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A B S T R A C T

Objectives: The goals of this study were to examine relationships among health literacy 
and outcomes for sub-populations identified within a large, multi-dimensional 
Omaha System dataset. Specific aims were to extract sub-populations from the data 
using Latent Class Analysis (LCA); and quantify the change in knowledge score from 
pre- to post-intervention for common sub-populations.
Design: Data-driven retrospective study using statistical modeling methods.
Sample: A set of admission and discharge cases, captured in the Omaha System, 
representing 65,468 cases from various health care providers.
Measures: Demographic information and the Omaha System terms including 
problems, signs/symptoms, and interventions were used as the features describing 
cases used for this study. Development of a mapping of demographics across health 
care systems enabled the integration of data from these different systems.
Results: Knowledge scores increased for all five sub-populations identified by latent 
class analysis. Effect sizes of interventions related to health literacy outcomes varied 
from low to high, with the greatest effect size in populations of young at-risk adults. 
The most significant knowledge gains were seen for problems including Pregnancy, 
Postpartum, Family planning, Mental health, and Substance use.
Conclusions: This is the first study to demonstrate positive relationships between 
interventions and health literacy outcomes for a very large sample. A deeper analysis 
of the results, focusing on specific problems and relevant interventions and their 
impact on health literacy is required to guide resource allocation in community-
based care. As such, future work will focus on determining correlations between 
interventions for specific problems and knowledge change post-intervention.
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Introduction

The association between health literacy and health 
disparities is well documented in the literature [1–3]. 
Today’s complex health environment often requires 
individuals and families to play a more active role in 
their health. Unfortunately, limited health literacy can 
be a barrier to achieving optimal health, particularly 
for disadvantaged populations [3]. Several national 
organizations and initiatives have asserted the importance 
of health literacy from the individual level to a broader 
population health perspective [4–7].

Nurses are well positioned to optimize health literacy 
and are known to influence population health [2, 8, 
9]. In this work, we explore the relationships between 
nursing interventions and health literacy outcomes for 
various cases collected during routine documentation in 
community care settings (e.g. public health nursing and 
home care physical therapy, or hospice care). Using a data-
driven approach we analyzed case data for 65,468 cases 
from various health care providers.

Background

Approximately 80 million U.S. adults (35% of the population) 
are thought to have limited health literacy and an increased 
risk for poor health outcomes [4, 10]. Health literacy is the 
degree to which individuals have the capacity to obtain, 
process, and understand the basic health information and 
services needed to make appropriate health decisions [4]. 
Limited health literacy rates are higher among older adults, 
minority, economically challenged, and individuals with 
less than a high school education [2, 11]. Numerous studies 
and reports have identified health literacy as a major 
health barrier and a challenge to achieving optimal health 

outcomes [11]. Despite increased awareness and numerous 
national initiatives, more than one third of adults in the 
United States still demonstrate limited health literacy; for 
example, those with limited health literacy are less likely 
to receive preventative care services, and over 70 million 
people have difficulty following directions on a medication 
label [10–12]. The estimated annual cost of limited health 
literacy to the U.S. economy is between $106 billion and 
$238 billion [13].

Health literacy has been identified as a necessary 
element to increase health equity and reduce health 
disparities [2, 7, 9]. The nursing profession is well 
positioned to help alleviate health inequity by engaging 
in patient-centered health literacy practices to minimize 
negative outcomes associated with limited health literacy 
and improve the skill and abilities needed in complex 
health systems [7, 9, 14–16]. Public health nursing data 
sources, using the Omaha System, have been used to 
highlight nursing interventions provided during home care 
visits [17–19]. A recent study revealed that home visits by 
public health nurses can improve health literacy [19].

Omaha System

The Omaha System is the only multi-disciplinary clinical 
terminology that taxonomically classifies the whole of 
health concepts and interventions, and also serves to 
measure health Knowledge, Behavior, and Status [17]. It 
is one of only 12 standardized terminologies recognized 
by the American Nurses Association (ANA) [20]. The 
Omaha System Data Collaborative within the University of 
Minnesota Center for Nursing Informatics consists of de-
identified, precisely coded Omaha System data for a wide 
range of cases. Chart 1 provides an overview of the Omaha 
System.

 

Chart 1 – Overview of the Omaha System, used with permission



K O N T A K T  4  ( 2 0 1 8 )  3 4 5 – 3 5 2 347

Patients may have one or more admissions that consist 
of one or more visits. Each patient admission is considered 
a case and has demographics, problems, signs/symptoms, 
interventions, and problem-specific baseline and final 

rating scores. Each case has one or more interventions. The 
database structure (Chart 2) uses an entity-relationship 
(ER) model enabling precise linkages between the variables 
for optimal sample selection.

 

Chart 2 – Omaha System entity – relationship model (© Monsen, 2017)

In the Omaha System Data Collaborative, there are 
111,570 patient admissions. Each patient admission has, on 
average, 19 signs/symptoms. There are a total of 3,268,089 
interventions with an average of 29  interventions per 
patient admission. Of the total sample, 16.1% are aged 
65 years and older (N = 17,908). The most frequent problems 
for adults aged 65 and older are Health care supervision, 
Neuro-musculo-skeletal function, Skin, Circulation, Pain, 
Personal care, Respiration, Nutrition, Urinary function, 
and Medication regimen.

 
Materials and methods

The aim of our study was to determine the relationships 
among interventions and the health literacy of identified 
sub-populations. Towards this end, our analysis was 
divided into two main components. The first was a data-
driven clustering of cases in our dataset to create sub-
populations. After creating these sub-populations we 
studied the knowledge score changes from pre- to post-
intervention for the cases in each sub-population. Both of 
these steps are described in detail below.

Study design and sample

Omaha System data from a de-identified database for 
admissions between 2012 and 2017 from multiple sources 
was evaluated for patterns of health literacy. Cases with 
health literacy evaluated by Knowledge at admission 
and discharge were included in analysis. In total, there 
were 65,468 cases that met these inclusion criteria. Case 

demographics were evaluated at admission to characterize 
each sub-population. Knowledge, Behavior and Status 
(KBS) were summarized across problems at admission and 
discharge.

Analysis methods

Latent Class Analysis (LCA) was used to determine the 
best division of the entire sample into sub-populations 
[21, 22]. The number of classes was determined based on 
minimizing the Bayesian Information Criterion (BIC) and 
Akaike’s Information Criterion (AIC). From 3 to 10  sub-
populations were evaluated, with 5 sub-populations 
producing low BIC and AIC with high entropy. Each sub-
population is a group of cases; and all five sub-populations 
were tested for differences in demographics, admission and 
discharge KBS, and number of interventions.

Using the Centers for Disease Control and Prevention’s 
(CDC’s) definition for health literacy [24], we qualified 
those cases with a knowledge score of 1 (no knowledge) and 
2 (minimal knowledge) as having limited health literacy, 
and those with a knowledge score of 3 (basic knowledge), 
4 (adequate knowledge), and 5 (superior knowledge) as 
having positive health literacy. Our analytical goal was then 
two-fold: (1) determine the identified sub-populations’ 
base health literacy level (limited or positive), and (2) 
determine if health literacy improved post-intervention.

Data analysis

KBS change scores were calculated by taking the difference 
between the score at initial admission and the last reported 
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score for a given case (note: a case can have multiple 
admission and discharge events). Average change scores 
are reported as the total change divided by the number of 
cases within the sub-population. The change in knowledge 
for problems that were documented fewer than 100 times 
within a sub-population was not employed in the analysis. 
This filtering approach eliminated those problems that 
were outliers for each discovered sub-population.

 
Results

Applying LCA to the available data resulted in 5 sub-
populations. The number of cases within the sub-
populations from 1 to 5 were: 1,041 (sub-population 1), 
7,719 (sub-population 2), 16,778 (sub-population 3), 
35,497 (sub-population 4), and 4,433 (sub-population 5). 
The dot plot age distribution of each sub-population is 
shown in Chart 3, where the x-axis indicates age and the 
y-axis is the sub-population number. Circles in each row 
represent the proportional distribution of the age of 
cases within each sub-population. As Chart 3 shows, sub-
populations 1 and 2 are mainly comprised of cases aged 
55 years and older, which is typical of elder home care. The 
age of sub-populations 3, 4, and 5 skews towards the lower 
range typical of newborns and young parents.

 

Chart 3 – Age distribution per sub-population

Identified gender was reported as 58.8% and 57.5% 
female in sub-populations 1 and 2 respectively, while sub-
populations 3, 4, and 5 were 94.7%, 61.0%, and 84.5% 
respectively. The gender distribution correlated with 
our characterization of sub-populations 1 and 2 as elder 
care cases. It also allowed us to further break down sub-
populations 3, 4, and 5.

Chart 4 presents overall and per sub-population mean 
knowledge scores at initial admission (Admit) and after 
discharge (Discharge). Overall health literacy increased, 
with most of the knowledge gain accounted for in sub-
populations 2, 3, and 4. Sub-populations 1 and 5 exhibit 
a ceiling effect with respect to knowledge gain, as their 
baseline knowledge scores were already relatively high.

 

Chart 4 – Mean knowledge scores at admission and last 
discharge

Given the similarities of sub-populations 1 and 2 (elder 
care) and sub-populations 3, 4, and 5 (young adults), we 
considered these two meta-groupings when comparing 
sub-populations. To delve deeper into the knowledge 
gain for cases within each sub-population, we plotted 
the weighted knowledge gain by age as shown in Chart 5 
(elder care) and 6 (young adults). The weights were applied 
as the proportion of cases for a given age within the sub-
population with equal weight per sub-population.

 

Chart 5 – Weighted mean knowledge gain for elder care 
sub-populations

For sub-populations 1 and 2, most of the knowledge 
gain came from the eldest members (Chart 5). For sub-
populations 3, 4, and 5, the majority of knowledge gain 
comes from cases in their 20s for sub-populations 3 and 4, 
and for newborns in sub-population 5 (Chart 6). The latter 
is an artifact of the way in which data is collected, where 
knowledge is scored for parents of newborns but attributed 
to the newborn case and thus the younger age.
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Chart 6 – Weighted mean knowledge gain for young adult 
sub-populations

To complete the picture of knowledge gain within sub-
populations, we studied the knowledge gain for the nine 
most common problems in the data set. These problems 
were Income, Mental health, Caretaking/parenting, Growth 
and development, Pregnancy, Postpartum, Substance use, 
Family planning, and Health care supervision. The results 
are reported in Table 1, where green indicates low gain, 
blue indicates medium gain, and black indicates high gain. 
While problems associated with a case don’t correspond to 
a diagnosis, they do indicate the case’s suspected problems 
and act as a proxy for the sub-populations.

Results in Table 1 confirm the insignificant to low 
knowledge gain for the elder care sub-populations (1 and 
2). Knowledge gain was predominantly shown for problems 
related to home care (Caretaking/parenting, Growth 
and development, and Health care supervision). Sub-
populations 3 and 5 represent at-risk young adults, with 
significant gains seen for problems related to childbirth and 
family development. Sub-population 4 is primarily made 
up of newborns, and we see the medium to high knowledge 
gain for problems related to pregnancy, postpartum, and 
family development (planning, parenting, and growth and 

development). As we noted previously, knowledge scores 
for each case involving a newborn are collected from the 
mother of the child.

Our final analysis studied the median number of 
interventions applied to each sub-population. Chart  7 
shows that on average, a median number between 
100 and 200 interventions were applied to the elder care 
sub-populations. Sub-population 1, which exhibits an 
insignificant gain in knowledge has the higher median 
number of interventions applied to its cases. Sub-
population 2, which started at a lower health literary score 
and showed higher gains, has a lower median number of 
interventions applied and they are more focused in the 
60–80 years old range.

Table 1 – Knowledge gain per sub-population for nine of the most frequent problems

Problem Label Sub-population 
1

Sub-population 
2

Sub-population 
3

Sub-population 
4

Sub-population 
5

PB0001 Income 0.03 0.06 0.37a 0.28a 0.12

PB0012 Mental health 0.05 0.09 0.34a 0.32a 0.12

PB0014 Caretaking/parenting 0.02 0.25a 0.44b 0.37a 0.20a

PB0017 Growth and development – 0.22a 0.53b 0.39a 0.18

PB0048 Pregnancy – – 0.58b 0.38a 0.44b

PB0049 Postpartum – – 0.51b 0.41b 0.24a

PB0039 Substance use 0.01 0.03 0.29a 0.20a 0.09

PB0040 Family planning – – 0.64c 0.50b 0.21a

PB0041 Health care supervision 0.01 0.32a 0.20a 0.25a 0.10

Note: a indicates low gain; b indicates medium gain; c indicates high gain.

 

Chart 7 – Weighted median interventions applied within 
elder care sub-population

Chart 8 demonstrates the median number of inter- 
ventions applied in cases for Sub-populations 3, 4, and 5. 
On average, 50 to 120 interventions are applied per case, 
with the majority of these applied in the 0–35 years old 
range. Sub-populations 3 and 5 (young at-risk parents) 
exhibit higher median numbers of interventions when 
compared to sub-population 4 (newborns). This trend of 
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a lower median number of interventions between sub-
populations 3 and 5 and sub-population 4 is consistent 
across ages, suggesting that the cases in sub-populations 
3 and 5 are likely more complex and necessitate more 
nursing interventions.

When comparing the results presented in Charts 7 and 
8 and cross-referencing them with the knowledge gains 
reported for the top 9 problems in Table 1, we see that the 
number of interventions does not correlate to knowledge 
gain. Age and the problem being addressed are better 
indicators of knowledge gain according to our findings. We 
discuss this relationship below.

 

Chart 8 – Weighted median interventions applied within 
young adult sub-populations

 
Discussion

Overall and by sub-population, cases served by multi-
disciplinary clinicians in community settings exhibited an 
increase in knowledge with interventions consistent with 
a low/moderate/high effect [25]. Knowledge followed a 
similar pattern of change to Behavior and Status, as seen 
in Chart 9 where the x-axis represents the sub-population 
and the y-axis the mean change. Interventions with the 
most positive relationships between interventions and 
outcomes are for those applied to the populations with the 
lowest baseline literacy and with younger cases.

An analysis of relationships among interventions and 
health literacy outcomes across sub-populations suggests 
that the most effective interventions are those applied 
to young at-risk adult sub-populations. This aligns with 
previous research, using the Omaha System and similar age 
ranges, which found that public health nursing interventions 
explained variability in health literacy outcomes [18, 19]. 
Nurses and the multi-disciplinary health care team play a 
critical role in promoting health literacy and facilitating 
patient communication, and understanding health literacy 
should to be an integral component of every patient’s plan 
of care [9, 15, 18]. Specifically, we found that the high-risk 
group received or required more interventions to increase 

knowledge scores [18]. This result is similar to our findings, 
where sub-population 3 (young at risk adults) had increased 
weighted mean knowledge scores when compared to the 
other younger sub-populations (4 and 5).

On average, most cases in this study began with a “basic 
knowledge” score (3 out of 5) consistent with the definition 
of health literacy as “the capacity to obtain, process, and 
understand basic health information and services needed to 
make appropriate health decisions” [4]. Current literature 
suggests a higher level of health literacy knowledge is 
needed to navigate the health systems, influence patient 
engagement, and facilitate motivation over one’s health 
[7, 9]. This indicates a knowledge level of 4 (adequate) or 
5 (superior) would be ideal as a definition of benchmark 
attainment in health literacy, vs. the CDC benchmark of 3 – 
or basic knowledge of adopted a priori for this study [24]. 
Prospective studies examining health literacy benchmarks 
should be conducted to validate optimal benchmarks for 
future research in diverse sub-populations using existing 
Omaha System Knowledge scores.

Our big data-driven approach to health literacy 
highlights knowledge gained per problem to improve 
health literacy in specific groups within the population. 
Specific problems such as Family planning, Mental health, 
and Substance use had a positive association with increased 
knowledge scores. This suggests that individuals with 
serious healthcare concerns may benefit the most from 
interventions, and underscores the critical importance 
of providing sufficient interventions for such individuals 
[18, 19, 23]. Furthermore, there is potential for nurses 
and other clinicians to use such data in practice, policy, 
education, and research.

Limitations of the study were the usual challenges of 
research using data points in the sample set that were 
collected from different electronic records and combined 
together as a single set. During this merging process, 
some mappings of terms and concepts needed to be 
done manually, potentially introducing errors. Further 
limiting the study was that the reported median number 
of interventions per case was a total of all interventions, 

 

Chart 9 – Change for Knowledge, Behavior, and Status 
across all sub-populations
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independent of the problem addressed. Examining 
interventions by problem type or domain would facilitate 
further exploration of specific intervention-outcome 
relationships for health literacy. Finally, additional 
demographic information such as marital status and 
race were not used when extracting classes using LCA. 
Further research is needed to understand sub-population 
membership using additional variables in the LCA models.

This is the first study to attempt total-population 
analysis of health literacy using the Omaha System. An 
interesting finding was that the five latent classes could 
be identified by their mean ages and types of problems 
(1 and 2 vs. 3, 4, and 5). In addition, all LCA-derived 
sub-populations encompassed cases across the lifespan. 
Therefore our findings must be considered preliminary, 
taking into account other factors that may influence 
results. Future research will be directed towards examining 
the relationship between overall change in knowledge and 
change in behavior and status pre- and post-intervention, 
as well as problem-specific changes. Based on these 
findings, there is potential to provide valuable insights 
into the creation and implementation of problem-specific 
interventions.

 
Conclusions

This exploratory analysis showed that interventions 
were positively associated with knowledge uptake, and 
subsequently improved behavior and status. Our future 
work will focus on determining correlations between 
interventions for specific problems and knowledge change 
post-intervention. Preliminary analysis shows that the 
highest effect of interventions on improving health literacy 
occurred for problems such as Pregnancy, Postpartum, 
Family planning, Mental health, and Substance use. 
Further analysis will enable a more nuanced look at how 
nursing interventions affect populations and ultimately 
lead to improved patient outcomes.
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