

[image: image1]
Human neural correlates of emotional well-being (EWB): a preliminary systematic review and meta-analysis of MRI studies based on a recent consensus definition












	 
	SYSTEMATIC REVIEW
published: 10 November 2025
doi: 10.3389/fnhum.2025.1669164





[image: image]

Human neural correlates of emotional well-being (EWB): a preliminary systematic review and meta-analysis of MRI studies based on a recent consensus definition

Jie Luo1, Celinene M. Lay1,2, Caroline G. Richter3, Adam Turnbull4, Fabio Richlan5, Crystal L. Park1 and Fumiko Hoeft1,6*


1Department of Psychological Sciences, University of Connecticut, Storrs, CT, United States

2Yale School of Medicine, Yale University, New Haven, CT, United States

3Department of Psychology, The University of Alabama at Birmingham, Birmingham, AL, United States

4Department of Psychiatry and Behavioral Sciences, Stanford University, Stanford, CA, United States

5Department of Psychology, Centre for Cognitive Neuroscience, Paris Lodron Universitat Salzburg, Salzburg, Austria

6Department of Neuropsychiatry, Keio Gijuku Daigaku Igakubu Daigakuin Igaku Kenkyuka Kaibogaku, Shinjuku, Japan

Edited by
David Strayer, The University of Utah, United States

Reviewed by
Faruque Reza, Health Campus - Universiti Sains Malaysia, Malaysia
I Made Agus Wirawan, Universitas Pendidikan Ganesha, Indonesia

*Correspondence
Fumiko Hoeft, fumiko.hoeft@uconn.edu

Received 19 July 2025
Accepted 23 September 2025
Published 10 November 2025

Citation
 Luo J, Lay CM, Richter CG, Turnbull A, Richlan F, Park CL and Hoeft F (2025) Human neural correlates of emotional well-being (EWB): a preliminary systematic review and meta-analysis of MRI studies based on a recent consensus definition. Front. Hum. Neurosci. 19:1669164. doi: 10.3389/fnhum.2025.1669164



Introduction: Emotional well-being (EWB) is a multifaceted construct essential for human health, conceptualized as an umbrella term for related psychometric concepts such as psychological well-being (PWB), positive mental health, health-related quality of life, thriving, and subjective well-being (SWB). However, varying definitions have prompted calls for a consensus definition. Understanding the neural mechanisms of EWB is crucial for health and intervention efforts, yet findings remain inconsistent in both empirical studies and systematic reviews. The inconsistencies in prior systematic reviews may arise from diverse definitions, an emphasis on task-independent over task-dependent modalities, and biases introduced when statistical analyses are lacking.

Methods: To address these gaps, this study presents the first preliminary systematic review and meta-analysis of the neural correlates of EWB using a consensus definition developed in 2023 by NIH EWB Research Network, which includes five domains: goal pursuit, life satisfaction, positive affect, quality of life, and sense of meaning. Importantly, we used a hypothesis-driven approach to separately examine task-dependent (task-based fMRI; n = 14) and task-independent modalities (resting-state fMRI and structural MRI; n = 7 each), clarifying their distinct and overlapping neural contributions of EWB.

Results: The left pallidum as a key region associated with task-dependent modality, likely reflecting incentive and rewards processing, while task-independent findings implicate the right superior temporal gyrus (STG) and insula, suggesting roles in social cognition and interoceptive awareness. Across both modalities, frontoparietal regions emerge as shared substrates likely contributing to cognitive control processes central to EWB.

Conclusion: Despite limited sample sizes, this review provides a preliminary neural framework of EWB, highlighting distinct and shared contributions across modalities and lay an empirical foundation for future large-scale investigations.

Systematic review registration: https://osf.io/ymtb8/overview
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1 Introduction

Emotional well-being (EWB) encompasses various psychological aspects, such as life satisfaction, life purpose, and positive emotions, reflecting how positively individuals feel about themselves and life overall (Park et al., 2023). Research consistently shows that higher EWB is linked to positive health outcomes, making it a critical focus in public health efforts. A meta-analysis of over 136,000 individuals revealed a 17% reduction in all-cause mortality associated with a strong sense of purpose (Cohen et al., 2016). A recent meta-analysis, which included over 214,270 individuals, found that a stronger sense of meaning and purpose in life, aspects of EWB, have a robust association with a lower risk of developing dementia (Sutin et al., 2023). These findings underscore EWB’s critical role in public health, as the goals of Healthy People 2030 and the NCCIH Strategic Plan 2021–2025 emphasize enhancing well-being to improve health and quality of life (Office of Disease Prevention and Health Promotion [ODPHP], 2021; Office of National Center for Complementary and Integrative Health [NCCIH], 2023; Koh et al., 2021).

The significance of EWB for human health is widely acknowledged, leading to various diverse definitions and measurements over the years. In 2018, Feller and colleagues conceptualized EWB as “an umbrella term for several related psychometrically defined concepts, including psychological well-being, positive mental health, health-related quality of life, thriving, and subjective well-being” (Feller et al., 2018). Additionally, alternative conceptualizations of EWB have introduced terms like well-being (WB) and subjective well-being (SWB). Diener et al. (2018) defined SWB as encompassing overall life appraisals and emotional experiences. The lack of consensus on EWB definitions and measures has led to confusion, prompting calls for a unified approach (VanderWeele et al., 2020).

To address this need, a working group supported by the National Institutes of Health (NIH) and comprised of six networks across the U.S. proposed a consensus definition of EWB (Park et al., 2023), covers the following domains: goal pursuit, life satisfaction, positive affect, quality of life, and sense of meaning. The working definition of EWB is: EWB is a multi-dimensional composite that encompasses how positive an individual feels generally and about life overall. It has both experiential features such as the emotional quality of everyday experiences and reflective features such as judgments about: life satisfaction, sense of meaning, and ability to pursue goals that can include and extend beyond the self. These features occur in the context of culture, life circumstances, resources, and life course. To facilitate research, the group also developed the “EWB Subjective Measurement Repository” (M3EWB Network, 2023), offering a range of tools to accommodate varied study contexts that list a range of instruments to meet diverse research needs. Despite these advances, challenges persist in studying EWB; as Park et al. (2023) highlight, there remains a need to explore the structure, predictors, and outcomes underlying EWB through diverse methodologies, such as neuroimaging. However, neuroimaging studies face additional complexities; for example, diverse EWB constructs, and measurement tools have contributed to varied findings on the neural correlates of EWB. The resulting heterogeneity complicates systematic review and meta-analytic efforts, hindering a comprehensive understanding of EWB’s neurobiological underpinnings. Overcoming these obstacles requires harmonizing EWB definitions and measures to systematically explore their neural correlates.

As Campos and Sanchez Hernandez (2023) noted, EWB research has largely relied on subjective measures, such as self-report questionnaires, which are cost-effective but vulnerable to biases from cognitive distortions and emotional states (Jahedi and Méndez, 2014). These limitations underscore the need for a multidisciplinary approach that integrates subjective and objective measures. Combining neuroscience, psychology, and related fields offers a more comprehensive way to study EWB. Neuroimaging, though limited in establishing causality (Weber and Thompson-Schill, 2010), provides objective biomarkers less affected by self-report biases and helps uncover neural processes underlying EWB. For example, sustained engagement of the brain’s rewards circuitry has been linked to higher EWB (Heller et al., 2013), illustrating how such methods can reveal mechanisms beyond subjective reports. This is emphasized by the NCCIH Strategic Plan 2021–2025, which calls for investigating the neural bases of EWB using tools like neuroimaging and computational modeling to optimize interventions. Magnetic resonance imaging (MRI), a widely used technique, enables examination of both brain structure and function. Functional MRI (fMRI) tracks task-related activity via blood flow changes (Logothetis, 2008), while structural MRI captures anatomical features. Task-dependent (task-fMRI) approaches identify brain regions activated by specific tasks, whereas task-independent methods (resting-state fMRI, structural MRI) explore intrinsic connectivity and organization (Biswal et al., 1995). Despite these advances, our understanding of EWB’s neural mechanisms remains limited, with empirical studies reporting inconsistent findings. Some have linked EWB to regions like the insula, associated with self-awareness and emotional control (Lewis et al., 2014; Kong et al., 2015a), while others implicate broader networks, including the salience and default mode networks (King, 2019; Kringelbach and Berridge, 2009).

Despite growing interest in the neuroscience of EWB, findings across studies remain inconsistent. Several key methodological and conceptual limitations have likely contributed to this variability. First, previous research has lacked a unified definition of EWB, resulting in heterogeneity across studies in terms of included constructs and measures. This lack of conceptual consensus has hindered efforts to consolidate findings and identify reliable neural correlates.

Second, many prior systematic reviews (King, 2019; de Vries et al., 2023; Richter et al., 2024) have focused exclusively on task-independent neuroimaging modalities (e.g., resting-state fMRI and structural MRI), without focusing on task-dependent modalities (e.g., task-based fMRI) that can more directly probe functional processes related to EWB, such as emotion regulation and rewards responsiveness (Park et al., 2023). For example, a recent review examined the link between task-independent brain features and well-being, concluding that there are no consistent neural correlates of EWB (de Vries et al., 2023). However, task-based fMRI studies have used some paradigms (e.g., emotion processing) to correlate task-related brain activity with EWB self-report scores, providing insights into the neural correlates of EWB within specific contexts. Integrating task-dependent and task-independent approaches offers a dual advantage: it highlights the functional relevance of neural connections during specific processes while also providing a broader understanding of brain organization (Stevens, 2016). Therefore, to achieve a comprehensive framework for understanding the neural correlates of EWB, it is necessary to adopt a broader and more integrative scope.

Third, many of the existing systematic reviews on the neural correlates of EWB have provided valuable insights across studies (King, 2019; de Vries et al., 2023; Richter et al., 2024). Reflecting the early stage of this research area, many of these seminal studies were explored in nature and not guided by formal hypotheses. While exploratory studies have been instrumental in identifying candidate brain regions and circuits, the field now requires more theory-informed approaches to advance reproducible and testable models. As Platt (1964) argued, scientific progress depends on strong inference and clear hypotheses, especially in complex domains such as affective neuroscience.

Fourth, although systematic reviews have synthesized qualitative patterns, few have employed quantitative meta-analyses, particularly in the context of EWB (King, 2019; de Vries et al., 2023; Richter et al., 2024). Without statistical integration, such reviews may inadvertently introduce subjective bias and lack the power to detect convergent neural correlates. Quantitative meta-analyses, such as activation likelihood estimation (ALE), offer a robust framework for pooling data across heterogeneous studies and identifying consistent activation patterns across tasks and modalities (Eickhoff et al., 2009), even at preliminary stages when sample sizes remain modest.

Finally, to our knowledge, no previous meta-analysis of neuroimaging studies has examined the neural correlates of EWB which applied the NIH-supported consensus definition (Park et al., 2023), that encompasses goal pursuit, life satisfaction, positive affect, quality of life, and sense of meaning. The recent availability of this definition, along with the EWB Subjective Measurement Repository (M3EWB Network, 2023), provides an unprecedented opportunity to reframe and systematically evaluate the neuroimaging literature using a standardized framework. The current study addresses these gaps by:


	1.Utilizing the consensus definition of EWB developed by the NIH EWB Research Network (Park et al., 2023) to guide study selection and classification.

	2.Using a hypothesis-driven approach to conduct a systematic review and preliminary quantitative meta-analysis of neuroimaging studies that examine the neural correlates of EWB, including both task-independent and task-dependent modalities. Based on prior work (Alexander et al., 2021), we hypothesized that in task-dependent modality, regions linked to the dopaminergic system—such as the amygdala, striatum, and pallidum—would be associated with EWB, given their roles in positive reinforcement and rewards regulation, which are essential for sustaining emotional well-being (Santos et al., 2016; Schultz, 2016; Berridge and Kringelbach, 2015; Haber and Knutson, 2010). Positive reinforcement enhances behaviors tied to pleasure and satisfaction, while rewards regulation supports emotional resilience. For task-independent modality, we expected consistent associations with regions such as the temporal-parietal junction (TPJ) and insula, known to contribute to interoceptive awareness and social cognition. Interoceptive awareness helps regulate emotions by interpreting internal bodily states, while social cognition—including empathy and theory of mind—strengthens social relationships that underpin emotional stability and overall EWB (Koban et al., 2021; Cacioppo and Hawkley, 2009).

	3.Comparing findings across modalities to delineate both distinct and shared neural substrates associated with EWB.




This integrative and hypothesis-driven approach provides an essential foundation for advancing the neuroscience of EWB and informing future intervention development.



2 Methods


2.1 Literature searching, screening, coding, and quality assessment

This study was built upon the scoping review by Richter et al. (2024) and followed PRISMA 2020 guidelines (Page et al., 2021) for the literature search. We screened articles from five electronic databases: PubMed, PsycINFO, Web of Science, ERIC (EBSCO), and Embase, with the most recent search conducted on 14 March 2024. Our search did not include specific publication dates to capture the maximum number of relevant articles. As Table 1 shows, we used keywords combining terms related to EWB and neuroimaging modalities, including articles with at least one term in the following three groups: Group A (EWB components), Group B (brain imaging modalities), and Group C (neuro-related terms). The search process involved title, abstract, and full-text screening using Covidence systematic review software (Veritas Health Innovation, 2025). We included many neuroimaging modalities in the search to ensure a comprehensive search, but retained only MRI studies based on current study objectives. This also maintains consistency with the methodology of Richter et al. (2024), facilitating comparability across reviews and enhancing the transparency, reproducibility, and reliability of our search process. Covidence is an online collaboration tool specifically designed for conducting systematic reviews. The platform enables multiple users to efficiently manage literature screening, data extraction, and risk of bias assessment, making it particularly suitable for systematic reviews and meta-analyses that follow PRISMA guidelines.


TABLE 1 Search terms utilized.


	Search terms utilized





	Group A
	Emotional well-being OR emotional wellbeing OR psychological well-being OR psychological wellbeing OR subjective well-being OR subjective wellbeing OR life satisfaction OR happiness OR happy OR positive emotion* OR flourish* OR Eudaimoni* OR evaluative well-being OR evaluative wellbeing OR hedonic well-being OR hedonic wellbeing OR experiential well-being OR experiential wellbeing OR spiritual well-being OR spiritual wellbeing OR positive affect OR meaning in life



	Group B
	“Magnetic resonance imag*” OR “functional MRI” OR electroencephalogra* OR “event related*” OR event-related* OR “magnetic resonance spectroscop*” OR “positron emission” OR “single-photon emission” OR magnetoencephalogra* OR “Transcranial magnetic stimulation” OR “Transcranial direct current stimulation” OR “diffusion weighted” OR “diffusion-weighted” OR “diffusion tensor” OR “diffusion-tensor” OR “diffusion MRI” OR “diffusion imaging” OR MRI OR fMRI OR EEG OR ERP OR MRS OR PET OR SPECT OR MEG OR TMS OR tDCS OR DWI OR DTI



	Group C
	brain* OR neur*






Group A, B, and C were combined with AND.




The inclusion criteria for this study were (1) At least one MRI modality (structural MRI, resting-state fMRI, or task-based fMRI); (2) At least one measure of EWB (or its components); (3) Articles published in peer-reviewed journals; (4) Studies published in English; (5) Studies reported a correlation coefficient between brain metrics (e.g., gray matter volume, brain activation, etc.) and EWB scores from the EWB subjective measurements repository1 ; (6) Aimed to include a broad range of populations as much as possible to explore EWB across different demographics and conditions; and (7) Whole-brain analysis used approaches in the initial step. Only studies initially employing whole-brain analysis were included to avoid bias (Müller et al., 2018). All task-based fMRI studies included in this review began by analyzing whole-brain activity to identify significant clusters, then examining the regions significantly correlated with EWB, reducing bias due to researchers’ choice of specific regions. While this analysis may still bias the results toward regions that are active at the group level during the performance of the specific task used in each study, we feel that this is a reasonable compromise given the challenges of accessing un-thresholded task-fMRI maps from previous studies. However, we acknowledge the potential for Type II error: some important regions may be missing from our results, which should be considered when interpreting the findings.

The exclusion criteria included: (1) Book chapters, reviews, case studies, qualitative studies, meta-analyses, and systematic reviews; (2) Unrelated articles, duplicates, unavailable full texts, or abstract-only papers; (3) Articles published only in Google Scholar, dissertations, theses, conference papers; (4) Animal research; and (5) Seed-based studies. The exclusion of seed-based studies was necessary because they present a challenge due to the diverse selection of seed regions. Researchers often choose these seed regions based on their hypotheses or previous findings. This variability in seed selection makes it difficult to establish consistent and comparable criteria for inclusion in a study. The PRISMA flowchart (Figure 1) details the literature selection process.


[image: Flowchart depicting the identification and selection of studies via databases and registers for a meta-analytic review. Initially, 11,017 records were identified from databases like PubMed and Embase. After removing 6,217 duplicates, 4,800 records were screened. Of these, 3,662 were excluded. Reports sought and assessed for eligibility totaled 1,138, with 1,110 excluded for various reasons including no EWB questionnaire. Ultimately, 28 studies were included, categorized into task-based fMRI (fourteen studies), resting-state fMRI (seven studies), and structural MRI (seven studies).]
FIGURE 1
PRISMA flowchart of article selection processing.


After screening the literature, we assessed the quality of the included studies using Covidence systematic review software, recognizing that evaluating reliability is essential (Dreier, 2013). We assessed each article based on the following criteria: (1) Clarity of research hypotheses and design; (2) Power analysis for its sample size; (3) Standardized MRI data processing; (4) Clarity of results reporting; and (5) Availability of data or code. This assessment aimed to gauge the reliability of each study but did not exclude articles. However, studies that lacked the necessary information for the activation likelihood estimation (ALE) analysis (e.g., missing coordinates) were excluded. For specific quality assessment questions, see Supplementary Table 1. To ensure interrater reliability (Belur et al., 2021), our literature coding team, comprising three experienced researchers (JL, CL, GL), utilized Covidence software for structured coding and data extraction. We manually extracted peak coordinates of brain regions significantly correlated with EWB scores using the Montreal Neurological Institute (MNI) template for standardization. Coordinates provided in other templates, such as Talairach space, were converted to MNI using appropriate software2. We also manually coded additional variables, including participants’ mean age, study sample size, and effect sizes of reported correlations, to enable comprehensive analysis in the study. The interrater reliability, as measured by the intraclass correlation coefficient (ICC), ranged from 0.9 to 1.0 across all extracted variables, indicating excellent interrater reliability (Koo and Li, 2016) in the data coding process from the articles included in this study. The research protocol of this study was pre-registered (Luo et al., 2025) in Open Science Framework3.



2.2 Systematic review procedure

Following a literature search, screening, coding, and quality assessment, this study conducts a systematic review, separately examining task-dependent fMRI and task-independent MRI studies to identify the neural correlates of EWB. For each eligible study, we systematically extract and synthesize key variables, including brain metrics used, EWB measurement tools, reported significantly correlated brain regions, study population characteristics, and task fMRI paradigms for task-dependent studies. To maintain consistency, our study only included activation metrics for task-based fMRI studies, gray matter volume for structural MRI studies, and metrics such as regional homogeneity (ReHo) and fractional amplitude of low-frequency fluctuation (fALFF) for resting-state fMRI studies, which quantify spontaneous neural activity without any task (Zang et al., 2004; Zou et al., 2008). The synthesized findings aim to provide a clearer understanding of the consistently reported significant brain regions with EWB across different studies, helping to identify common patterns and methodological gaps in the literature.



2.3 Preliminary meta-analysis procedure


2.3.1 Activation likelihood estimation (ALE)

To identify consistent activations, spontaneous activities, or reported anatomic metrics across previous studies that correlate with EWB, we conducted an ALE analysis (Eickhoff et al., 2009) using Ginger ALE software (version 3.0.24). ALE performs a coordinate-based meta-analysis to determine where brain results converge at an above-chance level. We set a cluster-level familywise error (FWE) threshold of P < 0.05 and a voxel-level of P < 0.001 with 1,000 permutations, a standard approach in meta-analytic studies. In synthesizing data for our meta-analysis, we focused on significant peak coordinates extracted from studies, which typically come from thresholded maps. While we acknowledge that thresholded maps may introduce bias, un-thresholded maps are often challenging to obtain. For the ALE results, we reported MNI peak coordinates, cluster volumes, ALE scores, Z scores, P-values, and cluster breakdowns.

Eickhoff et al. (2016) recommend including between 8 (voxel-level FWE) and 17 (cluster-level FWE) individual experiments in an ALE meta-analysis to reduce bias and ensure adequate statistical power. However, this number depends on the expected effect size; smaller sample sizes may suffice for strong effects, while small to medium effects require caution if fewer experiments are included (Müller et al., 2018). Due to the lack of task paradigms that directly measure EWB, the current study’s analysis, including literature, relies on existing task paradigms within the task-dependent modality to identify the neural correlates of EWB.



2.3.2 Jackknife analyses and publication bias

To minimize the impact of individual studies and reduce the risk of false positives in our meta-analyses, we used ALE (version 3.0.2) to do the leave-one-out (jackknife) analysis (Müller et al., 2018). This method systematically excludes one experiment at a time and reruns the analysis to check if any meta-analytic clusters depend heavily on a single study, thereby enhancing the reliability of our findings. Additionally, we assessed publication bias using Egger’s test (Egger et al., 1997) and funnel plots to determine if biased reporting affected the results (Müller et al., 2018; Lin and Chu, 2018). Publication bias in meta-analysis refers to the phenomenon where studies with positive or significant results are more likely to be published. In contrast, those with negative or non-significant results are less likely to be published or may remain unpublished (Van Aert et al., 2019). This can lead to a skewed representation of the evidence when conducting a meta-analysis. A significance level of p < 0.05 in Egger’s test indicated significant publication bias (Egger et al., 1997). Further details are provided in Supplementary Table 1.



2.3.3 Comparative analysis of task-dependent and task-independent modalities

After analyzing neural correlation patterns to obtain meta-maps, we computed conjunction and contrast maps, which is the approach used in other studies (Martinez-Lincoln et al., 2023), to identify shared and distinct features between task-dependent (task-based fMRI) and task-independent (resting-state fMRI) modalities; task-dependent (task-based fMRI) and task-independent (structural MRI) modalities. Statistically, we first created a pooled map of foci, adding maps of both modalities. The foci were then randomly divided into two equal-sized groups 1,000 times, comparing the resulting difference map to an empirical null distribution. We set a P-value threshold of 0.01 and a cluster size of 500 mm3, using 1,000 permutations in Ginger ALE software (Eickhoff et al., 2009). In cases where comparative analysis in Ginger ALE cannot be conducted due to an insufficient sample size, a descriptive approach will also be applied across all comparisons to illustrate similarities and differences between modalities.



2.3.4 Neurosynth cognitive decoder

To further explore our findings and infer underlying processes contributing to EWB, we used Neurosynth, an automated meta-analysis platform, to decode terms associated with EWB from our ALE analysis results (Yarkoni et al., 2011)5. Neurosynth analyzes over 14,300 functional neuroimaging studies reporting data from over 150,000 brain regions and includes a database of over 1,300 terms extracted from studies that can be associated with the brain coordinates of the corresponding studies. In that case, in its extensive database, this platform can support the “decoding” of a wide range of cognitive states by brain activity and peak coordinates from all neuroimaging studies. We uploaded our ALE maps for both task-dependent and task-independent modalities to the NeuroVault repository6, allowing us to compare our data with studies in the Neurosynth database (Gorgolewski et al., 2015). Using reverse inference, we identified 1,307 terms correlated with EWB meta-maps, focusing on the top 50 relevant terms (retrieved date: October 20th, 2024). After excluding brain regions and methodological terms, we compiled a list of neurocognitive terms along with their corresponding correlation scores.





3 Results


3.1 Task-based fMRI studies results from task-dependent modality

Following a comprehensive literature review and subsequent coding process, we identified 16 individual experiments eligible for the task-based fMRI studies. See Table 2 for details on the design, characteristics, and reported results of each experiment. We summarized the reported brain regions from the included experiments based on their frequency to identify patterns. Based on the characteristics of each included experiment, the most frequently reported brain regions correlated with EWB are the left palladium (five individual experiments reported), followed by right orbital inferior frontal gyrus (three individual experiments reported) and right insula (two individual experiments reported) (see Figure 2).


TABLE 2 The design characteristics and results of the task-based functional magnetic resonance imaging (fMRI) studies in task-dependent modality to emotional well-being (EWB).


	References
	Brain metrics
	N
	Age mean (SD)
	Population description in the study
	Task fMRI paradigm
	EWB measurement
	Reported significant correlated regions





	Heller et al., 2013
	Activation
	64
	(-)
	Adults
	International affective picture recognition task (Lang et al., 1998)
	Psychological well-being, Positive and Negative Affect Scale -Gen
	R_Caudate



	R_Middle Frontal



	R_Caudate



	Shi et al., 2016
	Activation
	50
	20.88 (1.51)
	University students
	Self-evaluation task: personality trait adjective pool
	General life satisfaction scale
	L_Caudate



	L_Pallidum



	R_Dorsal Striatum



	R_Middle Superior Frontal Gyrus



	L_ Inferior Parietal Lobe



	Zhang et al., 2015
	Activation
	25
	18.61 (-)
	University students
	Chinese affective picture system recognition task
	Positive and Negative Affect Scale
	R_Orbital Inferior Frontal Gyrus



	R_Putamen



	L_Orbital Inferior Frontal Gyrus



	L_Amygdala



	Van Reekum et al., 2007
	Activation
	25
	63.50 (-)
	Adults
	International affective picture recognition task (Lang et al., 1998)
	Ryffs Scales of Psychological Well-being
	L_Anterior Cingulum Gyrus



	Sanchez et al., 2015
	Activation
	22
	26.32 (4.52)
	Adults
	Discrimination/
 Judgment task
	Positive and Negative Affect Scale
	L_Amygdala



	R_Hippocampus



	Park et al., 2017
	Activation
	24
	(-)
	Adults- experimental group
	Decision-making task
	Subjective happiness scale
	L_Pallidum



	Park et al., 2017
	Activation
	24
	(-)
	Adults- control group
	Decision-making task
	Subjective happiness scale
	L_Pallidum



	Morelli et al., 2018
	Activation
	46
	19.33 (1.23)
	Adults
	Monetary incentive delay task
	Positive and Negative Affect Scale, Satisfaction with Life scale
	L_Putamen



	Memarian et al., 2017
	Activation
	111
	21.00 (3.30)
	University students
	Affect labeling task
	Satisfaction with Life scale
	L_Superior Motor Area



	R_Medial Superior Frontal Gyrus



	L_Paracingulate gyrus



	L_Inferior Frontal Gyrus



	R_Medial Superior Frontal Gyrus



	L_ Middle Frontal Gyrus



	R_Inferior Frontal Gyrus



	R_Superior Frontal Gyrus



	R_Orbital Inferior Frontal Gyrus



	Matsunaga et al., 2016
	Activation
	106
	21.40 (-)
	University students
	Life event imagination task
	Subjective happiness scale
	Rostral anterior cingulate



	cortex



	Martin-Soelch et al., 2021
	Activation
	16
	25.19 (4.79)
	Health adults
	Monetary rewards: fribourg rewards task
	Positive and Negative Affect Scale
	L_Pallidum



	Martin-Soelch et al., 2021
	Activation
	16
	24.31 (4.08)
	Family history of depression adults
	Monetary rewards: fribourg rewards task
	Positive and Negative Affect Scale
	L_Pallidum



	Killgore and Yurgelun-Todd, 2007
	Activation
	13
	23.50 (2.10)
	Adults
	Stimulation Tasks: viewing images of high-calorie and low-calorie foods
	Positive and Negative Affect Scale
	R_Lingual Gyrus



	Fonzo et al., 2017
	Activation
	36
	36.73 (-)
	PTSD
	Emotion reactivity task (Etkin et al., 2004)
	WHO Quality of Life Brief scale
	L_Superior Frontal Gyrus



	Mathiak et al., 2013
	Activation
	13
	(-)
	Adults
	Playing a violent video game
	Positive and Negative Affect Scale
	R_Orbital Inferior Frontal Gyrus



	L_Superior Temporal Pole



	Ventra Medial prefrontal cortex



	R_Precuneus



	R_Hippocampus



	Murray et al., 2023
	Activation
	82
	15.83 (1.89)
	Adolescent with anhedonia
	Monetary rewards task
	Positive and Negative Affect Scale
	R_Insula



	R_Insula



	R_Insula






“-” denotes information not reported in the corresponding articles. In the “Reported significant correlated regions” column, “L” refers to the left hemisphere, and “R” refers to the right hemisphere.





[image: Brain scan highlighting regions with colored dots: red for Left Palladium, blue for Right Insula, and green for Right Orbital Inferior Frontal Gyrus. Legend indicates study frequency with varying circle sizes.]
FIGURE 2
Graphical illustration of frequently reported task functional magnetic resonance imaging (fMRI) findings correlated with emotional well-being (EWB). Circles are sized according to the number of experiments reporting findings in the given location.


As shown in Figure 3 and Table 3, according to the ALE result, a significant cluster of task-based fMRI studies was observed in the left pallidum in this ALE meta-analysis. Jackknife analyses have also further validated these findings, indicating the robustness and high replicability in the observed cluster: left pallidum (15 out of 16 replicabilities). See Supplementary Table 3 for more details.


[image: Four brain scans showing different views with areas highlighted in red, indicating specific regions of interest. The top row displays coronal and sagittal views, while the bottom row shows an axial view and a 3D brain model. A color scale from zero to one is shown above, emphasizing intensity variations in red.]
FIGURE 3
Emotional well-being (EWB) meta-maps (marked with red) of task-based functional magnetic resonance imaging (fMRI) studies (the task-dependent modality). “L” refers to the left hemisphere, and “R” refers to the right hemisphere.



TABLE 3 Emotional well-being (EWB) meta-maps in task-based functional magnetic resonance imaging (fMRI) studies from task-dependent modality.


	Clusters
	Regions
	L/R
	MNI coordinate
	ALE score
	P
	Z
	Voxels (mm3)
	Jackknife sensitivity analysis





	1
	Pallidum
	L
	−16
	8
	2
	0.0216
	6.22E-09
	5.6935
	1992
	15/16



	
	Pallidum
	L
	−20
	2
	−4
	0.0177
	2.29E-07
	5.0434
	–
	–






In the “Reported significant correlated regions” column, “L” refers to the left hemisphere, and “R” refers to the right hemisphere.






3.2 Resting-state fMRI studies results from task-independent modality

After literature screening and coding, seven individual experiments were identified as qualified for the resting-state fMRI studies. See Table 4 for details on the design, characteristics, and reported results of each experiment. We summarized the reported brain regions from the included experiments based on their frequency to identify patterns. Based on the characteristics of each included experiment, the most frequently reported brain regions correlated with EWB are the right STG (two individual experiments reported), left middle temporal gyrus (two individual experiments reported), right middle cingulum gyrus (two individual experiments reported) (see Figure 4).


TABLE 4 The design characteristics and results of the task-independent modality [resting-state functional magnetic resonance imaging (fMRI) studies] to emotional well-being (EWB).


	References
	Brain metrics
	N
	Age mean (SD)
	Population
	EWB measurement
	Reported significant correlated regions





	Kong et al., 2015a
	ReHo
	276
	21.57 (1.01)
	Adults
	Satisfaction with Life scale
	R_Middle Cingulum Gyrus



	Sato et al., 2019
	fALFF
	51
	22.50 (4.50)
	Adults
	Subjective happiness scale
	R_Cuneus



	L_Precuneus



	R. Superior parietal lobule



	R_Precuneus



	Kong et al., 2018
	fALFF
	95
	(-)
	Healthy individuals
	Positive and Negative Affect Scale, Satisfaction with Life scale
	L_Orbital Frontal Gyrus



	L_Orbital Frontal Gyrus



	Kong et al., 2016
	ReHo
	290
	21.56 (1.01)
	Healthy university students
	Positive and Negative Affect Scale, Ryffs Scales of Psychological Well-being-18
	R_Precentral Gyrus
 L_Superior Temporal Pole



	Kong et al., 2015b
	fALFF
	286
	21.55 (1.01)
	Healthy university students
	42-item Scales of Psychological Well-being
	R_Superior Temporal Pole



	L_Thalamus



	Kong et al., 2015c
	fALFF
	294
	21.56 (1.00)
	Healthy university students
	Satisfaction with Life Scale, Positive and Negative Affect Scale
	L_Postcentral Gyrus



	R_Superior Temporal Gyrus



	L_Superior Temporal Gyrus



	R_Middle Cingulum Gyrus



	R_Lingual Gyrus



	R_Thalamus



	L_Middle Temporal Gyrus



	L_Superior Frontal Gyrus



	R_Superior Frontal Gyrus



	L_Inferior Temporal Gyrus



	R_Rectus Gyrus



	R_ Amygdala



	Li et al., 2022
	ReHo
	60
	37.80 (13.10)
	Healthy individuals
	14-item version of MHC-SF
	R_Superior Temporal Gyrus



	L_ Superior Parietal Lobule



	L_Middle Temporal Gyrus






“-” denotes information not reported in the corresponding articles. “ReHo” stands for “regional homogeneity”; and “fALFF” stands for “fractional amplitude of low-frequency fluctuation.”





[image: Brain scan illustrating highlighted regions: purple for Left Middle Temporal Gyrus, blue for Right Superior Temporal Gyrus, and green for Right Middle Cingulum Gyrus. A legend shows study frequency using circles, indicating one to four or more studies.]
FIGURE 4
Graphical illustration of frequently reported resting functional magnetic resonance imaging (fMRI) findings correlated with emotional well-being (EWB). Circles are sized according to the number of experiments reporting findings in the given location. “L” refers to the left hemisphere, and “R” refers to the right hemisphere.


As Figure 5 and Table 5, a significant cluster was observed in the ALE meta-analysis results of resting-state fMRI studies in the right STG. This finding was also further validated by jackknife analyses, indicating robustness and high replicability in both observed clusters of right STG (6 out of 7 replicabilities); see Supplementary Table 4 for more details.


[image: MRI brain scans showing different views: coronal, sagittal, and axial, alongside a 3D brain model. A red dot highlights a specific area, with a color scale from zero to one indicating intensity.]
FIGURE 5
Emotional well-being (EWB) meta-maps (marked with red) of resting-state functional magnetic resonance imaging (fMRI) studies (the task-independent modality). “L” refers to the left hemisphere, and “R” refers to the right hemisphere.



TABLE 5 Emotional well-being (EWB) meta-maps in resting-state functional magnetic resonance imaging (fMRI) studies from task-independent modality.


	Clusters
	Regions
	L/R
	MNI coordinate
	ALE score
	P
	Z
	Voxels (mm3)
	Jackknife sensitivity analysis





	1
	Superior temporal gyrus
	R
	64
	−20
	8
	0.0173
	5.19E-07
	4.884
	528
	6/7






In the “Reported significant correlated regions” column, “L” refers to the left hemisphere, and “R” refers to the right hemisphere.






3.3 Structural MRI studies results from task-independent modality

After literature screening and coding, seven individual experiments qualified in structural MRI studies. See Table 6 for details on the design, characteristics, and reported results of each experiment. We summarized the reported brain regions from the included experiments based on their frequency to identify patterns. Based on the characteristics of each included experiment, the most frequently reported brain regions correlated with EWB are the right insula (two individual experiments reported), right precuneus (two individual experiments reported), and left inferior frontal gyrus (two individual experiments reported) (see Figure 6). No significant cluster was found in this ALE meta-analysis of structural MRI studies.


TABLE 6 The design characteristics and results of task-independent modality [structural magnetic resonance imaging (MRI)] to emotional well-being (EWB).


	References
	Brain metrics
	N
	Age mean (SD)
	Population
	EWB measurement
	Reported significant correlated regions





	Matsunaga et al., 2016
	Gray matter volume
	106
	21.40 (-)
	University students
	Subjective happiness scale
	L_Rostral anterior cingulate cortex



	Sato et al., 2015
	Gray matter volume
	51
	22.50 (4.50)
	Adults
	Subjective happiness scale
	R_Precuneus



	Lewis et al., 2014
	Gray matter volume
	70
	24.60 (3.76)
	Healthy adults
	42-item Ryff’s Scales Psychological Well-being
	R_Insula



	R_Insula



	L_ Inferior Frontal Gyrus



	R_Medial Temporal Gyrus



	R_Insula



	R_Insula



	L_Insula



	Rehbein et al., 2021
	Gray matter volume
	13
	23.9 (3.4)
	Pregnant women
	Positive and Negative Affect Scale
	L_Cuneus



	Jung et al., 2022
	Gray matter volume
	70
	36.6 (8.86)
	Healthy individuals
	World Health Organization Quality of Life Scale (WHOQOL-BREF)
	R_Insula



	Junca et al., 2023
	Gray matter volume
	25
	46.0 (1.84)
	Patients with Huntington’s disease
	WHOQOL-BREF
	L_Precuneus



	L_Inferior Frontal Gyrus



	R_Cerebellum



	L_Cerebellum



	L_Cerebellum



	R_Precuneus



	R_SupraMarginal Gyrus



	R_Precuneus



	R_Cerebellum



	R_Precuneus



	R_Cerebellum



	Lu et al., 2023
	Gray matter volume
	126
	22.65 (-)
	University students
	Psychological Wellbeing Scale
	R_Inferior Frontal Gyrus






“-” denotes information not reported in the corresponding articles.





[image: Brain MRI scan highlighting three regions in color. Red marks the right insula, blue the right precuneus, and orange the left inferior frontal gyrus. A legend shows circles representing study numbers from one to four or more.]
FIGURE 6
Graphical illustration of frequently reported structural magnetic resonance imaging (MRI) findings correlated with emotional well-being (EWB). Circles are sized according to the number of experiments reporting findings in the given location.




3.4 Shared and distinctive features between task-dependent and task-independent modalities of EWB

When comparing task-dependent and task-independent modalities (task fMRI vs. resting-state fMRI; task fMRI vs. structural MRI), the ALE comparative analyses did not identify any shared or unique significant clusters. Additionally, the analysis comparing task fMRI and structural MRI could not be conducted due to an insufficient sample size. As previously mentioned, a descriptive approach was applied to all comparisons to highlight similarities and differences between modalities. As Figure 7 Venn diagram shows, the analysis identified several shared regions. The right precuneus was shared across task-dependent (task-based fMRI) and task-independent (resting-state fMRI and structural MRI) modalities. Between task-dependent (task-based fMRI) and task-independent (resting-state fMRI), shared regions included the left superior frontal gyrus, the left superior temporal pole, the right lingual gyrus, the right precuneus, and the right superior frontal gyrus. For task-dependent (task-based fMRI) and task-independent (structural MRI), the shared regions were the left inferior frontal gyrus, right precuneus, right inferior frontal gyrus, and right insula. Finally, comparing task-independent modalities (resting-state fMRI and structural MRI) revealed shared regions in the left and right precuneus. This descriptive analysis highlights the overlap and distinctions among different modalities, thereby contributing to a more nuanced understanding of the shared neural regions.


[image: Table and Venn diagram analysis of brain regions. (A) Lists brain regions with color-coded appearances across tasks: dependent, independent (resting-state), and independent (structural). (B) Color legend ranges from zero to five and identifies task-based modalities. (C) Venn diagram shows overlap: 20 distinct task-dependent regions, 17 distinct resting-state regions, and 7 structural regions with shared regions noted.]
FIGURE 7
Illustration of shared and distinctive brain regions for each modality. (A) Illustration of the frequency with each brain region reported in each modality. (B) Orange represents task-based functional magnetic resonance imaging (fMRI), green represents resting-state fMRI, and blue represents structural magnetic resonance imaging (MRI). The color gradients indicate the frequency of reported brain regions. (C) A Venn diagram illustrating the overlap and distinctiveness of brain regions across various modalities.




3.5 Neurosynth decoder- terms associated with the patterns of meta maps of EWB

Using the Neurosynth decoder, we provided the reverse inference analysis of ALE meta-maps from task-dependent (task-based fMRI) and task-independent (resting-state fMRI) studies. In the task-dependent studies, significant clusters were linked to terms such as monetary (strongest correlation: r = 0.21), incentive (r = 0.20), rewards (r = 0.17), rewards anticipation (r = 0.17), and dopamine (r = 0.17) (see Figure 8 for the word cloud). In the task-independent studies, significant clusters were associated with terms like integration (strongest correlation: r = 0.24), tone (r = 0.23), pitch (r = 0.22), and speech perception (r = 0.14) (see Figure 9 for the word cloud).


[image: Word cloud featuring terms related to neurology and psychology, with prominent words including “anticipation,” “monetary,” “incentive,” “reward,” and “gain.” Smaller words include “dopamine,” “striatum,” “ventral,” and “accumbens,” reflecting themes of motivation and reward systems.]
FIGURE 8
Decoding of the activation likelihood estimation (ALE) meta-maps from the task-dependent modality [task-based functional magnetic resonance imaging (fMRI) studies] using a Neurosynth decoder displayed on a word cloud. The font size represents the relative correlation strength; the different colors do not have any specific meaning.



[image: Word cloud with prominent terms such as “integration,” “tone,” “noise,” “pitch,” “music,” “auditory,” “acoustic,” and “stimuli.” Other words include “musical,” “speech,” “cortex,” “voice,” and “perception,” emphasizing auditory and integration concepts.]
FIGURE 9
Decoding of the activation likelihood estimation (ALE) meta-maps from the task-independent modality [resting-state functional magnetic resonance imaging (fMRI) studies] using a Neurosynth decoder displayed on a word cloud. The font size represents the relative correlation strength; the different colors do not have any specific meaning.





4 Discussion

This study provides the first preliminary systematic review and meta-analysis of the neural correlates of EWB using the 2023 NIH consensus definition. By separately examining task-dependent and task-independent MRI studies via a hypothesis-driven approach, we identified distinct patterns: the left pallidum in task-dependent modality, right STG and insula in the task-independent modality. Frontoparietal regions emerged across both modalities.


4.1 Task-dependent modality: the processes related to incentive and rewards regulation in EWB

The systematic review supplemented by meta-analysis of task-based fMRI studies revealed correlations between the activation of specific brain regions, the left pallidum, and EWB levels in fMRI tasks like emotion recognition or rewards processing. The pallidum regions are critical components of the brain’s rewards circuitry (Haber and Knutson, 2010). Interaction with other areas involved in dopamine release may affect an individual’s EWB levels by influencing the regulation of incentives and rewards. Dopamine release is critical for rewards processing and likely plays a significant role in EWB. Specifically, the left pallidum is involved in pleasure and positive emotional reinforcement, and rewards processing. (Šimić et al., 2021; Kringelbach and Berridge, 2009; Delgado et al., 2005) was found to be significantly correlated with EWB (Berridge and Kringelbach, 2015). Supporting this, the Neurosynth decoder of the task-based fMRI ALE maps identified correlated terms such as “incentive,” “rewards,” and “dopamine” (See Figure 7), which align with our hypothesis. Previous studies also suggested the pallidum’s involvement in EWB by regulating incentives and rewards (Lin et al., 2023). Research by Kringelbach and Berridge (2009), Berridge and Kringelbach (2015) identified conserved subcortical hedonic networks, including the ventral pallidum, where activation of specific neural “hotspots” enhances “liking” responses to pleasant stimuli. These subcortical circuits, involved in affective responses, have extensive interactions with prefrontal regions such as the anterior cingulate, orbitofrontal, and insular cortices.

In summary, our findings support the hypothesis that dopamine-related brain regions are crucial for task-dependent EWB processes, as they play a key role in regulating incentives and rewards. Individuals with higher/lower EWB levels may exhibit different dopamine-related brain responses when regulating incentives and rewards. The differences highlight the neural mechanisms underlying EWB and suggest that brain activity in dopamine-related regions during rewards-related processes could serve as a neural marker for individual differences in EWB.



4.2 Task-independent modality: the processes related to social cognition and interoceptive awareness in EWB

A systematic review and meta-analysis of resting-state fMRI revealed a correlation between EWB and spontaneous neural activity in the STG. Although we did not find a significant cluster in the meta-analysis of structural MRI studies, patterns in the insula offer insights into the underlying mechanism of EWB. Previous studies have found that STG, the brain region adjacent to the TPJ, is involved in emotion recognition, interpersonal interaction, understanding one’s own and others’ psychological states, and the perception of social information —all processes closely related to an individual’s EWB. This was validated in some content by the relevant term “tone” found in the Neurosynth decoder (See Figure 9); the tone of voice aids in interpreting emotions and intentions, which is crucial for understanding social cues and fostering effective communication during social interactions (Yager and Ehmann, 2006). The brain activation of the STG was related to social cognition or social perception (Blakemore, 2008). A genetic study (Song et al., 2019) also found that higher polygenic scores (PGSs) were significantly associated with increased brain structure in the right STG, which is involved in social cognition. In addition, the insula, consistently reported in the included structural MRI studies, is part of the salience network, integrates interoceptive sensations and emotional states, and may influence EWB through its role in social, affective, and cognitive processes (Paulus and Stein, 2006; Craig, 2009; Menon and Uddin, 2010). The insula is essential for monitoring internal states and evaluating external stimuli, which are both critical for maintaining EWB. Its role in social interactions and emotional experiences links physical states to emotional and social cognition, potentially directly influencing an individual’s level of EWB.

In conclusion, our study of the neural correlates of EWB in the task-independent modality highlights the central roles of the STG and insula, which are key to the processes of social cognition and interoceptive awareness. These regions likely contribute to EWB by shaping social understanding and self-awareness, both of which are essential for maintaining mental states and self-evaluative processes that influence overall EWB.



4.3 Shared and distinctive neural patterns suggest the complexity of EWB

When comparing task-dependent and task-independent modalities, although no shared or distinctive significant clusters were identified in the ALE comparative analysis, possibly due to insufficient power to detect the patterns or due to Type II error arising from the limitation in task-dependent studies, and the use of thresholded maps. However, in the descriptive comparison between different modalities, during the comparison between task-dependent (task-based fMRI) and task-independent (resting-state fMRI and structural MRI) modalities, we found the common shared region (right precuneus) in the frontoparietal area, which is responsible for higher-order cognitive functions and maintaining mental health (Cole et al., 2014), has been found to be a key hub in the default mode network supporting EWB (Bian et al., 2024). Additionally, task-based fMRI and resting-state fMRI, as well as task-based fMRI and structural MRI, reveal overlapping regions in the frontoparietal area, including the superior and inferior frontal gyri. This suggests that cognitive control processes may play an overarching role in supporting EWB, a finding also supported by previous studies. Lewis et al. (2017) found that higher cognitive control abilities correlated with greater scores in purpose in life, one of the key domains of EWB (Park et al., 2023). Furthermore, longitudinal studies demonstrate that better processing speed at baseline is associated with higher life satisfaction (one of the key domains of EWB) in the future (Enkvist et al., 2013).

Regarding distinctive neural patterns, no statistically convincing results were found in the ALE comparative analysis. However, descriptive comparisons indicate that the proportion of distinctive brain regions is higher in task-dependent than task-independent studies (see Figure 7). While this evidence is based on descriptive comparisons, it may suggest that EWB-related neural processes in task-independent modalities are less specific, likely due to resting-state fMRI and structural MRI capturing more widespread intrinsic activity and structure (Smith et al., 2013), resulting in more diffuse associations with EWB. For instance, during resting-state fMRI, participants are not engaged in specific tasks, which results in broader brain activity patterns that are harder to attribute directly to EWB. Additionally, the distinction between “state” and “trait” may help explain these differences. The task-dependent modality may better capture “state” variations of EWB (e.g., positive affect), reflecting how someone feels at a specific moment, which is more tied to distinctive brain regions. Task-independent modalities, such as resting-state fMRI and structural MRI, may better reflect the “trait” stable aspects of EWB (e.g., quality of life), which are less tied to specific brain regions. The evidence for supporting the distinction between “state” and “trait” of EWB has been found in previous studies; a scoping review found that “trait” well-being (i.e., the propensity to live according to one’s true nature) is associated with various brain regions and not consistently tied to any specific area (King, 2019), possibly due to only focusing on task-independent modalities that capture “trait” aspects of EWB, which are less connected to specific brain regions. This interpretation suggests that task-dependent modalities may better capture “state” variations in EWB, while task-independent modalities may better reflect the “trait,” stable aspects of EWB. However, the definitions of “state” and “trait” in the context of EWB remain unclear. Therefore, future empirical research is needed to elucidate the complex neural mechanisms underlying EWB.



4.4 Limitations

There are several limitations to the current study that should be considered. Firstly, this current study primarily focuses on fMRI and MRI studies. Electroencephalography (EEG) and event-related potentials (ERPs) are not included in meta-analyses, and these modalities may be better suited for examining the temporal aspects of EWB. Functional near-infrared spectroscopy (fNIRS) is another promising modality which we did not include in this study, although its portability and suitability for developmental and naturalistic settings make it an important avenue for future research. Future research should incorporate other imaging methods, beyond fMRI and MRI, to enable further exploration of the neural mechanisms underlying EWB. Secondly, our study aimed to include a broad range of populations to explore EWB across different demographics and conditions as in prior systematic reviews. However, this diversity may have introduced heterogeneity, increasing the risk of false positives or negatives. Future research should recognize that the neural mechanisms of EWB may differ across groups.

In our analysis, Egger’s test revealed publication bias (Egger et al., 1997), a common issue in meta-analyses, suggesting that our findings should be interpreted with caution. However, this also reflects the limitations in the field of EWB research. According to the quality assessment of included literature, 16% reported only the names of the brain regions significantly associated with EWB without reporting the specific coordinates; 23% of the studies did not report the cluster sizes of the significant brain regions they found; and none of the studies provided the un-thresholded map, including effect size images (Poldrack et al., 2008). The lack of standardized reporting in these previous studies limits their reproducibility. This publication bias highlights the need to adopt standardized protocols to reduce bias and enhance the robustness of future EWB research. Some resting-state fMRI individual experiments included in this study originated from the same research group (Kong et al., 2015a, 2015b, 2015c, 2016, 2018). Due to the lack of detailed cohort reporting in their papers, a potential sample overlap cannot be ruled out; however, our findings should be interpreted with caution. Future studies should enhance cohort transparency to allow a clearer assessment of dataset independence.

In addition to identifying brain regions associated with EWB, our study initially aimed to conduct separate meta-analyses to distinguish the distinct contributions of positive and negative correlations with EWB scores. However, due to the limited sample size, we combined studies reporting both positive and negative correlations in the main analysis, ensuring a careful interpretation of the findings and a transparent discussion. Additionally, as only task-fMRI studies reported positive correlations, which provided sufficient statistical power for the separate analysis, we conducted a supplementary analysis for this subset, identifying significant clusters in the left pallidum (see Supplementary Figure 2 and Supplementary Table 5). This finding reinforces the critical role of dopamine-related regions supporting EWB in the task-dependent modality. However, the methodology of combining studies regardless of correlation direction could also be a limitation, as it may mask specific effects or inflate results. Nevertheless, due to practical considerations, we had to combine them. Future meta-analyses, when more literature is available, should take directionality into account.

Due to the absence of task paradigms that directly measure EWB so far, the analysis in the current study relies on brain regions that correlate between self-report of EWB and existing task paradigms in the task-dependent modality, such as emotion recognition (44%), rewards/incentives (19%), and other tasks (37%). This may have introduced bias into the findings. For example, in rewards/incentive paradigms, collapsing responses to both positive and negative stimuli can reduce analytical power and complicate interpretation. An increased rewards response to negative stimuli might suggest a person finds negative experiences reinforcing, which could harm their EWB. In contrast, an increased response to positive stimuli likely indicates a beneficial reaction that enhances EWB, so caution is needed when interpreting these findings. Furthermore, in our systematic review and meta-analysis of task-dependent modality, all the task-dependent studies included began with whole-brain analysis before narrowing their focus to clusters that showed significant activation, and then used these clusters to correlate with EWB scores. Although this approach deviates from the ideal of identifying un-thresholded whole-brain maps to correlate with EWB, we believe it can still reveal important information. No prior systematic reviews have synthesized neural correlates from a task-dependent perspective, so our study fills this gap by conducting an in-depth analysis. Furthermore, this comprehensive review will enhance understanding and inform future research. However, the risk of a Type II error, such as important regions that are not significantly activated at the group level by the specific tasks used, may still correlate with the EWB score across individuals. This limitation, combined with our limited power, means that our findings should be interpreted as a starting point for EWB research rather than an exhaustive list of regions involved in EWB. Additionally, developing EWB-specific paradigms could also provide deeper insights and help reduce these limitations.

In our analysis of EWB measures used in the included studies (see Supplementary Table 2), the Positive and Negative Affect Scale (PANAS) was the most used, followed by the Life Satisfaction Scale and the Subjective Happiness Scale. This suggests that research on the neural mechanisms of EWB has primarily focused on certain domains of EWB, such as positive affect and life satisfaction. However, the sense of meaning domain has received comparatively less attention, highlighting a gap in the current research landscape. Most studies have focused on only one domain of EWB, which may contribute to inconsistencies across findings that examine different domains. Future research should recognize EWB as a multifaceted construct and study its various domains to gain a more comprehensive understanding. Adopting a holistic approach that addresses and delineates different components of EWB, rather than treating it as a single, broad construct, will provide deeper insights into its neural mechanisms.



4.5 Implications

This study advances understanding of the neural correlates of EWB by examining both task-dependent and task-independent MRI modalities. The findings provide modality-specific neural markers that address limitations of subjective measures and may guide practical applications. Clinically, therapists could develop treatments focusing on regions like the STG to enhance social cognition and improve EWB. In educational and workplace contexts, tasks engaging rewards-related and cognitive control processes could support EWB. Building on Figure 10, future studies could develop tasks targeting processes such as incentive and rewards regulation, social cognition, interoceptive awareness, and cognitive control. This would move beyond self-report questionnaires, which are vulnerable to biases like social desirability and self-perception errors (King, 2019). Although current evidence is limited by sample size, larger-scale studies are needed to validate and extend this neural framework, reinforcing both its theoretical and translational value.


[image: Illustration depicting three aims related to emotional well-being. Top section (Aim 3) involves exploratory results focusing on the frontoparietal area and cognitive control, labeled under task-dependent and task-independent modalities. Bottom-left section (Aim 1) highlights the dopaminergic system and incentives/rewards regulation, categorized as a task-dependent modality. Bottom-right section (Aim 2) emphasizes the temporal-parietal junction, insula, social perception, and interoceptive awareness, identified as a task-independent modality. Each section features a smiling face labeled “Emotional Well-Being.”]
FIGURE 10
The proposed framework illustrates possible neural mechanisms underlying EWB (emotional well-being) across different magnetic resonance imaging (MRI) modalities based on key brain regions identified in this study.





5 Conclusion

In summary, this study presents the first preliminary systematic review and meta-analysis of the neural correlates of EWB using the 2023 NIH consensus definition. Task-dependent analyses identified the pallidum, underscoring its role in incentive and rewards regulation, while task-independent analyses implicated the STG and insula in social cognition and interoceptive awareness. Across modalities, the frontoparietal region emerged as a shared substrate supporting cognitive control. Together, these findings provide a preliminary integrative framework for the neural basis of EWB and highlight directions for future large-scale studies to refine paradigms and guide interventions that promote EWB.


	•The orange module (Aim 1, task-dependent modality): Illustrates the pallidum’s role in supporting EWB via rewards regulation (see Figures 2, 3 and Table 3).

	•The green module (Aim 2, task-independent modality) Shows the roles of the insula and STG (closely located to the TPJ) in social cognition and interoceptive awareness, contributing to EWB (see Figures 4–6 and Table 5).

	•The yellow module (Exploratory Aim 3, both modalities) shows shared brain regions in the frontoparietal areas, which may support EWB through cognitive control processes (see Figure 7).
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Footnotes


1      https://m3ewb.research.uconn.edu/ewb-subjective-measures-repository/

2      https://bioimagesuiteweb.github.io/webapp/mni2tal.html

3      https://osf.io/ymtb8/

4      http://brainmap.org/ale/

5      https://neurosynth.org

6      https://neurovault.org/



References

	Alexander, R., Aragón, O. R., Bookwala, J., Cherbuin, N., Gatt, J. M., Kahrilas, I. J., et al. (2021). The neuroscience of positive emotions and affect: Implications for cultivating happiness and wellbeing. Neurosci. Biobehav. Rev. 121, 220–249. doi: 10.1016/j.neubiorev.2020.12.002

	Belur, J., Tompson, L., Thornton, A., and Simon, M. (2021). Interrater reliability in systematic review methodology: Exploring variation in coder decision-making. Sociol. Methods Res. 50, 837–865. doi: 10.1177/0049124118799372

	Berridge, K. C., and Kringelbach, M. L. (2015). Pleasure systems in the brain. Neuron 86, 646–664. doi: 10.1016/j.neuron.2015.02.018

	Bian, J., Ji, M., Chen, L., Li, J., Zhao, Y., Zang, Y., et al. (2024). Neural correlates of subjective well-being: A coordinate-based meta-analysis. Hum. Brain Mapp. 45:e70224. doi: 10.1002/hbm.70224

	Biswal, B., Yetkin, F. Z., Haughton, V. M., and Hyde, J. S. (1995). Functional connectivity in the motor cortex of resting human brain using echo-planar MRI. Magnetic Resonance Med. 34, 537–541. doi: 10.1002/mrm.1910340409

	Blakemore, S. J. (2008). Development of the social brain during adolescence. Quart. J. Exp. Psychol. 61, 40–49. doi: 10.1080/17470210701508715

	Cacioppo, J. T., and Hawkley, L. C. (2009). Perceived social isolation and cognition. Trends Cogn. Sci. 13, 447–454. doi: 10.1016/j.tics.2009.06.005

	Campos, B., and Sanchez Hernandez, H. (2023). Well-being: Strengthening and broadening a key psychological construct. Affect. Sci. 4, 21–23. doi: 10.1007/s42761-022-00154-1

	Cohen, R., Bavishi, C., and Rozanski, A. (2016). Purpose in life and its relationship to all-cause mortality and cardiovascular events: A meta-analysis. Psychosomatic Med. 78, 122–133. doi: 10.1097/PSY.0000000000000274

	Cole, M. W., Repovš, G., and Anticevic, A. (2014). The frontoparietal control system: A central role in mental health. Neurosci. Rev. J. Bringing Neurobiol. Neurol. Psychiatry 20, 652–664. doi: 10.1177/1073858414525995

	Craig, A. D. (2009). How do you feel — now? The anterior insula and human awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

	de Vries, L. P., van de Weijer, M. P., and Bartels, M. (2023). A systematic review of the neural correlates of well-being reveals no consistent associations. Neurosci. Biobehav. Rev. 145:105036. doi: 10.1016/j.neubiorev.2023.105036

	Delgado, M. R., Miller, M. M., Inati, S., and Phelps, E. A. (2005). An fMRI study of reward-related probability learning. NeuroImage 24, 862–873. doi: 10.1016/j.neuroimage.2004.10.002

	Diener, E., Lucas, R. E., and Oishi, S. (2018). Advances and open questions in the science of subjective well-being. Collabra Psychol. 4:15. doi: 10.1525/collabra.115

	Dreier, M. (2013). “Quality assessment in meta-analysis,” in Methods of Clinical Epidemiology, eds S. A. R. Doi and G. M. Williams (Berlin: Springer), 213–228. doi: 10.1007/978-3-642-37131-8_13

	Egger, M., Smith, G. D., and Phillips, A. N. (1997). Meta-analysis: Principles and procedures. Br. Med. J. 315, 1533–1537. doi: 10.1136/bmj.315.7121.1533

	Eickhoff, S. B., Laird, A. R., Grefkes, C., Wang, L. E., Zilles, K., and Fox, P. T. (2009). Coordinate-based activation likelihood estimation meta-analysis of neuroimaging data: A random-effects approach based on empirical estimates of spatial uncertainty. Hum. Brain Mapp. 30, 2907–2926. doi: 10.1002/hbm.20718

	Eickhoff, S. B., Nichols, T. E., Laird, A. R., Hoffstaedter, F., Amunts, K., Fox, P. T., et al. (2016). Behavior, sensitivity, and power of activation likelihood estimation characterized by massive empirical simulation. NeuroImage 137, 70–85. doi: 10.1016/j.neuroimage.2016.04.072

	Enkvist, Å,Ekström, H., and Elmståhl, S. (2013). Associations between cognitive abilities and life satisfaction in the oldest-old: Results from the longitudinal population study Good Aging in Skåne. Clin. Intervent. Aging 8, 845–853. doi: 10.2147/CIA.S45382

	Etkin, A., Klemenhagen, K. C., Dudman, J. T., Rogan, M. T., Hen, R., Kandel, E. R., et al. (2004). Individual differences in trait anxiety predict the response of the basolateral amygdala to unconsciously processed fearful faces. Neuron 44, 1043–1055. doi: 10.1016/j.neuron.2004.12.006

	Feller, S. C., Castillo, E. G., Greenberg, J. M., Abascal, P., Van Horn, R., and Wells, K. B. (2018). Emotional well-being and public health: Proposal for a model national initiative. Public Health Rep. 133, 136–141. doi: 10.1177/0033354918754540

	Fonzo, G. A., Goodkind, M. S., Oathes, D. J., Zaiko, Y. V., Harvey, M., Peng, K. K., et al. (2017). Selective effects of psychotherapy on frontopolar cortical function in PTSD. Am. J. Psychiatry 174, 1175–1184. doi: 10.1176/appi.ajp.2017.16091073

	Gorgolewski, K. J., Varoquaux, G., Rivera, G., Schwarz, Y., Ghosh, S. S., Maumet, C., et al. (2015). NeuroVault.org: A web-based repository for collecting and sharing unthresholded statistical maps of the human brain. Front. Neuroinformatics 9:8. doi: 10.3389/fninf.2015.00008

	Haber, S. N., and Knutson, B. (2010). The reward circuit: Linking primate anatomy and human imaging. Neuropsychopharmacology 35, 4–26. doi: 10.1038/npp.2009.129

	Heller, A. S., Van Reekum, C. M., Schaefer, S. M., Lapate, R. C., Radler, B. T., Ryff, C. D., et al. (2013). Sustained striatal activity predicts eudaimonic well-being and cortisol output. Psychol. Sci. 24, 2191–2200. doi: 10.1177/0956797613490744

	Jahedi, S., and Méndez, F. (2014). On the advantages and disadvantages of subjective measures. J. Econ. Behav. Organ. 98, 97–114. doi: 10.1016/j.jebo.2013.12.016

	Junca, E., Pino, M., Santamaría-García, H., and Baez, S. (2023). Brain, cognitive, and physical disability correlates of decreased quality of life in patients with Huntington’s disease. Qual. Life Res. Int. J. Qual. Life Aspects Treatment Care Rehabil. 32, 171–182. doi: 10.1007/s11136-022-03220-0

	Jung, H. Y., Pae, C., An, I., Bang, M., Choi, T. K., Cho, S. J., et al. (2022). A multimodal study regarding neural correlates of the subjective well-being in healthy individuals. Sci. Rep. 12:13688. doi: 10.1038/s41598-022-18013-1

	Killgore, W. D. S., and Yurgelun-Todd, D. A. (2007). Positive affect modulates activity in the visual cortex to images of high calorie foods. Int. J. Neurosci. 117, 643–653. doi: 10.1080/00207450600773848

	King, M. L. (2019). The neural correlates of well-being: A systematic review of the human neuroimaging and neuropsychological literature. Cogn. Affect. Behav. Neurosci. 19, 779–796. doi: 10.3758/s13415-019-00720-4

	Koban, L., Gianaros, P. J., Kober, H., and Wager, T. D. (2021). The self in context: Brain systems linking mental and physical health. Nat. Rev. Neurosci. 22:5. doi: 10.1038/s41583-021-00446-8

	Koh, H. K., Blakey, C., and Ochiai, E. (2021). Flourishing after a pandemic: healthy people 2030. J. Public Health Manag. Pract. 27, S215–S217. doi: 10.1097/PHH.0000000000001415

	Kong, F., Hu, S., Wang, X., Song, Y., and Liu, J. (2015c). Neural correlates of the happy life: The amplitude of spontaneous low frequency fluctuations predicts subjective well-being. NeuroImage 107, 136–145. doi: 10.1016/j.neuroimage.2014.11.033

	Kong, F., Liu, L., Wang, X., Hu, S., Song, Y., and Liu, J. (2015b). Different neural pathways linking personality traits and eudaimonic well-being: A resting-state functional magnetic resonance imaging study. Cogn. Affect. Behav. Neurosci. 15, 299–309. doi: 10.3758/s13415-014-0328-1

	Kong, F., Ma, X., You, X., and Xiang, Y. (2018). The resilient brain: Psychological resilience mediates the effect of amplitude of low-frequency fluctuations in orbitofrontal cortex on subjective well-being in young healthy adults. Soc. Cogn. Affect. Neurosci. 13, 755–763. doi: 10.1093/scan/nsy045

	Kong, F., Wang, X., Hu, S., and Liu, J. (2015a). Neural correlates of psychological resilience and their relation to life satisfaction in a sample of healthy young adults. NeuroImage 123, 165–172. doi: 10.1016/j.neuroimage.2015.08.020

	Kong, F., Wang, X., Song, Y., and Liu, J. (2016). Brain regions involved in dispositional mindfulness during resting state and their relation with well-being. Soc. Neurosci. 11, 331–343. doi: 10.1080/17470919.2015.1092469

	Koo, T. K., and Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropractic Med. 15, 155–163. doi: 10.1016/j.jcm.2016.02.012

	Kringelbach, M. L., and Berridge, K. C. (2009). Towards a functional neuroanatomy of pleasure and happiness. Trends Cogn. Sci. 13, 479–487. doi: 10.1016/j.tics.2009.08.006

	Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (1998). International affective picture system (IAPS): Technical manual and affective ratings. Gainesville, FL: The Center for Research in Psychophysiology, University of Florida.

	Lewis, G. J., Kanai, R., Rees, G., and Bates, T. C. (2014). Neural correlates of the ‘good life’: Eudaimonic well-being is associated with insular cortex volume. Soc. Cogn. Affect. Neurosci. 9, 615–618. doi: 10.1093/scan/nst032

	Lewis, N. A., Turiano, N. A., Payne, B. R., and Hill, P. L. (2017). Purpose in life and cognitive functioning in adulthood. Neuropsychol. Dev. Cogn. Sec. B Aging Neuropsychol. Cogn. 24, 662–671. doi: 10.1080/13825585.2016.1251549

	Li, Y., Li, C., and Jiang, L. (2022). Well-being is associated with local to remote cortical connectivity. Front. Behav. Neurosci. 16:737121. doi: 10.3389/fnbeh.2022.737121

	Lin, F. V., Zuo, Y., Conwell, Y., and Wang, K. H. (2023). New horizons in emotional well-being and brain aging: Potential lessons from cross-species research. Int. J. Geriatr. Psychiatry 38:e5936. doi: 10.1002/gps.5936

	Lin, L., and Chu, H. (2018). Quantifying publication bias in meta-analysis. Biometrics 74, 785–794. doi: 10.1111/biom.12817

	Logothetis, N. K. (2008). What we can do and what we cannot do with fMRI. Nature 453, 869–878. doi: 10.1038/nature06976

	Lu, H., Song, Y., Wang, X., and Liu, J. (2023). The neural correlates of perceived social support and its relationship to psychological well-being. Front. Behav. Neurosci. 17:1295668. doi: 10.3389/fnbeh.2023.1295668

	Luo, J., Li, C. M., Richter, C. G., Turnbull, A., Richlan, F., Park, C. L., et al. (2025). Human neural correlates of emotional well-being (EWB): The systematic reviews and preliminary meta-analyses of MRI studies (Version 2). OSF Preprints doi: 10.31219/osf.io/j42n8

	M3EWB Network. (2023). EWB subjective measures repository. Storrs, CT: M3EWB Network.

	Martinez-Lincoln, A., Fotidzis, T. S., Cutting, L. E., Price, G. R., and Barquero, L. A. (2023). Examination of common and unique brain regions for atypical reading and math: A meta-analysis. Cereb. Cortex 33, 6959–6989. doi: 10.1093/cercor/bhad013

	Martin-Soelch, C., Guillod, M., Gaillard, C., Recabarren, R. E., Federspiel, A., Mueller-Pfeiffer, C., et al. (2021). Increased reward-related activation in the ventral striatum during stress exposure associated with positive affect in the daily life of young adults with a family history of depression. Preliminary findings. Front. Psychiatry 11:563475. doi: 10.3389/fpsyt.2020.563475

	Mathiak, K. A., Klasen, M., Zvyagintsev, M., Weber, R., and Mathiak, K. (2013). Neural networks underlying affective states in a multimodal virtual environment: Contributions to boredom. Front. Hum. Neurosci. 7:820. doi: 10.3389/fnhum.2013.00820

	Matsunaga, M., Kawamichi, H., Koike, T., Yoshihara, K., Yoshida, Y., Takahashi, H. K., et al. (2016). Structural and functional associations of the rostral anterior cingulate cortex with subjective happiness. NeuroImage 134, 132–141. doi: 10.1016/j.neuroimage.2016.04.020

	Memarian, N., Torre, J. B., Haltom, K. E., Stanton, A. L., and Lieberman, M. D. (2017). Neural activity during affect labeling predicts expressive writing effects on well-being: GLM and SVM approaches. Soc. Cogn. Affect. Neurosci. 12, 1437–1447. doi: 10.1093/scan/nsx084

	Menon, V., and Uddin, L. Q. (2010). Saliency, switching, attention and control: A network model of insula function. Brain Struct. Funct. 214, 655–667. doi: 10.1007/s00429-010-0262-0

	Morelli, S. A., Knutson, B., and Zaki, J. (2018). Neural sensitivity to personal and vicarious reward differentially relate to prosociality and well-being. Soc. Cogn. Affect. Neurosci. 13, 831–839. doi: 10.1093/scan/nsy056

	Müller, V. I., Cieslik, E. C., Laird, A. R., Fox, P. T., Radua, J., Mataix-Cols, D., et al. (2018). Ten simple rules for neuroimaging meta-analysis. Neurosci. Biobehav. Rev. 84, 151–161. doi: 10.1016/j.neubiorev.2017.11.012

	Murray, L., Israel, E. S., Balkind, E. G., Pastro, B., Lovell-Smith, N., Lukas, S. E., et al. (2023). Multi-modal assessment of reward functioning in adolescent anhedonia. Psychol. Med. 53, 4424–4433. doi: 10.1017/S0033291722001222

	Office of Disease Prevention and Health Promotion [ODPHP]. (2021). Healthy People 2030. Washington, DC: U.S. Department of Health and Human Services.

	Office of National Center for Complementary and Integrative Health [NCCIH]. (2023). NCCIH Strategic Plan FY 2021–2025: Mapping the Pathway to Research on Whole Person Health. Bethesda, MA: National Center for Complementary and Integrative Health.

	Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., et al. (2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 372:n71. doi: 10.1136/bmj.n71

	Park, C. L., Kubzansky, L. D., Chafouleas, S. M., Davidson, R. J., Keltner, D., Parsafar, P., et al. (2023). A perfect storm to set the stage for ontological exploration: Response to commentaries on “Emotional well-being: What it is and why it matters. Affect. Sci. 4, 52–58. doi: 10.1007/s42761-022-00169-8

	Park, S. Q., Kahnt, T., Dogan, A., Strang, S., Fehr, E., and Tobler, P. N. (2017). A neural link between generosity and happiness. Nat. Commun. 8:15964. doi: 10.1038/ncomms15964

	Paulus, M. P., and Stein, M. B. (2006). An insular view of anxiety. Biol. Psychiatry 60, 383–387. doi: 10.1016/j.biopsych.2006.03.042

	Platt, J. R. (1964). Strong inference: Certain systematic methods of scientific thinking may produce much more rapid progress than others. Science 146, 347–353. doi: 10.1126/science.146.3642.347

	Poldrack, R. A., Fletcher, P. C., Henson, R. N., Worsley, K. J., Brett, M., and Nichols, T. E. (2008). Guidelines for reporting an fMRI study. Neuroimage 40, 409–414. doi: 10.1016/j.neuroimage.2007.11.048

	Rehbein, E., Kogler, L., Kotikalapudi, R., Sattler, A., Krylova, M., Kagan, K. O., et al. (2021). Pregnancy and brain architecture: Associations with hormones, cognition and affect. J. Neuroendocrinol. 33:e13066. doi: 10.1111/jne.13066

	Richter, C. G., Li, C. M., Turnbull, A., Haft, S. L., Schneider, D., Luo, J., et al. (2024). Brain imaging studies of emotional well-being: A scoping review. Front. Psychol. 14:1328523. doi: 10.3389/fpsyg.2023.1328523

	Sanchez, T. A., Mocaiber, I., Erthal, F. S., Joffily, M., Volchan, E., Pereira, M. G., et al. (2015). Amygdala responses to unpleasant pictures are influenced by task demands and positive affect trait. Front. Hum. Neurosci. 9:107. doi: 10.3389/fnhum.2015.00107

	Santos, S., Almeida, I., Oliveiros, B., and Castelo-Branco, M. (2016). The role of the amygdala in facial trustworthiness processing: A systematic review and meta-analyses of fMRI studies. PLoS One 11:e0167276. doi: 10.1371/journal.pone.0167276

	Sato, W., Kochiyama, T., Uono, S., Kubota, Y., Sawada, R., Yoshimura, S., et al. (2015). The structural neural substrate of subjective happiness. Sci. Rep. 5:16891. doi: 10.1038/srep16891

	Sato, W., Kochiyama, T., Uono, S., Sawada, R., Kubota, Y., Yoshimura, S., et al. (2019). Resting-state neural activity and connectivity associated with subjective happiness. Sci. Rep. 9:12098. doi: 10.1038/s41598-019-48510-9

	Schultz, W. (2016). Dopamine reward prediction error coding. Dialogues Clin. Neurosci. 18, 23–32. doi: 10.31887/DCNS.2016.18.1/wschultz

	Shi, Z., Ma, Y., Wu, B., Wu, X., Wang, Y., and Han, S. (2016). Neural correlates of reflection on actual versus ideal self-discrepancy. NeuroImage 124, 573–580. doi: 10.1016/j.neuroimage.2015.08.077

	Šimić, G., Tkalčić, M., Vukić, V., Mulc, D., Španić, E., Šagud, M., et al. (2021). Understanding emotions: Origins and roles of the amygdala. Biomolecules 11:823. doi: 10.3390/biom11060823

	Smith, S. M., Beckmann, C. F., Andersson, J., Auerbach, E. J., Bijsterbosch, J., Douaud, G., et al. (2013). Resting-state fMRI in the human connectome project. NeuroImage 80, 144–168. doi: 10.1016/j.neuroimage.2013.05.039

	Song, L., Meng, J., Liu, Q., Huo, T., Zhu, X., Li, Y., et al. (2019). Polygenic score of subjective well-being is associated with the brain morphology in superior temporal gyrus and insula. Neuroscience 414, 210–218. doi: 10.1016/j.neuroscience.2019.05.055

	Stevens, M. C. (2016). The contributions of resting state and task-based functional connectivity studies to our understanding of adolescent brain network maturation. Neurosci. Biobehav. Rev. 70, 13–32. doi: 10.1016/j.neubiorev.2016.07.027

	Sutin, D. A. R., Luchetti, M., Aschwanden, D., Stephan, Y., Sesker, A. A., and Terracciano, A. (2023). Sense of meaning and purpose in life and risk of incident dementia: New data and meta analysis. Arch. Gerontol. Geriatr. 105:104847. doi: 10.1016/j.archger.2022.104847

	Van Aert, R. C. M., Wicherts, J. M., and Van Assen, M. A. L. M. (2019). Publication bias examined in meta-analyses from psychology and medicine: A meta-meta-analysis. PLoS One 14:e0215052. doi: 10.1371/journal.pone.0215052

	Van Reekum, C. M., Urry, H. L., Johnstone, T., Thurow, M. E., Frye, C. J., Jackson, C. A., et al. (2007). Individual differences in amygdala and ventromedial prefrontal cortex activity are associated with evaluation speed and psychological well-being. J. Cogn. Neurosci. 19, 237–248. doi: 10.1162/jocn.2007.19.2.237

	VanderWeele, T. J., Trudel-Fitzgerald, C., Allin, P., Farrelly, C., Fletcher, G., Frederick, D. E., et al. (2020). Current recommendations on the selection of measures for well-being. Prevent. Med. 133:106004. doi: 10.1016/j.ypmed.2020.106004

	Veritas Health Innovation. (2025). Covidence systematic review software. Melbourne: Veritas Health Innovation.

	Weber, M. J., and Thompson-Schill, S. L. (2010). Functional neuroimaging can support causal claims about brain function. J. Cogn. Neurosci. 22:21461. doi: 10.1162/jocn.2010.21461

	Yager, J. A., and Ehmann, T. S. (2006). Untangling social function and social cognition: A review of concepts and measurement. Psychiatry 69, 47–68. doi: 10.1521/psyc.2006.69.1.47

	Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., and Wager, T. D. (2011). Large-scale automated synthesis of human functional neuroimaging data. Nat. Methods 8, 665–670. doi: 10.1038/nmeth.1635

	Zang, Y., Jiang, T., Lu, Y., He, Y., and Tian, L. (2004). Regional homogeneity approach to fMRI data analysis. NeuroImage 22, 394–400. doi: 10.1016/j.neuroimage.2003.12.030

	Zhang, W., Li, H., and Pan, X. (2015). Positive and negative affective processing exhibit dissociable functional hubs during the viewing of affective pictures. Hum. Brain Mapp. 36, 415–426. doi: 10.1002/hbm.22636

	Zou, Q.-H., Zhu, C.-Z., Yang, Y., Zuo, X.-N., Long, X.-Y., Cao, Q.-J., et al. (2008). An improved approach to detection of amplitude of low-frequency fluctuation (ALFF) for resting-state fMRI: Fractional ALFF. J. Neurosci. Methods 172, 137–141. doi: 10.1016/j.jneumeth.2008.04.012




Copyright
 © 2025 Luo, Lay, Richter, Turnbull, Richlan, Park and Hoeft. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Human neural correlates of emotional well-being (EWB): a preliminary systematic review and meta-analysis of MRI studies based on a recent consensus definition



		1 Introduction



		2 Methods



		2.1 Literature searching, screening, coding, and quality assessment



		2.2 Systematic review procedure



		2.3 Preliminary meta-analysis procedure



		2.3.1 Activation likelihood estimation (ALE)



		2.3.2 Jackknife analyses and publication bias



		2.3.3 Comparative analysis of task-dependent and task-independent modalities



		2.3.4 Neurosynth cognitive decoder











		3 Results



		3.1 Task-based fMRI studies results from task-dependent modality



		3.2 Resting-state fMRI studies results from task-independent modality



		3.3 Structural MRI studies results from task-independent modality



		3.4 Shared and distinctive features between task-dependent and task-independent modalities of EWB



		3.5 Neurosynth decoder- terms associated with the patterns of meta maps of EWB







		4 Discussion



		4.1 Task-dependent modality: the processes related to incentive and rewards regulation in EWB



		4.2 Task-independent modality: the processes related to social cognition and interoceptive awareness in EWB



		4.3 Shared and distinctive neural patterns suggest the complexity of EWB



		4.4 Limitations



		4.5 Implications







		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/cover.jpg
’ frontiers ‘ Frontiers in Human Neuroscience

Human neural correlates
of emotional well-being (EWB):
a preliminary systematic review
and meta-analysis of MR
studies based on a recent
consensus definition












OPS/images/logo.jpg
’ frontiers | Frontiers in Human Neuroscience







OPS/images/fnhum-19-1669164-g009.jpg
sound’ sreans ' udthry stimuli

isual auditory

temporal sulScE)sea 1ng e dcgglr’.éendt lnc-otngloue!:y
m u S l Ct 'speech perception

consecutive

mUSlClanS - a C Ou S t 1 Ctemporal inferior

S audltory cortex .vacal
]%tre'] rated llstened sounds Seqpnces

temporal

linguistic
compensati

minodal  [IUS l Ca l production

temporal gyrus speech product 1on

audloV1sual ® speech voice
n ] S modality
O e spoken





OPS/images/fnhum-19-1669164-g002.jpg
Left Palladium
@ Right Insula

= Right Orbital Inferior Frontal Gyrus

Number of studies:

oOOO

1 2 3 4+






OPS/images/cross.jpg
©

|





OPS/images/fnhum-19-1669164-g001.jpg
Records identified from:

PubMed (n = 2,422)
Psycinfo (n = 2,511)
Web of Science (n = 2,652)
ERIC (EBSCQO) (n = 64)
Embase (n = 3,368)

Total: (N =11,017)

Records removed before screening:
Duplicate records removed (n =
6,217)

|

Records screened
(N = 4,800)

|

Reports sought for retrieval
(N=1,138)

Records excluded (n = 3,662)

Reports assessed for eligibility
(N =1,138)

Studies included in the
meta-analytic review (N = 28)

Task-based fMRI study; n=14
Resting-state fMRI study: n=7
Structural MRI study.n=7

Reports excluded: (N = 1110)

Mo EWE questionnaire from the EWB
subjective measurements repository.
Not a peer reviewed journal article.
Mot in English.

Animal research

Full text not available.

|s a review.

No brain imaging measure.

Study protocol,

Case report.

No fMRI studies.

Correlation coefficients between brain
metrics of interest and EWB measures
were not reported.

Mot a whole brain analysis or a small
volume correction (SVC) analysis.
Used the sead-based analysis.






OPS/images/fnhum-19-1669164-g004.jpg
® |eft Middle Temporal Gyrus
Right Superior Temporal Gyrus
Right Middle Cingulum Gyrus

Number of studies:





OPS/images/fnhum-19-1669164-g003.jpg





OPS/images/fnhum-19-1669164-g006.jpg
Right Insula

@ Right Precuneus

Left Inferior Frontal Gyrus

Number of studies:






OPS/images/fnhum-19-1669164-g005.jpg





OPS/images/fnhum-19-1669164-g008.jpg
- motxvatlonal_t substantlad caudate nucleus]psses
ipcentive delayic
- _dopamine delay %  cierewards ‘s .
33 7 & o~ 5 o
D U 2 J“" — - mg
Q - & » D.O @) E
O = o f,‘, punishment s ‘8
basal ganglia e monetary rewar T learning ta C v ;g
© 31)°
00: q)

galn%ncen 1V e

Ve s rewar ant1c1pat10n

accumbens behavior

rnlng

ptst rewarding

mes Ollmb 1C dopaminergic
nticipation
monetar

ventra; striatum y 1ncentive

lction error nucleus accumbens gains yentra






OPS/images/fnhum-19-1669164-g007.jpg
Task-
L_Amygdala Dependent (Task-

Task-Independent Task-independent
(Resting-State) (Structural)

Count

L_Cerebelum

I

L_Middle Temporal Gyrus (B)
L_Orbital Frontal Gyrus
L_Pallidum

L_Precuneus

O k= N W U,

L_Superior Frontal Gyrus l
L_Superior Temporal Pole

R_Caudate ' 20 distinct 17 distinct 5 shared regions:

‘ regions T regions L_Superior Frontal Gyrus
R_Cerebelum L_Superior Temporal Pole
Task-Dependent z S bgikEpres
- P Task Independent R_Superior Frontal Gyrus
R_Inferior Frontal Gyrus (Resting-State) R Precuneus

—
R_Precunesus
R_Insula - - :
—

Brain Region

R_Hippocampus

R_Lingual Gyrus
Task-Independent

R_Medial Superior Frontal Gyrus (Structural)

R_Middle Cingulum Gyrus
R_Orbital Inferior Frontal Gyrus s sl ngives

: 7 distinct regions 2 shared regions:
R_Precuneus - % sl ; L Precﬁi:eus
L_Inferior Frontal Gyrus -

R_Superior Frontal Gyrus R_ Inferior Frontal Gyrus R_Precuneus
R_Superior Temporal Gyrus R_Precuneus
(A)

Note. Brain regions with only a single appearance across modalities are not listed above.

(C)





OPS/images/fnhum-19-1669164-g010.jpg
Frontoparietal area

.u

MDTmHH"
Y L{~BEING

Cognitive control

wsk- dependent and Task-independent modality

a . Incentives/
MDDAERREIEN: Rewards
system

regulation

Lalet

-

MOT QHP‘L
Yeu Beime

\ Task-dependent modality /

Mﬁ"i‘ .
Social Perception
‘lfnampurwl-pa-rietinl K
junction (TPJ), Insula J
A = o, l -
' } Interoceptive
E.Mo TionBb awareness
UL-BEInG

K Task-independent modality j






