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Abstract

Purpose: The purpose of this study was to examine the association between glucose variability, diabetes self-
management, and cognitive function in participants enrolled in a cognitive rehabilitation intervention for people
with type 2 diabetes.

Methods: Baseline data from the Memory, Attention, and Problem-Solving Skills for Diabetes randomized
controlled trial (n = 95; mean age 65.6 years, SD 5.99; 59.3% female; 59% non-Hispanic White) were analyzed
and included scores from the PROMIS Cognitive Function version 2, a measure of perceived cognitive function;
glucose variability measurements from continuous glucose monitors; and scores on the Summary of Diabetes
Self-Care Activities Survey.

Results: Participants had higher levels of perceived cognitive dysfunction than the US average. Lower PROMIS
scores were associated with higher levels of glucose variability. Better perceived cognitive health was related to
better diabetes self-management. Glucose variability, measured by the coefficient of variation, was a significant
predictor of perceived cognitive function.

Conclusions: Perceived cognitive function was associated with diabetes self-management and glucose variability.
Understanding this association can support the development of interventions to mitigate effects associated with
glucose variability and changes in cognitive function. Including measurements of perceived cognitive function in
assessments has the potential to alert health care providers about the need for additional support in diabetes
management and the possibility of cognitive impairment that may need further objective assessment.

Having diabetes (DM) raises the risk of decline in cognitive function by almost 20% over 20 years compared to
those who do not have DM.! This is significant because worldwide, over 400 million people have DM.? In fact,
cognitive changes can begin early in the development of DM, before the onset of overt symptoms, and those who
are diagnosed with type 2 DM (T2DM) may have alterations in cognitive function already.? Pathologic changes
related to T2DM that affect cognitive function have been examined, but this information may be insufficient for
people living with T2DM who seek to improve or maintain cognitive function in diabetes self-management
(DMSM). Unfortunately, research on the interplay of DMSM and cognitive function is limited. In other chronic
illnesses, such as multiple sclerosis and heart failure, interventions that promote beneficial lifestyle practices via
comprehensive cognitive rehabilitation to prevent cognitive decline have been effective, sometimes more effective
than pharmaceuticals.*”

In the US, more than 25% of older adults have expressed concerns about the possibility of developing Alzheimer’s
disease,® and more than 50% worry that such potential cognitive problems will lead to burdens for their family
members.® Nevertheless, even if some form of cognitive change is expected in older adults, functional impairment
related to such changes in middle to late adulthood is usually unanticipated.® In people with risk factors for cogni-
tive decline, such as cardiovascular disease and cancer, cognitive changes are complex and multidimensional.?
However, in those with nonneurologic chronic conditions, such as diabetes and cardiovascular disease, less is
known about cognitive changes—risk and prevalence notwithstanding.!°
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It is difficult to assess the effect of these cognitive changes with standard neuropsychological tests because such
tools do not measure the effect of cognitive problems on individuals’ day-to-day lives.!! In examinations of cogni-
tive symptoms, it is therefore imperative to consider the perspectives of those with chronic conditions for several
reasons. First, perceived cognitive problems may precede the development of mild cognitive impairment and
dementia.'>!3 Second, assessment of self-reported cognitive function can help us to ascertain the impact of cogni-
tive symptoms on the self-management of chronic conditions.'®!> Finally, perceived cognitive dysfunction may
begin as early as midlife, with about 20% of people with chronic conditions reporting perceived cognitive problems
by age 45.1%!7 This is earlier and more common than in those without chronic conditions. For example, over 25%
of middle-age adults with cardiovascular disease have reported perceived cognitive problems, whereas in healthy
adults over age 65, the prevalence is 18%.!%

Glucose variability is also associated with cognitive impairment, hypothesized to be related to increased produc-
tion of reactive oxygen species, leading to oxidative stress.!®2° Both hyperglycemia and hypoglycemic episodes are
associated with cognitive changes, and glycemic stability is important for preventing cognitive decline.?!?2
Guidelines for the measurement of glucose variability recommend using A1C, but A1C accounts for only about
10% of variance in cognitive function.??> Because continuous glucose monitoring (CGM) devices are now more
widely available, rapid glucose fluctuations can be assessed in real time, making it easier to measure relationships
between variability and cognitive function and other clinically important outcomes.?*?” A number of studies evalu-
ating the impact of behavioral interventions on glucose variability in people with type 1 DM (T1DM) have been
conducted, but thus far, no studies have explored the effects of glucose variability on cognitive function (perceived
or objective) in cognitive rehabilitation interventions for T2DM.28:2°

In the present study, baseline data from the Memory, Attention, and Problem-Solving Skills for People With
Diabetes (MAPSS-DM) trial was used to examine perceived cognitive function, DMSM, and glucose variability.
The research questions were as follows: (1) What is the extent of perceived cognitive dysfunction in adults with
T2DM? (2) Is higher glucose variability associated with greater levels of objective and perceived cognitive dysfunc-
tion? (3) Does higher glucose variability have a greater effect on perceived cognitive dysfunction in those with bet-
ter DMSM?

Methods

Methods are described elsewhere,?° but briefly, MAPSS-DM is a randomized controlled trial to compare a com-
prehensive cognitive training intervention with an active control. Its primary outcomes were changes in both objec-
tive and perceived cognitive function and DMSM. The target population was community-dwelling adults age =50
years and with T2DM. Participants were recruited from local endocrinology clinics and by Trialfacts, an online
recruiting company. The University of Texas at Austin’s Institutional Review Board approved this project (Study
No. 00000464), and the trial was registered with ClinicalTrials.gov (NCT04831775).

Participants had been diagnosed with diabetes for at least 2 years, had access to telephone and the Internet,
scored 10 or higher on the Perceived Deficits Questionnaire, and had an A1C of 7% or higher. Exclusion criteria
were a diagnosis of dementia’/head injury, a score of <3 on the Mini-Cog, an inability to speak English, and a
T1DM diagnosis. Those age =50 years were included because perceived cognitive complaints trend upward start-
ing in middle age.!” It is evident that age-associated cognitive decline and influences on it are detectable in midlife,
and the research team’s prior work has shown that adults under age 60 with T2DM have concerns about cogni-
tion.?%30-32 Interested patients were given the Mini-Cog to assess for dementia. A total score of >3 indicated lower
likelihood of dementia. For those who met inclusion criteria and agreed to participate, a meeting was scheduled at
a time and private location convenient to each participant. Enrollment began in September 2021 and ended in
August 2022 with the recruitment of 171 individuals in central Texas.

The present analysis is based on a subsample (n = 95) of the full MAPSS-DM population who wore continuous
glucose monitors at baseline. All data in this analysis were obtained at baseline and do not include any data from
follow-up assessments.

Measures

Demographic and survey data were collected via an online link to the questionnaires on REDCap. Clinical vari-
ables (eg, medications, A1C, and comorbidities) were gathered via medical record review (see Table 1 for more
detail).
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Table 1. Baseline Characteristics of the Study Population (n = 95])

Characteristic Value
Age (mean = SD) 65.6 = 5.99
Ethnicity (%)
Non-Hispanic White 447
Hispanic 34.2
Black 12.2
Asian 8.9
Multiracial 5.4
Female (%) 59.3

Education (%)

Less than high school 0.6
High school or GED 22.7
Associate degree 17.4
Bachelor’s degree 33.1
Master’s degree 21.5
Professional or doctoral degree 4.7
Family with diabetes (%) 82.4
Comorbidities (%)
Hyperlipidemia 68.0
Hypertension 63.0
Retinopathy 43.8
Peripheral neuropathy 38.5
Thyroid disease 20.7
Heart disease and/or stroke 15.3
PROMIS cognitive function version 2 (mean = SD) 34568

Glucose variability (mean + SD)

Mean glucose 181.8 £ 57.4
Hypoglycemia (% <70 mg/dL) 14.2 + 6.8
Hyperglycemia (% >160 mg/dL) 37.7 + 6.2
Standard deviation 34.9 £ 22.1
Mean amplitude of glucose excursions 112.3 = 27
Mean of daily differences 64.1 =18
Coefficient of variation 33.7 £ 11.1
Time in range 58.1 £ 27.6

Diabetes self-management (mean *+ SD)

General diet 3.9 2.1
Specific diet 3.1x£23
General activity 2.9 £ 2.4
Specific activity 23 *2.4
Blood glucose monitoring 3.2+ 3.1

Foot health 3.6 +2.82
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Glucose variability. Participants wore Abbott’s FreeStyle Libre Pro for CGM.?? These devices consist of a small
US-quarter-sized sensor worn on the back of the upper arm. The sensor measures interstitial glucose via a 5-mm
long, 0.4-mm wide filament placed in the subcutaneous tissue. Downloaded CGM data are converted to glucose
readings on the research project’s computer using LibreView CGM software. International consensus on time in
range guidelines were used to choose CGM variables for analysis®**3%: (1) the overall mean, (2) the proportion of
readings indicating hypoglycemia (% <70 mg/dL), (3) the proportion of readings indicating hyperglycemia (%
>160 mg/dL), (4) time in range (% either >70 mg/dL or <160 mg/dL), (5) the standard deviation of CGM glu-
cose readings, (6) the mean amplitude of glucose excursions (MAGE), (7) the coefficient of variation (CV), and
(8) the mean of daily differences (MODD). Patients were classified as “in range” if glucose readings were between
70 mg/dL. and 180 mg/dL at least 70% of the time or “not in range” if glucose readings were outside those
limits.?”

Cognitive function. The dependent variable in the analysis is perceived cognitive dysfunction, measured with PRO-
MIS version 2.0 cognitive function,®® a 32-item survey that assesses self-reported cognitive deficits such as mental
acuity, concentration, verbal and nonverbal memory, and verbal fluency. Example items are “In the past 7 days I
have had trouble forming thoughts” and “In the past 7 days my thinking has been slow.” Respondents answer on a
scale from 1 (several times a day) to 5 (never). Higher scores reflect better cognitive function. Reliability of the
survey ranges from 0.83 to 0.94.38

Objective cognitive function was assessed with the online cognitive assessment platform BrainCheck?® using the
following tests: (1) Trails A & B, (2) the Stroop Color and Word test, (3) Digit-Symbol Substitution, and (4)
Immediate and Delayed Recognition. For Trails A & B (measures of attention), participants are asked to select, in
order, 25 random numbered circles as fast as possible and then to select alternating numbers and letters, for
example, “A,” “1,” “B,” “2,” and so on. The average duration of each trial is measured. The Stroop Color and
Word test measures reaction time required to overcome cognitive interference (executive function). The name of
a color is displayed in an incongruent color, and time taken to name the color of the word is measured. The median
duration of incongruent trials is measured. In the Digit Symbol Substitution test (processing speed), participants
match an arbitrary correspondence of symbols to digits. The number of trials correctly completed in 1 minute is
assessed. In the Immediate and Delayed Recognition tests (memory), 10 words are presented, 1 at a time. Next,
another 20 words are presented, including the 10 previously shown. Participants are asked to identify whether the
word appeared previously as quickly as possible. At the end of the other BrainCheck tests, participants are again
shown 20 words and asked to identify if the word was included as part of the 10 originally shown. A composite
score was also calculated to assess global cognitive function. The use of a composite score for cognitive function
can increase measurement precision and limit the impact of measurement error and confounding biases related to
any one test. The composite scores (mean = 100, SD = 15) are standardized for age on the basis of normative data,
with higher scores indicating better cognitive performance.>’

Other data used in these analyses were collected as part of baseline assessment. Demographic data included age,
sex, years with T2DM, ethnicity/race, socioeconomic status, and years of education. DMSM was assessed with the
Summary of Diabetes Self-Care Activities,*® indicating how many days in the last week participants performed
self-management activities, such as monitoring glucose levels.

Data Analysis

Data were analyzed using IBM SPSS*! (version 22.1), with statistical significance fixed at P < 0.05 for all tests.
Means and standard deviations represented continuous variables, and percentages were calculated for categorical
variables. Differences between groups (eg, gender, ethnicity) were analyzed with analysis of variance, nonparamet-
ric Kruskal-Wallis tests, and chi-square tests for, respectively, normally distributed continuous data, nonparamet-
ric continuous data, and categorical data. Associations between variables were analyzed with Spearman correlation
coefficients.

Multiple regression was conducted to examine associations between cognitive function and glucose variability,
with adjusted odds ratios and 95% confidence intervals for factors associated with cognitive function, such as sex,
age, and comorbidities.
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AN

Did not meet PDQ criteria: 24

Type 2 diabetes diagnosis less than 2 years: 20
History of diagnosed dementia: 16

Type 1 diabetes: 8

Did not speak English: 5

No diabetes diagnosis: 2

Unreliable internet access: 1

Attended Screening
Appointment/Call: 171

Ineligible at Screening: 76

Baseline Data Collection: 95

Eligible, Declined: 36
Unable to contact to schedule
baseline data collection: 15
Declined to participate after screening: 21

Figure 1. Recruitment flow chart.

Results

Sample Characteristics

Data were gathered from 95 participants (Figure 1); their baseline characteristics are presented in Table 1. Their
mean age was 65.6 years (SD 5.99), 59.3% were female, and 59.0% were non-Hispanic White. Sixty-eight percent
had hyperlipidemia, 63% had hypertension, and 38.5% had peripheral neuropathy.

Cognitive Function

The mean PROMIS cognitive function version 2 score was 34.54 (SD 6.8), indicating higher levels of perceived
cognitive dysfunction than the US average of 50.%2 Mean scores on the BrainCheck assessment were within the
“average” range: 64% of participants had scores 1 SD or more below the population norm on 1 or more of the
cognitive tests. The largest number of participants performed poorly on the Stroop test (42.7%), a measure of
executive function. No significant correlations were found between subjective (PROMIS) and objective
(BrainCheck) cognitive function (P > 0.05). None of the demographic characteristics were correlated with per-
ceived cognitive function other than number of comorbidities (r = .162, P < 0.05), with higher levels of perceived
cognitive problems associated with a greater number of comorbidities.

Cognitive Function and Glucose Variability

No significant associations were found between average glucose and both types of cognitive function (Table 2).
Lower PROMIS scores were associated with higher levels of glucose variability as measured by CV (r = -.62, P <
0.05) and less time in range (r = .53, P < 0.01). Additionally, lower PROMIS scores were significantly associated
with percentage below range, or hypoglycemia, indicating that more hypoglycemia was strongly related to worse
perceived cognitive function (r = —.743, P < 0.01). Scores on Trails A, Trails B, and the Stroop test were positively
associated with time in range (rs = .611, .681, .496, respectively; P < 0.01). Stroop test scores were negatively
associated with percentage below range, or hypoglycemia, indicating that more hypoglycemia was strongly related
to lower performance on the test (r = —.743, P < 0.01). Trails A scores were negatively associated with percentage
above target, indicating that poorer performance on Trails A was significantly related to more hyperglycemia (r =
—.354, P < 0.01).

In the multivariate analysis, glucose variability as measured by the CV was a significant predictor of perceived
cognitive function, R? = 0.27, F(1, 88) = 2.42, P < 0.01. The interactions between cognitive function and other
measures of glucose variability were not significant.
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Table 2. Associations Between Cognitive Function and Glucose Variability

Mean Time in

Cognitive function variables glucose range MODD MAGE <70mg/dL >180 mg/dL cv SD
PROMIS total score 0.20 0.53** 0.13 0.21 0.17 0.18 -0.62*  0.13
Trails A 0.04 0.61** 0.01 0.04 0.17 -0.035** 0.21 0.06
Trails B 0.05 0.68** 0.00 0.23 0.03 0.05 0.11 0.09
Stroop test 0.04 0.50** 0.10 0.03 -0.74** 0.03 0.08 0.02
Digit-Symbol Substitution 0.18 0.16 0.23 0.06 0.03 0.17 0.05 0.16
Immediate recognition 0.05 0.01 0.07 0.15 0.09 0.02 0.17 0.14
Delayed recognition 0.05 0.13 0.18 0.28 0.04 0.01 0.03 0.09

Abbreviations: CV, coefficient of variation; MAGE, mean amplitude of glucose excursions; MODD, mean of daily differences; SD, standard
deviation.
*P < 0.05. **P < 0.01.

Table 3. Associations Between Glucose Variability and Diabetes Self-Management

Mean Time in

DMSM variables glucose range MODD MAGE <70 mg/dL  >180 mg/dL cv SD

General diet 0.05 0.02 0.08 0.05 -0.01 0.08 0.13 0.12
Specific diet 0.07 0.19 0.14 0.01 -0.01 0.02 -0.50** .00
General activity -0.00 0.40** 0.05 0.33 0.05 0.07 -0.57** 0.04
Specific activity 0.01 0.43** 0.00 0.03 -0.05 0.09 -0.30** 0.18
Foot health -0.30* 0.33 0.34 0.08 -0.02 0.01 0.03 0.18
Glucose monitoring -0.05 0.02 0.17 0.11 -0.12 -0.23 -0.40** 0.27

Abbreviations: CV, coefficient of variation; MAGE, mean amplitude of glucose excursion; MODD, mean of daily differences; SD, standard
deviation.
*P < 0.05. **P < 0.01.

Cognitive Function and Self-Management

Scores on the PROMIS scale were positively associated with general diet, specific diet, general activity, specific
activity, and monitoring foot health (rs = .335, .331, .206, .332, 0.296, respectively; P < 0.01), indicating that
better perceived cognitive health was related to better DMSM. Trails B was significantly associated with general
diet, specific diet, and specific activity (rs = .235, .208, .229, respectively; P < 0.05), indicating that better DMSM
was associated with better cognitive flexibility. The Stroop test was also significantly associated with general diet,
specific diet, and specific activity (rs = .62, .60, .66, respectively; P < 0.01), indicating that better executive func-
tion was related to better DMSM. See Table 3 for full details.

Glucose Variability and Diabetes Self-Management

Greater glucose variability as measured by the CV was associated with poorer glucose monitoring (r = —.40, P <
0.01), less general physical activity and specific exercise (rs = —.30, —.57; P < 0.01), and lower intake of fruit and
vegetables (r = —.50, P < 0.01). Time in range was positively associated with general physical activity (r = .40,
P < 0.01) and specific exercise (r = .432, P < 0.01). Better foot monitoring was associated with lower mean glu-
cose (r=-.30, P < 0.05). None of the other glucose variability measures were significantly correlated with DMSM
activities. See Table 3.
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Discussion

In this study, levels of perceived cognitive problems were higher than the US average.*? Studies examining perceived
cognitive problems in T2DM are sparse. Reviews of the qualitative literature on T2DM and perceived cognitive
function show that people with diabetes frequently experience cognitive symptoms and do not realize that they have
diagnosable cognitive decline.*>** In response to these symptoms, various strategies to cope with cognitive decline
have been tried, even strategies unsupported by research.*>* Indeed, awareness of cognitive decline in people with
diabetes is much lower than in those with other comorbidities. For example, Lin et al*® found that in adults age 60
and over, proportions of disease awareness for hyperlipidemia and hypertension were 38.0% and 58.1%, respec-
tively, but 45% of those who felt confident in their memory had mild to severe cognitive impairment.

Other studies have shown that people with diabetes and poorer perceptions of cognitive problems also struggle
with creating approaches to solving self-management issues.?® In the present study, glucose variability was associ-
ated with several areas of DMSM, and greater variability was associated with worse DMSM. Considering that
glucose variability negatively affects cognitive function, poor cognitive function may affect DMSM. In prior studies
of variability and DMSM, participants have stated that CGM helped with self-management—even when scores on
self-management measures were low.*”*8 It is possible that the use of CGM helps those who are not actively
involved in DMSM in ways that tools to measure DMSM do not.

Several studies have shown that glucose variability affects cognitive function.?’»2%%7 A greater degree of glucose
variability is negatively associated with cognitive function in persons with DM after adjustment for A1C because
A1C accounts for less than 10% of the change in cognition.?"?® These previous studies align with these current
findings that maintaining time in range (70-180 mg/dL) was associated with better perceived cognitive function.*’
This suggests that consistent glucoses within this range throughout the day may help prevent cognitive decline in
individuals with T2DM. However, most studies of cognition and glucose variability use a 7-point self-monitoring
of blood glucose profile to assess fluctuations, but up to 80% of hypoglycemia goes unassessed at set time points.>”
CGM can capture glucose excursions more completely and precisely than self-monitoring of blood glucose, and it
is the gold standard for assessing glucose variability.

Additionally, the findings demonstrated that a greater number of comorbidities and being Latino were associ-
ated with lower cognitive function scores, highlighting the crucial need for health care providers to conduct routine
screenings for cognitive impairment in people with T2DM, particularly those with multiple comorbidities and
within the Latino community. With approximately 30% of people with T2DM presenting 3 or more additional
health conditions at diagnosis,*® they are already at a higher risk of complications. Uncontrolled glucose variability
and cognitive decline may exacerbate this risk by lowering DMSM, leading to poorer health outcomes.* Also,
Latinos with T2DM consistently reported that their perceived cognitive problems affected their ability to manage
their conditions.?? Indeed, perceived cognitive function was associated with all self-management activities mea-
sured in this study. This underscores the importance of addressing high glucose variability through CGM and
cognitive impairment in diabetes care to enhance DMSM, ultimately improving health outcomes and quality of life
for people with T2DM.

Limitations

Every effort was made to follow rigorous protocols in data collection, but some limitations should be noted. The
sample size was small, and subgroup comparisons may lack statistical power. Additionally, the external validity of
the results may not be robust because the recruited sample may not be generalizable to the broader population with
T2DM. More detailed information on diabetes history and cognitive function was not available at baseline but
could have been useful for clarifying concerns about how cognitive function can potentially impact DMSM.
Concern about cognitive function was addressed because it is a factor in how people choose to self-manage diabe-
tes, but adults with diabetes do have other concerns about self-management that affect their decisions. Given these
limitations, results should be considered preliminary findings.

Conclusion

Self-reported cognitive dysfunction can be considered a risk factor for dementia, and it may present before diag-
nosable impairments are found on neuropsychological evaluations.’® Self-reported cognitive dysfunction can also
affect day-to-day self-management of chronic conditions and quality of life.>::32 Although self-reported cognitive
problems have been studied extensively in the general population, less is known about how people with T2DM
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perceive their cognition or how it may be related to self-management and self-management outcomes, such as
glucose variability. Developing a better understanding of these relationships can lead to better functioning in life
and better DMSM.4"?! Given a mechanistic understanding of cognitive function through use of CGM, perceived
cognitive function is strongly associated with glucose variability.
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