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Abstract

Background: Psychological attitudes reflecting expectations about the future (optimism, 

pessimism) and people (cynical hostility) independently predict incident cardiovascular disease 

and possibly diabetes, but underlying biologic pathways are incompletely understood. Herein 

we examined the cross-sectional relationship between optimism, pessimism, and cynicism and 

biomarkers of metabolic function in the Women’s Health Initiative.

Methods: Among 3443 postmenopausal women, biomarkers of metabolic function (fasting 

insulin [FINS] and glucose) were measured at baseline and used to calculate insulin resistance 

(homeostasis model assessment of insulin resistance [HOMA-IR]) and pancreatic β-cell activity 

(homeostasis model assessment of β-cell function [HOMA-B]). Psychological attitudes were 

assessed by the Life Orientation Test, Revised (full scale, and optimism and pessimism 

subscales) and the Cook–Medley cynicism subscale. Multivariable linear regression modeled the 

association of psychological attitudes with biomarker levels, adjusting for sociodemographics, 
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health conditions, and health behaviors. Because obesity promotes insulin resistance and obese 

individuals tend to report higher levels of pessimism and cynical hostility, an interaction with body 

mass index (BMI) was explored.

Results: In fully adjusted models, only pessimism remained independently associated with 

higher FINS and insulin resistance (HOMA-IR). Scoring 1 point higher on the pessimism subscale 

was associated with a 1.2% higher FINS, whereas scoring 1 SD higher was associated with a 2.7% 

higher FINS (P = 0.03); results were similar for HOMA-IR. An interaction term with BMI was not 

significant.

Conclusions: In multivariable models, higher dispositional pessimism was associated with 

worse metabolic function; these findings were not modified by obesity status. Results extend prior 

work by linking pessimism to an objective biomarker of insulin resistance in elderly women.
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Introduction

Psychological attitudes, health and disease

Psychological attitudes about the future (optimism, or positive future expectation)1 and 

about other people (cynical hostility, or strong mistrust of others)2 are prospectively 

associated with morbidity and mortality in postmenopausal women.3 Among participants 

of the Women’s Health Initiative (WHI), individuals who scored highest on a standard 

optimism scale1 had a lower incidence of coronary heart disease (CHD), CHD-related 

mortality, and all-cause mortality after adjustment for important potential confounders, 

including depressive symptoms.3 Further, women who strongly endorsed attitudes of cynical 

hostility had a higher incidence of total and cancer-related mortality than women who did 

not endorse these attitudes. Effects were attenuated after controlling for health behaviors and 

lifestyle factors, but remained clinically and statistically significant.3

A large body of literature demonstrates similar findings in other populations,4–11 supporting 

theoretical and conceptual models of how psychological attitudes, which develop early 

in life, indirectly and directly affect health and disease over time (see also Fig. 1).12–15 

Individuals with lower trait optimism, higher trait pessimism (negative future expectation), 

or cynical hostility are more likely to smoke,16 have poorer dietary habits,8,9,17 be obese,3,10 

and be less likely to adhere to physician advice.18 Attitudes are also longitudinally related 

to incident high blood pressure, subclinical and clinical atherosclerosis, and stroke.3,19–22 

In addition, direct pathways, such as the experience of stress, with resultant activation of 

the sympathetic–adrenal–medullary system,23 inflammatory and endothelial cascades24,25 

(so called “inflammaging”) and neuroendocrine pathways,26 may mediate the observed 

relationship between psychological attitudes and health outcomes. For example, ambulatory 

blood pressure is higher in individuals endorsing lower levels of optimism and greater daily 

experience of stress.28
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Cynical hostility and optimism have also been studied in association with diabetes and 

metabolic syndrome. In a subsample of WHI participants, the highest tertile of cynical 

hostility, compared with the lowest, was associated with a higher risk of diabetes over a 1-

year period, yet statistical significance was marginal.29 For worsening metabolic syndrome, 

odds were 27% higher among women in the highest (vs lowest) tertile of cynical hostility.29 

In another study of British men and women, optimism (as assessed by a single-item 

measure) was unrelated to an objective measure of incident diabetes.30 Neither study 

included an assessment of pessimism or fasting insulin levels.

Optimism and pessimism may further be considered as separate constructs rather than 

bipolar31,32 opposites. These theoretical considerations are supported by findings that 

optimism and pessimism differentially predict health-related outcomes. For example, we 

have found that optimism, but not pessimism, predicts lower rehospitalization and recovery 

from depression after coronary artery bypass grafting,18 whereas other research has linked 

pessimism, but not optimism, with higher ambulatory blood pressure33 and higher markers 

of thrombosis.34

Psychological attitudes and biomarkers

To further understand how psychological attitudes such as optimism, pessimism, and 

hostility may affect health at the cellular level, a growing body of literature has examined 

their relationship with biomarkers of inflammation and endothelial cell dysfunction.34–37 

These inflammatory biomarkers are measurable in the blood and are associated with 

metabolic conditions such as insulin resistance,38,39 as well as cardiovascular disease 

(CVD).40 Hostility has also been linked to biomarkers of inflammation and endothelial 

dysfunction, with the totality of evidence supporting a positive correlation.41–43 Leukocyte 

telomere length and telomerase activity are additional biomarkers of cellular aging in 

that they are vulnerable to the effects of chronic stress and associated increases in 

inflammation.44,45 Pessimism has been independently associated with shorter leukocyte 

telomere length in US military veterans46 and older women.35 In another group of US 

veterans, hostility was associated with shorter telomere length,47 and in Whitehall II, high 

levels of hostility in men predicted both shorter telomeres and high telomerase activity.48

However, there remains a notable gap in the literature regarding the relationship between 

psychological attitudes and biomarkers of metabolic function, including insulin, insulin 

resistance (homeostasis model assessment of insulin resistance [HOMA-IR]), and pancreatic 

islet cell function (homeostasis model assessment of β-cell function [HOMA-B]).49,50 

Furthermore, certain conditions, such as obesity, could interact with psychological attitudes 

to explain some of the observed relationships between higher levels of pessimism, hostility, 

and poor health. Obesity is not only positively correlated with pessimism and hostility, 

but also confers a proinflammatory state leading to serious morbidity and mortality.51–53 

Adipose tissue has been characterized as an endocrine organ54,55 that actively secretes 

inflammatory cytokines,56 leading to insulin resistance57 and ultimately diabetes.58,59 

Although the interaction of optimism, pessimism, and cynical hostility with obesity has 

not been closely examined with regard to biomarkers of metabolic function, Rius-Ottenheim 

et al.60 found an interaction with dispositional optimism and obesity for C-reactive protein 
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levels. Furthermore, both depression and anger have been shown to interact with obesity in 

diabetes.61–65

Objectives

The overarching aim of the present study was to determine the extent to which optimism, 

pessimism, and cynical hostility are associated with biomarkers of metabolic function in 

older postmenopausal women. We hypothesized that lower optimism, higher pessimism, and 

higher cynical hostility would be associated with less favorable profiles of higher fasting 

insulin and glucose, higher insulin resistance (HOMA-IR), and lower pancreatic β-cell 

activity (HOMA-B). Based on prior research discussed above, we further predicted that 

when optimism and pessimism were considered as unipolar traits, pessimism, rather than 

optimism, would be independently related to poor metabolic function. Finally, because of 

the complex relationships between obesity, diabetes, and other psychological conditions, 

such as depression and anger,61,65 we explored whether findings would be more pronounced 

among obese women.

Methods

Study sample

The WHI recruited 161 808 postmenopausal women aged 50–79 years from diverse racial/

ethnic, geographic, and socioeconomic backgrounds into one of two longitudinal study 

branches between 1994 and 1998: (i) the clinical trial (CT; n = 68 133) or the observational 

study (OS; n = 93 676).66 Exclusion criteria relevant to the current study included substance 

abuse (except alcohol or cigarettes); mental illness, including severe depression, dementia, 

or life expectancy <3 years; participation in other randomized trials; and plans to relocate 

within 3 years. Further restrictions have been described elsewhere.66

For the WHI study, institutional review board approval was obtained at each clinical center 

and all participants provided written informed consent.

Characteristics of women in the present case-control ancillary study to the WHI have been 

described previously.67 Briefly, Liu et al.67 analyzed blood that was collected at the baseline 

visit of the WHI. Stored blood was analyzed from 1584 women who developed diabetes 

during almost 6 years of follow-up in the main WHI OS (cases) and from 2198 study 

participants who remained free of diabetes and CVD during that time period (controls). 

Eligible cases were WHI OS participants who provided adequate blood specimens, who 

were free of reported CVD or diabetes at baseline, and who subsequently reported new 

diabetes treatment with oral hypoglycemic drugs or insulin or hospitalization for diabetes 

during a median follow-up period of 5.9 years (mean 5.5 years). Following the principles of 

risk-set sampling,68 for each new case, controls were selected randomly from women who 

remained free of CVD and/or diabetes at the time the case was identified during follow-up. 

Identical exclusion or inclusion criteria were applied to eligible controls who were WHI OS 

participants, free of reported CVD and/or diabetes at baseline, and provided baseline blood 

specimens. Controls were further matched to the cases by age (±2.5 years), racial/ethnic 

group (White, Black, Hispanic, and Asian/Pacific Islander), clinical center (geographic 
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location), time of blood draw (±0.10 h), and length of follow-up. The study included four 

races/ethnicities: Caucasian, African American, Hispanic, and Asian/Pacific Islander. In the 

overall ancillary study, Liu et al.67 found that relative risks of incident diabetes among 

individuals with highest (vs lowest) quartiles of inflammatory biomarkers were elevated, 

and models including all inflammatory markers revealed that some remained significant 

independent predictors of diabetes. However, when incorporated into a prediction model, 

these biomarkers did not add predictive value above and beyond known risk factors for 

diabetes.69 Thus, the present analyses combine cases and controls from the ancillary study 

sample.

Biomarkers of metabolic function

Biomarkers of metabolic function (fasting insulin, fasting glucose), insulin resistance 

(HOMA-IR), and pancreatic β-cell activity (HOMA-B)50 were examined.

According to a standardized protocol, fasting blood specimens were collected from each 

participant at baseline and processed locally into separate aliquots containing serum, plasma, 

and buffy coat. The aliquots were frozen and then shipped to a central repository, where 

they were kept for long-term storage at −70°C. All biochemical assays were performed 

by laboratory staff blinded to case or control status. Blood samples from cases and their 

matched controls were handled identically, shipped in the same batch, and assayed in 

random order in the same analytical run to reduce systematic bias and interassay variation. 

The coefficients of variation for the assays were 1.7% for glucose and 5.8% for insulin. 

As a surrogate measure of insulin resistance, homeostasis model assessment, the product 

of basal fasting glucose (mmol/mL) and insulin levels (μIU/mL) divided by 22.5, was used 

to estimate baseline insulin resistance (HOMA-IR). To evaluate pancreatic β-cell activity, 

HOMA-B was calculated using the following formula:70

HOMA – B = (20 × fasting insulin (μIU/mL))
(fasting glucose (mmol/mL) − 3.5)

Psychological attitudes (assessed at baseline enrollment into the WHI)

Life orientation test, revised full scale (optimism/ pessimism as a bipolar trait)
—An individual’s degree of optimism or pessimism is considered a personality trait and 

may be assessed by several validated scales. The Life Orientation Test, Revised (LOT-R)1 

measures optimism and pessimism, and contains six scored items. Item ratings are summed 

to yield a total score ranging from 6 to 30, with higher scores reflecting greater optimism 

and lower scores reflecting greater pessimism. In the present study, LOT-R scores were 

categorized into quartiles in unadjusted analyses, but for adjusted models scores were 

considered as a continuous variable to assess associations of a 1-point difference on the 

scale with biomarkers. To aid interpretability of adjusted models, we also report associations 

of metabolic biomarkers with a 1-SD increment in each attitudinal scale score.

Subscales of LOT-R (optimism and pessimism as unipolar traits)—To 

disaggregate optimism from pessimism, we also considered each subscale of the LOT-R 

separately. Evidence to date, for example, suggests that pessimism may be associated 
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with unfavorable biomarker profiles as well as higher risk of CVD and mortality,34,35,71,72 

whereas optimism has also been independently associated with favorable health outcomes.18 

The optimism subscale was the sum of the three positively worded questions to yield 

a total score ranging from 3 to 15, with higher scores indicating greater optimism and 

lower scores indicating neutral attitudes about the future (i.e., neither expecting good things 

nor bad things). A sample positively worded question is, “In uncertain times, I usually 

expect the best.” The pessimism subscale was the sum of responses to the three negatively 

worded questions to yield a total score ranging from 3 to 15, with higher scores indicating 

greater pessimism and lower scores indicating neutral expectations of the future. A sample 

negatively worded question is, “If something can go wrong for me, it will.” Both these 

subscales were treated as continuous measures.

Cynical hostility—Cynical hostility was assessed by the cynicism subscale of the Cook–

Medley Hostility Scale,2 which contains 13 true/false items, with higher scores indicating 

higher levels of cynical hostility. For descriptive purposes, cynical hostility scores were 

categorized into quartiles; in multivariable models, hostility was considered a continuous 

variable, as well as according to a 1-SD difference.

Additional covariates (measured or reported at baseline enrollment in the WHI)

Age was considered a continuous variable. Sociodemographic variables included race 

(Caucasian, African American, Hispanic, Asian/Pacific Islander), education (less than high 

school, high school or equivalent, any college or higher), income (US$; <20 000, 20 000–

49 999, 50 000–74 999; >75 000), health conditions (history of hypertension at baseline 

[yes/no], history of high cholesterol [yes/no], depressive symptoms [assessed using the 

eight-item Center for Epidemiology Studies Depression Scale {CES-D}73 as a continuous 

score with ≥5 as a cut-off, as well as the Burnam algorithm74 with >0.06 as a cut-off], 

and body mass index [BMI; <30, ≥30 kg/m2], calculated using self-reported height and 

weight). Although the sample was free of diabetes at baseline, some women self-reported a 

history of diabetes outside of pregnancy, thus we additionally adjusted for this self-reported 

measure of history of diabetes. Health behaviors included smoking (current, former, never), 

alcohol consumption (current, former, never), and exercise habits (metabolic equivalents 

[MET]/week). Health-related quality of life was also assessed via the Short Form (SF)-12.75

Statistical analysis

Biomarker, demographic, clinical, and behavioral data were collected on 3713 WHI 

participants at their baseline visit. From these 3713 women, 267 who were missing LOT-R 

scores or Cook–Medley cynical hostility subscale scores were excluded, as were two women 

with glucose measures below 63 mg/dL so that HOMA-B could not be accurately calculated, 

as well as an additional woman with an unspecified race/ethnicity. Thus, the final sample 

included 3443 women. Although 71% of the sample had complete data on all variables, the 

remaining 29% were missing data on one or more variables. To handle the missingness in 

analyses involving the biomarkers under investigation, 10 complete datasets were created 

through multiple imputation using fully conditional specification methods. Specifically, 

continuous variables were imputed through predictive mean matching in order to produce 
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biologically plausible imputed values, and the discriminant function with a non-informative 

Jeffreys prior was used to impute categorical and binary variables.

Using the observed (non-imputed) data, overall descriptive statistics were first produced and 

analysis of variance (ANOVA) and Chi-squared tests were then used for continuous and 

categorical characteristics, respectively, to determine whether the baseline characteristics 

differed across quartiles of the full LOT-R and the Cook–Medley cynical hostility subscale. 

Pearson correlation coefficients and ANOVA were performed to quantify the association 

between continuous LOT-R and participant characteristics; this was also repeated for the 

LOT-R optimism subscale, the LOT-R pessimism subscale, and the continuous cynical 

hostility subscale. Using imputed data, similar bivariate methods were used to relate the 

measured biomarkers with the LOT-R, its subscales, and the cynical hostility subscale. 

Finally, multiple linear regression was performed with the biomarkers serving as the 

dependent variables (separate models for each biomarker) and the psychological constructs 

serving as the independent variable of interest. Three separate groups of covariates 

were used in the multiple regression models. The association between biomarkers and 

psychological constructs was first adjusted for demographic characteristics (age, race/

ethnicity, education, and income). Models were then additionally adjusted for clinical 

measures, including history of hypertension, history of high cholesterol, self-reported history 

of diabetes, obesity (BMI ≥30 kg/m2), presence of depressive symptoms, and overall sense 

of well being. Finally, behavioral characteristics (smoking status, alcohol consumption, and 

physical activity) were added to the list of covariates. In addition to considering obesity 

as a potential confounder, the presence of an interaction with each psychological trait was 

explored in the fully adjusted models (separate models for each trait).

In all analyses, biomarkers were log transformed in order to satisfy the normality and 

homoscedasticity assumptions for ANOVA and multiple linear regression. Due to the 

number of covariates in the multiple linear regression models, multicollinearity was assessed 

via the variance inflation factor, but none was detected. All analyses were performed using 

SAS 9.4 (SAS Institute, Cary, NC, USA).

Results

Psychological attitudes and baseline characteristics

Optimism and pessimism (as assessed by the full scale LOT-R; Table 1) and cynical 

hostility (Table 2) were associated with a number of baseline characteristics, including 

sociodemographic conditions, health conditions, and health behaviors. Quartiles (Q) of 

scores for optimism (full scale LOT-R) were as follows: Q1, <21; Q2, 21–22; Q3, 23–24; 

and Q4, ≥25. Quartiles for cynical hostility scores (Cook–Medley) were as follows: Q1, <2; 

Q2, 2–3; Q3, 4–5; and Q4, ≥6. Overall, women who endorsed more optimistic attitudes 

about the future reported higher levels of education and income and generally exhibited 

more favorable health characteristics than those who were more pessimistic. In contrast, 

women who endorsed more cynically hostile attitudes, compared with those who did not, 

demonstrated profiles that mirrored those of the most pessimistic women. Women who 

scored in the lowest quartile of optimism (i.e. most “pessimistic”) and those who scored in 

the highest quartile of cynical hostility were more likely to be obese.
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Optimism and biomarkers

In unadjusted analyses, optimism (full LOT-R scale) and the optimism and pessimism 

subscales were associated with metabolic biomarkers (Table 3). Fasting insulin and glucose, 

as well as markers of pancreatic β-cell activity, were associated with optimism (full LOT-R 

scale) and the pessimism subscale, whereas the optimism subscale was only associated 

with insulin resistance. In adjusted analyses, the association of fasting insulin and HOMA-

IR with pessimism remained significant (Table 4). In contrast, associations of metabolic 

biomarkers with optimism (full LOT-R scale) were significant only after adjustment for 

sociodemographic factors, losing significance after adjustment for clinical characteristics. 

Associations with the optimism subscale lost statistical significance after adjustment for 

sociodemographic factors (data not shown).

Cynical hostility and biomarkers

In analyses adjusted for sociodemographics only, cynical hostility was related to fasting 

insulin and glucose, yet these associations were no longer significant after adjustment for 

clinical characteristics (data not shown).

Interaction of attitudes and obesity on biomarkers

There was no evidence of a significant interaction between obesity and any of the 

psychological constructs.

Discussion

Herein we report that attitudes of optimism, pessimism, and cynical hostility were associated 

with biomarkers that reflect metabolic function. Only the LOT-R pessimism subscale 

remained significantly associated with fasting insulin and HOMA-IR after adjustment for 

important covariates. To put this relationship into another context, for every 1-point higher 

score on the pessimism subscale, an individual’s fasting insulin levels were 1.2% higher, on 

average, all else held constant. Similarly, for each 1-SD increase on the pessimism scale, 

an individual’s fasting insulin level was approximately 3% higher. Although there is no 

clear threshold of fasting insulin known to confer increased risk of CVD in healthy adults, 

in general higher levels confer higher risk.76,77 Thus, individuals who score extremely 

high on the pessimism subscale (i.e., 2 SD) could exhibit fasting insulin levels at least 

6% higher than those without pessimistic tendencies. The fact that pessimism, and not 

optimism, remained independently related to higher fasting insulin levels is interesting, 

and in keeping with other research demonstrating similar findings linking pessimism to 

inflammatory biomarkers.34

The mechanism underlying the link between higher pessimism and insulin resistance is 

not clear. Findings could be explained, in part, by higher stress levels that have been 

documented among pessimistic individuals, with resultant sustained activation of stress 

effector systems.28 Although acute episodes of psychological stress have not been found 

to affect metabolic control in type 1 diabetics,78 chronic, sustained stress could, for 

example, potentially disrupt the homeostatic mechanisms that govern insulin levels among 

nondiabetics and diabetics alike.79 In addition, stress and anger, which are related to 
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high pessimism, have been found to affect the development of the metabolic syndrome 

in women.80 However, this remains speculative, because the WHI was not designed to 

conduct laboratory-based or longitudinal ambulatory assessments that would be required to 

understand dynamic, ongoing stress responses. In addition, health behaviors almost certainly 

play a role, because individuals who endorse strong pessimistic tendencies also tend to 

smoke,81 have a poorer diet,8,9 be physically inactive and overweight or obese, and exhibit 

other unhealthy behaviors.3 Nevertheless, pessimism remained associated with elevated 

insulin levels even after correcting for important health behaviors.

In contrast with our hypotheses, we did not detect an interaction with obesity. This could 

be due to lack of adequate sample size for detection, which is a common limitation in 

investigations of potential interactions. Further research is needed in a larger sample to 

clarify this potential relationship.

Also in contrast with our hypotheses, after adjustment for clinical factors, hostility was 

not independently related to metabolic biomarkers in this sample. Although the WHI was 

limited by a relatively low prevalence of women with high levels of cynical hostility, a 

prior study (also in the WHI) found a positive association between high cynical hostility 

and worsening metabolic syndrome, as well as the suggestion of an increased risk in 

self-reported diabetes over 1 year.29 In contrast with the present study, insulin resistance 

was not measured in those participants. Thus, a future examination of incident diabetes in 

the present sample could shed additional light on mechanisms linking hostility with incident 

diabetes.

The present analysis had a number of strengths, including measured biomarker data 

nested within the well-established and rich WHI dataset and a relatively large and 

representative sample of older postmenopausal women representing multiple races and 

ethnicities. The WHI further supports the ability to assess pessimism and cynical hostility 

independently from depressive symptoms, optimism, and a number of other important health 

conditions and behaviors that may affect insulin resistance. Further separating pessimism 

from optimism through LOT-R subscale analysis is also important to probe mechanisms 

of observed relationships between these traits and health outcomes, as well as to lay 

groundwork for considering future clinical interventions designed to shift attitudes. For 

example, it may be that interventions designed to modify pessimistic attitudes could 

potentially lead to improved health. This issue requires further investigation.

The present analysis also had a number of limitations, including the sample size that, 

although large by some standards, was only a fraction of the size of the larger WHI, thus 

limiting statistical power to detect interactions. In addition, the cross-sectional nature of the 

analysis precludes any determination of a causal relationship between pessimism and poor 

metabolic function. The cross-sectional design could also have misclassified individuals 

with prediabetes. A longitudinal analysis of optimism, pessimism, cynical hostility, and 

incident diabetes in the WHI is beyond the scope of the present analysis, but is feasible for 

future research.
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Understanding how psychological factors relate to clinically relevant biomarkers elucidates 

the biological mechanisms by which these psychological traits are associated with health 

and disease. Optimism, pessimism, and cynical hostility, which form relatively early in life 

and are associated with the development of CVD risk factors even in younger populations, 

may represent some of the earliest health risk factors. Preliminary evidence suggests 

that these traits could be modifiable and, as such, they may be an important target for 

future preventive interventions,82 such as promoting greater attainment of ideal cardiac and 

metabolic health.83–86

The present study extends prior research by documenting, in a large sample of 

postmenopausal women, that higher levels of pessimism were associated with objective 

measures of worse metabolic function. A future longitudinal study in this population 

should probe the development of overt diabetes, which could clarify whether pessimism 

and hostility predict incident diabetes in post-menopausal women.
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Figure 1. 
How psychological attitudes may influence health and disease over time. Understanding 

the biological pathways between psychological attitudes and disease is limited. This is a 

critical gap in knowledge, because psychological attitudes, which form early in life, may 

affect physiology in myriad ways, including via direct and indirect pathways. Optimism 

(positive future expectation), pessimism (negative future expectation), and cynical hostility 

(mistrust of other people) form early in life and may be considered early “risk factors” for 

cardiovascular and metabolic conditions. This paper specifically focuses on the relationship 

between psychological attitudes and biomarkers of metabolic function. CVD, cardiovascular 

disease. (Adapted from Tindle et al.12)
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Table 4

Multivariable-adjusted linear regression modeling of metabolic biomarkers by pessimism (Life Orientation 

Test, Revised [LOT-R] subscale)

Characteristic β estimate (SE) 95% CI P-value

LOT-R Pessimism Subscale scores

 Adjusted for demographic characteristics

  Fasting insulin 0.03 (0.006) 0.02, 0.04 <0.0001

  Fasting glucose 0.006 (0.002) 0.002, 0.01 0.0067

  HOMA-IR 0.03 (0.007) 0.02, 0.05 <0.0001

  HOMA-B 0.01 (0.006) 0.003, 0.03 0.0147

 Adjusted for demographic and clinical characteristics

  Fasting insulin 0.01 (0.005) 0.003, 0.02 0.0131

  Fasting glucose 0.002 (0.002) −0.002, 0.007 0.3626

  HOMA-IR 0.02 (0.007) 0.003, 0.03 0.0190

  HOMA-B 0.008 (0.006) −0.003, 0.02 0.1559

 Adjusted for demographic, clinical, and behavioral characteristics

  Fasting insulin 0.01 (0.005) 0.001, 0.02 0.0311

  Fasting glucose 0.002 (0.002) −0.003, 0.006 0.4306

  HOMA-IR 0.01 (0.007) 0.0006, 0.03 0.0405

  HOMA-B 0.007 (0.006) −0.005, 0.02 0.2333

CI, confidence interval; HOMA-B, homeostatic model assessment of β-cell function; HOMA-IR, homeostasis model assessment of insulin 
resistance.
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