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Background: There has been increasing interest in the use of web portals by patients with type 2 diabetes
mellitus (T2DM). Studies of web portal use by patients with pre-diabetes have not been reported. To plan
studies of web portal use by adult clinic patients seen for pre-diabetes and T2DM at an academic medical
center, we examined characteristics of those who had or had not registered for a web portal.

Methods: Electronic records were reviewed to identify web portal registration by patients treated for pre-
diabetes or T2DM by age, sex, race and ethnicity.

Results: A total of 866 patients with pre-diabetes and 2,376 patients with T2DM were seen in a family
medicine outpatient clinic. About 41.5% of patients with pre-diabetes and 34.7% of those with T2DM had
registered for the web portal. In logistic regression analysis, web portal registration among patients with
T2DM was significantly associated with age 41-45 years, and with Hispanic ethnicity. Similar results were
obtained for pre-diabetes except that the positive association with age 41-45 years and inverse association
with Hispanic ethnicity were not statistically significant. Among patients with pre-diabetes or T2DM, Black
men and Black women were less likely to have registered than their white counterparts. Patients who were
aged 18-25 and >65 years were less likely to have registered for the web portal than those 26-65 years.
Conclusions: Additional research is needed to identify portal design features that improve health
outcomes for patients with pre-diabetes and T2DM and interventions that will increase use of patient portals

by pre-diabetic and diabetic patients, especially among Black patients and older patients.
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Introduction Persons with diabetes have an increased risk of
macrovascular and microvascular complications (3). Good

Over 30 million Americans had diabetes in 2015 (1). An

glycemic control is associated with reduced morbidity and
additional 35% of U.S. adults have pre-diabetes (impaired

mortality, but almost half of patients with type 2 diabetes

glucose tolerance or impaired fasting glucose) which is mellitus (T2DM) do not meet recommended targets for
associated with a four-fold increased risk of progressing to glycemic control (4-6).
diabetes compared to those who are normo-glycemic (2). The management of T2DM requires effective
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communication between providers and patients and patient
self-management (7). Studies have demonstrated that
increasing patients’ knowledge about their risk factors can
lead to improved clinical outcomes (8,9). For both pre-
diabetic and diabetic patients, fostering a collaborative
reladonship between patients and their health care providers
is likely to improve clinical outcomes (10,11).

Efforts at health care reform and continued advances in
information technologies have increased interest in patient
web portals. Stakeholders view patient portals, and other
technological advances such as personal health records
and electronic medical records (EMRs), as an opportunity
to leverage information technology to support patient
self-management and improve communication between
patients and providers (12,13). The introduction of patient
web portals constitutes an important development in pre-
diabetes and diabetes care.

The goal of the current feasibility study was to determine
the number of adult patients seen for pre-diabetes or
T2DM in a family medicine clinic at a large academic
medical center in the southeastern U.S. and to examine
whether they had registered for the patient web portal
according to age, sex, race and Hispanic ethnicity.

Methods
Ethics approval

The current study was conducted as “preparatory to
research” in support of grant applications for larger and
more detailed proposed studies. Prior to a review of
computerized patient records, a determination was made
that the study was exempt from IRB review. Informed
consent was not required for a review of existing patient
records that did not include any personally identifying
information.

Methods

EMRs were reviewed including web portal registration
by adult patients treated for pre-diabetes (impaired
glucose tolerance and impaired fasting glucose) or
T2DM. The patients were seen in a family medicine
clinic at a large academic health center. De-identified
number of patients seen for pre-diabetes and T2DM
were examined by age categories, sex, race and ethnicity
(Table ). Odds ratios, 95% confidence intervals (CI), and
P values were obtained using STATA Data Analysis and
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Statistical Software. An approximate chi-square test was
used to test for interaction on an additive scale (14).
Multivariate analysis was carried out using logistic
regression methods to determine adjusted odds ratios
and assess statistical significance (15). In this regression
method, the logarithmic odds of disease is modeled as
a linear function of explanatory variables and maximum
likelihood estimates of their beta coefficients.

Results

A total of 866 patients with pre-diabetes and 2,376 patients
with T2DM were seen in the family medicine outpatient clinic.
About 41.5% of patients with pre-diabetes and 34.7% of those
with T2DM had registered for the web portal (Ziable 1). Black
patients with pre-diabetes or T2DM were less likely to have
registered for the web portal than their white counterparts.
Diabetic patients who were 18 to 25 years of age were less
likely to have registered for the web portal, along with those
who were >65 years of age. Pre-diabetic patients who were
>65 years of age were less likely to have registered for the
web portal than younger patients with pre-diabetes.

Tables 2 and 3 show the relationship between race and
sex in patients with T2DM and pre-diabetes, respectively.
Among patients with T2DM but not pre-diabetes, race
appeared to modify the relationship between sex and patient
web portal registration, but the effect modification on an
additive scale was not statistically significant (7ables 2,3).
White women with T2DM were more likely to have
registered for the web portal than Black women or Black
men with T2DM (Table 2). White women with pre-diabetes
were more likely to have registered for the web portal than
Black women or Black men with pre-diabetes (1able 3).

Table 4 summarizes results from logistic regression
analysis of variables associated with web portal registration
among patients with T2DM. Statistically significant
associations were observed between patient web portal
registration and age 41-45 years, and with Hispanic
ethnicity. Race was found to modify the association between
sex and patient web portal association on a multiplicative
scale (Table 4). Web portal registration was less frequent
among Black men and Black women with T2DM as
compared with their white counterparts. Similar results
were obtained for pre-diabetes except that the positive
association with age 41-45 years and inverse association
with Hispanic ethnicity were not statistically significant

(Tuble ).
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Table 1 Numbers of diabetic and pre-diabetic patients who registered for the web portal by age, sex, race, and Hispanic ethnicity

Diabetes (n=2,376) Pre-Diabetes (n=866)
Variable Registered for web portal, Not registered for web portal,  Registered for web portal, Not registered for web portal,
N (%) N (%) N (%) N (%)
Age (years)
18-25 3(17.6) 14 (82.4) 4 (40.0) 6 (60.0)
26-30 6 (22.2) 21 (77.8) 10 (40.0) 15 (60.0)
31-35 27 (42.2) 37 (57.8) 19 (50.0) 19 (50.0)
36-40 50 (52.1) 46 (47.9) 21 (46.7) 24 (53.3)
41-45 61 (51.7) 57 (48.3) 30 (56.6) 23 (43.4)
46-50 80 (45.2) 97 (54.8) 35 (47.9) 38 (52.1)
51-55 100 (39.5) 153 (60.5) 59 (49.6) 60 (50.4)
56-60 128 (36.9) 219 (63.1) 51 (38.9) 80 (61.1)
61-65 150 (39.7) 228 (60.3) 58 (44.3) 73 (65.7)
>65 219 (24.4) 680 (75.6) 72 (29.9) 169 (70.1)
Sex
Male 536 (35.4) 977 (64.6) 241 (41.6) 338 (58.4)
Female 288 (33.4) 575 (66.6) 118 (41.1) 169 (58.9)
Race
White 350 (48.5) 371 (51.5) 155 (52.9) 138 (47.1)
Black 403 (26.8) 1,100 (73.2) 181 (35.3) 332 (64.7)
Other 63 (47.0) 71 (53.0) 20 (35.7) 36 (64.3)
Hispanic
Yes 16 (31.4) 35 (68.6) 5(27.8) 13 (72.2)
No 613 (33.7) 1,205 (66.3) 272 (39.9) 409 (60.1)
Unknown 195 (38.5) 312 (61.5) 82 (49.1) 85 (50.9)

Table 2 Numbers of adult patients with type 2 diabetes mellitus who registered for the web portal by race and sex*

Demographic variables Registered for web portal, N (%) Not registered for web portal, N (%) OR (P value)
White female 201 (50.3) 199 (49.8) 3.42 (0.000)
Black female 293 (28.7) 728 (71.3) 1.36 (0.017)
White male 149 (46.4) 172 (53.6) 2.93 (0.000)
Black male 110 (22.8) 372 (77.2) 1.00" ()

*, Because the numbers of patients were small, those whose race was ‘Other’ were excluded from this analysis along with those who were
Hispanic. Chi-square test for additive interaction not significant (P>0.05); ', referent category. OR, odds ratio.
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Table 3 Numbers of adult patients with pre-diabetes who registered for the web portal by race and sex*

Demographic variables Registered for web portal, N (%) Not registered for web portal, N (%) OR (P value)
White female 84 (51.5) 79 (48.5) 2.67 (0.000)
Black female 142 (37.8) 234 (62.2) 1.52 (0.052)
White male 71 (54.6) 59 (45.4) 3.02 (0.000)
Black male 39 (28.5) 98 (71.5) 1.00" ()

*, Because the numbers of patients were small, those whose race was ‘Other’ were excluded from this analysis along with those who were
Hispanic. Chi-square test for additive interaction not significant (P>0.05); ', referent category. OR, odds ratio.

Table 4 Logistic regression analysis of variables associated with web Table 5 Logistic regression analysis of variables associated with web
portal registration among adult clinic patients with type 2 diabetes portal registration among adult clinic patients with pre-diabetes
mellitus (n=2,358) (n=862)
Covariate Adjusted OR (95% ClI) P value Covariate Adjusted OR (95% ClI) P value
Age (years) Age (years)
18-25 1.00" - 18-25 1.00" -
26-30 1.14 (0.23, 5.74) 0.87 26-30 0.95 (0.21, 4.37) 0.94
31-35 3.47 (0.88, 13.70) 0.08 31-35 1.20 (0.28, 5.15) 0.80
36-40 5.34 (1.40, 20.39) 0.01 36-40 1.14 (0.27, 4.73) 0.86
41-45 4.93 (1.31, 18.59) 0.02 41-45 1.88 (0.46, 7.67) 0.38
46-50 3.62 (0.98, 13.42) 0.05 46-50 1.22 (0.31, 4.84) 0.78
51-55 2.96 (0.81, 10.86) 0.10 51-55 1.43 (0.37, 5.48) 0.60
56-60 2.65 (0.73, 9.65) 0.14 56-60 0.86 (0.23, 3.30) 0.83
61-65 3.01 (0.83, 10.95) 0.09 61-65 1.00 (0.26, 3.82) 0.99
=66 1.45 (0.40, 5.24) 0.57 =66 0.50 (0.13, 1.90) 0.31
Race and sex Race and sex
White female 3.52 (2.62, 4.73) 0.00 White female 2.97 (1.81, 4.87) 0.00
Black female 1.40 (1.08, 1.82) 0.01 Black female 1.54 (0.00, 2.38) 0.05
White male 3.12(2.28, 4.27) 0.00 White male 3.70 (2.19, 6.26) 0.00
Black male 1.00" - Black male 1.00" -
Other female 3.72 (2.14, 6.49) 0.00 Other female 1.83(0.79, 4.20) 0.16
Other male 4.02 (2.14, 7.55) 0.00 Other male 1.70 (0.58, 4.97) 0.34
Hispanic Hispanic
Yes 1.00" - Yes 1.00" -
No 2.31(1.12,4.77) 0.02 No 1.95 (0.60, 6.28) 0.27
Unknown 2.69 (1.29, 5.62) 0.01 Unknown 2.86 (0.86, 9.55) 0.09
T, referent category. OR, odds ratio. T referent category. OR, odds ratio.
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Conclusions

"To our knowledge, this is the first study of web portal use
by patients with pre-diabetes. The results of this feasibility
study indicate that relatively few adult clinic patients with
pre-diabetes have registered for the web portal and that
registration rates are particularly low among patients who
are Black or aged >65 years. The results of this study also
indicate that relatively few adult clinic patients with T2DM
have registered for the web portal and that registration
rates are particularly low among patients who are Black, or
aged <26 or >65 years. Based upon these findings, we are
planning larger and more detailed studies to determine why
many patients do not register for or use the web portal and
to examine the effectiveness of the web portal in improving
health outcomes among adult clinic patients with T2DM
or pre-diabetes. A goal of the planned research, which
is dependent upon receipt of extramural funding, is to
determine the specific portal features that may improve
quality of care or glycemic control (e.g., patient-provider
secure messaging) and to examine the effectiveness of an
intervention to increase use of the patient web portal by
T2DM patients.

In a previous study of web portal use among adult clinic
patients with T2DM see in General Internal Medicine
and Endocrinology outpatient clinics, in which patients
are provided with access to the Augusta Health Virtually
Informed Patient (VIP) web portal, we also observed
disparities in web portal use by Black race and age (16).
The inverse association with Black race may be due to
uncontrolled confounding by health literacy (17-19). In
the current feasibility study, no information was available
about health literacy of the adult patients with pre-
diabetes or T2DM. Limited the health literacy is relatively
common among patients with type 2 diabetes and is likely
to contribute to poorer diabetes outcomes (17-21). Studies
indicate that patients with lower health literacy are less
likely to use web portals to help manage a chronic illness
(13,17,19). Patients with lower health literacy or computer
literacy may have difficulty learning how to use a web portal
or they may have difficulty navigating a portal. Educational
outreach efforts for potential web portal users may be
helpful in overcoming these barriers.

A limited number of studies have examined the use of web
portals tethered to EMRs for diabetes management (22).
Although results-to-date have been mixed, results from
prior studies suggest that secure messaging between adult
diabetic patients and their clinician is associated with
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improved glycemic control (22). Improvements in low
density lipoprotein (LDL) cholesterol and blood pressure
have also been observed in some studies of web portals used
by patients with diabetes and hypertension (7). The specific
portal features that may impact quality of care or improve
glycemic control (e.g., patient-provider secure messaging,
online access to lab test results or instructions, other patient
supports) have not been clearly distinguished by studies
completed to date. Results from prior studies indicate that
many diabetic patients do not take advantage of web portal
features such as secure messaging, when offered, perhaps
because of a lack of internet access or to a lack of experience
in navigating web portal resources (18).

With respect to limitations, the current study did not
examine the specific reasons that patients with pre-diabetes
or T2DM had registered for the web portal, whether they
used it over time, and the frequency of use. Future studies
should examine whether patients who have registered for
the web portal use it for secure messaging and whether they
are active secure message users or whether they only rarely
send secure messages to their provider. A further limitation
is that the current study was cross-sectional in nature
and lacked information about the temporal relationship
between patient web portal registration and improved self-
management and better glycemic control.

Additional research is needed to identify specific
portal design features that improve glycemic control
and interventions that are effective in increasing use of
this patient web portals among diabetic and pre-diabetic
patients, especially among Black patients, older patients,
and among those with low health literacy.
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