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Abstract

Background Family history of diabetes is one of the major
risk factors for diabetes, but significant variability in this as-
sociation remains unexplained, suggesting the presence of im-
portant effect modifiers.

Purpose To our knowledge, no previous work has examined
whether psychological factors moderate the degree to which
family history of diabetes increases diabetes risk.

Methods We investigated the relationships among parental
history of diabetes, affective states (positive affect, negative
affect, and depressed affect), and diabetes in 978 adults from
the MIDUS 2 national sample.

Results As expected, parental history of diabetes was associ-
ated with an almost threefold increase in diabetes risk. We
found a significant interaction between positive affect and
parental history of diabetes on diabetes (p=.009): higher pos-
itive affect was associated with a statistically significant lower
relative risk for diabetes in participants who reported having a
parental history of diabetes (RR =.66 per unit increase in pos-
itive affect; 95 % CI=.47; .93), but it did not influence diabe-
tes risk for participants who reported no parental history of
diabetes (p=.34). This pattern persisted after adjusting for an
extensive set of health and sociodemographic covariates and
was independent of negative and depressed affect.
Conclusions These results suggest that psychological well-
being may protect individuals at increased risk from developing
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diabetes. Understanding such interactions between non-
modifiable risk factors and modifiable psychological resources
is important for delineating biopsychosocial pathways to dia-
betes and informing theory-based, patient-centered interven-
tions to prevent the development of diabetes.

Keywords Diabetes - Positive affect - Family history of
diabetes

Introduction

Diabetes is a significant problem in the United States and
presents multiple challenges to public health, accounting for
substantial morbidity and premature mortality. According to
the National Diabetes Statistics Report, 9.3 % of the U.S.
population (29.1 million people) have diabetes and 32 % are
at increased risk for developing type 2 diabetes due to insulin
resistance [1]. Among adults aged 65 and older, 26 % have
diabetes, making diabetes a common threat to older adults’
well-being and independence. Further, the economic burden
associated with diabetes in the U.S. is staggering: the total cost
of diagnosed diabetes in 2012 was $245 billion and care for
people with diabetes accounted for more than 1 in 5 healthcare
dollars [2].

Type 2 diabetes is a multifactorial disease that arises from
the interplay of genetic, sociodemographic, and psychological
vulnerabilities. Family history of diabetes is a key risk factor
that represents genomic information and the complex inter-
play between genes, shared environments and behaviors,
and epigenetic effects [3]. It predicts a range of metabolic
abnormalities and a two- to sixfold higher risk for type 2
diabetes [4—7]. While the clustering of obesity and physical
inactivity in families may account for some of the risk associ-
ated with family history of diabetes, only a small percent of
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the variance has been explained by lifestyle, anthropomor-
phic, and genetic risk factors [8]. Importantly, the relationship
between family history of diabetes and risk for diabetes ap-
pears to be modifiable: physical inactivity and obesity, the
main targets of diabetes prevention efforts, modify the effects
of family history of diabetes [4, 9—12].

An emerging line of research into the pathophysiology of
type 2 diabetes has identified depression as a key risk factor for
developing diabetes as well as for poor glycemic control, com-
plications, and functioning among those diagnosed with diabe-
tes [13—19]. Depressed adults have 37 to 60 % increased risk of
developing diabetes than adults without depression [16, 20].
Depressive symptoms have also been linked to metabolic ab-
normalities preceding the development of diabetes, and a recent
meta-analysis of 18 studies documented a small but significant
cross-sectional association between depression and insulin re-
sistance [15]. Even though the directionality of the relationship
between depression and glucose metabolism has been called in
question [21], behavioral and physiological mechanisms have
been proposed as explanations of the increased risk of diabetes
among depressed adults. For example, depressed individuals
show abnormalities in the hypothalamic-pituitary-adrenal axis,
particularly in regulation of cortisol, which is in turn related to
dysregulated glucose metabolism [22]. Importantly, depression
is associated with obesity-promoting behaviors [23, 24] and it
is well established that the epidemic of type 2 diabetes has been
fueled by the recent dramatic rise in obesity levels.

While past research has predominantly focused on the re-
lationship between poor psychological functioning and diabe-
tes [21, 25, 26], negative emotions are only part of one’s
emotional landscape. There is growing interest in positive
affect, or the feelings that reflect a pleasurable engagement
with the environment [27]. Positive affect has been character-
ized as a dimensional attribute that refers to the general ten-
dency to experience joy, enthusiasm, interest, and energy [28].
There is evidence that positive affect is not simply the oppo-
site side of depressive symptoms and negative affect, but rath-
er is a separate construct that is independently associated with
lower morbidity and increased longevity, particularly in cases
where behavioral factors play a role in disease trajectory [29].
Emerging research on how positive affect is instantiated in
glucoregulation has shown that positive affect and well-
being predict better glycemic control and lower risk for dia-
betes over time [30-34] as well as lower risk of mortality
among people with diabetes [35]. Importantly, the associa-
tions between positive affect and glucoregulation persist de-
spite adjusting for concurrent depressive symptoms and neg-
ative affect, suggesting that positive affect could provide ben-
efits independent from possible costs associated with poor
psychological functioning.

Family history of diabetes, and to a lesser degree affective
states, have been independently linked to type 2 diabetes, but
to our knowledge, no previous research has focused on their
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interplay. The overarching goals of our study were to investi-
gate the independent and joint relationships among parental
history of diabetes, affect, and glucoregulation in adults.
Specifically, we expected that depressed and negative affect
would amplify the influence of parental history of diabetes on
diabetes risk, while positive affect would attenuate it. These
hypotheses were informed by the differential susceptibility
framework [36, 37] which suggests that some people, due to
a genetic or behavioral vulnerability in their makeup, are
disproportionally more likely to be affected by experiences,
both positive and negative. Importantly, we investigated
whether the associations among positive affect and diabetes
were independent from the presence of negative affectivity,
linked to the debate on whether positive affect and negative
are polar extremes of a single continuum, or are largely or-
thogonal constructs [29, 38].

Methods
Sample

The National Survey of Midlife Development in the U.S.
(MIDUS 1) began in 1995-1996 as a national random digit
dial sample of non-institutionalized, English-speaking adults
living in the United States. A final sample of 7108 participants
ages 25-74 completed telephone and mail surveys in MIDUS
1. Approximately 9-10 years later, 4963 (75 % response rate
adjusted for mortality) were successfully contacted to partici-
pate in another phone interview and self-administered question-
naire (MIDUS 2 Survey). Participants who completed both
MIDUS 1 and MIDUS 2 Survey were invited to be part of
the MIDUS 2 biomarker project. Biological data were collected
from a subset of respondents (V= 1054) who agreed to travel to
one of three General Clinical Research Centers (GCRCs) for an
overnight visit. The response rate was 43 % among those eli-
gible (adjusted for those who could not be reached), a rate
somewhat lower than other epidemiological studies involving
a clinic visit (e.g., 57 % in the Cardiovascular Health Study)
[39]. However, the MIDUS protocol is demanding in requiring
extensive travel for many participants and two full days of
assessments. The biological sample was comparable with over-
all MIDUS 2 sample on most sociodemographic and health
characteristics, although the participants were significantly bet-
ter educated and less likely to smoke than non-participants [40].
The study was approved by the institutional review board at
each GCRC, and informed written consent was obtained from
all participants.

Further details of the study design, recruitment, and retention
are available at http://www.icpsr.umich.edu/icpstweb/NACDA/.
The current study used data from MIDUS 1 and the MIDUS 2
survey and Biomarker projects. MIDUS 2 survey assessments
on average preceded biomarker assessments by 26 months
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(SD=14.8). Of the 1054 participants who participated in the
MIDUS 1 Survey as well as the MIDUS 2 Survey and
Biomarker projects, 76 cases were excluded from the present
analyses. Participants who reported diabetes at MIDUS 1
(N=23) were excluded to avoid confounding by the influence
of long-standing diabetes on affective states. Although the
MIDUS 2 sample was expanded to include African Americans
from Milwaukee, WI, the lack of MIDUS 1 data on the diabetes
status of these individuals precluded use of their data in the
current analyses. Further excluded were participants who were
missing diabetes data in MIDUS 1 (V=32) or on any covariate
in the analysis (N=55), resulting in 978 participants with com-
plete data.

Measures

Positive and negative affect were each assessed during
the MIDUS 2 survey project with six items in the self-
administered questionnaire and probed according to the fol-
lowing stem: “During the past 30 days, how much of the time
did you feel:” Positive items included cheerful, in good spirits,
extremely happy, calm and peaceful, satisfied, and full of life.
Negative items included so sad nothing could cheer you up,
nervous, restless or fidgety, hopeless, that everything was an
effort, and worthless. Response options ranged from 1 (all of
the time) to 5 (none of the time). Internal consistency reliabil-
ity for positive affect and negative affect in the present sample
was excellent («=.84 and o=.92, respectively). The 30-day
response frame for both affect measures assessed more gener-
alized affect, rather than immediate and situationally specific
affect [41], and as such, reflected relatively stable, trait-like
characteristics [29]. Depressed affect was assessed with infor-
mation from the phone interview and coded as “present” if a
participant reported experiencing a period of at least 2 weeks
of depressed mood most of the day, nearly every day, and
at least four symptoms typically found to accompany depres-
sion, such as problems with eating, sleeping, energy, concen-
tration, feelings of self-worth, and suicidal thoughts or
actions [42].

Parental history of diabetes was assessed during the
MIDUS 2 biomarker project and is a binary measure based
on responses to questions about parental history of diabetes
and was coded as 0 if neither parent had diabetes or 1 if either
or both parents had diabetes. While the MIDUS 2 medical
history forms included information about diabetes status for
additional family members, reporting parental history is a fre-
quently preferred index of familiar risk due to the difficulty in
reporting diabetes status in more distant or younger relatives,
and further, it avoids the bias inherent in trying to compare
different family structures (e.g., number of siblings).

HbA Ic and fasting glucose samples were obtained during
an overnight stay in a General Clinical Research Center
(GCRC) during MIDUS 2 biomarker project. Criteria from

the American Diabetes Association were used to define dia-
betes in our participants (HbA . above 6.5 %, fasting glucose
above 126 mg/dl, or taking medications that lower glucose
levels such as metformin) [43]. Fasting glucose was measured
via an enzymatic assay photometrically on an automated ana-
lyzer (Roche Modular Analytics P). The HbA . assay was a
colorimetric total-hemoglobin determination combined with
an immunoturbidometric HbA . assay, carried out using a
Cobas Integra Systems instrument (Roche Diagnostics) [44].

Demographic covariates included age (in years), gender
(male or female), and race/ethnicity (White or Minority).
Socioeconomic status (SES) variables were created for three
time periods: childhood and two adult periods (MIDUS 1 and
MIDUS 2, approximately 10 years apart). The childhood SES
disadvantage score was computed by summing values on
three indicators: financial level growing up (2—worse off than
others, 1—about the same as others, 0—Dbetter off than
others), highest level of parental education (2—Iess than high
school, 1—high school/GED, 0—some college or higher),
and childhood welfare status (2—ever on welfare, 0—never
on welfare). Information on childhood SES was collected ret-
rospectively at the MIDUS 1 examination. MIDUS 1 and 2
adult SES disadvantage scores were computed by summing
values on five indicators at each time point: education level
(2—high school/GED or less, 1—some college/associate arts
degree, 0—Dbachelor’s degree or higher), family-size adjusted
income to poverty ratio (2—less than 300 %, 1—300-599 %,
0—600 % or more), current financial situation (2—worst pos-
sible, l—average, 0—best possible), availability of money to
meet basic needs (2—not enough, 1—just enough, 0—more
than enough), and difficulty level of paying bills (2—very or
somewhat difficult, 1—not very difficult, 0—mnot at all diffi-
cult). A cumulative disadvantage score was created by sum-
ming the childhood and two adult disadvantage scores. The
health covariates included body mass index (BMI), frequency
of drinking alcohol in past month (0-5, ranging from never
drinking to drinking every day), being a current smoker (yes
or no), MET/min of exercise, and presence of chronic condi-
tions excluding diabetes (yes or no). Given the emerging lit-
erature on links between antidepressant and corticosteroid
medications and diabetes risk [45, 46], two binary covariates
were added to control for use of these medications (yes or no).

Statistical Analyses

First, descriptive statistics were generated. Means, standard
deviations, and ranges for all continuous variables and propor-
tions for categorical variables were examined. Modified
Poisson regression with robust estimates of error was used to
estimate relative risks (RR) and 95 % confidence intervals
(CD in successively built models. Our outcome, diabetes,
was not rare, so we used modified Poisson regression instead
of logistic regression [47]. All two-way interaction terms were
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created by multiplying the two variables comprising the inter-
action. Model 1 tested the main effects of parental history of
diabetes and affect measures, net of sociodemographic covar-
iates (age, race, gender, cumulative SES). Models la— in-
cluded the individual measures of affect, while Model 1d in-
cluded all measures of affect. Models 2a—d added the focal
interactions between parental history of diabetes and affect
and potential mediators such as health behaviors (smoking,
alcohol use, regular exercise, medications usage, chronic con-
ditions, and BMI), as well as interactions between the focal
predictors and age, gender, BMI, and exercise. These addi-
tional interactions were included in the models to remove
potential confounding by differential effects of important
factors (such as exercise) on diabetes risk in individuals with
and without parental history of diabetes and with varying
levels of positive affect. Models 2a—c included the interactions
between parental history of diabetes and individual affective
states, while Model 2d included interactions between parental
history of diabetes and all affective states. All analytical
models controlled for the time lag between affect and diabetes
assessments.

Results

Descriptive statistics for all measures are presented in Table 1.
On average, participants in the current study were aged
55.5 years, 93 % were white, and 55 % were women.
Diabetes was present in 123 participants (13 %) and 242 re-
ported a parental history of diabetes (25 %). Zero-order
correlations among the affect measures revealed significant
associations: depressed affect was positively related to nega-
tive affect (#=.43) and negatively related to positive affect
(r=—.35). Positive and negative affect were inversely related
(r=—064).

Main effect analyses from Poisson regression are presented
in Models 1a—d in Table 2. As expected, parental history of
diabetes was associated with an almost threefold increase in
diabetes risk: the RRs ranged from 2.75 to 2.79 in the different
models, depending on what covariates were included (see
Models 1a—d). Affective states were not significantly associ-
ated with diabetes in main effect models (p>.05 in Models
la—d).

Next, we tested whether affective states moderated the re-
lationships between parental history of diabetes and diabetes.
We found a significant interaction between positive affect and
parental history of diabetes on diabetes (p=.009). This pat-
tern—a significant main effect for parental history and a sig-
nificant interaction between parental history and positive af-
fect—was unaffected by adjusting for an extensive set of
sociodemographics and health covariates such as BMI, exer-
cise, smoking, chronic conditions, drinking, and taking anti-
depressant or corticosteroid medications. Figure 1 illustrates
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Table 1 Means (and SDs) or proportions for all measures (N =978)
Variables % M (SD) Range
Key predictors
Parental diabetes 25 0-1
Positive affect 346 (.7) 1-5
Negative affect 147 (.5) 1-5
Depressed affect 9 0-1
Outcome
Diabetes 13 0-1
Demographic and health covariates
Race (1 =White) 93 0-1
Age 5531 (11.8) 34-84
Gender (1 =men) 45 0-1
SES disadvantage 10.7 (5.3) 0-24
BMI 29.12 (5.9) 15-57
Exercise MET/min 1068 (1542)  0-7359
Drinking frequency 1.6 (1.6) 0-5
Current smoker 10 0-1
Chronic conditions (except diabetes) 76
Antidepressant medication 15 0-1
Corticosteroid medication 13 0-1

the interaction: while levels of positive affect did not influence
diabetes risk for participants who reported no parental history
of diabetes (p=.34), higher positive affect was associated with
a statistically significant lower relative risk for diabetes in
participants who reported having a parental history of diabetes
(RR=.66 per unit increase in positive affect; 95 % CI=.47;
.93). Finally, the interaction between positive affect and pa-
rental history of diabetes was minimally influenced by adding
negative affect and depressed affect to the models (Model 2d;
p=.024). We found no interaction between either depressed
affect or negative affect and parental history of diabetes
(Models 2b—d).

Follow-up analyses explored whether the associations be-
tween affect and diabetes depended on whether participants
knew their diabetes status when affect was assessed. None of
the interactions between affect and self-report of diabetes in
predicting diabetes were significant (ps>.1).

Discussion

This is the first study to investigate the interplay among pa-
rental history of diabetes, affect, and diabetes, and we found
some support for our hypotheses. Parental history of diabetes
predicted an almost threefold increase in relative risk for dia-
betes, which is consistent with previous research documenting
a two- to sixfold increase in diabetes risk across different
ethnic groups and study designs [48]. Similar to other studies
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However, it is possible that positive affect was associated with
other, unmeasured aspects of healthy lifestyles, such as diet,
weight, and exercise patterns throughout the lifecourse. The
second possibility that positive affect serves as a stress-buffer
in the face of perceived threat of diabetes is consistent with the
“broaden and build” theory of positive affect [50]. This idea
could not be examined, given that we had no measure of per-
ceived threat of diabetes.

We did not find a relationship between depressed or nega-
tive affect and diabetes risk in our sample. Depression and
diabetes are often co-morbid, and each condition is worsened
by the other [21]. Previous work has shown that people with
depression have increased rates of diabetes, largely attributable
to obesity-promoting health behaviors [24]. However, the as-
sociation is considered modest [51], and some studies have
documented a non-significant relationship [52—54]. Further,
there is evidence for a bidirectional relationship, and studies
on the differences in depressive symptoms between individuals
with diagnosed and undiagnosed diabetes offer compelling ev-
idence that diabetes can lead to higher depressive symptoms,
perhaps due to the daily challenges and self-care burden of
managing a chronic disease [23, 55]. Importantly, the current
state of the science on the association between depression and
diabetes has proposed a novel paradigm shift by considering
shared underlying behavioral and biological pathways that may
simultaneously predispose people to both disorders [21], and
future empirical examinations that model this more complex
pattern might help reconcile the mixed findings in the literature.

The key predictors in our study clearly precede the assess-
ment of diabetes: parental history of diabetes is a proxy for
genetic effects present at birth and affective states were measured
on average 2 years prior to the assessment of diabetes. The main
limitation of our study pertains to the lack of longitudinal data on
glucoregulation that could illuminate cross-time trajectories and
related issues of causal directionality. Future research utilizing
data from MIDUS 3 (currently in progress) will allow for model-
ing incidence of diabetes since MIDUS 2. Further, these future
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analyses will incorporate the minority subsample added at
MIDUS 2 that was omitted from present analyses due to lack
of baseline diabetes data in MIDUS 1. Relatedly, although we
excluded participants who self-reported diabetes at MIDUS 1, it
should be acknowledged that we did not have biological data to
rule out undiagnosed diabetes at MIDUS 1. Finally, our analyses
were modeled to capture known risk influences on type 2 dia-
betes, but we did not have information on whether participants
with diabetes had type 1 or type 2 diabetes. Out of the 123
participants with diabetes, 67 did not self-report diabetes (or
taking medications to treat diabetes) and were therefore consid-
ered “undiagnosed”” which is common in type 2 diabetes, but is
unusual for type 1 diabetes. The remaining 56 people who re-
ported having diabetes at MIDUS 2 did not report having dia-
betes 10 years earlier at MIDUS 1. Given that type 1 diabetes is
usually diagnosed in childhood and early adulthood and there-
fore likely to have been diagnosed before MIDUS 1 and that
approximately 90-95 % of people with diabetes have type 2
diabetes [56], our results may not be strongly affected by this
imprecision. One notable strength of our study was that diabetes
status was ascertained using current ADA criteria based on
fasting glucose and HbAlc levels, reducing the concern about
undiagnosed diabetes.

Type 2 diabetes is a prevalent chronic disease that is influ-
enced by having a family history of diabetes. Family history of
diabetes is currently the only genetic measure of diabetes risk
that can be feasibly used on a population level, and its poten-
tial for increasing awareness and identifying individuals at
high risk can be important in the prevention, early detection,
and treatment of type 2 diabetes. Family history of diabetes is
a powerful risk factor that is non-modifiable, underscoring the
urgency to identify underlying mechanisms and effect modi-
fiers. Our central finding that each unit increment in positive
affect is associated with 34 % reduced risk of diabetes among
people who have a parental history of diabetes is comparable
in magnitude to 31 % reduced incidence of diabetes docu-
mented as the “gold standard” pharmacological treatment with
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metformin in the landmark Diabetes Prevention Program [57].
Overall, our findings have clinical relevance and underscore
the importance of assessing mental health in patients who are
at risk for diabetes as well as targeting positive affect as a
modifiable factor to achieve extra reduction in diabetes risk.
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