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Abstract Anger has been linked to cardiovascular dis-

ease, but few studies have examined the relationship

between anger and type 2 diabetes. The aim was to

investigate associations among different indicators of anger

expression, adiposity, and nondiabetic glucose metabolism

in a national survey of adults. Participants were 939 adults

without diabetes in the Midlife in the US study (MIDUS

II). Glucose metabolism was characterized by fasting glu-

cose, insulin, insulin resistance, and glycosylated hemo-

globin (HbA1c). Spielberger’s Anger Expression inventory

was used to measure suppressed anger (anger-in), expres-

sed anger (anger-out), and controlled anger (anger-control).

We investigated the relationship between anger and glu-

cose metabolism, and whether anger amplified the adverse

relationship between body weight distribution (body mass

index = BMI and waist-to-hip ratio = WHR) and glucose

metabolism. Multivariate-adjusted analyses revealed an

association between anger-out and both insulin and insulin

resistance. As predicted, anger-in amplified the relation-

ships between BMI and insulin and insulin resistance,

while anger-out amplified the association between WHR

and insulin and insulin resistance. Low anger-control was

associated with higher glucose. None of the three anger

measures was significantly associated with HbA1c. Our

findings extend previous research on anger as a potential

risk factor for type 2 diabetes by demonstrating that anger

expression is associated with clinical indicators of glyce-

mic control, especially among those with pre-existing risk

due to obesity and high central adiposity.

Keywords Anger � Diabetes � Obesity � Glucose �
Insulin � HOMA-IR � Insulin resistance � HbA1c

Introduction

Prior research has highlighted the importance of anger in

the etiology of cardiovascular disease, demonstrating a

strong association between anger and coronary calcifica-

tion, acute myocardial infarction, subclinical atheroscle-

rosis, and overall coronary heart disease risk (al’Absi &

Bongard, 2006; Haukkala et al., 2010; Koh et al., 2003;

Merjonen et al., 2008; Mittleman et al., 1995; Williams

et al., 2000). Anger and hostility also have been associated

with metabolic syndrome (Cohen et al., 2010; Gremigni,

2006; Nelson et al., 2004; Niaura et al., 2000; Raikkonen

et al., 2002). Despite the shared etiological risk factors for

cardiovascular disease and type 2 diabetes, few studies

have evaluated the role of anger in glycemic control. One

prospective study documented a modest increase in risk for

type 2 diabetes among people who had higher scores on an
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anger temperament scale (Golden et al., 2006). Different

dimensions of anger have been associated with fasting

glucose and insulin in nondiabetic adults, particularly

among those with potential vulnerabilities, such as being

physically unfit, a caregiver, or unmarried (Raikkonen

et al., 1999; Shen et al., 2008; Siegman et al., 2002; Suarez,

2006; Vitaliano et al., 1996). Prior research has indicated

that the relationship between psychosocial factors such as

stress and glucoregulation may partially be mediated by a

risk factor for type 2 diabetes—adiposity (Heraclides et al.,

2012; Surwit et al., 2010). However, we know of no pre-

vious work examining whether anger amplifies the rela-

tionship between the most prominent risk factors for type 2

diabetes—body mass index (BMI) and waist-to-hip ratio

(WHR), and glucose regulation.

Our overarching aim was to document the relationships

among anger expression, adiposity, and glucoregulation

in nondiabetic individuals from a national sample of

adults. Anger expression was operationalized with the

Spielberger’s State Trait Anger Expression questionnaire

(Spielberger, 1996), a theoretically-informed measure for

characterizing anger expression that has been previously

linked to hypertension, acute myocardial infarction, and

cardiovascular disease (Haukkala et al., 2010; Igna et al.,

2009; Izawa et al., 2011). Spielberger’s Anger Expression

Scales were developed in the early 1980s with the goal of

identifying and measuring the typical ways people express

anger (Spielberger, 1983, 1996, Spielberger and Reheiser,

2004) and is the most widely used and accepted anger scale

(Mayne & Ambrose, 1999). Two primary modes of anger

expression are identified: anger-out (expressing angry

feelings in aggressive behavior directed toward other

people or objects) and anger-in (suppressing angry feelings

and holding them in). A further dimension of interest is

anger-control, which addresses individual differences in

efforts to manage the expression of angry feelings, such as

attempts to calm down (Spielberger and Reheiser, 2004).

Our goals were to first describe the relationships among

anger, adiposity, and fasting glucose, insulin, insulin

resistance, and glycosylated hemoglobin (HbA1c). Second,

we investigated whether anger modifies the relationship

between body fat distribution and glucose control (glucose,

insulin, insulin resistance, HbA1c). We expected that the

highest levels of glucose, insulin, insulin resistance, and

HbA1c would be evident among those with the highest BMI

and WHR levels in combination with high anger-in and

anger-out, or low anger-control. That is, high levels of

anger would moderate the link between adiposity and

glucoregulation. Importantly, our study focused on a non-

diabetic sample, allowing us to explore the interplay of risk

factors associated with glucoregulation during the non-

pathological stage prior to disease, and thus has implica-

tions for prevention of later morbidity.

Research design and methods

Study population and design

These analyses used data from the Midlife in the US II

(MIDUS II) study, a longitudinal follow-up of the original

MIDUS I study (N = 7,108) conducted in 1995/1996 to

investigate the role of behavioral, psychological, and social

factors in physical and mental health. All eligible partici-

pants were non-institutionalized, English-speaking adults

in the coterminous United States, initially 25–74 years of

age. Approximately 9–10 years after the baseline assess-

ment, respondents were re-contacted (longitudinal reten-

tion rate was 75 %, adjusted for mortality). MIDUS II

obtained comprehensive biomarker assessments on a sub-

sample of participants who had completed a phone inter-

view and self-administered questionnaires. Forty-three

percent of the MIDUS II participants also participated in

the biological data collection. This rate is somewhat lower

than other epidemiological studies involving a visit to a

health clinic (e.g., 57 % response rate in the Cardiovascular

Health Study) (Fried et al., 1998). However, the MIDUS

biological protocol was more intensive than other studies,

requiring travel and an overnight stay at the clinic. This

subsample was not significantly different from the main

MIDUS sample on age, sex, race, marital status, or income

variables, although participants were significantly more

likely to have a college degree and significantly less likely

to have completed only high school or some college

compared with the main sample (Love et al., 2010).

The current analyses used data from the biological

subsample of MIDUS II and included 1,255 participants

ages 34–84 (M = 54.52, SD = 11.71), more than half of

whom (57 %) were female and 28% had a high school

education or less. We excluded 224 participants from the

analyses with likely diabetes, including those with HbA1c

above 6.5 %, fasting glucose above 126 mg/dl, or taking

anti-diabetic medications (e.g., Metformin). Further cases

excluded from analyses were some with partially missing

data, including HbA1c levels (n = 20), glucose (n = 19),

insulin (n = 19), race (n = 39), anger-in (n = 1), anger-

out (n = 2), anger-control (n = 1), BMI (n = 1), WHR

(n = 1) education (n = 1), and income (n = 26). No par-

ticipants were missing data on age, gender, smoking status,

and weekly exercise. People who were missing glucose

metabolism data did not differ from the rest of the bio-

logical subsample on any of the anger or obesity measures.

People who were missing income data did not differ from

those who provided income data on any of the major

variables. We also excluded 39 persons who reported a race

other than black or white due to small sample size. Sup-

plementary analyses comparing them to our analytical

sample showed that they not differ from the analytical
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sample on any of the glucose metabolism measures, BMI,

WHR, anger-in, and anger-out, but had significantly lower

anger-control (p \ .05).

After dropping 316 cases, a final analytic sample of 939

nondiabetic participants was attained with complete data.

Tables 1 and 2 include descriptive information and corre-

lations for all variables in our analyses.

Measures

Fasting glucose, insulin, and HbA1c samples were obtained

during an overnight stay in a General Clinical Research

Center (GCRC). The HbA1c assay was a colorimetric total-

hemoglobin determination combined with an immunotur-

bidometric HbA1c assay, carried out using a Cobas Integra

Systems instrument (Roche Diagnostics) (Wolf et al.,

1984). Fasting insulin was measured with an ADVIA

Centaur Insulin assay, performed on a Siemens Advia

Centaur analyzer. Fasting glucose was measured via an

enzymatic assay photometrically on an automated analyzer

(Roche Modular Analytics P). HOMA-IR was calculated

using an established formula: the product of fasting glucose

and fasting insulin, divided by a constant (405) (Matthews

et al., 1985). Obesity, indexed by body mass index (BMI),

was calculated using measurements obtained by MIDUS

staff and was derived by dividing a respondent’s weight (in

kilograms) by their height (in meters squared). Central

adiposity was indexed by waist-hip ratio (WHR), calcu-

lated by dividing an individual’s waist in inches (measured

around the abdomen just above the hip bone) by their hip

(maximum hip extension measurement). BMI and WHR

were used as continuous variables in all analytical models.

Anger expression was measured using Spielberger’s

Anger Expression Inventory (Spielberger, 1996). Three

conceptually and statistically distinct subscales were used:

(1) Anger-in indexed the degree to which individuals

suppress angry feelings; (2) Anger-out measured angry

feelings that are expressed in aggressive verbal or physical

behavior directed toward other people or objects, and (3)

Anger-control reflected efforts to manage anger expression.

Anger-in included eight statements such as ‘‘I keep things

inside,’’ ‘‘I am irritated more than others are aware,’’ and ‘‘I

harbor grudges.’’ Anger-out was comprised of eight state-

ments such as ‘‘I slam doors,’’ ‘‘I say nasty things,’’ ‘‘I

make sarcastic remarks,’’ and ‘‘I argue with others.’’

Anger-control included four statements such as ‘‘I control

my temper’’ and ‘‘I calm down faster.’’ For each item, the

participants rated themselves on a 4-point scale from 1

(almost never) to 4 (almost always). For each scale, the

mean score of the items was calculated, with an allowance

of up to one missing item per respondent. Mean scores

were multiplied by the number of items in the scale to

retain the range of the original scale from 8 to 32 for anger-

in, and anger-out scores, and from 4 to 16 for anger-con-

trol. Anger-in, anger-out, and anger-control all had good

internal consistency (Cronbach’s a = 0.82, 0.77, and 0.69,

respectively). The anger expression subscales were treated

as continuous variables.

Statistical methods

Fasting glucose, insulin, and HOMA-IR were log-trans-

formed to achieve normal distributions. Hierarchical mul-

tiple regression was used and all predictor variables were

mean-centered and outliers were top-coded. All models

were multivariate-adjusted for relevant covariates: age

(continuous), race (black or white), gender (male or

female), engaging in exercise for 20 min three times a week

(yes or no), current smoking status (yes or no), household

income (continuous), and years of education (continuous).

Each of these variables has been shown elsewhere to cor-

relate with anger and diabetes risk. All interaction terms

were computed as the product of the main effect variables

centered at their mean. Each interaction model contained

two interactions: the product of one measure of anger with

BMI and the product of the same measure of anger

with WHR (i.e., anger-in 9 BMI and anger-in 9 WHR).

Table 1 Means (and SDs) or proportions for all measures (N = 939)

Mean (SD) Range %

Dependent variables

Fasting glucose (mg/dl) 95.1 (9.2) 67–125

Fasting insulin (uIU/ml) 11.9 (9.9) 1–97

HOMA-IR 2.9 (2.6) .2–27.1

HbA1c (%) 5.8 (.4) 3.6–6.5

Independent variables

BMI (continuous variable) 28.9 (6) 15–60.4

Normal weight (\24.99) 26.9

Overweight (25–29.99) 37.1

Obese ([30) 36.0

Waist to hip ratio (WHR) .89 (.10) .62–1.14

Anger-in 14.8 (4.1) 8–31

Anger-out 13 (3.5) 8–29

Anger-control 10 (2.2) 4–14

Control variables

Race (1 = white) 85

Gender (1 = male) 43

Age (years) 56.7 (11.5) 34–84

Total household income 74,404 (59,470) 0–300,000

Education (years) 14 (2.5) 8–21

Exercise 3 + times a week

(1 = years)

79

Current smoker 13
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Statistically significant interaction terms were interpreted

by graphing predicted scores for respondents in theoreti-

cally meaningful groups.

To check for possible subgroup differences, statistical

interactions of the three anger measures (anger-in, anger-

out, and anger-control) with race and gender on glucose

metabolism (glucose, insulin, HOMA-IR, and HbA1c) were

assessed. Because no statistically significant interactions of

anger on glucose metabolism by race and gender were

detected, the entire sample was analyzed as one group.

The MIDUS project population has two types of

biological dependencies embedded within the dataset.

Among the main sample respondents, some participants

have siblings who also participated in the study, and the

original survey also included some monozygotic and

dizygotic twins. The nondiabetic subsample of the bio-

marker cohort used for the current analyses included 112

related individuals (siblings, twins). Two steps were taken

to determine the potential influence of these dependencies.

First, including the dichotomous variable ‘‘twin status,’’

coded yes or no, as a covariate in all analyses did not

change any of the observed relationships. Second, a re-

sampling strategy was employed: one member from each

sibling pair in the MIDUS data was randomly selected and

then analyses were re-estimated after deleting all depen-

dencies among related respondents. These findings were

Table 2 Zero-order correlations among all variables (N = 939)

Age Smoking Gender Race Exercise WHR BMI Income

Age 1.00

Smoking -.16** 1.00

Gender 0.00 0.04 1.00

Race .18** -.23** 0.06 1.00

Exercise -0.03 -0.02 0.04 .12** 1.00

WHR .13** 0.06 .66** 0.01 -0.06 1.00

BMI -.07* -0.01 0.02 -.14** -.16** .29** 1.00

Income -.15** -.12** .10** .23** .08* -0.04 -0.06 1.00

Education -0.02 -.22** .08* .23** 0.06 -0.05 -.10** .35**

Anger-in -.27** .14** .07* -0.06 -0.06 0.03 0.06 0.01

Anger-out -.24** 0.06 -0.03 -.10** -0.02 -0.03 .1** 0.06

Anger-control .14** -.09** .07* .17** 0.03 0.06 -0.06 .08*

Glucose 0.02 0.04 .19** -0.05 -0.03 .32** .26** -0.02

Insulin -0.06 0.02 .08* -.07* -.13** .37** .54** -0.03

HOMAIR -0.06 0.02 .10** -.07* -.13** .39** .54** -0.03

HbA1c .26** 0.03 -.10** -.08* -.10** .09** .15** -.10**

Education Anger-in Anger-out Anger-control Glucose Insulin HOMAIR HbA1c

Age

Smoking

Gender

Race

Exercise

WHR

BMI

Income

Education 1.00

Anger-in 0.00 1.00

Anger-out 0.01 .25** 1.00

Anger-control .10** -.15** -.31** 1.00

Glucose -.08* -0.02 0.00 -.09** 1.00

Insulin -.11** .09** .11** -0.05 .44** 1.00

HOMAIR -.11** .08* .10** -0.06 .54** .99** 1.00

HbA1c -.09** -.12** -0.05 -0.04 .19** .12** .14** 1.00

** p \ .01; * p \ 0.05
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then compared with the results from the full sample. We

found no evidence for bias: the patterns of all main effects

and interactions remained the same and coefficient sizes

varied only slightly.

Results

Descriptive statistics and correlations are presented in

Tables 1 and 2. Summaries of the multivariate analyses

regressing the measures of glucose metabolism on anger

and adiposity are provided in Tables 3, 4, and 5. All

models are multivariate-adjusted for age, race, gender,

engaging in exercise for 20 min 3 times a week, current

smoking status, BMI, WHR, household income, and years

of education.

In the analyses of main effects, anger-in was not inde-

pendently associated with any of the four indicators of

glucose metabolism. However, anger-in interacted with

BMI to predict insulin (R2 = 0.36, B = 0.07, p \ .05) and

HOMA-IR (R2 = 0.36, B = 0.06, p \ .05). In both mod-

els, R2 change after adding the interaction showed a trend

toward significance (R2 = .002, p = .05 and R2 = .002,

p = .07, respectively). For both interactions, the highest

levels of insulin or HOMA-IR were evident among people

who had both higher BMI and higher anger-in (see Table 3

and Fig. 1). Simple slopes analyses confirmed that anger-in

amplified the relationship between BMI and insulin (at 1 sd

above mean of anger-in, b = .49, t = 10.43, p \ .001; at 1

sd below the mean for anger-in, b = .35, t = 7.35,

p \ .001) and insulin resistance (at 1 sd above mean of

anger-in, b = .48, t = 10.8, p \ .001; at 1 sd below the

mean for anger-in, b = .35, t = 7.72, p \ .001). Anger-in

was not significantly associated with glucose or HbA1c as a

main effect or moderator of BMI and WHR.

As predicted, anger-out was independently associated

with insulin and HOMA-IR and also interacted with WHR

to predict insulin (R2 = 0.36, B = 0.06, p \ .05) and

HOMA-IR (R2 = 0.37, B = 0.07, p \ .05) (see Table 4

and Fig. 1). In both models, there was a significant R2

change after the interaction was added (R2 = .004, p = .04

and R2 = .004, p = .02, respectively). Simple slopes

analyses confirmed that anger-out amplified the relation-

ship between WHR and insulin (at 1 sd above the mean for

anger-out, b = .41, t = 8.42, p \ .001; at 1 sd below the

mean for anger-out, b = .28, t = 5.3, p \ .001) and insu-

lin resistance (at 1 sd above mean of anger-out, b = .42,

t = 9.3, p \ .001; at 1 sd below the mean for anger-out,

b = .29, t = 5.8, p \ .001). Anger-out was not linked to

glucose or HbA1c levels as a main effect or moderator of

BMI and WHR.

Consistent with our hypothesis, anger-control was

independently associated with glucose (R2 = 0.14, B =

-0.09, p \ .01) and marginally interacted with WHR to

predict insulin (R2 = 0.36, B = 0.05, p = .06) and

HOMA-IR (R2 = 0.36, B = 0.05, p = .09) (see Table 5).

Anger-control was not associated with HbA1c as a main

effect or moderator of BMI and WHR.

Table 3 Regression results for anger-in, adiposity, and nondiabetic glucoregulation

Glucosea Insulin HOMAIR HbA1ca

b p b p b p b p

Predictors

Age 0.00 0.98 20.07 0.02 20.06 0.03 0.26 0.00

Race -0.02 0.53 0.01 0.65 0.01 0.74 20.09 0.01

Gender 0.03 0.55 20.16 0.00 20.15 0.00 20.18 0.00

Regular exercise 0.02 0.53 -0.03 0.27 -0.03 0.35 -0.05 0.14

Current smoker 0.02 0.63 -0.01 0.66 -0.01 0.74 0.06 0.08

Income 0.01 0.70 0.02 0.42 0.02 0.42 0.01 0.75

Education -0.05 0.13 -0.05 0.09 -0.05 0.07 -0.03 0.44

BMI 0.18 0.00 0.42 0.00 0.42 0.00 0.11 0.00

WHR 0.25 0.00 0.36 0.00 0.37 0.00 0.14 0.00

Anger-in -0.04 0.17 0.04 0.15 0.03 0.25 -0.06 0.06

BMI 9 anger-in 0.01 0.88 0.07 0.02 0.06 0.02 0.00 0.98

WHR 9 anger-in 0.02 0.64 0.00 0.90 0.00 0.96 -0.03 0.36

Adjusted R2 0.13 0.36 0.36 0.13

Standardized regression coefficients are shown. Bolded effects are significant at p \ .05
a In trimmed models without the two interactions effects, significance levels and coefficients varied very slightly and no significant changes

(e.g., previous significant association changed to nonsignificant) were observed
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Discussion

The preclinical progression to type 2 diabetes is only partly

explained by demographic, health, and psychological risk

factors. Even obesity and central adiposity, the most fre-

quently documented and most well understood risk factors

for type 2 diabetes, do not result in an inevitable progres-

sion to diabetes. While more than 80 % of people with type

2 diabetes are obese, most obese people never develop

diabetes (Attie, 2004). Recent research has suggested that

Table 4 Regression results for anger-out, adiposity, and nondiabetic glucoregulation

Glucosea Insulin HOMAIR HbA1ca

b p b p b p b p

Predictors

Age 0.01 0.78 20.07 0.02 20.06 0.03 0.27 0.00

Race -0.02 0.52 0.02 0.49 0.02 0.58 20.09 0.01

Gender 0.03 0.53 20.15 0.00 20.14 0.00 20.19 0.00

Regular exercise 0.02 0.44 -0.03 0.24 -0.03 0.32 -0.04 0.17

Current smoker 0.01 0.83 -0.02 0.51 -0.02 0.56 0.05 0.11

Income 0.02 0.62 0.03 0.39 0.03 0.38 0.01 0.75

Education -0.05 0.12 -0.05 0.06 -0.06 0.05 -0.03 0.46

BMI 0.20 0.00 0.44 0.00 0.44 0.00 0.10 0.00

WHR 0.24 0.00 0.34 0.00 0.35 0.00 0.14 0.00

Anger-out -0.01 0.80 0.06 0.02 0.06 0.04 -0.03 0.44

BMI 9 anger-out -0.04 0.18 -0.04 0.14 -0.04 0.11 0.04 0.28

WHR 9 anger-out 0.05 0.09 0.06 0.02 0.07 0.02 -0.02 0.57

Adjusted R2 0.13 0.36 0.37 0.12

Standardized regression coefficients are shown. Bolded effects are significant at p \ .05
a In trimmed models without the two interactions effects, significance levels and coefficients varied very slightly and no significant changes

(e.g., previous significant association changed to nonsignificant) were observed

Table 5 Regression results for anger-control, adiposity, and nondiabetic glucoregulation

Glucosea Insulina HOMAIRb HbA1ca

b p b p b p b p

Predictors

Age 0.02 0.52 20.08 0.01 20.07 0.01 0.28 0.00

Race -0.01 0.74 0.02 0.57 0.01 0.63 20.08 0.01

Gender 0.03 0.53 20.16 0.00 20.15 0.00 20.19 0.00

Regular exercise 0.02 0.44 -0.03 0.20 -0.03 0.28 -0.04 0.17

Current smoker 0.01 0.79 -0.01 0.65 -0.01 0.70 0.05 0.13

Income 0.02 0.58 0.03 0.34 0.03 0.33 0.01 0.71

Education -0.05 0.17 -0.06 0.05 20.06 0.04 -0.03 0.43

BMI 0.18 0.00 0.42 0.00 0.42 0.00 0.12 0.00

WHR 0.26 0.00 0.36 0.00 0.37 0.00 0.13 0.00

Anger-control 20.09 0.00 -0.02 0.43 -0.03 0.23 -0.05 0.15

BMI 9 anger-control -0.01 0.77 0.00 0.95 0.00 0.91 0.06 0.08

WHR 9 anger-control -0.02 0.56 0.05 0.06 0.05 0.09 0.01 0.82

Adjusted R2 0.14 0.36 0.36 0.13

Note Standardized regression coefficients are shown. Bolded effects are significant at p \ .05
a In trimmed models without the two interactions effects, significance levels and coefficients varied very slightly and no significant changes

(e.g., previous significant association changed to nonsignificant) were observed
b In trimmed models without the two interactions effects, education was no longer a significant predictor (b = -.05, p = .06). No other

significant changes (e.g., previous significant association changed to nonsignificant) were observed
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psychosocial factors are associated with glucose metabo-

lism and are also likely to be particularly relevant for those

individuals who are vulnerable to type 2 diabetes due to

other risk factors such as being physically unfit (Siegman

et al., 2002). The results from the current analyses sup-

ported our core hypotheses: anger expression was inde-

pendently, and in combination with BMI and WHR, linked

to clinical indicators of glucose metabolism among non-

diabetic adults. Adjustments for demographics, socioeco-

nomic status, and health status and behaviors were

included, thereby sharpening the focus on the distinctive

contribution of anger expression to glycemic control.

The key findings were that anger-in and anger-out

amplified the relationship between BMI, WHR, and glu-

cose metabolism, with the highest insulin and HOMA-IR

levels observed among people with both high adiposity and

high anger. However, the relationship between anger-con-

trol and glucose metabolism did not depend on body fat

distribution: low anger-control was associated with higher

fasting glucose regardless of BMI and WHR. While anger

has been associated with adiposity (Gleiberman et al.,

2008; Midei et al., 2010), our study is the first to docu-

ment a synergistic relationship of anger and adiposity on

glucoregulation in nondiabetic individuals, showing that

anger-in and anger-out amplify the adverse relationships

between adiposity and glucoregulation.

We confirmed prior reports based on smaller samples

that implicated some indicators of anger as being associ-

ated with specific measures of nondiabetic glycemic con-

trol (Raikkonen et al., 1999; Siegman et al., 2002; Suarez,

2006; Vitaliano et al., 1996). However, we extended these

analyses by demonstrating that the interplay of high anger-

in and anger-out and adiposity is associated with poorer

glycemic control. Our results underscore the importance of

psychosocial factors in glycemic control. For example, it is

known that stress-induced catecholamine release amplifies

the relationship between adiposity and fasting glucose

(Surwit et al., 2010), and that stress hampers glucose

control in obese animals (Surwit et al., 1984). This rela-

tionship between anger and several indices of glucose

regulation also is consistent with our prior work showing

that people who felt discriminated against due to being

overweight evidenced a stronger association between their

WHR and HbA1c (Tsenkova et al., 2010). Additionally, a

recent Whitehall II study showed that work stress is asso-

ciated with higher risk for type 2 diabetes among obese

women, which was not seen in men or nonobese women

(Heraclides et al., 2012). Many studies have linked anger to

hypertension and cardiovascular disease, but ours is the

first to clearly implicate an equivalent role of anger-in,

anger-out, and anger control in glucose metabolism in

nondiabetic people (Everson et al., 1998; Haukkala et al.,

2010; Merjonen et al., 2008; Mittleman et al., 1995; Suls &

Bunde, 2005).

The relationship between anger and glucoregulation

needs further inquiry. Psychosocial factors may influence

diabetic glycemic control directly through known physio-

logical pathways (i.e., activation of hypothalamic–pitui-

tary–adrenal axis) and indirectly through self-care (Peyrot

et al., 1999; Surwit et al., 2002a). The exclusion of diabetic

participants allowed us to describe the psychophysiological

association without the additional confounds of clinical

treatments and adherence to self-care regimens and diet

control (Yi et al., 2008). Anger expression may act in part

via chronic or recurrent activation of neuroendocrine

pathways, leading to the excessive release of catechola-

mines and glucocorticoids, or through the initiation of

proinflammatory responses (Gouin et al., 2008; Kiecolt-

Glaser et al., 1993, 2005). The slope of diurnal release of

cortisol is shallower among obese people (Kumari et al.,

2010). Given that anger increases cortisol levels, it is

possible that anger-related cortisol elevations are associ-

ated with glycemic dysregulation among obese people.

Among nondiabetic people, uncontrolled anger may also

result in less healthy behavior, although we did statistically

adjust for exercise habits and current smoking status.
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Fig. 1 a Anger-in amplifies the relationship between BMI and

HOMA-IR (p \ .05). b Anger-out augments the relationship between

WHR and insulin (p \ .05). Note that High Anger is plotted at 1
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Future research is needed to test these possible pathways,

including in the context of experimental paradigms

designed to induce anger.

Although this study provides support for a combined

effect of anger expression and adiposity on nondiabetic

glucose control, there were several limitations. The main

constraint pertains to the cross-sectional design, which did

not permit the determination of causal ordering. However,

our use of a nondiabetic sample and previous prospective

research linking anger to glucoregulation makes it less

likely that the poor glycemic control was the precipitating

event that caused problems with anger management

(Golden et al., 2006; Shen et al., 2008). With the ongoing

longitudinal follow-up, this biological subsample of MI-

DUS will allow for predictive investigations of factors that

precipitate the conversion to clinical diabetes. Another

important limitation is that many of the African-American

participants were drawn from a city-specific oversample

(i.e., Milwaukee). Milwaukee was chosen as the intensive

research site in order to purposively include adequate

numbers of African-Americans from both lower and mid-

dle/upper income neighborhoods. Thus, they are not

nationally representative. It should be noted, however, that

the findings were not driven by racial factors, nor were

there differences in the pattern of associations between

white and black participants, as evidenced by lack of sig-

nificant interaction terms. It is not clear if the results

generalize to other ethnicities.

Beyond assessments of anger, hostility has also been

reliably associated with cardiovascular disease and glucose

metabolism (Georgiades et al., 2009; Haukkala et al., 2010;

Kawakami et al., 1995; Shen et al., 2008; Suarez, 2006;

Surwit et al., 2009; Surwit et al., 2002b; Vitaliano et al.,

1996), but due to the lack of specific hostility measures, we

could not ascertain the extent to which anger and hostility

had an overlapping influences on glucose metabolism.

Finally, the relatively large number of interaction terms

that we assessed may have increased the chance for Type I

error, although our comprehensive assessment of both

several types of anger and multiple components of gluco-

regulation, makes it less likely that the linkage between the

primary factors of anger and adiposity and core outcome

variable of glucoregulation was spurious.

The results extend our prior findings on psychosocial

factors such as neuroticism and perceived discrimination as

moderators of the relationship between adiposity and glu-

coregulation (Tsenkova et al., 2010, 2012). Given the

relationship between anger-out and neuroticism (Costa

et al., 1989), it is important to note that the MIDUS

assessment of neuroticism did not include underlying fac-

ets, one of which is angry hostility (McCrae & Costa, 2003).

In fact, none of the adjectives used to operationalize neu-

roticism included anger content. Further, two aspects of

anger used in this study, anger-in and anger control, are

absent in facet-based assessment of neuroticism. Thus that

different components of anger were found in the present

study to moderate the relationship between adiposity and

glucoregulation constitutes further evidence that psycho-

logical factors play an important role in understanding how

body weight distribution is linked with glucose metabolism.

Our study provides evidence that adiposity and psy-

chosocial factors have a synergistic relationship with glu-

coregulation prior to the emergence of type 2 diabetes.

Specifically, the analyses suggest that anger expression

should be included among the established risk factors for

type 2 diabetes, and that its relationship to glucose

metabolism, particularly among at-risk people, deserves

further attention as a major vulnerability factor. Anger-in,

anger-out, and anger control generally correspond to anger

management styles of suppression, expression, and control

(Mayne & Ambrose, 1999). These distinctions are useful

for designing tailored interventions that focus on cognitive

and behavioral management strategies to improve life style

and inter-personal ways of interacting and communicating

that affect glucoregulation. Future research that employs

longitudinal or experimental designs is needed to delineate

the physiological and behavioral pathways underlying

these relationships, as well as to identify the subgroups,

such as physically unfit and older people, who will be most

harmed by latent anger or compromised by inadequate

control over its expression.
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