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ARTICLE INFO ABSTRACT

Keywords: Personality traits are associated with risk of diabetes, but most research to date has relied on participants re-
Personality ported diagnosis rather than objective markers of glycaemia. The present study examined the association be-
Diabetes tween the five major domains of personality (neuroticism, extraversion, openness, agreeableness and con-
HbAlc

scientiousness) and haemoglobin Alc (HbAlc). Participants (N > 26,000) were individuals aged from 16 to 104
years from six large community samples from the US, Europe, and Japan who had data on personality, demo-
graphic factors, body mass index (BMI), physical activity, and HbAlc. Of the five factors, only higher con-
scientiousness was related consistently to lower HbAlc level across most samples and in the meta-analysis.
Conscientiousness was also related to lower risk of HbAlc =6.5 % (OR = .85, 95 %CI = 0.80—0.90). BMI and
physical activity partially mediated the link between conscientiousness and HbAlc. There were not consistent
associations for the other four traits across the six samples and no consistent associations between personality
and likelihood of undiagnosed diabetes. The present study found replicable associations between con-
scientiousness and HbAlc in adulthood. Assessment of conscientiousness may improve the identification of

individuals at risk of diabetes and guide personalized interventions for regulation of HbAlc level.

1. Introduction

Type 2 diabetes is one of the leading causes of disability and mor-
tality worldwide (James et al., 2018). The prevalence rate is estimated
to range between 8-10% (NCD Risk Factor Collaboration, 2016; Menke
et al., 2015), with higher prevalence among older adults (Menke et al.,
2015). Lifestyle factors, such as physical inactivity and body mass
index, play a crucial role in the incidence of Type 2 diabetes (Abdullah
et al., 2010; Joseph et al., 2016). In addition, personality traits, com-
monly defined as enduring patterns of thoughts, feelings, and beha-
viors, have been found to predict the risk of diabetes (Cukié et al., 2016;
Cuki¢ and Weiss, 2014; Jokela et al., 2014; Weston et al., 2015). Among
the Five Factor Model of personality (McCrae and John, 1992), con-
scientiousness (the propensity to be self-disciplined and thoughtful) is
associated consistently with a lower risk of diabetes (Jokela et al., 2014;
Weston et al., 2015). This association is explained in part by the lower
obesity risk and more frequent physical activity of conscientious in-
dividuals (Jokela et al., 2014; Sutin et al., 2016; Sutin and Terracciano,
2016). The evidence for neuroticism (the tendency to experience dis-
tress and negative emotions) is more mixed: some studies found that
higher neuroticism is predictive of lower risk of diabetes (Cuki¢ and
Weiss, 2014) whereas others reported that higher neuroticism is a risk

factor (Cuki¢ et al., 2016) or not associated (Jokela et al., 2014).
Openness (the tendency to be creative and curious) has been related to
a lower likelihood of diabetes in one study (Cuki¢ et al., 2016) but not
in others (Jokela et al., 2014; Weston et al., 2015). Extraversion (the
propensity to be sociable and active) and agreeableness (the propensity
to be altruistic and trusting) are generally not associated with diabetes
(Cukié et al., 2016; Cuki¢ and Weiss, 2014; Jokela et al., 2014; Weston
et al., 2015).

This research has mostly examined the association between per-
sonality traits and self-reported diabetes, using questions on whether a
medical doctor ever told the participant that they have diabetes or
whether they have been treated for diabetes. Less is known about the
link between personality traits and objective markers of glycaemia,
specifically haemoglobin Alc (HbAlc). HbAlc is an indicator of in-
dividuals’ glycemic status over the past two to three months and is used
for the diagnosis of type 2 diabetes (clinical threshold of HbAlc = 6.5
%, American Diabetes Association, 2010). HbAlc can be used to iden-
tify individuals with undiagnosed diabetes (i.e., individuals with HbAlc
levels past the clinical threshold but have not yet been diagnosed by a
medical doctor). The few published studies on the association between
personality and HbAlc are relatively inconsistent. Sutin and colleagues
(2018a,2018b), for example, found that lower conscientiousness was
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associated with higher HbAlc in the Health and Retirement Study
(HRS), and Waller and colleagues (2013) found that lower con-
scientiousness and lower agreeableness were associated with higher
HbAlc in a sample of young patients with type 1 diabetes. In contrast,
Cukié¢ and colleagues (2015) found that lower openness was associated
with higher HbAlc in the Lothian Birth Cohort 1936 but that the other
four traits were unrelated to it. Other studies have found no association
between personality and HbAlc among individuals with diabetes
(Phillips and Guarnaccia, 2016; Skinner et al., 2014). The current lit-
erature thus provides an unclear picture of the association between
personality and HbAlc. To our knowledge, no large scale, analysis of
multiple samples has been conducted to test for replicable associations
between personality traits and HbAlc. Furthermore, no research has yet
tested whether personality traits may be related to the HbA1lc-threshold
for diabetes-diagnosis and whether personality traits predicts un-
diagnosed diabetes.

Based upon six large samples of adults, the present study examined
the association between personality and HbAlc in adulthood.
Consistent with past research on self-reported diabetes (Jokela et al.,
2014), it was hypothesized that conscientiousness would be related to
lower HbAlc. In addition, given the importance of BMI and physical
activity to HbAlc and their association with personality, BMI and
physical activity were tested as mediators. Finally, we also tested
whether personality predicts undiagnosed diabetes and whether the
association between personality and HbA1lc varies depending upon self-
reported diabetes.

2. Method
2.1. Participants

Participants were drawn from six samples of adults: The Midlife in
the United States Survey (MIDUS), the Midlife in Japan survey
(MIDJA), the Health and Retirement Study (HRS), the English
Longitudinal Study of Ageing (ELSA), the National Social Life, Health,
and Aging Project (NSHAP) and the United Kingdom Household
Longitudinal Study (UKHLS). Descriptive statistics for the six samples
are presented in Table 1.

The MIDUS is a longitudinal study of non-institutionalized, English-
speaking US adults. The second wave (2004-2006, MIDUS II) was used
in the present study because it included an assessment of HbAlc. A total
of 988 participants (55 % female; Mean age: 55.34 years, SD: 11.77)
provided complete data on personality, HbAlc and demographic
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information.

The MIDJA is a parallel survey of the MIDUS conducted on ran-
domly selected adults from the Tokyo metropolitan area. Personality
and demographic data were obtained from the first wave in 2008, and
HbAlc data were obtained in 2009 —2010. The current analysis in-
cluded a total of 377 individuals (56 % female; Mean age: 54.08 years,
SD: 14.06) with complete data.

The HRS is a national longitudinal study of Americans older than 50
years and their spouses. Personality, demographic, and HbAlc data
were obtained from half of the sample in 2012 and in 2014 from the
other half of the sample. These two waves were chosen because the
HbAlc data were not examined in past research. Both waves were
combined, resulting in a total of 9745 participants (59 % female; Mean
age: 67.88; SD: 10.23).

ELSA is a representative cohort of men and women living in England
aged 50 years and older. Personality traits and demographic factors
were assessed at Wave 5 (2010) and HbAlc was available in Wave 6
(2012). A total of 4656 individuals (55 %, Mean age: 65.76, SD: 8.02)
provided complete data.

The NSHAP is a longitudinal, population-based study of health and
social factors, among older community-dwelling Americans. Personality
traits, demographic factors and HbAlc were obtained from Wave 2
(2010-2011), because it was the first wave that included HbAlc.
Complete data were obtained from 1888 participants (53 % female,
Mean age: 72.47, SD: 7.08)

The UKHLS is a large, nationally representative panel study of UK
households. Personality traits and demographic factors were obtained
from the third wave (2011-2013). HbAlc was available for some par-
ticipants on Wave 2 (2010-2012) and for other participants on Wave 3.
The analysis was conducted among a total of 8417 individuals with
complete data (56 % women, Mean age: 51.34, SD: 16.54).

2.2. Measures

2.2.1. Personality

Participants completed the Midlife Development Inventory (MIDI;
Zimprich et al., 2012) in the MIDUS, MIDJA, HRS, ELSA and NSHAP.
They were asked to indicate on a scale ranging from 1 (not at all) to 4 (a
lot) how well adjectives assessing the five traits described themselves
such as moody (e.g. neuroticism), outgoing (e.g. extraversion), curious
(e.g. openness), warm (e.g. agreeableness), and organized (e.g. con-
scientiousness). A 26 version of the MIDI was used in the MIDUS,
MIDJA, HRS, and ELSA, whereas a 21-item version was used in the

Table 1

Characteristics of the Samples.
Variables MIDUS MIDJA HRS ELSA NSHAP UKHLS

M/% SD M/% SD M/% SD M/% SD M/% SD M/% SD

Age (Years) 55.34 11.77 54.08 14.06 67.88 10.23 65.76 8.02 72.47 7.08 51.34 16.54
Sex (% women) 55 % - 56 % - 59 % - 55 % - 53 % - 56 % -
Race (% Non White) 5% - 100 % - 21 % - 2% - 15 % - 4 % -
Education® 7.76 2.46 13.78 2.54 13.12 2.87 4.31 2.19 2.79 1.00 7.66 6.51
Self-reported diabetes (%) 8% - 5% - 25 % - 8 % - 23 % - 6 % -
Body Mass Index” 29.11 5.87 22.58 2.94 29.80 6.16 28.02 4.98 29.36 6.18 27.90 5.38
Physical Activity® 3.87 1.63 2.18 1.53 2.45 1.09 2.69 0.93 2.71 1.85 - -
Neuroticism® 2.01 0.62 213 0.58 2.00 0.62 2.09 0.59 2.40 0.59 3.49 1.44
Extraversion” 3.13 0.57 2.45 0.66 3.17 0.57 3.18 0.55 3.20 0.56 4.64 1.31
Openness” 2.96 0.52 2.22 0.58 2.91 0.57 2.90 0.53 2.92 0.65 4.58 1.29
Agreeableness” 3.43 0.51 2.68 0.63 3.50 0.50 3.52 0.47 3.47 0.51 5.67 1.00
Conscientiousness” 3.40 0.45 2.65 0.55 3.37 0.48 3.32 0.48 3.36 0.55 5.54 1.08
HbAlc 5.98 0.88 5.12 0.61 5.91 0.99 5.91 0.74 5.88 0.75 5.53 0.72
HbAlc (% equal or above 6.5 %) 12.35 3.98 17.17 10.29 12.39 5.08
Undiagnosed diabetes 6.63 1.67 5.18 4.31 2.56 1.45

Note. MIDUS: N = 988; MIDJA: N = 377; HRS: N = 9745; ELSA: N = 4656. NSHAP: N = 1888; UKHLS: N = 8417. Ns were lower for BMI and physical activity, due

to missing data.
@ See method section for differences in measures used in each sample.
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Table 2
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Summary of Regression Analysis Predicting HbA1C from Personality Traits in the Six Samples.

Neuroticismf3 Extraversion 3 Openness 3 Agreeableness Conscientiousness 3
MIDUS? —0.02 (—0.09;0.04) 0.10** (0.04;0.16) 0.05 (—0.01;0.11) 0.07* (0.01;0.14) —0.01 (—-0.07;0.05)
MIDJA® —0.01 (—-0.11;0.09) —0.05 (—0.15;0.04) —0.10* (—0.20;-0.004) —0.06 (—0.15;0.04) * (—0.20; —0.008)
HRS* 0.01 (—0.005; 0.03) —0.04*** (—0.06; —0.02) —0.02 (—0.04;0.003) —0.02* (—0.04; —0.0008) *(—0.08; —0.04)
ELSA" 0.02 (—0.004;0.05) —0.09*** (—0.12; —0.06) —0.03 (—0.06;0.003) —0.03* (—0.06; —0.005) (-0.12; —0.06)
NSHAP? —0.01 (—0.06;0.03) —0.08*** (—0.12; —0.03) —0.05* (—0.10; —0.006) —0.03 (—0.08; 0.02) (—0.10; —0.007)
UKHLS" —0.01 (—-0.03;0.01) 0.01(—0.01;0.03) —0.01 (—0.03;0.01) —0.01 (—0.03; 0.007) (—0.06; —0.02)
Random Effect 0.002 —0.027 —0.021* —-0.015 —0.06%**

(-0.010; 0.015) (-0.072; 0.018) (—0.041; 0.000) (—0.035; 0.005) (—=0.078; —0.037)
Heterogeneity Tau 0.000 0.051 0.017 0.016 0.017

Note: MIDUS: N = 988; MIDJA: N = 377; HRS: N = 9745; ELSA: N = 4656; NSHAP: N = 1888; UKHLS: N = 8417.

p = Standardized regression coefficient.
2 Adjusted for age, sex, education, and race.
b Adjusted for age, sex, education.
* p < 0.05, ** p <0.01, *** p < 0.001.

NSHAP. A 15-item version of the Big Five Inventory (Soto and John,
2017) was used in the UKHLS. Following the sentence “I see myself as
someone who...”, Participants were asked to rate items assessing neu-
roticism (e.g., nervous), extraversion (e.g., is talkative), openness (e.g.,
has an active imagination), agreeableness (e.g., is kind), and con-
scientiousness (e.g., is efficient) using a scale from 1 (does not apply to
me at all) to 7 (applies to me perfectly).

2.2.2. HbAlc

Blood samples were collected in the six samples. In the MIDUS, the
HbAlc assay was performed using a Cobas Integra Systems instrument
(Roche Diagnostics). In the MIDJA, HbAlc assay was performed at the
Showa Lab in Tokyo, Japan using a latex agglutination assay (Showa
Medical Service Co. LTD). In the HRS and NSHAP, HbAlc uses an au-
tomated ion-exchange high-performance liquid chromatography (IE-
HPLC) system. In UKHLS, HbAlc is measured from whole blood using
HPLC cation exchange on a Tosoh G8 analyser. In ELSA, HbAlc was
measured using a Tosoh G7 analyser (Tosoh, Tokyo, Japan). HbA1C
was expressed into percentage of the total hemoglobin in the MIDUS,
MIDJA, HRS, and NSHAP whereas it was expressed into mmol/mol in
ELSA and the UKHLS. These values were converted into % using the
following formula: (Value in mmol/mol/10,929) +2.15.

2.2.3. Self-reported diabetes

In each sample, participants were asked to indicate whether they
ever had been diagnosed with diabetes by a doctor or a health profes-
sional or whether they have been treated for diabetes. Individuals were
categorized into either self-reported diabetes (either reported diagnosis
and/or treatment for diabetes) or no self-reported diabetes. Of note, no
distinction was made between type I and II diabetes.

2.2.4. Mediators

Mediation analysis was conducted to examine whether the asso-
ciation between personality and HbAlc was mediated by BMI or phy-
sical activity. In the six samples, objective measurement of weight and
height were used to compute BMI as kg/m?. Physical activity measures
were available in five out of six samples (physical activity was not
available at wave 3 in the UKHLS). In the MIDUS participants were
asked to indicate the frequency of their vigorous and moderate leisure
physical activity during both the summer months and the winter
months on a scale from 1 (never) to 6 (several times a week or more).
Items were averaged. In the HRS and ELSA, the mean of two items
asking how often individuals participated in vigorous and moderate
physical activity on a scale from 1 (hardly ever or never) to 4 (more
than once a week) was computed. In the MIDJA, participants reported
how frequently they followed exercise therapies such as yoga or thai chi
in the past 12 months on a scale from 1 (never) to 5 (a lot). In the
NSHAP, participants were asked to report their frequency of vigorous

physical activity on a scale ranging from 0 (never) to 5 (five or more
times a week).

2.2.5. Covariates

In each sample, age, gender (coded as 1 for male and 0O for female),
and education were controlled for. Race was also controlled for in the
HRS, MIDUS, NSHAP, ELSA, and UKHKS and was coded as 0 for white
and 1 for other.

2.3. Data analysis

In each sample, regression analysis was used to predict HbAlc from
personality, controlling for the covariates. Each personality trait was
analyzed separately. The PROCESS macro (Hayes, 2013), using 5000
bootstrapped samples and 95 % bias-corrected confidence intervals,
was used to test whether BMI and physical activity mediated these
associations, controlling for the covariates. Supplementary regression
analyses were conducted to test the association between personality
and HbAlc separately among individuals with and without self-re-
ported diabetes.

Logistic regression was used to examine whether personality traits
were associated with the likelihood of exceeding the clinical threshold
indicative of diabetes (HbA1C = 6.5 %), controlling for demographic
factors. Furthermore, the same analysis was conducted to test for the
association between personality and undiagnosed diabetes, that is
HbAlc = 6.5 % among individuals without a diagnosis of diabetes. This
analysis controlled for the same covariates and excluded individuals
with self-reported diabetes. To facilitate interpretation of the logistic
regression analysis, each trait was standardized as z-scores (M = 0 and
SD = 1). A random effects meta-analysis was conducted that combined
the results from linear and logistic regressions with Comprehensive
Meta-Analysis software. A meta-analysis of indirect and direct effects in
the mediation analysis was also conducted.

3. Results

Supporting our main hypothesis, higher conscientiousness was re-
lated to lower HbAlc, controlling for demographic factors (see Table 2).
This association was observed in every sample except for MIDUS.
Higher extraversion was related to lower HbAlc in HRS, ELSA, and
NSHAP and higher HbAlc in MIDUS. Agreeableness was associated
with lower HbAlc in ELSA and higher HbAlc in MIDUS. Higher
openness was related to lower HbAlc in MIDJA and NSHAP. No asso-
ciation was found between neuroticism and HbAlc across the six
samples. The meta-analysis supported the association between con-
scientiousness and lower HbA1lc and suggested a marginally significant
relationship with openness (p = .045). No other associations were
found (see Table 2).
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Table 3

Summary of Bootstrap Analysis.
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Variables Bootstrap Analysis”

Neuroticism Extraversion Openness Agreeableness Conscientiousness
MIDUS
BMI —.003 (—.018; .011) —.017 (-.036; —.002) —.011 (-.029;.006) —.014 (—.003;.034) —.015 (-.037;.005)

Physical activity
Direct effect®
MIDJA

BMI

Physical activity
Direct effect®
HRS

BMI

Physical activity
Direct effect®
ELSA

BMI

Physical activity
Direct effect®
NSHAP

BMI

Physical activity
Direct effect®
UKHLS

BMI

Physical activity
Direct effect®

.002 (—.003; .008)
—.02

—.017 (—.042; .004)
—.0001 (—.008; .006)
—.04

—.008 (—.014; —.001)
.012(.008; .016)
.01

—.004 (—.012;.005)
.008 (.003;.013)
.02

—.002 (—.007;.004)
.004(-.0005.008)
—.02

—.001 (—.003; .0008)

—.01

—.013 (—.027; —.002)
1ok

.022 (.003;.047)
—.002 (—.016; .010)
-.07

—.018 (—.025; —.010)
—.026 (—.034; —.018)
-.01

—.011 (-.021; —.002)
—.021 (—.030;-.013)
—.06%**

—.003 (—.009;.002)
—.013 (—.022; —.005)
—_ .06:‘:7':

.004 (.002; .007)

.01

—.007 (—.018; .005)
.06

.003 (—.019; .025)
—.002 (—.012; .007)
— .104(

—.006 (—.013;.001)
—.019 (—.026; —.013)
-.00

.004 (—.005;.013)
—.014(-.021; —.008)
—.01

—.002 (—.007;.004)
—.012 (-.019; —.005)
—.04

—.003(—.006; —.001)

—.01

—.000 (—.007; .007)
.07*

.013 (-.005; .035)
—.002 (—.014; .008)
—.06

.003 (—.005; .010)
—.009 (—.014; —.006)
-.01

.010 (—.0008; .020)
—.001 (—.006;.003)
— .04*

—.001 (—.007;.004)
—.005 (-.010;-.001)
-.03

—.0008 (—.004;.002)

—.01

—.004 (—.013;.023)
.00

—.005 (—.030; .016)
—.003 (—.019; .013)
—.06

—.025 (—.035; —.017)
—.022 (—-.029; —.015)
— Q3%**

—.025 (—-.037; —.014)
—.017 (—.026; —.010)
— 06%***

—.007 (—.014; —.001)
—.013 (-.021; —.006)
-.03

—.008 (—-.011; —.005)

-.03*

Meta-Analysis
BMI

Random Effect —0.004 (—0.017;0.008) —0.008 (—0.020;0.005)
Heterogeneity Tau 0.00 0.00

Physical Activity

Random Effect 0.009(-0.006;0.024) —0.022 (—-0.037; —0.007)
Heterogeneity Tau 0.00 0.00

Direct Effect
Random Effect
Heterogeneity Tau

0.000(-0.012;0.014)
0.003

—0.011 (—0.050;0.028)
0.042

—0.001 (—0.013;0.011)

0.00

-0.0
0.00

—0.009 (—0.029;0.012)
0.017

0.002 (—0.010;0.015) —0.017 (—0.030; —0.005)
0.00 0.00

16 (—0.030; —0.0007) —0.006 (—0.021;0.009) —0.018 (—0.033;-0.003)
0.00 0.00

—0.014 (—0.036;0.008) —0.035 (—0.047; —0.022)
0.019 0.00

Note: * p < .05, ** p < .01,*** p < .001.

MIDUS: N = 986; MIDJA: N = 372; HRS: N = 9075; ELSA: N = 4525; NSHAP: N = 1822; UKHLS: N = 8223.
> Bootstrap estimates and 95 % bias-corrected confidence interval for indirect effects of personality traits on HbAlc through BMI and physical activity, controlling

for age, sex, education, and race (except for the MIDJA).

¢ Direct effect of personality traits on HbA1C adjusted for mediators, age, sex, education, and race (except for the MIDJA); Coefficients are standardized regression

coefficient.

The mediational analysis suggested that the association between
conscientiousness and HbAlc was mediated by both BMI and physical
activity in the HRS, NSHAP, ELSA and by BMI in the UKHLS (Table 3).
The meta-analysis confirmed this pattern of mediation (see Table 3).
The proportion of mediated effect by BMI and physical activity was,
respectively, 18 % and 21 % in the HRS, 16 % and 29 % in the NSHAP,
19 % and 17 % in ELSA, and was 32 % for BMI in the UKHLS. The
association between extraversion and HbAlc was mediated by both
BMI and physical activity in the HRS (proportion mediated: 27 % and
39 %, respectively) and ELSA (proportion mediated: 10 % and 19 %,
respectively), and by physical activity in the NSHAP (proportion
mediated: 20 %). Physical activity mediated the association between
openness and HbAlc in the NSHAP (proportion mediated: 30 %)
(Table 3). The meta-analysis supported the mediating role of physical
activity in the relationship between both extraversion and openness and
HbAlc. The pattern of associations was less consistent when examining
individuals with and without self-reported diabetes separately (see
supplementary analysis).

Analyses were conducted to examine whether personality traits
were related to the clinical threshold in the total sample. The results
revealed that higher conscientiousness was related to lower risk of ex-
ceeding the diabetes-diagnosis threshold (see Table 4). There was also a
weak effect for agreeableness associated with a lower likelihood of
exceeding the clinical cutoff. Finally, there was little evidence that
personality = was  associated  with  undiagnosed  diabetes.

Conscientiousness was associated with a reduced risk of undiagnosed
diabetes in the ELSA, and extraversion and agreeableness were related
to higher risk of undiagnosed diabetes in the UKHLS and the NSHAP,
respectively (Table 5). No associations were found in the MIDUS and
the HRS. These analyses were not conducted in the MIDJA because of
the small number of participants both without self-reported diabetes
and clinical level of HbAlec (N = 6).

4. Discussion

Based upon six large samples of adults, the present study suggests
that conscientiousness is related to HbAlc. That is, as expected, higher
conscientiousness was related consistently to lower HbAlc, and this
association was mediated partly by BMI and physical activity. Although
less consistent, extraversion, openness and agreeableness were asso-
ciated with lower HbA1C level in some samples. Personality traits were
mostly unrelated to likelihood of undiagnosed diabetes. The present
study provides robust evidence for the relation between con-
scientiousness and HbAlc.

Among the five traits, conscientiousness was the most consistent
personality correlate of HbAlc. This result supports past findings on the
association between conscientiousness and lower likelihood of incident
self-reported diabetes (Jokela et al., 2014). While such comparisons
should be done cautiously, it is of note that in the previous study
conscientiousness predicted incident self-report diagnosis of diabetes
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Table 4
Summary of Logistic Regression Analysis Predicting Clinical Threshold of HbAlc from Personality Traits in the Six Samples.
Neuroticism Extraversion Openness Agreeableness Conscientiousness

MIDUSa 1.03 (0.84-1.27) 1.14 (0.93-1.40) 1.01 (0.82—-1.23) 1.18 (0.95-1.47) 0.90 (0.74—-1.10)
MIDJA? 1.00(0.61 —1.64) 0.63 (0.34—1.14) 0.52* (0.28-0.97) 0.78 (0.44-1.37) 0.49* (0.26—0.91)
HRS* 1.07* (1.01-1.13) 0.89%**(0.85—0.94) 0.95 (0.90—1.01) 0.95* (0.90—1.00) 0.88*** (0.83 —0.92)
ELSA" 1.04 (0.95-1.15) 0.80*** (0.73—0.88) 0.98 (0.89—-1.07) 0.94 (0.85-1.03) 0.78*** (0.71—0.85)
NSHAP* 1.00 (0.94-1.06) 0.78*** (0.68 —0.90) 0.81** (0.71—0.94) 0.90 (0.78—-1.03) 0.88 (0.77—1.01)
UKHLS" 1.00 (0.89-1.11) 1.06 (0.96—-1.17) 1.03 (0.93-1.14) 0.97 (0.88-1.07) 0.86** (0.79—0.95)
Random Effect 1.03 (1.00—-1.07) 0.90 (0.81—1.01) 0.95 (0.88—1.02) 0.95* (0.92-0.99) 0.85 (0.80—0.90)***
Heterogeneity Tau 0.00 0.114 0.07 0.004 0.045

Note: MIDUS: N = 988; MIDJA: N = 377; HRS: N = 9745; ELSA: N = 4656; NSHAP: N = 1888; UKHLS: N = 8417.

2 Adjusted for age, sex, education, and race b Adjusted for age, sex, education.

* p < 0.05, ** p < 0.01, *** p < 0.001.

Table 5

Summary of Logistic Regression Analysis Predicting Undiagnosed Diabetes from Personality Traits.

Neuroticism

Extraversion

Openness

Agreeableness

Conscientiousness

MIDUS

HRS

ELSA

NSHAP

UKHLS

Random Effect
Heterogeneity Tau

1.25 (0.94-1.66)
0.94 (0.84-1.05)
0.95 (0.81-1.11)
0.96 (0.69—1.34)
0.98 (0.81-1.19)
0.97 (0.90-1.05)
0.00

1.01 (0.76—-1.34)
1.01 (0.90-1.12)
0.91 (0.78—-1.05)
1.35 (0.94-1.94)
1.22* (1.01-1.47)
1.05 (0.93-1.19)
0.095

0.85 (0.65—-1.13)
1.04 (0.93-1.16)
1.08 (0.93—-1.26)
1.27 (0.90—-1.81)
1.14 (0.94-1.37)
1.06 (0.98—-1.15)
0.022

0.99 (0.74-1.32)
0.98 (0.88—1.08)
0.93 (0.81-1.08)
1.60* (1.05-2.42)
1.16 (0.96—-1.41)
1.04 (0.92-1.17)
0.096

0.88 (0.67 —1.15)
0.94 (0.84—-1.04)
0.80**(0.70—0.92)
1.35 (0.94-1.95)
1.13 (0.94-1.37)
0.97 (0.83-1.12)
0.136

Note: MIDUS: N = 905; HRS: N = 7339; ELSA: N = 4272; NSHAP: N = 1445; UKHLS: N = 7923.

Adjusted for age, sex, education, and race.
* p < 0.05, ** p < 0.01, *** p < 0.001.

with a meta-analytic OR = 0.87 (95 %CI = 0.82—0.91) (Jokela et al.,
2014), which is very similar to the meta-analytic OR = .85 (95 %CI =
0.80—-0.90) we found for the cross-sectional association of con-
scientiousness with HbAlc = 6.5 % (Table 4). These findings suggest
that the self-report work is unlikely to overestimate the associations
between personality and risk of diabetes. However, we found little
evidence of an association between personality and undiagnosed dia-
betes, that is a higher diagnostic level of HbAlc among individuals
without a diagnosis of diabetes. Overall, the relationship between
personality and objective measure of diabetes provides a relatively si-
milar conclusion to the research based on self-reported measures. This
study also supports the role of conscientiousness in more positive health
outcomes (Strickhouser et al., 2017). Several pathways may explain this
association. As indicated by the mediation analysis, self-disciplined,
organized and thoughtful individuals have lower level of HbAlc in part
because they have lower adiposity and are more physically active.
There are likely to be other pathways that also contribute to this as-
sociation. For example, higher conscientiousness is related to higher
adherence to doctors’ orders and medication (Hill and Roberts, 2011)
that may reduce the likelihood of elevated HbAlc (Skinner et al., 2014;
Wheeler et al., 2012). Individuals higher in conscientiousness tend to
consume less alcohol (Hakulinen et al., 2015; Luchetti et al., 2018) and
have better sleep quality (Stephan et al., 2018), which are both asso-
ciated with lower HbAlc and protect against diabetes (Baliunas et al.,
2009; Knutson et al., 2006). Furthermore, conscientiousness is related
to a healthy diet (Mottus et al., 2013; Weston et al., 2020) and better
fitness (Terracciano et al., 2013) that may contribute to lower HbAlc.
At the biological level, conscientiousness is associated with lower sys-
temic inflammation (Luchetti et al., 2014) that may also be implicated
in the development of diabetes (Wang et al., 2013).

In contrast to conscientiousness, the associations with extraversion,
openness and agreeableness were much less consistent. In addition,
neuroticism was unrelated to HbAlc across the six samples and in the
meta-analysis. This finding suggests that the propensity to experience
distress and negative emotions is not implicated in individuals’ gly-
cemic status. Perhaps the detrimental effects of negative emotions are

canceled out by better glycemic control driven by health-related wor-
ries.

The present study adds to existing knowledge by providing the most
comprehensive evidence to date of the association between personality
traits and HbAlc across adulthood. That is, replicable associations were
found across samples with participants who ranged in age from 16 to
104. It also adds to existing models on personality and health. HbAlc
could be a biological pathway that contributes to the association be-
tween personality and a range of health-related outcomes. Specifically,
conscientiousness is related consistently to lower risk of dementia
(Terracciano et al., 2017) and mortality (Graham et al., 2017). Elevated
HbAlc is a risk factor for dementia (Ramirez et al., 2015) and mortality
(Forbes et al., 2018). Therefore, conscientiousness may be related to
lower dementia and higher longevity in part through its association
with lower levels of HbAlc. From a practical perspective, assessment of
conscientiousness may improve the identification of individuals at risk
of diabetes. Furthermore, such assessment may guide personalized in-
terventions directed toward the regulation of HbAlc level and ulti-
mately the promotion of health among individuals low in con-
scientiousness.

The present study has several strengths, particularly the inclusion of
six large samples of adults from different cultures, the use of validated
measures of all five major dimensions of personality, and the focus on
HbAlc, an objectively assessed and clinically relevant outcome. There
are also several limitations to consider. The observational design of the
present study does not allow to establish causality. Reciprocal asso-
ciations may exist, such that HbAlc may also be predictive of person-
ality level and change. Longitudinal research designs are needed to test
for these reciprocal associations. Moreover, further research using a
facet-level measures of personality may provide a more detailed un-
derstanding of the personality-HbAlc association. Although the inclu-
sion of an Asian sample increases the generalizability of our findings,
future work should examine the conscientiousness-HbAlc association
in other international samples, to test, for example, if this association
replicates in countries with lower gross domestic product. Furthermore,
the present study focused on a limited set of mediating variables. Future
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research may include additional potential mediators such as depressive
symptoms and cognitive decline. Finally, the present study missed in-
formation about the extent to which participants had type 1 or type 2
diabetes.

In sum, the present study found replicable associations between
personality and HbAlc in adulthood. In particular, higher con-
scientiousness was consistently related to lower level of HbAlc and
reduced probability of diabetes diagnosis.

Ethical approval

The six samples received approval from their respective Institutional
Review Board. All participants in each sample provided informed
consent. This study was based on publicly available de-identified da-
tasets, and therefore was exempt from Institutional Review Board re-
view.

Data availability

MIDUS data are publically available at http://hrsonline.isr.umich.
edu/. ELSA data are available from the UK Data Service (UKDS, https://
www.ukdataservice.ac.uk/). Information on how to access the NSHAP
data can be found at: http://www.norc.org/Research/Projects/Pages/
national-social-life-health-and-aging-project.aspx. Data of UKHLS are
available at: https://www.understandingsociety.ac.uk/.
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