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Abstract

Objectives:  Evidence is needed for designing interventions to address health literacy–related issues among adults with 
prediabetes to reduce their risk of developing type 2 diabetes. This study assessed health literacy and behaviors among US 
adults with prediabetes and the mediating role of health literacy on health behaviors.

Methods:  We used data from the 2016 Behavioral Risk Factor Surveillance System (BRFSS) (N = 54 344 adults). The BRFSS 
health literacy module included 3 questions on levels of difficulty in obtaining information, understanding health care provid-
ers, and comprehending written information. We defined low health literacy as a response of “somewhat difficult” or “very 
difficult” to at least 1 of these 3 questions. Respondents self-reported their prediabetes status. We included 3 health behav-
ior indicators available in the BRFSS survey—current smoking, physical inactivity, and inadequate sleep, all measured as binary 
outcomes (yes/no). We used a path analysis to examine pathways among prediabetes, health literacy, and health behaviors.

Results:  About 1 in 5 (19.0%) adults with prediabetes had low health literacy. The rates of physical inactivity (31.0% vs 
24.6%, P < .001) and inadequate sleep (38.8% vs 33.5%, P < .001) among adults with prediabetes were significantly higher than 
among adults without prediabetes. The path analysis showed a significant direct effect of prediabetes and health literacy on 
health behaviors. The indirect effect of prediabetes through health literacy on health behaviors was also significant.

Conclusion:  BRFSS data from 2016 showed that rates of low health literacy and unhealthy behaviors were higher among 
adults with prediabetes than among adults without prediabetes. Interventions are needed to assist adults with prediabetes in 
comprehending, communicating about, and managing health issues to reduce the risk of type 2 diabetes.
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More than 88 million US adults aged ≥18 (1 in 3) have pre-
diabetes,1 but 80% of them do not know they have it.2 Adults 
with prediabetes are at high risk of type 2 diabetes (the most 
common type of diabetes), heart disease, and stroke.2 To pre-
vent prediabetes from progressing to type 2 diabetes, main-
taining a healthy weight and adopting healthy behaviors are 
critical. One determinant of self-care behavior in type 2 dia-
betes is health literacy.3 Adequate health literacy may 
increase individuals’ capacity to take responsibility for their 
health and the health of their family members.4

Health literacy is defined as the degree to which a person 
has the capacity to obtain, process, and understand basic 
health information and services needed to make appropriate 

health decisions.5 Thus, health literacy includes not only the 
components of general literacy—such as oral literacy, print 
literacy, and numeracy—but also the ability to obtain and use 

mailto:luoh@ecu.edu
https://journals.sagepub.com/home/phr
https://orcid.org/0000-0002-5144-3210


Luo et al 493

information for health-related decision making. Health liter-
acy depends not only on the skills of a person but also on the 
communication skills of others, especially health care work-
ers, and on the values of health care systems, such as whether 
intervention programs are in place to help those with low 
levels of health literacy.6

Health literacy is a national priority because limited 
health literacy costs the US health care system $106 to $238 
billion each year.7 Healthy People 2020 goals called for sub-
stantial improvements in levels of health literacy to advance 
the health of the US population.8 The US Department of 
Health and Human Services released the National Action 
Plan to Improve Health Literacy in 2010 with a goal to pro-
vide all persons in the United States with access to accurate 
and actionable health information, deliver person-centered 
health information and services, and support lifelong learn-
ing and skills to improve health status.9

A growing body of literature shows that a low level of 
health literacy is associated with an increase in the number 
of hospitalizations and emergency department visits, poor 
self-care and adherence to medications, poor comprehension 
of medical terminology, poor communication with health 
care providers, unhealthy behaviors, and poor health out-
comes.3,10,11 One study in China showed that the prevalence 
of low health literacy was higher among adults with predia-
betes than among adults without prediabetes, especially 
among adults with low education levels.12 However, little 
research has been conducted to understand the role of health 
literacy among adults with prediabetes in the United States. 
Thus, the potential link between health literacy and health 
behaviors among adults with prediabetes is unclear. Health 
care providers and researchers have little evidence with 
which to design interventions (eg, improving communica-
tion for better understanding of medical instructions) to 
address health literacy–related issues among adults with pre-
diabetes to reduce their risk of developing type 2 diabetes. 
The aim of this study was to describe health literacy and 
health behaviors among adults with prediabetes and assess 
the mediating role of health literacy on health behaviors.

Methods

Data Source
We used data for this analysis from the 2016 Behavioral Risk 
Factor Surveillance System (BRFSS).13 The BRFSS is a 
random-digit–dialed telephone survey of adults aged ≥18 
residing in the United States. The BRFSS collects self-
reported information on various health behaviors and pre-
ventive health practices. The survey instrument includes 
core questions (administered in every state and US territory) 
and optional modules (administered in some states and terri-
tories). The variables of interest in this analysis were from 2 
optional modules: (1) the health literacy module, in which 14 
states and territories participated, and (2) the prediabetes 

module, in which 27 states and territories participated. 
Among them, 8 states (Alabama, Alaska, Illinois, Iowa, 
Louisiana, Mississippi, Nebraska, and Virginia), as well as 
the District of Columbia and Puerto Rico, participated in 
both modules. The study sample included 54 344 adults who 
participated in both modules. Because this study was a sec-
ondary analysis of a publicly available data set, it did not 
require institutional review board review.

Measurement
Prediabetes status (independent variable). Prediabetes status 
was defined by the response to the question, “Have you 
ever been told by a doctor or other health professional that 
you have prediabetes or borderline diabetes?” We classified 
respondents as having prediabetes if they answered yes; oth-
erwise, we classified respondents as not having prediabetes. 
Respondents with diabetes were not asked the prediabetes 
question and were excluded from this analysis.

Health literacy (mediator variable). The Centers for Disease 
Control and Prevention developed a 3-question health lit-
eracy module,14 which was offered as an optional module 
in the 2016 BRFSS. The 3 questions were (1) “How diffi-
cult is it for you to get advice or information about health 
or medical topics if you need it?” (indicated as “difficulty in 
obtaining information” hereinafter); (2) “How difficult is it 
for you to understand information that doctors, nurses, and 
other health professionals tell you?” (indicated as “difficulty 
in understanding doctors” hereinafter); and (3) “In general, 
how difficult is it for you to understand written health infor-
mation?” (indicated as “difficulty in understanding written 
information” hereinafter).

We first coded the 3 health literacy variables as binary 
outcomes by combining the responses “somewhat difficult” 
and “very difficult” into 1 category—having difficulty 
(yes)—and by combining “very easy” and “somewhat easy” 
into 1 category—not having difficulty (no). We treated other 
responses—“don’t know/not sure” and “refused”—as miss-
ing. In addition, we also treated the responses “I don’t look 
for health information” in Question 1 and “I don’t pay atten-
tion to written health information” in Question 3 as missing. 
Our preliminary analysis showed a significant correlation 
among these 3 measures of health literacy (all P < .001). 
Given the study objective, we decided to combine the 3 vari-
ables into 1 variable: a respondent was classified as having 
low health literacy if a yes answer was recorded to any of the 
3 questions; the respondent was classified as not having low 
health literacy if a no answer was recorded to all 3 
questions.

Health behaviors (outcome/dependent variables). We included 
3 health behavior–related variables available in the 2016 
BRFSS core questionnaire as binary outcome variables—
current smoking, physical inactivity, and inadequate sleep. 
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We selected these variables because smoking,15 physical 
inactivity,16 and inadequate sleep17,18 are all risk factors 
for type 2 diabetes. We categorized smoking status as cur-
rent smokers (ie, everyday smoker or some-day smoker) vs 
not current smokers (ie, former smoker or never smoker). 
We coded physical inactivity according to the following 
yes/no question: “During the past month, other than your 
regular job, did you participate in any physical activities 
or exercises such as running, calisthenics, golf, garden-
ing, or walking for exercise?” We coded inadequate sleep 
according to the question, “On average, how many hours 
of sleep do you get in a 24-hour period?” We classified 
respondents who reported <7 hours as having inadequate 
sleep.17 Otherwise, we classified respondents as not having 
inadequate sleep. We did not include variables on dietary 
intake because the 2016 BRFSS did not include questions 
on these topics.

Covariates

Consistent with previous research,19-21 we included the fol-
lowing variables as covariates: age, sex (male/female), race/
ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, 
other), formal education (<high school graduate, high school 
graduate, ≥some college), and annual household income 
(<$15 000, $15 000-$24 999, $25 000-$34 999, $35 000-$49 
999, ≥$50 000). We also included marital status (married or 
living with a partner vs other [divorced, widowed, separated, 
or never married]) as an indicator of social support and hav-
ing health insurance (yes/no) as an indicator of health care 
access.

Statistical Analysis

We used Pearson χ2 and t tests where appropriate to test for 
associations between sample characteristics and prediabetes 
status and between low health literacy and health behaviors. 
Then, using path analysis,22 we assessed pathways among 
prediabetes, health literacy, and the 3 health behaviors. A sin-
gle path analysis model included prediabetes as the indepen-
dent variable, low health literacy as the mediator variable, 
the 3 health behaviors as the dependent variables, and covari-
ates. We calculated the total effect of prediabetes on the 3 
health behaviors as the sum of direct and indirect effects. We 
converted the coefficients to adjusted odds ratios (aORs) for 
easy interpretation.

The BRFSS survey uses dual sampling frames and dis-
proportionate stratified sampling to achieve a population-
based probability sample. Thus, we used survey procedures 
in analysis to account for geographic and telephone number 
stratification and analysis weights. We conducted data analy-
ses by using Stata version 14.23 Significance was set at  
P < .05.

Results

Adults with prediabetes were significantly older than adults 
without prediabetes (mean age, 53.3 vs 45.3; P < .001) 
(Table  1). Adults with prediabetes were also significantly 
more likely than adults without prediabetes to have health 
insurance (P = .04) and to be married or living with a partner 
(P = .02). Non-Hispanic black adults and Hispanic adults 
were significantly more likely than non-Hispanic white 
adults to have prediabetes (P < .001); adults with an annual 
household income <$35 000 were also significantly more 
likely to have prediabetes than adults with higher incomes  
(P < .001). Overall, adults with prediabetes were signifi-
cantly more likely than adults without prediabetes to have 
low health literacy (19.0% vs 14.9%; P < .001). The propor-
tions of adults who had difficulty in obtaining information 
(7.9% vs 5.4%; P < .001), understanding health care profes-
sionals (10.1% vs 7.0%; P < .001), and understanding writ-
ten information (9.3% vs. 7.3%; P < .001) were significantly 
higher among adults with prediabetes than among adults 
without prediabetes.

The proportion of adults who were physically inactive 
was significantly higher among adults with prediabetes than 
among adults without prediabetes (31.0% vs 24.6%;  
P < .001) (Figure 1). The proportion of adults who reported 
inadequate sleep was also significantly higher among adults 
with prediabetes (38.8% vs 33.5%; P < .001). We found no 
difference in smoking status (18.5% vs 17.7%; P = .44) by 
prediabetes status.

Path Analysis
The path analysis generated information on direct effects, 
indirect effects, total effects, and coefficients for covariates. 
The direct effect of prediabetes on low health literacy was 
significant (ß = 0.034; P = .003 for all) in all 3 models 
(Figure  2A-C). The direct effect of low health literacy on 
current smoking was significant (ß = 0.059; P < .001), and 
the direct effect of prediabetes on current smoking was also 
significant (ß = 0.028; P < .001) (Figure 2A).

The direct effect of prediabetes on physical inactivity was 
significant (ß = 0.031; P = .02), as was the direct effect of 
low health literacy on physical inactivity (ß = 0.064;  
P < .001) (Figure 2B). Lastly, the direct effects of both predi-
abetes (ß = 0.070; P < .001) and low health literacy (ß = 
0.075; P < .001) on inadequate sleep were significant 
(Figure 2C).

The indirect effect of prediabetes (ie, through low health 
literacy) on all 3 health behavior variables was also signifi-
cant: current smoking (ß = 0.002; P < .001), physical inactiv-
ity (ß = 0.002; P = .01), and inadequate sleep (ß = 0.003;  
P < .001).

In the analysis of the total effects of prediabetes on the 3 
health behaviors from the path model, we found that adults 
with prediabetes, compared with adults without prediabetes, 
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were more likely to be current smokers (aOR = 1.03; 95% 
CI, 1.01-1.05), to be physically inactive (aOR = 1.03; 95% 
CI, 1.01-1.06), and to get inadequate sleep (aOR = 1.08; 95% 
CI, 1.05-1.11) (Table 2).

The significant results for the covariates were similar to 
significant results for the 3 health behavior outcomes 
(Table  2). Women were less likely to be current smokers 
(aOR = 0.96; 95% CI, 0.95-0.97) and more likely to be phys-
ically inactive (aOR = 1.04; 95% CI, 1.03-1.06) than men; 
adults with health insurance (aOR = 0.92; 95% CI, 0.90-
0.95) were less likely than adults without health insurance to 
be current smokers; non-Hispanic black adults (aOR = 0.94; 
95% CI, 0.92-0.96) and Hispanic adults (aOR = 0.83; 95% 
CI, 0.81-0.85) were less likely than non-Hispanic white 
adults to be current smokers; and Hispanic adults were more 

likely than non-Hispanic white adults to be physically inac-
tive (aOR = 1.03; 95% CI, 1.01-1.05). As education levels 
increased, adults were less likely to be current smokers and 
less likely to be physically inactive (P < .001), and adults 
with an annual household income ≥$25 000 were less likely 
than adults with an annual household income <$15 000 to be 
current smokers and less likely to be physically inactive (P < 
.001).

In summary, the path analysis results confirmed the medi-
ating role of low health literacy: (1) prediabetes status among 
adults was significantly associated with the 3 health behav-
iors (total effect); (2) prediabetes status was significantly 
associated with low health literacy levels among adults; (3) 
controlling for prediabetes, low health literacy was signifi-
cantly associated with the 3 health behaviors among adults; 

Table 1. Descriptive statistics of the study sample (54 344 adults aged ≥18), by prediabetes status, 2016 Behavioral Risk Factor Surveillance 
System (BFRSS) surveya

Variables
Has Prediabetes  

(n = 5701)
Does Not Have Prediabetes  

(n = 48 643) P Valueb

Age, weighted mean, y 53.3 (52.6-54.1) 45.3 (45.1-45.6) <.001

Female 53.6 (51.2-55.9) 51.8 (51.0-52.6) .16

Race/ethnicity <.001

 � Non-Hispanic white 57.0 (54.7-59.3) 61.6 (60.8-62.3)

 � Non-Hispanic black 19.9 (18.1-21.9) 16.5 (15.9-17.1)

 � Hispanic 18.2 (16.4-20.2) 16.6 (16.0-17.2)

 � Other 4.9 (3.8-6.2) 5.4 (5.0-5.9)

Has health insurance 90.5 (88.8-91.9) 88.6 (88.0-89.1) .04

Education level .11

 �  <High school graduation 13.9 (12.2-15.8) 13.3 (12.7-14.0)

 � High school graduation 30.9 (28.8-33.2) 28.8 (28.0-29.5)

 �  ≥Some college 55.2 (52.8-57.5) 57.9 (57.1-58.7)

Annual household income, $ <.001

 �  <15 000 13.7 (12.2-15.4) 12.4 (11.9-13.0)

 � 15 000-24 999 20.3 (18.2-22.5) 17.8 (17.1-18.4)

 � 25 000-34 999 11.3 (9.7-13.1) 9.6 (9.1-10.1)

 � 35 000-49 999 13.4 (11.8-15.0) 13.3 (12.7-13.9)

 �  ≥50 000 41.4 (38.9-43.9) 47.0 (46.1-47.8)

Married/living with a partner 52.4 (50.1-54.7) 49.3 (48.5-50.1) .02

Low health literacyc 19.0 (17.0-21.2) 14.9 (14.3-15.6) <.001

 � Difficulty in obtaining information 7.9 (6.5-9.5) 5.4 (5.0-5.8) <.001

 � Difficulty in understanding health care 
professionals

10.1 (8.6-11.8) 7.0 (6.6-7.5) <.001

 � Difficulty in understanding written 
information

9.3 (7.9-11.1) 7.3 (6.9-7.8) <.001

aVariables of interest were from 2 optional modules in the 2016 BRFSS survey: (1) the health literacy module, in which 14 states and territories participated, 
and (2) the prediabetes module, in which 27 states and territories participated. All values are weighted percentage (95% CI) unless otherwise indicated. 
Data source: Centers for Disease Control and Prevention.13

bDetermined by χ2 or t test; P < .05 was considered significant.
cThe BRFSS health literacy module included 3 questions on levels of difficulty in obtaining information, understanding health care providers, and 
comprehending written information. Low health literacy was defined as a response of “somewhat difficult” or “very difficult” to at least 1 of these 3 
questions.
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and (4) the relationship between prediabetes and the 3 health 
behaviors among adults was reduced (ie, the direct effect) 
when we controlled for low health literacy (ie, the indirect 
effect), with a significant indirect effect.

Discussion

To our knowledge, our study is the first to use population-
based national survey data to assess health literacy and health 
behaviors among adults with prediabetes and to examine the 
pathways among prediabetes, low health literacy, and health 
behaviors. Our results showed that, compared with adults 
without prediabetes, adults with prediabetes had lower health 
literacy and were more likely to be current smokers, to get 
inadequate sleep, and to be physically inactive.

We showed that almost 1 in 5 adults with prediabetes had 
low health literacy. The rate of low health literacy among adults 
with prediabetes (19.0%) was 4.1 percentage points higher 
than among adults without prediabetes (14.9%). These findings 
indicate that many adults with prediabetes may not be able to 
read and comprehend essential health-related materials (eg, 
prescription bottles, appointment slips, self-care protocols) and 
may lack the capacity to take responsibility for their health and 
their family’s health.

Health literacy is not just the result of individual capaci-
ties but also the health literacy–related demands and com-
plexities of the health care system.6,24 Potential 

communication barriers between patients and health care 
providers created by low health literacy may lead to poor 
self-care and adherence to medications.25,26 To assist persons 
with low health literacy, programs and interventions such as 
visual aids and counseling could be implemented to increase 
comprehension of prescription labels and ensure medication 
safety and adherence.

The BRFSS survey first included the health literacy 
module as an optional module in 2016; these data will pro-
vide a baseline for tracking the prevalence of low health 
literacy. Because of differences in defining and measuring 
health literacy,27,28 it is difficult to directly compare our 
results with the results of other studies. In addition, few 
population-based studies on health literacy exist, and it is 
difficult to compare results from populations that differ by 
geography, health status, and demographic characteristics. 
To our knowledge, the only other existing national study of 
health literacy is the 2003 National Assessment of Adult 
Literacy,29 which found that more than one-third of US 
adults had basic (22%) or below-basic (14%) health liter-
acy and would have difficulty managing common health-
related tasks.

One might expect that adults with prediabetes would 
engage in healthy lifestyles because of their risk of develop-
ing type 2 diabetes. However, our study results showed that 
a larger proportion of adults with prediabetes than adults 
without prediabetes were physically inactive (31.0% vs. 

Figure 1. Health behaviors reported by respondents (54 344 adults aged ≥18), by prediabetes status, 2016 Behavioral Risk Factor 
Surveillance System survey.13 Current smokers were defined as everyday smokers or some-day smokers; not current smokers were 
defined as former smokers or never smokers. Physical inactivity was coded according to the following yes/no question: “During the past 
month, other than your regular job, did you participate in any physical activities or exercises such as running, calisthenics, golf, gardening, 
or walking for exercise?” Inadequate sleep was coded according to the question, “On average, how many hours of sleep do you get in a 
24-hour period?” Those who reported <7 hours were classified as having inadequate sleep.17
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Figure 2. Results of path analysis in a study (N = 54 344 adults aged ≥18) on health literacy and health behaviors among adults with 
prediabetes, 2016 Behavioral Risk Factor Surveillance System survey.13 (A) Relationship among prediabetes, low health literacy, and 
current smoking. (B) Relationship among prediabetes, low health literacy, and physical inactivity. (C) Relationship among prediabetes, low 
health literacy, and inadequate sleep. Low health literacy was defined as answering “somewhat difficult” or “very difficult” to any of the 3 
questions on obtaining information, understanding physicians, and understanding written information. Current smokers were defined as 
everyday smokers or some-day smokers; not current smokers were defined as former smokers or never smokers. Physical inactivity was 
coded according to the following yes/no question: “During the past month, other than your regular job, did you participate in any physical 
activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?” Inadequate sleep was coded according to the 
question, “On average, how many hours of sleep do you get in a 24-hour period?” Those who reported <7 hours were classified as having 
inadequate sleep.17 Arrows indicate a direct effect.
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Table 2. Results from the total effects path model in a study (N = 54 344 adults aged ≥18) on health literacy and health behaviors among 
adults with prediabetes, 2016 Behavioral Risk Factor Surveillance System surveya

Variables

Model I (Dependent 
Variable Is Current 

Smokingb)

Model II (Dependent 
Variable Is Physical 

Inactivityc)

Model III (Dependent 
Variable Is Inadequate 

Sleepd)

Diabetes status

 � Has prediabetes 1.03 (1.01-1.05) [.01] 1.03 (1.01-1.06) [.01] 1.08 (1.05-1.11) [<.001]

 � Does not have prediabetes 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

Health literacy levele

 � Does not have low health literacy 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � Has low health literacy 1.06 (1.04-1.09) [<.001] 1.07 (1.04-1.09) [<.001] 1.08 (1.05-1.11) [<.001]

Age 1.00 (0.998-0.999) [<.001] 1.00 (1.002-1.003) [<.001] 1.00 (0.998-0.999) [<.001]

Sex

 � Male 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � Female 0.96 (0.95-0.97) [<.001] 1.04 (1.03-1.06) [<.001] 0.99 (0.98-1.01) [.46]

Race/ethnicity

 � Non-Hispanic white 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � Non-Hispanic black 0.94 (0.92-0.96) [<.001] 1.02 (1.00-1.04) [.06] 1.10 (1.07-1.13) [<.001]

 � Hispanic 0.83 (0.81-0.85) [<.001] 1.03 (1.00-1.05) [.04] 1.00 (0.97-1.03) [.89]

 � Other 0.96 (0.93-1.00) [.03] 1.02 (0.99-1.06) [.25] 0.99 (0.95-1.04) [.65]

Health insurance status

 � Does not have health insurance 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � Has health insurance 0.92 (0.90-0.95) [<.001] 0.97 (0.94-1.00) [.08] 0.99 (0.96-1.02) [.45]

Education

 �  <High school graduation 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � High school graduation 0.95 (0.92-0.98) [<.001] 0.94 (0.90-0.97) [<.001] 1.01 (0.97-1.04) [.77]

 �  ≥Some college 0.89 (0.86-0.92) [<.001] 0.86 (0.84-0.90) [<.001] 1.01 (0.97-1.05) [.64]

Annual household income, $

 �  <15 000 1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � 15 000-24 999 0.98 (0.96-1.01) [.26] 0.96 (0.93-0.99) [.005] 0.99 (0.96-1.03) [.75]

 � 25 000-34 999 0.96 (0.93-0.99) [.01] 0.92 (0.89-0.96) [<.001] 0.98 (0.95-1.02) [.43]

 � 35 000-49 999 0.95 (0.92-0.98) [<.001] 0.88 (0.85-0.91) [<.001] 0.97 (0.93-1.00) [.06]

 �  ≥50 000 0.89 (0.86-0.91) [<.001] 0.82 (0.79-0.84) [<.001] 0.96 (0.93-0.99) [.02]

Marital status

 � Divorced, widowed, separated, or never 
married

1.00 [Reference] 1.00 [Reference] 1.00 [Reference]

 � Married/living with a partner 0.96 (0.95-0.98) [<.001] 1.01 (1.00-1.03) [.08] 0.98 (0.96-1.00) [.02]

R2 16.3 17.6 12.3

Standardized root mean squared residual <.001 <.001 <.001

aAll values are adjusted odds ratio (95% CI) [P value] unless otherwise indicated. Variables of interest were from 2 optional modules in the 2016 Behavioral 
Risk Factor Surveillance System (BRFSS) survey: (1) the health literacy module, in which 14 states and territories participated, and (2) the prediabetes 
module, in which 27 states and territories participated. Data source: Centers for Disease Control and Prevention.13

bCurrent smokers were defined as everyday smokers or some-day smokers; not current smokers were defined as former smoker or never smokers.
cPhysical inactivity was coded according to the following yes/no question: “During the past month, other than your regular job, did you participate in any 
physical activities or exercises such as running, calisthenics, golf, gardening, or walking for exercise?”
dInadequate sleep was coded according to the question, “On average, how many hours of sleep do you get in a 24-hour period?” Those who reported <7 
hours were classified as having inadequate sleep.17

eThe BRFSS health literacy module included 3 questions on levels of difficulty in obtaining information, understanding health care providers, and 
comprehending written information. Low health literacy was defined as a response of “somewhat difficult” or “very difficult” to at least 1 of these 3 
questions.
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24.6%) and got inadequate sleep (38.8% vs 33.5%). To pre-
vent prediabetes from developing into type 2 diabetes, adults 
with prediabetes should be encouraged to exercise, quit 
smoking, and get adequate sleep.15-18 The National Diabetes 
Prevention Program has been proven to help persons make 
the lifestyle changes needed to prevent or delay type 2 diabe-
tes. A loss of a modest amount of body weight (ie, 5%-7%) 
and regular physical activity (ie, ≥150 minutes per week of 
brisk walking or similar activity) greatly reduce the risk of 
type 2 diabetes.30

The path analysis results showed important direct and 
indirect effects of having prediabetes on low health literacy 
and then unhealthy behaviors. Low health literacy is consis-
tently associated with increases in hospitalizations and use of 
emergency care, decreases in use of preventive care, and a 
poor ability to interpret labels and health messages.3,10 As 
such, programs that target improvements in health literacy 
could help to promote positive health behaviors among 
adults with prediabetes. Medical instructions and patient 
education material should be written at a sixth-grade or 
lower reading level, preferably including pictures and illus-
trations. Health care providers should be mindful that most 
patients are unwilling to admit that they do not understand 
medical instructions.31

Limitations
This study had several limitations. First, health literacy data 
were self-reported, and self-reported data can be subject to 
bias (eg, social desirability bias). Respondents to the BRFSS 
survey may have had undiagnosed prediabetes, which would 
have led to misclassification. Also, we treated data from 
respondents who answered “I don’t look for health informa-
tion” in Question 1 and “I don’t pay attention to written 
health information” in Question 3 as missing. These respon-
dents may have had limited health literacy. Second, we could 
not assess other health behaviors, such as dietary intake, 
because these data were not available in the BRFSS. Third, 
health behaviors were treated as outcomes in our study. 
Therefore, we could not test whether unhealthy behaviors 
might lead to prediabetes; that pathway was beyond the 
scope of this study. Fourth, the 3-item health literacy ques-
tionnaire was administered as an optional module, thereby 
limiting generalizability of findings to other states and terri-
tories. Finally, having low health literacy did not completely 
mediate the relationship between prediabetes and health 
behaviors—the ratio of indirect effect to total effect was 
small. Other factors, such as self-efficacy, likely contributed 
to this relationship.32

Conclusion

We found that adults with prediabetes had lower levels of 
health literacy and were more likely to practice unhealthy 
behaviors than adults without prediabetes. Health literacy 

plays an important role in the relationship between prediabe-
tes and health behaviors. Intervention programs can target 
this modifiable factor to improve health behaviors and pre-
vent prediabetes from developing into type 2 diabetes. Adults 
with low levels of health literacy, particularly those in low-
resource communities, may not understand that physical 
inactivity and inadequate sleep can lead to type 2 diabetes. It 
is of public health importance to improve the health literacy 
level of these adults so that this population can adequately 
comprehend, communicate about, and manage health issues 
to reduce the risk of type 2 diabetes.
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