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ASSESSING DIABETES RISK AMONG HISPANIC POPULATIONS: 
DEVELOPMENT AND VALIDATION OF A RISK SCORE USING READILY 

AVAILABLE INFORMATION 
  

LUCIA D. JUAREZ 
 

HEALTH EDUCATION AND HEALTH PROMOTION 
 

ABSTRACT  
 
Background:  Diabetes prevalence is increasing worldwide affecting vulnerable popula-

tions, in particular Hispanics living in the United States (U.S.). The burden of diabetes and 

its complications can be reduced by identifying those at high risk and routing them to treat-

ment and intensive behavioral interventions. 

Aim: The aim of this study is to develop and validate a simple score to identify undiagnosed 

diabetes among Hispanics living in the U.S. 

Methods: A representative sample of Hispanics living in the U.S. was used to develop and 

validate the score. Logistic regression was used to identify significant risk factors and 

model coefficients were used to assign points for the score. The risk score was validated 

using a split sample and comparing its performance to similar risk scores. 

Results: Being of Mexican descent, male gender, older age, lower education, being born in 

the U.S., family history of diabetes, being overweight or obese, having had gestational 

diabetes and not complying with physical activity recommendations were risk factors 

included in the score. The model had an area under the ROC curve (AUC) of 0.76 in the 

development sample and of 0.77 in the validation sample. Other scores had AUCs between 

0.69 and 0.75. The SOL risk score also performed well identifying prediabetes, with an 

AUC of 0.68. The risk score also demonstrated reasonable performance detecting dysgly-

cemia, AUC of 77%, sensitivity of 74% and specificity of 70%. 
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Conclusion: This study presents the first diabetes risk score derived for Hispanics living in 

the U.S. It provides a simple and inexpensive tool to identify individuals at high risk of 

diabetes and prediabetes. Further work is still needed to validate this score in other His-

panic populations. Tools developed specifically for Hispanic populations may be more ef-

fective among Hispanics than those developed for the general population. 

 

 

Keywords: Type 2 Diabetes Mellitus, Prediabetes, Dysglycemia, Risk Scores, Prediction 

Models, Hispanic, Latino 
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INTRODUCTION 

 
Diabetes mellitus or Type 2 diabetes is one of the most prevalent chronic diseases 

around the world. In 2015, 30.3 million Americans had diabetes and another 84.1 had 

prediabetes, which if not treated can develop into diabetes within five years (“Centers for 

Disease Control and Prevention (CDC)”, 2017). Diabetes can lead to vascular complica-

tions and death and it is not only the seventh leading cause of death in the United States 

(U.S.) but the second most expensive chronic disease according to the CDC. Increased 

screening, timely lifestyle and behavioral interventions and medical treatment can help 

manage hyperglycemia ("The Diabetes Prevention Program (DPP): description of 

lifestyle intervention," 2002; Gerstein et al., 2006; Knowler et al., 2002; Li et al., 2008). 

However, despite advances in prevention, control and treatment of diabetes over the past 

two decades, these benefits have not fully reached Hispanics or other minority popula-

tions in the U.S. (Aviles-Santa et al., 2016). 

Hispanics represent 17.6% of the U.S. mainland population and by 2060, it is pro-

jected that nearly one in three individuals in the U.S. (29%) will be of Hispanic descent 

(Colby & Ortman, 2015). A comprehensive study that used data collected between 1988 

to 2012 from the National Health and Nutrition Examination Surveys (NHANES) esti-

mated that the prevalence of diabetes among Hispanics in the U.S. was 22.6%, two times 

the rate among non-Hispanic Whites (Menke, Casagrande, Geiss, & Cowie, 2015). Fur-

thermore, among those individuals who had diabetes, 49% of Hispanics and 33.5% of 
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non-Hispanic Whites were undiagnosed, increasing their risk of complications 

(Menke et al., 2015). 

Understanding diabetes risk factors among Hispanics is challenging on many lev-

els. Hispanics are a heterogeneous group of peoples with varied heritages which is often 

not reflected in data collected in the U.S. This can lead to inconsistent use of the terms 

Hispanic or Latino when referring to ancestry group, place of birth, or immigrant genera-

tion (Krogstad & Lopez, 2014). The term Hispanic has also gone through several modifi-

cations in the U.S. Census since 1970 (Moy, 1977). Government and scientific reports in 

the U.S. tend to combine data from Hispanics of different backgrounds. Recent data have 

showed that diabetes prevalence varies by Hispanic ancestry group and that these differ-

ences may be attributed to sociodemographic and cultural characteristics within each 

group (Aviles-Santa et al., 2016; Katherine M Flegal et al., 1991; Schneiderman et al., 

2014). In this study, the term Hispanic refers to people who identify their origins to Latin 

American countries and who are living in the U.S. (Krogstad & Lopez, 2014). 

Since the 1960s, data have been collected to study chronic diseases in Hispanics 

populations in the U.S. (Cruz-Vidal, Costas, Garcia-Palmieri, Sorlie, & Hertzmark, 1979; 

Dawber et al., 1959). Examples of epidemiological studies that have collected data from 

Hispanics include the Laredo Project (Gaskill, Allen, Garza, Gonzales, & Waldrop, 

1981), the San Antonio Heart Study (SAHS) (Gunby, 1980), the Hispanic Health and Nu-

trition Examination Survey (HHANES) (K. M. Flegal et al., 1991), the Behavior Risk 

Factor Surveillance Survey (BRFSS) (Stein, Lederman, & Shea, 1993), and the National 
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Health and Nutrition Examination Survey (NHANES) (Johnson, Dohrmann, Burt, 

& Mohadjer, 2014). However, comparisons across these studies are difficult due to the 

cross-sectional design of most studies and methodological variations in sample selection, 

diagnostic criteria and interpretation of the term Hispanic. The Hispanic Community 

Health Study/Study of Latinos (HCHS/SOL) studies chronic diseases among Hispanics 

living in four metropolitan areas in the U.S. It was established in 2006. The study identi-

fies participants’ ancestry from Central America, Cuba, Dominical Republic, Mexico, 

Puerto Rico, and South America (Sorlie et al., 2010). 

Results from the HCHS/SOL baseline examination (2008-2011) have shown that 

diabetes prevalence varies among Hispanics of different heritage backgrounds. South 

Americans had the lowest prevalence of diabetes at 10.2% while Dominicans (18.1%), 

Mexicans (18.3%) and Puerto Ricans (18.3%) had the highest ones (Schneiderman et al., 

2014). Age, gender, higher body mass index (BMI) are risk factors associated with higher 

prevalence of diabetes as well as having lived longer in the U.S.  Combination of factors 

such as gender and education are also associated with diabetes, for example, diabetes 

prevalence was lower among women with education of high school and above than 

among women with lower education. Similarly, diabetes prevalence for men with an edu-

cation of at least high school is lower than for men with education less than high school 

(Schneiderman et al., 2014). Other analyses show that among participants with diabetes, 

nearly four in ten meet one or more criteria for undiagnosed diabetes based on the Ameri-

can Diabetes Association (ADA) (Aviles-Santa et al., 2016). Furthermore, among those 

with diabetes 41.3% are unaware of their condition (Schneiderman et al., 2014). 
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In the U.S., universal screening for diabetes is recommended for high-risk adults. 

Different organizations publish screening recommendations based on risk factors associ-

ated with diabetes (American Diabetes Association, 2018; Group, 2010; Handelsman et 

al., 2011; Siu, 2015; Vijan, 2010). Although the risk factors listed in most recommenda-

tions are similar, including individual characteristics such as age, BMI, gender, being 

Hispanic or from any other minority group, having a family history of diabetes or gesta-

tional diabetes, hypertension and high cholesterol, the thresholds, ranges and combination 

of factors vary. Having multiple criteria can be confusing to public health providers. 

There is not enough information to evaluate the implementation of national screening rec-

ommendations in the U.S. (Abid, Ahmad, & Waheed, 2016). However, being a member 

of a minority population, having a low socioeconomic status and lacking health insurance 

are associated with a lower prevalence of laboratory testing to diagnose diabetes 

(Casagrande, Cowie, & Genuth, 2014). The lack of a confirmatory diagnosis delays treat-

ment and increases the likelihood of complications in these populations.   

The high prevalence of undiagnosed diabetes among Hispanics in the U.S. calls 

for effective screening tools that identify those more in need of treatment. Diabetes risk 

scores can be used as prediction models to help classify individuals according to their 

risk, along a continuous spectrum. Risk scores are built using risk factors associated with 

the disease in the populations in which they are developed (Royston, Moons, Altman, & 

Vergouwe, 2009). There are a number of risk scores developed and validated to identify 

undiagnosed diabetes in populations around the world and the U.S.(Brown, Critchley, 

Bogowicz, Mayige, & Unwin, 2012; Buijsse, Simmons, Griffin, & Schulze, 2011; 

Schwarz, Li, Lindstrom, & Tuomilehto, 2009; Thoopputra, Newby, Schneider, & Li, 
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2012; Witte, Shipley, Marmot, & Brunner, 2010). However, in order for a risk score to be 

reflective of and effective in a population, it needs to be validated in the population it will 

be applied (Royston et al., 2009). This dissertation was designed to address these issues. 

The overall objective of this three paper format dissertation is to contribute to the 

understanding of diabetes prevention among Hispanics by (1) identifying screening tools 

that have been validated among Hispanic populations; (2) examining risk factors associ-

ated with diabetes among Hispanics living in the U.S., and (3) proposing a risk score that 

identifies undiagnosed diabetes using data from the HCHS/SOL study. 

Specific Aims 

As such, the specific aims for this dissertation are as follows: 

Aim 1: Review the literature to investigate if there are risk scores to identify undi-

agnosed diabetes among Hispanic populations. The review will identify of risk scores for 

undiagnosed diabetes and will provide information on data availability for risk factors in-

cluded in the risk scores and their performance to assess their applicability among His-

panics in the U.S. 

Aim 2: Based on the results from the systematic review, develop and validate a 

risk score for undiagnosed diabetes among Hispanics in the U.S. We use data from the 

baseline examination from HCHS/SOL. We examine the association of risk factors asso-

ciated with diabetes identified in the systematic review and explore the association of 

other factors relevant to Hispanics in the U.S. The performance of the newly developed 

risk score is evaluated and compared to that of other risk scores identified in the system-

atic review and to the ADA risk score, commonly applied to the general U.S. population. 
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Aim 3: Further assess the performance of the SOL risk score to identify diabetes 

and prediabetes and compare it to other screening criteria. Although we have seen signifi-

cant and sustained improvements in glycemic control in the past two decades (Hoerger, 

Segel, Gregg, & Saaddine, 2008; Sperl-Hillen & O'Connor, 2005), it is clear that more 

attention needs to be geared towards early identification of individuals at risk and to-

wards interventions that prevent and control diabetes. Whether national recommendations 

ever reach a common and practical agreement as to what constitutes a reasonable ap-

proach for screening for diabetes, practitioners will benefit from knowing how effective 

different criteria are identifying individuals who are at high risk of diabetes. The use of 

validated risk scores developed for specific populations such as Hispanics can help iden-

tify those who are at highest risk. Having a simple questionnaire that includes risk factors 

unique to Hispanics may facilitate the introduction to educational interventions. 

The first paper in this dissertation addresses Aim 1. A systematic review of the lit-

erature that included over 16,000 references retrieved from four searching engines:  

PubMed, CINAHL, EMBASE and Cochrane Library including references through De-

cember 2016, without language restriction. The study helped identify risk factors associ-

ated with diabetes among Hispanics and highlighted the lack of research on diabetes pre-

diction models developed for Hispanics, supporting the need to develop a risk score using 

recent data from Hispanics residing in the U.S. The second paper in this dissertation pre-

sents the development of a risk score for undiagnosed diabetes based on readily available 

information from the HCHS/SOL baseline cohort. The development of the SOL risk 

score considered risk factors not included in other scores such as education, ethnic back-

ground and being born in the U.S. The final risk score’s performance was superior to that 
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of the scores identified in the systematic review and marginally better than the ADA risk 

score’s performance. The third paper further evaluates the performance of the SOL risk 

score to identify Hispanics with prediabetes or diabetes (referred to as dysglycemia). In 

this paper, the performance of the risk score identifying dysglycemia is compared to the 

performance of the ADA risk score. The performance of the risk scores was comparable 

when adjusting the optimal cutoff point of the ADA risk score recommended for the gen-

eral population. 

Successful implementation of diabetes prevention programs requires a compre-

hensive framework that includes sociodemographic, cultural and environmental factors. 

A diabetes risk score can help identify and stratify individuals by their risk of having the 

disease allowing the possibility to uncover individual characteristics and values that may 

impact the development of the disease or may pinpoint possible barriers to the successful 

completion of an intervention program. For example, intervention approaches for those 

whose risk score is high due to age, weight status and lack of physical activity will differ 

from those who are younger but may have an earlier onset of obesity. 

This research represents the first attempt to develop a diabetes risk score based on 

readily available information from Hispanics living in the U.S. The simplicity of the risk 

score provides a viable alternative to screen for undiagnosed diabetes and prediabetes that 

can be easily implemented in clinics and communities. It is also the first time that the 

ADA risk score is validated on Hispanics populations in the U.S. The growing prevalence 

of diabetes and prediabetes among Hispanics indicates that this population has not fully 

benefitted from prevention intervention programs. The Diabetes Prevention Program 

(DPP) has shown that a behavioral intervention that targets loss of body weight of at least 
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7% and increased physical activity to at least 150 minutes per week can effectively re-

duce diabetes incidence (Knowler et al., 2002). The participation of Hispanics in DPP 

was 16% and the effectiveness of the treatment did not vary by race/ethnicity. Other stud-

ies modeled on the DPP that were conducted in diverse community settings (Ali, 

Echouffo-Tcheugui, & Williamson, 2012; Ockene et al., 2012) and pharmacological in-

terventions to prevent or delay diabetes have achieved successful results among Hispan-

ics (Boyko et al., 2010; Buchanan et al., 2002; O'Brien et al., 2017; Xiang et al., 2006). 

The question that remains is how to make these interventions more accessible, cost-effec-

tive and culturally tailored.
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ABSTRACT 

Aim: Despite the proliferation of risk scores, few have been validated in Hispanic popula-

tions. Undiagnosed diabetes is more prevalent among racial/ethnic minorities in the 

United States (U.S.). The aim of this study is to systematically review published studies 

that developed risk scores to identify undiagnosed Type 2 Diabetes Mellitus based on 

self-reported information that were validated for Hispanics in the U.S. 

Methods: The search included PubMed, EMBASE, Cochrane and CINAHL from incep-

tion to 2016 without language restrictions. Risk scores whose main outcome was undiag-

nosed Type 2 diabetes reporting performance measures for Hispanics were included.  

Results: We identified three studies that developed and validated risk scores for undiag-

nosed diabetes based on questionnaire data. Two studies were conducted in Latin Amer-

ica and one in the U.S. All three studies reported adequate performance (area under the 

receiving curve (AUC) range between 0.68 and 0.78). The study conducted in the U.S. 

reported a higher sensitivity of their risk score for Hispanics than whites. The limited 

number of studies, small size and heterogeneity of the combined cohorts provide limited 

evidence of the validity of risk scores for Hispanics. 

Conclusions: Efforts to develop and validate risk prediction models in Hispanic popula-

tions in the U.S are needed, particularly given the diversity of this fast-growing popula-

tion. Healthcare professionals providing should be aware of the limitations of applying 

risk scores developed for the general population on Hispanics. 

 

Keywords: Type 2 Diabetes Mellitus, Risk Scores, Prediction Models, Hispanic 
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Background 

The prevalence of diabetes is increasing worldwide [1-3]. Diabetes and its vascular 

complications are the seventh leading cause of disability worldwide and contribute to 

the deaths of two million adults per year [4]. Type 2 diabetes is the most common type 

affecting 90-95% of those with diabetes and may be asymptomatic for years [5]. Uncon-

trolled diabetes leads to microvascular (e.g., neuropathy, nephropathy, retinopathy) and 

macrovascular (e.g., myocardial infarction, stroke) complications and may increase mor-

tality risk [6, 7]. Timely lifestyle interventions and clinical treatments can help manage 

hyperglycemia [8-11], reducing the risk of vascular complications. However, evidence-

based interventions may not reach those with undiagnosed diabetes. 

In the United States (U.S.), approximately 1 in 4 people with diabetes is undiag-

nosed and could be targeted for early intervention. Universal screening is recommended 

for high-risk adults but there is limited information on the implementation or effective-

ness of national recommendations to identify those with diabetes [12]. Only half of 

those individuals meeting American Diabetes Association’s (ADA) screening recom-

mendation criteria report being screened, while the screening rate for those not meeting 

these criteria is 30% [13]. Actual diagnostic testing involving laboratory measures is less 

prevalent in racial/ethnic minorities, those with lower socioeconomic status, and those 

who lack health insurance [14]. In 2011-2012, 49% of Hispanics with diabetes living in 

the U.S. were undiagnosed, compared to 32.3% among non-Hispanic blacks and 33.5% 

among non-Hispanic whites [15]. There is also significant variability in diabetes preva-

lence within Hispanic groups, ranging from 10.2% among South Americans and 13.4% 

 11 



  

among Cubans to 17.7% for Central Americans, 18.0% for Dominicans and Puerto Ri-

cans, and 18.3% for Mexican-Americans [16]. In the Hispanic Community Health 

Study/Study of Latinos (SOL), one third of Hispanics with diabetes were not aware of 

having it, with Puerto Ricans being more likely know of their diabetes diagnosis (70%) 

[16]. Further efforts to identify Hispanics most at risk of having undiagnosed diabetes 

will help target appropriate interventions to improve health outcomes in this diverse and 

growing population. 

Diabetes risk scores are prediction models that identify significant risk factors in the 

population in which they are developed. The accuracy of their predictions depends on 

the availability and completeness of demographic, anthropometric, clinical data, and di-

agnostic tests for the target population [21-24]. Limited data for Hispanic populations 

present multiple challenges. Electronic databases may not include detailed information 

on factors that increase risk of diabetes for Hispanics such as country of origin [16], 

length of residency in the U.S. [25, 26], stress [27] and depression [28, 29]. Question-

naire assessments may provide some of these variables but data on biomedical tests and 

clinical factors such as family history of diabetes, gestational diabetes or polycystic 

ovary syndrome depend on individual access to care. Another crucial aspect in the accu-

racy of risk scores is the selection of the cut-point used to define a positive test result. 

Lower cut-points increase the sensitivity of the model but decrease its specificity. For 

diabetes screening, moderate sensitivity (60%) but high specificity (90%), repeated 

every three years are recommended to balance disease detection avoiding false-positive 

results [30]. There are several risk scores to identify undiagnosed diabetes based on 

readily available information that have been developed and validated in the U.S. and 
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other countries [17-19, 31]. The purpose of this study is to identify diabetes risk scores 

for undiagnosed diabetes that have been developed and evaluated in Hispanic popula-

tions. We assess whether risk scores developed and validated in one cohort perform 

equally in other cohorts; we explore consideration of risk factors specific to Hispanics in 

the models, and examine methodological issues in the development, validation and com-

parison of diabetes risk scores in terms of their sensitivity and specificity. 

 

2. Methods 

2.1 Search strategy 

We conducted a systematic literature search using PubMed, EMBASE, CINAHL 

and Cochrane Library from date of inception through December 31, 2016. The search 

strategy was based on type 2 diabetes, screening and the development and validation of 

a prediction tool: risk score/ assessment/algorithm/prediction/model. Subject specific 

and medical subject headings (MeSH) terms such as “Diabetes Mellitus Type 2”, “Predi-

abetes”, “screening”, “risk scores”, “algorithms” and other broad terms were included in 

the search. The detailed search strategy with all terms for the four databases is included 

in Appendix A. We also screened reference lists of previous systematic reviews of dia-

betes risk scores. As a validity check, 120 references from other reviews [17, 18, 31-34] 

were selected as an exemplary sample. A total of 16,249 references were retrieved from 

all four sources after removal of duplicates and the inclusion of manually searched arti-

cles. Our final sample included 103 of the 120 exemplary articles.  Research library staff 

at our institution assisted with all electronic searches. 
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2.2 Inclusion criteria 

The articles selected for this review met the following inclusion criteria: 1) were 

published in a peer reviewed journal, 2) used any study design with evidence of random 

selection of adult participants, 18 years or older, 3) were based on participants’ data col-

lected via questionnaire, 4) developed and validated a risk score to identify undiagnosed 

diabetes, 5) reported sensitivity, specificity, and area under the curve (AUC) as outcome 

measures specifically for Hispanics, and 6) the final instrument did not include genetic 

risk factors, or invasive laboratory measures. No language restriction was applied in the 

search. 

 

2.3 Article selection  

Three investigators (LJ, AA, JS) independently reviewed titles and abstracts. 

Each database had two independent reviewers. Discrepancies were resolved by a third 

investigator (AC) before continuing with full paper reviews. A data extraction form 

(Appendix B) was used for each eligible article. The initial examination of titles dis-

carded the majority of articles because the main outcome was other than screening for 

Type 2 diabetes, or because the studies targeted specific populations, such as patients 

who had another disease, and not the general population. The reviewers examined 1,247 

abstracts of which 43 were selected for full-paper evaluation. Eighteen articles studied 

risk factors for undiagnosed diabetes but did not develop a score or risk assessment tool; 

nine predicted development of diabetes but did not evaluate undiagnosed diabetes sepa-
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rately, and two included invasive measures in their prediction algorithms. We also ex-

cluded six studies in which the main outcome combined undiagnosed diabetes with 

other forms of glucose intolerance. Only three of the remaining eight studies reported 

performance measures specific to Hispanics (Figure 1). 

 

2.4 Assessment of study quality 

In order to assess the quality of the risk score, we made sure the risk score was 

validated. Risk scores perform better for the populations they were developed in and 

their performance needs to be evaluated in a different population or setting [35]. Valida-

tion of a risk score can be internal, employing the part of the sample used to develop the 

score; temporal, using the same sample after a selected time period; or ideally, external, 

using a similar but not identical population [36]. In practice, simpler models that are 

easy to interpret and implement are preferred. When the purpose of the risk score is to 

identify individuals at high risk of diabetes for intervention, specific absolute risks are 

not necessary. However, accurate information of individual absolute risks based on 

modifiable risk factors will be useful to convey the benefit of the intervention to partici-

pants. 

 

2.5 Performance of the risk scores  

The predictive performance of a risk score can be evaluated using calibration and 

discrimination measures [35]. Calibration measures the agreement of the study’s ob-

served risk with the model’s predicted risk. Discrimination (c-statistic) measures the 
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ability of the model to assign a higher predicted probability to those with the event com-

pared with those without the event. The area under the receiver operating curve (AUC) 

may be used to assess risk score performance, such that a score of one indicates full con-

cordance and a score of 0.50 chance agreement. Other test performance measures  

include sensitivity (true positive rate), specificity (true negative rate), positive predictive 

value or the probability that the disease is present when the test is positive, and the nega-

tive predictive value or the probability that the disease is not present when the test is 

negative [37]. 

 

3. Results 

We identified three studies that met inclusion criteria [38-40]. All three studies 

developed and validated a diabetes risk score for the prediction of undiagnosed type 2 

diabetes; two were conducted in Latin America (Peru and Brazil) [38, 40] and the third 

in the U.S.[39]. The total number of participants in the three cohorts was 7,466. Approx-

imately 53% were Hispanics, the age ranged from 20-74 years of age. All three studies 

reported AUCs as a performance measure to assess discrimination. Only one study 

(Peru) [38] compared the performance of their newly developed score with other scores. 

General characteristics of all three studies are shown in Table 1. 

 

3.1 Study characteristics 

The main purpose of all three studies was to develop and validate a simple and 

inexpensive tool to identify individuals with undiagnosed diabetes. The Peru and U.S. 

studies [38, 39] used nationally representative data and the study from Brazil used two 
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urban populations for development and validation [40]. Diabetes was defined as fasting 

plasma glucose ≥126mg/dL for the Peruvian and Brazilian risk scores. The study from 

the U.S. [39] reported using the oral glucose tolerance test 2-h post challenge, following 

World Health Organization criteria [41]. Only participants who reported having no  

history of physician-diagnosed diabetes were included. The performance for all three 

scores was adequate, with the AUC ranging between 0.68 and 0.78. In the study from 

the U.S. the authors reported a sensitivity of 80% and specificity of 61% for its com-

bined analysis of Hispanics, Blacks and Native Americans compared to a sensitivity of 

78% and specificity of 65% among whites [39]. 

 

3.2 Study populations 

Herman and colleagues [39] used data from the Second National Health and Nutri-

tion Examination Survey (NHANES II, 1976-1980) that examined a nationally repre-

sentative sample of the U.S. population. NHANES II classified individuals as Hispanics 

based on three questions: race (White, Black, Other); state or foreign country where the 

participant was born, and national origin or ancestry as reported by the participant (Cen-

tral, South America; Chicano; Cuban; Mexican; Mexicano; Mexican-American; Puerto 

Rican; Other Spanish). All Hispanics were combined into a single group to develop the 

score. 

The study from Peru [38] used data from a national population-based survey (2004-

2005) designed to study chronic conditions. Peru is a middle-income country with a 

multiethnic society. Mestizos, a combination of Amerindian and European (mostly 

Spanish) ancestries, represent over half of the national population (59.5%); Amerindians 

 17 



  

(mostly Quechua) represent 27.2%; Whites (4.9%) and Blacks and other (8.3%) [43]. 

The authors did not report data on ethnicity nor was it included as a risk factor to de-

velop the score. 

Pires de Sousa and colleagues’ [40] study used data from two urban populations in 

Brazil collected between 1999 and 2005. Vitoria is a capital city with a population of 

 265,874 according to the 1996 Brazilian census. The racial makeup of its population is 

52% white, 39% pardo (tri-racial heritage: European, Amerindian and West African), 

7% black and 2% other [44]. The other urban location was Ouro Preto, a smaller city 

with a population of 37,603 and similar racial composition according to the 1996 Brazil-

ian census. Data for the city of Vitoria were collected in 1999-2000 with a follow-up of 

the same cohort 5 years later. Dates were not provided for data collection in Ouro Preto. 

The authors included ethnicity as a risk factor when developing the diabetes risk score 

but it was not retained in the final model. 

 

3.3 Risk factors considered in the risk scores 

The sample size from all three studies was adequate to develop the models, based 

on the recommendation of a minimum of 10 events per variable to develop a predictive 

model [45].  All three scores tested demographic, behavioral and anthropometric risk 

factors. Age was included in all three scores. A complete list of risk factors considered 

and included in the scores is shown in Table 2.The risk factors considered by all three 

studies were similar. While the study from the U.S. used only self-reported information, 

the studies from Brazil and Peru included laboratory measurements that were not signifi-

cant in their adjusted models and were not included in their final risk scores [38-40]. 
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4. Discussion 

This review identified three studies that developed and validated risk scores for un-

diagnosed diabetes in cohorts from Latin America and the U.S. The small number of 

studies; the limited number of participants, and the heterogeneity of the cohorts did not 

allow for a meta-analysis, providing limited evidence of the validity of undiagnosed dia-

betes risk scores among Hispanics. Nonetheless, findings from this study provide evi-

dence for the need to develop and validate prediction risk models for Hispanics living in 

the U.S. who are at increased risk of diabetes. 

The model developed by Herman and colleagues [39] has been used by the Ameri-

can Diabetes Association (ADA) to help identify those at risk of diabetes in the 

U.S.[46]. Although the performance of this model was adequate overall and among His-

panics, Native Americans and African-Americans, data used for this study dates from 

1976-1980, before oversampling of Hispanics started with NHANES III [42]. We identi-

fied three other diabetes risk scores for undiagnosed diabetes that used more recent 

waves from NHANES [47-49]. These studies were not included in the review because 

the authors did not report performance measures of their final instruments for Hispanics. 

The Patient Self-Assessment Score developed by Bang and colleagues was developed 

using data from 1999-2004 and was validated using data from NHANES 2005-2006 and 

cohort data from two community studies [47]. Another study by He and colleagues used 

NHANES data from 2005-2006 for development and validation [49]. Although both 

studies included race as a risk factor when developing their models, race was not re-
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tained in the final scores for undiagnosed diabetes. Both studies suggested that the per-

formance of their scores needed to be evaluated for demographic subgroups. Cichosz 

and colleagues used NHANES data from 2005-2010 to develop an improved screening 

risk score based on extended predictive features [48]. Their final model included educa-

tional level and race/ethnicity, and performed better than the patient self-assessment de-

veloped by Bang [47]. However, its performance in population subgroups was not inves-

tigated. 

In Latin America, Garcia-Alcala and colleagues [50] applied the Finish Diabetes 

Risk Score (FINDRISC) in a convenience sample to identify individuals with diabetes in 

Puebla, Mexico. Another study developed a score in rural Honduras using questionnaire 

data and point-of-care capillary glucose tests that were applied in clinics [51]. Recently, 

a Colombian diabetes risk score that combined undiagnosed diabetes and impaired glu-

cose regulation as their main outcome was developed and validated using a sample of 

2060 individuals in northern Colombia [52]. The relevance of these studies for applica-

tion to specific national-origin Hispanic groups in the U.S. has not been explored. 

The scarcity of research on diabetes risk prediction for Hispanics in Latin America 

and in the U.S. is a major limitation. Little is known about the recalibration of instru-

ments already developed, particularly in national-origin subgroups.   This suggests that 

the development of new tools in these large and growing populations who are at high 

risk for diabetes is warranted. Screening thresholds of common glycemic markers also 

need further investigation within Hispanic populations, particularly for diagnosing dia-

betes. A study conducted among low-income, elderly Mexicans showed disagreement 

between OGTT and HbA1c measurements, suggesting possible misclassification when 
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using HbA1c alone [53].  Other studies have confirmed significantly higher levels of 

HbA1c for Hispanics compared to non-Hispanic whites in the U.S. [54, 55].  

Some of the limitations of this systematic review highlight the need for future re-

search in Hispanic populations. Although this study used a comprehensive search with-

out language restrictions, some articles may have been missed, particularly those re-

cently published and others from Latin America not indexed by major scientific publica-

tion engines or those with inconsistent use of the term “Hispanic”. The heterogeneity 

among Hispanic populations is another limitation, detailed subgroup analyses of these 

populations were not available. Recent cohort studies that examine chronic diseases 

among Hispanics such as SOL in the U.S. [56] and others that combine populations 

from Latin America such as CESCAS I [57], INTERHEART [58] and ELSA in Brazil 

[59] will be important for development and validation of future risk scores for diabetes 

that account for subgroup variation and the inclusion of risk factors unique to Hispanics 

living in the U.S. and elsewehere. 

It is well documented that on average Hispanics have better health upon arrival to 

the U.S. compared to their American counterparts [60, 61]. Although Hispanics tend to 

have better longevity than their socioeconomic status would predict [62], the overall 

health of Hispanics declines as they spend more time living in the U.S. leaning towards 

that of natives, or even worse [63, 64]. Migration and onward integration are major life 

experiences and present challenges such as discrimination, language proficiency, stress 

and depression. These factors may contribute to adverse health outcomes among His-

panics and their inclusion in screening tools deserves further investigation. 
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Diabetes risk scores are important to the prevention and timely management of a 

range of diseases and health complications [17-19]. However, none have been developed 

and validated explicitly for Hispanic populations living in the U.S. This systematic re-

view of the literature on risk scores aimed to identify undiagnosed diabetes among His-

panic populations living in the U.S. has revealed that only a handful of studies published 

to date have reported performance measures specific for Hispanics. Further, only one 

such study developed a diabetes risk score that was validated for Hispanics in the U.S. 

and this used data from 1976-1980 with all Hispanic groups combined. This highlights 

the lack of evidence regarding the applicability of such tools for Hispanics living in the 

U.S. This review underscores the urgent need to develop and validate simple and inex-

pensive tools to identify undiagnosed diabetes for Hispanics in the U.S. who constitute a 

large, diverse and growing population at high risk for diabetes. 
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Figure 1. Flow diagram of articles selected for review of diabetes risk scores for Hispanic 
populations in the U.S. (Figure adapted from Liberati et al., 2009 [65]) 
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Table 1.  Diabetes risk score characteristics for included articles 
  Peru [38] Brazil [40] USA [39] 
Year published 2016 2009 1995 
Year data development 2004-2005 1999-2000 c. 1976-1980 
Year data validation 2010-2014 2005 1976-1980 
Sample size 2472 1224 3770* 
Target age group  ≥  35 > 35 20 - 74 

    
Diabetes criteria FPG ≥ 126 

md/dL 
FPG > 126 

md/dL 
OGTT 
(WHO) 

    
# risk factors 3 3 6 

    
Scoring criteria 0 -5  0 - 48 decision tree 

    
AUC 0.68 0.77 0.78 
Sensitivity 70 76 80 
Specificity 59 67 61 
* Total number of participants. The study did not report number of His-
panic participants. A similar study analyzing diabetes trends using 
NHANES II reported approximately 2.9% of Hispanics. 
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Table 2. Risk factors considered and odds ratio with 95% confidence interval for those included in risk scores 

Risk factor  Peru [38] Brazil [40] USA* [39] 
 OR (95%CI) OR (95%CI)  

Demographic    
Age    
≥45 (versus <45 years)    
≥55 (versus <55 years)  1.85 (1.30–2.63)   
45–54 versus 35–44 year  2.10 (1.15–3.84)  
55 or more versus 35–44 year        3.41 (1.89–6.15)  
Gender    
Ethnicity    
Education     
Behavioral    
Sendentarism/PA    
Smoking    
Alcohol    
General Health Assessment    
History of diabetes   
Family History Diabetes  2.34 (1.04–5.31)  
Macrosomic infant   
Anthropometric   
BMI    
30 or more versus ≤30    
25–29.9 versus ≤25  1.61 (0.90–2.87)  
30 or more versus ≤25        6.06 (3.49–10.52)  
Waist circumference    
90.0 to <99.9 cm (versus <90 cm)  2.09 (1.09–4.02)   
100+ cm (versus <90 cm)        4.07 (2.60–6.40)   
Waist to height ratio     
Waist to hip ratio    
Hypertension      1.87 (1.18–2.97)  
Systolic blood pressure    
Diastolic blood pressure    
Total cholesterol    
HDL    
LDL    
CT ≥ 240 versus  <240    
TG    
Uric acid    
Creatinine    
  Included    
 Considered    
* Diabetes risk score used a classification tree. No odds ratios were reported.  
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APPENDIX A 
SYSTEMATIC LITERATURE REVIEW WORKSHEET 

by Murray Turner, University of Canberra, 2015.  Designed to meet IOM Standard 3.4.1, 
and for use with the PRISMA 2009 Flow Diagram.1 
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APPENDIX B 
DATA EXTRACTION FORM 

General information 
Title of paper 
First author 
Name of risk score 
Journal 
Date published 
Notes: 
 
Sample information 
Name of study which the data is from 
Year 
Country/countries 
% of Hispanics 
Primary reason for cohort 
Sampling frame (inclusion/exclusion criteria and key characteristics) 
Sample size 
Outcome & definition used (if appropriate) 
Outcome Incidence rate and (number of events) (if appropriate) 
Notes: 
 
Model information 
Method for developing risk score 
Number of variables considered for inclusion in the model 
Variables included in final model 
Variables considered but not included in final model 
How was model/variables selected? 
Treatment of continuous data 
Treatment of missing data 
Method of choosing cut-off (decided in advance?) 
Internal sensitivity/specificity at recommended cut-off (if reported) 
Internal PPV/NPV at recommended cut-off (if reported) 
% Needing further testing (if reported) 
Area under ROC 
Any internal validation of the model 
Calibration 
Way in which the risk score can be completed (e.g. self-assessment, MD assessment, 
etc.)? 
Notes: 
 
External validation 
Was an external validation carried out by the author in the same paper? 
Year 
Country/countries 
Primary reason for cohort 
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Sampling frame 
Sample size & number of events 
Was the same outcome definition used? 
Sensitivity/specificity at recommended cut-off (if reported) 
PPV/NPV at recommended cut-off (if reported) 
Area under ROC 
Calibration 
Any other external assessments of the model using this dataset 
Notes: 
 
Author’s assessment 
Intended use of risk score (who will use score and mechanism of implementation) 
Recommended action should be taken by those who score above the cut-off 
Strengths of score 
Weaknesses of score 
Notes: 
 
Adapted from [33]. 
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ABSTRACT 
 
Objective: Hispanics in the United States (U.S.) are at a higher risk of undiagnosed diabe-

tes. We developed and validated a risk score for undiagnosed diabetes based on self-re-

ported information using data from Hispanics living in the U.S. and compared its perfor-

mance to that of risk scores previously developed. 

Research and Design Methods: We used a split-sample from the baseline visit of the His-

panic Community Health Study/Study of Latinos (HCHS/SOL) to develop (n=7,765) and 

validate (n=4,688) the risk score. Multivariate logistic regression model coefficients were 

used to assign scores to each variable category. The SOL risk score was defined as the 

sum of these individual scores. 

Results: Being of Mexican descent, male gender, older age, lower education, being born 

in the U.S., having a family history of diabetes, being overweight or obese, having had 

gestational diabetes and not complying with physical activity recommendations were 

associated with higher risk of having undiagnosed diabetes. Prevalence of undiagnosed 

diabetes was 7.9%. The score value ≥ 11 had sensitivity of 78%, specificity of 60%  and 

positive predictive value of 15%. The Area under the Receiver Operating Curve (AUC) 

for the SOL score was 77%. Comparison scores had AUCs between 69% and 75%, 

sensitivities between 37% and 84% and specificities between  46% and 80%.  

Conclusions: The SOL score includes education, ethnic background and being born in the 

U.S. as risk factors. Its performance was superior to that of other available scores and 

comparable to the performance of the ADA risk score. Further evaluation of the SOL risk 

score’s performance is needed. 
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INTRODUCTION 

The prevalence of Type 2 diabetes continues to increase worldwide. Diabetes may 

be asymptomatic for years, which may lead to serious complications. In the United States 

(U.S.), nearly one in four people who have diabetes are undiagnosed. Many of them re-

main undiagnosed until they present disease-related complications.  Recommendations to 

identify adults at high risk of diabetes are set in the U.S. However, there is not enough in-

formation to assess their implementation or effectiveness (1). There is evidence that clini-

cal testing to diagnose diabetes involving laboratory measures is less prevalent in minor-

ity populations and among less privileged individuals with low socioeconomic status or 

no health insurance (2). Based on nationally representative data from the National Health 

and Nutrition Examination Survey (NHANES), in 2011-2012, almost half (49%) of His-

panics who had diabetes in the U.S. were undiagnosed. A significantly higher rate than 

among non-Hispanic blacks (32.3%) or non-Hispanic whites (33.5%) (3). Risk scores are 

simple prediction models that can identify and classify individuals according to their risk 

for undiagnosed diabetes. Risk scores that are validated in the populations they will be 

applied to in practice are effective screening tools. A recent systematic review identified 

few tools that have been developed for use among Hispanics in the U.S. and none that 

had been tested using recent data or that take into account the heterogeneity among His-

panic populations in the U.S. (4). 

The aim of this study is to develop and validate a risk score to identify Hispanics 

with undiagnosed diabetes using data from the Hispanic Community Health Study/Study 

of Latinos (HCHS/SOL) which includes variables such as Hispanic background, whether 
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they were born in the U.S. and years living in the U.S. each of which has been associated 

with diabetes prevalence (5-7). 

RESEARCH DESIGN AND METHODS 

The HCHS/SOL (SOL) is a prospective, multicenter community-based study of 

Hispanic adults in the U.S. The original baseline cohort includes 16,415 men and women 

18-74 years of age between 2008-2011 from four cities: Bronx, NY; Chicago, IL; Miami, 

FL; and San Diego, CA. The study design and protocol of the study have been published 

elsewhere (8). Study measures included 2-hour oral glucose tolerance test (OGTT), fast-

ing plasma glucose (FPG) and Glycosylated hemoglobin (A1C). Participants were re-

quired to fast for at least 8 h prior to the visit, consuming only water and necessary medi-

cations. Venous blood specimens were collected, processed, and frozen on site toward the 

beginning of the visit and also 2 h after a 75 g glucose load. Plasma glucose was assessed 

using a hexokinase enzymatic method (Roche Diagnostics Corporation, Indianapolis, IN). 

Glycosylated hemoglobin (A1C) was measured in EDTA whole blood using a Tosoh G7 

automated high-performance liquid chromatography analyzer (Tosoh Bioscience Inc., 

San Francisco, CA). Personal and family history of medical diagnoses, including diabe-

tes, was obtained via a self-report interview administered by certified assessors (7). 

The outcome variable used in the analysis is presence of newly diagnosed diabe-

tes defined as either FPG ≥126 mg/dL (7 mmol/L), a 2-h post load glucose level (2-h 

OGTT) ≥200 mg/dL (11.2 mmol/L) or A1C level ≥6.5% (48 mmol/mol). Participants 

who reported having been diagnosed with diabetes by a doctor were excluded from the 

analysis.  
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The risk factors considered in the algorithm were selected from a pool of studies 

that developed similar risk scores (4). We used gender, age, Hispanic background herit-

age group, years in the U.S., education, family history of diabetes, smoking, alcohol use, 

waist circumference, BMI, gestational diabetes, self-reported high cholesterol, self-re-

ported hypertension, and whether the individual followed physical activity recommenda-

tions (according to 2008 activity level guidelines). Physical activity is an established risk 

factor for diabetes (12). The HCHS/SOL study collected data from the Global Physical 

Activity Questionnaire (GPAQ) to estimate the number of active minutes of each individ-

ual. In practice, other risk scores like the ADA risk score use a simple question asking the 

individual whether he or she is physically active. Although, diet-related data were availa-

ble and despite the fact that diet quality has been associated with the risk of type 2 diabe-

tes (10; 11), we excluded this factor because assessing diet quality would require a more 

intricate data collection. 

The risk score was derived from a development sample (62% of the original 

sample) using logistic regression. The random split of 62%-38% was based on the proba-

bility of each unique observation being included in a resample of equal size to the origi-

nal sample size. On average, a random sample will include 62% of the original observa-

tions while the rest, 38% will be missing from that sample (13).  Each potential risk 

factor was assessed in bivariate logistic models using undiagnosed diabetes as a 

dependent variable. Risk factors with a p-value of 0.10 or less were included in 

multivariable logistic models using manual stepwise elimination with a significance level 

of 5%. This approach was chosen because it allowed for the incorporation of sampling 

weights and the development of a clinically applicable risk score. Interaction terms were 
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tested in pairs systematically before obtaining the final model. Decisions on whether to 

keep or remove a variable or interaction were based on changes in the log likelihood ra-

tio. The effect of gestational diabetes was examined by running models stratified by gen-

der and by adding an interaction term with gender and gestational diabetes to the final 

models including all participants. The effect of being female and having had gestational 

diabetes was similar in all models confirming the effect was not exaggerated. Participants 

with missing outcome variables were excluded from the analysis. Only complete records 

were included in the analysis. All continuous variables were assessed for linearity using 

basic regression diagnostic procedures and standardized deviance residual plots, and non-

linear relationships were explored. 

The apparent discrimination of the model was measured using the Area under the 

Receiver Operating Curve (AUC). We used internal validation relying on a split-sample 

approach with 38% of the original sample randomly selected for validation. We ensured 

that the distribution of sampling weights was similar in both model development and val-

idation samples. We applied the final risk score to participants from the validation sam-

ple; the outcome was compared to the true outcome to generate a receiver operating char-

acteristic curve, and the AUC from the validation data set was compared to the AUC 

from the development data set. We also compared it to similar risk scores previously de-

veloped and validated in Hispanic populations in Peru (14) and Brazil (15), and two risk 

scores developed for the U.S. general population.  The Centers for Disease Control and 

Prevention (CDC) prediabetes screening test and the American Diabetes Association 

(ADA) Type 2 diabetes risk test have been validated in the U.S. general population (16). 
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The choice of these scores was based on a systematic review aimed to identify risk scores 

applicable to Hispanic populations (4). 

The point scoring system was based on the logistic regression coefficients of the 

predictors in the model using methodology by Sullivan in the Framingham Heart Study 

(17). Briefly, age was categorized using the age group 18-39 years as a referent risk fac-

tor profile. We computed the difference from the base in regression units for each cate-

gory of every variable setting a constant coefficient corresponding to one point set for 5 

years increase in age. Points were assigned such that a higher point total conveyed more 

risk. The cut-off point for the developed risk score was selected using the Youden index 

that maximizes sensitivity and specificity. All analyses were conducted in SAS V9.4. 

RESULTS 

The characteristics of the participants in the development sample (n=7,765) are 

detailed in Table 1. The overall age-adjusted prevalence of undiagnosed diabetes was 

7.9% (661/7,765 unweighted). Higher prevalence was observed among those of Mexican 

or mixed background, participants 50 years and older, those not born in the U.S., with ed-

ucation of high school or less, not meeting exercise guidelines, having a family history of 

diabetes and with highest body mass index (BMI) status. 

Model development 

The final model included gender, age, education, family history of diabetes, hav-

ing had gestational diabetes, BMI, not meeting with physical activity guidelines, having 

Mexican background and being born outside the U.S. Points assigned to each risk factor 

are shown in Table 2. The model performance for undiagnosed diabetes in the develop-

ment sample measured by the AUC was 77% (95% CI: 75.8-79.1). After assigning points 
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to create the score, the AUC was comparable, 76% (95% CI: 74.4-77.8). Figure 1 illus-

trates the comparison between the ROC curves of the original model and the derived risk 

score in the development sample. The derived risk score had a maximum value of 30 

points. The optimal cutoff point to identify undiagnosed diabetes was 11 according to the 

Youden index (Figure 1). Increasing age and BMI were associated with undiagnosed dia-

betes. Having a history of gestational diabetes contributed 6 points and not being U.S. 

born contributed 2 points to the score.  

Model validation 

In the validation sample (n=4,688), there were 378 individuals with undiagnosed 

diabetes. Table 3 shows the performance of the HCHS/SOL score compared to other 

scores in the validation sample. In terms of the ability to discriminate cases from non-

cases measured by the AUC, the HCHS/SOL was superior to all other scores with an 

AUC of 77% followed closely by the ADA score at 75%. The AUC is the only general 

index of the accuracy of a screening measure that is independent of the cutoff point se-

lected. At the suggested cutoff points, the sensitivity and specificity of the scores varied 

broadly (37-84%). The Peruvian risk score had the highest sensitivity (84%) but the low-

est specificity (46%).  

The HCHS/SOL score correctly identified 81% or 307 of the 378 undiagnosed 

cases and 60% of those without the disease. Moreover, 70% among the false positives 

identified by the HCHS/SOL risk score (1,186 of 1,716)  had impaired glucose tolerance 

based on the American Diabetes Association definition. In comparison, the ADA risk 

score identified 74% of the 378 undiagnosed cases; 66% of those without diabetes and 
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71% among the ADA socre’s false positives (1,043 of 1,473) had impaired glucose 

tolerance. 

The performance of the risk scores by ethnic backgrounds yielded similar results. 

The AUCs were higher for the HCHS/SOL and ADA risk scores (Table 4). The Peruvian 

risk score had the lowest AUC (65%) in the South American subgroup. By gender, the 

performance of the HCHS/SOL and ADA scores was slightly better for females than for 

males (HCHS/SOL 78% females, 75% males and ADA 77% females, 73% males). Over-

all, the performance of the risk scores by subgroups was similar to that in the total valida-

tion sample. However, by age groups the HCHS/SOL risk score had an AUC of 76% 

among those 40 to 49 years of age, 70% among those younger than 40 and 64% for those 

50 or above. 

The number of variables used by the risk scores varied between three and nine. 

The Peruvian and Brazilian risk scores used only three variables however, implementa-

tion of either risk score may not be straightforward in the general population. The Peru-

vian risk score requires waist measurements which are seldom accurate without trained 

personnel and the Brazilian risk score defined hypertension as mean systolic blood pres-

sure (SBP) above 140 mmHg or diastolic blood pressure (DBP) above 90 mmHg, or use 

of antihypertensive drugs. The HCHS/SOL risk score uses nine variables and like the 

CDC and ADA scores can be implemented using a self-assessment questionnaire. 

CONCLUSIONS 

The aim of this study was to develop and validate a diabetes risk score using data 

from Hispanics in the U.S. that can be applied as an initial screening tool to identify indi-
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viduals at high risk of diabetes. The HCHS/SOL risk score identified 81% of the individ-

uals with undiagnosed diabetes. Furthermore, 70% among the false positives had predia-

betes highlighting the potential of the risk score to identify individuals at high risk of de-

veloping diabetes who would benefit from prevention programs. The new risk score is 

based on nine risk factors that can be collected as a self-assessment questionnaire making 

it an alternative to existing tools for the prediction of diabetes. Moreover, because this 

risk score was developed using data from Hispanics of diverse backgrounds living in the 

U.S., it may be tested in other Hispanic populations. 

Risk factors included in this score have been widely used in other scores with the 

exception of ethnic background and being born in the U.S. Waist circumference was not 

significant in the final HCHS/SOL model. There is evidence that suggests waist 

circumference may be a better predictor than BMI for diabetes (18; 19).  However, the 

International Diabetes Federation (IDF) recommendations do not include measurements 

for Hispanic populations due to lack of specific data (20). The HCHS/SOL model devel-

opment tested waist circumference as a continuous and categorical variable following 

definitions from the IDF and the one used by the Peru risk score. The predictive value of 

waist circumference should be tested in other Hispanic populations. Hypertension and 

high cholesterol were tested as self-report only and combined with clinical measures. 

Although hypertension was significant when using the clinical measurements, we decided 

that to keep only self-reported measures that are easily implemented in a non-clinical 

setting.  

The HCHS/SOL risk score is a feasible approach for diabetes screening. In 

populations where the prevalence of the disease is low, the performance of the screening 
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test may be enhanced by targeting individuals with a higher probability of having the 

disease. The use of risk scores combined with other demographic characteristics will 

enhance the identification of individuals with the disease. Application of the score in 

other population will help calibrate score ranges to help identify those at highest risk. 

Studies have shown that individuals that are labeled high risk by risk scores tend to have 

a higher risk of cardiovascular diseases and mortality making it worthwhile to intervene 

in this group (21-23). 

This study is unique in that it used data from Hispanics living in the U.S. to 

develop and validate a risk score for undiagnosed diabetes. Although the sample includes 

Hispanics of different backgrounds across the country, the sample was based on four 

metropolitan areas which may not represent Hispanics living in rural areas who are more 

difficult to reach. However, data from the HCHS/SOL allowed to test the significance of 

Hispanic heritage background as a risk factor of undiagnosed diabetes. More research is 

needed to evaluate existing scores and adapting them to local settings and populations for 

Hispanics in the U.S. and to investigate the impact and cost-effectiveness of using risk 

scores as a public health tool and in clinical practice towards prevention of diabetes and 

its complications. In comparing the performance of the SOL risk score to the ADA and 

CDC risk scores, this study validates the effectiveness of the ADA and CDC scores for 

identifying diabetes in a sample of Hispanics living in the U.S. 

As the burden of diabetes increases, risk scores offer an alternative for earlier 

identification of individuals at high risk of diabetes and its complications. This study used 

data from Hispanics in the U.S. to develop and validate a risk score for undiagnosed dia-

betes. The resulting score includes nine variables that can be obtained using a simple 
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questionnaire. The performance of the risk score was comparable to that of the ADA risk 

score. Application of the score in other populations will help refine the score and test its 

performance compared to other available scores. Diabetes risk scores allow for secondary 

prevention, such as early treatment of hypertension or high lipid profile that will prevent 

future complications. They can also help identify those at high risk of prediabetes provid-

ing a chance to route these individuals to prevention programs.  

Limitations of this study include the use of a cross-sectional sample. Although the 

sample represents the most recent and comprehensive data available for Hispanics in the 

U.S., it may not be fully representative of all Hispanics living in the U.S. The use of 

clinical measurements at a single point in time may overestimate the prevalence of 

diabetes. The ADA recommends repeating positive tests to discard false positives, so 

having only one measurement may include false positives in the prevalence. In addition, 

the data for validation came from the same study. More studies are needed to study the 

applicability and validity of this score in practice. Strengths of the study include recent 

data, availability of all variables to compute the risk scores considered and adequate sam-

ple size to develop and validate the new risk score.  
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 Table 1. Prevalence of undiagnosed diabetes  by participant characteristics, development sample       
  Men and women Women Men 

  n 
Undiagnosed  

Prevalence (95% CI) n 
Undiagnosed  

Prevalence (95% CI) n 
Undiagnosed  

Prevalence (95% CI) 
Overall 7765 7.85 (6.99, 8.71) 4603 8.08 (6.92, 9.24) 3162 7.56 (6.32, 8.80) 
Hispanic background                   
Dominican 689 7.84 (5.24, 10.44) 461 6.79 (3.61, 9.96) 228 7.70 (4.12, 11.28) 
Central American 803 7.51 (4.73, 10.28) 486 8.74 (5.09, 12.38) 317 5.19 (2.81, 7.57) 
Cuban 1071 7.22 (5.70, 8.75) 549 7.66 (5.39, 9.93) 522 6.60 (4.29, 8.90) 
Mexican 3183 8.51 (6.90, 10.13) 1961 8.90 (6.84, 10.96) 1222 7.76 (5.92, 9.61) 
Puerto Rican 1190 7.39 (5.61, 9.16) 680 7.68 (5.49, 9.88) 510 7.33 (4.58, 10.07) 
South American 571 6.56 (4.17, 8.94) 329 7.33 (4.18, 10.48) 242 4.44 (1.44, 7.43) 
Mixed/other 258 9.72 (4.81, 14.64) 137     121 13.81 (5.93, 21.69) 
Age group, years                   
18–29 1373 0.95 (0.46, 1.43) 764 0.53 (0.08, 0.98) 609 1.39 (0.50, 2.27) 
30–39 1271 2.96 (1.78, 4.14) 734 3.39 (1.55, 5.23) 537 2.54 (1.03, 4.05) 
40–49 2158 7.47 (5.94, 9.00) 1291 7.76 (5.62, 9.90) 867 7.18 (5.16, 9.20) 
50–59 1919 10.47 (8.86, 12.09) 1191 11.69 (9.44, 13.93) 728 8.98 (6.75, 11.21) 
60–69 893 17.85 (14.06, 21.64) 532 16.89 (11.85, 21.93) 361 18.97 (13.68, 24.25) 
70–74 151 25.92 (16.06, 35.79) 91 27.87 (14.52, 41.21) 60 23.15 (9.02, 37.29) 
US born 1454 3.60 (2.39, 4.81) 827 2.83 (1.57, 4.10) 627 4.22 (2.22, 6.22) 
Non US born 6311 8.15 (7.24, 9.07) 3776 8.43 (7.19, 9.67) 2535 7.79 (6.49, 9.09) 
Education up to HS 4738 8.90 (7.79, 10.00) 2749 9.79 (8.32, 11.25) 1989 7.78 (6.15, 9.42) 
Education above HS 3027 6.24 (5.01, 7.47) 1854 5.43 (3.96, 6.90) 1173 7.19 (5.28, 9.10) 
No GPAQ activity guidelines 2566 9.96 (8.49, 11.43) 1847 10.16 (8.36, 11.96) 719 9.77 (7.30, 12.24) 
GPAQ activity guidelines 5199 6.58 (5.61, 7.55) 2756 6.40 (5.03, 7.76) 2443 6.82 (5.45, 8.19) 
Family history of diabetes 3275 9.39 (7.97, 10.80) 2085 9.69 (7.81, 11.57) 1190 8.81 (6.71, 10.92) 
No family history of diabetes 4490 6.74 (5.75, 7.72) 2518 6.73 (5.35, 8.11) 1972 6.78 (5.32, 8.23) 
Gestational diabetes       177 26.81 (21.57, 32.04)       
Body Mass Index (BMI)                   
BMI < 25 1630 3.44 (2.25, 4.64) 982 3.63 (1.75, 5.52) 648 3.38 (1.70, 5.07) 
Overweight (25.0-29.9)) 3021 7.02 (5.76, 8.28) 1639 7.00 (5.17, 8.82) 1382 7.02 (5.26, 8.78) 
Obese I (30.0-34.9) 1939 9.23 (7.56, 10.90) 1147 10.28 (7.98, 12.58) 792 8.10 (5.88, 10.31) 
Obese II (35+) 1175 13.42 (10.67, 16.17) 835 11.65 (8.64, 14.66) 340 18.20 (13.13, 23.27) 
Values except for sample size are weighted for study design and nonresponse, and age is standardized to Census 2010 U.S. population. 

 



 

 

Table 2. Logistic regression estimates for risk factors associated with undiagnosed 
diabetes and score points 
Variables ᵝ OR 95% CI p-value Points 
Age (continuous) 0.068 1.07 (1.06, 1.08) <.0001   
18-39*         0 
40-49         3 
50-59         5 
60-69         7 
70-74         9 
Gender (being male) 0.401 1.49 (1.15, 1.94) 0.0028 1 

Education: Up to HS 0.315 1.37 (1.06, 1.78) 0.0176 1 

Family Hx 0.363 1.44 (1.14, 1.82) 0.0024 1 

BMI (continuous) 0.081 1.08 (1.07, 1.11) <.0001   
14-25*         0 
25-30         2 
30-40         4 
40-70         9 

Gest. Diab. 2.166 8.72 (5.13, 
14.81) <.0001 6 

Not meeting PA guidelines 0.424 1.53 (1.20, 1.95) 0.0006 1 

Mexican 0.319 1.38 (1.08, 1.75) 0.0088 1 

Not US born 0.595 1.81 (1.24, 2.64) 0.002 2 
c-statistic = 0.761, cutoff point=11 (sensitiviy=78%, specificity 60%) 
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Table 3. Performance of different diabetes risk scores compared to HCHS/SOL risk score using 
validation sample from HCHS/SOL. 

Risk Score 

# of 
varia-
bles 

AUC Sensitiv-
ity 

Specific-
ity 

PPV NPV Accuracy 

HCHS/SOL (≥11) 9 76.7% 81.2% 60.2% 15.2% 97.3% 61.9% 
Peru (≥2) 3 70.4% 84.4% 46.4% 12.1% 97.1% 49.4% 
Brazil (≥18) 3 71.5% 73.5% 52.5% 12.0% 95.8% 54.2% 
ADA (≥5) 7 75.0% 73.5% 65.8% 15.9% 96.6% 66.4% 
CDC (≥10) 6 68.7% 37.1% 79.9% 14.0% 93.6% 76.4% 
Cutoff points are in parentheses. 
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Table 4. Performance of HCHS/SOL risk score by background of participant using validation 
sample 
Background AUC Sensitivity Specificity PPV NPV Accuracy 

Dominican 75.4% 77.1% 65.1% 17.1% 96.8% 66.1% 
Central American 80.1% 79.5% 67.9% 18.7% 97.3% 68.9% 
Cuban 71.8% 78.4% 57.8% 13.5% 97.0% 59.4% 
Mexican 76.7% 82.6% 55.8% 14.8% 97.2% 58.0% 
Puerto Rican 77.4% 83.3% 59.6% 15.3% 97.6% 61.5% 
South American 75.5% 77.8% 66.8% 12.0% 98.1% 67.4% 
Other 87.1% 88.9% 77.7% 21.6% 99.0% 78.4% 
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Figure 1. Area under the curve for risk factors logistic regression and HCHS/SOL risk 
score. 
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Supplemental table. Risk factors considered in each risk score 
Risk factor  Peru  Brazil  ADA CDC  SOL 

Demographic      
     Age      

     Gender      

     Ethnicity      

     Education       

     Born in U.S.      

Behavioral      

     Sendentarism/PA      

     Smoking      
     Alcohol      
     General Health Assessment      
     History of diabetes      

     Family History Diabetes      

     Gestational diabetes      

Anthropometric      

     BMI      

     Waist circumference      

     Hypertension      

     High cholesterol      

 Considered 

 Included 
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ABSTRACT 

Objective: We evaluate the performance of the SOL risk score for undiagnosed diabetes 

as a screening tool to detect diabetes and prediabetes (collectively known as dysglyce-

mia) comparing it to the American Diabetes Association risk score for the same purpose. 

Research and Design Methods: Data from the baseline visit of the Hispanic Community 

Health Study/Study of Latinos (HCHS/SOL). We computed the c-statistic or area under 

the receiver curve (AUC) for both scores and identified optimal cutoff values to identify 

dysglycemia using the Youden index. We compared test performance characteristics, sen-

sitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) 

for different thresholds of diabetes risk for each risk score. 

Results: The SOL and ADA risk scores demonstrated reasonable performance detecting 

dysglycemia with AUCs of 77% in this population. The average ADA and SOL risk 

scores for this were 4.0 for ADA and 9.1 for SOL. The optimal cutoff point for detecting 

dysglycemia in the SOL risk score was 9 and 4 for the ADA risk score. At these cutoff 

points, the performance of the scores was comparable. For SOL AUC, sensitivity and 

specificity were 77.7%, 74% and 70%; for ADA, 77.1%, 74% and 69% respectively.  

Conclusions: The SOL risk score performance identifying dysglycemia was comparable 

to the performance of the ADA risk score, developed for the general population. Future 

research should evaluate the performance of screening tools in Hispanic populations. 

Tools developed specifically for Hispanic populations may be more effective among His-

panics than those developed for the general population. 
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INTRODUCTION 

Untreated diabetes is a leading cause of adverse health complications, which may 

result in cardiovascular mortality and morbidity. Diabetes and prediabetes (collectively 

known as dysglycemia) affect nearly half of the U.S. adult population, with higher rates 

among Hispanics and other racial/ethnic minorities (1). Diabetes and prediabetes may be 

asymptomatic for years and their diagnosis is based on laboratory tests. Current national 

recommendations stipulate that, in the absence of clear symptoms, the diagnosis should 

be confirmed by repeated testing (2). However, the prevalence of clinical laboratory test-

ing to diagnose diabetes or prediabetes is lower among Hispanics and members of other 

racial/ethnic minorities; and among individuals with low socioeconomic status or those 

without health insurance (3). Studies based on national data report that nearly half of His-

panics with diabetes are undiagnosed (4) and that one-third of Hispanics with diabetes are 

not aware of having it (5). This is problematic because timely behavioral interventions 

and clinical treatment can help manage diabetes and prediabetes reducing the risk of 

complications (6-8). Accordingly, identifying individuals at high risk could help prevent 

new-onset diabetes and reduce the burden of diabetes-related complications.  

As the prevalence of diabetes increases, it is imperative to find screening strate-

gies that are cost-effective, accurate and easy to implement. Risk scores can help identify 

those at risk of diabetes and provide a continuous spectrum of risk that can be used to 

classify individuals to decide appropriate mode, the urgency of care or type of interven-

tion needed. Many diabetes and prediabetes risk scores have been developed in different 

populations (9-14). However, risk scores need to be validated in the population that they 

will be applied to as their performance depends on the prevalence of the disease and the 
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characteristics of individuals in each population (15). Only a handful of risk scores have 

been developed and validated in Hispanic populations (16). 

The American Diabetes Association (ADA) offers a diabetes risk self-assessment 

questionnaire on-line. This risk score assigns points to seven individual characteristics: 

age, gender, history of gestational diabetes, family history of diabetes, high blood pres-

sure, physical inactivity, and body mass index (BMI). A total score of five or above indi-

cates an increased risk of prediabetes or diabetes (2). A similar risk score based on data 

from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) was devel-

oped to assess risk of undiagnosed diabetes among Hispanics living in the U.S. The SOL 

risk score is based on nine individual characteristics: gender, age, Mexican background, 

education, being born in the U.S., family history of diabetes, gestational diabetes and 

physical inactivity. A score of 11 or more points indicates a higher risk of having undiag-

nosed diabetes (Juarez et al, unpublished). The ADA risk score helps identify increased 

risk for dysglycemia. The SOL score was developed to identify undiagnosed diabetes. 

The performance of the SOL score was adequate with an AUC of 77%.  The score cor-

rectly identified 81% of the participants who had undiagnosed diabetes. In addition, 

among the risk score’s false positives, close to 70% had prediabetes (Juarez et al, un-

published). 

This study examines the effectiveness of the SOL risk score for detecting dysgly-

cemia and compares its performance to that of the ADA risk score developed for the gen-

eral population. An ideal screening tool should accurately identify the highest number of 

individuals with dysglycemia  (area under the receiving curve (AUC) of at least 75%) us-

ing the minimum number of screening tests (high sensitivity and specificity). 
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RESEARCH DESIGN AND METHODS 

The HCHS/SOL (SOL) is a prospective, multicenter community-based study of 

Hispanic adults in the U.S. The original baseline cohort includes 16,415 men and women 

18-74 years of age between 2008-2011 from four communities: Bronx, NY; Chicago, IL; 

Miami, FL; and San Diego, CA. The study design and protocol of the study have been 

published elsewhere (17). Study measures included 2-hour oral glucose tolerance test 

(OGTT), fasting plasma glucose (FPG) and Glycosylated hemoglobin (A1C). Participants 

were required to fast for at least 8 h prior to the visit, consuming only water and neces-

sary medications. Venous blood specimens were collected, processed, and frozen on site 

toward the beginning of the visit and also 2 h after a 75 g glucose load. Plasma glucose 

was assessed using a hexokinase enzymatic method (Roche Diagnostics Corporation, In-

dianapolis, IN). Glycosylated hemoglobin (A1C) was measured in EDTA whole blood 

using a Tosoh G7 automated high-performance liquid chromatography analyzer (Tosoh 

Bioscience Inc., San Francisco, CA). Personal and family history of medical diagnoses, 

including diabetes, was obtained via a self-report interview administered by certified as-

sessors (5). 

The SOL risk score (Juarez et al, unpublished) was derived from a development 

sample (62% of the original SOL baseline sample) using logistic regression. The random 

split of 62%-38% was based on the probability of each unique observation being included 

in a resample of equal size to the original sample size. On average, a random sample 

would include 62% of the original observations while the rest, 38% would be missing 

from that sample (18).  We used the validation pool (38% of the original SOL baseline 

sample) to compare the performance of the ADA risk score based on the self-assessment 
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questionnaire and the SOL risk score. This validation pool included participants who may 

have been diagnosed diabetic before baseline who were not included for the development 

of the SOL risk score. The final sample size was 5,431. 

Data for the study were collected from standardized questionnaires. The 

information was self-reported and included variables such as participant’s gender, age, 

Hispanic heritage background; previous diagnosis of diabetes, hypertension, gestational 

diabetes for women; family history of diabetes, education, nativity (born in one of the 50 

U.S. states, District of Columbia or elsewhere), activity level and activity level for work 

and leisure time. The body mass index (BMI) was calculated as weight in kilograms 

divided by height in meters squared from objective height and weight measures. 

Dysglycemia was defined using ADA criteria (19) as either FPG ≥100 mg/dL, a 

2-hour post load glucose level (2-h OGTT) ≥140 mg/dL, A1C level ≥5.7% or docu-

mented use of hypoglycemic agents (scanned medications). ADA and SOL risk scores 

were calculated for each participant following the ADA and SOL scoring points shown in 

Table 1. Participants with missing data in any of the characteristics required to compute 

either risk score were excluded from the analysis.  

Summary statistics were used to describe demographic characteristics, diabetes 

risk factors, ADA and SOL risk scores and A1C for all participants according to glyce-

mic status. Chi-squared and t-tests were used to examine the association between partici-

pants’ characteristics and glycemic status.  

We computed the c-statistic or area under the receiver curve (AUC) for both 

scores for the total population and by Hispanic heritage background.  We analyzed the re-

ceiver operating characteristic (ROC) curve to identify the most appropriate cutoff values 
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to identify dysglycemia. The optimal cutoff point for each score was identified using the 

Youden index, which maximizes sensitivity and specificity. Table 3 shows test perfor-

mance characteristics, sensitivity, specificity, positive predictive value (PPV) and nega-

tive predictive value (NPV) for different thresholds of diabetes risk for each risk score. 

The threshold values were within two points of the optimal cutoff value for each score, 

two to six for the ADA score and seven to eleven for the SOL risk score. All analyses 

were weighted to adjust for sampling probability and nonresponse to account for the 

complex sample design of the data. Statistical analyses were performed in SAS version 

9.4 (SAS Institute). 

RESULTS 

Table 2 shows participants’ characteristics, diabetes risk factors, average ADA 

and SOL scores and average A1C by glycemic status. In this population, over half (53%) 

had dysglycemia, the average age of participants was 41.7 years, the average BMI was 

29.4 and eight out of ten participants were not born in the U.S. The prevalence of diabe-

tes risk factors in this population was high. Four in ten participants had a family history 

of diabetes, eight in ten were overweight or obese and three in ten did not meet physical 

activity guidelines. The average ADA risk score for the whole population was 4 and 9.1 

for the SOL risk score. The average A1C was 5.8%. These three measures were signifi-

cantly higher among the participants who had dysglycemia compared to those with nor-

mal glycemic status. The diabetes risk factors considered in both scores were signifi-

cantly higher among those with dysglycemia than those with normal glycemic status, 

with the exception of sex. Participants with dysglycemia were older, not born in the U.S., 

had lower education and had higher BMI. 
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The apparent accuracy of both models, measured by the AUC, was adequate and 

comparable (77.1% for ADA and 77.7% for SOL). The performance of both scores was 

similar for all Hispanic backgrounds (Figure 1). Based on the Youden index, the optimal 

cutoff points were four for the ADA score and nine for the SOL score. At the optimal cut-

off points, the sensitivity, specificity, PPV, and NPV were 74%, 70%, 73% and 71% for 

the SOL score and 74%, 69%, 72% and 71% for the ADA score (Table 3). There were in-

cremental decreases in sensitivity and NPV from two points below the optimal cutoff 

point to two points above it with incremental increases of sensitivity and PPV. Changes 

in performance measures were steeper in the ADA score because the score ranged from 0 

to 10, while the SOL score ranged from 0 to 30. At the suggested cutoff point of five, for 

the general population, the sensitivity of the ADA score decreased from 74% to 56%, 

while the specificity increased from 69% to 82%.  

CONCLUSIONS 

This study demonstrates the effectiveness of the SOL and ADA risk scores to 

identify dysglycemia in a sample of Hispanics living in the U.S. The performance of the 

SOL risk score, originally developed to detect undiagnosed diabetes among Hispanics 

living in the U.S., had an AUC of 77.7% detecting dysglycemia and sensitivity of 74% at 

the cutoff point of nine. The performance of the SOL risk score was comparable to that of 

the ADA score with a cutoff point of four for the same outcome. The ADA risk score was 

originally developed to detect undiagnosed diabetes and later shown to be effective to de-

tect dysglycemia at a cutoff point of four for the entire U.S. population (20).  All perfor-

mance measures for both risk scores were comparable to those obtained in nationally rep-

resentative samples for the general population (21).  We believe that the performance of 
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both risk scores was comparable due to the similarity of categories used of age and BMI. 

The wider range of scores derived from the SOL risk score provides more options to 

group individuals in different risk categories. It remains to investigate whether the items 

specific to Hispanic populations may contribute to a more effective tool to identify dys-

glycemia among Hispanics in other settings.  

Participants with dysglycemia in this sample had significantly higher ADA and 

SOL risk scores than those with normal glucose levels. All risk factors were significantly 

higher among those with dysglycemia, with the exception of sex. More than half (53%) 

of the individuals in these populations had dysglycemia. Their average ADA and SOL 

scores were 4 and 9.1, respectively. Both average scores coincide with the cutoff values 

to detect dysglycemia. Clinical trials have shown that individuals at high risk of diabetes 

may cut their risk by more than half when intervened to follow intensive life-style modi-

fication programs (7; 22; 23). The ADA and SOL risk scores can aid health practitioners 

decide which individuals should undergo further testing. Early diagnosis is essential to 

reduce the burden of diabetes and its complications. 

Screening recommendations for blood glucose testing are not widely followed in 

the U.S. resulting in about 30% of people with the disease being undiagnosed (1). Despite 

current recommendations to screen Hispanics at earlier ages or lower BMIs (24), wide-

spread blood testing for diabetes are not the norm and may not be the most efficient way 

to identify individuals at high risk of diabetes in large communities with limited re-

sources. 
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Our goal was to show that the SOL risk score can be used to detect individuals at 

high risk of prediabetes and undiagnosed diabetes using different cutoff values, 9 for pre-

diabetes and 11 for undiagnosed diabetes. The SOL risk score can be used in a great vari-

ety of community and clinical settings via a simple pencil-and-paper questionnaire, a 

clinical encounter, or via the internet. The instrument has good feasibility properties, in-

cluding nine items that can be answered in minimal time providing a score easy to calcu-

late. The risk score provides a continuous spectrum of risk that can be used to create cate-

gories that reflect the urgency and availability of resources in specific settings. The SOL 

screening score also has great educational potential, as it will highlight important risk fac-

tors that need to be modified in high-risk individuals. As a recruitment tool, the SOL risk 

score can be used when targeting high-risk populations with limited resources. The score 

may be used to stratify the population to help prioritize those at highest risk, increasing 

specificity to save on potential tests.   

Some limitations to the use of this risk score are that some of the variables in the 

score may not be available for all individuals in all settings. However, the majority of the 

items will be available. In addition, increasing use of risk scores may encourage clinical 

settings to collect the data needed. Further validation in other settings and populations is 

still needed to ascertain the effectiveness of the SOL risk score. Although data from the 

HCHS/SOL study provides the most up to date and comprehensive data on Hispanics liv-

ing in the U.S., it only included data from four communities which may not represent 

Hispanics living in rural areas or more isolated settings. Despite diabetes being more 
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common and the general population being more aware of the risks associated with diabe-

tes and its complications, more education is needed, especially in immigrant populations 

that face numerous challenges. 

We used a combination of blood tests to identify dysglycemia in this study. Re-

search has shown that different tests and definitions result in an overlapping majority of 

cases identified, however, each test may identify a small proportion of cases that other 

tests do not (25-27). By using all tests available in this population, we may be identifying 

a larger pool of participants which will impact estimates of sensitivity, specificity, PPV, 

and NPV.  

In conclusion, the SOL risk score performed well and comparable to the ADA 

score. Its performance was robust and may be used for undiagnosed diabetes and 

dysglycemia. Using this score may help with active identification of cases with 

prediabetes, which deserves attention from healthcare providers. Identifying individuals 

with prediabetes gives health providers the chance to delay or even reverse diabetes. Self-

assessments help individuals decide whether they should seek medical care and may lead 

to more informed interactions with their health providers. The risk score could also be 

applied to health care databases to identify high-risk cases and verify that a blood test and 

adequate care have been prescribed. 
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Table 1. Point assignment for ADA and SOL risk scores 

  Points 
Characteristic SOL ADA 
Age     

18-39* 0 0 
40-49 3 1 
50-59 5 2 
60-69 7 3 
70-74 9 3 

Gender (being male) 1 1 
Education: High School or less 1 NA 
Ever been diagnosed with hypertension NA 1 
Family history of diabetes 1 1 
BMI     

14-25* 0 0 
25-30 2 1 
30-40 4 2 
40-70 9 3 

If female, history of gestational diabetes 6 1 
Not physically active 1 1 
Mexican 1 NA 
Not US born 2 NA 
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Table 2. Study Characteristics (standard error) of participants with Dysglycemia, HCHS/SOL Visit 1 

Characteristic Overall Normal Dysglycemia 
p-

value 
N 5431 2220 3211  
Female 51.4 (1.06) 53.0 (1.48) 49.9 (1.50) 0.1378 
Hispanic background    0.0218 

Dominican 8.4 (12.42) 12.3 (1.55) 8.7 (1.01)  
Central American 6.0 (8.43) 7.3 (0.92) 7.1 (0.59)  
Cuban 15.4 (22.12) 18.5 (1.94) 19.0 (1.87)  
Mexican 37.1 (44.20) 41.1 (2.21) 40.2 (2.07)  
Puerto Rican 12.5 (16.29) 12.4 (1.21) 16.2 (1.18)  
South American 4.0 (5.47) 5.2 (0.56) 4.3 (0.44)  
Mixed/other 2.9 (4.80) 3.2 (0.49) 4.4 (0.80)  

Age group, years    <.0001 
18–39 46.5 (1.11) 66.7 (1.42) 28.3 (1.56)  
40–49 22.6 (0.78) 19.5 (1.12) 25.5 (1.19)  
50–59 17.3 (0.71) 9.8 (0.87) 24.1 (1.11)  
60–69 10.2 (0.65) 3.6 (0.47) 16.2 (1.12)  
70–74 3.3 (0.36) 0.4 (0.14) 5.9 (0.66)  

Non US born 79.3 (1.02) 73.7 (1.60) 84.3 (1.18) <.0001 
Education HS or less 59.9 (1.18) 55.7 (1.67) 63.7 (1.39) <.0001 
Does not meet GPAQ activity guidelines 34.2 (0.98) 29.7 (1.45) 38.3 (1.30) <.0001 
Family history of diabetes 40.7 (1.13) 32.7 (1.46) 48.1 (1.47) <.0001 
Gestational diabetes* 21.4 (3.03) 80.2 (7.78) 18.1 (3.05) 0.0009 
History of hypertension 26.8 (0.97) 14.1 (1.21) 38.3 (1.38) <.0001 
BMI Status    <.0001 

25-30 21.9 (0.86) 33.6 (1.47) 11.3 (0.81)  
30-40 38.0 (0.99) 36.6 (1.43) 39.3 (1.50)  
40-70 40.0 (1.04) 29.8 (1.60) 49.3 (1.48)  

ADA risk score MEAN (SD) 4.0 (0.05) 2.9 (0.07) 5.0 (0.06) <.0001 
SOL risk score MEAN (SD) 9.1 (0.09) 7.1 (0.10) 11.0 (0.10) <.0001 
A1c(%)  5.8 (0.02) 5.2 (0.01) 6.2 (0.04) <.0001 

*591 women who had been told they had diabetes were asked whether that happened during pregnancy 
only. 
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Table 3. Performance of ADA and SOL Risk Scores in detecting Dysglycemia Among HCHS/SOL partici-
pants at different cutoff values 
  Sensitivity, % Specificity, % PPV, % NPV, % 

 SOL ADA SOL ADA SOL ADA SOL ADA 
-2 points 88.4 96.4 47.5 24.0 65.0 58.3 78.8 85.6 
-1 point 81.0 88.0 58.7 47.3 68.4 64.8 73.7 78.1 
optimal cutoff* 73.9 74.0 70.1 68.8 73.2 72.4 70.9 70.6 
+1 point 64.7 55.9 77.3 81.7 75.8 77.2 66.5 62.7 
+2 points 56.5 40.2 82.9 89.7 78.5 81.2 63.3 57.6 
AUC for total population: ADA score 77.1%, AUC for SOL score 77.7%    
* Optimal cutoff for ADA score was 4 and for SOL was 9.     
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Figure 1. Area Under the Curve (AUC) by Hispanic background for ADA and SOL risk 
scores
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CONCLUSIONS AND FUTURE DIRECTIONS 
 
 

The three manuscripts comprised in this dissertation contribute to our understand-

ing of diabetes among Hispanics living in the U.S. It is the first attempt to develop and 

validate a risk score for Hispanics in the U.S. who are at risk of undiagnosed diabetes. 

Hispanics are a heterogeneous group of peoples with diverse cultures, ancestries and so-

ciodemographic characteristics. The prevalence of diabetes varies among Hispanic 

groups and nearly 40% of all Hispanics are undiagnosed. Finding simple screening tools 

that help categorize individuals at high risk of diabetes can facilitate routing those most in 

need to treatment and behavioral interventions. Risk scores can also be used as an educa-

tional tool to raise awareness of the individual’s relative risk of having a disease and the 

risk factors associated with the disease. Combining the use of risk scores with the imple-

mentation of healthy eating and physical activity guidelines presents an opportunity to 

develop strategies that take individual’s relative risk into account and has the potential to 

help route them to an appropriate intervention plan to help prevent the disease. 

Multi-step screening approaches have been effective in diagnosing diabetes 

(Khunti et al., 2015). Cost-effectiveness in diagnosing diabetes increases when a non-in-

vasive risk assessment tool is applied prior to a blood test (Health & Excellence, 2012; 

Khunti et al., 2012). A successful risk classification strategy is one that can stratify indi-

viduals into clinically relevant risk categories and whose performance is between 70% 

and 80% (Buijsse et al., 2011). The performance of the SOL risk score was  76% and the 

score was able to classify individuals at risk into prediabetes and diabetes with a perfor-

mance of 77%, comparable to the ADA risk score.  
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As the prevalence of diabetes increases, the key to control and prevention of the 

disease will be to ensure that screening influences the course of diabetes and its compli-

cations. Screening for any disease is justified when early detection and treatment translate 

into a tacit benefit compared to its natural clinical presentation (Siu, 2015). For diabetes, 

this benefit is proven when high-risk individuals undergo intensive lifestyle interventions 

(Gillies et al., 2008; Health & Excellence, 2012). As the 2015 USPSTF national recom-

mendations include being Hispanic as a risk factor in their clinical considerations, this 

would translate into universal screening for Hispanics up to age 70. However, universal 

screening may not be cost-effective, especially when there are ways to identify and target 

individuals at high-risk (Wareham & Griffin, 2001). Optimal screening strategies should 

be based on costs, availability of services, the effectiveness of the screening tools availa-

ble and the type of diagnostic test. Evidence of the benefit of adequate management of in-

dividuals with complications and those at high-risk is increasing ("The Diabetes 

Prevention Program (DPP): description of lifestyle intervention," 2002; Gillies et al., 

2008; Holman, Paul, Bethel, Matthews, & Neil, 2008; Khunti & Davies, 2012; Khunti et 

al., 2012; Lindström et al., 2006). 

As more data on Hispanics become available, studies like the ones presented in 

this dissertation will improve our understanding of the burden of diabetes in Hispanic 

populations. The first manuscript in this dissertation provided important insights on the 

issues related to the scarcity of research focusing on diabetes risk prediction models for 

Hispanics. This scarcity of published research prevented the implementation of a meta-

analysis that compared prediction models. Further, the definition of the term Hispanic 
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was inconsistent among studies. Studies that included data on Hispanics presented anal-

yses that combined data from Hispanics and the general population, or combined data 

from Hispanics of diverse backgrounds into a single category. From the three studies 

identified in the systematic review, the study from the U.S. used data from 1976-1980 

(Herman, Smith, Thompson, Engelgau, & Aubert, 1995). The other two studies were 

from Brazil (Pires de Sousa et al., 2009) and Peru (Bernabe-Ortiz et al., 2016). Hispanics 

living in the U.S. have unique characteristics that are influenced by migration and onward 

integration and challenges such as discrimination, language proficiency, and stress. Re-

sults from this systematic review and the increasing prevalence of diabetes among His-

panics motivated the development and validation of a diabetes risk score for Hispanics 

that was based on readily available information. 

Building on the findings from the systematic review, the second manuscript used 

data from the baseline cohort of HCHS/SOL to develop and validate a risk score for undi-

agnosed diabetes. HCHS/SOL is a prospective study. It collects data from Hispanics liv-

ing in the U.S. to describe the prevalence of chronic diseases and identify their risk fac-

tors. The cohort of participants included over 16,000 participants from diverse Hispanic 

backgrounds living in San Diego, Chicago, Miami and New York (Sorlie et al., 2010). 

The development of a risk score for Hispanics living in the U.S. is significant because the 

prevalence of diabetes, particularly undiagnosed diabetes is high and because this grow-

ing population already represents close to 20% of the total U.S. population. The develop-

ment of the risk score included known diabetes risk factors used in other risk scores and 

additional factors collected by HCHS/SOL known to be associated with diabetes among 

Hispanics. These additional risk factors included Hispanic background, being born in the 
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U.S. and years living in the U.S. Potential risk factors were limited to those that a person 

could answer in a brief questionnaire and did not require clinical measures. For example, 

although several other risk scores included hypertension and high cholesterol clinical 

measurements, we opted for self-reported answers that would result in a simpler tool easy 

to implement in clinical and non-clinical settings. 

The SOL risk score included nine risk factors: being of Mexican descent, male 

gender, older age, lower education, being born in the U.S., having a family history of 

diabetes, being overweight or obese, having had gestational diabetes and not complying 

with physical activity recommendations. The risk score’s performance was superior to the 

performance of the other two risk scores developed for Hispanics (Bernabe-Ortiz et al., 

2016; Pires de Sousa et al., 2009) and marginally better to that of the ADA self-

assessment risk score. Results from this study showed that the risk score could also be 

used to identify prediabetes.  

 The third paper further investigated the performance of the SOL risk score in 

identifying Hispanics with diabetes and prediabetes (jointly known as dysglycemia). The 

performance of the SOL risk score to identify dysglycemia was comparable to that of the 

ADA risk score.   On average, the risk scores increased with severity of the disease which 

allows investigators to stratify individuals and prioritize those who need urgent attention. 

In summary, risk scores are a feasible alternative to identify and classify Hispan-

ics at risk of diabetes and prediabetes. They provide information on the risk factors in the 

population under study and can be used as an educational tool to promote awareness of 

how these risk factors affect an individual’s risk of diabetes in the Hispanic population. 
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Given the increasing prevalence of diabetes, preventive efforts need more intensive ap-

proaches that can be guided by risk stratification. Based on our findings, intensive behav-

ioral programs can be customized for those at higher risk according to their different 

characteristics and risks factors. Ultimately, disease prevention requires an understanding 

of the population at risk within a comprehensive framework. Combining multidimen-

sional and transdisciplinary strategies can result in viable alternatives that translate into 

clinical care to Hispanics at risk of diabetes.  

Particularly noteworthy is that the development and validation of the diabetes risk 

score for Hispanics in the U.S. were conducted with limited resource settings in mind. 

The resulting score includes nine risk factors that can be easily obtained from individuals. 

The SOL risk score may be helpful in primary health care where diagnosis services may 

not be available. It can be used to identify individuals at high-risk who can be referred to 

further testing or educational programs. The study’s main limitation is the use of one da-

tabase for development and validation. The score was developed to identify undiagnosed 

diabetes and was proven to be effective in identifying dysglycemia. This is the first dia-

betes risk score for Hispanics living in the U.S. Although the performance of the score 

was comparable to that of the ADA score for the general population. Having a score for 

Hispanics has the potential to draw attention to diabetes screening in a population where 

prevalence remains high. The use of this score with a comprehensive approach that effec-

tively identifies Hispanics at high-risk of diabetes routes them to testing, treatment or in-

tensive lifestyle interventions has the potential to improve health outcomes in this popula-

tion.  
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Limitations to manuscripts two and three include the use of baseline data and the 

need to split the sample to develop and validate the risk score. Future steps include 

validation of the risk score in subsequent waves of HCHS/SOL data and in other 

Hispanic populations and settings. This will be possible as more data become available in 

Latin America and the U.S. Additionally, although the performance of the risk score was 

adequate, it will need to be validated in other settings and populations to determine 

whether the same factors hold true. 

The steady increase of diabetes rates among Hispanics indicates the pressing need 

to orchestrate preventive efforts that take into consideration the causes andcircumstances 

of the burden of disease specific to these populations. Multidisciplinary approaches that 

are culturally tailored can help create programs such as the DPP that translate into 

improved quality of life and better health outcomes. Many challenges such as limited 

human and financial resources and lack of public awareness need to be addressed. This 

dissertation adds to the understanding of diabetes among Hispanics in the U.S.  The use 

of risk scores in clinical and research programs can help not only identifying individuals 

at risk but promoting communication between clinic and research staff and the 

individuals at risk.  An open dialogue of cultural, socioeconomic and environmental 

circumstances between staff and individuals at risk will help design and implement health 

programs that are coherent and sustainable.  
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