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Objective 
The aim of this scoping review is to synthesize and review current 
evidence of how Internet availability, Internet adoption, digital 
literacy, and digital health services affect health outcomes in adults 
with Type 2 Diabetes.  
 
Methods 
The scoping review includes peer-reviewed articles published in 
English in the last 10 years including CINAHL, PubMed, and Scopus 
databases. Studies that met inclusion criteria were abstracted into 
a literature review matrix summarizing key findings and themes. 
Protocol pre-registered and available here. 
 
Results 
The 27 studies meeting inclusion criteria indicate a limited and 
heterogenous understanding of how digital inequities affect 
diabetic health. A few themes emerged including: (1) Higher 
educational attainment and higher income positively impacts rates 
of Internet adoption, (2) older adults and rural inhabitants face 
disadvantages in managing diabetes due to poor Internet adoption 
and limited digital literacy, and (3) many populations are willing 
and ready to use mHealth applications, independent of their ability 
to use the Internet. Evidence directly linking Internet adoption to 
diabetes prevalence in the United States was present in one study 
published in 2014. 
 
Discussion and Conclusion 
Internet and digital inequities can negatively impact knowledge 
and management of Type 2 diabetes due to barriers in accessing 
healthcare services, digital self-care management resources, and 
education published online. The direct effects of Internet 
availability, Internet adoption, and digital literacy on diabetes 
outcomes are underexamined. Current population-level data 
examining the relationships between these factors is warranted. 
 
Keywords: diabetes mellitus, digital equity, Internet, scoping 
review 

https://www.stacksjournal.org/wp-content/uploads/2025/04/Farmer-25004-Data.pdf
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Introduction 

Background 

In 2021, the World Health Organization published a global strategy urging 
Member States to utilize and expand digital health technologies in ways 
that provide health services to all in equitable, affordable, and sustainable 
ways (1). As pressures of the global healthcare worker shortage continues, 
this call to action highlights the need for populations to be connected to 
digital health resources (2,3). 

 
In the United States, those experiencing poverty, the elderly, residents in 
rural areas, and racial/ethnic minorities do not have equitable availability 
to the Internet and technology due to the intentional withholding of 
affordable services and lack of investment in high-speed internet 
infrastructure in low-income communities by Internet Service Providers, 
also known as digital redlining (4–7).  Even with Internet availability, 
adoption of the Internet and related technologies is limited due to barriers 
in affordability, perceived value, and low digital literacy (8). For populations 
burdened with chronic diseases, such as Type 2 diabetes (T2D), inadequate 
digital health care availability may have a negative impact on health 
outcomes (9). However, the effects of limited Internet and technology 
availability and adoption on health outcomes are not well known. The aim 
of this review is to understand the current knowledge of how Internet or 
technology availability, adoption, and digital literacy affects health 
outcomes for adults with T2D.  
 

Rationale 

It is important for clinicians, public health workers, and policy makers to 
understand the effects of the Internet and technology on T2D adults’ 
health outcomes. During the pandemic, data indicate that HbA1c testing 
for people with diabetes decreased significantly in the United States, 
glycemic control may have worsened among adults with T2D, medication 
adherence was negatively impacted, some in-person healthcare services 
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was not available when needed, and physical activity reduced in some 
populations (10–14). Many of these studies cite Internet availability and 
digital literacy barriers as a potential factor for these outcomes yet these 
factors were not directly studied. 
 

Objectives 

While the concept of the digital divide is not new, there is limited research 
examining the association of health outcomes of adults with T2D and 
disparities in Internet availability and adoption. A scoping review was 
conducted to better understand the knowledge and research for this topic. 
The research questions guiding this scoping review are as follows:  

1) What is known in peer-reviewed scientific articles, written in the 
English language, published in the last 10 years about health 
disparities in adults with Type 2 diabetes who have insufficient 
availability or adoption barriers to the Internet and related 
technologies?  

2) What social determinants of health (e.g., inadequate housing, food 
insecurity, poverty) are reported, if any, within the studies 
identified that impact nutrition, diabetes prevalence, physical 
activity, disease self-management, and A1c in adults with Type 2 
diabetes? 

 
Methods and Materials 
This review follows the guidelines of the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) extension for Scoping 
Reviews (15). The pre-screening protocol is available here. 
 

Eligibility criteria 

Inclusion criteria included peer-reviewed, English language studies 
published in the last 10 years that include dependent variables of diabetes 
health outcomes or T2D prevalence with independent variables including 
Internet/technology availability, Internet adoption, Internet usage, digital 
health literacy and the adult population. Exclusion criteria included digital 
health application studies, Type 1 Diabetes only, letters to the editor, 

https://docs.google.com/document/d/1CFUGXsxdoe3oEofalZQvqFYs4Qdq0t0v2yGTOtWC5LE/edit?usp=sharing
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pharmacological studies, studies unrelated to diabetes, studies about 
genetics or biochemistry, theory articles, and reviews. 
 

Information sources 

Databases queried included CINAHL (through the EBSCO interface), 
PubMed, and Scopus. No attempt was made to contact the authors of 
articles identified. All searches were executed on November 29th, 2023. 
Gray literature was not used in this review. 
 

Search strategy 

PubMed was the first database searched. I used a complex search strategy, 
with assistance from the University of Missouri Library to formulate the 
search string. The concepts of digital divide, underserved populations, 
Internet availability, diabetes, and diabetic outcomes were thoroughly 
developed with multiple search terms. Embedded within the search are 
limits for English language, adult population, and publication date in the 
last 10 years. Search strategy for CINAHL and Scopus were modeled from 
the PubMed search terms. Full search terms for all data sources are 
presented in Table 1. 
 

Selection process 

All search results were exported to the bibliographic software Zotero (18) 
version 6.0.30. Results were combined into a single folder to assist with 
unified export. Results were exported to a spreadsheet containing 
publication date, author(s), title, abstract, publication title, tags (assigned 
by Zotero), ISSN, digital object identifier (DOI), and relevant URL links. 
Duplicates were identified by assessing matched titles, ISSN, and DOI.  
 
During the screening process, author(s), publication title, keyword tags, 
ISSN, DOI, and URL were hidden. Screening was executed in three stages. 
The first stage of screening I assessed the article titles for eligibility criteria. 
The second stage of screening was a review of the abstract. The final stage 
of screening utilized full text. All screening was completed manually 
without the use of automated computer software. During each screening 
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stage, I noted in a “Keep” column on the spreadsheet if the article should 
be “Y” kept, “N” removed”, or “R” reviewed in subsequent stages if the title 
or abstract were unclear. Selection process was documented in a PRISMA 
flow diagram (18). 

 

Table 1. Search Strategy and Terms 

Database Search Terms Limits Notes Results (n) 

PubMed (("deprival"[All Fields] OR "deprivation"[All 
Fields] OR "deprivations"[All Fields] OR 
"deprive"[All Fields] OR "deprived"[All 
Fields] OR "deprives"[All Fields] OR 
"depriving"[All Fields] OR ("divide"[All 
Fields] OR "divider"[All Fields] OR 
"dividers"[All Fields] OR "divides"[All Fields] 
OR "dividing"[All Fields]) OR "disparity"[All 
Fields] OR ("underserved"[All Fields] OR 
"underserviced"[All Fields] OR 
"underservicing"[All Fields]) OR 
("access"[All Fields] OR "accessed"[All 
Fields] OR "accesses"[All Fields] OR 
"accessibilities"[All Fields] OR 
"accessibility"[All Fields] OR "accessible"[All 
Fields] OR "accessing"[All Fields])) AND 
("Internet"[MeSH Terms] OR "Internet"[All 
Fields] OR "Internet s"[All Fields] OR 
"Internets"[All Fields] OR "web"[All Fields]) 
AND ("diabetes mellitus"[MeSH Terms] OR 
"diabetes complications"[MeSH Terms] OR 
"diabetic ketoacidosis"[MeSH Terms] OR 
"diabetic neuropathies"[MeSH Terms] OR 
"diabetic angiopathies"[MeSH Terms] OR 
"diabetes mellitus, type 2"[MeSH Terms] 
OR "diabetes mellitus, type 1"[MeSH 
Terms] OR "diabetic nephropathies"[MeSH 
Terms] OR "diabetic retinopathy"[MeSH 
Terms] OR "diabetic 
cardiomyopathies"[MeSH Terms] OR 
"diabetes prevalence"[All Fields])) AND 
((english[Filter]) AND (alladult[Filter]) AND 
(2013:2023[pdat])) 

English 
Language; 
Adults 19+ 
years 

 194 
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CINAHL TX ( (deprival OR deprivation OR deprive 
OR deprived OR deprives OR depriving OR 
divide OR divider OR dividers OR divides 
OR dividing OR disparity OR underserved 
OR underserviced OR underservicing OR 
access OR accessed OR accesses OR 
accessibilities OR accessibility OR 
accessible OR accessing) AND (Internet OR 
web) ) AND TX ( (diabetes mellitus OR 
diabetes complications OR diabetic 
ketoacidosis OR diabetic neuropathies OR 
diabetic angiopathies OR diabetes mellitus, 
type 2 OR diabetes mellitus, type 1 OR 
diabetic nephropathies OR diabetic 
retinopathy OR diabetic cardiomyopathies 
OR diabetes prevalence) ) 

English 
language; 
Peer 
Reviewed; 
Publication 
date: 
2013-01-01 
to 
2023-11-29 

 345 

Scopus ( deprival OR deprivation OR deprive OR 
deprived OR deprives OR depriving OR 
divide OR divider OR dividers OR divides 
OR dividing OR disparity OR underserved 
OR underserviced OR underservicing OR 
access OR accessed OR accesses OR 
accessibilities OR accessibility OR 
accessible OR accessing ) AND ( Internet 
OR web ) AND ( diabetes AND mellitus OR 
diabetes AND complications OR diabetic 
AND ketoacidosis OR diabetic AND 
neuropathies OR diabetic AND 
angiopathies OR diabetes AND mellitus, 
AND type 2 OR diabetes AND mellitus, AND 
type 1 OR diabetic AND nephropathies OR 
diabetic AND retinopathy OR diabetic AND 
cardiomyopathies OR diabetes AND 
prevalence ) AND PUBYEAR > 2012 AND 
PUBYEAR < 2024 AND ( LIMIT-TO ( 
DOCTYPE , "ar" ) ) AND ( LIMIT-TO ( 
LANGUAGE , "English" ) ) AND ( LIMIT-TO ( 
SRCTYPE , "j" ) ) 

English 
Language; 
>2012 to < 
2024; article 
document 
type; journal 
source type 

2 articles  
were 
flagged 
as 
retracted 
(15,16) 

2,588 (-2) 
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Data collection process and data items 

Data were collected in a review matrix spreadsheet during full text review 
of each study. Variables collected in the matrix spreadsheet after the 
screening process included publication date, author(s), title, abstract, 
digital object identifier (DOI), study objectives, research question(s), study 
design, population studied, setting, independent variable, dependent 
variable, sample characteristics, timeframe of study, recruitment/data 
collection methods, general methods, key findings, limitations, and a 
relevant summation of the study with key themes. 
 

Syntheses methods and critical appraisal 

Syntheses of the evidence was completed by creating individual 
summaries of the studies. Key themes were identified within the results 
that align with this review’s research questions. Individual study findings 
were categorized under thematic elements in final synthesis. The quality of 
evidence was not systematically appraised. Limitations of the individual 
articles were reported in the data collection. 
 

 

 Results & Discussion 

Study selection 

After organizing the studies into the review matrix spreadsheet, 1,916 
duplicates were removed, leaving 1,211 articles for title and abstract 
screening. Title screening resulted in 925 studies that met the exclusion 
criteria and 286 studies evaluation in abstract screening. Abstract 
screening yielded 85 articles for full text review. Three articles were unable 
to be retrieved. Full text was reviewed for 82 articles leading to 54 articles 
excluded. 27 studies were selected for final analysis.  See complete PRISMA 
flow diagram in Figure 1. 
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Figure 1. PRISMA flow diagram – Identification, Screening, and Selection of Studies. 
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Figure 2. Geographic view of study locations 

 Results of individual studies and syntheses 

The full literature matrix including results and syntheses of individual 
studies is provided in the Supplementary Table S1 and S2.  
 

Article characteristics 

Reviewed studies indicate a heterogeneous range of objectives, study 
protocols, populations, settings, and sampling. The details of each study 
are presented in the literature review matrix in Table S1 in the Appendix. 
Notably, nine studies utilized qualitative methodologies using 
semi-structured interviews (n=7) and focus groups (n=2). Other studies 
were quantitative and were primarily observational and cross-sectional. All 
studies incorporated diabetes prevalence, self-management, clinical 
outcomes, or disease knowledge in some way through population 
sampling or data collection methods. Settings included an international 
assortment of countries within North America, South America, Africa, 
Europe, Australia, and Asia. See Figure 2 for a geographic representation of 
the countries included.  
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Digital divide and health disparities 

Digital disparities create challenges in accessing digital health solutions 
such as telehealth, self-management applications, and patient portals 
(20–25). For example, Chambers et al. found that only 38.6% of American 
Indian youth, with high BMI and HbA1c levels had access to the internet, 
limiting the benefit of digital health solutions. Disparities in eHealth literacy 
were linked to older adults by Price-Haywood et al, limiting their ability to 
utilize patient portals. They found that portal users typically were younger 
and had higher educational attainment. 
   
Additionally, longitudinal data from United States metropolitan and 
micropolitan statistical areas suggests that Internet adoption is associated 
with decreased diabetes prevalence and improvements in diabetic risk 
factors (26). In their longitudinal study, Whitacre and Brooks utilized 
first-difference modeling of 92 metropolitan and micropolitan statistical 
areas exploring the impact of Broadband adoption rates on community 
health outcomes found in the CDC’s Behavioral Risk Factor Surveillance 
System. They found that adoption is significantly correlated with 9 out of 
24 health measures including reduced smoking rates, reduced diabetes 
prevalence, and increased consumption of fruits and vegetables. While 
establishing a quantitatively significant correlation of Internet adoption’s 
effect on health outcomes, the results of this study were limited by not 
assessing online behaviors and Internet-connected smartphone adoption.     
 
Individuals with limited Internet availability and digital literacy, notably 
older adults and rural inhabitants, face significant disadvantages in 
managing chronic conditions like diabetes (27,28). The complexity of 
chronic disease management, poor healthcare access, and affordability of 
the Internet and associated technologies compound this problem. Across 
many countries, educational attainment and income positively impact the 
rates of adoption of the Internet and related technology (24,25,29–34).  
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Health information-seeking behaviors 

Race and ethnicity appears to affect health information-seeking behaviors 
(HISB) across diverse populations. American Indian and Alaska Native 
adults demonstrated high rates of Internet adoption (81%) and expressed 
openness to online nutrition education, with most accessing the Internet 
through smartphones (67%) and family members (90%) (36). Young Punjabi 
Sikhs in the United Kingdom preferred Internet-based diabetes 
information over healthcare professionals, citing convenience and 
perceived gaps in cultural awareness among providers (35). African 
American veterans, while having access to technology, reported that 
sociocultural factors and past experiences with healthcare institutions 
influenced their adoption of digital health tools (37). Studies in Iran, Egypt, 
and Ecuador revealed varying patterns of technology use among different 
ethnic groups, highlighting the need for culturally sensitive digital health 
interventions (22, 29, 46). 
 
Systemic and infrastructural barriers were not specifically associated with 
HISB but were apparent in the review. There are significant disparities in 
internet availability, across multiple regions and countries, with rates 
varying from 27.2% in Ecuador to 90% in Iran (29,39). In the southeastern 
United States, counties with lower Internet availability showed higher 
diabetes prevalence (43).  
 
Individual attitudes and capabilities influenced HISB, with multiple studies 
highlighting the role of age, education, and digital literacy. Research in 
Turkey found that only 34.8% used the Internet for health information, 
with usage correlated to younger age and higher educational status (33). 
Weymann et al. showed that 61.7% of German participants used the 
Internet for health information, while 35.1% of non-users cited lack of 
Internet access as the primary barrier (41). In Ethiopia, while willingness to 
use mHealth applications was high (71.4%), actual adoption remained low 
(13.1%), related to factors such as digital literacy and perceived ease of use 
(28).  
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Technology use and health literacy 

There is strong adoption of mobile phones in many populations which 
allows access to mHealth services and health information but higher 
educational status and financial affluence appear to positively influence 
mobile phone adoption (27–29,36–38). Despite the potential for digital 
health services to facilitate diabetes self-care management, barriers such 
as financial limitations, digital literacy, and poor Internet availability persist. 
Those with limited adoption of digital technology faced greater challenges 
in understanding medical conditions and education from healthcare 
providers than their connected peers, suggesting that technology has a 
relationship with health literacy levels (21,25,38–40).  
 

Social determinants of health 

In the studies reviewed, access to and adoption of the Internet is linked 
with dependencies to educational attainment, income, and geographic 
location (21, 24, 25 ,27-34, 36-40).  For example, Cherrez-Ojeda et al. found 
45.2% of Ecuadorian diabetes patients used the Internet to find diabetes 
information but Internet access was associated with higher income and 
higher education levels. Umeh et al. reported that residents of the UK with 
a computer at home was associated with higher socioeconomic status. 
Furthermore, data from the Veteran's Affairs health system indicated that 
rural patients relied more on in-person care during the pandemic which 
Yoon et al. suggest is due to Internet availability. Despite greater 
availability of Internet access in non-rural areas, Fuji et al. report that 
financial barriers impact usage of online personal health records in their 
metropolitan-area study. These studies echo findings by the National 
Telecommunications and Information Administration who estimate that 
18.2 million households have not adopted broadband internet with 
population characteristics of non-adopters were those making less than 
$25,000 per year, people of color, or had lower educational attainment (8).  
Only one study explored the association between food insecurity, Internet 
availability, and diabetes prevalence within the results (43). Sharma 
applied a socio-ecological perspective in Southeastern US states, finding 
that food insecurity and Internet availability were strongly linked to 
diabetes prevalence at the county-level. Other social determinants such as 
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housing, transportation, health care access, health insurance, 
employment, and social support systems were not reported in these 
studies.   
 

Summary of evidence 

The evidence provided from these sources indicates an evolving qualitative 
and quantitative understanding of the digital divide, health disparities, 
health information-seeking behaviors, technology use, health literacy. 
Regarding social determinants of health, 16 of the 27 studies link 
educational attainment, income, and geographic location as significant 
factors in access and adoption of the Internet and related technologies. 
While the studies accessed do not directly answer the question of the 
behaviors and diabetes outcomes associated with social determinants, the 
linkage can be made through existing reviews, that access and adoption 
are a predictive factor for usage of digital personal health records 
potentially impacting the ability for providers to share timely health 
information to remote patients (47).    
 

Limitations 

First, the international and heterogenous mixture of qualitative and 
cross-sectional quantitative data limits the findings of this review and 
presents challenges in a concluding synthesis. This presents a limitation for 
this review but also reveals the limited knowledge in this area. Second, the 
inclusion and exclusion criteria must be contextualized in this review. The 
adherence to the inclusion criteria of the English language may have 
limited the inclusion of significant research conducted in other languages. 
The exclusion of gray literature may omit data and insights that could 
enrich the understanding of the complexities of Internet availability, 
adoption, and digital literacy. Third, factors such as cultural beliefs, health 
care policy, and economic infrastructure were not directly studied which 
leads to an incomplete understanding of the multi-layered nature of health 
disparities and the digital divide. Fourth, a critical appraisal and 
meta-analysis were not conducted on the obtained articles. Robust reviews 
such as meta-analysis are needed as more research is conducted in this 
domain. Lastly, the research reviewed here is limited to November 29th, 
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2023. Additional studies in this domain have been published, requiring an 
additional review.  
 

Conclusions 

These studies suggest a persistent digital divide that includes inadequate 
Internet availability, limited Internet adoption in some populations, poor 
digital and health literacy, and socioeconomic barriers that impact the 
knowledge and management of T2D. Evidence directly linking Internet 
adoption to diabetes prevalence is limited to a single study (26). The 
Internet and digital health technologies can be leveraged to educate and 
empower individuals and providers to manage diabetes more effectively 
but disparities in education, income, and cultural norms must be 
considered. Future research should further explore the relationship of 
Internet availability, Internet adoption, social determinants of health, and 
digital health services on health outcomes related to diabetes in more 
populations within the United States and internationally. 
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