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A B S T R A C T   

Exposure to stressful life events is common, and it is linked to increased psychological issues. As most likely 
people respond to stressors depending on environmental and genetic factors, we assessed in a twin study the 
association of some personal characteristics such as resilience and self-perception with anxiety, depression and 
stress in the late Covid pandemic period, to verify the underlying genetic and shared familial components. With 
this design, the strength of the associations was compared between individual-level and intrapair-level analyses. 
From June 2020 to December 2021, the Italian Twin Registry conducted a three-wave longitudinal study among 
adult twins using validated questionnaires, and 1,763 adult twins participated in the study (mean age 46 years, 
67 % females, 70 % monozygotic). A regression-based within-pair differences model was applied to control for 
genetic and shared environmental confounding. Results showed that anxiety was linked negatively with resil-
ience, social support and perceived health, and positively with risk perception and hypochondria. Depression was 
associated negatively with resilience, social support and perceived health, and positively with financial concern 
and hypochondria. Stress was associated negatively with resilience and perceived health, and positively with 
financial concern, risk perception and hypochondria. 

These results suggest potential etiological effects of the above-mentioned risk factors. While our findings need 
to be confirmed by longitudinal studies, they propose potential etiological models for mental disorders, indi-
cating that addressing in the clinical practice factors such as self-perception, personality traits (resilience), 
environmental resources (social support), and comorbid disorders (hypochondria) could have therapeutic ben-
efits while treating certain common mental disorders.   

1. Introduction 

Exposure to stressful life events is common, and it is linked to an 
increase in mental health issues, such as anxiety, perceived stress and 
depression (Jacoby et al., 2021). The study of connection between 
stressful life events and worst mental health has gained relevance as our 
world has faced the common COVID-19 stressor. People respond to 
stressors in different ways: while someone could experience severe 
psychiatric symptoms, others may remain asymptomatic (Jacoby et al., 
2021). Factors influencing adaptation to adversities include environ-
mental conditions, past experiences, personal resources, gender, and 
culture (Jacoby et al., 2021). Some factors, as explained below, are 
known from previous literature to be associated with anxiety, perceived 
stress and depression expression, but there is still very limited under-
standing of the role of genetic and environmental factors in explaining 

those associations. 
Resilience, defined as an individual’s ability to overcome stress while 

maintaining psychophysical functioning, plays a major role in stress 
response (Sheerin et al., 2018). It has been shown, in prior studies, to be 
protective against stressful exposures such as widowhood (King, 2019) 
and adults’ reactivity to adverse events such as onset of new chronic 
illness (Manning et al., 2016). Also, in the COVID-19 era, an important 
role has been attributed to resilience in contrasting the worsening of 
people’s mental health (Zhang et al., 2020). It should be noted, however, 
that a recent longitudinal study has evidenced that resilience had no 
influence on both subjective and biological stress markers during the 
first wave of the Covid-19 pandemic (Engert et al., 2021). Perceived 
social support is known to protect against depressive and anxiety 
symptoms, as well as suicidal ideation and attempts, even in individuals 
who experienced mental health problems (Scardera et al., 2020). 
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Economic conditions and physical health are also pivotal and influence 
subjective well-being and life satisfaction, which are the key compo-
nents of positive mental health (Diener et al., 2009). Consistently, some 
studies have documented that individuals who reported moderate or 
poor health condition had significantly higher odds ratios for anxiety or 
depression than those who reported good health condition (Tran et al., 
2017; Ibrahim et al., 2013). Low socioeconomic status has been also 
established as a risk factor for poor mental health (Lorant et al., 2003; 
Marmot et al., 1991). Finally, increased health risk perception and 
health anxiety were found to be associated with poorer stress manage-
ment and poor mental health (Mousavi et al., 2021; Fitzpatrick et al., 
2020; Lee et al., 2020; Montano and Acebes, 2020). 

On the basis of the above-mentioned studies, one may speculate that 
specific psychosocial factors could causally influence mental health 
outcomes. However, the analysis of the relationship between those 
factors and mental health problems can be influenced by familial con-
founders. Using genetically informative data from twins allows for 
optimal control of confounding effects. Some previous twin studies 
further supported the association between financial problems and 
increased risk of depression (Kendler et al., 2010; Kendler & Gardner, 
2014; Kendler and Halberstadt, 2013; Lam et al., 2019). A prospective 
population-based twin cohort study has revealed that poor or moderate 
self-rated health was an independent predictor of mental disorders after 
accounting for genetic and familial confounders (Samuelsson et al., 
2013). While accounting for genetic and environmental factors, two 
twin studies provide mixed evidence for the association between social 
support and mental health problems. One study has shown that the 
levels of social support from the co-twin, other relatives, parents, and 
the spouse were strongly associated with the risk for depression (Ken-
dler, 2005), while a subsequent discordant monozygotic twin study has 
showed that the effect of perceived social support was neither a signif-
icant antecedent to, nor sequela of depression (Coventry et al., 2009). 

In the present study, we contributed to the limited existing work by 
analyzing data from a twin dataset, using indicators (for the most part 
validated questionnaires and scales) of psychological resilience, social 
support, self-perception of physical health condition, financial status 
and subjective perception of risk to acquire SARS-CoV-2 infection, and 
validated measures of anxiety, depression and stress. We suppose that 
there are not strong pleiotropic effects between those indicators and 
mental health outcomes, indicative of shared genetic susceptibility be-
tween them. In partial consistence with previous limited research, we 
expect, when controlling for genetic and environmental shared factors 
between those constructs, to find significant unshared possible direct 
causal effects of those psychosocial factors on anxiety, depression and 
stress outcomes. 

2. Materials and methods 

2.1. Study design and participants 

At the end of the Italian lockdown, the Italian Twin Register (ITR, 
Medda et al., 2019) started a longitudinal study to investigate pro-
spectively the effect of the Covid-19 pandemic on the general popula-
tion, and conducted three online surveys in June 2020, December 2020 
and December 2021. About 7000 adult twins (age 18–92 years) previ-
ously enrolled in the ITR, residing in Italy at the time of the pandemic, 
and contactable by email were selected and invited to participate in the 
survey. Each selected twin received a personal link via email to be able 
to take part in the study, and once used, the access to the platform was 
blocked to avoid duplication or fraudulent use. A reminder was sent to 
those who did not respond within a 3-week period. 

A total of 2,164 adult twins joined the survey, resulting in a response 
rate of 31%. This rate is in line with other studies conducted by the ITR; 
however, to exclude major selection biases, the main socio-demographic 
characteristics were compared between participants and non- 
participants. 

All the twins filled-out the Italian versions of the questionnaires 
online through the LimeSurvey platform (LimeSurvey GmbH). 

This research was carried out in accordance with The Code of Ethics 
of the World Medical Association (Declaration of Helsinki) and was 
approved by the Ethical Committee of the Istituto Superiore di Sanità 
(ISS Ethical Committee approval PRE BIO CE n.0020797, June 6, 2020). 

Before filling out the online questionnaire, all the twins were invited 
to read the information note and sign the informed consent form. The 
request for consent was also reiterated at the end of the questionnaire 
completion. The ITR systematically stimulates the participation of twins 
by emphasizing the importance of their contribution to public health, 
and sometimes at the end of the study, the twin’s willingness is 
acknowledged and rewarded with a small and low-value gadget (as in 
this study) or with the return of health-relevant information. 

2.2. Measurements 

The online survey included the following validated self-reported 
questionnaires: 

1) Patient Health Questionnaire (PHQ-9), a 9-item psychological 
screening test for depression in the previous two weeks. The score ranges 
from 0 to 27 (Kroenke et al., 2001). The Italian validated translation of 
the PHQ-9 showed to possess good psychometric properties (Mazzotti 
et al., 2003). 

2) State-Trait Anxiety Inventory (STAI-6), a 6-item questionnaire 
measuring symptoms of anxiety. The score ranges from 20 to 80 (Mar-
teau & Bekker, 1992). It derives from the original full form of the STAI-Y 
(Spielberger, 1983). The Italian version of the STAI-Y shows high in-
ternal consistency (alpha Cronbach = 0.91) and good test–retest reli-
ability (Spearman correlation = 0.49; p < 0.01) (Pedrabissi and 
Santinello, 1989). 

3) Impact of Event Scale - Revised (IES-R), a 22-item questionnaire 
assessing subjective distress in the previous seven days. The score ranges 
from 0 to 88 (Weiss & Marmar, 1997). The Italian translation of the IES- 
R showed satisfactory internal consistency in studies on different at-risk 
populations, as reported by Craparo et al. (2013) (Intrusion, α = 0.78; 
Avoidance, α = 0.72; Hyperarousal, α = 0.83) and Converso & Viotti 
(2014) (Intrusion, α = 0.91; Avoidance, α = 0.81; Hyperarousal, α =
0.87). 

4) Dispositional Resilience Scale (DRS-15), a 15-item instrument 
measuring subject’s resilience or hardiness, with a 0–45 score range 
(Bartone, 2007). A relatively recent study provided evidence of both 
validity and reliability for the Italian version of the DRS-15 (Picardi 
et al., 2012). 

5) Health Anxiety Questionnaire (HAQ), a 21-item questionnaire to 
identify individuals with high levels of concern about their health. Total 
score ranges from 21 to 84 (Lucock & Morley, 1996). The Italian version 
of the HAQ demonstrated excellent internal consistency (alpha = 0.91) 
and a good stability over time (r = 0.89); the factor analysis highlighted 
the presence of four main dimensions, which together account for 58.4% 
of the total variance: fear of death and diseases, interference with daily 
activities, worries about health condition, and need for reassurance 
(Melli et al., 2007). 

6) Level of financial concern was measured using four questions (1. 
My or my family’s financial situation will get much worse over the next 12 
months; 2. I am worried about my or my family’s financial situation over the 
next 12 months; 3. I am worried about providing for myself financially over 
the next 12 months; 4. I have enough means to secure food and housing for 
myself or my family over the next 12 months). Participants rated their 
agreement with each of the four questions on a six-point Likert scale. A 
total score ranging from 4 to 24 was obtained by summing responses 
across the four questions. 

7) Multidimensional scale of perceived social support (MSPSS), a 12- 
item questionnaire to measure perceived social support from others. 
Total score ranges from 12 to 84 (Zimet, 1988). The Italian version of the 
instrument has good psychometric properties (Grassi et al., 2000) and 
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has been used in many previous studies (Picardi et al., 2005; Picardi 
et al., 2013). 

8) General self-perceived health was measured by a single question 
(i.e., Please choose one point in this 0–10 scale, which can best represent your 
health today − 0 means the worst and 10 means the best). 

2.3. Statistical methods 

Data were analyzed with Stata version 16 (Stata Corporation, College 

Station, TX, USA). 
To obtain a higher sample homogeneity, only monozygotic (MZ) and 

same-sex dizygotic (DZ-SS) twin pairs participating in the third wave of 
the survey were included in the analyses. 

The cumulative exposure distribution of risk factors – i.e., resilience, 
social support, financial concern, risk perception and hypochondria – 
was divided into quartiles. Means (standard deviations) of outcome 
variables – i.e., anxiety, depression and stress – were estimated for 
subjects in the first and fourth quartiles, and were then compared using 

Table 1 
Descriptive statistics of levels of anxiety, depression and stress in adult twins at Wave 1 (Italy, June 2020), Wave 2 (Italy, December 2020) and Wave 3 (Italy, December 
2021) in the first and fourth quartiles for each risk factor.   

Resilience - Lower 25th percentile Resilience - Upper 75th percentile  

N Mean SD N Mean SD 

Anxiety – Wave1 353 43.692 11.507 244 37.454 10.643 
Anxiety – Wave2 352 48.483 12.814 247 39.341 11.309 
Anxiety – Wave3 364 48.797 11.717 258 38.204 10.191 
Depression – Wave1 360 6.303 4.909 249 3.098 3.482 
Depression – Wave2 350 6.764 5.044 249 3.075 3.400 
Depression – Wave3 363 6.867 5.226 256 2.441 2.468 
Stress – Wave1 359 17.484 11.556 247 12.793 10.583 
Stress – Wave2 350 21.495 13.548 249 15.755 13.420 
Stress – Wave3 366 20.251 14.099 258 14.641 12.464  

Risk Perception - Lower 25th percentile Risk Perception - Upper 75th percentile  

N SD Mean N Mean SD 

Anxiety – Wave1 428 38.886 10.809 177 42.927 11.567 
Anxiety – Wave2 432 41.347 11.560 183 49.505 13.270 
Anxiety – Wave3 434 40.848 10.987 186 48.208 11.906 
Depression – Wave1 434 4.042 3.893 181 5.024 4.153 
Depression – Wave2 431 4.484 4.364 183 6.048 5.030 
Depression – Wave3 433 4.206 4.187 187 5.742 4.894 
Stress – Wave1 433 12.443 10.133 179 18.724 11.876 
Stress – Wave2 432 16.090 12.605 184 25.242 14.504 
Stress – Wave3 434 14.141 12.038 188 25.667 15.289  

Social Support - Lower 25th percentile Social Support - Upper 75th percentile  

N Mean SD N Mean SD 

Anxiety – Wave1 328 44.411 12.097 281 38.195 10.989 
Anxiety – Wave2 328 47.728 12.936 283 41.060 11.799 
Anxiety – Wave3 340 47.741 12.375 291 40.751 11.562 
Depression – Wave1 336 6.026 5.005 284 3.695 3.576 
Depression – Wave2 329 6.680 5.133 284 3.654 3.650 
Depression – Wave3 339 6.613 5.520 290 3.148 3.203 
Stress – Wave1 334 17.126 12.107 283 13.699 10.996 
Stress – Wave2 328 22.186 14.283 286 17.659 13.486 
Stress – Wave3 342 21.453 15.443 292 15.403 13.177  

Health anxiety - Lower 25th percentile Health anxiety - Upper 75th percentile  

N Mean SD N Mean SD 

Anxiety – Wave1 374 37.018 10.226 272 45.887 12.516 
Anxiety – Wave2 382 39.127 10.885 284 52.556 13.224 
Anxiety – Wave3 366 39.778 10.461 269 48.947 13.044 
Depression – Wave1 377 3.235 3.364 280 6.809 5.098 
Depression – Wave2 385 3.290 3.604 284 7.902 5.078 
Depression – Wave3 365 3.385 3.653 269 6.727 4.957 
Stress – Wave1 378 10.280 8.778 280 23.278 13.493 
Stress – Wave2 384 11.417 9.442 284 32.014 14.528 
Stress – Wave3 368 12.782 11.242 271 27.188 15.198  

Financial concern - Lower 25th percentile Financial concern - Upper 75th percentile  

N Mean SD N Mean SD 

Anxiety – Wave1 474 38.203 10.421 229 44.626 12.774 
Anxiety – Wave2 481 41.027 11.989 229 49.909 13.126 
Anxiety – Wave3 471 40.599 10.876 227 47.421 11.978 
Depression – Wave1 481 3.790 3.743 232 6.235 5.059 
Depression – Wave2 481 3.768 3.909 232 7.427 5.216 
Depression – Wave3 467 3.452 3.592 227 6.502 4.827 
Stress – Wave1 481 13.271 10.701 232 18.352 12.198 
Stress – Wave2 480 16.073 12.337 232 25.051 15.781 
Stress – Wave3 470 14.713 12.289 227 22.483 14.734 

Abbreviation: SD, Standard Deviation 
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t-tests. 
Initially, a linear regression model based on twins as individual 

subjects was applied to estimate the association between risk factor 
variables and mental health outcomes, adjusting for the non- 
independence of observations within twin pairs. To investigate if the 
observed associations between risk factors and outcomes persisted after 
adjustment for genetic and shared (familial) environmental confounding 
(thus being consistent with possible direct causal effects), the regression- 
based within-pair differences model was fitted. According to this model, 
causal evidence was tested in MZ pairs (i.e., perfect genetic and familial 
matching scenario) by regressing within-pair differences of outcome 
scores on within-pair differences of risk factor scores, and evaluating 
both the magnitude and the significance of the association. Furthermore, 
the intra-pair differences regression model in DZ-SS pairs (i.e., partial 
genetic and perfect familial matching scenario) and the individual-level 
regression model (i.e., no matching scenario) were also applied: in the 
presence of causality, association estimates from all three models should 
be significant and of similar magnitude (McGue et al., 2010). 

3. Results 

3.1. Participants and measurements 

A total of 1,763 twins, belonging to MZ and DZ-SS pairs, completed 
the questionnaires. Mean age was 46 years, 33% of subjects were male, 
and more than half were from Northern Italy. Seventy percent of the 
subjects were MZ. No significant differences in the main socio- 
demographic characteristics were found between participants and 
non-participants, as well as between early and late respondents (i.e., 
between participants who filled out the questionnaire immediately after 
receiving the email and those who did it after a reminder). Cronbach’s 
alpha has been calculated as 0.85 for PHQ-9 and STAI-6, 0.90 for IES-R, 
0.79 for DRS-15, 0.93 for HAQ, 0.82 for level of financial concern, and 
0.93 for MSPSS. 

3.2. Associations between risk factors and outcomes 

For subjects participating in all three waves of the longitudinal Covid 
survey, the pattern of variation in outcomes (i.e., anxiety, depression, 
and stress) according to variation in risk factors was consistent across 

the waves. For each wave, mean anxiety score was lower for subjects in 
the upper 75th percentile compared to subjects in the lower 25th 
percentile of both resilience and social support scores (risk factors); 
similar patterns emerged for depression and stress. Opposite pattern of 
variation in outcomes was observed for each wave according to financial 
concern, risk perception, and hypochondria (risk factors) (Table 1). 

According to these patterns, outcome scores (i.e., anxiety, depres-
sion, and stress scores) were negatively associated with resilience, social 
support, and self-perceived health, whereas they were positively asso-
ciated with financial concern, risk perception, and health anxiety 
(Table 2, Individual model). 

3.3. Adjusted associations between risk factors and outcomes: The within- 
pair differences analysis 

With respect to anxiety, regression models showed a negative (i.e., 
protective) effect of resilience, social support and perceived health, and 
a positive effect of risk perception and hypochondria; these effects were 
detected both at individual level and within MZ and DZ pairs. 

As regards depression, a negative effect of resilience, social support 
and perceived health, and a positive effect of financial concern and 
hypochondria persisted in within-pair analyses. 

As for stress, a negative association with resilience (at individual 
level and within MZ pairs) and perceived health (in all types of analysis) 
was found. A positive association with financial concern (at individual 
level and within MZ pairs), as well as with risk perception and hypo-
chondria (in all types of analysis) emerged from regression models 
(Table 2). 

4. Discussion 

4.1. Interpretation of results and comparison with previous studies 

Using a co-twin control study, we found that there were significant 
outcomes differences within twin pairs who were exposed to different 
levels of resilience, social support, financial condition, perception of 
one’s health status and perception of risk for SARS-CoV-2 infection. This 
suggested possible causal effects since the magnitude of the exposure 
effects were controlled for genetic and shared environmental influences. 

Significant associations provided evidence that the relationships of 

Table 2 
Beta coefficients estimated using individual and intra-pair differences regression models by zygosity with respect to anxiety, depression and stress assessed in adult 
twins (Italy, 2021).   

INDIVIDUAL MODEL Beta coefficient  
(95 %CI) 

INTRA-PAIR MODEL – DZ-SS Beta coefficient  
(95 %CI) 

INTRA-PAIR MODEL - MZ Beta coefficient  
(95 %CI) 

ANXIETY (STAI-6)    
Financial concern 0.697 (0.536; 0.857) 0.384 (− 0.206; 0.974) 0.264 (− 0.103; 0.631) 
Resilience − 0.699 (− 0.797; − 0.601) − 0.720 (− 1.040; − 0.401) − 0.747 (− 0.983; − 0.511) 
Social Support − 0.245 (− 0.295; − 0.195) − 0.238 (− 0.407; − 0.070) − 0.177 (− 0.281; − 0.072) 
Risk Perception 1.402 (1.108; 1.696) 1.348 (0.166; 2.529) 0.691 (0.052; 1.330) 
Self-perceived health − 3.695 (− 4.163; − 3.226) − 2.613 (− 3.904; − 1.323) − 2.808 (− 3.804; − 1.811) 
Health anxiety 0.379 (0.310; 0.450) 0.486 (0.254; 0.719) 0.288 (0.119; 0.458) 
DEPRESSION (PHQ-9)    
Financial concern 0.313 (0.253; 0.374) 0.212 (− 0.005; 0.429) 0.174 (0.041; 0.307) 
Resilience − 0.308 (− 0.348; − 0.269) − 0.236 (− 0.352; − 0.120) − 0.316 (− 0.400; − 0.232) 
Social Support − 0.127 (-0.147; − 0.107) − 0.151 (-0.207; − 0.095) − 0.072 (− 0.110; − 0.033) 
Risk Perception 0.411 (0.284; 0.539) 0.558 (0.145; 0.971) 0.171 (− 0.060; 0.403) 
Self-perceived health − 1.581 (− 1.763; − 1.398) − 1.243 (− 1.690; − 0.799) − 1.172 (− 1.525; − 0.820) 
Health anxiety 0.154 (0.126; 0.182) 0.147 (0.060; 0.234) 0.152 (0.093; 0.212) 
STRESS (IES-R)    
Financial concern 0.804 (0.620; 0.988) 0.352 (− 0.286; 0.989) 0.593 (0.199; 0.986) 
Resilience − 0.496 (− 0.620; − 0.371) − 0.241 (-0.631; 0.149) − 0.337 (− 0.610; − 0.063) 
Social Support − 0.181 (− 0.244; − 0.119) − 0.087 (− 0.279; 0.106) − 0.001 (− 0.119; 0.117) 
Risk Perception 2.086 (1.691; 2.481) 2.555 (1.305; 3.805) 1.115 (0.394; 1.836) 
Self-perceived health − 3.077 (− 3.671; − 2.483) − 1.645 (− 3.069; − 0.220) − 1.254 (− 2.375; − 0.132) 
Health anxiety 0.578 (0.498; 0.658) 0.602 (0.363; 0.841) 0.333 (0.152; 0.513) 

Statistically significant coefficients are indicated in bold (p < 0.05). 
Abbreviation: 95 %CI, 95 % Confidence intervals; MZ: monozygotic twin pairs; DZ-SS same-sex dizygotic twin pairs. 
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financial concerns with depression and stress were not attributable to 
genetic and shared environmental confounding. This is in line with 
previous genetically informative studies that have found increased 
depression risk associated with financial problems (Kendler et al., 2010; 
Kendler & Gardner, 2014; Kendler and Halberstadt, 2013; Lam et al., 
2019) and suggests that financial hardship is an important risk factor 
with probable causal influence on depression. With regard to stress, our 
result corroborates previous findings from non-genetically informative 
literature, which have demonstrated that financial hardship is typically 
accompanied by considerable stress (Cole et al., 2011). The observed 
initial association between financial concerns and risk of anxiety in the 
full sample vanished in the within-pair analyses, suggesting that the 
association was probably due to confounding by genetic factors or 
family environment. To our knowledge, no previous genetically infor-
mative studies have implicated financial concerns as risk factor for 
anxiety, or specifically reported within-twin pair estimates of a probable 
association. 

Dispositional resilience was associated, in a potentially causal way, 
with anxiety, depression and stress symptoms. As stated before, resil-
ience has been shown, in prior studies, to be protective against stressful 
exposures (King, 2019; Manning et al., 2016). Resilience has become 
even more relevant as our world has faced the common COVID-19 
stressor. Our findings align with the limited existing literature of lon-
gitudinal investigations of the buffering effects of resilience against 
major depressive disorder and generalized anxiety disorder (Hjemdal 
et al., 2006; Sheerin et al., 2018). On the other hand, the observed as-
sociation between resilience and stress is in contrast with the findings of 
a recent longitudinal study, which evidenced that resilience, irrespective 
of its conceptualization as a dynamic state or trait, had no influence on 
both subjective and biological stress markers during the first wave of the 
Covid-19 pandemic (Engert et al., 2021). However, in that study, some 
personality traits (e.g., neuroticism and extraversion) were also included 
in the regression model of analysis. As suggested by the same authors, it 
is possible that above and beyond the variance explained by those per-
sonality traits, resilience made no additional contribution to the 
pandemic stress load (Engert et al., 2021). 

The significant within-pair effects of social support on depression 
suggested that the association could be of causal origin, consistently 
with the available genetically informative literature (Kendler et al., 
2005) and with recent cohort research suggesting that poor social sup-
port and loneliness might underlie anxiety and depression symptoms 
(Matthews et al., 2022). However, as previously mentioned, this result 
does not align with a previous discordant monozygotic twin study, 
which showed that the effects of perceived social support on depression 
were not causal, although the same study found in males that perceived 
support in the face of multiple stressors was an antecedent mitigating 
subsequent depression (Coventry et al., 2009). 

The relationship between social support and stress was likely to 
reflect shared familial and genetic effects, rather than causal effects. 
Some previous non-genetically informative research showed that per-
sonality traits (e.g., extraversion, agreeableness, conscientiousness, and 
neuroticism) might influence perceived stress because of the tendency to 
gain perceived or actual social support as resources to cope with stressful 
situations or not (Bowling et al., 2005; Swickert et al., 2002). This in-
dicates that the experience of stress related to social support may be at 
least partially attributable to personality factors, whose genetic com-
ponents were found to make substantial contribution to the genetic 
variance in perceived stress (Roberts et al., 2009). Therefore, the genetic 
and shared familial confounding effects that we observed in the asso-
ciation between social support and stress might be partially due to 
higher-order relations between personality facets and stress, and could 
attest to the notion of social support as a resource that has much in 
common with personality traits. 

A possibly causal association of health status concerns with depres-
sion and anxiety symptoms was also found. Self-rated health has been 
found to be moderately heritable (Svedberg et al., 2005; Stevens et al., 

2020). This shows the importance of accounting for potential familial 
confounding when studying the associations between self-rated health 
and mental disorders. Our findings align with the limited existing 
literature based on prospective population-based twin cohort studies 
which has revealed that poor or moderate self-rated health is an inde-
pendent predictor of mental disorders even after accounting for genetic 
and familial confounders (Samuelsson et al., 2013). 

A causal association between perceived risk of getting infected with 
SARS-CoV-2 and anxiety symptoms and stress appears in consonance 
with prior observed associations between specific worries and fear 
relating to the COVID-19 pandemic and increases in anxiety and stress 
(Fitzpatrick et al., 2020; Lee et al., 2020; Montano and Acebes, 2020). 

Hypochondria was possibly causally associated with anxiety, stress 
and depressive symptoms. While hypochondria is known to overlap with 
several other psychiatric disorders, it has been proposed as a construct 
on its own (Scarella et al., 2016). In this regard, our findings demon-
strate that individual differences in hypochondria could increase or 
attenuate the likelihood of reporting anxiety and depressive symptoms 
during COVID-19 pandemic, and this likelihood reflects personal history 
of exposure to hypochondria more that genetic/shared familial risk. 
Consistently, previous non-twin research (Mousavi et al., 2021) 
mentioned sense of vulnerability to disease and injury and job stress as 
probable consequences of corona-induced hypochondria. 

4.2. Limitations 

This study has some limitations. First of all, although the co-twin 
control design increases control over genetic and shared environ-
mental confounders, it is unable to control for non-shared confounders 
that only affect one twin, which can bias estimated effects (Kendler & 
Gardner, 2010). Second, although we observed that the main socio- 
demographic characteristics did not differ between participants and 
non-participants, it cannot be ruled out that the low response rate (31%) 
may have resulted in residual selection bias. Moreover, the cross- 
sectional nature of the data did not allow us to draw a definitive 
conclusion about the causal relationship between the examined vari-
ables, and therefore our results should be confirmed by longitudinal 
studies. In particular, it should be noted that, given the considerable 
comorbidity of hypochondria with other psychiatric disorders, espe-
cially anxiety disorders, differentiating hypochondria from these disor-
ders in terms of which disorder is antecedent and which is subsequent is 
somewhat arbitrary. There are also limitations inherent to the self-report 
assessment. We did not have measures of mental health that were not 
self-reported, and it would be important for future studies to include 
measures that do not rely solely on participant’s subjective perception of 
her/his current mental status. This common method bias, that includes 
social desirability bias, was partially minimized by participant ano-
nymity. Finally, although our findings are in line with a causal model, 
we cannot rule out more complex mechanisms underlying the associa-
tions. Future studies could test whether the observed effects are influ-
enced by gene-environment correlation and interactions, which were 
not analyzed here. 

5. Conclusions 

Our study supported previous findings linking resilience, social 
support, and self-perceived health to mental health outcomes, and 
extended these findings by making use of a twin design that minimized 
the risks of genetic and familial confounding. The present twin investi-
gation suggests potential etiological models for some mental disorders. 
Factors like self-perception (subjective perception of health status and 
risk to acquire infections), personality traits (resilience), environmental 
resources (social support) and comorbid disorders (hypochondria), may 
prove as compelling as major underlying unshared environmental trig-
gers of common mental disorders and stress. 

While our findings require confirmation in longitudinal studies, they 
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preliminarily suggest that in clinical practice, targeting specific hypo-
chondriac thoughts, health status and social relationships concerns, may 
have specific therapeutic benefits in the treatment of depression, anxiety 
and stress. Individuals low in social support, for example, may benefit 
particularly from group counseling sessions. 

From a public health point of view, study findings also highlight the 
need for calling all the relevant actors to implement training health 
programs to control anxiety and depression especially in vulnerable 
populations, such as people experiencing loneliness or who become 
worried about their health condition for the first time or have a pro-
gressive exacerbation of the perception to be at risk, and support them, 
in times of crisis and/or epidemic with tailored psychosocial in-
terventions aimed at fostering adaptive coping as means of prevention 
for serious mental health sequelae. 

Further, integrated policies should be recommended, which include 
education, research, and welfare, and engage a wide range of stake-
holders within and beyond health in order to promote mental health. For 
example, school-based mental health promotion programs that optimize 
self-efficacy, resilience and satisfaction with life, which are fundamental 
components of positive mental health, could play a role in minimizing 
the burden that may be caused by stressful life events among young 
people. The hypothesis is that promoting the emotional strength of an 
individual, such as self-esteem and resilience, could act as a protective 
factor, in particular against anxiety and depression. This also concords 
with cognitive theories that posit negative views of the self, the world, 
and the future as fundamental aspects characterizing worst mental 
health. 
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