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Abstract

Background

A reduction in mortality risk of COVID-19 throughout the first wave of the pandemic has

been reported, but less is known about later waves. This study aimed to describe changes

in hospitalizations and mortality of patients receiving inpatient geriatric care for COVID-19 or

other causes during the pandemic.

Methods

Patients 70 years and older hospitalized in geriatric hospitals in Stockholm for COVID-19 or

other causes between March 2020-July 2021 were included. Data on the incidence of

COVID-positive cases and 30-day mortality of the total� 70-year-old population, in relation

to weekly hospitalizations and mortality after hospital admissions were analyzed.

Findings

The total number of hospitalizations was 5,320 for COVID-19 and 32,243 for non-COVID-

cases. In COVID-patients, the 30-day mortality rate was highest at the beginning of the first

wave (29% in March-April 2020), reached 17% at the second wave peak (November-

December) followed by 11–13% in the third wave (March-July 2021). The mortality in non-

COVID geriatric patients showed a similar trend, but of lower magnitude (5–10%). During

the incidence peaks, COVID-19 hospitalizations displaced non-COVID geriatric patients.
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Interpretation

Hospital admissions and 30-day mortality after hospitalizations for COVID-19 increased in

periods of high community transmission, albeit with decreasing mortality rates from wave 1

to 3, with a probable vaccination effect in wave 3. Thus, the healthcare system could not

compensate for the high community spread of COVID-19 during the pandemic peaks, which

also led to displacing care for non-COVID geriatric patients.

Introduction

During the first wave of the COVID-19 pandemic in Stockholm, from March to July 2020,

mortality for COVID-19 patients hospitalized in geriatric clinics decreased over time [1]. It

was unclear at the time whether this was due to improved care or to patient selection of more

severe cases earlier in the pandemic due to higher community incidence and an overburdened

healthcare system. Our results from that first wave included only in-hospital mortality and did

not explore how care for conditions other than COVID-19 was impacted by the pandemic.

Age is among the strongest risk factors for COVID-19 and the infection fatality ratio after age

70 is substantial [2,3]. Here, we present data on geriatric hospitalizations for COVID-19 and

other causes, including 30-day mortality from admission and compare these to the incidence

of COVID-19 and 30-day mortality from COVID-19 in the Stockholm region for persons 70+.

We aim to describe how COVID-19 peaks affected geriatric patients 70 and older hospitalized

both for COVID-19 and for other causes in Stockholm [4–7].

In previous reports, COVID-19 mortality in hospitalized patients in Sweden increased

within each pandemic wave and decreased between pandemic peaks [8,9]. According to the

Swedish Board of Health and Welfare, 60-day mortality after admission with COVID-19

decreased from a first-wave peak in March 2020 (25%) to a first nadir in August-September

2020 (10%), then rose again but to lower levels as the second wave progressed to a peak in

December 2020 (20%), decreasing steadily afterwards [10]. Decreasing mortality during the

first pandemic wave was also observed in studies from the US [11], with subsequent increases

in mortality during pandemic surges [12]. A Spanish study reported that COVID-19 patients

in the first wave were older, with more comorbidities and higher mortality than in the second

wave [13]. However, information is missing on mortality trends later in the pandemic, trends

in older population and in geriatric patients with diagnoses other than COVID-19.

The aim of this study is to describe the changes over time in 30 day-mortality after admission

of patients 70 years and older, hospitalized in 9 geriatric clinics in the Stockholm region from

March 2020 to July 2021. We describe 30-day mortality both for patients hospitalized for

COVID-19 and other causes over the three waves of the pandemic. Weekly hospitalizations for

COVID-19 and other causes are presented and compared to the average weekly hospitalizations

in the same geriatric clinics in 2019. These results are presented in the context of COVID-19

incidence and 30-day mortality and weekly hospitalizations from any cause in population 70

and over in the Stockholm region. 30-day mortality risk relative to date of hospitalization was

calculated with logistic regression adjusting for patient characteristics and medications.

Methods

Setting

The first COVID-19 case was identified in Stockholm in the end of February 2020. Following

the Stockholm region medical catastrophe preparedness plan, a special regional crisis leader-

ship was activated. The geriatric clinics in Stockholm were charged with reorganizing to
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provide care to persons with COVID-19 and supporting the hospital to ensure continued care

of other patients. During the pandemic, the geriatric clinics covered between 12 and 58% of all

hospitalized COVID-19 cases in Stockholm [14].

Initially, testing capacity was limited. In April 2020, testing for COVID-19 was prioritized

to patients requiring hospitalization and personnel within health and elderly care with sus-

pected COVID-19 symptoms. In May 2020, a recommendation was published for generous

testing in nursing homes, including testing before admission. In June 2020 this was extended

to other homes, individuals living at home with homecare support and medical care at home,

and private individuals. Private individuals could themselves request testing even if they didn’t

require hospitalization [15]. Testing for the public occurred at home or in drive-through sta-

tions. All hospitalized patients continued to be tested upon admission and could be retested if

symptoms occurred or in the context of contact tracing.

Bed availability was a concern and other wards were converted to COVID-19. Personnel was

redirected from primary care, other specialist clinics, staffing companies, and through recruitment

of temporary personnel. As pressure on the ICU increased, infectious units and geriatrics took on

sicker patients, including those needing high flow oxygen. Intensive care in Sweden already experi-

enced pressure before the pandemic and the Stockholm region was the first to experience an explo-

sive increase in ICU hospitalizations during the first pandemic wave. The number of ICU patient-

days doubled during April 2020. A campaign hospital was built in the Stockholm International Fair

in Älvsjö to increase both hospital and intensive care capacity, but it was never used [16].

Study population

In the Stockholm region, geriatric inpatient clinics treat and care for patients who are biologi-

cally aged and require inpatient geriatric care with specialists in geriatric medicine and multi-

disciplinary teamwork. Nine out of eleven geriatric hospitals in the Stockholm region agreed

to participate in this study. We identified all hospitalizations of patients 70 years and older

who were admitted to nine geriatric hospitals in Stockholm, Sweden, from March 6th, 2020, to

July 31st, 2021. We excluded hospitalizations with a duration less than 24 hours or with an

admission date after August 1st, 2021, to allow one month follow-up for mortality. A total of

5,320 hospitalizations for COVID-19 were included, together with 32,243 hospitalizations with

non-COVID-19 diagnoses during the same period (Fig 1). This corresponded to 4,565 indi-

vidual COVID-19 patients and 19,308 non-COVID-19 patients.

Exposure and outcome

The study exposure was the hospital admission date (March 1st, 2020, to July 31st, 2021). The

study outcome was 30-day mortality from admission, irrespective of place of death (in-hospital

or post discharge). Patients were censored at death, or the end of follow-up (September 10th,

2021) whichever came first.

COVID-19 diagnosis and covariates

The diagnosis of COVID-19 followed clinical practice and was based on a positive reverse

transcriptase-polymerase chain reaction (RT-PCR) analysis from nasopharyngeal swabs or, in

case of a negative RT-PCR, typical clinical picture (including a consultation with a specialist in

infectious diseases) and a CT scan with typical COVID-19 findings. Patients with detected

COVID-19 regardless of admission, discharge, or at death were considered COVID admis-

sions. All hospitalizations were included, and patients could have multiple hospitalizations.

Hospitalizations for diagnoses other than COVID-19 to the same nine geriatric hospitals in

Stockholm during the same period comprised the non-COVID group. We collected
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information on patient demographics, initial vital signs, medications, diagnoses at discharge,

and 30-day mortality through the hospital electronic health records. Medications were defined

as medications that were present on the patient’s electronic dispensing lists within 24-hours of

admission. 30-day mortality was defined from the date of admission to geriatrics. Comorbidi-

ties were identified by the other diagnoses present in discharge records. Prior hospitalizations

from before the pandemic were not available.

COVID-19 incidence and mortality in the population 70 years and older in

Stockholm

Information on confirmed cases with COVID-19 and mortality data in the population 70 and

over in Stockholm was provided by the Swedish Board of Health and Welfare for research pur-

poses (www.socialstyrelsen.se). Incidence data represents detected COVID-19 infections.

Thirty-day mortality corresponds to deaths where COVID-19 was the main cause of death

within 30 days of a positive test for persons 70 and over in the Stockholm region. Weekly hos-

pitalizations for any cause in this population were also included as reference.

Weekly hospitalizations in 2019

For comparison, the average weekly hospitalizations registered in 2019 in the 9 geriatric clinics

was presented. This was calculated by adding the total number of hospitalizations from all clin-

ics (30,969) and dividing by 52 calendar weeks resulting in an average of 596 new hospitaliza-

tions per week.

Fig 1. Case selection flow chart.

https://doi.org/10.1371/journal.pone.0291237.g001
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Analysis

Summary statistics are displayed as mean ± standard deviation (SD) or median (interquartile

range, IQR) or proportions.

30-day mortality rate is graphically presented in relationship to number of new admissions

per week and COVID-19 incidence and mortality in the Stockholm region. Via logistic regres-

sion models, we assessed the effect of admission date on 30-day mortality, adjusted by age, sex,

and medical treatment. Results were reported as odds ratios (OR) and 95% confidence inter-

vals (CI). Mortality rates were also compared against non-COVID-19 patients admitted to the

same geriatric clinics during the same period.

All analyses were performed using R (https://www.r-project.org) and Stata version 17.0

(StataCorp, College Station, TX).

Ethical statement

The Swedish Ethical Review Authority approved the study (Dnr 2020–02146, and 2020–

03345). Data were extracted anonymized from electronic records. The Swedish Ethical Review

Authority waived patient consent for this study.

Results

Characteristics and treatments at admission

Fig 1 shows the patient selection flowchart. A total of 43,231 hospitalizations (representing

27,257 patients) in the geriatric hospitals were registered. After applying exclusion criteria,

37,563 hospitalizations remained; 5,320 hospitalizations due to COVID-19 and 32,243 hospi-

talizations due to other causes from March 1st, 2020, to July 31st, 2021. Among the hospitaliza-

tions due to COVID-19, 87% (4645 hospitalizations) had positive COVID-19 RT-PCR while

675 (13%) had a negative RT-PCR but fulfilled the clinical and radiological criteria for

COVID-19. Patients hospitalized for COVID-19 had a median age of 84 (IQR 78–89) years,

53% were women and 6% of the patients had low saturation (<90%) at admission. During the

study period non-vitamin-K antagonist oral anticoagulants (NOACs) were used in 33%, low-

molecular-weight heparin (LMWH) in 51%, warfarin in 7% and glucocorticoids in 28% of

COVID-19 patients within one day of admission. The median duration of hospitalization was

9 days (IQR 6–13) (Tables 1 and S1). The median age of geriatric hospitalizations for other

(non-COVID-19) diagnoses was higher (85 IQR 79–90), and their hospital stays were shorter

(6 days: IQR 4–9). Compared to non-COVID patients, admission of COVID-19 patients dur-

ing the pandemic had in general a higher proportion of comorbidities in their discharge rec-

ords, including hypertension, diabetes, COPD, and asthma, but a lower prevalence of

congestive heart failure, cancer and stroke, and lower initial oxygen saturation level.

The total number of hospitalizations in the geriatric hospitals fell sharply at the beginning

of the pandemic from a pre-pandemic weekly average of 596 in 2019. After this initial drop in

the first wave, geriatric hospitalizations rallied, averaging 507 hospitalizations per week but

without a sustained return to pre-pandemic levels. When COVID-19 cases increased, non-

COVID-19 cases decreased accordingly (Fig 2A; S2 Table).

Thirty-day mortality

Thirty-day mortality was highest at the beginning of the first wave (29% in March-April 2020

for COVID-19; 10% for non-COVID-19), decreased as the first wave subsided (7% July-

August for COVID-19; 6% for non-COVID-19), and increased again for COVID cases in the

second wave (17% November-December for COVID; 7% for non-COVID). Thirty-day
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mortality remained more stable in the third wave (11 to 13% March-July 2021 for COVID-19;

6% non-COVID-19) (Tables 1 and S1).

Fig 2B shows the relationship between weekly COVID-19 hospital admissions to the nine

geriatric hospitals and 30-day mortality. Mortality is lowest when few COVID-19 patients are

hospitalized. Fig 2C presents the same relationship but for other geriatric patients. The lowest

mortality rates appear in the interpandemic peaks, when COVID hospitalizations were lowest

and non-COVID hospitalizations were highest. Fig 2D compared 30-day mortality in

COVID-19 patients and non-COVID causes. In general, mortality in COVID-19 varied over

time, mortality in non-COVID was flatter.

Fig 3 shows the relationship between total COVID-19 cases and deaths in the Stockholm

region and COVID-19 hospitalizations and deaths in the geriatric hospitals. The number of

hospitalizations and the 30-day mortality rates increased with each pandemic peak and

decreased between the peaks. The 30-day mortality rate after a positive test in Stockholm and

the 30-day mortality rate after admission in the geriatric hospitals followed the pandemic and

hospitalization curves. The smaller increase in the third wave probably indicates a vaccination

effect (Fig 3A and 3B).

Table 2 shows 30-day mortality risk from logistic regression, adjusted by age, sex, Charlson

Comorbidity Index (CCI) and treatment. Compared with patients admitted to geriatrics for

COVID-19 in November-December 2020, the risk of 30-day mortality was higher (OR 1.92,

95% CI 1.55–2.37) in March-April 2020, and lower in July August 2020 (OR 0.31, 0.15–0.66).

A downward tendency appeared again in January-February 2021(OR 0.70, 0.54–0.91), March-

April 2021 (OR 0.72, 0.55–0.94) and May-June-July (OR 0.75, 0.49–1.13) (Table 2). Older age,

male sex, high number of comorbidities, and the use of β-blockers, diuretics and antibiotics

Fig 2. Hospitalizations and mortality throughout the COVID-19 pandemic for persons aged 70 and above: A) Number of weekly

hospitalizations of patients 70 and above in nine geriatric clinics in Stockholm from March 2020 to July 2021; B) 30-day COVID-19

mortality in relationship to weekly hospitalizations in geriatric clinics in patients 70 and above; C) 30-day mortality and hospitalizations

for non-COVID causes in geriatric clinics for patients 70 and over; D) 30-day COVID-19 mortality and Non-COVID cause mortality.

https://doi.org/10.1371/journal.pone.0291237.g002
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Fig 3. Relationship between confirmed cases of COVID-19, hospitalizations, and deaths in A) Stockholm B) Geriatric clinics.

https://doi.org/10.1371/journal.pone.0291237.g003

Table 2. Odds ratios for 30-day mortality in geriatric patients with COVID-19 and other diagnoses throughout

the pandemic.

COVID-19 Non-COVID

OR 95%CI OR 95%CI

Mar-Apr 2020 1.92*** 1.55,2.37 1.33** 1.10,1.61

May-June 2020 0.91 0.72,1.17 0.85 0.69,1.05

July-Aug 2020 0.31** 0.15,0.66 0.90 0.74,1.09

Sep-Oct 2020 0.99 0.59,1.64 0.67*** 0.55,0.82

Nov-Dec 2020 ref ref

Jan-Feb 2021 0.70** 0.54,0.91 0.93 0.76,1.14

Mar-Apr 2021 0.72* 0.55,0.94 0.81* 0.67,0.99

May-June-July 2021 0.75 0.49,1.13 0.82* 0.69,0.98

Age

70–79 ref ref

80–89 2.05*** 1.68,2.51 1.62*** 1.42,1.85

90+ 3.06*** 2.45,3.82 2.42*** 2.11,2.77

Women 0.63*** 0.54,0.74 0.68*** 0.62,0.75

CCI 1.16*** 1.12,1.20 1.18*** 1.16,1.21

ACEI 0.94 0.78,1.14 0.84** 0.75,0.94

ARB 0.84 0.70,1.01 0.72*** 0.64,0.80

β -blocker 1.20* 1.02,1.41 1.25*** 1.13,1.39

CCB 0.80* 0.68,0.95 0.72*** 0.65,0.80

Diuretics 1.32*** 1.12,1.55 1.49*** 1.34,1.65

Statins 0.70*** 0.59,0.82 0.74*** 0.66,0.82

Warfarin 1.15 0.87,1.52 1.06 0.91,1.25

LMWH 1.06 0.88,1.26 1.23*** 1.10,1.38

NOAC 0.93 0.77,1.13 0.98 0.88,1.08

Glucocorticoids 1.22* 1.03,1.45 1.18** 1.05,1.33

Antibiotic 1.51*** 1.29,1.75 1.27*** 1.16,1.40

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; CCB, calcium

channel blockers; LMWH, low-molecular-weight heparin; NOAC, Non-vitamin-K antagonist oral anticoagulant.

https://doi.org/10.1371/journal.pone.0291237.t002
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were associated with a higher death risk; in contrast, the use of calcium channel blockers

(CCB) and statins were associated with a lower risk of death (Table 2).

Thirty-day mortality in non-COVID-19 hospitalizations

Compared with hospitalizations in November-December 2020, hospitalizations in March-

April 2020 had the highest mortality risk (OR 1.33; 95 CI 1.10–1.61), while hospitalizations

from September-October 2020 (OR 0.67; 95% CI 0.55–0.82), March-April 2021 (0.81; 95% CI

0.67–0.99) and May-July 2021 (OR 0.82; 95% CI 0.69–0.98) presented lower risk, after adjust-

ing (Tables 1 and S1 and Fig 2).

Discussion

Several important observations appear in this study of hospitalized geriatric patients in Stock-

holm, Sweden. First, hospital admissions fell sharply at the beginning of the pandemic and

didn’t reach pre-pandemic levels throughout the whole observation period. Second, 30-day

mortality rose and fell with the pandemic waves. This connection between the epidemiological

situation in the community and in-hospital mortality was compelling for patients hospitalized

for COVID-19 but appeared also in geriatric patients hospitalized for other reasons. Both

external factors, and factors related to hospital organization and care explain our findings.

Factors external to hospital care and organization

As shown in Fig 3, there was a close relationship between epidemic peaks and geriatric hospi-

talizations and deaths, showing that focused protection of the elderly failed [17] Focused pro-

tection may have, however, reduced the number of beds needed for other conditions: hip and

other osteoporotic fractures decreased in the 70+ population, possibly due to the recommen-

dations for this age group to avoid social contact, which limited going out [18].

Care seeking behaviour and the diagnostic capacity of the healthcare system was affected:

for example, the Swedish Stroke Register reports a decrease in the number of detected strokes

in 2020 and 2021 compared to 2019 [19], while the Swedish registry for cognitive/dementia

disorders reported a 30% reduction in diagnostic work-ups [20]. One US study included 23

million emergency department (ED) visits for elderly Medicare beneficiaries, and showed a

drop in ED visits, together with increased admission rate and mortality suggesting that patients

avoided seeking care, which selected a sicker patient population into the ED [21]. Other stud-

ies found a decrease in ED visits for cardiovascular conditions early in the pandemic [22–24].

In contrast to those studies, we saw a drop in hospitalizations in our cohort but not a complete

recovery afterwards. We do not have data on ED visits so we cannot distinguish between

patient care-seeking behaviours and triage inside the ED. As seen in Fig 2A COVID-19

patients displaced other diagnoses from geriatric care.

The mortality peak in geriatric clinics closely followed the pandemic waves but was higher

in the first than in the second wave. This was more evident for COVID-19 patients but

appeared also in non-COVID geriatric patients in multivariate regression analysis. Several

studies, including ours, have noted a decrease in mortality throughout the first wave of the

pandemic [1,25]. A subsequent increase was observed again during the second wave in Sweden

[9,26]. COVID-19 incidence was more severely underreported in the first wave in Sweden

than later in the pandemic, and may partially explain the higher mortality by selecting for

sicker patients [26]. Some patients were treated in their nursing homes and never transferred

to hospital and most patients admitted to inpatient geriatric hospital care in our cohort lived

in their own homes prior to admission. As a proxy for disease severity in geriatric hospitaliza-

tions, the proportion of patients presenting with oxygen saturation under 90% at baseline
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decreased from 8.9% in March-April 2020 to 2% in June, increasing again to 7.7% in Decem-

ber 2020. In our previous article we showed that low oxygen saturation at baseline explained

some, but not all, of the temporal trend in mortality observed during the first wave.(1). In an

international context, studies from Africa [27], Italy [28], Germany [29] and raw case fatality

ratio (CFR) in 53 countries [30] also showed a significant difference in COVID-mortality

between the first and the second wave.

Finally, vaccinations changed the association between incidence and mortality in the third

wave and averted the increase in 30-day mortality that had been apparent with increasing hos-

pitalizations in the previous waves. The COVID-19 vaccination campaign began at the end of

December 2020 in nursing homes and its effects on mortality were already felt in March-April

2021, as also seen in our cohort [31].

Hospital organization and care

Geriatric clinics scaled up during the pandemic, opening more beds and receiving resources

from other clinics, particularly elective surgical and diagnostic units. A field hospital was pre-

pared on the premises of the Stockholm International Fair in Älvsjö but never opened. Person-

nel resources (particularly nurses) were the limiting factor to opening and maintaining more

geriatric beds. Patients and personnel were transferred between hospitals but this couldn’t

affect the total capacity of the Stockholm region. Despite this effort, the total number of hospi-

talizations fell in the beginning of the pandemic and didn’t recuperate. Longer hospital stays

for COVID-19 patients (median 9 vs 6 days in non-COVID-19; Table 1) could explain this

finding. This longer length of hospitalization for COVID-19 patients is in line with previous

international reports and can be considered a characteristic of the disease [11,32]. The higher

care burden for COVID-19 patients, together with the time required to don and doff protective

equipment, and need for separation of COVID-19 and non-COVID cohorts, could have led to

lower total number of hospital stays. Furthermore, a reduction in elective procedures also con-

tributed to the total fall in admissions in geriatrics. Hospital admissions further decreased dur-

ing the summer months: the customary reductions in available beds due to staff vacation

which occur every summer was compounded by the receding COVID-19 waves. The supply of

geriatric hospitalizations in our cohort was less elastic, remained relatively stable during the

pandemic and was lower than in 2019. Triage was probably harsher in the first wave leading to

a sicker patient population and higher mortality. Medical care and guidelines changed

throughout the pandemic and may have reduced mortality starting in the second wave. A simi-

lar pattern of increasing hospitalization days per patient and decreasing total hospitalizations

was also seen in intensive care [16].

It should be noted that the 30- day mortality rate for COVID-19 patients reported in our

study is based on a large cohort of older people in geriatric clinics in Stockholm, excluding

nursing home patients treated in place, mild cases treated at home or cases treated in ICU or

infectious disease wards instead of the geriatric clinics. Second, during the first wave of pan-

demic, the treatment and care of COVID-19 patients underwent changes (https://www.

internetmedicin.se/behandlingsoversikter/infektion/covid-19/), and these improvements are

likely to be part of the reason for the decline in mortality during the first wave. In the second

wave, the national guidelines for hospitalized COVID-19 patients didn’t undergo major

changes. In a previous report, we have shown that the prognosis of COVID-19 for the most

frail during the first wave was ominous [33]. It is possible that the most frail died during the

first wave, contributing to lower mortality during the second and successive waves.

We believe that due to the inelasticity of hospitalizations, increasing COVID-19 admissions

during pandemic waves displaced non-COVID admissions. This led to more stringent
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selection of admissions, a sicker patient population and greater overall mortality. The displace-

ment of milder cases during pandemic waves is worrying. Changes in treatment guidelines,

particularly use of anticoagulants and corticosteroids led to improvement in the outcome of

patients with COVID-19 [34]. However, except for vaccines and the third wave, these changes

were implemented relatively early in the pandemic (before or during the summer of 2020) and

cannot explain all the later changes in mortality [34]. Our data is limited in the ascertainment

of comorbidities and treatments during hospitalization which precludes further speculation. A

decrease in the quality of care during the pandemic peaks due to greater pressure on the

healthcare system cannot be excluded.

Implications for future crises and resource planing

There are several lessons to be drawn from the pandemic. Other countries implemented costly

lock-downs. The Corona Commission (launched by the Swedish government to independently

evaluate the management of the pandemic) determined that the principle of non-mandatory

measures was sound, but that stronger and quicker interventions would have been possible

within this voluntary framework [35]. The Corona Commission also determined that focused

protection failed to safeguard the elderly and frail and that single factor most likely responsible

for the high death toll in nursing homes was the high epidemic spread of the virus in society

[17]. Our study, which mostly included older persons living at home, also showed high agree-

ment between community spread and geriatric hospitalizations and mortality.

In Sweden, the governing principle is that the organization in charge of an activity under

normal circumstances is also responsible for management in times of crisis. Previous crises

have shown that this principle can cause delayed response because actors who are not experts

in crisis management wait too long out of fear of taking measures on incomplete information

[36]. In the highly fragmented Swedish care and healthcare system, there was a lack of national

overview [36]. As seen by the wasted investment in the field hospital in Älvsjö, the bottleneck

in hospital capacity was personnel, not physical beds. In Sweden, hospital beds per capita have

been consistently falling for decades [37]. Although some of this capacity is substituted by

nursing home beds, the average of 2.1 hospital beds per 1000 capita, compared to 8 in Ger-

many or 5.9 in France, may simply be too low [37]. Swedish Regions (which are responsible

for public hospitals) can implement crisis agreements which are pre-negotiated with labor

unions. These allow for exceptions to maximun labor hours in times of crisis, but require

costly overtime compensation. These crisis agreements were applied in some clinics (mainly

ICUs). In any case, these can only be short-term solutions since they are costly and necessitate

time off for staff to recuperate afterwards.

Strengths and limitations

Strengths of this study is the large geriatric cohort including nine out of eleven geriatric clinics

in Stockholm treating patients with COVID-19. The access to patient-level weekly data, com-

parison to 2019 admissions and to COVID-19 incidence, hospitalizations, and mortality in the

community are novel. Also novel is the analysis of geriatric hospitalizations for other causes

and the long study period including three pandemic waves over a period of 17 months. In Swe-

den, geriatric hospitalizations are indicated on criteria of biological (and not chronological

aging). Non-frail and non-comorbid older patients may have been hospitalized in other clinics

(eg. infectious diseases) and not included in our cohort. Nine out of eleven existing geriatric

clinics in Stockholm participated in the study. Living situation, comorbidities and medications

were obtained from electronic health records for the current hospitalization with imperfect

ascertainment. Previous comorbidities or hospitalizations were not available. We did not have
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information on vaccinations, which would have been useful for assessing the decline of mortal-

ity in the third wave of the pandemic.

Conclusion

Thirty-day mortality was highest at the peak of the first wave, decreased in the inter-wave

period and then increased again but to a lower peak in the second wave. The mortality increase

of the third wave was probably averted by the vaccination campaign. Non-COVID mortality

showed a similar trend but with lower magnitude. During COVID-19 incidence peaks,

COVID-19 hospitalizations displaced non-COVID geriatric patients. Despite a massive orga-

nizational effort and the individual effort and sacrifice of health care workers, the healthcare

system could not compensate for high community spread of COVID-19 during the pandemic

peaks. Hospital admissions fell at the beginning of the pandemic and never returned to pre-

pandemic levels, probably reflecting the greater complexity of COVID-19 patients compared

to ordinary geriatric patients. The sustained fall in hospital admissions is particularly worri-

some considering the backlog of cancelled and deferred care caused by the pandemic.

COVID-19 disproportionally affects geriatric patients, and the broader pandemic has dis-

rupted geriatric care.
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