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Abstract

Objectives Few panel studies have investigated how different types of mental health (MH) and socio-emotional
wellbeing (SEW) outcomes have changed during the pandemic and if their burden has been equally distributed

at the population-level. We aimed to examine temporal changes in these outcomes and their socio-ecological predic-
tors using panel data.

Study design Longitudinal population-based survey with overlapping panels.

Methods Analyses were carried out using four measurements of data from the Health and Social Survey (April 2020
to April 2021). Participants included Andalusian (Spanish) residents aged 16 years or older who participated in all four
measurements (n=1223). Seven dichotomous MH and SEW outcomes, as well as several socio-ecological predictors

informed by a conceptual model, were examined in descriptive and multivariate analyses.

Results Unadjusted odds of regular/bad perceived mental health (vs. excellent/very good/good), low socio-emo-
tional wellbeing (vs. regular), low happiness (vs. regular), and feeling anxious (vs. not feeling anxious) decreased signif-
icantly from the first to the second measurement; however, in the fourth, low socio-emotional wellbeing significantly
increased while low optimism decreased. Considering varying coefficients, objectively measured COVID-19 status
and self-reported severity levels of the infection were statistically significant. Health status, social support, and house-
hold financial difficulty predicted higher adjusted odds in most of the seven assessed outcomes.

Conclusions Significant temporal variations in MH and SEW outcomes, along with their predictors, were observed
during the first year of the pandemic. Some of these outcomes worsened as the pandemic progressed, whereas
others improved. Findings also suggest that some individuals such as those experiencing poor health, limited social
support, and low socioeconomic status are disproportionately impacted.
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Introduction

The advent of the novel coronavirus (COVID-19) pan-
demic has created indisputable urgency to investigate
the impact of this unprecedented global crisis on men-
tal health outcomes, [1] as well as to strengthen existing
infrastructures and strategies to better promote men-
tal health and wellbeing across socioeconomically and
demographically diverse populations [2]. Even before the
emergence of this global public health crisis, there were
growing demands for governments and decision-makers
around the world to prioritize and address the increasing
burden of poor mental and socio-emotional wellbeing
[3]. The pandemic has undoubtedly further highlighted
the global mental health crisis that has been unfolding in
recent decades.

Nevertheless, in the new era of COVID-19, opportuni-
ties remain to better understand the trajectory of mental
health (MH) and socio-emotional wellbeing (SEW) and
their underlying social determinants. This is particularly
salient when looking into the rapid influx of published
research characterized by methodological shortcomings
such as data reliant on cross-sectional designs or studies
that employed small or selective sampling approaches [4].
For example, a recent systematic review and meta-anal-
ysis of 134 cohorts suggests that the pandemic did not
significantly exacerbate poor mental health and related
disparities, although this review mainly included studies
with cross-sectional designs and non-probabilistic sam-
ples that are subject to significant bias [5]. In general,
there has been increased need for carrying out better-
designed studies [4, 6].

Under this purview, studies that leverage panel data-
sets that consist of multiple observations over time for
the same group of individuals may bolster evidence on
the impact of COVID-19 on the MH/SEW outcomes of
diverse populations. The advantages of this design are
well-documented (e.g., enhanced causal inference, bet-
ter control of unobservable factors, precision in predict-
ing individual outcomes, etc.) [7]. Within the context of
COVID-19, panel studies also offer a more robust under-
standing of the pandemic beyond its characteristics at
a specific timepoint given its design allows researchers
to better investigate changes in study variables within
the same population; the rotating design (where units
are replaced/renewed over time) also reduces panelists’
response fatigue and augments researchers’ ability to
quickly collect information in real-time (i.e., overcom-
ing limitations of many cross-sectional and longitudinal
studies) [8].

Yet, studies employing large-scale panel designs repre-
sentative of general populations, those seeking to inves-
tigate the trajectory of and potential disparities in MH
and SEW outcomes throughout the pandemic, are scarce.
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Panel studies on this topic have primarily focused on
examining changes in these outcomes within the early
weeks or months of the pandemic [9-12] and oftentimes
have only captured two measurement periods [13-17].
Additionally, most panel studies published in empirical
literature have examined temporal changes in clinically
diagnosable mental illnesses rather than more general
measures of MH or SEW [11, 12, 14, 16, 18, 19]. It also
appears that no large-scale panel study representative
of general populations has compared trends in differ-
ent types of MH and SEW outcomes, including in Spain
[6]. Furthermore, there is an absence of studies that have
concurrently examined various socio-ecological fac-
tors that predict them, at key phases of the COVID-19
pandemic when COVID-19 cases, hospitalizations, and
policy measures were most pronounced and quick to
evolve. Filling these gaps may illuminate opportunities to
better address pandemic-related health inequities. Thus,
the present study aimed to advance this area of research
by examining temporal changes in several types of MH
and SEW outcomes between April 2020 to April 2021.
This twelve-month period is noteworthy to study as it
captures the first (and most challenging) year of the pan-
demic following the first state of alarm— i.e., key phases
of the COVID-19 pandemic in Spain and around the
world. A secondary aim was to identify the socio-ecolog-
ical factors that predict these outcomes during each of
these critical timepoints.

Methods

Study design

Data were drawn from the Health and Social Survey
(ESSA, Encuesta Sanitaria y Social de Andalucia). ESSA
is a longitudinal population-based survey with overlap-
ping panels that collected information on the character-
istics and the evolution of health and social status during
the COVID-19 pandemic among Andalusian residents
aged 16 years and older at April-May 2020 (measurement
period 1, M1), June-July 2020 (M2), October-November
2020 (M3), and April-May 2021 (M4). These represent
four pivotal phases in the first year of the COVID-19
pandemic in the region (Appendix p 1). Andalusia is
the most populated (with over 8 million residents) and
the second largest of the 17 regions of Spain. As such,
this region may be characterized by significant diversity
and potential health disparities in MH and SEW sta-
tus. A corresponding questionnaire was administered
to study participants through a computer-assisted tel-
ephone interview conducted using the Pl@teA and Mobi-
Net Gandia Integra software, which was piloted before
fieldwork. The survey included questions on household
and housing characteristics, time use and cohabitation,
health and emotional wellbeing, habits and lifestyles,
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and economic situation and socio-demographic char-
acteristics. A team of 8-12 trained interviewers solely
assigned to the study were responsible for data collec-
tion. On average, the survey took participants ~ 20 min to
complete. The Research Ethics Committee of the Depart-
ment of Health and Families of the Andalusian Regional
Government approved this study (protocol code 10/20).
Additional detailed information on ESSA survey admin-
istration and study design have been published elsewhere
[8].

Using overlapping panel survey data augments our
ability to gain a more nuanced understanding of the tem-
poral changes in mental health outcomes and the under-
lying factors that shape them. In this paper, the study
population comprises 1,223 ESSA panelists who partici-
pated in all four above mentioned survey measurements.
Additional details regarding the ESSA sample selection
are also available [20].

Outcomes

There were seven MH and SEW outcomes of interest:
(1) self-reported (perceived) mental health; (2) socio-
emotional wellbeing; (3) level of happiness; (4) level of
optimism; (5) feeling alone; (6) feeling depressed; and (7)
feeling anxious. Perceived mental health was assessed
via a single-item measure of self-related mental health
adapted from a question that is associated with multi-
item measures of mental health and that has been widely
used in research, [21] including in the Canadian Health
Measures Survey [22]. Socio-emotional wellbeing was
measured using the validated Socioemotional Well-being
Index (SEWBI), a questionnaire capturing a composite
indicator and global measure of subjective wellbeing that
has been previously validated with data from the 2006
European Social Survey [23]. Individual questions from
the validated SEWBI were also used to measure level of
happiness, level of optimism, feeling alone, and feeling
depressed. Feeling anxious was measured in part by an
individual SEWBI question and by asking participants
to indicate the extent to which they felt tightness in their
chest pain in the past month. How these variables were
operationalized is detailed in the Appendix (p 3).

Socio-ecological predictors

A conceptual model informed by the Social Ecological
Model, [24] and existing literature on social determinants
of mental health, [25] guided the selection of the predic-
tors in the present study (Fig. 1). Intrapersonal predic-
tors included objectively measured COVID-19 infection
status based on official health data sources, self-reported
severity of COVID-19 infection, socio-demographic
characteristics, and health status. Interpersonal level
predictors included social support, family/household
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member COVID-19 diagnosis status, and household
financial characteristics, and household environment
predictors. The latter included household situation type,
current useful surface area of the home, current number
of household members, percentage of household mem-
bers over 60 years of age, and percentage of household
members under 16 years of age. Furthermore, popula-
tion environment predictors (at the census tract level)
included average net income per person, Gini index (i.e.,
measure of inequality), percentage of population<18
years of age between 2015 and 2020, percentage of popu-
lation > 65 years of age between 2015 and 2020, percent-
age of the foreign population between 2015 and 2020,
and percentile of group density. The operationalization of
these variables is also detailed in the Appendix (p 5).

Statistical analysis

Descriptive analyses were carried out on all outcome and
predictor variables among participants in each of the
four survey measurement periods (Table 1). We devised
cross-sectional weighting scheme that includes a non-
response adjustment based on propensities through
eXtreme Gradient Boosting (XGBoost), optimal com-
bination of the samples from the panels involved, and
calibration for completing the representativeness of the
population at a given measurement. XGBoost is a state-
of-the-art machine learning method, [26] one that builds
ensembles of decision trees which optimize an objective
function via Gradient Tree Boosting [27]. Additional
details regarding that ESSA reweighting are described in
Castro et al [20]. Analyses were carried out to examine
temporal changes in the seven MH and SEW outcomes
and their socio-ecological predictors.

On the other hand, we estimated the internal consist-
ency of the Socioemotional Well-being Index (SEWBI),
through Cronbach’s alpha for the individual questions
that compose it (i.e., level of happiness, level of optimism,
feeling alone, feeling anxious and feeling depressed). Spe-
cifically, we estimated Cronbach’s alpha equal to 0.760,
i.e. a high level of reliability.

Unadjusted temporal changes in each of these seven
outcomes are shown in Table 2. They were assessed by
generalized linear mixed models (GLMM) with a variable
response with link zero-inflated binomial (i.e., equiva-
lent to logistic regression). This link allowed for the pres-
ence of heteroskedasticity in the response variable. We
included several random effects in the models. First, we
included random effects focused on unobserved con-
founding. These random effects sought to capture indi-
vidual heterogeneity— i.e.,, unobserved confounders,
specific to the subject and invariant between the survey
waves, which may influence the probability that the sub-
ject declares the occurrence of the outcome. Second, we
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POPULATION (CENSUS TRACT) ENVIRONMENTAL PREDICTORS

Average net income Gini Index Percentile of group density

HOUSEHOLD ENVIRONMENTAL PREDICTORS

Household situation type  Current useful surface area of the home Current number of household members

INTERPERSONAL PREDICTORS

Household financial characteristics Perceived level of social support
eHousehold difficulty in usually making ends meet

eHousehold income in the previous month

eChange in financial situation since first survey

INTRAPERSONAL PREDICTORS

Socio-demographic characteristics Health Status

oSex ePerceived general health

e Age e Type and number of objectively

eEducational level measured chronic conditions

e Employment status eDoctor/healthcare provider

e Work situation type communication about chronic
conditions

MENTAL/EMOTIONAL HEALTH OUTCOMES
Perceived mental health
Level of socio-emotional wellbeing
Level of happiness
Level of optimism
Currently feels alone
Currently feels depressed
Currently feels anxious

COVID-19 Diagnosis Status
¢COVID-19 infection status
¢COVID-19 infection severity

Family/household member COVID-19 diagnosis status
eFamily member (household) diagnosed with COVID-19
eFamily member (non-household) diagnosed with COVID-19
eHousehold member (not family) diagnosed with COVID-19

% of household members over 60 % of household members under 16

% of population <18 years of age % of population >65 years of age % of foreign population

Fig. 1 Conceptual model of the socio-ecological predictors of mental health status during the COVID-19 pandemic. This model illustrates

how different factors may shape mental/emotional health outcomes and how these predictors may vary across time during the COVID-19
pandemic. It is informed by existing literature on the social determinants of mental health [25] and the Social Ecologic Model, which highlights
how health extends beyond biological factors and is influenced by a collection of subsystems that occur at various levels [24]. Predictors

in the present model were selected based study data from the Andalusian Health and Social Survey (ESSA, Encuesta Sanitaria y Social de Andalucia)
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Table 1 Andalusian health and social survey (ESSA, Encuesta Sanitaria Y Social De Andalucia) respondent characteristics by four

measurement periods, n=1,223

Measurement 1:

April-May 2020

Measurement 2:

June-July 2020

Measurement 3:
October-November
2020

Measurement 4:
April-May 2021

MENTAL HEALTH/SOCIO-EMOTIONAL WELLBEING OUTCOMES
Regular/bad perceived mental health®
Low level of socio-emotional wellbeing®
Low level of happiness®
Low level of optimism®
Currently feels alone®
Currently feels depressed®
Currently feels anxious®
INTRAPERSONAL LEVEL PREDICTORS
COVID-19 diagnosis status
Has been infected with COVID-199
Very severe/severe level of COVID-19 infection severity®
Socio-demographic characteristics
Fernale sex’
Age
16-24 years
25-34 years
35-44 years
45-54 years
55-64 years
65 years or older
Educational level
llliterate/primary education not completed
Primary or second stage education
Bachelor/Postsecondary/Vocational
University graduate (own university degree)
Masters/specialty/doctoral degree
Employment status
Salaried full time or ERTE full time
Salaried part-time or ERTE part time

Entrepreneurs with wage earners or without employees/etc.

Unpaid family work/ unemployed/ student/ household/childcare/

volunteer
Retired/disabled
Other kind of economic inactivity
Work situation type
Works from home
Works away from home
Works from home and away from home
Other
Health Status
Fair/bad perceived general health?
Objectively diagnosed with diabetes”
Objectively diagnosed with dislipemia”

Objectively diagnosed with chronic obstructive pulmonary disease”

Objectively diagnosed with asthma”

Objectively diagnosed with heart failure”

Number of objectively diagnosed chronic conditions
No conditions
One condition

Two conditions

219(17.
187 (15
114(93)
240 (19.6)
247(20.2)
(50.9)
(77)

9)
3)

622 (50.9
216 (17.7

679 (55.5)

133(109)
155(12.7)
252 (20.6)
298 (24.4)
217(17.7)
(13.7)

168

48 (3.9)

707 (57.8)
137(11.2)
153(12.5)
178 (14.6)
408 (334)
76 (6.2)

104 (8.5)
371(30.3)

242(19.8)
20(1.6)

159 (13.0)
239(19.5)
67 (5.5)
119(9.7)

170 (13.9)
116 (9.5)
77 (6.3)
55 (4.5)
133 (10.9)
54 (4.4)

727 (59.4)
296 (24.2)
107 (8.7)

119(9.7)
11209.2)

679 (55.5)

133 (10.9)
155(12.7)
252(20.6)
298 (24.4)
217.(17.7)
68(13.7)
48 (3.9)
707 (57.8)
137(11.2)
153(12.5)
178 (14.6)
409 (334)
91 (74)
106 (8.7)
349 (28.5)

244 (20.0)
21(1.7)

157 (12.8)
307 (25.1)
61(5.0)
79(6.5)

158 (12.9)
119(9.7)
79 (6.5)
56 (4.6)
136 (11.1)
57 (4.7)

715 (58.5)
299 (24.4)
112(9.2)

37(3.0)
6(0.5)

679 (55.5)

3(109)
55(12.7)
252 (20.6)
298 (24.4)
217.(17.7)

68 (13.7)

48 (3.9)
707 (57.8)

137(11.2)
153(12.5)
178 (14.6)
429 (35.1)
3)

3)

338 (27.6)

(
40.
02 (8.
(
230(188)
10(0.8)

40(3.3)
521 (42.6)
62 (5.1)
35(29)

208 (17.0)
120 (9.8)
80 (6.5)
56 (4.6)
136 (11.1)
57 (4.7)

710 (58.1)
301 (24.6)
114(9.3)

209 (17.1)
220(18.0)
53 (43)
186 (15.2)
306 (25)
516 (42.2)
198(16.2)

104 (8.5)
14(1.1)

679 (55.5)

133 (109
155(12.7)
252 (20.6)
298 (24.4)
217(17.7)
168 (13.7)

48(39)

707 (57.8)
137(11.2)
153(12.5)
178 (14.6)
430(35.2)
115 (9.4)

98 (8.0)
335(27.4)

234(19.1)
10(08)

36(29)
512(41.9)
70(5.7)
36(29)

230(18.8)
122 (10.0)
81 (6.6)
57 (4.7)
140 (11.4)
63 (5.2)

692 (56.6)
302 (24.7)
128 (10.5)




Robles et al. BMC Public Health (2024) 24:2284
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Page 6 of 18

Measurement 1:

April-May 2020

Measurement 2:

June-July 2020

Measurement 3:
October-November
2020

Measurement 4:
April-May 2021

Three conditions
Four or more conditions

Has been told by doctor/health professional that currently
has hypertension'

Has been told by doctor/health professional that currently has chronic
pain'

Has been told by doctor/health professional that currently has aller-
gies

Has been told by doctor/health professional that currently has bad
circulation'

INTERPERSONAL LEVEL PREDICTORS
Social Support
Perceived level of social support
High support
Intermediate support
Low support
Family/household member COVID-19 diagnosis status
Family member (household) diagnosed with COVID-19¢
Family member (non-household) diagnosed with COVID-19¢
Household member (not family) diagnosed with COVID-19¢
Household financial characteristics
Household experiences difficulty in making ends meet!
Household income in the previous month
<900 euros
901-1600 euros
1601-3000 euros
>3000 euros
Change in financial situation since the first survey
No change in financial situation
Financial situation got better
Financial situation got worse
HOUSEHOLD ENVIRONMENT PREDICTORS
Household situation type
One person household
Single parent that lives with a child
Couple without children who share a home
Couple with children who share a home
Other type of housing situation
Current useful surface area of the home
<46 m2
46-75m2
76-120m2
>120m2
Current number of household members, including self
1 member
2 members
3 members
4 members
5 members
6 or more members
% of household members over 60
Quartile 1
Quartile 3

56 (4.6)
37(3.0)

9(0.7)
116 (9.5)
2(0.2)

380 (31.1)

207
378

167

81(6.6)
86 (7.0)
234(19.1)
666 (54.5)
156 (12.8)

13(1.1)

233 (19.1)
596 (48.7)
271(22.2)

81(6.6)
313(25.6)
311(254)
386 (31.6)
100 (8.2)
32(26)

0.25
0.50

59 (4.8)
38(3.1)
242(19.8)

341(27.9)
272(22.2)

160 (13.1)

383(31.3)
391(32.0)
449 (36.7)

12(1.0)
93 (7.6)
3(0.2)

321(26.2)

223(182)
370(30.3)
388 (31.7)
156 (12.8)

1033 (84.5)
83 (6.8)
105 (8.6)

79(6.5)
91 (74)
230(18.8)
669 (54.7)
54 (12.6)

12(1.0)

233(19.1)
598 (48.9)
272 (22.2)

79 (6.5)
311 (254)
311(254)
389(31.8)
102 (8.3)
30(25)

0.25
0.50

58 (4.7)
40(3.3)
210(17.2)

340 (27.8)
221(18.1)

148 (12.1)

371(30.3)
405 (33.1)
447 (36.5)

38(3.1)
252 (20.6)
7(0.6)

336 (27.5)

227 (18.6)
379(31.0)
379 ( 0)

3(125)
934 (76.4)

106 (8.7)
77 (14.5)

87 (7.1)

22
64

w O

52. 6)

13(1.1)

235(19.2)
599 (49.0)
269 (22.0)

88(7.2)
314(25.7)
312(25.5)
384 (31.4)
97 (7.9)
26 (2.1)

0.25
0.50

57 (47)
44 (3.6)
252 (20.6)

320(26.2)
261(21.3)

136 (11.1)

358(29.3)
454 (37.1)
1(33.6)

101 (8.3)
394 (32.2)
5(04)

326 (26.7)

233 (19.1)
278 (22.7)
382(31.2)
157 (12.8)
962 (78.7)
132(10.8)
122 (10.0)

88(7.2)
112(9.2)
229(18.7)
626 (51.2)
168 (13.7)
16 (1.3)
234(19.1)

596 (48.7)
269 (22.0)

91 (74)
318 (26.0)
312(25.5)
380 (31.1)
93 (7.6)
28(23)

0.25
0.50
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Measurement 1:
April-May 2020

Measurement 2:

June-July 2020

Measurement 3:
October-November
2020

Measurement 4:
April-May 2021

Mean [standard deviation]
Median [interquartile range]
% household members under 16
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
POPULATION ENVIRONMENT PREDICTORS
Average net income per person
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
Gini Index
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
% of population under 18 years of age (2015-2020)
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
% of population aged 65 and over (2015-2020)
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
% of foreign population (2015-2020)
Quartile 1
Quartile 3
Mean [standard deviation]
Median [interquartile range]
Percentile of group density
Quartile 1
Quartile 3
Mean [standard deviation]

Median [interquartile range]

046 [0.27]
0.33[0.25]

033
067
051[0.22]
0.50[0.33]

8103.83
11084.33
9991.33[2931.65]
9213.67 [2980.50]

2842
3296
30.94[3.81]
3047 [4.54]

15.5

2137

18.58 [4.56]
17.95[5.87]

124

22.12

1743 [6.83]
17.35[9.72]

1.87
775
6.88[9.02]
3.63[5.88]

1262.64

15776.00
11451.31[13627.59]
7411.32[14513.37]

046 [0.27]
0.33[0.25]

033
067
051[0.22]
0.50[0.33]

8103.83
11084.33
9991.33[2931.65]
9213.67 [2980.50]

2842
3296
30.94[3.81]
3047 [4.54]

155

2137

18.58 [4.56]
17.95[5.87]

124

2212
17.43[6.83]
17.35[9.72]

1.87
775
6.88[9.02]
3.63[5.88]

1262.64
15776.00

11451.31[13627.59]
7411.32[14513.37]

047[0.27]
0.33[0.25]

033
067
052[0.22]
0.50([0.33]

8103.83
11084.33
9991.33[2931.65]
9213.67 [2980.50]

2842
3296
30.94 [3.81]
3047 [4.54]

155

2137

18.58 [4.56]
17.95[5.87]

124

2212
17.43[6.83]
17.35[9.72]

1.87
7.75
6.88[9.02]
3.63[5.88]

1262.64

15776.00
11451.31[13627.59]
7411.32[14513.37]

047[0.27]
0.33[0.25]

033
067
052[0.22]
0.50[0.33]

8103.83
1108433
9991.33 [2931.65]
9213.67 [2980.50]

2842
3296
3094 [3.81]
3047 [4.54]

155

2137
18.58 [4.56]
17.95[5.87]

124

2212

1743 [6.83]
17.35[9.72]

1.87
775
6.88[9.02]
3.63[5.88]

1262.64

15776.00
11451.31[13627.59]
7411.32([14513.37]

Note: Data are n (%), unless otherwise indicated. All data are weighted except for the variable ‘social support! Percentages do not account missing responses and
may not add up to 100% due to rounding. ERTE Expediente de Regulacién Temporal de Empleo (i.e., a record of temporary employment regulation which is a labor
procedure in Spain that permits companies to suspend or reduce workers’ contracts)

2Dichotomous variable, results for excellent/very good/good not shown

bDichotomous variable, results for normal socio-emotional wellbeing/happiness/optimism not shown

“Dichotomous variable, results for currently does not feel alone/depressed/anxious not shown
9Dichotomous variable, results for has not been infected/diagnosed with COVID-19 not shown

¢Dichotomous variable, results for mild/very mild COVID-19 level of severity not shown

f Dichotomous variable, results for male sex not shown

9Dichotomous variable, results for excellent/very good/good not shown

P Dichotomous variable, results for not objectively diagnosed not shown

i Dichotomous variable, results for has not been told not shown

J Dichotomous variable, results for does not experience difficulty not shown
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Table 2 Unadjusted fixed effect odds ratios and 95% credibility intervals for seven mental health and socio-emotional wellbeing
outcomes at four measurement periods during the COVID-19 pandemic, April 2020 to April 2021 (n=1223)

Regular/bad perceived mental
Measurement period _health

Low socio-emotional wellbeing  Low happiness

Low optimism

Currently feels alone Currently feels depressed Currently feels anxious

121 (1.05, 1.39)
0.80 (0.69, 0.92)¢
097 (0.85, 1.11)
1.07 (0.93. 1.24)

120 (1.02, 1.42)"
0.53 (0.4, 0.64)*
0.93 (0.79, 1.09)
169 (1.4, 1.98)"

1.96 (1.61, 2.40)
0.67 (0.53, 0.86)"
0.97 (0.79, 1.20)
0.78 (0.62, 0.98)"

s

117 (103, 1.33)"
1.06 (0.95, 1.18)
0.98 (0.8, 1.10)
0.83 (0.72. 0.94)"

1.09 (0.89, 1.38)
1.00 (0.83, 1.17)
1,02 (0.87, 1.24)
0.90 (0.70, 1.12)

1.04 (0.84,1.30)
0.97 (0.81, 1.16)
0.95(0.79, 1.13)
1.04 (0.84, 1.30)

121 (1.0, 1.39)"
0.80 (0.69, 0.92)!
097 (0.85, 1.11)
1.07 (0.93. 1.24)

Data from the Andalusian Health and Social Survey (Spanish Acronym ESSA, Encuesta Sanitaria y Social de Andalucia) were analyzed in measurement period 1 (April-
May 2020), period 2 (June-July 2020), period 3 (October-November 2020), and period 4 (April-May 2021). Numbers reported in this table correspond to an unadjusted

Bayesian fixed effects model

TThe 90% credibility interval did not contain the unity and indicated higher odds of poor mental/socio-emotional wellbeing during the measurement period

*The 95% credibility interval did not contain the unity and indicated lower odds of poor mental health/socio-emotional wellbeing during the measurement period

included random effects capturing the evolution of the
probability over time and the fact that we had four meas-
urements for each of the subjects. It should be noted that
we allowed for this evolution to be non-linear. Further-
more, we also included random effects to control spatial
dependency and to consider that subjects who reside
nearby show more similar values of the outcome vari-
ables than subjects who reside far away. More details on
these random effects can be found in the Appendix (p
10). We re-ran these models with all the predictor varia-
bles of interest simultaneously to assess predictors of the
seven mental and emotional health outcomes (Table 3).

The impact of COVID-19 infection status, both objec-
tively measured COVID-19 status based on hospital
records and self-reported infection severity, may have
varied over time based on the probability of occurrence
of each of the outcomes. Thus, the adjusted (predic-
tor) models shown in Table 3 included other structured
random effects associated with each of the COVID-19
variables (Table 4). All data was managed using R (ver-
sion 4.3.1) and STATA version 14.1 (StataCorp LP, Col-
lege Station, Texas, USA). All analyses were carried out
using the free software R (version 4.3.1), through the
INLA package. All inferences made following a Bayesian
perspective, using the INLA approach, are detailed else-
where (Appendix p 10). In addition to the parameters of
interest, we estimate their 95% and 90% credibility inter-
vals. A credibility interval contains the true value of the
parameter with a given probability (95% or 90%, in our
case).

Role of the funding sources

The funders of the present study played no role in the
design, collection, analysis, or interpretation of the study
data. They also did not participate in writing or the deci-
sion to submit the manuscript.

Results

Descriptive results

Only individuals who participated in all four meas-
urement periods of the general ESSA population sur-
vey were included in the analyses. The response rate of
M1 (n=2950), M2 (n=1978), M3 (n=1491), and M4
(n=1223) was 88.5%, 67.1%, 75.4%, and 82.0%, respec-
tively. This corresponds to a retention rate of 58% in M2,
51% in M3, and 42% in M4. The most prevalent poor
MH/SEW outcome among participants from M1 to M4
was feeling depressed. The most important results of the
descriptive analyses are presented in Table 1. For exam-
ple, the proportion of participants infected with COVID-
19 incrementally increased from 5% in M1 to over 8%
in M4, corresponding with trends in the prevalence of
participants reporting their COVID-19 infection sever-
ity as ‘very severe/severe’ (0.2% in M1, 0.2% in M2, 0.5%
in M3, and 1.1% in M4). The same pattern was observed
for the percentage of respondents reporting members of
their family/household being diagnosed with COVID-19.
The majority of participants were female (55.5%). Par-
ticipants predominately perceived their physical health
as ‘excellent/very good/good’ across the four measure-
ment periods, although there was a descending pattern
from M1(86.1%) to M4 (80.9%). Conversely, the percent-
age of participants that were objectively diagnosed with
diabetes, dislipemia, obstructive pulmonary disease, and
having four or more chronic conditions incrementally
increased. Other characteristics of ESSA participants, as
well as missing data, by measurement periods are pre-
sented in the Appendix (p 11).

Temporal changes in MH and SEW outcomes

There were significant differences in the unadjusted
odds ratios (OR) and 95% credibility intervals (95%
CI) for the seven mental/emotional health outcomes of
interest by measurement period (Table 2). Participants
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Table 3 Predictors of seven mental health and socio-emotional wellbeing outcomes during the COVID-19 pandemic, April 2020 to
April 2021 (n=1223)

Regular/bad

perceived mental

health

Low socio-
emotional
wellbeing

Low happiness

Low optimism

Currently feels
alone

Currently feels
depressed

Currently feels
anxious

INTRAPERSONAL LEVEL PREDICTORS

COVID-19 Infection Status

Has been
infected (ref=not
infected)

Very severe/
severe level
of infection
(ref=very mild/
mild)

Socio-demographic characteristics

Female sex
(ref=male)

0.91(0.46,1.79)

142 (0.50,4.04)

192(1.37,2.72)°

Age (ref=16-24 years)

25-34 years

35-44 years

45-54 years
55-64 years

65 or +years

038 (0.21,068)°
0.88 (0.53, 1.45)

0.84 (0.54, 1.32)
1.53(1.02,2.29)°
1.19(0.84,1.68)

0.81(0.34,1.99)

0.78 (0.25,2.37)

256 (1.79, 3.69)°

044 (0.24,081)°
191(1.15,3.19)°

0.62 (0.39,0.97)°
127(0.84,191)
1.30(0.91,1.85)°

Educational level (ref=illiterate/primary not completed)

Primary
or second stage
education

Bachelor/
Postsecondary/
Vocational

University
graduate (own
university degree)

Masters/

specialty/doctoral
degree

Employment status (ref=Salaried full time or ERTE full time)

Salaried part-
time or ERTE part
time

Entrepreneurs
with wage earners
or without employ-
ees/etc.

Unpaid family
work/unemployed/
student/house-
hold/ childcare/
volunteer

Retired/
disabled

Other kind
of economic
inactivity

0.60 (0.34, 1.08)°

1.31(0.84,2.03)

0.88 (0.60, 1.28)

0.92(0.67,1.25)

147 (0.74, 2.94)

1.41(0.77,2.55)

0.79 (046, 1.35)

1.00 (0.63,1.57)

1.11(0.72,1.72)

2,05 (1.09, 3.86)°

0.78 (0.48,1.27)

0.95 (0.64, 1.40)

0.82(0.60, 1.13)

0.88(0.44, 1.75)

1.12(0.62, 2.02)

2.20 (130, 3.74)°

1.27(0.81,1.98)

1.18(0.78,1.78)

Work situation type (ref=works from home)

Work away
from home

Work
from home
and away
from home

0.78 (0.48,1.29)

0.59 (0.37,0.94)°

1.20(0.75,1.94)

1.13(0.70, 1.83)

3.57(0.08, 159.85)
1.35 (0.00,

3.65E+03)

0.10(0.00,51.24)

20.39(0.02,
2.30E+04)

0.12(0.01,2.26)°

0.04 (0.00, 1.56)°
555 (0.20, 160.41)
0.07 (0.00, 7.07)

1.92(0.07,52.77)

0.86 (0.04,16.87)

1.13(0.12,10.64)

0.61(0.14, 2.68)

0.81(0.04, 15.68)

13.81(0.14,
1.45E+03)

0.44(0.03,7.42)

1.75(0.15,20.70)
24.88(0.12,
5.59E+03)*
5.75(0.20, 164.36)

0.51(0.01,4943)

0.92 (0.46, 1.83)

1.99(0.71,5.62)°

0.87 (066, 1.15)

0.95(0.58,1.57)
1.36 (0.89, 2.09)

0.87(0.61,1.26)
1.08(0.77,1.50)
091 (068, 1.22)

2.26(135,3.79)°

1.07 (0.72, 1.60)

0.94 (067, 1.30)

1.08 (0.83, 1.40)

1.08 (0.59, 1.97)

0.77 (0.46, 1.30)

1.29(0.81,2.05)

183 (1.25,2.70)

1.02 (0.72, 1.45)

1.90 (1.29, 2.81)°

1.36(0.93, 2.00)°

1.96 (0.00,
1.21E+04)

2.80(0.00,
4.97E+05)

030(0.01,11.88)

0.19(0.00, 28.66)
9.99(0.05,
1.92E+03)

0.25 (0.00, 257.34)
0.07(0.00,33.94)
0.57(0.03, 12.90)

0.37 (0.00,
1.43E+03)

6.07(0.02,
1.73E+03)

0.93(0.02,37.12)

0.52(0.01,2241)

0.00(0.00,
1.93E+03)

0.00 (0.00,
2.65E+03)

0.01(0.00,
2.50E+04)

0.03 (0.00, 38.65)

0.51(0.00,558.381)

0.03(0.00,29.81)

1.47 (0.00, 487.86)

0.68 (0.00, 176.38)

1.02 (0.00,451.78)

1.52(0.01,305.79)

1.02(0.00, 357.75)

1.01(0.00, 303.76)

0.89 (0.00, 309.44)
1.12(0.00, 400.64)
1.11(0.00, 350.29)

0.81(0.00,319.71)

0.86 (0.00,307.92)

1.32(0.00,396.16)

0.86 (0.00, 242.87)

1.08 (0.00, 443.26)

0.79 (0.00, 312.35)

0.89 (0.00, 324.00)

1.09 (0.00, 349.28)

1.07 (0.00, 284.32)

0.98 (0.00, 425.46)

0.93 (0.00,380.72)

2.19(127,378)°

1.56 (0.63,3.88)

264 (1.92,365)°

0.53(0.31,093)°
116 (0.72,1.88)

1.05 (0.69, 1.58)
1.12(0.78,1.62)
1.11(0.81,1.52)

0.88(0.51,1.53)

1.32(0.86,2.03)

1.25(0.87,1.81)

1.08 (0.81,1.45)

0.55 (0.29, 1.04)°

1.05 (061, 1.82)

2,07 (1.26, 340)°

1.12(0.74,1.70)

1.24(0.85,1.83)

0.99 (0.65, 1.49)

0.87(0.59,1.30)
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Table 3 (continued)
Regular/bad Low socio- Low happiness Low optimism Currently feels Currently feels Currently feels
perceived mental emotional alone depressed anxious
health wellbeing

Other

Health Status

Fair/bad
perceived general
health (ref=excel-
lent/very good/
good perceived
general health)

Objectively
diagnosed with dia-
betes (ref=not
diagnosed)

Objectively
diagnosed with dis-
lipemia (ref=not
diagnosed)

Objectively diag-
nosed with chronic
obstructive
pulmonary disease
(ref=not diag-
nosed)

Objectively diag-
nosed with asthma
(ref=not diag-
nosed)

Objectively diag-
nosed with heart
failure (ref=not
diagnosed)

0.83(0.53,132)

5.56 (447,6.92)°

046 (0.24,0.90)°

0.93(043,1.99)

0.92 (0.54,1.57)

0.50 (0.33,0.74)°

042 (0.24,0.73)°

1.27(0.78, 2.06)

418 (3.32,5.30)°

043 (0.21,0.86)°

0.84(0.38, 1.85)

0.70 (0.41,1.22)*

050 (0.33,0.74)°

0.39(0.22, 0.69)°

0.98(0.01,157.29)

61.03(0.08,
5.14E+04)

7.55(0.00,
4.13E+05)

0.00(0.00,
1.05E+06)

0.01(0.00, 99.25)

0.02 (0.00, 20.26)*

0.06 (0.00, 43.17)

Number of objectively diagnosed chronic conditions (ref=none)

One condition

Two condi-
tions

Three condi-
tions

Four or more
conditions

Told by doctor/
health professional
that currently

has hypertension
(ref=has not been
told)

Told by doctor/
health professional
that currently

has chronic pain
(ref=has not been
told)

Told by doctor/
health profes-
sional that cur-
rently has allergies
(ref=has not been
told)

894 (3.59,22.41)°
1.01(0.60,1.72)
157 (0.94,2.62)°
1.29(0.81,2.07)

0.95(0.72,1.26)

1.34(1.08,1.66)°

127 (1.00, 1.62)°

1208 (4.73,31.35)°

166 (0.97,2.83)°
1.86(1.08,3.21)°
1.36(0.83,2.24)

1.04 (0.78,1.41)

143(1.14,1.79)°

1.32(1.04,1.67)°

6.86E+03 (0.00,
3.16E+10)°

13.24(0.01,
2.75E+04)

10.53 (0.05,
249E+03)

2.88(0.27,30.48)

2.09(0.39,11.30)

0.87(0.23,3.37)

1.18(0.33,4.17)

1.59(1.08,2.33)°

2.12(1.74, 2.60)°

0.87 (0.50, 1.52)

1.00(0.53,1.89)

1.00 (0.63, 1.60)

1.01(0.72,1.41)

072 (045,1.16)°

3.10 (140, 6.93)°
143 (091,2.25)
0.94 (0.61,1.44)
0.98 (065, 1.48)

0.89(0.70,1.14)

134(1.11,1.61)°

129 (1.06, 1.58)°

4.18(0.01,
1.55E+03)

45082 (044,
479E+05)°

0.58 (0.00,
4.04E+03)

0.00(0.00,51.63)

0.00 (0.00,
1.97E+03)

0.11(0.00,31.82)

0.00 (0.00, 62.96)°

3.20E+08 (0.01,
1.62E+19)°

751,63 (0.01,
781E+07)

47.14(0.01,
4.48E+05)

10.76 (0.07,
1.68E+03)

3.85(0.11,13835)

1.74(0.04, 74.31)

2.12(0.10,45.92)

1.14(0.00, 446.97)

1.24(0.01,23861)

0.81(0.00, 160.37)

0.74(0.00, 167.34)

0.72(0.00, 163.99)

0.72(0.00, 161.75)

0.67 (0.00, 169.98)

0.95(0.00,310.08)

0.96 (0.00,311.78)

1.14(0.00, 342.67)

0.96 (0.00, 280.62)

0.97(0.00, 229.88)

0.96 (0.00, 216.52)

0.88 (0.00,200.11)

0.70 (047, 1.04)°

2.73(2.21,338)°

0.72(0.39,1.33)

0.55(0.27,1.13)°

0.75(0.44,1.27)

0.60 (041,0.87)°

049 (0.28,0.85)°

3.73(1.56,891)°
0.80 (047, 1.34)

1.49 (0.89, 2.49)°
149 (094, 2.35)°

1.04 (0.80, 1.35)

140 (1.15,1.72)°

1.06 (0.85,1.31)




Page 11 0f 18

Low optimism

Currently feels
alone

Currently feels
depressed

Currently feels
anxious
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Table 3 (continued)
Regular/bad Low socio- Low happiness
perceived mental emotional
health wellbeing

Currently told 1.20 (0.91,1.58)* 126 (0.95,1.67)° 82.29(0.03,

by doctor/health 3.00E+05)

professional

that currently

has bad circulation
(ref=has not been
told)

INTERPERSONAL LEVEL PREDICTORS
Social Support
Perceived level of social support (ref =high support)

Intermedi-  2.20 (1.69, 2.86)° 3.27 (2.45,437)°

ate support

842 (0.31,238.26)°

Low sup- 1.19(0.94,1.51)° 1.09 (0.85, 1.41) 7.38(0.29,193.24)°

port
Family/household member COVID-19 diagnosis status

Family 1.36 (0.83,2.22)* 140 (0.87,2.24)*
member (house-

hold) diagnosed

with COVID-19

(ref=not diag-

nosed)

2.23(0.07,71.50)

Family mem-  1.21(097,151)°
ber (non-house-

hold) diagnosed

with COVID-19

(ref=not diag-

nosed)

1.20(0.95,1.51)° 3.15(0.12,88.49)

Household
member (not
family) diagnosed
with COVID-19
(ref=not diag-
nosed)

1.29(0.39,4.28) 0.83(0.16,4.18) 0.00(0.00,

2.14E+06)

Household financial characteristics
Household difficulty in making ends meet (ref =experiences no difficulty)

Experiences  1.25 (1.02, 1.54)° 1.59(1.29,1.97)° 2.80(0.71,11.10°

difficulty

Household income in the previous month (ref= <900 euros)

901-1600 0.72 (0.44,1.15)° 061 (0.38,0.99)° 0.04 (0.00, 490.77)
euros

1601-3000  0.85(0.61,1.19) 1.01(0.72,1.47) 0.87(0.19,3.98)
euros

>3000 1.02(0.78,1.33) 1.23(0.94,1.62)* 0.51(0.05, 4.94)
euros

Change in financial situation since the first survey (ref=no change)

Financial 1.70(1.29,2.23° 184 (141,241)° 4.61(0.32,67.15)

situation got better

Financial 149 (0.97,2.28)° 197 (1.27,3.07)°

situation got worse
HOUSEHOLD ENVIRONMENT PREDICTORS
Household situation type (ref=one person household)

0.84(0.05,1347)

Single 1.01(0.32,3.17) 0.55(0.17,1.75) 0.36 (0.00,372.08)
parent that lives
with a child

Couple with- 101 (0.34, 3.00) 142 (0.46,4.47) 5.19(0.01,
out children who 3.87E+03)

share a home

Couple
with children who
share a home

1.36 (0.68, 2.72) 0.78 (039, 1.59) 0.43(0.00,49.35)

126 (0.99, 1.61)°

219(1.77,272)°

1.07 (0.88, 1.30)

1.06 (0.69, 1.64)

1.09(0.90,1.32)

0.00 (0.00, 0.00)°

1.84(1.54,2.20)°

1.00 (0.68, 1.47)
0.88(0.67,1.15)

1.20 (0.96, 1.49)°

1.74(1.39,2.17)°

191(1.33,2.75)°

146 (049, 4.34)

0.65(0.23,1.80)

1.39(0.73,2.65)

0.93(0.01,7893)

4.43(0.21,95.16)

4.66 (0.09,237.11)

0.70 (0.00, 339.98)

0.82(0.02,42.45)

0.01(0.00,
2.67E+08)

1.28 (0.06, 29.31)

0.18(0.00, 16.03)

9.07(0.22,381.26)

0.75 (0.04, 15.67)

16.93 (0.08,
342E+03)

126.83 (0.09,
1.93E+05)°

0.03 (0.00,
1.39E+04)

10.80 (0.00,
8.12E+09)

3.45(0.00,
1.11E+05)

0.95(0.00, 220.64)

1.17(0.00,346.51)

0.97 (0.00, 288.50)

0.68 (0.00, 173.11)

0.80 (0.00, 152.30)

0.64(0.00, 191.62)

1.12(0.01,212.86)

0.73(0.00,271.82)

0.99 (0.00, 284.33)

1.09 (0.00, 306.36)

0.80 (0.00, 191.28)

1.23(0.00, 486.61)

1.06 (0.00, 357.93)

0.92(0.00,322.16)

0.85(0.00, 227.08)

1.24(0.97,1.59°

1.52(1.20,1.92)°

1.04(0.84, 1.29)

1.28(0.83,1.99)

1.13(0.92,1.39)

1.05 (0.26, 4.26)

1.70 (140, 2.07)°

0.75 (049, 1.16)°
1.02(0.75,1.38)

1.12(0.87,1.43)

1.65(1.29,2.12)°

1.24(0.87,1.78)

046 (0.12,1.73)

1.21(0.36,4.07)

0.87(041,1.83)
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Table 3 (continued)
Regular/bad Low socio- Low happiness Low optimism Currently feels Currently feels Currently feels
perceived mental emotional alone depressed anxious
health wellbeing

Other type
of housing situation

4(0.64,2.02)

0.84(0.47,1.49)

Current useful surface area of the home (ref=<46 m2)

46-75m2
76-120m2

>120m2

0.57(0.27,1.22)°
1.24(0.70,2.22)

0.98 (0.68, 1.41)

1.16 (0.53,2.52)
0.83 (0.46, 1.50)

1.01(0.70, 1.47)

3.71(0.13,108.13)

0.00 (0.00, 0.78)°

530.09 (0.18,
1.72E+06)°

0.07 (0.00, 4.04)

Current number of household members, including self (ref=1 member)

2 members

3 members

4 members

5 members

6 or more
members

% of household
members over 60

% of household
members under 16

0.87(0.23,3.26)
0.51(0.16, 1.65)

0.90(0.37,2.16)
1.30(0.70, 241)

0.79 (0.55, 1.15)?
0.50 (0.28, 0.89)°

2.04(0.79,5.24)°

0.69 (0.18, 2.66)

1.11(0.34,3.61)

1.20 (0.48,2.97)
1.25(0.67,2.35)

1.08 (0.74,1.59)

0.69(0.39,1.23)°

262 (1.02,681)°

POPULATION ENVIRONMENT PREDICTORS

Average net income per person (ref=Quartile 1)

Quartile 2
Quartile 3
Quartile 4

1.00(0.70, 1.42)
1.16 (0.85, 1.60)
0.82(0.60,1.12)

Gini index (ref=Quartile 1)

Quartile 2
Quartile 3
Quartile 4
% of population
under 18 years
of age 2015-2020
% of popula-
tion aged 65
and over 2015-
2020
% of foreign popu-
lation 2015-2020

092 (0.63,1.34)
0.99(0.72,1.37)
1.01(0.74,1.37)
1.03 (0.99, 1.06)°
1.03 (1.00, 1.06)

1.01 (0.99, 1.03)

1.20(0.84,1.71)
1.16 (0.84, 1.60)
1.18(0.86, 1.63)

1.35(0.92,1.97)°
1.28(0.92,1.77)°

( )
( )
1.14(0.83,1.57)
1.00(0.96,1.03)

1.01(0.98,1.03)

1.01 (0.99, 1.03)

Percentile of group density (ref =Quartile 1)

Quartile 2
Quartile 3
Quartile 4

0.84 (0.60, 1.17)
1.04 (0.75,1.44)
1.13(0.82, 1.55)

1.03 (0.72, 1.46)
0.95(0.68, 1.32)

140 (1.02,1.92)°

0.02(0.00,22.22)

8.48(0.01,
8.17E+03)

049 (0.00, 117.50)
0.13 (0.00, 27.98)

0.24(0.00, 18.43)
232(0.16,32.90)

2.16(0.02,195.77)

1.74(0.29,10.36)
3.75(0.04,399.89)
0.14 (0.00, 31.33)

0.84(0.14, 4.90)
349(0.25,50.82)
049 (0.12, 2.04)
0.81(0.58,1.13)°

0.90 (0.74, 1.09)

1.09 (0.86, 1.37)

0.09 (0.00, 50.86)
0.60 (0.03, 13.66)
3.61(0.06,227.40)

0.86 (0.52, 1.41)

1.08(0.53,2.18)
0.87(0.51,1.49)

1.06 (0.77,1.47)

043(0.13,148)°

0.78 (0.26, 2.29)

0.61(0.27,1.38)
0.99 (0.58,1.70)

1.01(0.74,1.39)

0.89 (0.55, 1.46)

204 (091, 4.54)°

132(0.98,1.77)°

1.04 (0.80, 1.36)
1.04 (0.80, 1.36)

0.79(0.58,1 )
0.91 (069, 1

1.08 (0.83, 1 )
02 (0.99, 1.04)

1.01(0.99, 1.03)

1.00 (0.99, 1.02)

0.88 (0.66, 1.16)
0.99 (0.75,1.30)
0.98 (0.76,1.27)

2.61(0.00,
2.67E+03)

0.66 (0.00, 678.10)
0.77 (0.00, 316.10)

3.15(0.10, 104.06)

0.01(0.00,
3.18E+05)

1.41 (0.00,
6.53E+05)

0.01(0.00,430.59)

4.49 (0.00,
2.69E+04)

0.72(0.00, 177.54)
0.00 (0.00, 2861)

22.86(0.01,
4.63E+04)

0.94(0.02,51.88)
0.64 (0.04, 10.56)
0.16 (0.01,4.98)

1.85(0.03,123.43)
7.23(0.07,790.80)
3.05(0.09, 103.33)
1.07 (0.79,1.43)

0.97(0.73,1.27)

1.11(0.96, 1.29)°

3.02 (0.06, 151.80)
0.34(0.02,5.68)
2.34(0.12,45.20)

0.82 (0.00, 264.37)

1.05 (0.00, 442.29)
0.76 (0.00, 265.17)

0.92 (0.00, 209.46)

0.94 (0.00, 360.55)
0.86 (0.00, 301.33)

0.97 (0.00,335.57)
1.09 (0.00, 357.25)

1.18 (0.00, 344.30)
1.26 (0.00, 424.27)

144 (0.01,422.59)

1.05 (0.00, 285.72)
1.03(0.00, 288.74)
1.02 (0.00, 302.46)

0.98 (0.00, 282.28)
1.01(0.00, 287.02)
1.05 (0.00, 307.16)
1.11(0.66, 1.87)

1.10(0.69, 1.75)

1.08 (0.44, 2.68)

1.10 (0.00, 342.60)
0.97(0.00,278.13)
1.01(0.00, 275.92)

71(0.97,3.00)°

0.88 (042, 1.84)
0.69 (040, 1.22)°

1.08(0.77,1.52)

5.55(1.30,23.77)°
0.61(0.17,2.16)

1.70(0.67,4.32)
1.19(0.65,2.17)

0.91 (0.64, 1.30)
0.96 (0.55, 1.68)

266 (1.07,6.58)°

1.08 (0.78,1.49)
1.18(0.89,1.59)
0.89 (0.66, 1.18)

1.15
1.08
130
1.02

0.82,1.62)
0.80, 1.45)
0.98,1.73)°
0.98,1.05)

1.00(0.97,1.02)

1.01(0.99, 1.03)°

1.06 (0.78, 1.44)
1.14(0.85,1.54)
0.86 (0.64, 1.15)

Adjusted fixed effect odds ratios and 95% credibility intervals for each of the seven mental health and socio-emotional wellbeing outcomes. Data from the Andalusian
Health and Social Survey (Spanish Acronym ESSA, Encuesta Sanitaria y Social de Andalucia) were analyzed in measurement period 1 (April-May 2020), period 2
(June-July 2020), period 3 (October-November 2020), and period 4 (April-May 2021). ERTE Expediente de Regulacion Temporal de Empleo (i.e., a record of temporary

employment regulation which is a labor procedure in Spain that permits companies to suspend or reduce workers’ contracts)

2The 90% Credibility Interval did not contain the unity
b The 95% Credibility Interval did not contain the unity

had 21% higher odds of reported regular/bad perceived
mental health in M1 compared to excellent/very good/
good (OR 1.21 [95% CI 1.05-1.39]), but this declined
by about 34% in M2, with participants reporting 20%

lower odds of regular/bad perceived mental health (OR
0.80 [95% CI 0.69-0.92]). Odds of low socio-emotional
wellbeing, low happiness, and currently feeling anxious
also significantly declined from M1 to M2 by 56%, 66%,
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Table 4 Varying coefficients and 95% credibility interval for seven mental health and socio-emotional health outcomes by objectively
measured COVID-19 diagnosis status and self-reported COVID-19 level of severity at four measurement periods during the COVID-19

pandemic, April 2020 to April 2021 (n=1223)

Regular/bad Low socio- Low happiness
perceived emotional
mental health wellbeing

Low optimism  Currently feels

alone

Currently feels
depressed

Currently feels
anxious

Objectively measured COVID-19 diagnosis status

Measurement 107 (0.94, 120 1.07 (1.00, 1.14)°  2.91 (1.15,4.67)°
period 1

Measurement  1.14(1.05,123)®  1.14(1.04,1.25°  1.11(0.74, 1.47)
period 2

Measurement  0.91 (041, 1.87) 0.91 (041, 1.87) 1.11(0.75,1.48)
period 3

Measurement  0.88 (0.43, 1.68) 0.88(0.43, 1.68) 402 (1.25,6.78)°

period 4
Self-reported COVID-19 level of infection severity

Measurement 143 (1.01,1.85° 101 (0.96,1.13)* 141 (1.17,1.66)°
period 1

Measurement  1.00 (0.58,1.74) 099 (0.63,1.56)  0.99 (0.63, 1.56)
period 2

Measurement 132 (1.01, 1.64)b 0.99 (0.63, 1.54) 0.99 (0.63, 1.54)
period 3

Measurement  0.99 (0.57, 1.66) 098 (0.61,148)  0.98(0.61,1.48)
period 4

0.99(0.69,1.35)  2.00(1.19,145° 1.10(1.02,1.19° 192 (1.26,2.59)°

1.00(0.71,1.37)  2.02(1.19,145°  059(0.12, 1.06) 2.34(1.68,3.00)°

0.99(0.70,1.36)  208(1.69,146)° 1.12(0.98,1.27) 1.42(1.15,1.69)°

0.98 (0.70,1.31)  0.99 (0.69, 1.44) 1.13(1.04,1.23)° 2,05 (1.28,2.83)°

1.00(0.59,1.70)  2.10(1.37,2.83)°  1.00(0.63,1.57)  1.57(1.16,1.98)°

100(060,172) 303 (147,458)° 1.00(063,157) 146 (1.06, 1.85)°

2,04 (1.16,291)°  1.00(0.47,2.12) 1.00 (0.63,1.57) 1.00 (0.86, 1.18)

128(1.06,1.50)° 1.20(1.07,2.12)° 100(0.63,1.57)  153(0.98,2.08)

Data from the Andalusian Health and Social Survey (Spanish Acronym ESSA, Encuesta Sanitaria y Social de Andalucia) were analyzed in measurement period 1 (April-
May 2020), period 2 (June-July 2020), period 3 (October-November 2020), and period 4 (April-May 2021). Numbers reported in this table build upon the adjusted
(predictor) models shown in Table 3 by including other structured random effects associated with each of the COVID-19 variables

2The 90% credibility interval did not contain the unity and indicated higher odds of poor mental health/socio-emotional wellbeing during the measurement period

b The 95% credibility interval did not contain the unity and indicated lower odds of poor mental health

and 34%, respectively. However, only the odds of low
socio-emotional wellbeing were higher in M4 (OR 1.69
[95% CI 1.44-1.98]) compared to M1. Conversely, the
odds of low happiness, low optimism and feeling alone
continued to decrease after M1.

Predictors of the MH and SEW outcomes

There were several socio-ecological factors that predicted
poor MH and SEW status, although associations varied
across the seven outcomes examined (Table 3). Overall,
inconsistent associations were observed between the
other intra-personal, inter-personal, household envi-
ronment, and population environment factors and the
outcomes of interest. However, a few exceptions should
be highlighted. At the intra-personal level, regular/bad
perceived general health status, and having one objec-
tively diagnosed chronic condition were associated with
higher odds for six of the seven MH and SEW outcomes
examined (all except feeling depressed). Similarly, at the
interpersonal level, perceiving intermediate levels of
social support and financial household difficulty were
associated with higher odds with five of the seven out-
comes examined (all except for feeling anxious and feel-
ing depressed). Furthermore, it should be noted that
in regression models that varied over time (Table 4),

objectively measured COVID-19 status and self-reported
severity levels were significant predictors of the poor MH
and SEW outcomes.

Discussion

The present study appears to be the first to leverage over-
lapping panel data to compare temporal changes in and
socio-ecological predictors of different types of MH and
SEW outcomes during the initial (and pivotal stages) of
the COVID-19 pandemic. Its findings shed light on the
state of MH and SEW in a large, urban population. Over-
all, descriptive analyses showed that there was a reduc-
tion in the prevalence of the seven poor MH and SEW
outcomes from April 2020 (M1) to June 2020 (M2), with
the magnitude of reduction being lowest for low opti-
mism (10%) and highest for low happiness (65%). Yet,
patterns in the prevalence change of these outcomes were
mixed at M4 compared to M1. Namely, the prevalence of
low socio-emotional wellbeing, feeling alone increased
by 4%, and 18%, respectively. On the other hand, the
prevalence of regular/bad mental health, low happi-
ness, low optimism, feeling depressed, and currently
feeling anxious was lower in M4 than M1. Similar pat-
terns were observed in regression analyses. Odds of the
population having regular/bad perceived mental health,
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low socio-emotional wellbeing, low happiness, and feel-
ing anxious significantly declined in M2 compared to
ML1. Instead, odds of low socio-emotional wellbeing were
significantly higher in M4 compared to M1, while odds
of low happiness and low optimism were lower dur-
ing this period. Socio-ecological predictors of the seven
outcomes varied both by the type and survey measure-
ment period, although some intra-personal factors (i.e.,
health status) and inter-personal factors (i.e., perceived
level of social support, financial household difficulty) did
appear to exacerbate poor MH and SEW among study
participants.

What seems to be an initial improvement in MH and
SEW around the first month of the COVID-19 pandemic
is unsurprising given the timeline of key COVID-19
phases and events in Spain and Andalusia by ESSA sur-
vey measurement period (Appendix p 1). In early 2020,
around the time when M1 was conducted, there was
uncertainty about the nature of the COVID-19 virus
and stringent policy measures to mitigate spread of the
virus had been initiated. It is possible that this was the
first time in recent memory that Andalusian residents
had dealt with such a public health crisis. Thus, this
initial shock may explain the high prevalence of poor
mental and emotional health outcomes observed in
the present study. However, around when M2 was con-
ducted, COVID-19 policy measures began to ease in all
of Spain. Perhaps the initial shock of this global public
health emergency began to dissipate among Andalusian
residents, consequently improving their MH and SEW.
Another possible explanation is the number of COVID-
19 cases and deaths in Andalusia (compared to Spain as
a whole) during the first epidemic wave; in particular,
around the time M2 was carried out, deaths were less
pronounced in Andalusia than across Spain (Appendix
p 16). It is possible that Andalusian residents may have
perceived the COVID-19 pandemic to be less of a threat
to their lives and livelihood compared to their Spanish
counterparts. However, about halfway into the second
epidemic period in Spain (i.e., around the time that M3
was conducted), cases in Andalusia began to rise and
reflected patterns observed in the rest of Spain. This
trend continued in M4, which may explain high levels of
poor socio-emotional wellbeing among Andalusian study
participants about a year after the start of the pandemic.

For the most part, these results are consistent with
existing evidence on the trajectories of MH and SEW
of general (and mostly adult) populations during the
COVID-19 pandemic. For example, although not based
on panel data, in line with our findings, previous stud-
ies have found general (non-clinical) aspects of MH
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worsened one year into the COVID-19 pandemic among
Spanish populations [28, 29]. There is also evidence that
there was an initial increase in anxiety and a gradual
decline in the burden of depression at the nascent stage
of the pandemic [30]. Large-scale panel studies have sim-
ilarly documented initial surges in and/or high burden of
poor MH/SEW at the start of the pandemic [9, 11-13,
15-17].

Findings regarding predictors of MH and SEW are also
somewhat congruent with other study results. At the
intra-personal level, for instance, we found evidence that
self-reporting ones’ health as regular/bad and being diag-
nosed with a chronic condition are risk factors for poor
MH and SEW. These findings align with research that has
found self-rated health, [31] and chronic conditions, [16]
put individuals at risk for poor MH. At the inter-personal
level, we also found evidence that lower levels of social
support increase individuals’ risk for poor MH and SEW,
a finding which has been previously reported [29]. Fur-
thermore, our finding that financial household difficulty
puts individuals at risk is consistent with previous studies
indicating that low income is associated with increased
risk for poor MH [14] and SEW [10].

However, there were a few findings that did not fully
align with previous large-scale panel studies representa-
tive of general (mostly adult) populations. For instance,
one such study focused on U.S. adults found that the bur-
den of depressive symptoms increased throughout the
pandemic, [14] whereas we found no significant differ-
ences. Instead, our findings revealed a significant decline
in socio-emotional wellbeing approximately one year into
the pandemic. And in contrast to another panel study
conducted in Italy, which reported a decline in general
mental health from April to September 2020, [15] our
study observed improvements in general mental health
around a similar time frame, approximately at M1 and
M2. Furthermore, other panel studies carried out in Eng-
land have documented that being female/woman puts
individuals at risk for loneliness [10] and depression [11].
In our study, despite examining various multilevel char-
acteristics (including being female), none significantly
predicted feeling depressed. However, it is important to
note that previous research underscores that individu-
als’ psychological reactions to the pandemic appear to
be predominantly influenced by the evolving pandemic
context, country-specific variables, and individual traits
and circumstances [32]. Thus, there may be possible het-
erogeneous effects of COVID-19 on mental health and
socio-emotional wellbeing outcomes that were not fully
captured in study analysis, those which have been previ-
ously observed in other studies [33]. Consequently, these
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factors may contribute to the discrepancies highlighted
above.

The current study is also subject to a few limitations
that should be acknowledged when interpreting results.
First, it has been recommended that longitudinal analy-
ses seeking to impact of COVID-19 on mental health
include a pre-pandemic comparison, [4] which we were
unable to do in the present analysis given the absence of
data for the outcome measures. Second, panel attrition
is often a major disadvantage of longitudinal studies. In
the present study, the survey retention rate dropped to
42% in M4. However, our sample size is still large enough
to maintain statistical power and Bayesian approaches
were employed to provide more robust estimates and
bolster the generalizability of our findings. Moreover,
the observed biases produced mainly by non-response
in the ESSA survey can be showed through the differ-
ences between the sample and the study population at
a given measurement, according to the intersection of
the sex variable with other segmentation variables such
as age, province, degree of urbanization and nationality.
With respect to age, the largest differences between the
values observed from the sample in M4, compared to
those from the larger population, are found in the young-
est men age group (under 30 years old), in middle-aged
women age group (between 35 and 54 years old) and in
the oldest women and men age group (over 70 years old),
with these differences increasing with age. With regard to
the other segmentation variables, the largest differences
were found among people with a nationality other than
Spanish, especially among men. These results are also
observed (although to a lesser extent) in the previous
measurements, showing that ESSA has a non-monotone
missing pattern and a lower participation of some popu-
lation groups. Therefore, they justify the need to adjust
the sample weights. Accordingly, we combine suitable
reweighting methods such as Propensity Score Adjust-
ment (PSA), [27] as well as XGBoost and calibration,
[20] to address the biases associated with dropout from
overlapping panel survey data [8]. Third, our study was
conducted in Andalusia, potentially limiting our study’s
generalizability. However, Andalusia is the most popu-
lated (with over 8 million residents) and the largest of
the 19 regions of Spain [34, 35]. Thus, the present study
may capture a diverse population and the study find-
ings may still be relevant to other regions of Spain and
around the world. Fourth, temporality bias may also be
present in our study given that it was carried out in the
first year of the COVID-19 pandemic; albeit our study
focused on assessing mental health outcomes during
the most critical time of the COVID-19 public health
emergency, not to capture the long-term effects of the
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pandemic on mental health. Given the threat of future
pandemics, [36] the results from our study are relevant
and may help to inform future efforts to protect mental
health during public health emergencies. Fifth, race/eth-
nicity and migration background are well-known demo-
graphic factors associated with various health outcomes
and COVID-19 related outcomes that should have been
included as control variables in study analyses. Unfortu-
nately, collecting this information is typically prohibited
in Spain, [37] preventing us from collecting this informa-
tion in the present study. Sixth, given that participants
self-reported answers to trained interviewers various
questions through a computer-assisted telephone survey,
response and social desirability bias may have been intro-
duced to the study, especially for sensitive questions such
as income. Furthermore, a single-item measure was used
to assess participant’s perceived mental health status,
happiness, optimism, feeling alone, feeling depressed,
feeling anxious. Yet, the single-item measure of self-rated
health used in the present study is adapted from one
often used in research that is associated with multi-item
measures of mental health [21]. The single-item measures
of happiness, optimism, feeling alone, feeling depressed,
feeling anxious were based on questions from the vali-
dated Socioemotional Well-being Index. In general, there
is also growing attention to the benefits of using single-
item mental health questions [38].

Despite these limitations, our study has several key
strengths that lend support to the findings. First, the
overlapping panel design allowed us to complete each
measurement with new cross-sectional samples that
subsequently became longitudinal, thereby enabling
us to better examine changes in the mental/emotional
health outcomes of interest over time and providing us
with greater control over the confounding variables. This
panel design, where the same study participants were
tracked at various survey measurement periods, is what
allowed us to detect that some individual-level COVID-
19 variables (i.e., objectively measured COVID-19 status
and self-reported COVID-19 severity levels) influenced
the outcome variables. Second, the panel design allowed
us to collect a large amount of high-quality data in real-
time and was representative of the general population,
filling existing research gaps [6]. Third, the dataset used
was obtained using stratified random sampling and
survey adjusted weights application which bolsters sta-
tistical power. Fourth, the original data from which the
sample was initially extracted (i.e., vital statistics regis-
tries, population censuses, housing censuses) were sub-
sequently linked to other probabilistic registries that
collected clinical, epidemiologic, demographic, and envi-
ronmental information. Fifth, other rigorous approaches
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implemented to enhance the quality of data collected
included training and regularly checking in with a team
of interviewers solely assigned to the study to adminis-
ter the survey via a computer-assistant telephone sys-
tem. Sixth, we measured seven MH and SEW outcomes,
most of them based on validated measurement tools,
such as the SEWBI which was specifically validated for
European populations [23, 39]. Seventh, COVID-19 and
chronic condition diagnoses were objectively measured
based on clinic records. Eight, the study measurements
correspond to critical timepoints during the pandemic.
Furthermore, analyses were guided by a conceptual
model that captured a multitude of socio-ecological fac-
tors that have the potential to shape mental/emotional
health outcomes.

Study implications

Our study offers evidence that the evolution of poor
mental and socio-emotional health outcomes during
the first (and most challenging) year of the pandemic
following the first state of alarm varied according to
the type of outcome under consideration. This suggests
that careful distinctions should be made in how mental
health outcomes are assessed and addressed by practi-
tioners and policymakers alike. Likewise, our study also
found that mental health/socio-emotional wellbeing
risks and protective factors varied by outcome exam-
ined, although some groups such as individuals expe-
riencing poor health, limited social support, and low
socioeconomic status were found to be at greatest risk
for poor mental and emotional health in most of the
outcomes examined. Stakeholders and decision-makers
seeking to curb poor MH/SEW outcomes should con-
sider varying mental health burdens across different
populations and tailor interventions to such groups
disproportionately impacted during ongoing and future
efforts to address underlying social determinants of
mental health during public health crises. In general,
there may be a need to make behavioral health ser-
vices more widely available to populations experienc-
ing health inequalities MH and SEW as a preventative
measure.

Conclusion

Although the pandemic is receding in the mind of the
public and decision-makers, the findings from this study
may guide ongoing and future efforts to address underly-
ing social determinants of mental health in the new era
of COVID-19. Now more than ever, examining current
trends in and risk factors for poor MH and SEW may illu-
minate opportunities to maximize scarce resources and
inadequate infrastructures to improve health outcomes
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during public health emergencies. After all, there is
increasing recognition that mental healthcare infrastruc-
tures, which were inadequate before the pandemic, have
failed even further within this context [40]. Ultimately,
more studies with strong research designs are warranted
to investigate temporal changes in and predictors of these
outcomes from the start of the pandemic to the present.
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