to
diagnose and treat malaria, including rapid serologic diagnosis
of suspected cases and first-line treatment with artemisinin
compounds drugs22 that produced an important reduction in
disease transmission, which is still under evaluation.23 To test the

http://dx.doi.org/10.17140/EPOJ-2-108

accuracy of the forecast obtained with the model, the expected
and observed endemic rates are compared for the periods in
which the epidemic events and reduced incidence occurred.
RESULTS

Figure 2 shows the 1997-2003 series used to construct the
model. Its visual exploration does not seem to indicate any
trend; for rain, temperature and vegetation, there is a certain
seasonal-type oscillation with a 0, 5-1 year period. The results
of the trend analysis and periodograms show neither trend nor
periodic oscillation in the cumulative monthly rate of malaria
reports, while for the rest of the series they confirm the trend
absence, and yearly period seasonality. Consequently, for
rainfall, temperature and vegetation series the 1997-2002 period
is taken as the base, reserving their values during 2003 as the
complement, and the malaria rate series is forced to the same
cut-offs to form its base and complement.

Figure 2: Monthly Malaria Notification Rate per 100 inhabitants in Karuzi province, Burundi, from
January 1997 to December 2003 (MMNR, first picture in heavy bold solid line); Monthly cumulative rainfall in mm (Rainfall, second pictures in light bold solid line); Maximum and Maximum
monthly temperature in ºC (Maximum Temperature, third picture in bold dashed line; Minimum
monthly, fourth picture in light dashed line); and Normalized Difference Vegetation Index (Vegetation Index, fifth picture in light solid line).
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Correlograms of the base malaria rates show a nonseasonal configuration with significant coefficients only in
lag 1 (ACF=0.82, PACF=0.82, both p<0.05) which indicates
that ARIMA model (1, 0, 0) represents the influence of each
preceding value on the following one. This model fits with a
coefficient of 0.80 (p<0.0001) and explains 80% of the observed
variability in the rate, leaving a residual that is nearly white
noise, but with hints of regular patterns.
The base periodograms of precipitation, temperature
and vegetation show, similar to complete series, a seasonal
oscillation with a period of 12 months, therefore term1 of the
model takes the form sinβ(0.52 Rt Tt Vt). Cross-correlation of
this term with the residuals of ARIMA (1,0,0) shows that only
the lag 1 coefficient is significant, therefore the environmental
influence on the malaria rate becomes sinβ(0.52Rt-1 Tt-1 Vt-1). With
the addition of the term for the influence of the environmental
variables to the autoregressive term, and after fitting the model,
it takes the form:
It = 0.80It-1 + 0.99sin(0.52Rt-1 Tt-1 Vt-1)

(b)

This model explains a 82% of the observed variability
in the malaria rate (R2adj, p<0.0001) with a 95% CI of 0.68-0.95
(p<0.0001) for the coefficient of the autoregressive term and
of 0.97-1.00 (p<0.0001) for the environmental term. Model (b)
leaves a white noise residual on the base malaria rates, normally
distributed with a mean of 0 and 0.98 SD.
Figure 3 depicts the expected epidemiologic threshold
for the malaria rate, with its 95% confidence interval, that is
obtained with this model for the period February 1997-December
2002, using the rate for January 1997 as the initial value, and
the precipitation, maximum temperature and vegetation density
for each preceding month. Table 1 shows the expected non-

http://dx.doi.org/10.17140/EPOJ-2-108

epidemic monthly cumulative malaria case-reported rate for
the base malaria series, the epidemiologic threshold, and the
observed value for each month in the period 1997-2002. This
epidemiologic threshold identifies four periods of an excess in
malaria incidence rates: June-July 1999, October 1999-January
2000, June-July 2000, and October 2000-June 2001,
corresponding to the four epidemics that occurred in the study
period.13,19 The two values of the rate that exceeds the threshold
of the epidemiologic threshold during a single month (July 1997
and January 2002) were not considered epidemic outbreaks,
following the Serf ling’s criteria.24
The epidemiologic threshold predicted for the
cumulative rate of malaria monthly reports for 2003, with its
95% threshold, is shown in Figure 4 and in Table 2. A change
in the trend in the observed rate can be seen beginning in
November 2003, with a more than 60% reduction with respect
to the preceding month, which can be attributed to the health
intervention that began in October of that year.22 This unusual
decline in the months of November and December 2003 is
captured by the lower threshold of the epidemiologic threshold
obtained with the model, which reflects chance fluctuation in the
rate.
DISCUSSION

In this work we propose a tool for malaria surveillance that is
simple in conception and easy to use in defining and detecting
malaria epidemics, and to evaluate the impact of the measures
for their control. Direct information about variables related to
the intensity of malaria transmission, as anopheline density in
relation to man, about the probability of mosquito survival or
about the duration of the extrinsic cycle of the parasite in the
mosquito is not available nor information regarding the state of
the human population reservoir. This tool makes it possible to

Figure 3: Expected and observed values for the Monthly Malaria Notification Rate (MMNR) per 100
inhabitants in Karuzi, Burundi, from January 1997 to December 2002. The upper and lower limits of
the expected values are estimated for a 95% confidence endemic threshold.
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Month

Expected

Max

Observed

Month

Expected

Max

Observed

Jan 1997
Feb
Mar
Apr
May
Jun
Jul
Aug

--1.3
3.0
2.7
2.3
3.3
3.2
3.6

--2.3
4.0
3.7
3.3
4.3
4.2
4.6

1.7
1.6
1.7
2.2
2.3
3.8
4.9
2.1

Jan 2000
Feb
Mar
Apr
May
Jun
Jul
Aug

6.6
6.8
7.4
6.5
5.8
4.7
4.8
4.8

7.5
7.8
8.4
7.5
6.8
5.7
5.8
5.8

7.9
6.5
4.2
3.5
6.5
10.4
6.8
5.6

Sep
Oct
Nov
Dec

2.9
4.2
3.4
4.6

3.9
5.2
4.4
5.6

1.9
2.3
2.4
2.8

Sep
Oct
Nov
Dec

4.8
3.9
3.2
3.8

5.8
4.8
4.2
4.7

5.4
9.5
41.6
42.2

Jan 1998

4.0

5.0

2.7

Jan 2001

3.6

4.6

35.3

Feb

3.2

4.2

4.1

Feb

4.0

5.0

24.4

Mar

4.3

5.3

4.1

Mar

5.1

6.0

25.9

Apr

3.7

4.7

4.0

Apr

5.7

6.6

13.2

May

4.0

5.0

2.3

May

6.1

7.1

11.4

Jun

3.2

4.2

2.7

Jun

5.6

6.6

7.7

Jul

3.7

4.7

2.4

Jul

5.5

6.5

6.2

Aug

4.0

5.0

2.1

Aug

6.1

7.1

6.0

Sep

4.2

5.1

2.8

Sep

5.6

6.6

4.3

Oct

5.0

5.9

3.4

Oct

6.2

7.1

5.0

Nov

4.2

5.2

4.3

Nov

6.8

7.8

5.9

Dec

4.3

5.3

4.2

Dec

5.5

6.5

6.0

Jan 1999

5.4

6.4

4.5

Jan 2002

5.7

6.7

8.4

Feb

4.8

5.8

3.8

Feb

5.1

6.1

5.4

Mar

5.8

6.7

4.1

Mar

5.5

6.5

5.2

Apr

4.9

5.9

2.2

Apr

6.1

7.0

3.8

May

5.1

6.1

5.6

May

5.1

6.0

4.4

Jun
Jul
Aug

5.1
5.1
5.1

6.1
6.1
6.0

9.4
6.9
4.4

Jun
Jul
Aug

6.0
5.8
5.6

7.0
6.8
6.6

4.3
4.3
3.1

Sep

6.0

7.0

5.7

Sep

5.5

6.5

4.1

Oct
Nov
Dec

5.8
6.6
6.1

6.8
7.6
7.1

7.6
8.9
8.1

Oct
Nov
Dec

5.3
5.9
6.6

6.3
6.9
7.6

4.7
3.2
3.2

Table 1: Values predicted for the expected endemic cumulative monthly rate of malaria case reports per 100 inhabitants in Karuzi with the Upper Limit at 95% confidence
for the epidemic threshold (Max) obtained by the forecasting model and the corresponding rates of monthly malaria cases reported during 1997-2002.

Figure 4: Expected and observed values for the Monthly Malaria Notification Rate per 100 inhabitants (MMNR) in Karuzi, Burundi in 2003. The Upper and Lower Limits of the expected values
are estimated for a 95% confidence epidemiologic threshold.
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Month
(2003)

Threshold Lower
Limit

Expected

Threshold Upper Limit

Observed

January

1.6

2.6

3.6

4.0

February

1.1

2.1

3.1

3.0

March

2.6

3.5

4.5

3.4

April

2.9

3.9

4.9

3.6

May

3.2

4.2

5.2

4.3

June

3.6

4.6

5.6

3.7

July

3.7

4.7

5.6

4.1

August

2.7

3.7

4.7

2.4

September

3.7

4.7

5.7

2.6

October

3.4

4.4

5.4

3.1

November

4.2

5.2

6.2

1.5

December

3.2

4.2

5.2

1.1

Table 2. Endemic values predicted for the expected cumulative monthly rate of malaria case reports per 100
population in Karuzi in 2003 according to the forecasting model, with the upper and lower 95% confidence limits of the
epidemiologic threshold and the observed values for the period.

forecast an epidemiologic threshold for the cumulative monthly
consultations rate of malaria for one year period based on the
values preceding months and on the combination of temperature,
rainfall and vegetation data observed in the preceding months.
The estimation of the epidemiologic threshold with our model
is based on the hypothesis that the malaria incidence rate is an
estimator of the volume of the parasite reservoir in the human
population, while rainfall, temperature and vegetation density
are an estimator of vector transmission capacity.
Different methods for the definition and early detection
of malaria epidemics, such as those proposed by Cullen25,
Najera26 and CDC,27 use the monthly mean and median with
their confidence intervals for preceding years, with a minimum
of 5 years required, to identify an excess of reported cases.
An evaluation of these methods in Kenya raises considerable
doubts about their precision: their sensitivity and transparency
are reduced when rates are transformed into logarithms; alert
thresholds are established based on small samples (n=5) for
which standard deviations are calculated; and they arbitrarily
exclude “epidemic years” in these samples.10-11 From our point of
view, moreover, these techniques do not consider the influence
of an environmental component reflecting parasite and vector
conditions that may result in increased malaria transmission due
to climatic variations.
Our model for estimating the endemic, non-epidemic,
threshold offers an explanation for much of the variability
observed in the malaria rate. Its reliability was shown by the
ability to identify four empirically-defined epidemics in 19972002 and to detect the impact of a control program in 2003. It
could generally be said that the expected incidence threshold
through which the malaria consultations rate in Karuzi should
pass between 1997 and 2003 is a theoretical representation of
how this variable would behave, beginning with a particular
initial number, given the influence of the environmental factors
observed in that period. This implies that fluctuations in the
incidence rate “outside” this threshold are not due to important
variations in these climatic factors, but to factors related with
Epidemiol Open J

other types of events that also determine the triggering and
magnitude of malaria epidemics. Thus, for the same area and
time period, Checchi have suggested as triggering factors for
malaria epidemics: i) armed civil conflict with the consequent
displacement of the non-immune population, and ii) the
progressive expansion of rice cultivation in the valleys of central
Burundi.28 This would explain why the expected rate in our model
for the months of the large epidemic between October 2000 and
June 2001 is lower than the expected rate for preceding months,
so that the model would be able to detect epidemics that are
produced mainly by increased transmission related with human
activity rather than climatic variability. The same thing occurs
with the identification in the model of an important decrease in the
observed rate in the months of November and December 2003,
when the previously mentioned health intervention was carried
out. Again, a reduction in the base rate of reproduction, or mean
number of secondary infections produced from a single infected
individual, would lead to an incidence rate much lower than
expected by the model, by reducing the population reservoir of
gametocytes as a result of treatment with artemisinin derivatives,
and not because of the influence of climatic variables.
The proposed model for the detection of epidemic
events in this area can be evaluated using the CDC criteria for
evaluating surveillance systems.27 That is, a) simplicity: health
units routinely report malaria cases to the provincial office of the
Ministry of Health; rigorous and ongoing collection of rainfall
and temperature data which are relayed to the area epidemiologist;
collection of vegetation data is not complex for a person with
minimum training; channels for the flow of information are well
established and have been improved; and the expected endemic
threshold obtained for the province can easily be computed by
putting all the components into the model; b) flexibility: Since
the system is based on a computer program, it would be flexible
enough to include changes in data collection that may occur
among the different actors involved; c) acceptability: the malaria
epidemic detection system would clearly be accepted since the
persons involved in the process understand the repercussions of
these events in their area; d) sensitivity: confirmation of cases
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by serological testing increases specificity, but not sensitivity; in
contrast, using reports of suspected malaria cases would detect
epidemics with higher sensitivity, albeit with a higher number of
“false positives”; e) Positive Predictive Value (PVP): this system
may detect epidemics that are not true epidemics, but if we use
Serfling’s criteria,24 considering at least two consecutive months
with an incidence above the established threshold, the PVP of the
system increases considerably since this area is prone to malaria
epidemics; f) representativeness: this may be limited when
using reports of consultations for suspected malaria instead of
microbiological confirmation; what is most important, however,
is the historic stability of this form of reporting or notification
that may be affected during period of conflicts or other issues
outside the scope of the model; and g) timeliness: a limitation
of the model is the minimum surveillance period it offers for the
detection of epidemics but, as occurs in most epidemiological
surveillance systems in rural areas of Africa, it is very difficult
to obtain weekly reports of malaria cases that would permit
earlier alerts. With appropriate changes in the forecasting model,
the same methodology could be used with weekly cumulated
reporting rates, and this approach would improve the timeliness
of the epidemic early warning if this data would be obtained by
the surveillance system of Burundi.
The combination of two modeling tools to predict
malaria endemic-epidemic incidence rates, the described in
this work for endemic, and another previously published for
epidemic forecasting29 offers a complete surveillance system for
detection and development prediction of malaria epidemics and
the evaluation of control measures. Thus, the model establishing
endemic thresholds makes it possible to know when an epidemic
took place, at which time the epidemic forecasting model can be
applied to estimate its magnitude and plan the type and intensity
of control measures. Finally, the results of these measures can be
evaluated using the expected endemic thresholds.
The design and development of these types of models
constitute one more tool—and not the only on—in what should
be an appropriate and balanced policy for preventive action in
areas prone to malaria epidemics. Because the multifactorial
nature of these epidemics makes them difficult to detect, Malaria
Early Warning Systems are needed that take into account
variables related with climate, environment and population
susceptibility.14 With regard to the latter point, these Malaria
Early Warning Systems should include components that go
from rigorous and timely epidemiological surveillance and
improved access to health services with adequate diagnostic and
therapeutic measures, to monitoring the factors that may affect
waning individual immunity, i.e. movements of the non-immune
population or malnutrition.
Our model would need to be tested and evaluated before
being proposed as an operational tool for malaria surveillance.
Meanwhile, our research continues to focus on these techniques
and their refinement in order to be able to define precisely when
an excess of reported cases is a true malaria epidemic. Early
warning of such epidemics would make allow time on time
Epidemiol Open J
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implementation of activities to reduce the suffering caused
by these events. We can conclude that the application of this
methodological tool permits the timely detection of malaria
epidemics and the evaluation of the impact of measures for its
prevention and control.
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1

Central sleep apnea is a sleep-related breathing disorder characterized by repetitive
cessation or decrease of both airflow and respiratory effort during sleep.1 Conversely, in
obstructive sleep apnea (OSA) there is a respiratory effort against a closed upper airway
evidencing that patients who suffer from OSA have anatomic/functional deficits in the upper
airways.2 When associated with clinical signs and symptoms such as excessive daytime
sleepiness, cognitive deficit, decreased quality of life (QoL) and increased cardiovascular
morbidity it is called obstructive sleep apnea syndrome (OSAS).3-5
In clinical practice it is noticeable that rarely do patients suffer from pure OSAS, the
majority of them exhibits some proportion of central and/or mixed events. The coexistence of
two types of apnea indicates more complex underlying disorders than just increased resistance
in the upper airway. In fact, unstable respiratory control has been implicated in the pathogenesis
of both central and obstructive sleep apnea.2
Oral appliances (OA) are recommended exclusively as a treatment option for OSAS.
In the literature, 3 large groups of OA are found: tongue retaining devices, anterior mandibular
repositioning devices and lifting devices of the soft palate and uvula. Combined therapy using
intraoral positive-pressure devices can also be used.6 Nowadays, the category of anterior
mandibular repositioning devices is by far the most common type of OA in use.7
Many different device designs have contributed towards the misunderstanding related
to the success of the treatment. In order to correct these deficiencies, a consensus conference
was held to develop an evidence-based definition of an effective OA for the treatment of
sleep-related breathing disorders and to establish a standard reference for research and clinical
practice. Thus, the American Academy of Dental Sleep Medicine (AADSM) has determined
that the OA terminology refers to mandibular advancement devices because they are the most
effective and widely used in clinical practice. However, this definition will be re-evaluated and
revised as new methods and evidences become available. Innovations have been released in
OSA treatments, including advances in relation to OA treatment.8-11
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Although OA are indicated exclusively for the treatment of OSA, a study published
in 1991 showed two cases of patients with central apnea treated with this device.12 The
pathophysiology of central sleep apnea syndrome has not yet been fully clarified, but obstruction
of the upper airway may be one of the causes.13 This relationship between central sleep apnea
and partial obstruction of the upper airway was suggested in a study in which a continuous
positive airway pressure device (CPAP), administered to improve respiratory load during sleep,
eliminated central sleep apnea in patients who had narrow upper airways, but it had no positive
effect on central apnea in patients with brainstem lesions.14
Central sleep apnea emergent to the treatment of OSA has been described, especially
after therapy with positive airway pressure (PAP) device. However, it is important to be
aware that central apneas can also arise by treatment with OA.15 Thomas et al16 has used OA
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in patients with complex apnea and who are intolerant to PAP
with reasonable success. According to these authors, residual
sleep apnea may occur when using OA and it requires adjuvant
therapy. Once OA are less likely to induce hypocapnia and are
also less effective in treating obstructions, the researcher has
used “cocktails” in the treatments including OA. He has used
a combination with acetazolamide, or a benzodiazepine, or
supplemental oxygen.
In our clinical routine we have observed that the
polysomnography of patients with OSA often does not
exhibit central and mixed events in the reports. We believe
it happens due to the fact that scores of respiratory events in
patients with sleep apnea have traditionally been inclined to an
obstructive phenotype, although the recent 2007 update of the
AASM guidelines established some criteria to quantify central
hypopneas and short sequences of periodic breathing/cheynestokes respiration.17
Scoring guidelines for respiratory events predict that
central hypopneas should not be marked in the presence of flow
limitation, but obstruction is a common feature of central events.16
Direct visualization of the upper airway commonly shows
collapse in the nadir of the cycle, even in polysomnography of
the “central” disease. Narrowing of the pharynx on expiration
occurs during central hipocapnic hypopnea, supporting the
concept that the presence of flow limitation by itself cannot be
used to distinguish between obstructive and central hypopnea.18-20
We consider that scoring central and mixed events
in polysomnography is important not only in the baseline
assessment of sleep-related breathing disorders, but it should
also be taken into account by the criteria used to estimate the
therapies success.
More studies are needed to better evaluate and clarify
the relationship between obstructive, central and mixed events
and the impact of OA on the treatment of these sleep-related
respiratory events.
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ABSTRACT

Dental caries and trachoma are two common diseases among children in developing countries.
To examine whether weight status is associated with these two diseases, we used data from two
screening surveys conducted in Changsha and Shenzhen, two cities in China. The screening
surveys were part of a case-control study examining risk factors related to childhood obesity.
Approximately 5,900 children (3,794 from Changsha and 2,193 from Shenzhen) participated
in the screening survey in which weight and height were measured. Decayed or filled tooth
counts (primary dentition) and trachoma infection status were obtained from school general
health examination records (SGER). After excluding those who had missing information on
weight, height, and SGER, a total of 4,073 (2,185 boys and 1,888 girls) aged 5-9 years old
were included in the analysis. Body mass index (BMI) was calculated as weight (kg) divided
by height (m2) and standardized for age and sex, then converted to a BMI z-score. Using BMI
z-score, subjects were categorized into 4 groups as underweight (<-2), normal weight (~1.03),
overweight (~1.64), or obese (>1.64). Overall, approximately 5.5% of children (6.2% girls and
4.6% boys) were underweight and 18% (11% girls and 23% boys) were overweight or obese.
Comparing normal weight to underweight, overweight and obese subjects, after adjusting for
age, gender, grade, and city of survey, the odds ratios (OR, [95% CI]) for dental caries were
1.12 (0.84-1.49), 0.70 (0.56-0.86), and 0.62 (0.48-0.79), (p for trends <0.001) while the ORs
for trachoma were 1.65 (0.94-2.89), 0.90 (0.52-1.57), and 1.92 (1.20 -3.06). This suggests that
weight status is associated with dental caries and trachoma among these Chinese children.
Further study is warranted to explore the underlying mechanism(s).
KEY WORDS: Childhood obesity; Dental caries; Trachoma; Epidemiological study.
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The global accelerated increase in obesity among children and adolescents is alarming.1 Dental
caries and trachoma are two common diseases among children in developing countries as well
as among children from economically disadvantaged rural and aboriginal areas.2-7 Information
regarding the relationship between obesity and these two diseases of childhood is inconclusive
or scarce. For dental caries, some studies showed a positive relationship,8-10 but others show
no relationship11-14 or even an inverse relationship.15,16 Our search turned up no study having
examined the relationship between childhood obesity and trachoma. Since the prevalence
of childhood obesity is on the rise and both dental caries and trachoma are prevalent among
Chinese children, it is worth understanding whether and what relationship might exist between
obesity and these two diseases when we keep intervention in mind.
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METHODS
Survey Method and Participants

The data used in this analysis came from a survey conducted
between March and June, 2005 in the cities of Changsha and
Shenzhen, China(Footnote 1). A two-stage cluster sampling method
was used in the survey: in stage one, one out of nine districts
in the city of Changsha and one out of ten districts in the city
of Shenzhen were randomly selected; in stage two, 10 out of
62 elementary schools from the chosen district of the city of
Changsha and 5 of 45 elementary schools from the chosen
district of the city of Shenzhen were randomly selected for the
survey. A combined total of 5,987 children aged 5-9 years were
surveyed at the time as they underwent a school health screening
examination. After cleaning the dataset for missing information,
a total of 4,073 children (2,185 boys and 1,888 girls) were
included in this analysis.
Measurements Related to Obesity Status

Weight and height were measured using a portable stadiometer
and weight scale with each participant wearing light clothing
without shoes. Body mass index (BMI) were calculated as
weight (kg) divided by height (m2) and converted to an age and
sex specific BMI z-score. Using BMI z-score, subjects were
categorized as either underweight (<-2), normal weight (~1.03),
overweight (~1.64), of obese (>1.64), which correspond to the
≤5th, ~85th, ~95th, and ≥95th age and sex-specific percentiles.17
Examination of Dental Caries and Trachoma

Information on dental caries and trachoma was obtained from a
school health screening examination conducted by dentists and
eye specialists. Oral health examination from schools in the city
of Shenzhen recorded decayed (d), missing (m) and filled (f)
teeth (t) for primary and permanent dentition; while the health
examination at schools in the city of Changsha only recorded a
positive finding of dental caries. Therefore, in this analysis, dental
caries was defined as positive if either the health examination
records showed ‘yes’ for students from the city of Changsha or
dft>0 for primary dentition and dmft>0 for permanent dentition
for students from the city of Shenzhen. Trachoma was assessed
using the simplified grading scheme proposed by the World
Health Organization (WHO),18 and recorded as ‘yes’ in the
health examination records when positive.
Statistical Analysis

Data was analyzed using SAS 9.4 with significance level set at
two-sided α=0.05. A t-test was used to compare the mean level of
continuous variables and a Chi-square test was used to compare
the distribution of category variables. A multiple logistic
regression model was used to evaluate the association between
1. At the time these surveys were conducted there was no requirement for a
research ethics review.
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dental caries and trachoma with weight status. Covariates
controlled in the analysis were age (year), sex (1-male, 0-female),
grade (1~4), and city (1-Changsha, 2-Shenzhen).
RESULTS AND DISCUSSION

Overall, 717 children (17.6%) were categorized as overweight
(9.8%) or obese (7.8%). 48.4% (1,973) of children had dental
caries and 4.7% (192) screened positive for trachoma. There was
no gender difference in age, survey location, or the proportion
of positive dental records and incidence of trachoma. However,
the distribution of grades, and mean BMI distribution varied by
gender (Table 1).
Table 1: Characteristics of 4,073 Children by Gender.
Girls

Boys

N

1,888

2,185

Age (yr, mean (SD))

7.5 (0.9)

7.5 (0.9)

1

17.7

19.9 **

2

35.8

36.8

3

35.9

35.4

4

10.7

7.8

Changsha

47.3

46.1

Shenzhen

52.7

53.9

15.5 (2.1)

16.4 (2.6)***

Underweight

6.3

4.5***

Normal weight

82.3

72.6

Overweight

7.9

11.4

Obese

3.6

11.4

Dental Caries (%)

46.3

53.7

Trachoma (%)

5.2

4.2

Grade (%)

City from (%)

BMI (kg/m2, mean (SD))
Weight status^ (%)

^based on BMI z-score. Underweight: BMI z-score <-2, Normal
weight: -2<BMI z-score<1.03,
Overweight: 1.03<BMI z-score<1.96, Obese: BMI z-score
>1.96
**p<0.001, ***p<0.0001

Univariate analysis found that the proportion of
dental caries in underweight, normal weight, overweight, and
obese groups was 51.6%, 50.0%, 41.3%, and 39.8% (p<0.01)
respectively, with trachoma frequencies by weight category of
6.9%, 3.4%, 3.7%, and 7.5% (p=0.02).
Multiple logistic regression used normal weight as
comparator group, adjusting for age, gender, grade, and survey
location. For dental caries by weight category, our model found
odds ratios (OR, [95% CI]) of 1.12 (0.84, 1.49), 0.70 (0.56,
0.86), and 0.62 (0.48, 0.79), (p-value for trends <0.001) (Figure
1a) corresponding to underweight, overweight, and obese; for
trachoma the respective ORs (95% CI) were 1.65 (0.94, 2.89),
0.90 (0.52, 1.57), and 1.92 (1.20, 3.06) (p-value for trends=0.19)
(Figure 1b).
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Figure 1: Odds Ratios for Dental Caries (A) and Trachoma (B) by Weight Status in Children, Adjusting
for Age, Gender, Grade, and Survey City.

With economic progress and modernization in China
the prevalence of obesity in Chinese children has increased
dramatically over the past two decades.19,20 Although, there is
no information on the trends of dental caries among Chinese
children, population-based cross-sectional studies suggest that
the prevalence of dental caries is high among Chinese children
with significant geographical variation.21,22 While the prevalence
of blindness caused by trachoma is happily on the decline,
it remains endemic, nonetheless, among school children,
particularly in rural areas.23-26 Prevalence rates for obesity,
dental caries, and trachoma in this study are comparable to those
from other national metropolis samples. In the current study,
we observed a negative association between weight status and
the odds of dental caries and a “U” shaped relationship between
weight status and the odds of trachoma.
Although, this is not the first study to find a negative
relationship between weight status and dental caries we believe
this to be the first report of a “U” shaped relationship between
weight status and trachoma. The underlying mechanism that
accounts for this remains uncertain. It is biologically quite
plausible that childhood obesity could correlate with dental
caries since they share risk factors, e.g., too much free sugar
intake,27 though the evidence to support such a hypothesis is
weak and inconclusive. The relationship between weight status
and dental caries among children may be more complicated
than we think. The aforementioned studies8-16 are to some extent
contradictory which suggests that each may only be seeing part
of the bigger picture. The pathogenic mechanism for the link
between underweight status and dental caries may well differ
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from that for overweight/obese children and finding a common
solution may be improbable. In the case of trachoma, some
increased risk was observed in children who were underweight
as well as for those categorized as obese, though the difference
only reached significance for the obese. Why there should be
such an association and by what biological mechanism is not at
all clear.
The main limitations of this study include 1) the data
originate from cross-sectional surveys, which cannot determine
causality; 2) there was no information on family socio-economic
status which would be an important risk factor in the study
of childhood obesity, dental caries, and trachoma; and 3) no
sampling weight information was available since the number
of students in the excluded clusters is unknown. Although, the
sampling probability for individual students is indeterminate,
we have no reason to think that the sample in the study was
not representative of the population since the sampling method
ensured representativeness by region; furthermore, results
are based on the analysis of a very large sample of carefully
scrutinized anthropometric measurements.
CONCLUSION

In conclusion, given the fact that the childhood obesity is a
growing problem in China, and that dental caries and trachoma
are still endemic health concerns among children, more studies
are needed to examine the complex relationships between weight
status oral health and trachoma among children.
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ABSTRACT
Objective: College-aged women are at high-risk of Human Papillomavirus (HPV) infection.
Although, HPV vaccination is most effective, its rates remain quite low among college students. It may be due to inadequate understanding of the relationship between HPV and cervical
cancer. Therefore, the objective of this study was to examine the level of knowledge about HPV,
cervical cancer and their associations with HPV vaccination among female college students.
Methods: Cross-sectional questionnaire based survey was conducted among female students
in a Multiethnic University in Florida. We assessed HPV vaccination status, annual health
checkup status, knowledge about HPV and cervical cancer among the students. The response
rate for the survey was 91.5%.
Results: Out of 141 students, 39.7% received HPV vaccine, and 38.3% did annual medical
checkup within a year. Out of 4, the mean and the median knowledge score of students about
cervical cancer was 2.87 and 3.0, respectively. A greater percentage of students who did annual
health checkup (44%) received HPV vaccine than those who did not (15%). The odds of receiving HPV vaccine was nearly 5 times as much for the students who achieved knowledge scores
about causes of cervical cancer greater than or equal to the median compared with the students
with knowledge scores below the median (adjusted odds ratio [aOR]:4.85, 95% confidence
interval [CI]:2.15, 10.92). The odds of receiving HPV vaccine was almost three times as much
of students who knew that HPV causes cervical cancer than those who did not know it to be so
(aOR:2.9, 95% CI:1.1, 8.2).
Conclusion: Receipt of HPV vaccination was associated with knowing that HPV infection is
a cause of cervical cancer and that it’s preventable. HPV vaccination was also associated with
annual health checkup status.
KEY WORDS: College students; HPV; Cervical cancer; Knowledge; HPV vaccine; Vaccination.
ABBREVIATIONS: HPV: Human papillomaviru; STI: Sexually Transmitted Infection; STDs:
Sexually Transmitted Diseases; MSP: Multiple Sexual Partners.
INTRODUCTION
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Human papillomavirus (HPV) infection is the most commonly occurring sexually transmitted
infection (STI) in the United States. Approximately, 79 million women in the country are infected with HPV, and 14 million new infections occur annually.1 More than 80% of American
women will have contracted at least one strain of genital HPV by the time they reach 50 years
of age.2 Sexually active women below the age of 25 such as college students have the highest
rates of genital HPV infection.3 College students are considered to be a high-risk group for
contracting STIs because they are likely to have multiple sexual partners (MSP) and have unprotected sexual intercourse.4,5
While HPV infection is usually benign or asymptomatic, it can result in serious health
consequences, such as genital warts and even cervical cancer.6 HPV infection is necessary
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for cervical cancer to develop.7,8 Cervical cancer is the second
most commonly occurring female-specific cancer worldwide,
accounting for about 8% of total cancer cases and total cancer deaths among women.9 This disease claims 2,66,000 lives
worldwide10 and over 4,217 in the USA annually.11
HPV vaccination is an effective method of preventing
cervical cancer. Three HPV vaccines namely; Gardasil, Cervarix, and Gardasil-9 are licensed to combat cervical cancer in
women in the USA.12 The HPV vaccination is recommended for
males and females of ages 11 to 26-years-old.1 Gardasil and Cervarix have been shown to be efficacious, safe, and well-tolerated.12 Gardasil reduced the combined incidence of infection with
types 16 or 18 by 94.5% in participants.13 The protection against
types 16 and 18 lasts for at least eight years after vaccination
with Gardasil and more than 9 years after vaccination with Cervarix.12 After the introduction of the vaccines, the prevalence of
HPV infection (types 6, 11, 16, and/or 18) fallen by about 88%
among vaccinated women in United States, and the annual cost
of cervical cancer treatment decreased from $6,000 million to
approximately $400 million in the country.14,15
However, about 60% among college-aged women did
not receive HPV vaccination in the USA.16 This may be due to
inadequate understanding of HPV infection, cervical cancer and
the vaccine. As the American college students are at high risk for
HPV infection, their sufficient awareness and accurate information about cervical cancer, HPV transmission, and its prevention
are imperative to increase HPV vaccination coverage. Therefore, the objectives of this study were to examine the level of
knowledge about HPV, cervical cancer and its association with
HPV vaccination among college students in the USA.
METHODS
Study Participants and Sample Size Determination

This study was conducted at a large multiethnic public university in the state of Florida, in January-May 2013. In 2013, there
were 21,287 female undergraduate students in the Institute.
There were 55 required university core courses offered in the
institute in 2013 spring semester in the areas of Global Learning, English Composition, Humanities with Writing, Quantitative Reasoning, Social Inquiry, Societies and Identities, Natural
Sciences, Life Sciences, Physical Sciences, and Arts. Out of the
55 courses (which we treated as clusters), 10 courses/clusters
were randomly selected for this study. On average there were
42 students registered for each course selected for this study.
All female students who were attending classes in the aforementioned courses during the study period were eligible for this
study. In those clusters, a total of 151 female students present on
the day of the survey, were approached, and 141 female students
completed the survey. The sample size (n=141) was determined
based on the Rules of Thumb (n>104+m) for studying the relationships of an outcome with individual ‘m’ predictors as suggested by Harris, 1985 and Green, 1991.17,18
Epidemiol Open J

Questionnaire

The questionnaire consisted of 24 items, most of which were
multiple-choice questions in which students were asked to
choose one among several predefined categories. Items were selected from the previously published peer-juried literature that
assessed knowledge about HPV and cervical cancer.19-21 The
questionnaire was divided into four sets. The first set contained
questions on socio-demographic variables (e.g., Year spent in
college, Major subject, Race/ethnicity). The second set consisted of items used to assess information about the participants’
knowledge about HPV and cervical cancer and the participants’
primary source of health-related information (Sexual activity is
a risk for cervical cancer, sexually transmitted diseases (STDs)
and MSP are risk factors for cervical cancer, Human Papilloma
virus causes cervical cancer, Cervical cancer is preventable).
The third set contained items asking participants about their own
preventive behaviors concerning HPV and cervical cancer (e.g.,
When did you have a most recent medical check-up from the day
of the survey?). The fourth set consisted of items used to assess
if students received an HPV vaccine or will consider receiving in
the future (considering receiving the vaccine in the future) it in
the future (e.g., Received HPV vaccine at least one dose).
Data Collection Procedures

Before data collection, the course instructors briefly introduced
the survey team to their students. There were five graduate students that were trained to administer the questionnaire. After the
instructor introduced the survey, one of the two team members
described the research objective and importance of the study,
confidentiality and that no personal information is part of the
survey. Then, students who agreed to participate in the study
completed a questionnaire in a period of 10-12 minutes at the
beginning or end of their class. By the Course Instructors’ plan
either at the beginning or during the end part of the class the
survey was conducted. In the case of students, who were attending two courses, data were collected only once when they were
contacted for the first time.
Data Analysis

The data for this study were analyzed in the Statistical Package for the Social Sciences (SPSS).22 The outcome variable was
HPV vaccination status (0=not received any dose or 1=vaccinated at least partially). The explanatory variables were age
(continuous), health insurance (0=no or 1=yes), race/ethnicity
(non-Hispanic White, Hispanic white, Black, and other) and
knowledge about cervical cancer (0=incorrect or 1=correct). The
knowledge about cervical cancer was assessed using four items:
a) Sexual activity is a risk for cervical cancer; b) STDs and MSP
are risk factors for cervical cancer; c) Human Papilloma virus
causes cervical cancer; and d) Cervical cancer is preventable.
Responses for each item was recorded as ‘incorrect’ or ‘correct.’
For each participant, a composite knowledge score was calculated by adding their responses to the four items. Total scores
can range from 0 through 4, and the composite score achieved
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an acceptable reliability measuring knowledge (Cronbach’s alpha=0.68, p=0.0001). Then a dichotomous variable was created
from the composite knowledge score (0=knowledge scores less
than the median; 1=knowledge scores greater or equal to the
median) to be included in the regression models. A Chi-square
test was used to test the relationship of race/ethnicity, health information sources, health insurance status with annual health
checkup and HPV vaccination status. A multiple logistic regression model was used to estimate the association between participants’ knowledge about cervical cancer and HPV vaccination
status.
Ethical Consideration

The Institutional Review Board approved the study, and consent
was obtained from each participant. No personal information
about the study participants (e.g., name, address, phone number)
was recorded.

RESULTS

A total of 153 female students, who were attending 10 major
courses in a Multiethnic Institute, were contacted. However, 12
students could not complete the questionnaire because arrived
late in class, less time to complete the questionnaire, or had
some other time commitment. Thus, the sample for our study
consisted of 141 female undergraduate students. The response
rate was 91.5%. The mean age of the sample was 21.7 years. The
majority of the participants were non-Hispanic Whites (51.5%),
followed by Hispanic Whites (30.8%). Higher percent (41.2%),
of the students were in their junior year of college and the commonly reported (40.0%) majors were subjects in the health sciences. About 60% of the students did not receive HPV vaccine.
Of those students who had not received an HPV vaccine, 68%
listed a lack of trust, apathy, and fear of side-effects as reasons
for not being vaccinated (Table 1).

Table 1: Selected Sociodemographic Characteristics of the Study Participants and Health Seeking Behaviors.
Variable

Year in college

Categories

Number

Percentage

Freshman

31

22.8

Sophomore

23

16.9

Junior

56

41.2

Senior

26

19.1

Health sciences

56

40.0

Basic sciences

38

27.1

Arts

30

21.4
8.6

Majoring in

Race/ethnicity

Health information source(s)

Top two major health issues*
Health insurance status

When most recent medical check-up from
the day of survey

HPV vaccine received at least one dose
Reason for not receiving HPV vaccine
Considering receiving vaccine in the future

Business

12

Engineering

4

2.9

White (non-Hispanic)

70

51.5

White (Hispanic)

42

30.8

Black (non-Hispanic)

14

10.3

Other

10

7.4

Online

87

61.7

Print media

20

14.2

Online (& others)

18

12.8

TV (& others)

15

10.6

STDs± & mental health disorders

56

39.7

STDs & overweight

49

34.8

Mental health disorders & overweight

36

25.5

Yes

101

71.6

±

Within 12 months

54

38.3

In 13-24 months

55

39.0

In 25-36 months

18

12.8

Never or do not remember

14

9.9

Yes

56

39.7

Lack of trust in effectiveness, fear of side-effects, or apathy

28

68.3
22.0

Overaged or not sexually active

9

Doctor did not advise them to receive the vaccine

4

9.8

Yes

25

29.4

Note: *Students were asked to choose which two health issues they felt were most important for their age group.STDs±= sexual transmitted disease

Epidemiol Open J

Page 26

EPIDEMIOLOGY
Open Journal
http://dx.doi.org/10.17140/EPOJ-2-111

ISSN 2473-4780
Annual Health Check-Ups and HPV Vaccination

Of 141 students, 39.7% of the students had received an HPV
vaccine and 38.3% had undergone a medical checkup in the
year prior to completing the questionnaire. The percentage
of students who received an HPV vaccine was greater among
those who attended an annual health check-up within the last
three years from the day of the survey (43.8%) as compared to
those who did not (15.4%) (p=0.04). The percentage of students
who attended an annual health check-up during the three years
prior to the survey were greater among those who had insurance coverage (93.1%) than those who lacked insurance (82.5%)
(p=0.05) (Table 2).
Knowledge about Cervical Cancer and HPV Vaccination

The mean and the median knowledge score of students about
cervical cancer/HPV on the basis of four points was 2.87 and
3.0, respectively. Most students understood that HPV (75.7%)
and having MSP and other STDs (83.0%) were each risk factors
for developing cervical cancer. However, there were key areas
of misunderstanding among participants. More than one-third of
the students were unaware that cervical cancer is preventable.
In general, the participants were not thoroughly knowledgeable
about cervical cancer, with only 13.5% of participants reporting that they knew of all the causes of cervical cancer and 9.9%
reporting that they knew about all the aspects of cervical cancer.
The prevalence of HPV vaccination was significantly
positively associated with knowledge scores, with 70.3% of
those students in the highest quartile of scores having been vac-

cinated as opposed to 25.0% in the lowest quartile (p=0.001)
(Figure 1). The odds of receiving HPV vaccine was nearly five
times as much for the students who achieved knowledge scores
about the causes of cervical cancer greater than or equal to the
median compared with the students with knowledge scores about
the causes of cervical cancer below the median (adjusted odds
ratio [aOR]:4.85, 95% confidence interval [CI]:2.15, 10.92).
Particularly, students who knew that HPV is a cause of cervical
cancer were almost three-times odds of receiving HPV vaccine
as compared to students who did not know that HPV is cause
for cervical cancer (aOR:2.90, CI:1.1, 8.2). Those who knew
that cervical cancer is preventable were over 2.5-times odds of
getting HPV vaccine as compared to those who did not know;
however, after adjusting for other variables, the difference was
not statistically significant (Table 3).
DISCUSSION

Vaccination is one of the most effective and least complex ways
to address the public health problems especially cervical cancer.
Cervical cancer is one of most preventable types of cancer, and
HPV vaccination plays a central role in this effort. Despite the
safety, effectiveness, and simplicity of the vaccination program,
the uptake remained quite low among the high-risk group-college
students. This study showed that HPV vaccination is positively
associated with students’ knowledge about cervical cancer. The
association of HPV vaccination with knowledge about cervical
cancer was particularly strong among students who knew that
HPV infection is a causal factor for cervical cancer and cervical cancer is preventable. This finding is consistent with several
other studies which showed a significant positive association be-

Table 2. Annual Checkup, HPV Vaccination, and Median Knowledge Score by Selected Characteristics of Students (n=141).
Variable

Race/ethnicity

Health
insurance status

Majoring in

Health information
sources

Most recent medical
check-up

Category

Annual health checkup within
the 3 years (%)

Received HPV
vaccine (%)

Knowledge score
≥median (%)

White (non-Hispanic)

88.6

48.6

28.6

White (Hispanic)

90.5

35.7

33.3

Black (non-Hispanic)

100.0

35.7

35.7

Other

90.0

20.0

10.0

Yes

93.1*

42.7

28.7

No

82.5

36.8

32.5

Health sciences

92.9

33.9

35.7

Basic sciences

94.7

52.6

31.6

Arts

83.3

33.3

31.6

Business

83.3

33.3

25.0

Engineering

75.0

50.0

0.0

Online only

90.8

36.8

32.7

Print media

85.0

40.0

25.0

Online (& others)

94.4

44.4

38.9

TV (& others)

86.7

53.3

13.3

Within 3 years

---

43.8*

29.1***

Never or do not remember

---

15.4

0.0

Note: *p=0.05, **p=0.01, ***p=0.001
STDs & multiple sexual partners are risk factors of cervical cancer
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Figure 1: HPV Vaccination Status among Students based on Knowledge Score Level.

Note: The trend is statistically significant at p=0.001

Table 3: Odds Ratios of Receipt of HPV Vaccine for the Knowledge of Students about Cervical Cancer (n=141).
Knowledge assessment item

Response

Frequency

Receipt of HPV
vaccine (%)

Odds ratio (95% CI)

Adjusted odds ratio
(95% CI)

Sexual activity is a risk for
Cervical cancer

Yes

95

46.3*

2.1 (0.9, 4.6)

2.1 (0.90, 5.8)

No

41

29.3

---

---

STDs & multiple sexual
partners are risk factors of
cervical cancer

Yes

117

41.0

1.4 (0.6, 3.5)

0.4 (0.1, 1.5)

No

24

33.3

----

---

Human Papilloma virus
causes cervical cancer

Yes

103

47.6***

3.4 (1.3, 8.4)

2.9 (1.1, 8.2)

Cervical cancer is preventable

No

33

21.2

---

---

Yes

90

47.8**

2.7 (1.3, 5.7)

2.1 (0.9, 5.8)

No

51

25.5

---

---

Knowledge assessment

Yes

37

70.3***

5.8 (2.6, 13.2)

4.8 (2.2, 10.9)

Score ≥median

No

104

28.8

---

---

Note: Multiple logistic model, variable controlled for in the model are Age, Insurance, and Race/ethnicity.
*p=0.05; **p=0.01; ***p=0.001
Nasar fix the decimal point for odds .00

tween knowledge of college students about HPV and/or cervical
cancer and intention to accept HPV vaccine or actual receiving
of the HPV vaccine.23-25 Studies had also shown that members
of communities at higher risk for HPV infection tend to be less
knowledgeable about the transmission mechanisms of HPV and
its impacted morbidities.23,26
In addition to knowledge about causes of cervical cancer, annual health checkup attendance played a significant role

Epidemiol Open J

in HPV vaccination in the study. This finding is corroborated by
previous studies conducted in Germany27 and the United States.28
Possible reasons for this finding could be because healthcare
providers recommend the HPV vaccination to their patients during their visits for a medical checkup. Physicians have a greater
opportunity to teach their patients one-on-one about the importance of HPV vaccination during annual check-ups, which
usually last much longer than other visits. Studies consistently
showed that healthcare providers’ recommendations strongly
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predict HPV vaccination,29,30 suggesting that recommendation
and subsequent administration of the vaccine when adolescents
visit healthcare providers for check-ups are crucial to increase
the HPV vaccination rate.31,32 However, only 38% of the students had undergone the annual health checkup within a year
before the survey was conducted. This shows that larger number
of students had missed the opportunity of recommendation and/
or administration of the HPV vaccine, and this might also explain the finding of the low percentage of students who received
HPV vaccine in the current study (39.7%). In fact, the percent
received HPV vaccine in the current study is similar to the recent
national percentage estimate (40.2%) among females aged 1926 years in the USA.16
However, as college students are at higher risk of HPV
infection, increased HPV vaccination coverage in this age group
would be more useful. Health education efforts which help increase students’ interest in attending regular health check-ups
and receiving pap smearsis necessary to increase HPV vaccine coverage among college students. Additionally, physicians
should be encouraged to counsel their female patients more
frequently about receiving the HPV vaccine and address HPVrelated issues.
Majority of the study participants who did not receive
HPV vaccine claimed lack of trust, fear of side effect, being
careless as the reasons why they did not get the HPV vaccine.
Consistent with our findings, other studies have also documented lack of trust, fear of adverse effects, and general apathy as
common barriers to HPV vaccination in a variety of communities.33,34 The lack of trust and fear of side effect of HPV vaccination among college students could be due to the low level of
knowledge of about HPV, cervical cancer, and HPV vaccination.
Indeed, the median knowledge score of these students about risk
factors of cervical cancer based on eight points was quite low.
The literature also indicates most sexually active people-college
students know little about HPV and were not practicing appropriate cervical cancer preventive behaviors.35 Hence provision of
information about cervical cancer prevention emphasizing HPV
vaccine is safe and effective may help to increase HPV vaccination coverage. Information campaigns about the benefits of the
HPV vaccine and the risks that result from infection with HPV
have shown some success in correcting misperceptions about the
vaccine.36 In addition, the proportion of students who received
HPV vaccine was almost three times higher among students who
attended an annual checkup than those who did not attend an
annual checkup. This perhaps indicates that students are more
likely to receive the HPV vaccine if they have an opportunity
to discuss their risk of HPV infection and the benefits of vaccination with their physician. The discussion with the physician
could address many of their concerns including trust, barriers,
and effectiveness of the vaccine.

vaccination programs should include education of young women
about the benefits of HPV vaccination and causes and methods
of prevention of cervical cancer. The education program needs
to be designed to reduce the lack of trust, fear of side effect and
other concerns about HPV vaccine among college students. In
effecting this, provision of information that HPV vaccine is safe
and effective might be useful. This can be implemented during
the annual health checkups where doctors will have the opportunity to deal details with their patients.
LIMITATIONS

The current study involved college students with highly diversified ethnic backgrounds. Thus, the present study provides
information on the relationship between HPV vaccination and
knowledge of individuals about HPV or cervical cancer amongstudents with the heterogeneous ethnic background. The findings
of this study are based on a cross-sectional design and should
be interpreted in light of several limitations. Data were from all
self-reported response. Additionally, poor memory about annual medical checkups, pap smears, and vaccination might have
affected the results. Moreover, the sample was not very large,
which might have limited power to detect true association between vaccination and several other variables. Also, while the
sample had a heterogeneous composition, it consisted mostly of
students majoring in the basic sciences or health sciences. Thus,
the findings might not be fully representative of college women
students in general. The results should be treated as correlational
not as causational.
CONCLUSIONS

Receipt of HPV vaccination was associated with knowing that
HPV infection is a cause of cervical cancer and that cervical
cancer is a preventable disease. HPV vaccination was also associated with annual health checkup status. Educational efforts
that create awareness about the linkage of HPV infection with
cervical cancer and benefits HPV vaccine would help to increase
uptake of HPV vaccination rates among college students in the
USA.
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