
Predicting psychological well-being from genes balance/stoichiometry 

(cross-cohort cross-validation) 

The concept of psychological well-being refers to a subjective perception of quality of life. 

Philosophers distinguish between hedonic and eudemonic forms of well-being. In laymen’s 

terms hedonic well-being relates to happiness in life, while eudemonic well-being is achieved 

by self-realization. In practice, both forms of psychological well-being are highly correlated 

and can be unified into a single two-class assessment of human mental health: languishing vs. 

flourishing (Keyes, 2002; Keyes and Simoes, 2012). Interestingly, despite subjective 

assessment of well-being, a growing body of evidence shows that psychological well-being has 

a profound effect on human health and longevity (Pressman et al., 2019). For example, several 

epidemiological longitudinal studies showed that positive well-being associates with reduced 

risks of all-cause of mortality in both healthy and diseased individuals (Chida and Steptoe, 

2008; Petrie et al., 2018; Steptoe and Wardle, 2011; Tamosiunas et al., 2019). Although the 

relation between the well-being and the risks of mortality remains a debatable issue (de Souto 

Barreto and Rolland, 2016; Kubzansky et al., 2016; Liu et al., 2016; Stringer and Veldkamp, 

2016), a prevailing consensus is that happy people may leave longer (Boehm and Kubzansky, 

2012; Diener and Chan, 2011). This idea is also supported by a direct experimental evaluation 

of an impact of positive well-being on resistance to illness. For example, two studies on 460 

volunteers demonstrated that people with positive emotional style exhibited greater resistance 

to common cold viruses (influenza and rhinovirus) (Cohen et al., 2003; Doyle et al., 2006). 

This, in turn, indicates well-being as a predictive factor for human health. 

Motivated by this reasoning we were wondering if it is possible to predict psychological 

well-being, i.e. languishing and flourishing, from the balance (stoichiometry) in gene 

expression networks. To this end, we used peripheral blood mononuclear cells (PBMC) 

transcriptomic profiles from two studies of adult volunteers from the Durham and Orange 

County regions of North Carolina as the discovery cohort (training). This cohort included 253 

individuals (60% women) of age ~48 ± 8 (Fredrickson et al., 2015; Fredrickson et al., 2013). 

The validation cohort included 98 male Japanese IT workers of age 48 ± 5 (Kitayama et al., 

2016). All individuals were categorized as being languished or flourished based on hedonic 

and eudemonic well-being scores. The predictive model was trained with XGBoost algorithm 

using gene stoichiometries feature space. The results shown in Figure 1 clearly indicate that 



well-being can be predicted from gene stoichiometry signatures and generalized between 

distinct cohorts. 

As already stated, subjective assessment of psychological well-being may serve as a 

proxy to mental and physical health. In turn, our results demonstrate that well-being could be 

potentially an objective body-mind state determined by balance in gene expression networks. 

As such, we propose that objective monitoring of individual’s flourishing based on our 

predictive model could provide a valuable diagnostic tool. For example, this could be used to 

monitor mental-physical health of elderly people or of patients following rehabilitation from 

certain illnesses. 

 

 

Figure 1. Summary of well-being predictive model. Model was trained on USA cohort 

(Fredrickson et al., 2015; Fredrickson et al., 2013) and validated for male Japanese IT workers 

(JAP) (Kitayama et al., 2016). A) ROC curve for the test cohort. B) Boxplots of flourishing 

model score for the test cohort. Dashed line indicates classification cut-off estimated by 

minimization of a distance between ROC curve and (0,1) point. C) 2X2 confusion matrix plot 

for the test cohort. D) Model summary for the test cohort. bACC – balanced accuracy (bACC 

= (Sensitivity + Specificity)/2). 
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