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Defining Health Literacy

IOM, Health Literacy, 2004

Literacy

Cultural and 
Conceptual 
Knowledge

Speaking Reading NumeracyListening Writing

Print LiteracyOral Literacy



Numeracy

• A component of overall literacy
• “The ability to understand and use numbers and math skills in 

daily life”
• Calculations, deduction/logic, interpretation of graphs/labels, 

time, probability, etc.

Rothman et al, J Health Comm, 2009



Numeracy vs Literacy 

• Highly correlated with literacy, but not perfect

Calvin and Hobbs, Bill Watterson, Universal Press Syndicate,  Released on: Friday, Oct 10th 1986.

http://www.uexpress.com/ups/comics/ch/strips/86/10/ch861010.html


Health Literacy/Numeracy and Health Knowledge

• Over 90% of patients struggle to understand food labels 
• Over 2/3 of patients have poor estimation of portion sizes 
• Parent struggle to understand OTC cold and cough 

medicines
• Parents struggle to understand growth charts, mixing 

formula, and other parenting activities.

Rothman et al, AM J Prev Med, 2006
Huizinga et al,  Am J of Prev Med, 2009

Kumar et al, Academic Pediatrics, 2010
Yin et al, Academic Pediatrics, 2011
Lokker et al, Pediatrics, 2009

http://www.germes-online.com/direct/dbimage/50131923/Waterproof_Digital_Thermometer.jpg


Health Numeracy Linked to Worse Diabetes 
Knowledge and Control

• Difficulties performing many literacy and numeracy 
related diabetes tasks:
– Over 25% of patients could not interpret glucose meter
– Over 40% could not calculate carbohydrate intake 
– Over 30% could not dose insulin correctly

• Self-care skills linked to underlying numeracy.
• Diabetes numeracy skills associated with self-

management, self-efficacy, and A1C.

Huizinga et al, BMC Health Services Res, 2008
Cavanaugh et al, Annals of Internal Medicine, 2008



Lesson #1

• Literacy is a complex social determinant
• Can measure reading/writing skills, but literacy is often more 

complex/applied than that
• Subject heuristics/beliefs and approach to health can override 

“literacy skills”
• Measuring literacy is often a surrogate for multiple social 

factors 



Literacy Interventions
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Significant Clinical Improvements at 12 months

Variable Control
(n=95)

Intervention
(n=98)

Difference

A1C (%) -1.2% -2.1% 0.9% 
(0.8,1.0)

SBP (mmHg) +2.3 -6.9 9.2 (2.3,16.1)

DBP (mmHg) +1.2 -3.6 4.8 (1.1,8.6)

ASA (mmHg) +6% +47% 41% (25-55)

T. Chol. (mg/dL) -12 -27 15 (-4, 35)

Rothman AM J Med, 2005



Literacy was an Important Factor
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Diabetes and Numeracy RCT
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DLNET Toolkit

Wolff K et al. The Diab Educ 2009

Text at 5th grade reading level

  Color coding

  Pictures for key concepts

  Step-by-step instructions

  Simplified medication instructions

  Practice skills worksheets
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Study Demonstrates Value of 
Addressing Health Literacy/Numeracy 

Cavanaugh KL et al. Diabetes Care 2009 

*Adjusting for age, gender, race, type of diabetes, income level, site of intervention and baseline DNT score and Hba1c levels 
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Diabetes Nutrition Education Study (DINES)
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Carb Counting vs Plate Method
 



Results Demonstrate Value of 
Simpler Diabetes Education
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New Standards for Diabetes Education

Diabetes Care, 2012



Lesson #2

• Addressing health literacy/numeracy often involves addressing 
broader issues of health communication
– Shared goal setting; shared decision making
– Patient-Centered Communication
– Cross-cultural communication
– Beliefs/Heuristics



PRIDE Study
• PaRtnering to Improve Diabetes Education
• Goal to address health communication issues to 

improve diabetes care in middle TN
• Collaboration between TN Dept. of Health, 

Vanderbilt, and Meharry
• 5 year NIDDK R18 study
• Cluster RCT with 10 Clinics and
    400 diabetes patients
• Develop a sustainable model 
    for improved diabetes care



PRIDE RESULTS

White et al, JGIM 2020



Lesson #3

• Health Literacy/Numeracy and 
Health Communication are just 
one social determinant of health

• Successful interventions often 
need to consider the broader 
socioecological context and 
other barriers/facilitators to care

Global

Public Policy (laws, 
regulations)

Community (organizations, 
culture, environment, population)

Organizational 
(Organizations, Social 

Institutions)

Interpersonal 
(Friends, Family, Social Networks)

Individual 
(Characteristics, OMICS, 
Behaviors, Knowledge, 

Attitudes, Beliefs)



Greenlight Study
• NIH (NICHD) Funded R01
• Design: Cluster Randomized Trial  of Literacy Sensitive 

Obesity Prevention intervention vs Active Control 
(Injury Prevention)

• Setting: 4 academic primary care resident clinics 
(Vanderbilt, NYU, UNC, and U Miami)

• Participants:
– Over 400 pediatric residents at the 4 sites
– 865 English and Spanish speaking families with children enrolled at 2 

months of age and followed until 2 years of age
– Children with weight/length z score >3% (WHO Criteria) 
 without significant chronic health issues or FTT or 
 history of prematurity (<35 weeks)

Sanders LM, ….Rothman, Pediatrics, 2014



Study  Design 
• Intervention

– Training  of residents in effective health communication
– Provision of Greenlight Toolkit to use at well child visits  (2,4,6,9,12, 15/18, 24 months)

• Active Control
– Training of residents in injury prevention
– Use of AAP Training in Injury Prevention Program (TIPPs) to use at well child visits



GREENLIGHT 
MAIN 

RESULTS

Pediatrics, 2021



Department of Pediatrics, University of North Carolina at Chapel HilSchool of Medicine

Greenlight Plus: A 
Multi-Site RCT

Co-Principal Investigators:
Alan Delamater PhD, Kori Flower MD MS MPH, William Heerman MD 
MPH,  Eliana M. Perrin MD MPH, Lee M. Sanders, H. Shonna Yin, MD MS, 
Russell L. Rothman MD MPP

The Greenlight Program for
Early Childhood Obesity Prevention



Intervention Content
• The “Greenlight” group received health behavior 
counseling  delivered by pediatric primary care 
clinicians. 
• It was a health communication intervention 
designed to support pediatric primary care 
providers in delivering anticipatory guidance around 
health behaviors to parents of children from birth 
to age 2 years with the goal of obesity prevention.
•  The materials included eight core booklets.

Heerman et al., Contemporary Clinical Trials, 2022



Intervention Content
• The Greenlight Plus” group included the health behavior counseling plus two digital 

intervention strategies: an interactive, responsive text messaging intervention and a web-based 
dashboard. 

• The text messaging portion of the intervention used behavior change techniques such as 
facilitated goal-setting, self-monitoring, and tailored feedback around developmentally 
appropriate health behaviors known to support healthy child growth 

• Goals were organized into two-week cycles, where a goal was set on the first day of the cycle, 
followed by five automated check-in messages over two weeks. Parents were asked to self-rate 
their goal progress. 

• A fully-automated system then provided immediate adaptive feedback, tips, and 
encouragement based on goal progress. After the first six months, the content of goal cycles 
was tailored based on a parent’s response to a survey every three months that assessed 
readiness to change and self-efficacy for specific health behaviors 



Digital Intervention Content

Heerman et al., Contemporary Clinical Trials, 2022



Multi-Site RCT (N=900) to compare the 
effectiveness of  Greenight vs Greenlight Plus

Greenlight: Everyone Gets Booklets
Resident Training

Greenlight Plus: Get Greenlight plus Text 
messages and mobile dashboard 



Outcomes and Analysis
• The primary outcome was child weight-for-length (kg/m) trajectory over two years. 
• Secondary Outcomes

• Weight-for-length z-score trajectory, 
• BMI z-score, 
• the percent of children at the 24-month follow-up overweight and/or obesity (both CDC 

and WHO curves).
• Nested linear mixed effects models (random intercepts and slopes for clinics and participants 

within clinics). 
• Models adjusted for prespecified baseline variables to enhance precision: child birthweight 

and biological sex, parent reported race and ethnicity, health literacy, preferred language, 
education level, annual household income and household food insecurity 

• Pre-specified heterogeneity of intervention effect analyses



Lesson #4

• Health Communication is an iterative process
• Relies on communication between patients, families, 

providers, social media, and other sources of information
• Need to consider the role of digital media and “asynchronous” 

communication
• Focus on communication that promotes knowledge, trust, and 

behavior change



Summary
• Health Literacy is a complex skills
• Health Literacy is one component of the larger socioecological 

landscape
• Interventions need to consider muti-modal and iterative forms of 

communication
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