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formation that compensates for their lower genetic knowl-

edge may help individuals in older age groups benefit from 

rapidly emerging genetic health information more fully. In-

creasing the levels of genetic knowledge about common 

complex diseases may help motivate individuals to engage 

in health promoting behaviors to maintain healthy weight 

through increases in behavioral causal attributions. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction

  In recent years, there has been a rapid increase in the 
availability of genetic information regarding common 
health conditions, such as heart disease and diabetes, 
which concerns a large proportion of the population  [1, 
2] . Experts in the field expect that this development will 
help improve medical care and public health efforts 
through personalization of health information (e.g. tai-
lored risk information and prevention recommenda-
tions)  [3, 4] . It is projected that an increasing number of 
people will encounter genetic information and face the 
need to make health decisions associated with such infor-
mation. Thus, it is imperative to assess individuals’ levels 
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 Abstract 

  Objectives:  This study examined the levels of genetic knowl-

edge, health literacy and beliefs about causation of health 

conditions among individuals in different age groups.  Meth-

ods:  Individuals (n = 971) recruited through 8 community 

health centers in Suffolk County, New York, completed a 

one-time survey.  Results:  Levels of genetic knowledge were 

lower among individuals in older age groups (26–35, p = 

0.011; 36–49, p = 0.002; 50 years and older, p   !   0.001) com-

pared to those in the youngest age group (18–25). Partici-

pants in the oldest age group also had lower health literacy 

than those in the youngest group (p   !   0.001). Those in the 

oldest group were more likely to endorse genetic (OR = 1.87, 

p = 0.008) and less likely to endorse behavioral factors like 

diet, exercise and smoking (OR = 0.55, p = 0.010) as causes of 

a person’s body weight than those in the youngest group. 

Higher levels of genetic knowledge were associated with 

higher likelihood of behavioral attribution for body weight 

(OR = 1.25, p   !   0.001).  Conclusions:  Providing additional in-
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of understanding of genetic information and how such 
information is perceived. This will allow for the develop-
ment of evidence-based culturally appropriate strategies 
designed to assist individuals in informed decision-mak-
ing based on genetic advancements.

  The knowledge related to genetic sciences among the 
public has been qualitatively evaluated in the U.S. and 
shown to be rather limited  [5]  and often scientifically in-
accurate  [6] . Much of the large scale work on this topic 
has been conducted outside of the U.S.  [7] , and has shown 
that lower levels of knowledge about genetics were associ-
ated with less endorsement for genomic studies and tech-
nologies, suggesting that the extent to which individuals 
understand genetic information may have implications 
for whether it is used. For example, those with lower lev-
els of scientific knowledge related to genes were more 
likely to be opposed to the use of biotechnology, indepen-
dent of their gender and education levels, among a na-
tionally representative sample of adults in European 
Union countries  [8] . Similarly, among a nationally repre-
sentative sample of adults in Britain, across social groups, 
those with lower knowledge of genetics showed less sup-
port for genetic science and research  [9] . Knowledge 
about genetic concepts is one aspect of health literacy, and 
the importance of sufficient genetic knowledge in health 
care decision-making is increasingly being noted. In rec-
ognition of this, the U.S. Surgeon General’s Family His-
tory Initiative identifies augmenting ‘genetic literacy’ 
among American adults as one of their primary goals 
 [10] .

  Genetic literacy, or ‘sufficient knowledge and appre-
ciation of genetic principles to allow informed decision-
making for personal well-being and effective participa-
tion in social decisions on genetic issues  [11] ,’ can be con-
sidered to be a specific context for overall health literacy 
that is rapidly increasing in importance in improving the 
health of our population  [10] . Although a comprehensive 
measure of genetic literacy for college students is now be-
ing developed  [11] , such a tool is not readily available to 
evaluate levels among the general public. Because health 
literacy (i.e. skills and knowledge related to health infor-
mation) is critical in the dissemination of genetic infor-
mation  [12] , the assessment of levels of genetic knowledge 
together with the assessment of general health literacy 
can provide an estimate of genetic literacy in a popula-
tion.

  Although health literacy has not previously been ex-
amined in the context of genetics, studies have consis-
tently shown a negative association between age and 
health literacy among adults  [13–15] , even after adjusting 

for potential confounders such as race, ethnicity, educa-
tion levels, cognitive ability, health status, and visual acu-
ity  [16] . In the U.S., the highest average health literacy has 
been found among those ages 25–39, and the average lev-
els decreased with increasing age  [17] . Thus, age has been 
identified as one of the contributors for health disparities 
observed in our society  [18]  as it influences the ability of 
subgroups of individuals to fully benefit from health or 
health care related information, leading to an increased 
risk for poorer health outcomes. Evidence also shows that 
low levels of health literacy are associated with less en-
gagement in preventive health behaviors and poorer 
health outcomes  [19, 20] . Because morbidity, mortality 
and healthcare utilization increase with age  [21, 22] , in-
dividuals may become increasingly vulnerable as they age 
and may be disproportionately negatively affected by low 
literacy levels. Furthermore, it is likely that the genetic 
information generated by recent research concerning 
common complex diseases is highly salient to individuals 
of late middle-age or older because of an increasing prev-
alence of chronic diseases and healthcare utilization  [21] , 
and those in this age group may need to make health-
related decisions increasingly involving genetics.

  Prior research showing that individuals in different 
age strata or cohorts may respond differently to health-
related information has considered potential reasons for 
such age differences  [13, 16] . For example, individuals 
may experience physical or cognitive changes as they age 
that may influence the way they read, comprehend or act 
upon provided information (aging effects). Factors that 
influence how individuals process information, such as 
decreasing visual acuity, lower frequency of reading be-
haviors and an increase in prevalence of chronic diseases 
in late middle-age have been highlighted as potential rea-
sons (see Baker et al.  [16]  for a review). Furthermore, in-
dividuals who were born in a different historical time ex-
perience very different life events as they age (cohort ef-
fects)  [23] . Thus, considering the rapid pace of scientific 
advancement over the past decades, it is likely that indi-
viduals who are currently in their 20s received different 
health or genetic education in school as compared to 
those who are currently in their 50s or 60s. A negative as-
sociation between age and level of educational attainment 
has also been well-documented  [15] . These reports sug-
gest the importance of identifying age groups that may 
benefit from additional efforts on the part of health pro-
fessionals to better disseminate genetic information in a 
manner that is appropriate and useful to their patients. 
Increasing awareness among health and genetic service 
providers about potential age differences is likely to be the 
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initial step in such efforts. In order for newly emerging 
genetic information to be used effectively in health care 
and public health efforts, it is important to first gain an 
understanding of the social contexts in which it is intend-
ed to be used so that the extent of the potential difficulties 
associated with disseminating complex genetic informa-
tion can be assessed.

  Most previous studies have evaluated genetic knowl-
edge associated with specific genetic tests such as cystic 
fibrosis  [24, 25] , maternal serum screening  [26]  and breast 
cancer  [27] . Previous studies have also reported the de-
velopment of measures of general genetic knowledge  [28]  
or genetic literacy  [11]  in the U.S.; however, age differ-
ences were not the primary interest of these studies. Stud-
ies conducted outside of the U.S. have shown an associa-
tion between younger age and higher general genetic 
knowledge (e.g. about heredity, genetic tests, genetic de-
terminism) among Dutch  [29]  and Finn  [30]  adults as 
well as higher genetic literacy (i.e. genetic terminology, 
contextual understanding) among younger Japanese 
than older  [31] . To our knowledge, studies evaluating dif-
ferences by age in general knowledge about genetics and 
heredity among a population at average disease risk have 
not been conducted in the U.S. in recent years. Assessing 
preexisting knowledge, beliefs and skills pertinent to 
emerging genetic information, and how they may differ 
among individuals in different age groups, is a critical 
first step toward understanding the extent to which 
unique efforts to better inform certain population sub-
groups will be needed.

  In addition to their health literacy, individuals’ beliefs 
and perceptions about diseases, such as perceived con-
trollability and causal attributions, determine how they 
react to health information  [32] , and this is likely to be 
critical in the context of genetics. Causal attribution to 
genetics has been associated with lower perceived pre-
ventability of an illness  [33]  and may influence individu-
als’ motivations to engage in health-related behaviors 
 [34] . Understanding such belief systems among the popu-
lation has important implications for how genetic infor-
mation is received and potentially used by the public. 
These beliefs are considered dynamic and are influenced 
by various factors including previous personal or family 
experiences with illnesses, education, cultural beliefs, 
and information received by others or the media  [35] . In-
creasing availability of genetic information is likely to in-
fluence these illness beliefs and to further impact how 
individuals act in response to this new information. Pre-
vious findings on the association between age and genet-
ic knowledge  [29, 31]  suggest that older individuals may 

be exposed to genetic information to a lesser extent, and 
thus, may have different genetic beliefs than younger in-
dividuals. Investigating potential age differences in such 
causal beliefs (e.g., causation due to genetics and behav-
ioral factors) will provide additional information for de-
termining optimal strategies to provide genetic informa-
tion.

  Limited research exists in these areas. However, as the 
clinical utility of genetic susceptibility information for 
common complex diseases is expected to increase  [36] , it 
is imperative to understand the preexisting knowledge, 
skills and perceptions about genetics among various sub-
groups of the population to allow this new information to 
reach all groups. New genetic information continues to 
emerge in our society, thus, continuing efforts to evaluate 
knowledge levels and perceptions about genetic informa-
tion among age subgroups are needed.

  This study examined the levels of genetic knowledge, 
health literacy and beliefs about causation of health con-
ditions (genes and behavioral factors) among individu-
als in different age groups using information obtained 
from a large community-based general population sam-
ple in the U.S. It has been reported that provision of 
genetic risk information, an effort to increase genetic 
knowledge, was associated with stronger endorsement 
of genetics as a disease cause  [33] . Furthermore, belief in 
genetics as a cause of disease may lead individuals to 
discount the role of behaviors in disease development 
 [33] . Thus, individuals’ levels of genetic knowledge may 
mediate the levels of genetic as well as behavioral causal 
beliefs. The potential role of genetic knowledge as a me-
diator in the hypothesized association between age and 
causal beliefs was evaluated, while controlling for such 
covariates as gender, race and place of birth, in order to 
gain a clearer understanding of age differences in these 
beliefs.

  Methods 

 Design and Study Setting 
 The participants in this study were recruited between August 

2008 and November 2008 through 8 community health centers in 
the Suffolk County Department of Health Services (SCDHS) net-
work of family health centers located in the state of New York. 
These centers provide no/low cost health care on a sliding scale 
for uninsured/underinsured county residents as well as accepting 
Medicaid and other public insurance. Patients aged 18 years or 
older, who could speak, read and write in English or Spanish were 
eligible to participate. This community-based sample included a 
diverse group of patients in terms of their race/ethnicity and edu-
cational attainment. All participants completed one survey in ei-



 Ashida   /Goodman   /Pandya   /Koehly   /
Lachance   /Stafford   /Kaphingst    

Public Health Genomics 2011;14:307–316310

ther English or Spanish to assess a variety of factors including 
health literacy, genetic knowledge, causal beliefs about health 
conditions, and sociodemographic characteristics.

  Measures 
  Genetic Knowledge.  Genetic knowledge was assessed using a 

five-item measure used in previous studies  [28, 37] . This measure 
was selected because it was developed to assess basic knowledge 
about genetics among the general public across diverse popula-
tions rather than among student populations and was validated 
against educational attainment and attitudes toward genetic dis-
crimination  [28] . High reliability of these items was also reported 
in a later study involving relatives of lung cancer patients  [37] . 
Participants indicated whether each of 5 statements was true or 
false: once a genetic marker for a health condition is found in a 
person, the condition can be prevented or cured; if a person has a 
genetic marker for a health condition, the person will always get 
the condition; only mothers can pass on genetic conditions; peo-
ple who have genetic marker for a disease are unhealthy; and a 
person’s health habits can influence whether or not their genes 
cause disease. The number of correct answers was calculated for 
each participant; possible scores ranged from 0–5 (Cronbach’s al-
pha = 0.67).

   Health Literacy.  The Newest Vital Sign (NVS) was used to 
measure participants’ health literacy  [38] . This measure consists 
of 6 items assessing reading comprehension and numeracy, based 
on information contained on a food nutrition label, and is avail-
able in English and Spanish. The validity  [38]  and sensitivity of 
this measure in detecting limited health literacy  [39]  as compared 
to previously established health literacy measures (i.e. REALM 
and S-TOFHLA)  [40, 41]  have been reported. The number of cor-
rect answers was calculated for each participant to obtain a health 
literacy score ranging from 0–6 (Cronbach’s alpha = 0.58). Four 
or more correct answers indicate adequate health literacy.

   Causal Beliefs.  Six items were used to assess participants’ be-
liefs about the extent to which 3 health conditions (i.e. heart dis-
ease, diabetes and a person’s weight) are caused by ‘genes’ or 
‘health habits such as diet, exercise and smoking’ using 5-point 
response options ranging from ‘not at all’ to ‘completely’  [42] . Re-
sponses were dichotomized to indicate a strong causal belief 
(‘completely’ or ‘mostly’) for genes and for health habits. Respons-
es to each of these items were used as 6 independent variables in 
the analyses.

   Respondent Characteristics.  Respondent characteristics col-
lected in the survey included age, gender, race/ethnicity, educa-
tional attainment, country of birth, self-reported height and 
weight, and whether they had ever been diagnosed with diabetes 
or heart disease. Indicator variables were created for female gen-
der, 3 racial/ethnic groups (Black, Hispanic and Other), having 
high school education/GED or higher, being born in the U.S., 
completing the survey in Spanish, and having been diagnosed 
with diabetes/heart disease. Self-reported height and weight val-
ues were used to calculate body mass index (BMI) as self-reported 
measures have been reported to highly correlate with actual mea-
sures and be reliable among British middle-aged adults (r  1  0.9) 
 [43]  and U.S. adults in manufacturing and service industries (r = 
0.99)  [44] . Age was categorized into 4 groups based on the distri-
bution of the sample: 18–25 years of age, 26–35 years, 36–49 years, 
and 50 years of age or older.

  Data Analysis 
 Bivariate analyses were conducted first to examine the asso-

ciations between each of the outcome variables (genetic knowl-
edge, health literacy, causal beliefs) and the primary predictor, age 
of the participants. Pearson Chi-squared ( �  2 ) tests were used to 
assess associations between categorical variables. Following these 
analyses, multivariable models were built for the significantly as-
sociated variables controlling for potential confounding vari-
ables. Based on the findings of previous studies  [19, 29, 31] , so-
ciodemographic factors considered as potential confounders in 
health literacy and genetic knowledge models included gender, 
race, levels of education, language of survey administration, and 
place of birth. Multiple linear regression models were fitted for 
the continuous outcomes (genetic knowledge, health literacy) us-
ing gender, race, educational attainment, survey language, and 
place of birth as covariates; regression coefficients and respective 
p values are reported. For the dichotomous outcomes (causal be-
liefs), multivariable logistic regression models were fitted using 
gender, race and place of birth as covariates, and the potential 
mediating role of genetic knowledge was evaluated. Furthermore, 
individuals’ previous experiences with a health condition have 
been shown to influence these beliefs  [35] . Thus, self-reported di-
abetes and heart disease diagnoses and body mass index (BMI) 
were also considered as covariates in the relevant multivariable 
models for the causal beliefs. Odds ratios as well as their 95% con-
fidence intervals are reported. Indicators for the 3 older age 
groups were entered in these models along with the covariates. 
The youngest age group, 18–25 years, served as a referent group. 
Analyses were conducted using Stata Statistical Software version 
8.0 (College Station, TX). All tests were conducted at the  �  = 0.05 
level of significance. The intraclass correlations (ICC) of the out-
come variables, which indicate the extent to which data may clus-
ter within the health centers, ranged from 0–0.04 (smaller than 
the cut point of 0.10 suggested by Lee  [45] ). Given that there was 
little to no clustering exhibited within health centers, the nested 
structure of the data was not adjusted for in the analyses  [45] .

  Results 

 Respondent Characteristics 
 Out of 1,318 participants, 1,061 (80.5%) individuals 

completed all components of the survey. The demograph-
ic characteristics of 257 individuals who did not complete 
surveys did not differ significantly from those who com-
pleted them. 90 participants were excluded for missing 
data on age; the demographic characteristics of the par-
ticipants included in the analyses (n = 971) are presented 
in  table 1 . The average age of the participants was 37.4 
years (SD = 13.8); age ranged from 18–91. The majority of 
the participants were female (74.5%) and were born in the 
U.S. (57.2%). Most completed surveys in English (82.5%). 
About 17.5% indicated that they had less than a high 
school level of education, while 37.0% reported having a 
high school degree or GED and 45.5% reported having a 
college degree or higher. The largest proportion of the 
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participants identified themselves as Hispanic (34.6%), 
followed by black (30.2%) and white (26.9%). Participants 
in the ‘other’ race category included Asian/Pacific Island-
er (3.2%) and Native American (2.3%). These character-
istics are representative of the SCDHS network of fam -
ily health centers patient population. The average BMI 
among the respondents was 28.7 (SD = 16.1). Fourteen 
percent and 10% of the respondents had ever been diag-
nosed with diabetes and heart disease, respectively.

   Genetic Knowledge 
    The average score for genetic knowledge among all 

participants was 2.7 (SD = 1.4). The average was the high-
est for the youngest age group (18–25 years = 2.9, SD = 
1.4) and lowest for the oldest age group (50 years or old-
er = 2.6, SD = 1.4) ( table 2 ). The results of the multivari-
able analysis based on 905 participants without missing 
data ( table  3 ) indicate that the average number of cor -
rect answers decreased with each unit increase in age 
group controlling for sociodemographic confounders. 
The number of correct answers decreased by 0.31 (p = 
0.011) for those aged 26–35 years, 0.38 (p = 0.002) for 
those aged 36–49 years and 0.50 (p  !  0.001) for those aged 
50 years or older compared to those in the youngest 
group, 18–25 years.

  Health Literacy 
 The average NVS score among all participants was 2.7 

(SD = 1.8), indicating potential limited health literacy 
 [29] . The average score was the highest for the youngest 
age group (= 3.1, SD = 1.8) and lowest for the oldest age 
group (= 2.6, SD = 1.9). The proportions of participants 
who scored 4 or higher, indicating that they likely have 
adequate health literacy, were 38.8% for those aged 18–25, 
followed by 33.9% (26–35 years), 33.5% (36–49 years), and 
32.5% (50 years and older). The results of multivariable 
analysis based on 917 participants without missing data 
are shown in  table 3 . The average NVS scores were sig-
nificantly lower among participants in the oldest age 
group (50 years or older) compared to the youngest group 
(18–25 years of age) controlling for gender, race, educa-
tion, and cultural factors (survey language and location 
of birth).

Table 1.  Demographic characteristics of respondents (n = 971)

Age (years)
18–25 24.4%
26–35 27.2%
36–49 27.0%
50+ 21.4%

Gender
Male 25.5%
Female 74.5%

Race/ethnicity
White (non-Hispanic) 26.9%
Black (non-Hispanic) 30.2%
Hispanic 34.6%
Other race 8.3%

Education level
Less than high school 17.5%
High school degree/GED 37.0%
College degree or higher 45.5%

Health status
Diagnosed with diabetes 13.9%
Diagnosed with heart disease 10.3%

Survey in English 82.5%
Born in the U.S. 57.2%

Table 2.  Levels of health literacy, genetic knowledge and causal beliefs by age cohort

Age 18–25 
Mean (SD)

Age 26–35 
Mean (SD)

Age 36–49 
Mean (SD)

Age 50+ 
Mean (SD)

Health literacy (NVS score) 3.07 1.77 2.71 1.85 2.77 1.82 2.57 1.92
Genetic knowledge 2.94 1.35 2.61 1.42 2.61 1.45 2.57 1.36

Strong causal beliefs
Diabetes: genes 145 58.2% 165 61.1% 150 54.2% 111 52.6%
Diabetes: behaviors 141 56.9% 159 59.8% 172 61.9% 121 57.6%
Heart disease: genes 118 47.6% 137 51.5% 146 53.1% 108 51.4%
Heart disease: behaviors 149 59.8% 183 68.8% 187 67.5% 132 63.2%
Body weight: genes 76 30.7% 100 37.5% 113 41.1% 88 42.3%
Body weight: behaviors 174 69.9% 191 71.3% 199 72.1% 119 56.7%
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  Causal Beliefs 
 The proportions of respondents who indicated strong 

genetic or behavioral causal beliefs regarding the 3 condi-
tions (diabetes, heart disease and body weight) are shown 
in  table 2 . About 50–65% of the participants indicated 
strong genetic and behavioral causal beliefs for diabetes 
and heart disease. There were no significant age differ-
ences in genetic ( �  2  = 17.45, df = 12, p = 0.13) and behav-
ioral ( �  2  = 13.05, df = 12, p = 0.37) causal beliefs for dia-
betes. Similarly, there were no significant age differences 
in genetic ( �  2  = 9.23, df = 12, p = 0.68) and behavioral
( �  2  = 20.12, df = 12, p = 0.07) causal beliefs for heart dis-
ease. For causal beliefs about body weight, 38% of par-
ticipants overall had strong genetic causal beliefs and 68% 
had strong behavioral causal beliefs. The bivariate analy-

sis showed significant age differences in both behavioral 
causal belief ( �  2  = 42.05, df = 12, p  !  0.01) and genetic 
causal belief ( �  2  = 24.48, df = 12, p = 0.02) about body 
weight.

  The results of the multivariable analyses shown in  ta-
ble 4  indicate that participants in the 2 older age groups 
were 1.87 (50 years and older) and 1.59 (ages 36–49 years) 
times more likely to have strong genetic causal beliefs for 
a person’s weight compared to those in the youngest age 
group (18–25 years). In terms of the behavioral causal be-
lief, participants in the oldest age group were significant-
ly less likely (OR = 0.55) to believe that health habits such 
as diet, exercise and smoking cause a person’s body weight 
compared to those in the youngest group. Results also 
show that those with higher genetic knowledge were 

Table 3.  Multivariable models of levels of health literacy (NVS) and genetic knowledge by age cohort

Health literacy (NVS) (n = 917) G enetic knowledge (n = 905)

coefficient s.e. p coefficient s.e. p

Age: 26–35 –0.137 0.145 0.344 –0.309 0.121 0.011
Age: 36–49 –0.224 0.144 0.121 –0.377 0.120 0.002
Age: 50+ –0.691 0.159 <0.001 –0.498 0.131 <0.001
Female 0.110 0.120 0.362 0.047 0.100 0.638
Black –0.195 0.138 <0.001 –0.298 0.115 0.010
Hispanic –0.755 0.167 <0.001 –0.290 0.139 0.037
Other race –0.454 0.209 0.030 –0.262 0.175 0.134
High school or higher 0.862 0.106 <0.001 0.641 0.088 <0.001
Survey in Spanish –0.899 0.189 <0.001 –0.349 0.157 0.026
Born in the U.S. 0.800 0.132 <0.001 0.416 0.110 <0.001

Table 4.  Multivariable models of causal beliefs about person’s body weight by age cohort

Genes (n = 775) Behavioral factors (n = 777)

OR 95% CI p OR 95% CI p

Age: 26–35 1.368 0.873, 2.143 0.172 1.002 0.636, 1.578 0.995
Age: 36–49 1.589 1.025, 2.466 0.039 1.110 0.709, 1.740 0.647
Age: 50+ 1.869 1.180, 2.961 0.008 0.551 0.350, 0.867 0.010
Female 0.702 0.503, 0.981 0.038 1.252 0.889, 1.764 0.198
BMI 1.024 1.000, 1.047 0.046 1.001 0.977, 1.025 0.950
Genetic knowledge 0.998 0.889, 1.119 0.967 1.249 1.111, 1.404 <0.001
Black 1.115 0.751, 1.656 0.591 0.758 0.508, 1.131 0.175
Hispanic 1.034 0.662, 1.615 0.883 0.857 0.542, 1.355 0.510
Other race 1.601 0.896, 2.861 0.112 0.542 0.300, 0.977 0.042
Born in the U.S. 0.475 0.333, 0.679 <0.001 0.650 0.446, 0.948 0.025
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more likely to have a strong behavioral causal belief
(OR = 1.25). However, genetic knowledge did not mediate 
the associations between age and behavioral causal be-
liefs, and this variable was significant only in the behav-
ioral causal belief model.

  Discussion 

 This study evaluated whether there are differences
in genetic knowledge, health literacy and beliefs about 
the causes of health conditions (genetic and behavioral 
causes) among community health center patients in dif-
ferent age cohorts. Consistent with the existing litera-
ture that reports a negative linear association between 
age and health literacy (see Berkman  [19]  for a compre-
hensive review), health literacy was lower among indi-
viduals in the oldest age group compared to youngest in 
this current study. Because this oldest group included 
individuals ages 50 years and older, it is likely that co-
hort effects such as changes in educational opportuni-
ties  [19]  are being observed in these findings rather than 
aging effects, such as decreased exposure to reading  [46]  
and increased prevalence of chronic health conditions 
(e.g. diabetes, hypertension, history of stroke) that can 
interfere with information processing  [16] . Similarly, 
levels of genetic knowledge were significantly lower 
among respondents in the 3 older age groups compared 
to the youngest with the average genetic knowledge 
score being the lowest among those in the oldest group. 
These observed differences are also likely to be account-
ed for by changing educational approaches as genetic 
science has advanced dramatically over the years. It is 
important, therefore, that health professionals do not 
assume that all individuals possess the knowledge about 
genetics that is currently being taught in U.S. education-
al systems. Findings of this study suggest the impor-
tance of increasing awareness among health profession-
als that individuals in older age groups may be exposed 
to genetic information to a lesser extent and possess low-
er general health literacy than younger individuals, and 
that efforts to help them better understand this type of 
information may be needed. For example, providing ad-
ditional background information regarding genetics or 
encouraging them to seek assistance from younger fam-
ily members, friends or health professionals may help 
them benefit from provided genetic information more 
fully.

  Our findings suggest the importance of assessing ge-
netic knowledge when providing health information con-

cerning genetics to individuals in older age groups. In-
forming older individuals about the rapid advancement 
of genetic research may motivate them to ask more ques-
tions. Providing basic genetic information in plain lan-
guage terms may also help increase understanding of the 
provided information. Raising awareness among health 
professionals about potential age differences in genetic 
knowledge and health literacy will be essential in initiat-
ing these efforts. These results also suggest that the con-
tents of the health information need to be evaluated to 
determine what types of basic genetic knowledge are as-
sumed to be possessed by the individuals to whom the 
information is being provided. It is also important to note 
that information regarding the genetic knowledge indi-
viduals need in order to make informed health decisions 
is not readily available  [47]  and such understanding is
essential in developing effective interventions. Further 
studies to determine with which specific knowledge do-
mains older individuals may have difficulty are also im-
portant for the development of tailored materials and 
strategies that will help in their healthcare decision-mak-
ing. Upon gaining such understanding, evaluating the 
utility of the intervention strategies that have been suc-
cessfully used in health literacy research (e.g. avoiding 
technical jargon, using simple sentence structure) may be 
helpful  [48] .

  The results of this study demonstrated that about the 
same proportions of participants (60%) expressed strong 
causal beliefs for genes and for behavioral factors regard-
ing diabetes. For heart disease, about half of the partici-
pants expressed strong genetic causal beliefs and 65% had 
strong behavioral causal beliefs. There were no signifi-
cant age differences in these beliefs, suggesting a com-
mon model of disease causation regardless of the partici-
pant’s age. Regarding causal beliefs for a person’s body 
weight, although a majority (68%) reported strong behav-
ioral causal beliefs, only about 38% indicated strong ge-
netic causal beliefs. Furthermore, participants in the old-
est age group were significantly more likely to believe in 
genetic causation of a person’s body weight and signifi-
cantly less likely to believe in behavioral causation com-
pared to those in the youngest age group controlling for 
such demographic characteristics as gender, race and 
BMI. This may mean that older individuals feel less con-
trol over their body weight, potentially reflecting their 
experiences with slowing metabolism as they age. It has 
been reported that perception of behavioral factors as 
causes of illness as opposed to genetic factors may help 
motivate individuals to engage in health promoting be-
haviors  [33] . Thus, strong genetic causal beliefs observed 
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among those in the older age group may cause them to 
engage in health promoting behaviors to a lesser extent. 
Providing appropriate information about the role of 
genes vs. behaviors and emphasizing the importance of 
behavioral factors in managing body weight may help fa-
cilitate health promoting behaviors among these individ-
uals.

  The findings of this study further showed that higher 
levels of genetic knowledge were associated with higher 
likelihood of individuals endorsing behavioral factors as 
determinants of a person’s body weight. Because 3 of the 
5 items assessing genetic knowledge evaluated individu-
als’ levels of understanding about the multifactorial cau-
sation of common complex diseases, this finding suggests 
that providing accurate information about the roles of 
both genes and behavioral factors may lead to more en-
dorsement of the behavioral factors, which may then help 
motivate individuals to engage in health promoting be-
haviors to address the health condition  [33] . On the other 
hand, levels of genetic knowledge were not associated 
with endorsing genetic causal beliefs. There has been 
concern within the field of public health genomics re-
garding the provision of genetic risk information and its 
potential impact on recipients’ genetic fatalism, or belief 
that there is nothing one can do about a condition that is 
caused by genes  [34, 49] . However, the findings of this 
study suggest that providing accurate genetic informa-
tion, especially about multifactorial causation of com-
mon diseases, may actually lead to increases in perceived 
importance of behavioral factors in common health con-
ditions. Further studies would be needed to determine 
whether higher levels of genetic knowledge can lead to 
higher levels of health promoting behaviors associated 
with common complex diseases.

   Limitations 
  This study employed a cross-sectional design, thus, it 

cannot be determined whether differences in health lit-
eracy and knowledge levels are a result of an aging effect 
(e.g. increasing difficulty in completing cognitive tasks) 
or cohort effect (e.g. differences in educational opportu-
nity). Conducting longitudinal studies to follow-up with 
participants over time and considering other potential 
confounders (e.g. cognitive ability and visual acuity) will 
help answer this question. Although we were interested 
in age differences, we did not have a large number of par-
ticipants who are generally considered ‘old’ (e.g. 65 years 
or older). Future studies aiming to investigate whether 
levels of genetic knowledge are lower among such older 
adults who are likely to face unique needs as they maneu-

ver through healthcare systems may consider oversam-
pling this population.

  Participants in this study were suburban residents 
from a specific county in the U.S., thus the findings can-
not be generalized to the general public from other parts 
of the country that may have different experiences and 
cultural backgrounds. Finally, the limitations of the mea-
surement tools need to be carefully considered. All re-
sponses were based on participants’ self-reports. Mea-
sures of general genetic knowledge are limited, and the 
genetic knowledge items used here were adapted from a 
measure developed based on expert opinion and factor 
analyses using a sample from a Midwestern city in the 
U.S. Although the reliability and validity of this measure 
have been documented, it is not clear whether it assesses 
the types of knowledge individuals actually need to make 
informed decisions associated with genetic information 
provided in health care. Furthermore, as genetic science 
continues to advance rapidly, continuing efforts to de-
velop appropriate measures of genetic knowledge are 
needed.

  Conclusions 

 The findings of this study showed that the levels of 
knowledge about genetics differ among community 
health center patients of different ages. This has impli-
cations for public health efforts as health professionals 
aim to translate the findings of genetic science to health 
practices. The findings suggest that individuals in older 
age groups may benefit from additional information to 
compensate for genetic education they may not have re-
ceived when they were younger. Increasing the aware-
ness about rapidly advancing genetic science among 
these individuals may also be beneficial in encouraging 
them to ask more questions. It is also important that 
health professionals be aware of such potential age dif-
ferences in individuals’ ability to comprehend and use 
health information involving genetics. In-depth re-
search will be needed to identify information that is per-
tinent and important for individuals to benefit from 
health information provided to them as well as to iden-
tify effective methods to deliver such needed informa-
tion. It has been suggested that differences in health sta-
tus observed among subgroups (e.g. age, race) in our 
country may partly be due to the differences in the levels 
of health literacy. Health literacy, including knowledge, 
is a modifiable factor that can be intervened upon to im-
prove the understanding of health information among 
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the general public that, in turn, may help reduce health 
disparities through equal utilization of health informa-
tion and care resources. It is challenging to communi-
cate genetic information as the science continues to ad-
vance rapidly in our society, thus, continuing efforts to 
understand the needs of the public, and particularly its 
older members, are imperative.
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