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Abstract This article describes the quantitative findings
of a mixed-methods study that examined the relationship
among knowledge, self-efficacy, health promoting behav-
iors, and type 2 diabetes self-management among recent
Spanish-speaking, limited English proficient immigrants to
the US. This population is at risk for both a higher inci-
dence of disease and increased barriers to successful dis-
ease management compared to the general US population.
Distinguishing aspects of this study compared to the
available literature are the comprehensive nature of the
data collected, the theoretical component, and the analysis
and modeling approach. Social cognitive theory provides
the framework for the study design and analysis. An
innovative community-based recruiting strategy was used,
a broad range of physiological measures related to health
were observed, and instruments related to knowledge, self-
efficacy, and healthy lifestyle behaviors were administered
orally in Spanish to 30 participants. A broad range of sta-
tistical analysis methods was applied to the data, including
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a set of three structural equation models. The study results
are consistent with the importance of education, health
knowledge, and healthy lifestyle practices for type 2 dia-
betes self-management. With the usual cautions associated
with applying structural equation modeling to modest
sample sizes, multiple elements of the posited theoretical
model were consistent with the data collected. The results
of the investigation of this under-studied population indi-
cate that, on average, participants were not effectively
managing their disease. The results suggest that clinical
interventions focused on improving knowledge, nutrition,
and physical activity, reducing stress, and leveraging the
importance of interpersonal relations could be effective
intervention strategies to improve self-management among
this population.

Keywords Diabetes management - Health literacy - Self-
efficacy - Knowledge - Immigrants - Structural equation
modeling

Introduction

Type 2 diabetes mellitus (T2DM) affects an estimated 382
million adults throughout the world and accounts for at
least 90 % of all diabetes cases [1]. In developed countries,
ethnic and racial minorities and immigrant populations are
disproportionately negatively affected, suffering higher
prevalence, complication rates, and worse clinical out-
comes compared to native born populations [2-5].

In the US, there are 21 million diagnosed T2DM cases
[6]. While the prevalence rate of T2DM is 7.6 % among
non-Hipsanic Whites age 20 and older the rate among
Hispanic populations age 18-74 years is 16.9 %, exceed-
ing that of non-Hispanic Blacks (13.2 %) and American
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Indians/Alaskan Natives (15.9 %) [6, 7]. Among Hispanic
subgroups, persons of Mexican heritage have the highest
prevalence rate (18.3 %), followed by Puerto Ricans and
Dominicans at 18.0. % [7]. Compared to non-Hispanic
Whites, Mexican Americans have an 87 % higher risk of
T2DM diagnosis and suffer higher rates of end-stage renal
disease, retinopathy, neuropathy, lower limb amputations,
and mortality rates from T2DM [8]. These statistics not
only illustrate the prevalence of T2DM among Hispanic
immigrants in the US and its consequences but also the
degree to which it is ineffectively managed in this popu-
lation [9, 10].

Mexican immigrants make up the largest foreign-born
population in the US and, among recent arrivals, an esti-
mated 75 % have limited English language proficiency and
low educational achievement [11-14]. Limited English
proficiency negatively affects an individual’s health liter-
acy within the US healthcare system, contributes to low
diabetes knowledge, undermines T2DM self-efficacy and is
associated with worse health outcomes [14-21].

Self-efficacy (SE) is defined as the individual’s belief a
behavior-specific goal can be achieved [22-24]. SE is
behavior specific and is not transferable from one domain
to another, therefore diabetes SE is limited to diabetes self-
management, while exercise and eating self-efficacy are
coupled to those behaviors [16, 22, 25].

Though limited language skills, low literacy, and SE are
identified as contributing to poor self-management,
exploration of the effect of these factors on the T2DM self-
management practices among recent limited-English pro-
ficient, Spanish-speaking US immigrants is sparse [23, 26].
Health literacy is generally defined as the ability to access
health services and understand and act on health informa-
tion; low health literacy is associated with a decreased
ability to self-manage chronic conditions such as diabetes
[15, 16, 27]. Although health literacy has been explored
among Hispanic populations, the inclusion criterion often
requires English-language proficiency and recruits partici-
pants from hospital or clinic waiting rooms thereby
excluding limited-English proficient immigrants and those
who do not regularly access healthcare services [18-20,
28]. Thus, these studies have not elucidated the factors that
influence the T2DM self-management practices and out-
comes of limited-English language proficient, recent His-
panic immigrants.

The high rates of T2DM, language barriers, and low
academic achievement among this population place many
at risk for poor health outcomes, yet there has been little
exploration of their T2DM self-management behaviors in
the context of health literacy and self-efficacy. Therefore,
the overall goal of this work was to explore T2DM self-
management among limited English proficient Hispanic
immigrants and the factors that influence it. The specific

objectives were to: (1) propose a theory to guide the design
and analysis of this study; (2) develop an effective strategy
to recruit the target population; (3) assemble instruments
and methods to evaluate the health literacy, diabetes
knowledge, health-promoting behaviors, and SE of the
study participants; (4) assess the dominant factors affecting
T2DM self-management in the participant group; and (5)
hypothesize potential interventions for improving health
outcomes among the target population.

Theoretical Framework

Nursing research frequently lies at the intersection of
physiologic science and social science and as such the
questions to be answered can be complex. Determining an
appropriate theoretical framework can respond to these
challenges by helping to blend disparate areas of science,
informing important aspects of a given problem, guiding
methods development, assisting in the interpretation of the
results, and providing a foundation upon which to gener-
alize the findings. Thus, an appropriately selected theory is
woven into multiple aspects of an informed study.

Diabetes self-management is an example of an individual
endeavor that occurs within complex social systems;
understanding this interaction can be advanced through a
realization that the self-management of other conditions
share similarities with T2DM. For example, smoking ces-
sation, weight control, and increased physical fitness are
important health promoting behaviors in heart failure and
arthritis self-management [29, 30]. The commonalities of the
self-management of these conditions include behaviors that
arise from knowledge, the expectation that desired outcomes
will be achieved, and the importance of confidence in one’s
ability to engage in the behavior given existing social con-
straints. Social cognitive theory (SCT) has been used as a
theoretical framework to guide the study of individual self-
management in each of these seemingly different conditions
[30-32] as well as T2DM self-management among different
cultural groups [18, 33], but its utilization among recent
Hispanic immigrants with limited English proficiency is
lacking. Because of the parallels that exist between these
conditions and the condition of concern in this work, SCT
was used as the theoretical framework to guide the design,
analysis, and generalization of findings. SCT can be broadly
viewed as a Venn diagram with intersections among indi-
vidual, environment, and behaviors.

Figure 1 depicts a specific conceptual model, based
upon the components of SCT. The components include
knowledge, healthy behaviors, self-efficacy, and T2DM
self-management outcomes. This model was used to design
methods to measure each of the model components and the
arrows depict the posited paths of influence.
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Fig. 1 Posited theoretical model for T2DM management based upon
SCT representing proposed paths of influence. The components
include knowledge (personal attributes), health promoting behaviors,
T2DM self-management outcomes and self-efficacy [22, 24]

Methods

The appropriate Office of Human Research Ethics Institu-
tional Review Board approved the research plan before any
study activities began. Participants were recruited using a
community-based, snow-ball recruiting strategy in an effort
to enroll a diverse sample [34, 35]. Study enrollment was
achieved by posting recruitment notices at grocery stores,
other businesses, churches, and community centers. Par-
ticipants were also given postcards that described the study
to distribute to others interested in participating. The study
inclusion criteria were: Hispanic immigrant to the US
within the last 5-years, Spanish-speaking with limited
English proficiency, diagnosed with T2DM more than
1 year ago, and without co-morbidities that interfered with
the performance of recommended diabetes self-manage-
ment behaviors (i.e., blindness, peripheral neuropathy).

Potential participants self-identified and contacted the
Spanish-speaking research assistant (RA) via a dedicated
study cell phone. Language-proficiency and acculturation
screening was conducted with potential participants using
the four-item Short Acculturation and Language Screening
Scale [36]. A score of 2.99 or below was required to par-
ticipate in the study.

Concurrent data collection was used to gain a more
complete understanding of the participants’ experience with
T2DM, to examine self-management behaviors, and to elu-
cidate cultural and familial influences. Data collection was
designed to investigate elements of the individual, the family
and social environment, behaviors, and physiological out-
comes consistent with the posited model shown in Fig. 1.

Participants scheduled their appointment at one of two
locations located approximately 6.5 km apart and within
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the region in which they were recruited. Data collection
was conducted in a private conference room and to prevent
interviewer fatigue no more than two sessions were
scheduled per day [37]. Childcare was provided on site
upon request. Participants received a $50 reimbursement
for their time and travel, a record of all physiologic mea-
sures, an American Diabetes Association Spanish language
recipe booklet, and exercise information.

Upon arrival, participants received a thorough descrip-
tion of the study in Spanish and were provided an oppor-
tunity to ask questions. Table 1 summarizes the data
collected for each participant, which is detailed in turn.
Following the consent process, physiologic measures were
taken, demographic questions were asked, the instruments
were orally administered, and a semi-structured interview
was conducted. Demographic information included gender,
age, nationality, last year of formal education completed,
age at which formal education ended, country where they
attended school, and current and past employment. The
principal investigator (PI) performed all physiological
measurements; the RA administered all instruments in
Spanish and recorded participant responses. Each session
followed the same sequence of activities.

Height, weight, waist circumference, blood pressure, a
skin-fold body fat estimate, and glycated hemoglobin
(HbAlc) were collected as physiological measures of
health and indicators of participants’ health-promoting
behaviors. Measures were obtained according to National
Health and Nutrition Examination Survey procedures and
required approximately 10-15 min to complete [45].
Waist-to-height ratios (WtHR) were calculated as an indi-
cator of central adiposity and the amount of body fat [46].
Blood pressure (BP) was measured using a Criticon® dig-
ital blood pressure meter, Welch Allyn 300 series [47]. The
point-of-care finger stick HbAlc was collected with the
CLIA waived Cholestech™ GDX point of care machine
[48].

Since insulin sensitivity has been correlated with gen-
eralized and regional visceral adiposity skin fold thickness
was measured at four sites (biceps, triceps, subscapular and
supra-iliac) on the right side of the body using Lange®
skinfold calipers. The skinfold thicknesses at the four sites
were summed and matched to the age and sex criteria
described by Durnin and the caliper manufacturer to clas-
sify participant’s adiposity [49, 50].

Two instruments were used to assess individual’s
knowledge: (1) the Spanish speaking version of the Short
Assessment of Health Literacy for Spanish-Speaking
Adults (SAHLSA) [39], and (2) the Spanish speaking
version of the Diabetes Knowledge Test (DKT) [40]. All
instruments were previously tested for reliability and
internal consistency among populations similar to the
participants in this study.
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Table 1 Measures and data collected
Data Method Scale type Range  Units
Demographic measures Questionnaire
Gender Oral question Nominal - Male or
female
Age Oral question Integer - Years
Educational achievement Oral question Integer - Years
Years since education ceased Oral question Integer - Years
Nationality Oral question Nominal -
Occupation Oral question Nominal -
Physiologic measures
Systolic BP Welch Allyn Criticon®, digital blood pressure meter Continuous - mmHg
(300 series)
Diastolic BP Continuous - mmHg
HbAlc Cholestech™ GDX point of care Continuous - mg/dL
Height Stadiometer Continuous - 1/8-cm
intervals
Waist Figure Finder® measuring tape Continuous - l-cm
intervals
Weight Tanita® WB-110A Digital Scale Continuous - Ib and kg
Adiposity
BMI (Weight in kilograms)/height in meters’> = BMI Ratio - kg/m?
Skin folds: triceps, iliac crest, Lange® skinfold calipers Continuous - mm
subscapular
WtHR Waist/height = WtHR [38] Ratio -
Knowledge
SAHLSA (50 items) Instrument [39] Ordinal 0-50
Diabetes knowledge (24 items) Instrument [40] Categorical 0-24
ordinal
Self-efficacy
Diabetes self-efficacy (8-items) Instrument [41] Likert 8-80
Exercise self-efficacy (18-items) Instrument [42] Likert 18-180
Eating self-efficacy (25-items) Instrument [43] Likert 25-250
Socially acceptable (10 items) - 10-100
Negative affect (15 items) - 15-150
Health-promoting lifestyle profile Instrument [44] Ordinal 52-208

(52 items)

The 50-question SAHLSA is an orally administered
instrument that evaluates comprehension of medical ter-
minology and screens for low health literacy [39]. The
instrument was administered according to the developer’s
instructions. Participants were given a laminated card for
each test item. Three choices were printed on each card; the
key (correct answer), a distracter, and “I don’t know”. The
research assistant read the stem item and the three choices
aloud and the participant then selected one answer. For
example—for “Obesity”, the three answer choices were
“weight” (key), “height” (distractor), or “I don’t know.”
One point was awarded for each correct answer and
respondents were encouraged to answer “I don’t know”

rather than guess. Scores can range from 0 to 50, a score of
37 or fewer suggests inadequate health literacy [39].

The DKT instrument was used to measure basic dia-
betes-related knowledge. Answer choices were “yes”,
“no”, or “I don’t know (0 points)” with one point awarded
for each correct response [40]. A question example is,
“Diabetes can be cured”.

Three SE instruments were used. Eating and exercise SE
were examined using professionally translated Spanish
language instruments, which were also evaluated by
bicultural native speakers for appropriateness and clarity
for use in this study. The items in each instrument ask
participants to rate their perceived confidence (SE) on a
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scale from 1 to 10 (low to high). The Diabetes Self-Effi-
cacy instrument measures an individual’s confidence in
their ability to perform T2DM self-management behaviors
[41, 51]. “How confident do you feel that you can judge
when the changes in your illness means you should visit the
doctor?” is an example of the items, with higher scores
indicating more confidence in performing the related
behaviors. The Self-Efficacy to Regulate Exercise instru-
ment was used to measure confidence in engaging in
physical activity [42, 52], and the choices ranged from
cannot do at all (1) to completely certain can do (10). The
Eating Self-Efficacy instrument was used to measure con-
fidence of an individual in their ability to control their diet
[43], and the choices ranged from no difficulty (1) to a lot
of difficulty (10). This instrument had two subscales, neg-
ative affect and socially acceptable. Negative affect refers
to emotional eating and its triggers (e.g., anger, anxiety).
Socially acceptable refers to overeating that occurs within
social contexts such as parties and family celebrations.

The Spanish language version of the Health-Promoting
Lifestyle Profile II (HPLP II) instrument [44] was used to
assess the frequency in which participants performed
health-promoting behaviors. This 52-item instrument has
six sub-scales indicating levels of: health responsibility,
physical activity, nutrition, spiritual growth, interpersonal
relations, and stress management. The choices for each
question are never (1), sometimes (2), often or routinely
(3), or always (4).

Data Analysis

Analyses were performed using IBM SPSS®V.23 and
AMOS [53]. All data was cleaned and double-checked for
accuracy. Descriptive statistics were calculated, the nor-
mality of the results from each instrument was assessed,
factor analysis was performed, multiple linear regression
models were computed and analyzed, and structural
equation modeling with bootstrapping was performed [54].
The goal of the statistical analysis was to analyze the data
fully, evaluate the posited model, and assess any short-
comings of the collected data.

Results

A study sample of 30 participants was recruited from June
to December 2011, and the participant demographics are
detailed in Table 2. Descriptive analysis procedures were
conducted and revealed that the sample included a majority
of female participants. Educational achievement was low,
as quantified by a mean of 7.2 years of formal schooling,
and the mean time since formal education ceased was
29.7 years. The majority of participants emigrated from
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Table 2 Participant demographics

Characteristic Measure
Gender
Male 11
Female 19
Age range (years) 27-86
Educational achievement:
Mean (SD) (years) 7.2 (3.9)
Mean (SD) age education ended (years) 14.4 (5.5)
Mean (SD) time since education ceased (years) 29.7 (11.7)
Country of origin
Mexico 25
Other Latin American countries 5
Occupation
Retired 2
Unemployed 2
Homemaker/stay at home parent 10
Laborer/service worker/babysitter 15
Professional 1

Mexico with the remainder from other Latin American
countries. Slightly more than half of the participants were
employed, while another 10 were homemakers.

The physiologic measures for all participants are sum-
marized in Table 3. A majority of participants met the
recommendations for BP but did not meet the target gly-
cemic level as indicated by HbA 1c measures [55]. The vast
majority of participants also exceeded the target value for
WtHR with 59 % meeting the criteria for seriously over-
weight or obese as indicated by a WtHR greater than 0.56
[35, 55]. While adiposity measures ranged from normal to
overweight based on the recommendations for age and
gender a majority of participants in this study met the
criteria for overweight or obese [46, 49].

The results from the instruments and the psychometric
analysis scores, which support the level of internal consis-
tency of the instruments, are reported in Table 4. General
health knowledge scores, as measured by SAHLSA, exhib-
ited a wide range, although the sample mean (slightly above
37) suggested an adequate literacy level [39]. This result
contrasted with DKT scores, which were low and had a rel-
atively low standard deviation and internal consistency.

The participant’s diabetes, exercise, and eating SE
scores are reported in Table 4. The scores indicate that
while most participants were confident in their abilities
regarding the control of their diabetes, they had less con-
fidence in exercise and eating. The sub-category scores for
eating SE provided information regarding socially accept-
able eating and eating under negative circumstances
(overeating, frustration, etc.).
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Table 3 Physiological measures

Measure Desired value® Range Mean Standard deviation Met/exceed desired value

Systolic BP (mmHg) 130 82-173 125.2 23.0 19/11

Diastolic BP (mmHg) 80 47-92 68 10.5 19/11

HbAlc’ (%) <7 5.1-12.1 7.7 1.9 12/17

WtHR < 0.50 <0.50 0.44-0.74 0.59 0.08 4/26

Adiposity (skinfold) measures 9.5-29.2¢ 22.9-41.9 mm 31.9 5.59 13/17

4 Target value per ADA, 2014 guidelines

® One female participant HbAlc value missing

¢ Ideal body fat percentage varies by age and sex

Table 4 Instrument results and psychometric properties

Instruments Number of Possible Score Mean Standard Cronbach’s

items scores range deviation o

Knowledge

SAHLSA 50 0-50 19-49 384 85 0.92

Diabetes knowledge test 24 0-24 6-18 120 25 0.51

Self-efficacy

Diabetes SE 8 8-80 33-80 604 132 0.79

Exercise SE 18 18-180 18-179 92.1 37.8 0.94

Eating SE 25 25-250 74-232 152.1 424 0.93
Socially acceptable 10 10-100 24-98 594 199 0.84
Negative affect 15 15-150 42-146 92.6 29.7 0.93

Health promoting

Behaviors
Health promoting lifestyle profile II (overall 52 52-208 82-179 127.6 235 0.97

scale)

Health responsibility 9 9-36 11-34 224 59 0.91
Physical activity 8 8-32 9-25 183 45 0.88
Nutrition 9 9-36 18-34 232 4.1 0.84
Spiritual growth 9 9-36 15-35 251 59 0.92
Interpersonal relations 9 9-36 12-31 21.6 45 0.84
Stress management 8 8-32 11-26 18.6 4.4 0.86

The assessments of the health promoting behaviors, as
reflected in the overall HLPL II score and subscales, are
also reported in Table 4. The subscale scores identified a
wide distribution in behaviors among study participants.
Health responsibility (23 points), spiritual growth (20
points), and interpersonal relations (19 points) varied the
most among study participants. The behaviors that varied
the least were stress management (15 points), physical
activity (16 points) and nutrition (16 points), a finding
which indicates greater consistency among the study par-
ticipants in these behaviors. The computed standard devi-
ations are consistent with the range of scores.

Based on the mixed methods design of this study,
qualitative data saturation was achieved with 30 partici-
pants, but this sample size posed a challenge for the
quantitative data analysis. Because of the substantial
amount of data collected for each individual, coupled with
the small sample size, selective inclusion of the collected
data in the analysis framework was necessary. To screen
for the most important components in the demographic,
physiological, and instrument data that was collected from
each participant, a factor analysis procedure was performed
[56]. This analysis guided the identification of three factors
that were of primary importance. Tests of normality were
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performed and bootstrapping methods were used where
appropriate to counterbalance the limitations imposed by a
small sample size [57].

The posited theoretical model was evaluated using
structural equation modeling (SEM) of selected compo-
nents of the data [58]. Three subsets of the proposed the-
oretical model were examined building from a simple case
to a multi-compartment representation to extract the max-
imum information possible from the data collected. Max-
imum likelihood estimation with bootstrapping was used
and variables used in model construction were selected
based upon factor analysis of the various data measures. A
full array of model behavior and model fit statistics were
examined as precautions to over-stepping the analysis
supported by the data [59]. The results from these three
structural equation models are presented in turn using
standard accepted measures of model acceptance [54, 60].

Model 1 is depicted in Fig. 2 using the standard SEM
format supplied by IBM AMOS [61]. The oval is a latent
variable, the rectangles are observed variables, and the
circles are unobserved exogenous error variables. The lines
illustrate the model dependencies. Instruments are
observed variables, which can be measures of an unob-
served latent variable. The numbers next to instrument
variables, or latent variables, are the squared multiple
correlations of the variable, while the numbers adjacent to
the lines are standardized direct effects between the pair of
connected variables [62].

Model 1 was selected to be a simple subset of the overall
model and was specified to explore the relationship
between healthy life style behaviors, as measured by the
various sub-scales associated with this latent variable, and
the HbAlc, which was selected as a sole endogenous

Fig. 2 Model 1. HLPL and
HbAIlc depicted using standard
AMOS notation. The ovals
represent a latent variable,

rectangles represent observed 37 28

variables, circles represent

variable of interest for T2DM self-management. A maxi-
mum number of measures of the latent variable was used to
balance the small sample size and the posited model was
relatively simple in form [54]. While many other physio-
logical measures were observed and correlated to T2DM
management, the time-averaged nature of HbAlc makes
this biomarker a particularly good indicator of T2DM
management and was also selected to simplify the model;
statistical measures of the model fit supported this choice
compared to other more complicated iterations that were
attempted. Statistical measures of Model 1 are reported in
Table 5 and fall within normal acceptable bounds for SEM
[63]. Due to possible concerns about sample size, the
Hoelter N is also reported, which is an upper bound on the
size of the sample for which one would accept the
hypothesis that the model is correct [59, 63, 64]. It is
desirable that the Hoelter N be larger than the real sample
size used in the study. Model 1 evaluates a posited rela-
tionship between healthy life style behaviors and HbAlc,
and the statistical measures of model fit fall within
acceptable bounds. Model 1 is determined to be a reason-
able construct to build upon because of the overwhelming
evidence supporting this theoretical construct and the
results with this population.

Model 2 is summarized in Fig. 3. This model builds
upon Model 1 by incorporating knowledge, or literacy, as a
latent variable that influences healthy lifestyle behaviors.
Because of the small sample size and the richness of
information collected, four endogenous variables related to
literacy and knowledge measures (years of education, years
since education complete, SAHLSA, DKT) were used [65].
As with Model 1, the squared multiple correlations for each
variable, and the standardized direct effects are noted on

7. 7. 9. 9.

unobserved exogenous
variables, lines represent model

Stress Mgt

dependence, numbers adjacent
to lines are standardized direct
effects between the pair of
connected variables, and the
numbers next to the variables
are the squared multiple
correlations of the variable
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Table 5 Structural equation modeling

Measure Model 1 Model 2 Model 3
Degrees of freedom 14 43 52
Probability 0.571 0.808 0.635
Normalized minimum discrepancy  0.889 0.810 0.922
Tucker-Lewis index 1.000 1.000 1.000
Root mean square error of estimate  0.000 0.000 0.000
Hoelter N (p = 0.05) 54 46 40

Fig. 3. Statistical measures of Model 2 are reported in
Table 5 and fall within normal acceptable bounds for SEM
[56]. The probability of 0.808 for this model is especially
encouraging and the Hoelter N is also acceptable. The
other measures of model fit are also good. This result
supports the importance of knowledge in T2DM self-
management and lends support to the posited form of the
model.

Model 3 is summarized in Fig. 4, and the statistical
measures of this model are reported in Table 5. The pur-
pose of Model 3 was to build upon the success of the
Models 1 and 2 by incorporating SE. Diabetes SE was the
only SE measure included in the model, a decision that was
based on participant scores on the instrument and SE as a

Fig. 3 Model 2. Knowledge,
HLPL and HbAlc depicted 0
using standard AMOS notation.

Ovals represent latent variables, 70

contributor to healthy life style behaviors and role in
HbAlc [16, 66]. Model 3 was the most complex model, yet
still exhibited good statistical properties, including an
acceptable Hoelter N. Theory would suggest that SE plays
a role in T2DM self-management and the SEM performed
is consistent with this theory.

Discussion

This study involved five objectives, all of which were met.
First, SCT was advanced as an appropriate theoretical
framework, a specific model was posited, and this model
was refined based upon the data collected. Second, an
effective recruitment strategy was developed to identify
and enroll participants from the desired T2DM group with
limited English language proficiency and a relatively low
level of education on average. Third, a comprehensive set
of instruments were identified and used to produce a broad
range of data. These instruments yielded normal distribu-
tions for the study population in all but one case and
formed an effective basis for SEM. Fourth, we were able
through the SEM to identify factors affecting T2DM self-
management. Fifth, the data collected and analysis per-
formed was a sufficient basis upon which to posit potential

A3 .52 .32

rectangles represent observed
variables, circles represent
unobserved exogenous

Yrs of Educ

SAHLSA DKT

variables, lines represent model
dependence, numbers adjacent
to lines are standardized direct
effects between the pair of
connected variables, and the
numbers next to the variables
are the squared multiple
correlations of the variable

) O @

.78 93 .58

Spirit Grow

HbA1c
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Fig. 4 Model 3. Knowledge,
health promoting lifestyle,
HbAlc, and diabetes self-
efficacy depicted using standard
AMOS notation. Ovals

7.

7. 9.9

represent latent variables,
rectangles represent observed

Yrs of Educ

Yrs since complt SAHLSA

variables, circles represent
unobserved exogenous
variables, lines represent model
dependence, numbers adjacent
to lines are standardized direct
effects between the pair of
connected variables, and the
numbers next to the variables
are the squared multiple
correlations of the variable

69 67 78 90 57

Nutritn

Interpers Ritns Stress Mgt

T2DM_SE

-22
HbA1c

interventions actions. Further details of how these objec-
tives were met are presented in the following discussion.

The oral administration of all instruments and recording
the answers strengthened the results in two ways. First, the
comprehension of each item on every instrument was
enhanced by participants being able to ask for clarification
if they did not understand a question, which standardized
the understanding of concepts and enhanced the reliability
and consistency of the results. Second, this procedure
minimized the potential for test-taking abilities and reading
abilities to affect the responses, which is an important
consideration among low-literacy populations such as the
one targeted in this study.

The physiological measures showed that, on average,
the group adequately controlled their blood pressure but
most of the participants were overweight. HbAlc levels
were generally above the guidelines for most participants.
Factor analysis supported the use of HbAlc as the sole
measure of T2DM management.

@ Springer

Diabetes knowledge, as measured by DKT, was rela-
tively low as was the Cronbach o, suggesting low under-
standing of diabetes among the population but also
potential issues of instrument suitability for this population
[40]. Overall knowledge—quantified by level of academic
achievement, years since education ceased, the SAHLSA
and DKT—was found to be an important component of
T2DM self-management based upon factor analysis and
SEM. Despite concerns about the internal reliability of the
DKT measure, the consistency of incorrect responses to
some items indicate areas where a general lack of under-
standing or common attitudes existed among the study
sample. The incorrect responses were primarily those
related to medication and nutrition, findings which suggest
that ongoing education about these topic are warranted.
The fact that insulin dependent participants were unsure of
the signs and symptoms of hypoglycemia was of particular
concern. All participants considered a ‘diabetic diet’ to
consist ‘mostly of special foods’, revealing how they
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construed the recommended diabetes diet compared to
eating normal food.

Healthy lifestyle behaviors were assessed with the
HLPL II, an instrument containing six subscales that
spanned a wide range of behavior including health
responsibility, physical activity, nutrition, spiritual growth,
interpersonal growth, and stress management. All of these
subscales were included individually as measures of
behavior and found to be significant for T2DM self-
management.

Based upon a rich literature of support for the impor-
tance of SE, it was posited to play an important role in the
theoretical model hypothesized for the study [22, 24, 42,
43]. The reported scores for the participants were on
average relatively high for diabetes SE, followed by eating
SE, and exercise SE. Factor analysis and SEM revealed
that SE is a complex construct that was not easy to include
in the model. Attempts to define SE as a latent variable,
with all three SE instruments as measures, were not suc-
cessful for several combinations of variable connection.
This could be concluded to be a sample size problem, but
the factor analysis showed a complex, and different, rela-
tion for each of the measures of SE. In the end, only dia-
betes SE was included in the SEM because of these
challenges. This is an area worthy of future study. The
exercise SE results also indicate another aspect of the
participants of interest. On average, the participants have
an intermediate level of confidence in their ability to
exercise routinely but their reported HLPL physical activ-
ity subscale scores suggest that they are not doing so; this
behavior may be culturally influenced [67, 68].

SEM procedures were used as a part of the data analysis
to evaluate the posited theoretical model that guided the
study. The statistical outcomes were encouraging given
sample size limitations. The sample size was limited
because of the broad range of data collected for each par-
ticipant, which also included an extensive qualitative
component that is not relied upon for this work and will be
reported elsewhere. One aspect of the SEM that deserves
mention is that HbAlc was taken as the sole measure of
glycemic control, and efforts to model the data using a
latent variable for T2DM management were not successful.
This was deemed a reasonable result, as HbAlc is a time-
averaged measure of glycemic control that is a primary
indicator of blood glucose control [55].

The study population was on average not successfully
managing their T2DM and is unlikely to do so without
linguistically and culturally appropriate interventions.
Knowledge was found to be important in HbAlc control,
but education levels and especially diabetes knowledge,
were very low. All behavior measures were significant with
spiritual growth and interpersonal relations the most highly
weighted, suggesting a social-environmental component

consistent with SCT. Based upon these considerations,
potentially effective clinical interventions for improving
T2DM management among similar populations should
target improving diabetes knowledge, developing inter-
ventions that enhance physical activity, leveraging the
importance of interpersonal relations, targeting improved
nutrition, and developing strategies to reduce stress.

A comprehensive investigation of the published litera-
ture was performed to design this study and to place the
findings in an appropriate context. Within the general
context of T2DM self-management among Spanish-
speaking immigrant populations much has been written.
The topic is well-known to be extraordinarily complex and
multi-faceted and the extant health disparities of this group
are well documented [2, 4, 8, 10]. While many studies
contribute knowledge to certain aspects of the problem,
comprehensive investigations examining physiological
measures, knowledge, self-efficacy, and health behaviors
related to T2DM self-management are limited [17, 22, 69-73].
Compared to these other studies the physiological mea-
sures of health, such as BMI, blood pressure, and HbAlc,
in this study are similar. Within this set of studies, only
Latham et al. [71] had a complete theoretical component, a
limitation that has been noted more broadly in health lit-
eracy in general [74]. A theoretical component is important
because it provides a foundation for a broad interpretation
of the relationships among the many components believed
to be important in T2DM self-management.

Unique aspects of this study were the subject population,
as they were recruited from the community, and the SEM
analysis that was used to probe the importance of the many
factors investigated. Latham et al. [71] also advanced a
comprehensive conceptual model and performed prelimi-
nary SEM to analyze their data although the forms of these
models and those presented here are much different.
Latham and colleagues used quality of life as the sole latent
variable and a limited connection of HbAlc to other vari-
ables, whereas in this analysis HbAlc was the self-man-
agement outcome measure, which was related to
knowledge, health behavior, and T2DM self-efficacy.
Differences aside, the complexity of the problem and the
diversity of the population poses obstacles to developing a
comprehensive understanding, but the use of advanced
methods like SEM can help advance our understanding of
the inherent complexity in the self-management of T2DM.

This study had limitations. The sample size of 30 was
small for the quantitative analysis compared to the com-
plexity of the issue involved, but necessary because of the
data-rich approach used for each participant. While the
standard statistical measures of a successful model were
within normal bounds for all models and the form of the
models were consistent with theory, SEM may not be
generally applicable to small sample sizes although

@ Springer
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appropriate use of these procedures for small sample sizes
has been documented in the recent literature [59, 64].
Alternative measures of acculturation may be more reliable
than the one used here, however this measure was con-
sidered adequate as one component in the screening pro-
cess [35]. The quantitative portion of this study did not
collect data related to other impediments to T2DM self-
management, such as barriers to access, communication
issues, or immigration status [21, 23, 28].
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