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demographic variables, living with a parent, or any of self-care behaviors. However,
those in poor metabolic control had significantly poorer single-trial verbal memory (M =
18.2) than those with lower HbAlc levels (M = 23.0), p <.01. Given the few participants
with high metabolic variability (> 1, N = 3), data were reviewed visually for
commonalities. Participants with high metabolic variability were Caucasian and did not
live with a parent. For those who tested blood glucose fewer than three times per day
versus those who tested three or more times daily consistent with ADA guidelines (ADA,
2004), there were no significant differences in demographic variables, living with a
parent, dietary self-care, or metabolic control.

Gender differences in self-care behaviors were explored given the higher rates of
disordered eating patterns for young adult females versus males with diabetes (Herpertz,
et al., 2001; Herpertz et al., 1998) and relatively stronger verbal memory skills for
females (Kimura & Clarke, 2002; Kramer, Yaffe, Lengenfelder, & Delis, 2003; Ryan &
Williams, 1993); however, there were no significant differences for any of the self-care
behaviors. Given that developmentally inappropriate self-care autonomy has been related
to poorer self-care behaviors and health status outcomes (Wysocki et al., 1996),
independent samples t-tests were conducted to compare group differences between
participants who lived with a parent versus those who did not, and these also were not
significant. Qualitatively, several participants reported being on a diet to lose weight,
which suggested that a portion of the sample was not following a diabetes-related food

plan. Independent samples t-tests also were conducted for those who reported being on a
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diet versus those who did not, and no significant differences were revealed in eating
frequency, total calories, or diet composition.

Since the ADA stresses the need for four or more daily blood glucose tests for
individuals on intensive insulin therapy (ADA, 2004), an independent samples t-test
compared blood glucose testing frequency for those on intensive insulin therapy (four or
more daily injections or a subcutaneous pump) versus those on conventional regimens.
Although individuals on intensive insulin therapy tested more often (M = 2.5 blood
glucose tests/day) than those on conventional regimens (M = 1.8 tests/day), this
difference was not statistically significant.

Predictive Results

Hierarchical multiple regression analyses evaluated the predictive power of
memory on self-care behaviors and of self-care behaviors on metabolic control. For all
models, SES was entered in the first step as an additional predictor/control for its well-
known effects on health care behaviors and health status (Adler et al. 1994). General
intellectual ability also was included in the first step as a control variable because there is
a significant and positive correlation between intellectual ability and memory (Lezak,
1995; Mitrushina et al., 1999; Tulsky, 2003), making it important to assure that memory
relates to self-care behaviors above and beyond overall cognitive ability. The specific,
hypothesized memory ability was added in the second step of each model.

Hypothesis 1: Verbal Associative Memory and Blood Glucose Testing Frequency. To
test the hypothesis that verbal associative memory would predict the event-based,

prospective memory task of blood glucose frequency, a hierarchical multiple regression
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analysis was conducted. The overall model with SES, general intellectual ability, and

verbal memory predicted 28% of the variance in blood glucose testing frequency, F (2,

31) = 3.89, p <.05. See Table 4.

Table 4

Hierarchical Multiple Regression Analysis Predicting Blood Glucose Testing Frequency

(N =34)
Predictor B SE Standardized R* F R’ F
B B Change  Change
Step 1 16 2.9
SES 03 .02 25
Full Scale 1Q 04 .04 21
Step 2 28%  3.9% J12% 5.06*
SES 03 .02 28
Full Scale IQ 00 .04 .02
Verbal associative 18 .08 39*

memory

*=p<.05
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Verbal associative memory was the only significant predictor ¢ (33) =2.25, p <
.05, and it uniquely accounted for 12% of the variance in number of daily blood glucose
tests. Better associative memory predicted more daily blood glucose tests as
hypothesized. Importantly, poorer memory related to fewer daily blood glucose tests.
Hypothesis 2: Verbal Working Memory and Eating Frequency. To test the hypothesis
that verbal working memory would predict the time-based, prospective memory task of
eating frequency, a hierarchical multiple regression analysis was conducted. The overall
model was not significant, and verbal working memory did not predict eating frequency.
Hypothesis 3: Quantitative Verbal Memory and Dietary Self-care. To test the
hypotheses that quantitative memory would predict total calorie consumption and diet
composition, separate hierarchical multiple regression analyses were conducted for each
outcome variable (ideal/total calorie percentage, carbohydrate calories, and fat calories).
The overall models were not significant, and neither the control variables nor quantitative
memory individually predicted dietary self-care behaviors.

Since a portion of the sample (N = 5) reported dieting and not following a
diabetes-related food plan, the analyses were repeated with these individuals excluded.
For the participants who were following a diabetes-related diet, a regression model with
the control variables and quantitative verbal memory predicted total calorie consumption
at a trend level, F (3, 25) =2.82, p =.06, and accounted for 25% of the variance in

percentage of ideal calories consumed. See Table 5.
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Table 5
For Participants on a Diabetes-related Diet, Hierarchical Multiple Regression Analysis

Predicting Total Calories (N =29)

Predictor B SE  Standardized R* F R’ F
B i Change  Change
Step 1 05 .74
SES 02 .53 .01
Full Scale IQ -1.14 1.03 -24
Step 2 25 2.82 20* 6.64*
SES 57 .53 23
Full Scale IQ 1.33 1.34 27

Quantitative verbal

memory -11.36 4.41 - 78%*

*=p<.05

Importantly, quantitative memory was the only significant predictor in the model,
t(28) =-2.58, p < .05 and it uniquely explained 20% of the variance in total calories.
For this subsample, however, the regression models did not significantly predict diet
composition (percent of calories from fats and carbohydrates).
Hypothesis 4: Self-care behaviors and metabolic control. To test the hypotheses that
better self-care behaviors would relate to better metabolic control, hierarchical multiple

regression analyses were conducted. For each model, the control variables (SES and
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general intellectual ability) were entered in the first step and a self-care behavior was
added in the second step. Separate analyses were conducted with each self-care behavior
as a predictor and HbAlc as the outcome variable. Neither the control variables nor the
self-care behaviors, singly or collectively, predicted HbAlc level.

Exploratory Hypothesis: Single-trial verbal memory and metabolic control. An
exploratory analysis was conducted to determine if verbal memory related directly to
HbAlc, rather than indirectly through self-care behaviors. The control variables were
entered in the first step of the model and single-trial verbal memory was entered in the
second step. The model accounted for 22% of the variance in HbAlc at the first step, F
(2, 30) = 4.20, p < .05, with Full Scale IQ as the only significant predictor ¢ (32)=-2.57,
p <.05. However, single-trial verbal memory was the only significant predictor, ¢ (32) =
-2.05, p < .05, at the second step, where the overall model accounted for 32% of the
variance in metabolic control, F (2, 30) = 4.50, p < .05. See Table 6. Verbal memory
uniquely explained 10% of the variance in HbAlc above and beyond intellectual ability.
Better verbal memory predicted better average metabolic control (lower HbA1c) and

poorer verbal memory related to worse metabolic control.
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Table 6

Hierarchical Multiple Regression Analysis Predicting HbAlc (N =34)

Predictor B SEB Standardized R° F R°Change F Change
B
Step 1 22%  4.2%
SES 00 .03 01
Full Scale IQ  -12 .05 -47*
Step 2 32%  4.5% 10* 4.2%
SES -00 .02 -.03
Full ScaleIQ  -05 .05 -.20

Single-trial

verbal memory -.15 .07 -41*

*=p<.05



Discussion

For the first time, the current findings show that memory predicts metabolic
control and some of the central daily self-care behaviors for young adults with type 1
diabetes. Traditionally, psychosocial variables have been related to diabetes management
for young adults (Griva et al., 2000; Johnston-Brooks et al., 2002; Skinner et al., 2002;
Stewart et al., 2003; Wdowik et al., 2001; Wysocki, Hough et al., 1992), however, the
current findings demonstrate that memory predictors of self-care behaviors also may
warrant additional research and clinical attention. Importantly, the relations between
memory and self-care behaviors/metabolic control are independent of intellectual ability
and the well-known effects of SES (Adler et al., 1994). Since memory is a relatively
discrete skill that can be enhanced or compensated for with intervention (Cherry, et al.,
1996; Eslinger, 2002, Moore Sohlberg & Mateer, 2001), the current findings have the
potential to positively impact self-care behaviors and health status of young adults with

diabetes.

Verbal associative memory predicts greater blood glucose testing frequency and,
along with SES and overall intellectual ability, accounts for 28% of the variance.
Associative memory alone accounts for almost half of the variance (12%) and is the only
significant predictor, which indicates memory, rather overall intellectual ability or

financial/educational resources, relates to blood glucose monitoring. Consistent with the

61
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automatic associative activation view of memory (Guynn et al., 2001), the abilities to
develop, encode and retrieve associative links between target events and intended actions
have a positive association with blood glucose testing. The current study defines the
specific memory processes that predict blood glucose testing, an improvement over
previous findings that implicate overall cognitive functioning and/or memory dysfunction
in medication nonadherence for individuals with other chronic conditions (Hinkin et al.,
2002; Park et al., 1999; Stilley et al., 2004).

Young adults in the current study test their blood glucose more frequently relative
to past studies (Dunning, 1995; Peveler et al., 1993) and to the U.S. general population
with diabetes (Harris, Cowie, & Howie, 1993). Table 7 compares the frequency of blood

glucose testing across studies.



Table 7 — Blood Glucose Testing Frequency Across Studies

Study Dunning (1995) Peveler et al. Harris et al., Ramchandani et al.  Current
(1993) (1993) (2000)

M Age 23.2 Median = 22 34.1 20.6 20.8

Age Range 17-34 17 -27 25-55 18-25 18 -29

Sample description U.S. attended diabetes ~ U.K. community ~ U.S. nationwide  U.S. college U.S. 76% college
support group registry students students

Daily Blood Glucose % of Total % of Total % of Total % of Total % of Total

Tests

0 12 10 21 2 9

Variable 20 36 39 Not reported 12

1 17 33 10 17 3

> 1 51 21 30 81 76

Note: Many studies did not report additional detail beyond 1 daily blood glucose test.

€9
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The relatively younger age of the current sample may positively impact blood
glucose monitoring since the probability of testing daily is almost three times higher for
18-29 year-olds, compared to individuals forty-five or older, in the overall U.S. adult
population with type 1 diabetes (Harris et al., 1993). However, there is still cause for
concern. First, a substantial proportion of individuals in the current sample (9%) do not
test blood glucose levels at all, while an additional 12% test once on some days and not
on others. Alarmingly, given the middle to high SES of the sample, the aforementioned
findings likely represent a best-case scenario relative to the overall young adult
population with diabetes. Second, even in this best-case scenario, fifty percent of
individuals do not test three times daily as recommended by the ADA (ADA, 2004).
Thus, there is still much opportunity and need to increase young adults’ blood glucose
testing frequency, and the current findings show that improving associative memory may
be a potentially successful approach.

The greater prevalence of intensive insulin therapy post-DCCT, beginning in the
mid-1990s, and associated changes in ADA recommendations for blood glucose
monitoring frequency (ADA, 1994; ADA 2004), likely have resulted in greater blood
glucose testing frequency. Most of the comparison studies in Table 7 were conducted
before widespread use of intensive insulin treatment for type 1 diabetes (Brink, 1997;
Gillespie et al., 1998). Fifty percent of participants in the current study are on intensive
insulin regimens and test blood glucose levels more frequently than those on

conventional regimens, although the difference is not statistically significant.
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Importantly, for individuals on intensive insulin therapy, the ADA stresses the need to
link four or more daily blood glucose tests with meals, waking, and retiring in order to
accurately calculate multiple insulin doses and provide a comprehensive blood glucose
level profile (ADA, 2004). Thus, associative memory will likely play an even greater role
in blood glucose monitoring in the future as the trend toward intensive insulin therapy
continues.

For participants on diabetes-related food plans, quantitative verbal memory
predicts total calorie consumption and uniquely accounts for 20% of the variance in the
proportion of ideal calories consumed. While quantitative memory is a significant
individual predictor, these findings nonetheless should be interpreted cautiously since the
overall model with SES, intellectual ability, and quantitative memory predicts total
calories at a trend level. Still, these results are consistent with hypothesis that young
adults likely rely on quantitative verbal memory skills to recall the numeric, caloric
content of foods and to keep a running tally of total consumption over the course of a
day. Better quantitative memory in the present study relates to fewer total calories
consumed, while poorer quantitative memory is associated with too much food
consumption. Thus, in the future, intervention studies could provide devices or strategies
to track the caloric content of foods that may assist numeric working memory skills to
help achieve an appropriate ideal to total calorie ratio.

The present research appears to be one of the first in-depth studies of the dietary
care habits of young adults with type 1 diabetes and provides a preliminary description of

the considerable difficulties that some young adults have with daily dietary self-care.
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Indeed, the current study shows that almost one-forth of young adults has difficulty with
aspects of their dietary care. This subsample does not eat snacks in addition to meals and
these individuals consume too many fats and too few carbohydrates compared to ADA
recommendations (Franz et al., 2002). Interestingly 88% of these individuals do not live
with a parent and, overall, these participants are younger than those whose eating
frequency and diet composition more closely approximated ADA guidelines, although
the age difference is not statistically significant. These people who deviate from ADA
dietary expectations may represent a subgroup of young adults who have difficulty
assuming independent dietary care responsibility upon leaving the family home, and on a
day-to-day basis, likely depend more on foods available at convenience stores,
prepared/packaged meals, and fast food, all of which tend to have relatively higher fat
and lower carbohydrate content.

Quantitative memory skills do not predict fats or carbohydrates, in contrast to an
older adolescent sample who lived at home, where quantitative memory predicted
carbohydrate consumption ([age range 15-17], Soutor et al., in press). Older adolescents
likely benefit from continued parent involvement and instruction in dietary care while
still in the family home, such that on the few occasions when they may eat away from
home, they may have the time, interest and/or energy to dedicate to achieving appropriate
dietary consumption. For example, older adolescents can select from among food
choices provided by a parent and food may be more readily available at home. Young
adults living independently must plan meals/snacks, grocery shop to keep healthy food

available at home, and prepare balanced meals. With busy and irregular schedules in a
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college environment and new demands for independent time management associated with
the transition to adulthood, young adults may frequently dedicate time and interest to
tasks other than grocery shopping and choosing/preparing appropriate foods. Thus, low
motivation, little time and/or low prioritization for food preparation as predictors of poor
dietary self-care may be key directions for future research. Interestingly, the current
young adult sample has a lower mean age of diabetes onset (M = 10.4) than the
adolescent group ([M = 11.7 years], Soutor, et al., in press). Presumably these young
adults had more time in the home than the adolescent sample to learn appropriate dietary
skills, a further implication of a busyness or low motivation hypothesis.

Poor memory ability does not appear to be related to low eating frequency since
working memory does not predict the time-based eating frequency behavior.
Furthermore, no differences in dietary self-care are evident based on gender or reported
dieting to lose weight. Demographic factors do not relate to dietary care behaviors in the
simple correlations, with the exception of an association between Caucasian race and
more total calories. While the current findings appear to rule out gender, dieting, and
SES as factors that relate to dietary self-care habits, the current study’s small sample size,
limited representation for certain conditions (i.e. restrictive dieting), and relative
homogeneity in terms of SES and cognitive abilities (see Table 2) may have limited
statistical power and sensitivity. Race, SES, and memory abilities likely still warrant
research attention in larger, more heterogeneous samples, with regard to eating

frequency.
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Perhaps even more critical than memory’s role in some diabetes care behaviors,
memory unexpectedly, and directly, predicts metabolic control for young adults. Single-
trial memory uniquely accounts for 10% of the variance in HbAlc, while the overall
model with verbal memory, intellectual ability and social class predicts 32% of the
variance. Better memory relates to lower HbAlc and poorer memory relates to higher
HbA lc, independent of overall cognitive capacity and SES. Consistently, individuals in
poor metabolic control (HbAlc > 9.0%) have significantly lower single-trial memory
scores than those with lower HbAlc levels.

Single-trial learning is thought to represent important executive skills, including
attention, self-organization, and development of an encoding strategy (Lezak, 1995, The
Psychological Corporation, 1997), that likely underlie the achievement of good metabolic
control. The ADA notes that performing self-care behaviors, especially blood glucose
monitoring, is necessary but not sufficient to achieve glycemic goals (ADA, 2004),
consistent with current findings that self-care behaviors do not predict metabolic control.
Executive skills such as attention and organization abilities, as represented by single-trial
learning, likely are important underlying or contributing cognitive skills involved in the
tracking, organization and performance of daily disease care tasks. Thus, pending
replication, the current finding may suggest a new avenue of intervention that might
improve metabolic control through facilitation of better organization and planning of self-
care tasks, particularly dietary behaviors, in samples of college students.

Neither self-care behaviors nor memory predict metabolic variability, likely

because the metabolic variability index is only available for a subset of participants (N =
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14) due to limited funding for this pilot study. However, all participants with high
metabolic variability do not live with a parent and there is a large and positive correlation
(r = .65) between the metabolic variability index and age. Since post-pubertal hormonal
status is expected to become more stable with age (Soutor et al., in press), this finding is
counterintuitive, although young adults may become more erratic in self-care behaviors
when they are away from the family home longer and/or parents are not involved in
diabetes care. A longitudinal study of adolescents followed into young adulthood could
better provide the answer to this question than the present study. The relatively higher
average metabolic variability index for young adults versus pre-adolescents/adolescents
in an earlier study (Soutor et al., in press) is of concern since individuals with high
metabolic variability are at higher risk for severe hypoglycemic episodes (Cox et al.,
1994). In turn, severe and transient hypoglycemia are risk factors for cognitive and
memory dysfunction (Deary, et al., 2003; Draelos et al., 1995; Ryan, 1988; Sommerfield
et al., 2003; Wirsen, et al., 1991), making metabolic variability a continued, important
topic for future study.

Preliminary evidence indicates that memory is related to self-care behaviors and
metabolic control for young adults with diabetes, a novel factor not previously evaluated
in the quest to better understand diabetes management and health status. Further,
memory effects are above and beyond intellectual ability and SES in this relatively
homogenous sample; replication in a larger, more heterogeneous samples is an important
task for upcoming research. Eventually, intervention studies may be appropriate that

identify strategies to facilitate memory for self-care behaviors or identify compensatory
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aids to improve young adults’ diabetes care behaviors and glycemic control. As young
adults with diabetes live longer (NIDDK, 1995), continued, comprehensive delineation of
predictors of better disease management and metabolic control, including cognitive
predictors, can help ensure the quality of that longer life (Mazze, 1984, Rubin & Peyrot,

1999, Weinger & Jacobson, 2001).
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