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OBJECTIVE

The purpose of this study of adults with type 1 diabetes was to analyze patterns
of diabetes self-management behaviors and predictors of glycemic control across
the adult life span.

RESEARCH DESIGN AND METHODS

This study was a secondary cross-sectional analysis of data of 7,153 adults enrolled
in the T1D Exchange Clinic Registry who were divided into four developmental
stages (emerging, young, middle-aged, and older adults). Data were collected by
questionnaire and medical record review at enrollment. Statistical analyses
compared sociodemographic, clinical, and diabetes-related factors across groups.
Logistic regressions were conducted for each group to identify factors associated
with hemoglobin A1c ‡7%.

RESULTS

The sample was divided according to adult developmental stage: emerging adults,
age 18 to <25 years (n = 2,478 [35%]); young adults, age 25 to <45 years (n = 2,274
[32%]); middle-aged adults, age 45 to <65 years (n = 1,868 [26%]); and older adults,
age ‡65 years (n = 533 [7%]). Emerging adults had the highest mean hemoglobin
A1c level (8.4 6 1.7% [68 mmol/mol]), whereas older adults had the lowest level
(7.3 6 0.97% [56 mmol/mol]; P < 0.0001). Emerging adults were less likely to use
an insulin pump (56%) or a continuous glucose monitor (7%) but were more likely
to miss at least one insulin dose per day (3%) and to have had an episode of
diabetic ketoacidosis in the past year (7%) (all P < 0.0001). Different factors were
associated with hemoglobin A1c ‡7% in each age-group, but two factors were
noted across several groups: the frequency of blood glucose checks and missed
insulin doses.

CONCLUSIONS

When discussing diabetes self-management, providers may consider a patient’s
developmental stage, with its competing demands (such as work and family),
psychosocial adjustments, and the potential burden of comorbidities.

Type 1 diabetes is a chronic illness that needs to bemanaged over a lifetime. Diabetes
self-management is necessary to prevent common diabetes-related complications
and includes eating a healthy diet, engaging in exercise, taking appropriate amounts
of insulin, and self-monitoring blood glucose (1). Adults with type 1 diabetes are at
higher risk for cardiovascular disease (CVD), but that risk can be significantly reduced
through control of traditional CVD risk factors (e.g., blood pressure, lipids, smoking) (2).
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Adults transition through several de-
velopmental stages, and diabetes self-
management may vary with these stages.
Emerging adulthood, a distinct period in
theadult life spanbetween18and25years
old, is a timewhen change and exploration
are common for many individuals (3) and
when young adults experience separation
fromparents (4). During this period, emerg-
ing adults with type 1 diabetes may have
good overall quality of life but greater dia-
betes distress and poorer self-management
compared with older adults (age .30
years) with type 1 diabetes (5). However,
in a large national cohort from the T1D
Exchange Clinic Registry, hemoglobin A1c
levels increased from ages 8 to 16 years,
remained steady between the ages
of 16 and 18, and then gradually declined
during the emerging adult years (ages 18–
26) (6). Still other researchers have found
that glycemic control worsens during the
timeperiod immediately after high school,
withbetterproblem-solvingabilityprotect-
ing against this trend (7). More research is
needed on how emerging adults actively
regulate the social relationships (with pa-
rents, friends, partners) that may help or
hinder their diabetes self-management (8).
Young adults who work have chal-

lenges related to establishing a working
life and perhaps starting a family, and thus
they may have less time to devote to self-
management. They may find managing
diabetes to be difficult in the workplace,
particularly as a result of time pressures
andwork environments that lack a routine
schedule (9). Diabetes distress may affect
this population and can be triggered by
stigma, worry about pregnancy, and con-
cerns for the future (10).
Middle-aged adults may seek to main-

tain their careers butmay be affectedby
lower health-related quality of life, the
need to take more sick leave, and greater
unemployment than adults without type 1
diabetes (11). Older adults may deal with
multiple comorbidities and cognitive
decline that can interfere with diabetes
management (12,13), and these may re-
sult in more frequent hypoglycemia (14).
Poor glycemic control and longer diabetes
duration are associated with cognitive
decline in older adultswho are also dealing
with diabetes-related complications (1).
It is unlikely, then, that one approach

to promoting diabetes self-management
would be appropriate for all stages of
adulthood. Rather, there is a need to un-
derstand how diabetes self-management

changes throughout adulthood in order to
develop targeted and appropriate inter-
ventions. Therefore, the aims of this study
of adults with type 1 diabetes were to:

1. Analyze patterns of diabetes self-
management behaviors and glycemic
control across different developmen-
tal stages of the life span (emerging,
young,middle-aged, andolder adults)

2. Identify the independent predictors of
hemoglobinA1c$7% ($53mmol/mol)
in each developmental stage

Previous research on emerging adults
has indicated that this age-group has
greater diabetes distress and poor self-
management (5) and may (7) or may not
(6) have higher hemoglobin A1c than
other age-groups. They are also manag-
ing social relationships that affect self-
management (8). Further, this time of
increased freedom and decreased moni-
toring by parents may increase risky be-
havior (15). Therefore, we hypothesized
that the emerging adult group in this
study may exhibit less than optimal
diabetes self-management and will con-
sequently have the highest hemoglobin
A1c levels of the four age-groups.

RESEARCH DESIGN AND METHODS

We conducted a secondary cross-
sectional analysis using data from the
T1D Exchange Clinic Registry that in-
cluded participants from 67 U.S.-based
pediatric and adult endocrinology prac-
tices (16). All adults $18 years old who
were enrolled in the registry and who
had completed the self-report exercise
questionnaire (n = 7,153) were included
in these analyses. This sample was en-
rolled between September 2010 and Au-
gust 2012. Participants were categorized
into four age-groups to represent differ-
ent developmental stages: emerging
adulthood (18 to,25 years), young adult-
hood (25 to ,45 years), middle age
(45 to ,65 years), and older adulthood
($65 years). These categories were based
on the age categories defined in the
MEDLINE database (17). However, given
our interest in the emerging adult age-
group, we divided the adult category
(defined in MEDLINE as ages 19 to ,45
years) to include two distinct age-groups:
emerging adult (18 to ,25 years) and
young adult (25 to ,45 years).

Data were collected by questionnaire
and medical record review at the time of

enrollment in the registry. These include
sociodemographics (sex, education, em-
ployment); clinical data taken from the
medical record (height, weight, lipids,
blood pressure); depressive symptoms
as measured by the self-report Patient
Health Quesionnaire-8 (PHQ-8), with a
score $10 indicating an elevated risk
of depression (18,19); and self-reported
general health as measured by a single
question asking in general how partic-
ipants would describe their health, with
potential answers including “excellent,”
“very good,” “good,” “fair,” and “poor.”
This variable was dichotomized to “good
to excellent” and “fair to poor” for these
analyses. Health insurance coverage data
were collected by self-report (yes or
no) and included various options: pri-
vate, Medicare, Medigap, Medicaid,
Children’s Health Insurance Program,
military, Indian, or none. Diabetes-
related data were obtained from the
medical record (hemoglobin A1c, diabetes
complications), through a combination of
medical record and self-report (diabe-
tes duration, use of continuous glucose
monitor or insulin pump), or through self-
report (number of blood glucose checks
per day, the presence of severe hypogly-
cemia or diabetic ketoacidosis in the past
3 months [yes/no]). Adjustments to diet
and insulin before, during, and after exer-
cise were assessed by self-report: “Before
(or during) exercise, how often to you eat
or drink carbs to prevent low blood
sugar?,” with potential responses includ-
ing “never,” “rarely,” “sometimes,” “most
of the time,” and “always”; “Do you
make any changes in insulin either before
or during exercise?” and “If yes, what
changes do you make?,” with potential
responses including “lower dose of rapid-
acting insulin before exercise,” “lower
dose of long-acting insulin before exer-
cise,” and “suspend or lower basal rate
on pump before or during exercise”; and
“Do you make any changes in insulin after
exercise?” and “If yes, what changes do
you make?,” with potential responses of
“lower dose of rapid-acting insulin after
exercise,” “lower dose of long-acting insulin
before exercise,” “suspend or lower basal
rateonpumpafterexercise,”or “suspendor
lower basal rate on pump overnight after
exercise.”

Three additional factors that may in-
fluence glycemic control were obtained
by self-report: annual household income,
health insurance type, and number of
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test strips covered by insurance per day.
Smoking was assessed with the question,
“Do you currently smoke at least one
cigarette a week?” Self-reported exercise
was assessed using a single question: “In
a typical week, how many days do you
spend at least 30 min doing any physical
activities or exercises such as running,
working out, yoga or Pilates, aerobics,
sports, gardening, physical education in
school, or walking for exercise?” Ideal
cardiovascular health factors were as-
sessed using definitions for exercise,
blood pressure, total cholesterol, smok-
ing, and BMI from the American Heart
Association (20).

Statistical Analysis
Analyses were conducted with SAS
version 9.3 (SAS Institute, Cary, NC). De-
scriptive statistics were calculated for
each developmental stage group. The
x2 test and ANOVA were used to com-
pare the sociodemographic, clinical, and
diabetes-related factors across each
group. These factorswere chosenbased
on previous evidence of their associa-
tion with hemoglobin A1c level. Bivariate
analyses and logistic regression were
conducted for each developmental stage
group to identify factors that are inde-
pendently associated with poor glycemic
control, defined in this study by hemo-
globin A1c $7%, as recommended for
nonpregnant adults by the American
Diabetes Association (1). Factors signif-
icantly associated (P , 0.10) at the bi-
variate level were included in the logistic
regression. The significance level for the
logistic regression was set at P , 0.05.

RESULTS

The mean 6 SD age of all participants
was 37.14 6 17.00 years; 54% were
female and 89% were white. The total
sample of participants was divided ac-
cording to developmental stage: emerg-
ing adult, age 18 to,25 years (n = 2,478
[35%]); young adult, age 25 to,45 years
(n = 2,274 [32%]); middle age, age
45 to ,65 years (n = 1,868 [26%]);
and older adult, age $65 years (n =
533 [7%]). The majority of the emerging
adults were students (62%), whereas
the majority of older adults were retired
(74%). Older adults had the highest rate
of self-reported poor or fair health (19%)
and the highest rates of peripheral (36%)
and autonomic (15%) neuropathy.Middle-
aged adults had the highest number of

PHQ-8 scores$10 (12%), indicating a risk
for depression (Table 1).

Diabetes Self-Management Behaviors
and Glycemic Control Across Adult
Developmental Stages
As shown in Table 1, emerging adults had
the highest mean 6 SD hemoglobin A1c
(8.4 6 1.7% [68 mmol/mol]), whereas
older adults had the lowest level (7.3 6
0.97% [56 mmol/mol]; P , 0.0001).
Consequently, emerging adults had the
lowest percentage (16%) achieving the
recommendation for hemoglobin A1c

,7% (,53 mmol/mol), whereas the
older adults had the highest percentage
(38%) (P , 0.0001). Emerging adults
were less likely to use an insulin pump
(56%) or a continuous glucose monitor
(7%) and reported the fewest blood
glucose checks per day (all P , 0.0001).
Emerging adults were more likely to report
missing at least one insulin dose per day
(3%) and to report having an episode of
diabetic ketoacidosis in the past year (7%)
(both P, 0.0001). Older adults were least
likely to report adjusting their insulin be-
fore or during exercise (32%), and they
were similar to young and middle-aged
adults in that they rarely ate a carbohy-
dratebefore theyexercised (6%) (bothP,
0.0001). Significant differences also existed
in how the different age-groups man-
aged cardiovascular risk factors, except
for cholesterol: most had total cholesterol
,200 mg/dL. The middle-aged and older
adult groups had the fewest participants
(34%) achieving ideal BMI,25 kg/m2, and
older adults had the fewest (27%) achiev-
ing ideal blood pressure (,120/80mmHg).
Emerging and young adults had the low-
est level of nonsmoking (92%), whereas
few young adults (27%) reported they en-
gaged in exercise for 150 min/week.

FactorsAssociatedWithPoorGlycemic
Control by Developmental Stage
Different factors were associated with
higher odds of hemoglobin A1c $7% in
each developmental stage group (Table
2). In emerging adults (ages 18 to ,25
years), no factors were associated with
lower odds of hemoglobin A1c $7%, but
reportingmissing insulin doses one to five
or more times a week (compared with
almost never) was associated with higher
odds of having hemoglobin A1c $7%.

In young adults (age 25 to,45 years),
two factors were associated with lower
odds of hemoglobin A1c $7%: reported

episodes of severe hypoglycemia (resulting
in a seizure or coma) in the past 3months
and more reported daily blood glucose
meter checks. The remaining factors
were associated with higher odds of
hemoglobin A1c $7%: being single or
separated/divorced/widowed compared
with beingmarried; higher diastolic blood
pressure, depression score, and diabetes
duration; reporting missing insulin doses
more frequently; and the presence of
peripheral neuropathy.

In middle-aged adults (age 45 to ,65
years), six factors were associated with
glycemic control. Using a continuous glu-
cose monitor, performing more daily blood
glucose checks, and exercising 30 min/day
on more days per week were associated
with lower odds of hemoglobin A1c $7%.
Self-reported poor to fair health, missing
insulin doses, and having peripheral neu-
ropathy were associated with higher odds
of hemoglobin A1c $7%.

In the older adults group (age $65
years), two factors were associated with
lower odds of hemoglobin A1c$7%: having
military insurance and reporting more days
of exercise per week. Three factors were
associated with increased odds of hemo-
globin A1c $7%: having a high school di-
ploma or an associate degree (compared
with less than a high school diploma),
working full or part-time (compared with
being retired), and smoking.

CONCLUSIONS

In this study we divided a large national
sampleof adultswith type1diabetes into
fourdistinctdevelopmental stagestoexplore
differences in diabetes self-management
and glycemic control across the adult life
span. This approachdiffers fromother anal-
yses of type 1 diabetes self-management
that have often focused on children (21–23)
or emerging adults (7,24) and not later
stages of adulthood.

We found that adults with type 1
diabetes across different developmen-
tal stages differ in their diabetes self-
management behaviors and glycemic
control. Several developmental stage
groups had similar predictors of poor
glycemic control, specifically, the frequency
of blood glucose checks, missed insulin
doses, and exercise. In this sample, the
majority of each age-group used an insulin
pump and few (range 7–26%) used a
continuous glucosemonitor. The remain-
ing predictors of poor glycemic control
were distinct for each group, indicating
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a need to account for a patient’s devel-
opmental stage when tailoring diabetes
self-management education.
The association between more blood

glucose checks per day and lower hemo-
globin A1c was previously established in
a larger sample (n = 20,555) from the T1D
Exchange Clinic Registry that included

both adults (n = 8,914) and children (n =
11,641) (25). Further, those who re-
ported a higher number of blood glu-
cose checks were more likely to report
using an insulin pump. Current Amer-
ican Diabetes Association guidelines for
both insulin pump users and those using
multiple daily injections recommend

that patients self-monitor blood glu-
cose before each meal and snack, at
bedtime, after meals if they suspect low
blood glucose, after treating low blood
glucose until they achieve normal levels,
before physical activity, and for tasks
such as driving (26). Certain patients
may be unable to achieve this frequency

Table 1—Characteristics of type 1 diabetes across the developmental stages

Factor
Emerging adult, 18 to
,25 years (n = 2,478)

Young adult, 25 to ,45
years (n = 2,274)

Middle-aged adult, 45 to
,65 years (n = 1,868)

Older adult, $65
years (n = 533) P value

Female 1,243 (50) 1,334 (59) 994 (53) 269 (50) ,0.0001

Age (years) 20 6 1.8 34 6 5.8 54 6 5.6 71 6 5 ,0.0001

Race ,0.0001
White 2,051 (83) 2,037 (90) 1,758 (94) 517 (97)
Black, non-Hispanic 101 (4) 68 (3) 49 (3) 7 (1)

Education less than a high
school diploma 227 (9) 34 (2) 41 (2) 17 (3) ,0.0001

Employment ,0.0001
Student 1,525 (62) 112 (5) 7 (0.4) 0 (0)
Full- or part-time 743 (30) 1,763 (78) 1,235 (67) 111 (21)
Homemaker, unemployed,

disabled 180 (7) 377 (17) 388 (21) 29 (5)
Retired 0 (0) 0 (0) 210 (11) 393 (74)

Health insurance
Private 1,684 (79) 1,895 (85) 1,508 (82) 302 (58) ,0.0001
Medicare 105 (5) 96 (4) 221 (12) 464 (88) ,0.0001
Medicaid 196 (9) 141 (6) 77 (4) 7 (1) ,0.0001
Military 40 (2) 24 (1) 35 (2) 35 (7) ,0.0001
No coverage 36 (2) 41 (2) 46 (3) 0 (0) 0.002

Self-reported poor or fair health 268 (12) 249 (12) 270 (16) 89 (19) ,0.0001

Depression (PHQ-8 score $10) 193 (9) 206 (10) 207 (12) 29 (6) 0.0003

Cardiovascular health–related
factors

BMI ,25 kg/m2 1,153 (52) 582 (36) 435 (34) 125 (34) ,0.0001
SBP ,120 mmHg and

DBP ,80 mmHg 1,085 (46) 949 (45) 599 (34) 139 (27) ,0.0001
Total cholesterol,200mg/dL 766 (81) 575 (82) 531 (81) 170 (88) 0.12
No smoking 2,245 (92) 2,062 (92) 1,725 (93) 519 (98) ,0.0001
PA for 30 min, 5 days/week 930 (38) 623 (27) 614 (33) 210 (39) ,0.0001

Always eat CHO before PA 214 (9) 126 (6) 97 (6) 27 (6) ,0.0001

Adjust insulin dose before/
during PA 993 (44) 1,111 (56) 747 (47) 144 (32) ,0.0001

Diabetes duration (years) 9.7 6 5.0 18.6 6 9.5 29.2 6 13.8 34.5 6 16.7 ,0.0001

HbA1c (%) 8.4 6 1.7 7.54 6 1.3 7.6 6 1.5 7.3 6 0.97 ,0.0001

HbA1c ,7% 397 (16) 739 (34) 491 (28) 193 (38) ,0.0001

CGM use 165 (7) 525 (23) 480 (26) 80 (15) ,0.0001

Insulin ,0.0001
By pump 1,373 (56) 1,454 (65) 1,169 (63) 302 (57)
By injections 1,080 (44) 789 (35) 675 (37) 227 (43)

Blood glucose checks/day (n) 4.4 6 2.4 5.2 6 2.7 5.5 6 2.7 5.8 6 2.4 ,0.0001

Miss at least one insulin
dose/day 76 (3) 35 (2) 23 (1) 3 (0.6) ,0.0001

Episode of DKA in past 3 months 190 (7) 80 (4) 41 (2) 7 (1) ,0.0001

Severe hypoglycemia (seizure/
coma) in past 3 months 203 (8) 220 (10) 226 (12) 64 (12) 0.0001

Peripheral neuropathy 12 (0.5) 150 (7) 427 (23) 192 (36) ,0.0001

Autonomic neuropathy 3 (0.1) 61 (3) 217 (12) 78 (15) ,0.0001

Data are mean6 SD or n (%) unless otherwise indicated. CGM, continuous glucose monitor; CHO, carbohydrate; DBP, diastolic blood pressure; DKA,
diabetic ketoacidosis; HbA1c, hemoglobin A1c; PA, physical activity; SBP, systolic blood pressure.
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of blood glucose checks, and some
adults may be better suited to contin-
uous glucose monitoring, which is cur-
rently recommended for those aged $25
years (26).
Missing at least one insulin dose on a

daily basis was relatively uncommon
(,3%), but missing insulin doses with
some regular frequency was indepen-
dently associated with poor glycemic
control in all age-groups except the older
adults, despite the majority using insulin
pumps. For example, those in the young
adult age-group whomissed a dose were

10 times more likely to have hemoglobin
A1c $7% than those who almost never
missed a dose. These odds were reduced
to approximately two times more likely
to have hemoglobin A1c$7% if they only
missed a dose between less than once
per week and less than once per month.
The emerging adults showed aworrisome
pattern of diabetes self-management,
with a lower frequency of blood glucose
checks, more missed insulin doses, less
likelihood of using an insulin pump or
continuous glucose monitor, and the
highest hemoglobin A1c values. These

findings are challenging to understand in
the context of previous research showing
that emerging adults in the first year after
high school report a relatively good
diabetes-related quality of life and fair
to good health and that diabetes had
only a minor impact on their lives (27).
In that previous study, emerging adults’
scores on a diabetes management scale
were higher than the midpoint (mean 6
SDscore51.1612.9;possible range0–84)
and the majority were living indepen-
dently of their parents. Interestingly, de-
spite what seems to be less than optimal

Table 2—Logistic regression of hemoglobin A1c ‡7% for all developmental stages

Parameter
Emerging adults
(18 to ,25 years)

Young adults
(25 to ,45 years)

Middle-aged adults
(45 to ,65 years)

Older adults
($65 years)

Marital status NS NS NS
Married Reference
Single 1.6 (1.2–2.2)
Separated, divorced, widow, other 1.8 (1.04–3.1)

Education NS NS NS
Less than HS diploma Reference
HS diploma/GED 3.2 (1.01–10.1)
Associate degree 5.4 (1.2–24.0)
Bachelor degree
Master degree

Work NS NS NS
Retired Reference
Full- or part-time 2.6 (1.5–4.4)

Military insurance NS NS NS
No Reference
Yes 0.3 (0.1–0.6)

Health NS NS NS
Good to excellent Reference
Poor to fair 1.9 (1.1–3.1)

Diastolic blood pressure (each 1-unit increase) NS 1.03 (1.01–1.04) NS NS

PHQ-8 (each 1-unit increase) NS 1.06 (1.02–1.1) NS NS

Diabetes duration (each 1-year increase) NS 1.03 (1.02–1.04) NS NS

Use of continuous glucose monitor NS NS NS
No Reference
Yes 0.57 (0.42–0.77)

Meter checks/day (each 1-check increase) NS 0.9 (0.8–0.93) 0.90 (0.86–0.95) NS

Missing insulin doses NS
Almost never Reference Reference Reference
,1 time/week to ,1 time/month NS 2.1 (1.6–2.8) 2.0 (1.4–2.9)
1 to $5 times/week 6.6 (2.7–15.8) 3.8 (2.5–5.8) 3.5 (2.0–6.2)
At least daily NS 10.5 (1.3–83.0) NS

Severe hypoglycemia (seizure/coma) in the past
3 months NS

No Reference
Yes 0.6 (0.4–0.9) NS NS

Peripheral neuropathy NS NS
No Reference Reference
Yes 2.2 (1.1–4.3) 1.8 (1.2–2.7)

$30 min of exercise/day (each 1-day increase) NS NS 0.9 (0.84–0.97) 0.87 (0.80–0.95)

Smoking NS NS NS
No Reference
Yes 12.0 (1.4–101.6)

Data are odds ratio (95% CI). All models were adjusted for participant sex. GED, General Equivalency Diploma; HS, high school; NS, not significant.
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diabetes self-management behaviors in
our emerging adult sample, the majority
(88%) also reported good to excellent
health. This is understandable given
how few diabetes-related complications
were reported, yet it is also concerning
given their future if these patterns of self-
management continue. The role of dia-
betes self-management education and
support, especially needed for emerging
adults managing diabetes on their own
for perhaps the first time, is to encourage
informed decision making in order to
improve clinical outcomes (28), particularly
long-term outcomes thatmay seem distant
from their current state of apparent good
health.
Regularexercise,anotherself-management

strategy, was associated with better
glycemic control: more days of exercise
per week was associated with lower odds
ofhavinghemoglobinA1c$7% inmiddle-
aged and older adults. Engaging in
150 min of moderate to vigorous exer-
cise each week is recommended as part
of diabetes self-management (1). Limited
evidence shows that exercise in the pres-
ence of type 1 diabetes can affect glycemic
control (16,29), but it can affect other
cardiovascular risk factors such as BMI,
lipids, and diastolic blood pressure (16).
More depressive symptoms are associ-
ated with less exercise in this population
(30), and this should be addressed. The
two groups that had the highest rates
of exercising at least 5 days/week were
the emerging adults (38%) and the older
adults (39%). These findings may reflect
schedules that allow more time for exer-
cise, as compared with the adults in the
youngandmiddle-agegroups,whomaybe
busier establishing careers and families.
Strategies that use technology may help
these young and middle-aged adults. In a
sample of adults with type 1 diabetes
(mean6 SD age 35.26 10.4 years), the
use of a smartphone application (Glu-
cose Buddy) was associated with better
glucose control than that in a control
group, but it was not associated with im-
provements in self-care activities, which
includedexercise, over time (31). A higher
fearofhypoglycemiahasbeenassociated
with less exercise in young adults with
type 1 diabetes (32), but fear of hypogly-
cemia was not measured in our sample,
and therefore we do not know how this
fear may affect exercise patterns.
Depressive symptoms were not asso-

ciated with glycemic control across all

groups. More depressive symptoms were
significantly associated only with higher
hemoglobin A1c in the young adult group.
This is surprising because the prevalence
of depression among adults with diabe-
tes has been found to be much higher
than among those without diabetes (33).
Further, in a sample of adults with type 1
diabetes (n = 248; mean6 SD age 39.06
13.2 years), suboptimal diabetes self-
management mediated the association
between depressive symptoms and higher
hemoglobin A1c (34). It is difficult to inter-
pret our findings, especially because this
age-group did not have the highest prev-
alence of depression (PHQ-8 score $10)
and given the incomplete information
available for data such as diabetes dis-
tress, other chronic comorbid conditions, or
routine medications in the T1D Exchange
data set.

Older adults are not often represented
in the type 1 diabetes research. Older
adults in our study had the lowest prev-
alence of depression, despite having the
highest prevalence of self-reported poor
or fair general health and the highest
prevalence of peripheral and autonomic
neuropathy. This group also had the
highest prevalence of exercising 5 days/
week andhaving hemoglobin A1c,7%. As
control of CVD risk factors improves (2) and
mortality rates decrease (35), more adults
with type 1 diabetes will enter this older
adult developmental stage. Their age-
specific health concerns need to be ad-
dressed. For example, in a cross-sectional
study of adults with type 1 diabetes di-
vided into five age-groups, the older adult
group (age $60 years) had the low-
est scores in physical functioning and
emotional health, as measured by the
12-Item Short Form Survey, when com-
pared with the general population (11).
These disparities highlight the need for
additional research in this understudied
age-group. Full- or part-time work was
associated with higher odds of hemoglo-
bin A1c $7% in this age-group, which may
highlight the need for workplace interven-
tions. Worksite wellness programs have
been effective in reducing modifiable
CVD risk factors (36) and may be helpful to
working older adults who may lack the
time or additional resources to seek out
programs on their own.

Given the increased incidence of type 1
diabetes among youths during a rela-
tively recent 10-year period (1.8% be-
tween2002 and2012) (37), in addition to

the incidence of adults of all ages being
newly diagnosed with type 1 diabetes
(time period 2001–2015) (38), unique
strategies may be needed as individuals
mature and pass through life’s develop-
mental stages. Adults should have con-
tinued access to a multidisciplinary team
that includes diabetes specialists, nutri-
tionists, and clinical psychologists (39).
Pediatric patients are viewed in light of
their developmental stage, and a simi-
lar approach needs to be taken for de-
velopmental stages during adulthood.
In discussing and promoting diabetes
self-management, providers need to con-
sider each patient’s developmental stage,
with its competing demands (family, work,
community), psychosocial adjustments,
and potential burden of comorbidities.

This study had several limitations.
First, those enrolled in the T1D Exchange
consented voluntarily to be included and
therefore may not adequately represent
the national population of adults with
type 1 diabetes. This resulted in a sample
that lacks racial diversity. Second, thedata
collected were cross-sectional in nature,
which limits our ability to make causal
assumptions. Last, analyses were limited
by the data collected by the T1D Exchange
Clinic Registry. Therefore, wewere unable to
include variables that may have affected
diabetes self-management behaviors,
such as diabetes distress, fear of hypo-
glycemia, and social support. However,
given the large sample available for
analyses, we were able to identify dif-
ferences in glycemic control and self-
management behaviors across different
developmental stages, highlighting the
need for developmentally appropriate
interventions.
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29. Röhling M, Herder C, Roden M, Stemper T,
Müssig K. Effects of long-term exercise inter-
ventions on glycaemic control in type 1 and type 2
diabetes: a systematic review. Exp Clin Endocrinol
Diabetes 2016;124:487–494
30. McCarthy MM, Whittemore R, Grey M.
Physical activity in adults with type 1 diabetes.
Diabetes Educ 2016;42:108–115
31. Kirwan M, Vandelanotte C, Fenning A,
Duncan MJ. Diabetes self-management smart-
phone application for adults with type 1 diabetes:
randomized controlled trial. J Med Internet Res
2013;15:e235
32. Martyn-Nemeth P, Quinn L, Penckofer S,
Park C, Hofer V, Burke L. Fear of hypoglycemia:
influence on glycemic variability and self-
management behavior in young adults with
type 1 diabetes. J Diabetes Complications 2017;
31:735–741
33. Anderson RJ, Freedland KE, Clouse RE,
Lustman PJ. The prevalence of comorbid de-
pression in adults with diabetes: ameta-analysis.
Diabetes Care 2001;24:1069–1078
34. Schmitt A, Reimer A, Hermanns N, et al.
Depression is linked to hyperglycaemia via sub-
optimal diabetes self-management: a cross-sec-
tionalmediation analysis. J PsychosomRes 2017;
94:17–23

35. Harding JL, Shaw JE, Peeters A, Guiver T,
Davidson S, Magliano DJ. Mortality trends
among people with type 1 and type 2 diabetes
in Australia: 1997-2010. Diabetes Care 2014;37:
2579–2586
36. Arena R, Guazzi M, Briggs PD, et al. Pro-
moting health and wellness in the workplace:
a unique opportunity to establish primary and
extended secondary cardiovascular risk reduc-
tion programs. Mayo Clin Proc 2013;88:605–617
37. Mayer-Davis EJ, Lawrence JM, Dabelea D,
et al.; SEARCH for Diabetes in Youth Study.
Incidence trends of type 1 and type 2 diabetes
among youths, 2002-2012. N Engl J Med 2017;
376:1419–1429

38. Rogers MAM, Kim C, Banerjee T, Lee JM.
Fluctuations in the incidence of type 1 diabetes in
the United States from 2001 to 2015: a longitudinal
study. BMC Med 2017;15:199
39. Reddy M, Rilstone S, Cooper P, Oliver NS.
Type 1 diabetes in adults: supporting self man-
agement. BMJ 2016;352:i998

1614 Type 1 Diabetes Self-Management Among Adults Diabetes Care Volume 41, August 2018

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/41/8/1608/527433/dc172597.pdf by guest on 09 April 2024


