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A B S T R A C T

Aims: The objective was to compare anxiety, depression, and quality of life (QoL) in individuals living with
type 1 (T1D) and type 2 (T2D) diabetes with matched controls during the second wave of the COVID-19
pandemic.
Methods: Via randomization, individuals living with diabetes T1D (n = 203) and T2D (n = 413), were identified
during February-July 2021 through health-care registers. Population controls (n = 282) were matched for age,
gender, and residential area. Questionnaires included self-assessment of anxiety, depression, QoL, and demo-
graphics in relation to SARS-CoV-2 exposure. Blood was collected through home-capillary sampling, and
SARS-CoV-2 Nucleocapsid (NCP) and Spike antibodies (SC2_S1) were determined by multiplex Antibody
Detection by Agglutination-PCR (ADAP) assays.
Results: Younger age and health issues were related to anxiety, depression, and QoL, with no differences
between the study groups. Female gender was associated with anxiety, while obesity was associated with
lower QoL. The SARS‑CoV‑2 NCP seroprevalence was higher in T1D (8.9 %) compared to T2D (3.9 %) and con-
trols (4.0 %), while the SARS‑CoV‑2 SC2_S1 seroprevalence was higher for controls (25.5 %) compared to T1D
(16.8 %) and T2D (14.0 %).
Conclusions: A higher SARS‑CoV‑2 infection rate in T1D may be explained by younger age and higher employ-
ment rate, and the associated increased risk for viral exposure.
© 2023 The Author(s). Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
was declared by the World Health Organization (WHO) in March
2020 [1]. As of January 2023, there are over 663 million confirmed
cases of COVID-19 and over 6.7 million deaths globally reported to
the WHO [1].

Outbreaks of infections have historically been associated with a
range of psychosocial impacts on individual as well as on community
levels, recent examples include the epidemics of SARS-CoV [2] and
Ebola [3] as well as the H1N1/A influenza pandemic [4]. It is well
established that the emergence of the COVID-19 pandemic and its
subsequent consequences including high mortality rates and
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lockdowns, caused increased psychosocial worries in the society [5
−9]. In Germany, a large cohort study found increased stress in all
age-groups, with depression and anxiety predominantly in younger
age-groups during the initial phase of the pandemic as compared to
baseline examination 1−5 years earlier [10]. An association between
distress and younger age was reported from both the UK and US
[6,7]. A survey in China, the origin country of the COVID-19 pandemic
[11], found that individuals with chronic illness compared to the gen-
eral population reported increased stress, anxiety and depression
during the early outbreaks of the pandemic [12]. In Sweden, diabetes
was early characterized as an additional risk factor after COVID-19
infection but without distinction between type 1 (T1D) or type 2
(T2D) diabetes. A meta-analysis reported diabetes to be associated
with increased mortality (1.9 times) and severe illness (2.75 times) in
association with COVID-19 infection [13].

In this study, we aimed to determine the psychosocial impact (i.e.,
anxiety, depression and quality of life (QoL)) in individuals living
with T1D and T2D compared to the general population also in associ-
ation with seroprevalence of SARS-CoV-2 antibodies. The psychoso-
cial impact of the COVID-19 pandemic on individuals living outside
major metropolitan areas in Sweden has to our knowledge not been
reported previously. We speculate that restrictions might have
reduced the QoL in the population in general during the pandemic,
and in subgroups of individuals according to sociodemographic varia-
bles rather than in individuals living with diabetes. A hypothesis is
therefore that the pandemic did not result in reduced QoL in individ-
uals living with diabetes, despite the communication of increased
risk of disease-related complications in this group.

Specifically, the aims were to determine:
1) The psychosocial well-being during the COVID-19 pandemic in

early 2021 in individuals living with T1D, T2D, and matched popu-

lation controls;

2) SARS-CoV-2 antibodies as a measure of the cumulative incidence
of COVID-19 infection in both urban and rural areas of Sweden.

Methods

Study-population

The study included participants from the regions of Dalarna,
V€armland, and €Orebro in Sweden, which in 2020, had an estimated
total population of 877,000 residents living in this region. Sample col-
lection was performed from February to July 2021. The study protocol
included a two-step process for participation. First, letters including
informed consents were mailed out to all prospective participants.
Second, when correctly signed informed consents were received,
questionnaires and kits for home-capillary blood sampling were
mailed.

Questionnaires

All study participants were asked to answer four questionnaires.
These questionnaires were either mailed and answered on paper or
answered through e-mail from the RedCap database. Questionnaires
included standardized measures for:

1) Anxiety (Generalized Anxiety Disorder Assessment (GAD-7)) [14
−16],

The self-reported survey assesses symptoms of anxiety during the
two past weeks, it includes 7 items on a 4-point Likert scale from 0
(not at all) to 3 (nearly every day). The items are summed to a total
score in the survey in the range from 0 to 21, with scores of 5, 10 and
15 representing mild, moderate, and severe anxiety symptoms
respectively.
2

2) Depression (Montgomery A
�
sberg Depression Rating Scale

(MADRS-S)) [17−19],

The self-reported survey includes 9 items, each scored from 0 to 6,
and with a total sum of 0−54. Cut-off scores 0−12, 13−19, 20−34 and
≥34 define levels of depression to minimal, mild, moderate, and
severe, respectively. The items included are related to sadness, sleep,
appetite, concentration, pessimism, suicidal thoughts, inner tension,
lassitude, and inability to feel.

3) Quality of life (Brunnsviken-Brief Quality of life scale (BBQ)) [20],

The survey is a brief assessment of QoL including 12 items in 6 dif-
ferent areas: creativity, friends and friendship, learning, philosophy
of life, recreation, and view on self. Two items cover each area with
one assessing satisfaction and the other assessing importance. Each
item in the survey is assessed on a 5-point Likert scale with a scoring
range from 0 (strongly disagree) to 4 (strongly agree). The total score
is obtained by multiplying the satisfaction (item 1,3,5,7,9,11) with
the importance (item 2,4,6,8,10,12) within each area and then adding
these 6 values together. The range of the total score is from 0 to 96
with a higher score representing an assessment of higher QoL. A pre-
vious mean score in the Swedish general population was reported to
60.1 [20].

1) A fourth questionnaire was used to obtain general information as
well as to include reflection on the ongoing SARS‑CoV‑2 pan-
demic. Questions included:

- Demographic variables in age, gender, marital status, education
level and employment status

- Health
- Social variables in smoking and alcohol use
- Clinical variables in perceived health and body mass index (BMI)
- Pandemic-related variables on vaccine status, adherence to guide-
lines and history of previous infection

SARS‑CoV‑2 antibodies

Plasma samples were analyzed using a custom modified Hamilton
Microlab ADAP STAR hands-free automated liquid-handling platform
(Hamilton, Bonaduz, Switzerland) [21−25]. SARS‑CoV‑2 NCP and
SC2_S1 antibodies were determined in a multiplex assay. Synthesis
of protein-DNA conjugates was previously described [23,24]. The
ADAP methodology is established on the principle of (auto)antibody
agglutination to DNA-barcoded proteins. This step included 30 min
incubation at 37 °C of 4ml of plasma and 8ml protein-DNA conjugate
mixture. Formation of immune complexes positioned compatible
DNA conjugates in close proximity. Addition of ligation mixtures
enabled ligation of nearby DNA to form complete DNA amplicons.
This step in the protocol included 15 min incubation at 30 °C of
116 ml ligation solution together with 4 ml sample mixture. Next, the
protocol included a step with pre-amplification. Mixture of primers
and 25 ml ligation solution from previous step was followed by 13
PCR cycles (95 °C for 10 min, 95 °C for 15 s, 56 °C for 30 s). The pre-
amplified samples were divided in different wells on 384 plate, spe-
cific primers to each conjugate were added in each well separately.

SYBR green-based qPCR (RT-qPCR) were used for quantification in
40 cycles (95 °C for 10 min, 95 °C for 30 s, 56 °C for 1 min, 40 cycles)
in Roche Lightcycler 480 System II (Roche Diagnostics International
AG, Rotkreuz, Switzerland). A strong qPCR signal, represented by a
low cycle threshold (Ct), was proportional to a larger count of ampli-
fiable DNA conjugates which in turn were proportional to a larger
count of antibody binding interaction to these specific protein-DNA
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conjugate. Antibody levels were presented as DCt, defined as the Ct
value of the average blank (phosphate-buffered saline and Triton-X)
in the run subtracted by the Ct value of the sample. The ADAP SARS-
CoV-2 assays were previously used for surveillance by The California
Department of Public Health (CDPH) [26].
Statistical analyses

In this study, participants were divided into three groups T1D,
T2D and control individuals. Continuous variables were summarized
as medians and interquartile ranges (IQRs), while categorical varia-
bles were presented as counts and percentages. The chi-square test
was applied to compare categorical variables. The adjusted a-value
of 0.0167 using Bonferroni method was applied for multiple compari-
sons between any two of the three groups. A two-sided p-value
below the adjusted a-value was considered as statistically signifi-
cant.

Regression analysis (with non-normality robust standard errors)
was performed to examine associations between the groups and
BBQ, GAD-7, and MADRS-S scores. Helmert contrast coded variables,
c1 and c2, were included to compare diabetes (0.33) vs. controls
(�0.66); and T1D (�0.5) vs. T2D (0.5). For GAD-7 and MADRS-S
scores, binary logistic regression models were applied with GAD-7
and MADRS-S scores dichotomized with a cut-off of ≥10 and ≥20,
respectively. All regression models adjusted for the following back-
ground characteristics of participants: age (continuous), male, high
body mass index (BMI) (>29.9 kg/m2), and health concerns (≥moder-
ate). To explore whether these background characteristics were dif-
ferently related to the outcome as a function of group (T1D, T2D or
controls), we included the interaction terms between these variables
and the contrasts; if interactions were non-significant (as evaluated
with an omnibus chi-square test or F test), these terms were excluded
from the final model. All regression analyses were run with R statisti-
cal software [27], with robust standard errors computed using the
sandwich package [28]. For regression analysis, a two-sided p-value
below 0.05 was considered as statistically significant.
Fig. 1. Flow-chart illustration the process of participant assembly. The sample collec-
tion period was from February to July 2021. T1D; type 1 diabetes; T2D; type 2 diabetes.
Results

Demographics

The regional health care registers were used to identify a total of
5215 T1D and 48,515 T2D individuals. A total of 180,923 controls
from the general population were identified in the Swedish Tax Reg-
istry. A simple randomized sampling was conducted to select T1D
(n = 857) and T2D (n = 3212) individuals, and matched general con-
trols (n = 1955) (Fig. 1). In total, the study included 898 participants
divided in groups with 203 T1D, 413 T2D and 282 controls (Fig. 1).
We aimed to include fully matched controls for all T1D and T2D indi-
viduals, however, we did not achieve this completely. The number of
fully matched diabetes-to-control pairs or trios in the study was 201,
with a total inclusion of 416 individuals. The participation rate of the
total invited was 17.1 % for controls, 28.5 % for T1D and 15.5 % for
T2D. Over 90 % in each group of participants contributed with both
questionnaire and blood sample (Table 1). The day of sampling for
the different study-groups is illustrated in Supplementary Figure S1.
The rate of returned and completed questionnaires (range
94.7 %−97.5 %) and blood samples (range 90.0−94.1 %) was not differ-
ent between T1D, T2D and control individuals.

T2D individuals were less often females than males
(pT1D_T2D = 0.0056), older (pT1D_T2D < 0.0001, pT2D_CTRLS < 0.0001),
with decreased rate of employment (pT1D_T2D < 0.0001,
pT2D_CTRLS < 0.0001), had higher BMI (pT1D_T2D < 0.0001,
pT2D_CTRLS < 0.0001) and lower degree of education (pT1D_T2D < 0.0001,
pT2D_CTRLS < 0.0001, Table 1).
3

Both T1D and T2D individuals consumed alcohol less often com-
pared to population controls (pT1D_CTRLS < 0.0001, pT2D_CTRLS < 0.0001),
while there was no statistically significant difference in smoking
(pT1D_T2D = 0.7513, Table 1).

The controls reported to be more often married compared to T1D
(pT1D_CTRLS = 0.0055), and population controls reported the lowest
rate of cramped housing (pT1D_CTRLS < 0.0001, pT2D_CTRLS = 0.0143,
Table 1).



Table 1
Demographic questionnaire. .

Type 1 diabetes Type 2 diabetes Population controls p-values
N 203 413 282

Answered questionnaire,% (n)
Donated blood samples,% (n)

97.5 % (198/203)
94.1 % (191/203)

94.7 % (391/413)
90.0 % (372/413)

96.8 % (273/282)
91.8 % (259/282)

pT1D_T2D = 0.1415, pT1D_CTRL = 0.7860,
pT2D_CTRL = 0.1805 pT1D_T2D = 0.0948,
pT1D_CTRL = 0.3460, pT2D_CTRL = 0.4278

Gender female,% (n) 51.2 % (104/203) 39.5 % (163/413) 47.2 % (133/282) pT1D_T2D = 0.0056, pT1D_CTRL = 0.3766,
pT2D_CTRL = 0.0439

Age years, Median (IQR) 58 (45−69) 70 (63−77) 66 (60−73) pT1D_T2D < 0.0001, pT1D_CTRL < 0.0001,
pT2D_CTRL < 0.0001

18−64 years,% (n) 67.5 % (137/203) 29.8 % (123/413) 44.0 % (124/282)
≥ 65 years,% (n) 32.5 % (66/203) 70.2 % (290/413) 56.0 % (158/282)
Body Mass Index, Median (IQR) (kg/
m2)

26.1 (23.3−29.2) 28.1 (25.7−31.4) 26.0 (24.0−28.4) pT1D_T2D < 0.0001, pT1D_CTRL = 0.1017,
pT2D_CTRL < 0.0001

< 25.0,% (n) 40.9 % (72/176) 20.7 % (60/290) 37.1 % (86/232)
25.0−29.9,% (n) 38.1 % (67/176) 44.5 % (129/290) 47.8 % (111/232)
≥ 30.0,% (n) 21.0 % (37/176) 34.8 % (101/290) 15.1 % (35/232)
Education pT1D_T2D < 0.0001, pT1D_CTRL = 0.2779,

pT2D_CTRL < 0.0001
Elementary School,% (n) 14.2 % (27/190) 33.4 % (125/374) 14.0 % (37/265)
High School,% (n) 48.4 % (92/190) 41.2 % (154/374) 41.5 % (110/265)
University,% (n) 37.4 % (71/190) 25.4 % (95/374) 44.5 % (118/265)
Civil status pT1D_T2D = 0.1250, pT1D_CTRL = 0.0055,

pT2D_CTRL = 0.1152
Single (Including Solitaire, Partner,
Live apart, Divorced/separated,
Widowed),% (n)

49.7 % (98/197) 43.0 % (164/381) 36.9 % (100/271)

Married,% (n) 50.3 % (99/197) 57.0 % (217/381) 63.1 % (171/271)
Do you drink alcohol? pT1D_T2D = 0.4018, pT1D_CTRL < 0.0001,

pT2D_CTRL < 0.0001
No,% (n) 25.7 % (47/183) 22.4 % (76/339) 10.1 % (26/258)
Yes,% (n) 74.3 % (136/183) 77.6 % (263/339) 89.9 % (232/258)
Do you smoke? pT1D_T2D = 0.7513, pT1D_CTRL = 0.0353,

pT2D_CTRL = 0.0421
No,% (n) 90.8 % (177/195) 91.6 % (347/379) 95.6 % (261/273)
Yes,% (n) 9.2 % (18/195) 8.4 % (32/379) 4.4 % (12/273)
Housing Index* pT1D_T2D = 0.0194, pT1D_CTRL < 0.0001,

pT2D_CTRL = 0.0143
< 0.5 30.9 % (58/188) 43.1 % (146/339) 52.9 % (138/261)
≥ 0.5- 1 56.9 % (107/188) 48.1 % (163/339) 42.9 % (112/261)
≥ 1 12.2 % (23/188) 8.8 % (30/339) 4.2 % (11/261)
Occupation pT1D_T2D < 0.0001, pT1D_CTRL = 0.0013,

pT2D_CTRL < 0.0001
Student 3.9 % (6/156) 0 % (0/270) 1.0 % (2/210)
Employed 69.9 % (109/156) 36.7 % (99/270) 54.8 % (115/210)
Unemployed 1.9 % (3/156) 0.4 % (1/270) 1.4 % (3/210)
Retired 24.4 % (38/156) 63.0 % (170/270) 42.9 % (90/210)
Residential area size pT1D_T2D = 0.3271, pT1D_CTRL = 0.5482,

pT2D_CTRL = 0.0714
≥ 50,000 residents 43.3 % (88/203) 39.2 % (162/413) 46.1 % (130/282)
< 50,000 residents 56.7 % (115/203) 60.8 % (251/413) 53.9 % (152/282)

* Housing index was computed, as a measure of cramped housing accommodation, by dividing the number people living in the household by the number of rooms in the
household. IQR; interquartile range.
⁑ Statistical significance level was set as adjusted a-value = 0.0167.
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Self-assessed health was associated with higher scores in T1D and
T2D individuals, a sign of poorer health, both in relation to illness and
function compared to controls (pT1D_CTRLS < 0.0001,
pT2D_CTRLS < 0.0001, Table 2).

Anxiety, depression, and quality of life

The associations between anxiety (GAD-7), depression (MADRS-S)
and quality of life (BBQ) are reported in Table 3. When background
characteristics were adjusted for, there were no statistically signifi-
cant effects of contrasts representing comparisons between diabetes
and controls, or between T1D and T2D, in any of the regression mod-
els. None of the examined interaction terms between contrasts and
background characteristics were statistically significant (all p-values
> 0.1) and these terms were subsequently excluded from the final
models (Table 3).

Regardless of group, younger age and reporting health concerns
were independently associated with a higher likelihood of having (at
4

least) moderate levels of anxiety and depression symptoms, as well
as a lower quality of life score. Being female was associated with
increased likelihood of having moderate levels of anxiety, and having
a high BMI (≥30.0 kg/m2) was associated with a lower quality of life
score, irrespective of group (Table 3).

SARS-CoV-2 seroprevalence

Self-reported SARS-CoV-2 related demographics including adher-
ence to government guidelines and recommendations, rate of infec-
tion, hospital care and vaccination status are presented in
Supplementary Table S1. The frequency of reported prior COVID-19
infection were 7.1 % in T1D individuals, 4.7 % in T2D individuals and
6.7 % in population controls (pT1D_T2D = 0.2323, pT1D_CTRL = 0.8410,
pT2D_CTRL = 0.2539). In total, 6 individuals had been hospitalized
before study entry for COVID-19 in the entire cohort, 5 of these indi-
viduals were T2D individuals. The self-reported adherence to the rec-
ommendations by The Public Health Agency of Sweden were strong



Table 2
Health questionnaire on self-perceived health. .

Type 1 diabetes Type 2 diabetes Population controls p-value

How do you experience that your health is affected by illness? pT1D_T2D = 0.0035, pT1D_CTRL < 0.0001,
pT2D_CTRL < 0.0001

None 5.1 % (10/195) 16.0 % (61/381) 40.8 % (108/265)
Slightly 27.2 % (53/195) 27.8 % (106/381) 32.1 % (85/265)
Moderate 45.6 % (89/195) 38.1 % (145/381) 17.4 % (46/265)
Largely 19.5 % (38/195) 15.2 % (58/381) 8.7 % (23/265)
Total 2.6 % (5/195) 2.9 % (11/381) 1.1 % (3/265)

How do you experience the impact on your level of functioning? pT1D_T2D = 0.3521, pT1D_CTRL < 0.0001,
pT2D_CTRL < 0.0001

None 17.8 % (35/197) 22.4 % (85/379) 36.0 % (96/267)
Slightly 36.5 % (72/197) 29.8 % (113/379) 37.5 % (100/267)
Moderate 31.5 % (62/197) 30.6 % (116/379) 18.0 % (48/267)
Largely 13.7 % (27/197) 15.8 % (60/379) 8.2 % (22/267)
Total 0.5 % (1/197) 1.3 % (5/379) 0.4 % (1/267)

*Statistical significance level was set as adjusted a-value = 0.0167.

Table 3
Anxiety, depression, and quality of life questionnaire. Estimates are unstandardized
regression coefficients (standard errors) for binary outcomes (MADRS-S, GAD-7) and
continuous outcome (BBQ). c1 and c2 are Helmert contrast coded variables to com-
pare diabetes (0.33) vs. controls (�0.66); and T1D (�0.5) vs. T2D (0.5). BMI; body
max index, MADRS-S; Montgomery A

�
sberg Depression Rating Scale, GAD-7; Gener-

alized Anxiety Disorder Assessment, BBQ; Brunnsviken-Brief Quality of life scale.

Explanatory variables Outcome variable
MADRS-S (≥20) GAD-7 (≥10) BBQ

c1: Diabetes vs. controls �0.29 (0.39) �0.15 (0.32) 3.46 (1.82)
c2: Type 2 diabetes vs.

Type 1 diabetes
0.21 (0.44) 0.22 (0.36) 4.01 (2.24)

Male gender �0.46 (0.32) �0.72** (0.27) 0.05 (1.60)
Age (continuous) �0.03* (0.01) �0.04*** (0.01) 0.15* (0.07)
BMI high (≥30.0 kg/m2) 0.52 (0.33) 0.29 (0.28) �4.86* (1.96)
Health concern (≥mod-

erate)
2.07*** (0.46) 1.41*** (0.32) �13.68*** (1.76)

*** p < 0.001
** p < 0.01
* p < 0.05
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in all groups (97.1−100 %). The frequency of individuals who
reported taking a COVID-19 test were increased for T1D individuals
(47.2 %) compared to T2D individuals (34.4 %, pT1D_T2D = 0.0027) but
not when compared to population controls (40.3 %,
pT1D_CTRL = 0.13702, Supplementary Table S1). The vaccinated indi-
viduals in each study group at time of sampling were 10.6 % for T1D,
19.6 % for T2D, and 37.2 % for population controls (pT1D_T2D = 0.0056,
pT1D_CTRLS < 0.0001, pT2D_CTRLS < 0.0001, Supplementary Table S1).
Of these individuals, in total 174 study-participants had a blood-sam-
ple analyzed for SARS-CoV-2 SC2_S1 antibodies. The day of vaccina-
tion was missing in 4 cases, 4 individuals were NCP positive as an
indication of prior infection, and 9 individuals were vaccinated fol-
lowing study-sampling. The antibody response following vaccination
for the remaining 157 individuals are illustrated in Supplementary
Figure S2.

Samples from a total of 217 blood donors, collected in 2014 and
2018 respectively, were analyzed to establish the cut-offs represent-
ing 7DCt and 3DCt, respectively, for SARS‑CoV‑2 NCP and SC2_S1
antibodies (Supplementary Figure S3). The seroprevalence of SAR-
S‑CoV‑2 NCP antibodies were 8.9 % for T1D individuals, 3.9 % for T2D
individuals and 4.0 % for population controls (pT1D_T2D = 0.0182,
pT1D_CTRLS = 0.0261, pT2D_CTRLS = 0.9136, Fig. 2A). In comparison, the
seroprevalence of SARS‑CoV‑2 SC2_S1 antibodies were 16.8 % for T1D
individuals, 14.0 % for T2D individuals and 25.5 % for population con-
trols (pT1D_T2D = 0.3815, pT1D_CTRLS = 0.0266, pT2D_CTRLS = 0.0003,
Fig. 2B).
5

The cumulative incidence of SARS-CoV-2 seroprevalence is illus-
trated in Supplementary Figure S4A. Seroprevalence point estimate
per month decreased from February (NCPab-8.25 %, S1ab-15.73 %) to
March (NCP-ab- 5.94 %, S1ab-12.17 %). NCPab seroprevalence was
thereafter unaltered (April 4.9 %, May/June 5.0 %), while S1ab sero-
prevalence increased (April 12.7 %, May/June 16.7 %) with increasing
number of vaccinated individuals (Supplementary Figure S4B).

Discussion

In this study we report the following important findings. First, a
higher SARS-CoV-2 NCP antibody prevalence was found in T1D com-
pared to T2D and population controls. Second, regardless of study
group, anxiety, depression, and decreased quality of life was associ-
ated with younger age and with self-reported general health con-
cerns. Third, females showed increased anxiety compared to males
while an increased BMI were related to a lower QoL.

Observed demographic differences related to gender and educa-
tion confirms previous reports [29,30]. A lower employment rate in
the T2D individuals was likely explained by an increased number of
retired individuals. The decreased self-reported alcohol consumption
in both T1D and T2D compared to population controls was unex-
pected. A previous study found differences between genders with
lower intake of alcohol in females. In agreement with our results, the
previous study identified a larger group of individuals living with dia-
betes who did not use alcohol [31]. It should be noted that the con-
trols in our study were invited to match the T1D and T2D cohorts on
age as well as gender, and this group does not necessarily represent
the demographics of the general public.

Anxiety, depression, and decreased QoL were not related specifi-
cally to T1D or T2D but instead associated to demographic variables
across the study cohorts. A number of these associations, such as
increased mental health problems in females and younger age
groups, were previously reported in a larger meta-analysis [32]. It
has been recognized during non-pandemic circumstances that both
T1D and T2D are chronic diseases associated with an overall lower
QoL [33]. Mental health issues have been recognized not only to
lower the overall quality of life but also to decrease the ability for dis-
ease management [34]. In regard to the COVID-19 pandemic, individ-
uals living with diabetes were reported to have reduced psychosocial
health and was associated specifically to disease-related concerns
including the risk of severe or fatal illness if infected, complications
in diabetes management if infected, as well as the stigma of being
classified as a risk group [35]. Female gender and T1D were two fac-
tors associated with increased worry and poorer psychosocial health
[35]. In Australia, comparing the pre-pandemic with the pandemic
period found lower quality of life but no depression or anxiety in T2D



Fig. 2. Quantile plots illustrating A, SARS‑CoV‑2 Nucleocapsid (NCP) and B, Spike (SC2_S1) antibodies for groups of type 1 diabetes (T1D, black circles) and type 2 diabetes (T2D, light
grey squares) subjects, and population controls (dark grey triangles).
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during the pandemic [36]. In contrast, similar to our study, depressive
symptoms during the pandemic in adults with type 2 diabetes were
associated with female gender and obesity and was more than
1.6 times higher during COVID-19 than before the pandemic [37]. A
control group was not included in the latter study. Therefore, it can-
not be excluded that these effects of the pandemic were present
regardless of whether individuals were living with diabetes or not as
reported in our study.

Individual living with diabetes were less often married compared
to population controls. This was reflected in the housing index where
the population controls reported to live less cramped compared to
T1D and T2D individuals. The explanation for these results is unclear,
however, it may be speculated to be associated with a selection bias
related to motivation of participation in population controls com-
pared to T1D and T2D cohorts. Speculatively, in relation to viral expo-
sure, the civil status of being single could either translate into less
exposure explained by fewer household contacts, or higher exposure
associated with more contacts outside of the household.

A number of different explanations could be suggested to explain
the higher NCP seroprevalence in individuals with T1D. First, a higher
employment rate compared to individuals with T2D could indicate
that the T1D group was more out and about and therefore at
increased risk of infection. Second, the increased seroprevalence in
individuals with T1D could be explained by living in more crowded
homes, as indicated in the housing index in our study. Third, the self-
assessed questionnaires indicated comparable infection rates
6

between individuals with T1D and T2D, it could therefore be specu-
lated that the antibody response to the virus was stronger in T1D
subjects.

In this study, data on glucose control was not available, however,
HbA1c levels for people living with T1D or T2D were not different on
a national level during the pandemic compared to previous years
(2016−2022), based on data from the National Diabetes Register
(NDR), see (Supplementary Table S2).

The sample collection period was associated with low viral spread
and increased vaccine coverage. The difference in vaccination status,
with higher rate in population controls, is of interest as it suggests
that communicated risk groups might not have been prioritized, or
that the risk groups were either skeptical to vaccination or poorly
informed. The higher rate of vaccination in population controls
explain the conflicting seroprevalence for spike protein compared to
NCP antibodies between population control and individuals living
with diabetes in our study.

The seroprevalence were lower compared to nationally reported
data collected in April 2021 from the Swedish Public Health Agency
(PHA) [38]. Our samples were collected February to March 2021
which may explain the lower level of vaccination as compared to the
April report from PHA [38]. We suggest that this is associated with
differences in investigated areas, from populated cities and rural
countryside. At the same time, it should be noted that there were no
differences in seroprevalence between rural and city areas including
€Orebro, Sweden’s fifth largest city, with an approximate population
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of 150,000 inhabitants (data not shown). The differences seen com-
pared to the data from the Swedish PHA could also be explained by
differences in methodology and the fact that the fraction of partici-
pants being vaccinated was lower in this study as compared to the
report by the Swedish PHA [38]. A nation-wide Swedish study found
individuals with T2D but not T1D, compared to the general popula-
tion, were associated with COVID-19-related comorbidities including
hospitalization, need of intensive care and increased mortality [39].
Considering these reports as well as the communicated classification
of diabetes as a risk group in Sweden, our study offers important
insight by suggesting that these circumstances did not transfer into
decreased physical health among individuals living with diabetes.
The overall stable HbA1c levels for individuals living with T1D and
T2D on a national level (NDR data, not shown), before and during the
pandemic, could be seen as indicator to support this assumption.

Strengths of our study include matched invitation of population
controls to individuals living with diabetes based on age, gender and
place of residence. In addition, we present data from multiple
regions, Dalarna, €Orebro and V€armland, located in central Sweden.
The response rate among participants was high with few missing
data points.

A number of limitations should be noted.
First, that the self-reported vaccination status was not confirmed

in health registers and second, that we cannot explain the divergence
between reported vaccination and measured spike-antibodies. A rea-
son for this may be that the individuals had not passed the first
month of the first dose to efficiently build immunity, and they may
not have received the second dose to mount strong enough immune
response to exceed the cut-off for positivity.

A second limitation was the lack of base-line data prior to the pan-
demic. This precluded results from being directly related or associ-
ated to the ongoing SARS-CoV-2 pandemic. Longitudinal follow-up
before and during the pandemic suggested a 3-fold increased preva-
lence of depression symptoms [40]. Similar longitudinal studies are
warranted during and after the pandemic for assessment of long-
term complications.

Third, it should be acknowledged that obesity and increased
health issues are known to coexist with diabetes, our study does not
provide novel findings in these aspects but confirm what was already
previously known.

Fourth, since the inclusion rate of participants from the total num-
ber of invited individuals was below 30 %, a selection bias could not
be excluded. Achievement of the goal of a random selection process
could be questioned since approximately 0.1 % (898/877,000) of all
residents living in the area were participating in the study.

In conclusion, gender, age, and general health concerns were asso-
ciated with diminished mental health and lower QoL regardless of
whether the individuals had diabetes or not. An increased SAR-
S‑CoV‑2 infection rate in T1D subjects is speculatively explained by
lower age and higher employment rate, causing increased societal
viral exposure in this group.
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