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OBJECTIVE —To determine whether personality traits (conscientiousness, agreeableness,
emotional regulation, extraversion, and openness to experience) are associated with glycemic
control and blood glucose monitoring behavior, and change or stability of these outcomes over
time, in young people with type 1 diabetes.

RESEARCH DESIGN AND METHODS —A 3-year longitudinal study was conducted
using data from 142 individuals with type 1 diabetes, 8—19 years of age. Personality was assessed
at baseline using the Five-Factor Personality Inventory for Children. Data relating to glycemic
control (HbA;.) and frequency of blood glucose monitoring (based on meter memory) were
collected annually. Relationships between personality traits and HbA,. and monitoring fre-
quency were examined using regression models and mixed-design ANOVA.

RESULTS —Three of the Five-Factor domains were independently associated with glycemic
control. Individuals high in conscientiousness and agreeableness had a lower and more stable
HbA . across the 3-year study period. In contrast, the HbA, . of individuals scoring low on these
traits was either consistently worse or deteriorated over time. Low or high emotional regulation
scores were also associated with worse glycemic control. By the third year, these domains,
together with initial HbA, ., accounted for 39% of HbA, variance. Conscientiousness was the
only personality factor associated with blood glucose monitoring behavior.

CONCLUSIONS —Results of this study underline the importance of personality in contributing
to diabetes outcomes. Attention to a young person’s personality, and appropriate tailoring of
diabetes management to ensure an individualized approach, may help to optimize diabetes
outcomes.
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n Australia, and many other DiabetesControland Complications Trial

countries, a large proportion of young
people with diabetes are not reaching
glycemic targets (1-6). This is likely to
have life-long consequences. Indeed,
those subjects who were randomized to
the conventional treatment arm of the

(7) and who had an average HbA,. of
9.1% during the course of the study con-
tinued to develop significantly more
micro- and macrovascular complications
compared with the intensive group when
followed up in the Epidemiology of
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Diabetes Interventions and Complica-
tions study. This occurred despite the
rapid convergence of mean HbA;. be-
tween the groups at the end of the active
study phase (8).

While there are many factors that
contribute to suboptimal control, there
is mounting evidence that an individual’s
personality may play an important role.
Several studies in the late 1980s showed
that personality traits could account for
substantial variability in glycemic control
in school-aged children (9,10). However,
there has been increasing complexity in
treatment regimens since that time. For
example, current treatment now involves
multiple daily injections or insulin pump
therapy. Today, therefore, young people
and their families are required to make
more complex medical decisions on a
daily basis.

The role of personality in these new
treatment contexts is not well-understood.
Personality can be understood in terms
of the Five-Factor model. The Five-Factor
model states that there are five broad,
independent, and stable dimensions that
make up an individual’s personality (11).
These factors are termed conscientious-
ness, agreeableness, emotional regula-
tion, extraversion, and openness to
experience. Conscientiousness refers
to an individual’s tendency to be reli-
able, perseverant, and self-disciplined.
Agreeableness refers to one’s tendency to
be empathetic, considerate, friendly, and
helpful. Emotional regulation refers to a
person’s capability to regulate their emo-
tional responses to their environment and
others. Extraversion refers to an individual’s
tendency to be gregarious, assertive, and
seek out social situations. Openness refers
to one’s tendency to be imaginative, sensi-
tive, and have intellectual curiosity.

Recent work by Vollrath et al. (12)
suggests that personality, as measured us-
ing the Five-Factor model, influences gly-
cemic control in the first 2 years following
diagnosis of type 1 diabetes. In particular,
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higher levels of conscientiousness and
agreeableness appear to have a positive
influence on management of blood glucose
values, while moderate levels of emotional
regulation also appear to be protective (12).
Further studies are needed to confirm
these relationships between personality
and glycemic control and to determine
whether this is ameliorated by duration
of diabetes. Studies are also needed to ex-
amine the role of personality in terms of
self-care behavior.

Accordingly, this study was designed
to answer two research questions. 1) Are
Five-Factor model personality traits asso-
ciated with a young person’s glycemic
control, as measured by HbA,., and their
frequency of self-monitoring of blood
glucose (SMBG)? 2) Are these traits asso-
ciated with change or stability in HbA.
and SMBG over time?

RESEARCH DESIGN AND
METHODS —Participants for this pro-
ject were identified from the Diabetes
Research into Adolescent Transitions
(DRAT) study. The DRAT project was a
3-year longitudinal project examining the
self-management of young people with
type 1 diabetes, living in rural and urban
areas of New South Wales and the Aus-
tralian Capital Territory. A total of 158
children and adolescents, 8-19 years of
age, together with their families, were re-
cruited into the DRAT study, indepen-
dent of their source of care. As described
elsewhere (1,2), the DRAT study involved
three annual visits for which a researcher
traveled to interview the young person
and their family in their home. At each
of these annual visits, participants
completed a series of validated question-
naires and underwent a structured inter-
view. Data relating to frequency of blood
glucose monitoring were obtained from
the memory of blood glucose meters for
the preceding 2 weeks. A capillary blood
sample was also collected, and HbA . val-
ues were determined by a single labora-
tory using high-performance liquid
chromatography (Bio-Rad, Hercules,
CA,; upper limit of normal 6.0%).
Collection of personality data were
initiated during the first wave of annual
visits. DRAT participants were informed
about this current study via a regular
participant newsletter. Participants who
had completed their first annual visit were
posted a letter inviting them to be involved
in this extension of the DRAT study, along
with an information sheet, consent form,
and personality data collection tool. To

improve return rates, the package was
followed up by a telephone call from the
researcher who had met with the family at
the first annual visit, and a reply paid
envelope was included in the package to
assist participants in returning completed
forms. Other participants were approached
directly by researchers during their first
annual visit, and personality data were
completed at this time. A total of 142 of
158 DRAT participants agreed to take part
in the personality study.

Personality data collection tool
Personality data were gathered using the
Five-Factor Personality Inventory for
Children (FFPI-C). The FFPI-C is a vali-
dated, untimed pen-and-paper question-
naire designed to measure personality
dimensions of conscientiousness, agree-
ableness, emotional regulation, extra-
version, and openness to experience in
children and adolescents from 9 years
and 0 months of age to 18 years and 11
months of age (13).

The FFPI-C consists of 75 items (15
items per factor), with each item having
two opposing anchor statements aimed
at assessing trait variability on the per-
sonality dimensions. There are five cir-
cles between the anchor statements that
allow the participant to choose the state-
ment that best reflects their response (13).
Raw scores for the Five-Factor domains
were summed and converted to T-scores
using the manual provided (13). Baseline
(year 1) data showed good internal con-
sistency between items. Cronbach alphas
ranged from 0.75 (openness) to 0.88
(conscientiousness).

Statistical analyses
To assess for statistical significance of the
relationships between personality traits
and outcome measures over time, multi-
variate regressions using the Five-Factor
domains as independent variables and
HbA,. or frequency of blood glucose
monitoring as dependent variables were
conducted for each year of data collec-
tion. Pearson product correlations were
computed between independent and de-
pendent variables, and coefficients are re-
ported in Supplementary Table 1.
Scores for emotional regulation
suggested a curvilinear relationship with
glycemic control (HbA,.); therefore, a
centered quadratic term for this trait was
included in the regression analyses, al-
lowing for linear and quadratic regression
models to be compared. If the addition
of a quadratic term improved the overall
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fit of a bivariate regression model, the re-
lationship between the independent and
dependent variables was considered to be
of curvilinear nature (14-16).

An iterative technique was used for
regressions. Control variables of age, sex,
duration of diabetes, family responsibil-
ity, and interaction terms were entered
into hierarchical regressions along with
all five of the personality traits. This was
done for each matched year of data. After
this, significant variables were re-entered
into forced-entry regression models. The
forced-entry models for the second and
third years also included the initial out-
come measure from the first year to
control for its effects (i.e., HbA;. from
year 1 was included in year 2 and year 3
HbA ;. regressions, and SMBG from year 1
was included in year 2 and year 3 SMBG
regressions). The contribution of person-
ality was calculated as the difference in
adjusted R* between a model including
all predictors of HbA;. or SMBG and a
second model with personality variables
excluded.

To assess longitudinal change, mixed-
design ANOVAs were used using high and
low baseline groups (upper and lower
tertiles) for traits found to be significant
predictors of outcomes. Baseline personality
traits were used based on the temporal
stability of these factors (correlation co-
efficients v = 0.55-0.84). Three groups
(upper, middle, and lower quintiles)
were created for analyses of emotional
regulation and HBA, . based on the non-
linear relationship that was found.

Ethics

The research protocol used in this project
was approved by the University of West-
ern Sydney and the University of Sydney
Human Ethics committees, as well as the
relevant state area health units.

RESULTS

Patient characteristics

Personality data were gathered from 142
families. Baseline data are shown in Table
1. Overall, glycemic control remained sta-
ble over the 3-year study period, with a
nonsignificant rise in HbA;. from 8.6%
(SD 1.4) in year 1 to 8.8% (SD 1.4) in
year 2 and 8.7% (SD 1.3) in year 3.

Association between personality and
glycemic control

Correlations. Correlations indicated
that four of the Five-Factor domains—
conscientiousness, agreeableness, emotional
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Table 1—Baseline characteristics of young people participating in the personality study

and DRAT project

Personality study DRAT project
Baseline sample size (n) 142 158
Baseline HbA . (%) 8.6 (1.4) 8.6 (1.4)
Age (years) 12.5(10.5-14.8) 12.4 (10.0-14.0)
Duration of diabetes (years) 4.0 (2.0-7.0) 3.7 (1.8-6.9)
Male (%) 50 50
Insulin pump therapy (%) 27 28

Frequency of SMBG per fortnight

70.0 (56.0-87.3)

70.0 (56.0-84.0)

Data are %, mean (SD), and median (interquartile range).

regulation, and openness to experience—
were associated with HbA . levels at dif-
ferent points across the 3-year study pe-
riod (Supplementary Table 1).
Hierarchical regressions. Hierarchical
regressions indicated that conscientious-
ness, agreeableness, and the centered
quadratic term for emotional regulation
were significant independent predictors
of HbA,. levels. No significant interac-
tions were identified between personality
traits and demographic variables. Despite
a significant correlation between open-
ness to experience and HbA,, this per-
sonality trait was not an independent
predictor of glycemic control.
Forced-entry regressions. A model in-
cluding conscientiousness, agreeableness,
and the quadratic term for emotional
regulation significantly predicted 8% of
the variance in HbA;. scores at baseline
[R* = 0.08; F3115) = 3.21; P = 0.03]. The
quadratic term for emotional regulation
was the only significant independent pre-
dictor within this model (Table 2).

A regression model that included the
participants’ HbA, . at baseline together
with conscientiousness, agreeableness,
and the quadratic term for emotional
regulation significantly predicted their
second-year HbA, . [R? = 0.55; Fi4120) =
37.28; P < 0.001]. For this year, conscien-
tiousness and agreeableness were signifi-
cant independent predictors of glycemic
control, whereas the quadratic term for
emotional regulation was nonsignificant.
The contribution of these personality traits
to the overall model was calculated at 9%
(Table 2).

Similar results were obtained for the
third year of data collection. As shown in
Table 2, the full model, including baseline
HbA,, significantly predicted third-year
I‘IbAlC [Rz = 039, F(4, 126) = 2049, P <
0.01]. Once again, conscientiousness and
agreeableness were the only significant
personality trait predictors of glycemic

control within this model. In year 3, per-
sonality contributed 12% of the variance
in HbA . results.

Factors associated with change in
glycemic control

While glycemic control did not change
over the study period for the group as a
whole [Fo 278y = 1.34; P = 0.26], there
were differences in HbA,. between indi-
viduals with high and low levels of con-
scientiousness [F(1 100y = 5.09; P = 0.03]
and individuals with high and low lev-
els of agreeableness [F(1 o96) = 9.79;
P < 0.01].

As shown in Fig. 1A, while HbA . was
similar at entry to the study (year 1), there
was an interaction between conscientious-
ness groups and time [F 200y = 4.48; P =
0.01]. Glycemic control deteriorated over
the 3-year study period in individuals in
the lowest tertile of conscientiousness
[Fa, o8 = 6.10; P < 0.01]. In contrast, no
significant changes in HbA,. values were
found for the high-conscientiousness
group [F(2, 102) = 0.37; P = 0.69].

A similar interaction was found be-
tween agreeableness group and HbA,.
over time [F5 192) =4.91; P < 0.01]. In-
dividuals in the lowest tertile of agreeable-
ness had worsening glycemic control
[Fa. a8y =5.00; P < 0.01], whereas no sig-
nificant main effect of time on HbA;. val-
ues was found for the high-agreeableness
group [F(zy 104) = 064’, P= 053]

Since there was a statistically signifi-
cant curvilinear relationship between
emotional regulation and HbA,, the up-
per, middle, and lower quintile groups for
baseline emotional regulation were com-
pared to examine the role of this trait in
long-term glycemic control. There was a
significant interaction between emotional
regulation and HbA;, scores over time
[Fi4.100)=3.01; P=0.02]. Between-group
differences also approached significance
[F(z) 95) = 288, P= 006]

Within-group analyses indicated no
significant changes in glycemic control
within the low emotional regulation
group [Fo 56 = 1.80; P = 0.18] or the
high emotional regulation group [F. 74) =
2.18; P = 0.12]. However, there was signif-
icant decline in glycemic control within
the moderate emotional regulation group
[F2. 60) = 5.44; P < 0.01]. As seen in
Fig. 1C, individuals with low emotional
regulation had consistently worse glyce-
mic control across the study period com-
pared with those with moderate emotional
regulation, while HbA,. trended down
steeply in the final year for those high in
emotional regulation.

Association between personality

and SMBG

Correlations. Correlations indicated that
conscientiousness, emotional regulation,
and agreeableness were associated with
blood glucose monitoring at different
points across the 3-year study period
(Supplementary Table 1).

Hierarchical regressions. Hierarchical
regressions indicated that age and consci-
entiousness were the only significant in-
dependent predictors of blood glucose
monitoring. No significant interactions be-
tween demographics and personality traits
were found.

Forced-entry regressions. A model in-
cluding conscientiousness and age signifi-
cantly predicted 7% of the variance in blood
glucose monitoring at baseline [R*= 0.07;
F 118=4.10;P=0.02]. Amodel including
baseline number of blood glucose estima-
tions, age, and conscientiousness signifi-
cantly predicted blood glucose monitoring
behavior in the second year; however, the
trait of conscientiousness only contributed
to 3% of the variance (Table 2). In the third
year, a similar model predicted 30% vari-
ance in SMBG behavior [R= 0.30; F(3_ 157 =
18.33; P < 0.00], with conscientiousness
providing 5% of this contribution.

Older participants monitored less fre-
quently than their younger counterparts,
whereas participants who scored high in
the domain of conscientiousness consis-
tently performed a higher frequency of
blood glucose monitoring (mean number
of SMBG in a fortnight: 81.0 [SD 43.7] vs.
66.8 [SD 24.7] in year 1; 79.0 [SD 33.7]
vs. 62.4 [SD 22.3] in year 2 and 76.2 [SD
27.7]vs.58.8 [SD 26.9] inyear 3;F(; og)=
9.53; P < 0.01).

CONCLUSIONS —The current study
suggests that personality traits may be a
predictor of how well a young person with
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Table 2—Standardized B coefficients and R? in regression models predicting glycemic control (HbA,.) and frequency of SMBG over the

3-year study period

HbA, . SMBG (mean no. of measurements/fortnight)
Year 1 Year 2 Year 3 Year 1 Year 2 Year 3

Model 1

Intercept 9.60 6.89 8.79 40.32 17.46 18.13

Conscientiousness 0.06 (0.56) —0.18 (0.01) —0.20 (0.01) 0.23(0.01) 0.19(0.01) 0.23 (<0.01)

Agreeableness —0.14 (0.14) —0.17 (0.01) —0.18 (0.02)

Quadratic term (emotional regulation)  0.25 (0.01)  0.06 (0.38) 0.12 (0.08)

HbA . (baseline) 0.64 (<0.001) 0.47 (<0.001)

Age (years) —0.11 (0.22) —0.17 (0.02) —0.17 (0.03)

Frequency SMBG (baseline) 0.56 (<0.001) 0.39 (<0.001)

R? (model 1) 0.08 (0.03) 0.55(<0.001) 0.39(<0.001) 0.07 (0.02) 0.47(<0.001) 0.30 (<0.001)
Model 2

HbA . (baseline) 0.68 (<0.001) 0.53(<0.001)

Age (years) —0.11 (0.24) —0.17 (0.02) —0.15 (0.05)

Frequency SMBG (baseline) 0.62 (<0.001) 0.46 (<0.001)

R? (model 2) 0.46 (<0.001) 0.28(<0.001) 0.01(0.24) 0.43(<0.001) 0.25(<0.001)
Contribution of personality traits (R*)" 0.08 0.09 0.12 0.05 0.03 0.05

'The contribution of personality (R*) was calculated as the difference in R* between model 1, which included all predictors of HbA,. or SMBG, and model 2 with

personality variables excluded.

type 1 diabetes does over time in terms of
glycemic control and self-monitoring be-
havior. Earlier work of Vollrath et al. (12)
showed that high agreeableness and high
conscientiousness were associated with
better glycemic control in the first 2 years
of living with diabetes. These results are
replicated in this current study. More-
over, the current study shows that these
traits continue to play a role regardless of
duration of diabetes. Although the HbA;
of the participants who were high on
these two traits in our study was above
target, it remained stable over the 3 years.

Of more concern, however, were
those participants who were low on con-
scientiousness and/or agreeableness. In
these individuals, glycemic control was
either consistently worse or deteriorated
over time. Therefore, low scores on these
personality traits may be risk factors for
poor or worsening glycemic control and
confirm that baseline personality scores
may have a continuous effect on diabetes
management outcomes.

It is intuitive that conscientiousness
would also play a role in self-care behavior.
Indeed, Skinner et al. (17) showed that
conscientiousness, as well as emotional
regulation, influenced type 1 diabetes self-
management behavior through a mediating
effect on a person’s treatment beliefs. More
broadly, conscientiousness has been
found to be associated with better adop-
tion of health-protective behaviors relat-
ing to issues such as tobacco use and

physical activity (18). In this current
study, those participants with high scores
on conscientiousness performed a higher
frequency of blood glucose estimations.
Importantly, this group continued to
show high levels of self-care in relation
to monitoring throughout the study pe-
riod. Conversely, participants with low
scores on this trait, as well as older par-
ticipants, monitored less frequently. The
relationship between agreeableness and
self-care is less obvious. Although agree-
ableness was associated with glycemic
control, it did not predict self-monitoring
behaviors.

Of interest, the work by Vollrath
et al. (12) showed that children low on
neuroticism (now known as emotional
regulation) also had better glycemic con-
trol. Emotional regulation refers to a per-
son’s capacity to control their emotional
responses to their environment and oth-
ers, and those scoring low on this factor
are prone to be emotionally over reactive
and more vulnerable to negative emo-
tional states (19). In contrast to Vollrath
etal. (12), our study showed a curvilinear
relationship between emotional regula-
tion and glycemic control. Individuals
with either low or high scores on this trait
had consistently higher HbAlc values
across the first 2 years of the study com-
pared with those with moderate scores.
There is some prior evidence of a curvi-
linear relationship between emotional
regulation and progression of diabetes

complications. A study by Brickman
et al. (20) demonstrated that, in adults
with diabetes, extreme scores on emo-
tional regulation (either low or high)
were related to more rapid deterioration
in renal function. The findings of the cur-
rent study and that of Brickman et al. (20)
may be explained by the law of Yerkes and
Dodson (21), which states that task per-
formance increases with emotional
arousal up to an “optimum point,” be-
yond which reductions in performance
occur. Therefore, people high in emo-
tional regulation may be unconcerned
about the long-term effects of poor glyce-
mic control. Those low in emotional reg-
ulation are likely to be distressed, and this
may influence their ability to look after
themselves. Notably, these kinds of rela-
tionships are masked when using tradi-
tional linear statistical approaches.

The findings of this study are signif-
icant, as they underline the importance of
personality in determining self-management
in young people with type 1 diabetes over
time. Personality traits show some conti-
nuity from childhood onwards; however,
traits are not generally considered to be
fixed until 30 years of age (22). Further
research is needed to identify the extent
to which a young person’s personality can
be modified. In the meantime, there may
be benefits in clinicians taking person-
ality into account and helping young
people manage rather than change their
personality. For example, knowing
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Figure 1—Mean HbA, levels during the 3-year study period, stratified by personality domains. A: Conscientiousness. B: Agreeableness.

C: Emotional regulation.

whether a young patient is not particu-
larly conscientious would be helpful in
understanding the possible reasons for
their poor attention to regular blood
glucose monitoring. Focusing on simple
strategies to raise behavior-awareness
and to improve self-organization, time-
management, and planning skills may
help to improve blood glucose monitor-
ing behaviors. These strategies may in-
clude the use of telephone reminders or
providing young people with blood glu-
cose meters with alerts. In contrast, for
those who are low on emotional regula-
tion, strategies that focus on reducing
stress and anxiety may be of higher pri-
ority than using reminders or fostering
time-management skills. Similarly,
knowledge that a young person is par-
ticularly conscientious or emotionally

well-regulated would free up precious
clinic time to concentrate on other as-
pects of their care or equally provide a
sound basis for engaging this particular
attribute to ensure continued good self-
management practices. Future studies
are needed to examine the potential of
personality-based interventions in dia-
betes care. Research trial interventions
that develop, implement, and evaluate
health care professionals’ skills in mon-
itoring and fostering attributes of per-
sonality and their impact on improving
self-management of this group of people
are also needed.

It is important to acknowledge the
limitations of this study. While this study
was the largest of its kind, the results were
based on a comparatively small sample
of participants. Relative to the sample size,

a high number of correlations were per-
formed, increasing the possibility of type I
or type I error. However, results of this
study are consistent with earlier findings
(12,17). The general lack of significant re-
lationships between personality traits and
first-year outcomes is intriguing. However,
the Five-Factor model variables showed
high temporal stability within participants,
and further detailed research is needed to
understand these findings.

Despite these limitations, the results
of this study indicate that personality may
be one of the many factors that contribute
to less than optimal self-care behaviors
and suboptimal glycemic control in young
people with type 1 diabetes. Harnessing
those personality traits associated with
improved outcomes, as well as developing
effective methods of working with those
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traits associated with worse outcomes, may
serve to optimize diabetes care.
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