
RESEARCH ARTICLE

Mental, physical, and social well-being and

quality of life in healthy young adult twin pairs

discordant and concordant for body mass

index

Sakris K. E. KupilaID
1*, Bram J. BerntzenID

1,2, Maheswary Muniandy1, Aila J. Ahola1,3,4,

Jaakko Kaprio2, Aila Rissanen1, Kirsi H. Pietiläinen1,5
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Abstract

Objective

The relationship between obesity and mental health is complex and is moderated by the

level of obesity, age, sex, and social and genetic factors. In the current study, we used a

unique co-twin control design, with twin pairs discordant for body mass index (BMI), to con-

trol for shared genetic and environmental effects between obesity and several dimensions

of mental health.

Methods

We studied 74 monozygotic (MZ) twin pairs, of whom 36 were BMI-discordant (intra-pair dif-

ference in BMI� 3 kg/m2), and 77 dizygotic (DZ) twin pairs (46 BMI-discordant). We

assessed subjective health, especially mental health and mental well-being (depression,

anxiety, self-esteem, health-related quality of life, life satisfaction, and social well-being)

through questionnaires.

Results

Heavier MZ co-twins from BMI-discordant pairs had poorer general health (58.8±3.0 vs.

72.4±3.8, P = 0.001, FDR = 0.017 on a scale from 0 to 100 where higher scores indicate

more positive results), physical functioning (90.3±1.1 vs. 95.5±2.2, P = 0.024, FDR =

0.122), energy levels (55.6±3.4 vs. 66.6±3.3, P = 0.013, FDR = 0.109), and emotional well-

being (65.9±3.2 vs. 75.4±2.9, P = 0.031, FDR = 0.122), as well as a tendency for depressive

symptoms (8.4±1.3 vs. 5.6±0.9, P = 0.071, FDR = 0.166) compared to their leaner co-twins.

Heavier DZ co-twins had poorer total physical well-being (91.6±1.9 vs. 95.6±1.0, P = 0.035,

FDR = 0.356) and more depressive symptoms (4.3±0.9 vs. 2.4±0.5, P = 0.016, FDR = 0.345
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on a scale from 0 to 63 where lower scores indicate fewer depressive symptoms) than their

leaner co-twins. Association analyses, using all twin pairs, confirmed that higher BMI within

pairs linked to general health, physical functioning and depressive symptoms. No associa-

tion was found between BMI and anxiety, self-esteem, life satisfaction, or social well-being.

Conclusions

In conclusion, this study underscores the notable association between elevated BMI and

physical well-being and to a lesser extent between elevated BMI and depressive symptoms,

while revealing no discernible connections with anxiety, self-esteem, life satisfaction, or

social well-being.

Introduction

Obesity is recognised as both a precipitant and a consequence of mental health problems [1–

3]. On one hand, obesity is associated with stigma and prejudice, which may impair the mental

health of persons with obesity [4, 5]. On the other hand, psychological problems may interfere

with efforts towards weight control, resulting in the consumption of energy-dense foods and

decreased physical activity and subsequently weight gain [6].

Mental health includes several different domains in our emotional, psychological, and

social well-being. The most frequently studied domain in the field of obesity is depression.

There is good evidence for prospective obesity-to-depression associations, while evidence for

depression-to-obesity associations is less consistent [7]. However, not all studies have unequiv-

ocally found a positive relationship between obesity and future depression [8]. Fewer data are

available on mood disorders other than depression, and most of these studies are cross-sec-

tional. Some previous studies have found positive associations between anxiety and obesity [9–

11], while others have not [12].

The life satisfaction, mental health -related quality of life, and self-esteem of adults with

obesity compared to normal-weight adults remain less clear. Using the RAND 36-Item Health

Survey, it has become evident that physical health -related quality of life is lower in individuals

with obesity [13–15], but the findings on mental health -related quality of life are much less

consistent [14–16]. As for self-esteem, its associations with Body Mass Index (BMI) in adults

are unclear [17, 18].

Given that obesity and mental health are suggested to have shared genetic aetiology [3, 19–

24], it would be beneficial to estimate how obesity is associated with psychological well-being

without confounding genetic factors. Due to the significant heterogeneity of mental health

measurements in previously published studies, it is difficult to obtain a global picture of how

obesity and mental health are related. Additionally, because many studies include participants

with severe obesity and significant life-impairing co-morbidities, less is known about the

effects of less severe obesity in the absence of major comorbidities on mental health.

In this study, we take advantage of a rare set of well-characterised BMI-discordant and

-concordant, healthy, young adult twin pairs to examine the associations between mental

health and BMI. Monozygotic (MZ) twin pairs discordant for BMI are, despite their differing

phenotype, completely matched for genetic variation, age, and sex. Additionally, same-sex

dizygotic (DZ) twin pairs who are discordant for BMI share around 50% of their segregating

genes but, similarly to the MZ twin pairs, have the same family environment, sex and age. This

allows for research of BMI matching for genetic factors fully (in MZ pairs) or partially (in DZ
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pairs), as well as full adjustment for familial influences that confound studies comparing

groups of unrelated leaner and heavier individuals. The aim of this study is to investigate the

associations between an extensive profile of mental health factors (symptoms of depression

and anxiety, self-esteem, health-related quality of life, life satisfaction, and social well-being)

and BMI.

Methods

Participants

This cross-sectional study included 36 healthy MZ twin pairs discordant for BMI (within-pair

difference ΔBMI� 3 kg/m2; n = 28 men, n = 44 women, mean age 28.9±Standard Error (SE)

0.7 years) and 46 BMI-discordant DZ twin pairs (n = 50 men, n = 42 women, mean age 27.4

±0.3 years). In addition, 38 MZ twin pairs concordant for BMI (ΔBMI < 3 kg/m2; n = 44 men,

n = 32 women, mean age 29.4±0.6 years) and 31 BMI-concordant DZ twin pairs (n = 34 men,

n = 28 women, mean age 28.3±0.4 years) were included as reference groups. All twin pairs

were same-sex pairs. The BMI discordance cut-off point was determined in earlier studies [25,

26]. The pairs were identified from 2 population-based longitudinal studies of 10 complete

Finnish birth cohorts, FinnTwin16 (years 1975–1979, n = 2578 pairs) and FinnTwin12 (years

1983–1987, n = 2839 pairs), with data retrieved between 2003 and 2013 [27]. All participants

provided written informed consent. The Ethics Committee of the Helsinki University Central

Hospital approved the study.

Clinical assessments

Weight and height were measured to calculate BMI (weight in kilograms divided by height in

meters squared (kg/m2)).

The twins were invited to an independent medical evaluation conducted by a physician.

The evaluation included a medical history, physical examination, and laboratory assessments.

This aimed to confirm the absence of concomitant diseases and disorders affecting weight or

mood (i.e., anaemia, hypo- or hyperthyroidism) and regular medication (except contracep-

tives). Notably, twins with diagnosed psychiatric disorders, including eating disorders, were

excluded.

Mental health assessments

Depressive symptoms were assessed by the Beck Depression Inventory (BDI) [28]. A BDI

score, with a range between 0 (no symptoms of depression) and 63 (severe symptoms of

depression), was calculated for each participant using the principles described by Beck et al.

[28]. The items on appetite and weight changes were amended to include both an increased

appetite and increased weight instead of only decreased appetite and weight. Moreover, to sep-

arate intentional weight loss from weight loss as a symptom of depression, an additional item

was added to the original 21 items of the BDI to assess any current attempt to lose weight (‘I

try/don’t try to lose weight’). Accordingly, reported weight loss in a person with intentions to

lose weight resulted in a score of 0, as opposed to an unintentional weight loss that was scored

in the usual manner of the BDI [28]. The Cronbach’s alpha is 0.69.

Anxiety was assessed by the State–Trait Anxiety Inventory with separate indices for state

and trait anxiety [29]. State anxiety refers to anxiety experienced when some threat is present,

such as that induced by answering the inventory, whilst trait anxiety refers to general levels of

feelings of anxiety in everyday life. Both a state and trait anxiety score, with a range between 20

(no anxiety) and 80 (high anxiety), were calculated for each participant as described by Julian
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et al. [29]. The Cronbach’s alpha is 0.89 for state and 0.94 for trait anxiety. Self-esteem was

assessed by the Rosenberg Self-Esteem Scale with a summary scale from 0 to 30, where 30 is

the best possible self-esteem, scored as in [30]. The Cronbach’s alpha is 0.95.

Health-related quality of life was assessed by the RAND 36-Item Health Survey 1.0 ques-

tionnaire and its eight internal health concepts (physical functioning, role limitations due to

physical health problems, role limitations due to emotional problems, energy, emotional well-

being, social functioning, pain, and general health) [31]. Items from the physical and mental

concept areas were combined to create physical and mental summary scales. The summary

scale for physical health-related quality of life included physical functioning, role limitations

due to physical health problems, and pain, whereas the summary scale for mental health–

related quality of life included emotional well-being and role limitations due to emotional

problems. The rest of the components (energy, social functioning, and general health) covered

both physical and mental dimensions and were thus not included in these summary scales.

Each concept area and summary scale was scored as in [32]. The Cronbach’s alpha is 0.91.

Life satisfaction was assessed with Allardt’s four-item scale [33, 34] with items on overall

feelings towards life (whether life is interesting, happy, and easy) and loneliness. These items

were scored as described in [35] to form a scale from 4−20 (life satisfaction score 4−6 = satisfied,

7−11 = somewhat satisfied, 12−20 = dissatisfied). The Cronbach’s alpha is 0.77. Social well-

being was assessed with another four items considering relationships with the co-twin, father,

mother, and partner. These items were scored as described in [36] to form a satisfaction sum

scale from 0 to 8 (ranging from 0 = not at all satisfied to 8 = fully satisfied). The Cronbach’s

alpha is 0.83.

Statistical analyses

Statistical analyses were performed with Stata 13.1 (Stata Corporation, College Station, TX,

USA) and the R statistical computing environment (R Foundation for Statistical Computing)

[37]. The number of twin pairs with answers from both twins to each scale in the questionnaire

is shown in S1 Table. We applied non-parametric statistical tests due to the small sample and

non-normally distributed variables in some of the measures. Comparisons between leaner and

heavier co-twins (based on BMI) in both BMI-discordant and -concordant groups were per-

formed using Wilcoxon signed-rank tests. We set the level of statistical significance to P<0.05

and provide exact p-values. Furthermore, because multiple testing increases the risk of type 1

errors, we calculated false discovery rate (FDR) adjusted p-values as described in [38].

We used the common language effect size, as described by McGraw in [39], to calculate the

size of the within-pair differences. In this study, it indicates the probability that any given

heavier co-twin of the particular pair in question scores higher on a mental health variable

than the leaner co-twin. For example, in BMI-discordant MZ twin pairs, a common language

effect size of 0.75 for depressive symptoms means a 75% chance that the heavier co-twin has

greater depressive symptoms in any randomly chosen BMI-discordant MZ twin pair. Note

that an effect size of 0.50 indicates that the leaner and heavier co-twins are equally likely to

score higher on this particular mental health trait.

Association analyses

Taking advantage of the twin design, we also examined the relationship between the heavier or

leaner status of the co-twins with the outcome measures (only BMI-discordant pairs in both

zygosities). We then investigated the relationship of the co-twins’ BMI difference as a continu-

ous measure with the differences in outcome measures (all twin pairs in both zygosities). Both
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the above models utilized a linear mixed-model (R package lmer [40]) with clustering for fam-

ily. Benjamini-Hochberg FDR corrected P<0.05 was considered significant.

Next, we tested to see whether the zygosity of the twin pairs influenced our results from the

analysis outlined above. We used a linear mixed-model to test whether the within-twin rela-

tionship between BMI and the outcome measures differed between MZ and DZ twins. Benja-

mini-Hochberg FDR corrected P<0.05 was considered significant. In all association analyses,

we used both the outcome measures as is and also scaled them to obtain z-values (standardized

β) so that the results allowed us to directly compare the strength of relationships across all

measures.

Results

Participant characteristics

The weight and height characteristics of the twins are summarised in Table 1. The heavier co-

twins of the BMI-discordant MZ pairs weighed on average 17.9 kg (SE 1.3) more and had 5.9

kg/m2 (SE 0.4) higher BMI than their leaner twin-pair members. Similar intra-pair differences

(Δ) in weight (22.6 kg, SE 1.8) and BMI (7.2 kg/m2, SE 0.5) were observed in the BMI-discor-

dant DZ pairs.

Depression, anxiety, and self-esteem

We first assessed whether there were any differences in depressive symptoms (BDI) within the

BMI-discordant twin pairs. We observed that the heavier co-twins of the BMI-discordant DZ

twin pairs scored higher (4.3, SE 0.9) on the BDI questionnaire, indicating more depressive

symptoms, than the leaner co-twins (2.4, SE 0.5; nominal P = 0.016, FDR = 0.345), and a simi-

lar tendency was observed within the BMI-discordant MZ twin pairs (P = 0.071, FDR = 0.166)

(Fig 1 and Table 2). The common language effect size demonstrates that the probability of the

heavier co-twins scoring higher on this questionnaire is 67% in MZ and 70% in DZ twin pairs.

The BDI scores of the BMI-concordant co-twins were comparable (S2 Table).

Quality of life, life satisfaction, and social well-being

When examining both physical and mental dimensions of health-related quality of life (RAND

36-Item Health Survey 1.0), we observed the following differences between the twin pairs:

Heavier co-twins of BMI-discordant MZ twin pairs had worse physical functioning (P = 0.024,

FDR = 0.122), felt less energetic (P = 0.013, FDR = 0.109), and reported lower emotional well-

being (P = 0.031, FDR = 0.122) and general health (P = 0.001, FDR = 0.017) than their leaner

co-twins (Fig 2). In BMI-discordant DZ (Table 2) and BMI-concordant MZ twin pairs (S2

Table), the overall physical well-being of the heavier group was worse than that of the

Table 1. Basic characteristics of the leaner and heavier twin-pairs.

MZ discordant (n = 72) DZ discordant (n = 92) MZ concordant (n = 76) DZ concordant (n = 62)

Leaner Heavier Leaner Heavier Leaner Heavier Leaner Heavier

Age (y) 28.9 (0.8) 27.4 (0.3) 29.4 (0.6) 28.3 (0.4)

Height (cm) 172.0 (1.8) 172.4 (1.7) 173.3 (1.2) 174.8 (1.3) 173.0 (1.5) 173.2 (1.5) 173.4 (1.7) 171.8 (1.5)

Weight (kg) 76.2 (2.9) 94.1 (3.2) 65.0 (1.4) 87.6 (1.9) 73.4 (2.1) 77.2 (2.1) 71.0 (2.6) 74.6 (2.7)

BMI (kg/m2) 25.5 (0.8) 31.4 (0.9) 21.5 (0.4) 28.7 (0.6) 24.4 (0.5) 25.6 (0.5) 23.5 (0.6) 25.2 (0.7)

Data are presented as mean (standard error). MZ = monozygotic, DZ = dizygotic, BMI = body mass index, n = number of pairs.

The height differences between heavier and leaner twins were not significant in any type of pair, while weight and BMI differences were highly significant (all P<0.002).

https://doi.org/10.1371/journal.pone.0294162.t001
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corresponding leaner group. We observed no statistically significant differences within BMI-

concordant DZ twin pairs. No groups had statistically significant co-twin differences in role

limitations, social functioning, pain, or total mental well-being.

Lastly, we analysed life satisfaction and social well-being. Both BMI-discordant and -con-

cordant MZ and DZ co-twins were comparably satisfied with their lives and family relation-

ships (Table 2).

Association analyses

We examined the relationship between the heavier or leaner status of the co-twins (BMI-dis-

cordant pairs, both zygosities) or within-pair difference in BMI as a continuous measure (all

twin pairs) with the outcome measures (S3 Table). We found that the heavier co-twins had sig-

nificantly lower scores for both physical function and general health. Using within-pair differ-

ence in BMI, rather than the heavy/lean status, we confirmed that physical function followed

by general health had the strongest significant relationships with higher BMI within the co-

twins. While both these measures were associated negatively with higher BMI, we also found a

positive but weaker relationship between BDI score and higher BMI in the co-twins. Because

co-twins are perfectly matched for age and sex, our results are free from these confounders.

Additionally, we did not find any significant differences between MZ and DZ pairs when ana-

lysing the relationship of BMI to outcome measures.

Discussion

In the current study, we analysed a wide range of psychological and quality of life question-

naire responses to obtain a global picture of how obesity is associated with mental well-being

and mental health. We took advantage of a unique twin design, namely BMI-discordant MZ

and DZ twin pairs, which allows for examining the relationships between excess body weight

and mental health in leaner and heavier groups sharing the same (family) environment and

Fig 1. Mean Beck Depression Inventory (BDI) score in twin pairs discordant for Body Mass Index (BMI). The

higher the BDI score, the more depressive symptoms.

https://doi.org/10.1371/journal.pone.0294162.g001
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matching either fully (MZ) or partially (DZ) for genetic factors. Twin pairs are also, by defini-

tion, matched for age, and in our study including only same-sex pairs are also matched for sex.

Our results show that heavier MZ co-twins from BMI-discordant pairs had poorer general

health, physical functioning, energy levels, and emotional well-being, as well as a tendency for

more depressive symptoms compared to their leaner co-twins. Association analyses, using all

twin pairs, confirmed that higher BMI within pairs linked to general health, physical function-

ing, and depressive symptoms. However, we observed no significant associations between BMI

and anxiety, self-esteem, life satisfaction, or social well-being.

We observed small differences in physical functioning between co-twins, consistently in the

direction that might indicate a preliminary physical deterioration in an early stage of mild

forms of overweight and obesity. This supports the findings of several previous studies which

have reported that obesity is related to lower physical health–related quality of life [13–15].

Table 2. Mental well-being in leaner and heavier co-twins of monozygotic (MZ) and dizygotic (DZ) BMI-discordant pairs.

MZ BMI-discordant

(n = 72)

DZ BMI-discordant

(n = 92)

Leaner Heavier P FDR %H>L Leaner Heavier P FDR %H>L

Beck Depression Inventory1

Total score 5.6 (0.9) 8.4 (1.3) 0.071 0.166 67 2.4 (0.5) 4.3 (0.9) 0.016 0.345 70

State-Trait Anxiety Inventory2

State anxiety score 34.9 (1.4) 35.9 (1.6) 0.590 0.725 55 32.1 (1.0) 31.8 (1.0) 0.590 1.000 45

Trait anxiety score 34.9 (1.4) 37.0 (1.4) 0.130 0.234 64 33.4 (1.0) 33.3 (1.2) 0.960 1.000 50

Rosenberg Self-Esteem Scale3

Total score 23.1 (1.0) 22.0 (1.0) 0.590 0.725 45 25.1 (0.8) 24.7 (0.9) 0.900 1.000 51

RAND 36-Item Health Survey 1.04

Physical functioning 95.5 (1.1) 90.3 (2.2) 0.024 0.122 27 99.0 (0.5) 96.0 (1.6) 0.130 0.835 38

Role limitations due to physical health 83.6 (5.6) 83.6 (6.0) 0.820 0.866 48 96.5 (2.0) 95.1 (2.4) 0.650 1.000 47

Role limitations due to emotional problems 78.2 (6.9) 75.9 (7.0) 0.900 0.866 49 96.3 (2.2) 90.7 (4.3) 0.440 1.000 45

Energy level 66.6 (3.3) 55.6 (3.4) 0.013 0.109 24 64.2 (2.7) 70.0 (3.0) 0.170 0.909 63

Emotional well-being 75.4 (2.9) 65.9 (3.2) 0.031 0.122 27 80.2 (2.0) 78.9 (2.3) 0.750 1.000 47

Social functioning 84.5 (4.0) 84.5 (3.8) 0.950 0.866 49 92.7 (2.0) 94.4 (2.7) 0.270 1.000 59

Pain 79.5 (3.8) 78.1 (4.1) 0.610 0.725 45 91.2 (1.5) 83.6 (3.4) 0.096 0.812 34

General health 72.4 (3.3) 58.8 (3.0) 0.001 0.017 17 78.9 (2.4) 75.3 (2.8) 0.260 1.000 39

Total physical well-being score 86.2 (2.8) 84.0 (3.4) 0.270 0.409 38 95.6 (1.0) 91.6 (1.9) 0.035 0.356 30

Total mental well-being score 76.8 (4.4) 70.9 (4.7) 0.210 0.356 37 88.7 (1.7) 84.7 (2.9) 0.390 1.000 42

Life satisfaction5

Life satisfaction score 8.2 (0.5) 9.3 (0.5) 0.059 0.165 67 7.6 (0.3) 7.2 (0.3) 0.300 1.000 40

Relationship satisfaction6

Relationship satisfaction score 3.9 (0.4) 3.7 (0.4) 0.290 0.409 40 3.7 (0.4) 3.9 (0.4) 0.920 1.000 49

Data are presented as mean (standard error). BMI = Body Mass Index. FDR = false discovery rate adjusted P-values. %H>L = probability on a scale of 0–100% that the

heavier (H) co-twins score higher on a trait than the leaner (L) co-twins.
1 On a scale from 0 to 63, higher scores indicate more severe depressive symptoms.
2 On a scale from 20 to 80, higher scores indicate a higher degree of anxiety.
3 On a scale from 0 to 30, higher scores indicate higher self-esteem.
4 On a scale from 0 to 100, higher scores indicate higher quality of life.
5 On a scale from 4 to 20, higher scores indicate a higher level of dissatisfaction with life (score 4–6 = satisfied, 7–11 = intermediately satisfied, 12–20 = dissatisfied).
6 On a scale from 0 to 8, higher scores indicate a higher level of satisfaction with family relationships (mother, father, co-twin, partner; score 0 = from not at all to only

somewhat satisfied, 8 = fully satisfied).

Leaner and heavier co-twins did not differ with respect to either anxiety or self-esteem in any of the twin groups.

https://doi.org/10.1371/journal.pone.0294162.t002
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Although the heavier co-twins of the BMI-discordant MZ twin pairs reported lower emo-

tional well-being in the RAND 36-Item Health Survey 1.0, there were no statistically significant

associations between BMI and the total mental well-being score. Similar results were found in

studies by Ford et al. [13] with over 100,000 survey participants as well as Korhonen et al. [41]

with almost 1200 healthy Finnish adults, where higher BMI was strongly associated with worse

physical functioning but not with worse mental well-being.

The twin pairs had no or minimal symptoms of clinical depression. However, there was a

trend towards higher BDI scores with higher BMI. This association between obesity and

depression has been observed in several previous studies [12, 42, 43]. One possible explanation

could be weight-related stigma. A person’s perceived self-value may decrease when internaliz-

ing negative attitudes and stereotypes related to higher body weight. Internalized weight

stigma, and even just perceiving oneself as having overweight or obesity, has been shown to

lead to both worse psychological well-being and lower self-esteem [44, 45], which in turn are

risk factors for depression [46].

We observed no clinically meaningful differences between any of the co-twins in state, trait,

or total anxiety measured by the State–Trait Anxiety Inventory. In an extensive survey of more

than 62,000 participants by Scott et al. [10], anxiety was more prevalent in individuals with

BMI> 35 kg/m2 (odds ratio 1.5). On the contrary, a later study of more than 120,000 partici-

pants by Bjørngaard et al. [43] suggested that general anxiety and obesity are not associated.

Our study supports this latter finding.

We observed no association between BMI and self-esteem through the Rosenberg Self-

Esteem Scale, similar to a study by Pearl et al. [18] on 240 individuals with obesity and binge

eating disorder. On the contrary, a meta-analysis of 46 studies by Sikorski et al. [47] supports

the general view that adults with obesity have lower self-esteem. As with all aspects of mental

health, reduced self-esteem may also depend on the severity of obesity. In this study, the

heavier twins in discordant DZ pairs had on average overweight (BMI 25−30) or, for MZ

pairs, class I obesity (BMI 30−35). Additionally, the causal nature and direction of the associa-

tion needs to be resolved.

Fig 2. Dimensions of health-related quality of life (RAND 36-Item Health Survey 1.0) in twin pairs discordant for body mass index (BMI). Scores are presented

as means. On a scale from 0 to 100, higher scores indicate higher quality of life.

https://doi.org/10.1371/journal.pone.0294162.g002
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All participants were comparably satisfied with their lives and family relationships, mea-

sured by Allardt’s four-item scale. Little is known about the associations between life satisfac-

tion and obesity. Still, a cross-sectional study by Ul-Haq et al. [48] featuring over 16,000

participants suggests that men are more likely than women to report happiness when over-

weight or with slight obesity. Additionally, they found a significant negative correlation

between obesity and happiness, which did not remain after the results were adjusted for self-

reported health, suggesting that health rather than BMI mediated the association.

The current study has several strengths but also some limitations. Due to the extreme rarity

of BMI-discordant MZ twin pairs, despite a comprehensive screening from two large nation-

wide twin populations, the number of twin pairs studied is quite low. This may especially lead

to type 2 statistical errors (inability to find true positive associations) and a slightly increased

risk for type 1 errors (false positives). Additionally, this study is cross-sectional and, therefore

does not allow for definitive conclusions about causality. However, using BMI-discordant twin

pairs enabled full control for sex, age, and family background between the leaner and heavier

groups. We also matched the genotypic factors between the co-twins, fully in MZ and partially

in DZ pairs. This design minimises the confounding of genetic factors and shared exposures

and experiences with the observations. This is a major advantage for conclusions regarding

such multifactorial traits as obesity and mental health.

In the future, prospective studies with larger cohorts and measured genotypes would better

illuminate the associations between obesity and mental health factors. Given that acquired

obesity is associated with poorer mental well-being, conducting mental health intervention

studies targeting physical well-being would also be beneficial.

Conclusions

Heavier MZ co-twins from BMI-discordant pairs had poorer general health, physical function-

ing, energy levels, and emotional well-being, as well as a tendency for more depressive symp-

toms compared to their leaner co-twins.

Association analyses, using all twin pairs, confirmed that higher BMI within pairs linked to

general health, physical functioning, and depressive symptoms. No association was found

between BMI and anxiety, self-esteem, life satisfaction, or social well-being.
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41. Korhonen P, Seppälä T, Järvenpää S, Kautiainen H. Body mass index and health-related quality of life

in apparently healthy individuals. Qual Life Res. 2014; 23(1):67–74. https://doi.org/10.1007/s11136-

013-0433-6 PMID: 23686578

42. Luppino FS, de Wit LM, Bouvy PF, Stijnen T, Cuijpers P, Penninx BWJH, et al. Overweight, Obesity,

and Depression: A Systematic Review and Meta-analysis of Longitudinal Studies. Archives of General

Psychiatry. 2010 Mar 1; 67(3):220. https://doi.org/10.1001/archgenpsychiatry.2010.2 PMID: 20194822

43. Bjørngaard JH, Carslake D, Lund Nilsen TI, Linthorst AC, Davey Smith G, Gunnell D, et al. Association

of Body Mass Index with Depression, Anxiety and Suicide-An Instrumental Variable Analysis of the

HUNT Study. PLoS One. 2015; 10(7):e0131708. https://doi.org/10.1371/journal.pone.0131708 PMID:

26167892

44. Robinson E, Haynes A, Sutin A, Daly M. Self-perception of overweight and obesity: A review of mental

and physical health outcomes. Obesity Science & Practice. 2020; 6(5):552–61. https://doi.org/10.1002/

osp4.424 PMID: 33082997

45. Haynes A, Kersbergen I, Sutin A, Daly M, Robinson E. Does perceived overweight increase risk of

depressive symptoms and suicidality beyond objective weight status? A systematic review and meta-

analysis. Clin Psychol Rev. 2019 Nov; 73:101753. https://doi.org/10.1016/j.cpr.2019.101753 PMID:

31715442

46. Buckman JEJ, Underwood A, Clarke K, Saunders R, Hollon SD, Fearon P, et al. Risk factors for relapse

and recurrence of depression in adults and how they operate: A four-phase systematic review and

meta-synthesis. Clinical Psychology Review. 2018 Aug 1; 64:13–38. https://doi.org/10.1016/j.cpr.2018.

07.005 PMID: 30075313

47. Sikorski C, Luppa M, Luck T, Riedel-Heller SG. Weight stigma “gets under the skin”-evidence for an

adapted psychological mediation framework-a systematic review: A Framework for Internalized Weight

Stigma. Obesity. 2015 Feb; 23(2):266–76.

48. Ul-Haq Z, Mackay DF, Martin D, Smith DJ, Gill JM, Nicholl BI, et al. Heaviness, health and happiness: a

cross-sectional study of 163066 UK Biobank participants. JEpidemiolCommunity Health. 2014; 68

(4):340–8. https://doi.org/10.1136/jech-2013-203077 PMID: 24336235

PLOS ONE Well-being and obesity

PLOS ONE | https://doi.org/10.1371/journal.pone.0294162 December 6, 2023 12 / 12

https://www.rdocumentation.org/packages/lmerTest/versions/3.13
https://www.rdocumentation.org/packages/lmerTest/versions/3.13
https://doi.org/10.1007/s11136-013-0433-6
https://doi.org/10.1007/s11136-013-0433-6
http://www.ncbi.nlm.nih.gov/pubmed/23686578
https://doi.org/10.1001/archgenpsychiatry.2010.2
http://www.ncbi.nlm.nih.gov/pubmed/20194822
https://doi.org/10.1371/journal.pone.0131708
http://www.ncbi.nlm.nih.gov/pubmed/26167892
https://doi.org/10.1002/osp4.424
https://doi.org/10.1002/osp4.424
http://www.ncbi.nlm.nih.gov/pubmed/33082997
https://doi.org/10.1016/j.cpr.2019.101753
http://www.ncbi.nlm.nih.gov/pubmed/31715442
https://doi.org/10.1016/j.cpr.2018.07.005
https://doi.org/10.1016/j.cpr.2018.07.005
http://www.ncbi.nlm.nih.gov/pubmed/30075313
https://doi.org/10.1136/jech-2013-203077
http://www.ncbi.nlm.nih.gov/pubmed/24336235
https://doi.org/10.1371/journal.pone.0294162

