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Abstract COVID-19 containment measures
reduced older adults’ healthcare access, with uncer-
tain long-term effects on cognitive, physical, and
mental health. To investigate whether reductions in
primary and specialist healthcare service use during
the pandemic were associated with changes in cog-
nitive, physical, and mental health in community-
dwelling older adults, with attention to sex differ-
ences. Data from the Norwegian Trgndelag Health
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Study collected before (HUNT4 70+, 2017-2019)
and after the pandemic (HUNT AiT, 2021-2023)
included 5387 participants (53% women) aged 70+.
Propensity score matching, accounting for base-
line confounders, was used to examine associations
between reduced healthcare service use and cog-
nitive, physical, and mental health changes from
pre- to post-pandemic. Reduced contact with gen-
eral practitioners was associated with greater cogni-
tive decline among women (MoCa-change—0.32
[95% CI-0.62,—0.32]). No differences were
observed in physical or mental health. Reductions in
other primary care services (e.g., in-home nursing,
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practical assistance) were associated with greater
decline in cognitive function (MoCa-change —0.94
[-1.53,-0.36]), particularly among men (MoCa-
change—2.12 [-3.13,—1.11]). Men also had a
decline in physical function (SPPB-change—1.06
[-1.79,—0.33]). No differences in mental health
were observed. Reductions in specialist healthcare
services were unrelated to health changes in the over-
all sample but linked to improved physical function
in women (SPPB-change 0.32 [0.11, 0.53]). Although
associations between reduced healthcare service use
during the pandemic and cognitive, physical, and
mental health were limited, findings highlight the
importance of sustaining access to primary care for
older adults during public health crises.

Trial registration The study is pre-registered at
ClinicalTrials.gov 02.02.2021, with the identification
number NCT 04792086.

Keywords COVID-19 - Healthcare services -
Cognitive function - Physical function - Mental
health - Longitudinal cohort study

Introduction

The containment measures implemented during the
COVID-19 pandemic led to a reduction in the use
of healthcare services among older adults around
the world [1-5]. A global WHO survey confirmed
widespread disruptions in essential healthcare ser-
vices across nearly all countries [6], and a systematic
review of 81 studies reported a median 37% reduction
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in healthcare utilization during the early pandemic
phase [7]. Our recent research on healthcare service
use in Norway, however, found that most older adults
had increased contact with general practitioners (GPs)
during the pandemic. Yet, it also revealed a decline in
the use of other primary health care services, such as
in-home nursing and day care services, as well as spe-
cialist healthcare services, during the first six months
following the COVID-19 lockdown, March 12, 2020
[2]. In Norway, the first lockdown lasted from March
12 to June 15, 2020, with strict infection control
measures leading to reduced or closed health and care
services, transfer of health professionals to COVID-
19-related tasks, hospital wards reserved for infected
patients, and the use of digital solutions where pos-
sible. Services gradually reopened after mid-June [8].
Within other primary care services, the reduction was
mainly aimed at minimizing contact between people
to limit the spread of the virus. The reduction of spe-
cialist healthcare services, such as contact with gen-
eral hospitals, on the other hand, was intended to free
up resources for the pandemic response to care for
those infected with COVID-19 [8].

A common concern about the pandemic has been
the long-term negative impact of infection control
measures, such as reduced healthcare services for
older adults. A large body of literature has docu-
mented mental health challenges, cognitive decline,
and reduced physical function during the pandemic
[9-12]. However, most studies on changes in access
to healthcare services have been conducted during the
first stage of the pandemic [1, 4]. Our recent research,
following Norwegian older adults for one and a half
years after the lockdown, found that service use
returned to pre-pandemic levels one year after the
lockdown [2]. Nevertheless, the same population had
an increase in medication prescriptions of analgesics
and psychotropics two years after the pandemic, indi-
cating an increased need for medical treatment when
non-pharmacological interventions were reduced
[13]. Thus, we share concerns about the long-term
health consequences for those who experienced a
reduction in their primary and specialist healthcare
services.

A substantial body of literature indicates sex differ-
ences in health outcomes [14—18] and health care uti-
lization [19, 20] in older adults. Studies have shown
that women experience a steeper cognitive decline
than men [14, 17, 18], face greater disadvantages
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in physical functioning [16] and are more likely to
report mental health symptoms such as depression
and anxiety [15]. Additionally, due to higher rates of
multimorbidity, women tend to use health care ser-
vices more frequently than men [19, 20]. This knowl-
edge highlights the importance of considering sex dif-
ferences when investigating health outcomes related
to changes in health care service use.

In this prospective, population-based study, we
aimed to investigate how the reduction in primary and
specialist healthcare services during the pandemic
was associated with the cognitive function, mental
health, and physical function of older adults aged
70 years and above, using propensity score matching.
Additionally, we explored whether these relationships
varied between men and women.

Methods
Study design

Our study utilized data from a longitudinal, popula-
tion-based cohort of individuals aged 70 years and
older, derived from the Norwegian Trgndelag Health
Study (HUNT4 70+), conducted between 2017 and
2019, and its follow-up, the HUNT Ageing in Trgnde-
lag study (HUNT AiT), conducted between 2021 and
2023. HUNT is a large-scale, population-based health
survey that has invited all adult residents of the for-
mer Nord-Trgndelag County to participate across four
waves. Participants completed questionnaires cover-
ing socio-demographic and clinical information and
healthcare professionals conducted comprehensive
clinical assessments conducted by healthcare profes-
sionals [21]. In the present study, participant data was
linked to information on healthcare utilization from
two national registries. First, the Norwegian Registry
of Primary Health Care (KPR) [22], and second, the
Norwegian Patient Registry (NPR) [23].

Participants

The HUNT4 70+ cohort included 9,930 individuals,
of whom 5708 later took part in HUNT AiT. Indi-
viduals participating in both HUNT4 70+ and HUNT
AiT formed the basis of our study sample. From
this group, we excluded the 197 nursing home resi-
dents and 124 individuals with missing data on key

study variables in one of the two study periods. This
resulted in a final study sample of 5387 individuals.

Data collection

We used individual data on age (birthyear), sex
(women vs. men), education (primary, secondary, and
tertiary) cohabitation status (living alone vs. living
together with someone), and comorbidity (0-1 self-
reported disease vs. 2+ self-reported diseases [24])
collected at baseline at HUNT4 70 +. Cognitive func-
tion, physical function, and mental health data were
collected at baseline and follow-up (HUNT AiT).
Data from the two registries, KPR and NPR, were
linked to participants’ data using the Norwegian per-
sonal identification number. Data on primary health
care services included contact with GPs, in-home
nursing, practical assistance, daycare services, respite
care, short-term nursing home stays, municipal hous-
ing, and nursing home admissions. In this paper, we
have divided primary healthcare services into contact
with GPs and other primary care services. Data on
specialist health care services included contact with
general hospital services. In this study, we utilized
data on healthcare service use from March 12, 2019,
until March 11, 2021.

Outcome measures

Cognitive function was assessed using the Montreal
Cognitive Assessment (MoCA), a comprehensive
30-point tool designed to evaluate cognitive status
across six key domains: visuospatial construction,
executive function, episodic memory, attention, lan-
guage, and orientation. Higher scores indicate better
cognitive function [25]. We created a variable meas-
uring the change in cognitive function by subtracting
the MoCA score at baseline from the MoCA score at
follow-up.

Physical function was assessed using the Short
Physical Performance Battery (SPPB). The SPPB is
based on three timed tasks: standing balance, walking
speed, and chair stand tests. The score ranges from
0 to 12 points, and a higher score indicates better
physical function [26]. We created a variable meas-
uring the change in physical function by subtracting
the SPPB score at baseline from the SPPB score at
follow-up.

@ Springer
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Mental health was assessed using the Cohort of
Norway Mental Health Index (CONOR-MHI), which
includes seven items rated on a 1-4-point scale (total
score range: 7-28). The items cover being nervous
and unsettled, troubled by anxiety, secure and calm,
irritable, happy and optimistic, sad/depressed, and
lonely during the last two weeks. The average score
across all seven items was calculated, ranging from 1
to 4 [27]. Lower scores indicate better mental health
status. Change in mental health was calculated by
subtracting the CONOR-MHI score at baseline from
the CONOR-MHI score at follow-up.

Exposures

For primary healthcare services, we counted contact
with GPs and other primary healthcare services sepa-
rately. For GPs, we used the date the participant had
contact with a GP, and for other healthcare services,
we counted services by using the date on which a
service was started, for example, the date on which
in-home nursing was started. For specialist healthcare
services, we used the date on which the participant
had contact with a public or private hospital service,
either for outpatient consultation, hospitalisation, or
day treatment. Based on this, we counted the number
of (1) primary healthcare services (contact with GPs
and other healthcare services separately) and (2) spe-
cialist healthcare services during the pre-pandemic
period (12.03.19-11.03.20) and the pandemic period
(12.03.20-11.03.21) for each participant. The num-
ber of services during the pre-pandemic period was
then subtracted from the number of services during
the pandemic period for each service type, separately.
Both primary and specialist healthcare services were
then dichotomised into “no change or increased ser-
vice use” and “decreased service use”.

Analysis

All analyses were performed using Stata, version
18.0 [28]. Propensity score matching (PSM), a quasi-
experimental statistical method accounting for base-
line confounders from HUNT4 70+, was applied to
estimate the effect of change in health service use
on each of the outcome measures [29]. The method
estimates the probability (propensity score) of receiv-
ing a treatment based on background variables and
matches participants with similar probabilities across
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treatment and control groups. This allows for the
comparison of groups that are as similar as possible,
enabling a more reliable estimation of the treatment
effect. In this study, reductions in primary and spe-
cialist healthcare service use during the pandemic
period served as the “treatment” and were our pri-
mary exposures. Age, sex, education, cohabitation
status, and comorbidity served as background con-
founders and were the basis for the matching. The
matching procedure was conducted separately for
each outcome and run separately for primary health-
care services: contact with GPs and other healthcare
services, and specialist healthcare services, respec-
tively. First, logistic regression was used to estimate
propensity scores, and the regression model was set
up with MoCA-change, SPPB-change or CONOR-
MHI-change as outcome and age, sex, education,
cohabitation status, and comorbidity as predictors.
Default radius matching was performed using a cali-
per width of 0.2 standard deviations of the logit of
the propensity score [30]. Second, individuals were
matched based on their propensity scores to ensure
comparability between groups. Third, the average
treatment effect on the treated was estimated, rep-
resenting the change in outcome measures between
those who experienced reduction in healthcare ser-
vices and those who did not. To assess the preci-
sion of these estimates, 95% confidence intervals
(95% CI) were calculated using bootstrapping with
200 repetitions. All analyses were performed in (1)
the entire study sample, and (2) in women and men,
separately, as cognitive-, mental-, and physical tra-
jectories may be different in regard to sex and health
care use [15-17, 20]. Group differences in continuous
variables were assessed with #-tests, while categori-
cal variables were evaluated using Chi-square tests. A
significance level of 5% was applied. Statistics for the
PSM-analysis are reported in supplementary materi-
als, Tables S1 to S3. To assess the robustness of our
findings, we conducted a sensitivity analysis using
follow-up scores as outcome, while including base-
line scores as confounders, Tables S4 to S6.

Results

The included study sample (n=5387) was younger
than those excluded (n=321, 79 years vs. 83 years,
p<0.001) and had a higher proportion of individuals
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with higher education (50% vs. 35%, p<0.001).
Additionally, the included study sample had higher
baseline scores for cognitive function (23.8 vs.
20.3, p<0.001) and physical function (9.9 vs. 7.4,
p<0.001), as well as lower mental health distress
scores (1.5 vs. 1.6, p<0.001) compared to those
excluded.

Of the 5387 participants (54% women), 1983
(37%) had a reduction in contact with general practi-
tioners (GPs) during the pandemic, while 3404 (63%)
had no change or an increase in use. Among women,
1093 (38%) had reduced GP contact, compared to
890 (36%) men. For other primary care services, 315
(6%) had a reduction in use, while 5072 (94%) had no
change or increased use. A reduction in other primary
care service use was observed in 227 of the women
(8%) and 88 (4%) of the men. Regarding special-
ist healthcare services, 2225 participants (41%) had
a reduction in use, while 3162 (59%) had no change
or an increase. Among women, 1208 (42%) used less
specialist healthcare, compared to 1017 (41%) men
(Table 1). Among the 2225 participants who had
a reduction in specialist healthcare services, 1017
(46%) also reduced their GP contacts, while 1208
(54%) had either no change or increased GP contacts.
In terms of other primary healthcare services, 196
participants (9%) showed a decrease in use, whereas
2029 (91%) had either no change or an increase in
specialist healthcare services. The average changes in
both primary and specialist healthcare service use are
presented in Table 1.

In the overall study sample, there was a decrease
in cognitive and physical function and mental health
scores from baseline to follow-up (Table 1). Further-
more, participants who had a reduction in other pri-
mary healthcare services had lower cognitive func-
tion, physical function, and mental health scores at
both baseline and follow-up compared to those with
stable or increased services. Similarly, those using
less specialist healthcare services had lower cognitive
function at both assessment points and lower physical
function at baseline. Table 1 presents the characteris-
tics of the study sample and the differences between
those who experienced a reduction in healthcare ser-
vices and those who did not.

The reduction in bias due to the PSM procedure
is depicted for cognitive function in Fig. 1. Before
matching, there were significant differences between
the treated and control groups for all confounders

(»<0.05). After matching, these differences were
substantially reduced, indicating a successful balance
across all covariates (e.g., p>0.69, Fig. 1). Detailed
numerical results are available in the supplementary
tables, which provide full estimates.

Primary healthcare services -contact with GPs
Cognitive function

Across all participants and among men, there were no
significant differences in change in cognitive function
scores between those who experienced a reduction
in contact with GPs during the pandemic and those
who did not (Table S1). Among women, a reduction
in GP contact was associated with a greater cognitive
decline (MoCA-change —0.32, 95% CI-0.62,—0.32),
compared to women who had no change or an
increase in such service use.

Physical function and mental health

No significant differences in changes in physical
function or mental health scores were found between
participants who experienced a reduction in GP con-
tacts during the pandemic and those who did not
(Table S1).

Other primary healthcare services
Cognitive function

Across all participants, a reduction in primary care
services during the pandemic was associated with
a greater decline in cognitive function (MoCA-
change—0.94, 95% CI—1.53,—0.36), compared to
those who experienced no change or an increase in
such service use. Among men, a reduction in primary
care services was associated with a greater cognitive
decline (MoCA-change —2.12, 95% CI—3.13,—1.12)
compared to men who had no change or an increase
in such service use. There were no significant associ-
ations between reduction in primary care services and
change in cognitive function in women (Table S2).

Physical function

Across all participants and among women, there
were no significant differences in change in physical

@ Springer
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Table 1 Study sample characteristics, across service use status during the pandemic

Primary healthcare service use

Specialist healthcare service use

General practitioner

Other primary services

Total sample Decreased No change Decreased No change Decreased No change
N=5387 n=1983 (37%) or increased n=315(6%) or increased n=2225 (41%) or increased
n=3404 (63%) n=5072 (94%) n=3162 (59%)
Sex (n=5387), n (%)
- Women 2904 (53.9) 1093 (55.1) 1811 (53.2) 227 (78.1) 2677 (52.8) 1208 (54.3) 1696 (53.6)
- Men 2483 (46.1) 890 (44.9) 1593 (46.8) 88 (27.9) 2395 (47.2) 1017 (45.7) 1466 (46.4)
Age, mean 76 (4.7) 76 (4.7) 76 (4.7) 81 (5.6) 76 (4.5) 76 (4.7) 76 (4.7)
(SD)
Education (n=5381), n (%)
- Primary 1317 (24.5) 486 (24.6) 831 (24.4) 134 (43.0) 1183 (23.3) 569 (25.6) 748 (23.7)
- Secondary 1302 (24.2) 475 (24.0) 827 (24.3) 89 (25.6) 1222 (24.1) 528 (23.8) 774 (24.5)
- Tertiary 2762 (51.3) 1019 (51.5) 1743 (51.3) 98 (31.4) 2664 (52.6) 1124 (50.6) 1638 (51.8)
Cohabitation (n=5324), n (%)
- Living 1540 (28.9) 570 (29.2) 970 (28.8) 163 (55.1) 1377 (27.4) 643 (29.3) 897 (28.7)
alone
- Living with 3784 (71.1) 1385 (70.8) 2399 (71.2) 133 (44.9) 3651 (72.6) 1552 (70.7) 2232 (71.3)
someone
Comorbidity (n=4.972), n (%)
- 0-1 self- 3126 (62.9) 1135 (62.6) 1991 (63.0) 140 (52.4) 2986 (63.5) 1228 (60.0) 1898 (64.9)
reported
disease
- 2 +self- 1846 (37.1) 677 (37.4) 1169 (37.0) 127 (47.6) 1719 (36.5) 819 (40.0) 1027 (35.1)
reported
diseases
MoCA! at 23.9 (3.6) 23.9 (3.6) 23.9 (3.6) 219 4.4)*  24.0(3.5) 23.7 3.7)* 24.0 (3.5)
baseline
(n=5384),
mean (SD)
MoCA! at 22.7 (4.4)** 224 (4.4) 2277 (4.4) 19.3(5.8)* 229 4.2) 22.5 (4.5)* 22.8 (4.3)
follow-up
(n=5305),
mean (SD)
SPPB? at 10.3 (2.2) 10.3 (2.3) 10.3 (2.2) 8.0 (3.3)* 10.5 (2.1) 10.2 (2.3)* 10.4 (2.2)
baseline
(n=5330),
mean (SD
SPPB? at 9.8 (2.9)** 9.8 (3.0) 9.8 (2.9) 6.7 (3.9)* 9.9 (2.7) 9.7 (3.0) 9.8 (2.9)
follow-up
(n=5325),
mean (SD)
CONOR-MHP® 1.4 (0.4) 1.4(0.4) 1.4 (0.4) 1.6 (0.5)* 1.4(0.4) 1.4 (0.4) 1.4(0.4)
at baseline
(n=4774),
mean (SD)
CONOR-MHP® 1.5 (0.4)%* 1.5(0.4) 1.5(0.4) 1.7 (0.5)* 1.5(0.4) 1.5(0.4) 1.5(0.4)
at follow-up
(n=4429),
mean (SD)

@ Springer
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Table 1 (continued)

Primary healthcare service use

Specialist healthcare service use

General practitioner

Other primary services

Total sample Decreased No change

Decreased

No change Decreased No change

N=5387 n=1983 (37%) or increased n=315(6%) or increased n=2225 (41%) or increased
n=3404 (63%) n=5072 (94%) n=3162 (59%)
Change in GP 1.7 (7.4) —4.8 (4.6) 5.4 (6.0) -14(11.3) 1.9(7.1) 0.2 (7.5) 2.7(7.2)
contacts,
mean (SD)
Change in other —0.002 (1.5) —0.2(1.5) 0.1(1.5) -34@3.1) 02(.0) -0.2(1.6) 0.1 (1.4)
primary ser-
vices, mean
(SD)
Change in —0.1(6.1) —-1.1(5.8) 0.6 (6.2) —-2.7(6.9) 0.1(6.0) -3.8(4.9) 2.6(54)
specialist ser-
vices, mean
(SD)

*Significant difference between those who experienced reduced healthcare services and those who did not (p <0.05)

**Significant difference between baseline and follow-up on the outcome measures (p <0.001)

'MoCA, Montreal Cognitive Assessment score, ranges 0—30 points. Higher scores indicate better cognitive function

2SPPB, Short Physical Performance Battery, range 0—12 points. Higher scores indicate better physical function

3CONOR-MHI, Cohort of Norway Mental Health Index, range 1-4 points. Lower scores indicate better mental health status

PRI foonsimiommsn msmemsrsansasssnsnels WPE0T5
Comorbldlty ................................. Koo p:OBQ B R R R R R R I
p=0.79
Sex | R R r LAt Rt 35 S T R R S I S S R R e S e e
Education {:------ @ et rrrercnsetasesananseey e p:078 .....................................................
g LP=0ST
Cohabitation |- e e Unmatched
x Matched
T T T T
-50 0 50 100

Standardized % bias across covariates

Fig. 1 Propensity score matching for change in cognitive
function measured on the Montreal Cognitive Assessment
(MoCA, change from baseline to follow-up) on reduction in
primary health care services. The figure illustrates the stand-
ardized % bias across covariates before (mean bias 53.5%) and
after matching (mean bias 2.4%). The difference between the

function scores between those who experienced a
reduction in primary care services during the pan-
demic and those who did not (Table S2). Among men,

treated and control groups for all confounders was reduced
from p <0.001 for the unmatched to p=0.995 for the matched.
This propensity score matching example is representative of all
outcome variables for both primary and specialist healthcare
services

a reduction in primary care services was associated
with a greater decline in physical function (SPPB-
change —1.06, 95% CI-1.79,—0.33), compared to
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those who had no change or an increased use of such
services.

Mental health

No significant differences in change in mental health
scores were found between participants who experi-
enced a reduction in primary care services during the
pandemic and those who did not (Table S2).

Specialist healthcare services
Cognitive function and mental health

No significant differences in changes in cognitive
function or mental health scores were found between
participants who experienced a reduction in specialist
care services during the pandemic and those who did
not (Table S3).

Physical function

Across all participants and among men, there were no
significant differences in change in physical function
scores between those who experienced a reduction
in specialist healthcare services during the pandemic
and those who did not (Table S3). Among women, a
reduction in specialist care services was associated
with an improved physical function score (SPPB-
change 0.32, 95% CI 0.11, 0.53), compared to those
who had no change or an increased use of specialist
care services.

Sensitivity analysis

The results from the sensitivity analysis for GP con-
tacts were mostly consistent with the main analy-
sis, apart from a decline in physical function among
women who experienced a reduction in GP contacts
(Table S4). For other primary care services, addi-
tional findings related to a reduction in services were
a greater decline in cognitive function among women,
reduced physical function in the overall sample,
and a more severe mental health score among men
(Table SS5). Finally, for specialist healthcare services,
the sensitivity analysis yielded results consistent
with the main analysis across all outcome measures
(Table S6).

@ Springer

Discussion

This population-based study found that reduced con-
tact with GPs during the pandemic was associated
with a greater decline in cognitive function among
women, compared to those who had no change or
an increase in GP contact. However, no such asso-
ciation was observed in the overall sample or among
men. There were no differences in physical func-
tion or mental health scores comparing individuals
with reduced GP contact and those without. For the
use of other primary healthcare services, a reduc-
tion in use during the pandemic was associated with
reduced cognitive function, particularly among men.
A reduction in the use of these services was also asso-
ciated with reduced physical function among men,
while no association between reduced service usage
and mental health scores was observed in the overall
sample. Furthermore, there were no overall associa-
tions between reduced specialist healthcare services
and change in cognitive function, physical function,
or mental health scores. However, women who expe-
rienced a reduction in specialist healthcare services
showed an improvement in physical function, com-
pared to women who had no change or increased use
of specialist healthcare services.

Women are more likely to experience cognitive
decline than men [17, 18]. This may explain why
we observed a greater reduction in cognitive func-
tion among women who had a reduction in GP vis-
its, suggesting that women, as a more vulnerable
group, were more affected by the decrease in GP vis-
its than men. Normative studies indicate that people
70 years and older typically show an annual decline
of about 0.3-0.5 MoCA points [31], suggesting that
the observed —0.32 change is small in clinical terms.
Importantly, this estimate reflects the additional asso-
ciation with reduced healthcare use after adjusting
for covariates, rather than the total cognitive decline.
It suggests that women who reduced their use of GP
services showed roughly one extra year of cognitive
decline compared to women who did not reduce their
use. While this difference is unlikely to be clinically
meaningful at the individual level, even small effects
may indicate increased vulnerability at the population
level. Because our study has only one pre-pandemic
baseline and one post-pandemic follow-up, we can-
not determine sex-specific pre-pandemic trajecto-
ries. Normative MoCA data from the same source
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population indicate small baseline advantages for
women, but provide no evidence of differential rates
of decline [31]. Differential coping strategies, levels
of social support, and comorbidity profiles may also
have contributed to the sex-specific associations, and
could not be fully accounted for in our analyses.

Our findings on the consequences of a reduction
in other primary healthcare services align with the
experiences described by the next of kin of people
with dementia during the pandemic. They reported
that reduced services led to decreased activity and
cognitive stimulation [9]. Earlier research has stated
that older adults reporting inadequate access to care
had higher odds of cognitive impairment, compared
to those who had adequate access to care, but they
did not find any sex differences [19]. In our study
sample, participants who experienced a reduction
in other primary care services had lower cognitive
scores (MoCA) compared to those who did not expe-
rience such reductions. Although a decline in cogni-
tive function over the study period was anticipated, it
appears that this decline was further exacerbated by
the reduction in other primary healthcare services.
This may be linked to previous findings showing that
people with reduced cognition experienced a greater
reduction in other primary care services during the
pandemic, such as in-home nursing and day care ser-
vices, compared to those with better cognitive func-
tion [2, 4]. This is likely because individuals with
reduced cognitive function rely more heavily on these
services and are therefore more impacted when such
support is reduced or suspended.

Among men, a reduction in the use of other pri-
mary healthcare services was associated with a
greater decline in both cognitive and physical func-
tion. As noted, research suggests that women’s cog-
nitive decline is more pronounced than that of men
[17]. Furthermore, physical function is influenced by
health indicators (such as poor self-rated health, bod-
ily pain, and overweight) as well as chronic diseases,
with older women generally experiencing more phys-
ical limitations and a faster physical decline than men
[16, 32]. Based on this, one might expect that a reduc-
tion in other primary healthcare service use would
have a greater negative impact on women. However,
studies have found that men tend to use other pri-
mary healthcare services less frequently than women,
often delaying help-seeking until their health issues
become more severe [33]. One interpretation might

be that men who did use these services may have
had more severe health conditions, making them par-
ticularly vulnerable to disruptions in care. Addition-
ally, men may have fewer informal support systems
or alternative coping strategies compared to women
[34], which could further amplify the negative impact
of reduced healthcare services on their cognitive and
physical functions. However, it is worth mentioning
that only a small proportion of participants (6%) had
a reduction in the use of other primary healthcare ser-
vices during the first year of the pandemic.

Recent research has shown a minimal decline in
mental health during the early phase of the pandemic,
followed by evidence of subsequent recovery [35].
These findings are in line with our study, in which
we found no association between reduced primary
healthcare services and mental health decline. Simi-
larly, there were no significant differences in cogni-
tive or physical function or mental health scores
linked to reduced specialist healthcare services in the
overall sample. Unlike earlier studies that focused on
the early months of the pandemic [1, 4], our longi-
tudinal design (2021-2023) captures potential longer-
term consequences of reduced healthcare use. The
lack of associations with mental health suggests that
any short-term adverse effects may not have persisted
over time. Thus, it appears that reduced availability
of specialist healthcare services did not negatively
impact the outcome measures we investigated.

We observed a slight increase in the average
number of GP contacts among participants who
had reduced use of specialist healthcare services
(Table 1), suggesting that GPs may have partly com-
pensated for reduced access to specialist healthcare
services. This aligns with our earlier research, which
showed an overall increase in GP use during the first
six months of the COVID-19 pandemic. We had pre-
viously hypothesized that this increase was primar-
ily driven by individuals who experienced reduc-
tions in both other primary and specialist healthcare
services [2]. However, our current findings suggest
that the increase in GP contacts was not necessarily
dependent on reductions in other healthcare services.
In fact, most participants who had no change or even
an increase in primary and specialist care also main-
tained or increased their GP use.

Women who had a reduction in specialist health-
care service use showed improved physical func-
tion compared to those with unchanged or increased
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use. This is somewhat unexpected given the previ-
ously mentioned evidence that women experience a
faster decline in physical functioning than men [16].
One possible explanation is that these women were
healthier, more physically active, or had stronger
social support networks to begin with, making them
less dependent on specialist healthcare. Alternatively,
they may have employed more effective coping strate-
gies, such as drawing on informal support networks
[24]. This interpretation aligns with recent findings
that increased social interaction is associated with
better physical performance [36]. Thus, our findings
may suggest that the women in our study sample
had a greater focus on health and were more socially
active than men, which may have contributed to better
physical functioning despite the reduction in special-
ist healthcare services.

Finally, our findings can be considered in light
of biological processes of aging. Disruptions in
care pathways may delay detection and treatment of
underlying conditions, thereby exacerbating vascular
disease, inflammation, and neurodegeneration, all of
which contribute to cognitive and physical decline in
older adults. While our study was not designed to test
such mechanisms directly, acknowledging these path-
ways provides a broader context for understanding
why reduced healthcare use may accelerate vulner-
ability in aging populations.

Strengths and limitations

The strength of this study lies in its use of individual
longitudinal data from a large population-based sur-
vey sample, linked to unique national registry data
on the use of primary and specialist healthcare ser-
vices. As the baseline data (HUNT4 70+) were col-
lected before the pandemic, they are unaffected by
recall bias regarding health characteristics prior to
the pandemic. Furthermore, the use of propensity
score matching increases the likelihood of balancing
baseline confounders between exposed and unex-
posed groups, making the comparison more com-
parable to that of a randomized controlled trial than
traditional regression analysis [29]. However, a con-
siderable proportion of those who required health-
care services at baseline, such as in-home nursing,
day care services and hospitalization, were unable to
participate in the follow-up study (HUNT AiT) due
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to significantly worse health, nursing home admis-
sion or death. Inclusion of these individuals may have
influenced the distribution between those who used
fewer services and those who did not. This is a nota-
ble limitation, as the excluded participants had lower
cognitive and physical function, as well as more men-
tal health challenges, compared to those who were
included. As a result, our findings are likely to under-
estimate the negative health consequences of reduced
healthcare use, since the frailest individuals, who may
have been most affected, were not captured in the
follow-up. This survivorship bias limits the generaliz-
ability of our results, particularly to the oldest old and
those with severe comorbidity or advanced functional
decline.

The sensitivity analysis identified some additional
significant health consequences of reduced healthcare
services, likely because baseline adjustment generally
increases statistical power by reducing outcome vari-
ance. As this may introduce collider bias if both the
treatment (i.e., reduced service use) and outcome are
influenced by baseline measures (e.g. cognition), we
chose to report the analysis on change scores empha-
sizing within-person changes over time. Although we
applied propensity score matching to reduce base-
line confounding, residual confounding cannot be
ruled out. As this is an observational study, the find-
ings should be interpreted as associations rather than
causal effects. Some of the observed associations may
partly reflect selection effects, meaning that partici-
pants who reduced their healthcare use may have dif-
fered systematically in unobserved ways (e.g., health
status, health behaviors, or informal support) from
those who did not. Sex-stratified findings should like-
wise be interpreted with caution, as pre-pandemic tra-
jectories cannot be determined from our data. A fur-
ther limitation of our study is that we cannot report
how often participants received in-home nursing as
part of other primary care services, as we were only
able to track the initiation of such services. The small
proportion of participants who reported a reduction
in other healthcare services limits the generalizabil-
ity of our findings. This also precluded further sub-
division of other primary care services (e.g., in-home
nursing, day care), as the resulting groups would
have been too small to allow meaningful statistical
analyses. Additionally, all participants lived in the
central region of Norway near Trondheim, a Western
urban hub. This may limit the generalizability of our
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findings to more rural areas as well as large cities in
Western countries as well as non-western countries
with usually less access to primary and/or specialist
healthcare services. The study sample consisted pri-
marily of individuals of Norwegian ethnicity, further
restricting the external applicability of the results to
other ethnic groups [21].

Conclusion

The overall association between reduced healthcare
service use during the pandemic and changes in cog-
nitive and physical function, and mental health was
limited. Most health challenges reflected as greater
declines in cognitive or physical function were found
to be associated with the reduction in primary care
services. These findings are crucial in the context of
a pandemic or other external shocks, highlighting the
importance of identifying individuals with reduced
abilities and ensuring they receive continued access
to primary care. Notably, no negative health conse-
quences were observed among those who had a reduc-
tion in specialist healthcare services. Women even
showed improved physical function despite a decline
in specialist healthcare services, although selection
effects cannot be ruled out. Our findings suggest that
older adults have shown adaptability throughout the
pandemic despite reductions in primary and special-
ist healthcare service use. While a modest increase
in GP contacts was noted among those who had a
reduction in specialist healthcare services, the overall
pattern indicates that reductions in one area of health-
care services were not offset by increases in others.
Finally, the containment measures implemented in
Norway, which resulted in only limited disruptions to
healthcare services, appear to have been effective in
mitigating adverse health outcomes.
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