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ABSTRACT
Background The early COVID-19 pandemic in
Scotland—defined as the era before widespread access
to vaccination and monoclonal antibody treatment—can
be characterised into three distinct waves: March–July
2020, July 2020–April 2021 and May–August 2021.
Each wave was met with various societal restrictions in
an effort to reduce disease transmission and associated
morbidity and mortality. Understanding the epidemiology
of infections during these waves can provide valuable
insights into future pandemic planning.
Methods Scottish RT-PCR testing data reported up
until 8 August 2021, the day prior to most restrictions
being lifted in Scotland, were included. Demographic
characteristics including age, sex and social deprivation
associated with transmission, morbidity and mortality
were compared across waves. A case–control analysis for
each wave was then modelled to further compare risk
factors associated with death over time.
Results Of the 349 904 reported cases, there were
18 099, 197 251 and 134 554 in waves 1, 2 and
3, respectively. Hospitalisations, intensive care unit
admissions and deaths appeared highest in wave 2,
though risk factors associated with COVID-19 death
remained similar across the waves. Higher deprivation
and certain comorbidities were associated with higher
deaths in all waves.
Conclusions Despite the higher number of cases
reported in waves 2 and 3, case fatality rates were
lower: likely a combination of improved detection of
infections in younger age groups, introduction of social
measures and vaccination. Higher social deprivation and
comorbidities resulted in higher deaths for all waves.
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Scotland reported its first case of COVID-19, the
disease caused by SARS-CoV-2, in March 2020.1
Over the following 20 months, the outbreak within
Scotland can be characterised by a first wave of
infections from March to July 2020, a second wave
spanning to April 2021 and a subsequent third
wave to August 2021, when the Scottish Government moved to ‘level 0’ and almost all restrictions
in Scotland were lifted.1 The waves studied here
predate widescale vaccination and the introduction
of monoclonal antibodies, as the impact of novel
therapeutic interventions is beyond the scope of
this paper. The first wave of infections were characterised by a number of circulating lineages of
SARS-
CoV-
2, while the second and third waves

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Since the beginning of the COVID-19 pandemic,
large surges or peaks in cases of COVID-19
have been described as waves, and several
studies have attempted to compare the burden
of disease from COVID-19 within such waves.
However, there is little understanding around
the changing epidemiology of COVID-19 across
multiple waves in the context of evolving
policy. Scotland’s comprehensive surveillance
system allows this comparison to be made and
is a vital tool for providing evidence-based
decisions for future pandemic planning.
WHAT THIS STUDY ADDS
⇒ This study provides insight into the changing
epidemiology of COVID-19 during the first three
waves in Scotland, creating a narrative for the
impact of various testing and mitigation policies
on case numbers, and identifying the key risk
factors for COVID-19 mortality.
HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ These findings demonstrate how testing
policy influenced the observed epidemiology
of COVID-19 in Scotland and may inform
preparedness for future waves. Identifying risk
factors associated with greater disease burden
from COVID-19 provides evidence for future
pandemic policy planning.

were associated with two dominant variants:
B.1.1.7 (Alpha) and B.1.617.2 (Delta), respectively.
Alpha was first detected in Scotland in November
2020 and became the dominant variant by early
2021.2 The Alpha wave was followed by Delta, the
variant that came to dominance in May 20213 and
accounted for >90% of newly reported cases in
Scotland up to the end of wave 3.
As the virus has evolved, so too has the national
response. Over time, testing access and uptake in
Scotland has increased, transmission dynamics are
better understood, and there has been significant
investment in public health infrastructure. The
national response in Scotland has included the
implementation of non-pharmaceutical policies such
as lockdowns, social distancing and use of masks
in public places, the development of more effective treatment practices4 and the introduction of a
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successful vaccination programme.5 December 2020 witnessed
the first approved COVID-19 vaccine, Pfizer-BioNTech, being
deployed in Scotland,6 followed by the Oxford-AstraZeneca and
Moderna vaccines in January 2021 and April 2021, respectively.6
Approximately 50% of eligible Scottish residents (2.58 million
individuals) had their first dose of vaccine by the end of wave 2;
by the end of wave 3, 4.04 million and 3.38 million individuals
had their first and second doses, respectively.7
Previous pandemic viruses have also typically presented
in waves of infection; notably, the 1918 influenza pandemic
occurred over three distinct waves, with the second and third
waves proving most deadly.8 Studies investigating the epidemiology of more recent respiratory viruses, such as pandemic
H1N1 and the 2002–2003 SARS outbreak, have demonstrated
similar patterns.9 10 Although still early, currently published
studies comparing the first few waves of COVID-19 have found
an opposing pattern, with lower associated mortality or case
fatality rates (CFRs) in subsequent waves compared with the first
wave.11–14 These observed decreases in mortality during later
waves may be partly attributable to improved case detection,
allowing for increased identification of mild or asymptomatic
cases.

Aims

The aim of this paper is to compare the first three waves of the
COVID-19 pandemic in Scotland with a view to describing and
comparing the demographics of each wave to investigate the
impact of social restrictions and testing policy on COVID-19
epidemiology. In addition, this paper aims to model deaths in
each wave to identify vulnerable groups and to assess whether
risk factors associated with COVID-19 mortality changed overtime in response to shifting national policies.

METHODS
Data

Data were extracted from Public Health Scotland’s Corporate
Data Warehouse on 9 August 2021. The Community Health
Index, a unique patient identifier used to link Scottish health

Table 1

data, was used to identify instances of hospitalisations, intensive
care unit (ICU)/high-dependency unit (HDU) admissions, comorbidities and deaths among people with a recent COVID-19 diagnosis. More detailed information on data sources and definitions
used in this analysis are provided in table 1.
A wave is defined as a surge in cases followed by a subsequent
decline, often driven by emergence of significant viral variants.
For the purposes of this analysis, wave 1 is defined as 2 March
2020–5 July 2020, wave 2 as 6 Jul 2020–4 April 2021, and wave
3 as 5 April 2021– 8 August 2021 inclusive. Dates for waves 2
and 3 are largely consistent with the rise in the Alpha and Delta
variants, though wave 2 also includes the rise in cases observed
from September 2020, which preceded Alpha emergence.

Analysis

Analysis was conducted using the R stats package (V.3.6.1) and
Microsoft Excel.

Demographic analysis

RT-
PCR positive test data were divided into the predefined
waves. Data were broken down by demographic characteristics:
age, sex and Scottish Index of Multiple Deprivation (SIMD)
based on geographic post code, and total numbers, percentages
and CFRs were calculated for each wave. Testing rates and case
counts are presented alongside dates of significant infection
control measures adopted or removed within Scotland.

Deaths analysis

The analysis of deaths used a dichotomous response variable:
cases (COVID-19 positive death) versus controls (COVID-19
positive survived). The explanatory variables consisted of age,
sex, SIMD quintile and individual comorbidities (online supplemental table A2). Comorbidities were selected based on previous
association with adverse COVID-19 outcomes.15–17
Analysis was conducted using the R stats package (V.3.6.1).
Generalised linear models (GLMs) were used (binomial logistic
regression) to investigate whether an association existed between

Data sources and definitions

COVID-19 cases

Data source

Definition

Routine testing data provided by NHS Scotland and UK
Government Lighthouse labs, uploaded to (Electronic
Communication of Surveillance in Scotland) and
accessed via the Corporate Data Warehouse.

Cases were defined as any positive RT-PCR test falling within date ranges of each wave,
deduplicated at the individual level. Information on age and sex were derived from CHI prior
to anonymisation. Social deprivation was ascertained from the Scottish Index of Multiple
Deprivation (SIMD) quintile, a measure based on postcode area (also derived from CHI).

Intensive care and high Data provided by the Scottish Intensive Care Society
dependency care unit
Audit Group (SICSAG).
(ICU and HDU)

Admissions linked to a positive laboratory report of COVID-19 either during the 21 days
preceding the date of admission, or during their stay. Information on sex, age, and SIMD are
presented at patient level, as a single patient may be admitted multiple times. As SICSAG only
collect data on adults, data on ICU and HDU patients under 20 years old was not available.

Comorbidities

Linkage to Scottish Morbidity Records (SMR01) and
Comorbidities previously shown to be associated with COVID-1915–17 were included for analysis.
the Prescribing Information System (PIS) for the 5 years SMR are hospitalisation discharge records which use International Statistical Classification
of Diseases Tenth Revision (ICD-10) diagnostic codes. Codes for the previous 5 years were
prior to infection.
extracted, excluding discharges less than 25 days before testing positive for SARS-CoV-2. For
PIS, British National Formulary (BNF) codes were used to identify primary care prescriptions for
the previous 5 years, limited to 15 days prior to their positive test result. A case was defined as
having a comorbidity if they had a linked SMR or PIS record with relevant ICD-10 or BNF codes
as defined in online supplemental table A1.

Deaths

National Records of Scotland (NRS).

NRS registered death within 28 days of the first RT-PCR positive. Postmortem results were also
included, where the first positive specimen date is recorded after the date of death. Deaths were
grouped into waves by the date of infection, therefore there was a 28-day follow-up at the end
of wave 3 to allow for subsequent deaths to be included. COVID-19-related deaths confirmed
via postmortem were categorised into each wave by date of death.

CHI, Community Health Index; HDU, high dependency unit; ICU, intensive care unit; NHS, National Health Service.
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Figure 1 Epidemiology of first three COVID-19 waves in Scotland with key policy dates noted. (A) Weekly count of RT-PCR confirmed COVID-19
cases recorded in Scotland between 3 March 2020 and 8 August 2021. (B) Weekly count of RT-PCR tests conducted in Scotland between 3 March
2020 and 8 August 2021. (C) Cumulative vaccine doses delivered to individuals within study population by age and date of dose. *Lighthouse Labs
are high-throughput UK government Labs set up to support testing capacity.

a COVID-
19 death and demographic characteristics. The
response of the GLMs followed a binomial distribution and the
logit link function was used to model the probability of a fatality
occurring given the selected risk factors. Interaction between age
and sex was considered.
For each wave, the full model was specified to include all variables and interaction terms. Variables were removed using backwards stepwise selection based on a significance level, p<0.05.
Hierarchal nested models were compared, and the best fitting
model was chosen to use log-
likelihood ratio tests, resulting
in one final model per wave. The linear variable, age, met the
requirement that any continuous independent variable must
have a linear relationship with the logit transformation of the
dependent variable (online supplemental figure A1). ORs and
CIs were calculated and McFadden’s pseudo R2 values were used
to evaluate model fit.

RESULTS
Demographic analysis

In total, 349 904 SARS-CoV-2 positive cases were recorded in
Scotland between 2 March 2020 and 8 August 2021 (figure 1).
Figure 1 shows the weekly case count over the study period (A),
test count (B) and vaccinations among study participants (C) by
wave, with key testing and restriction policies highlighted alongside vaccination milestones.
The majority of detected cases were recorded during wave
2 (n=197 251), followed by wave 3 (n=134 554), and wave 1
(n=18 099) (figure 1A, table 2). However, testing was not equitable across the three waves, as provision increased from wave 1
to 2 and 3, with over 200 000 weekly tests recorded at the peak
Leslie K, et al. J Epidemiol Community Health 2022;0:1–8. doi:10.1136/jech-2022-219367

of wave 3 (figure 1B), compared with a peak of 62 143 tests per
week for wave 1 and 166 270 for wave 2.
Vaccination roll-out began in December 2020, during wave
2 (figure 1C). By May 2021, the majority of over 40-years had
received their first vaccine dose and by July 2021, over 50% of
the wider Scottish population had received two vaccine doses
(figure 1A), predominantly in older age groups. Vaccinations
were not offered for school age groups until after the end of
wave 3.
There were three times the number of ICU patients and four
times as many HDU patients in wave 2 (ICU: n=1296, HDU:
n=1522) compared with wave 1 (ICU: n=507, HDU: n=357).
Wave 3 saw the lowest number of ICU and HDU patients with
290 and 288, respectively. While the number of deaths within 28
days of a reported positive test were highest in wave 2 (n=5133),
CFR was highest in wave 1 (14.1%).
In the first two waves, a higher proportion of cases were
female; however, there were more male patients in ICU and
HDU in every wave (62%–72%). Similarly, deaths were higher
among males in all three waves. In wave 1, CFR for males was
almost double that of females (19.5% vs 10.8%). This difference
decreased in wave 2 (2.9% vs 2.3%) and further in wave 3 (0.3%
vs 0.2%).
The proportion of cases represented by under 40 years
increased from 23.0% in wave 1 to 50.6% in wave 2, then
increased to 71.5% in wave 3. Across all waves, the highest
proportion of deaths was seen among those aged ≥80 years.
CFR decreased across all age categories between each wave,
most notably among those aged ≥60 years.
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 Total

7 (1.4)

4183 (23.1)

18 099 (100) 507 (100)

 80+

 Total

29 (0.2)

18 099 (100) 507 (100)

 Unknown

Total

83 (16.4)

NA

357 (100)

–

42 (11.8)

55 (15.4)

57 (16.0)

83 (23.2)

120 (33.6)

357 (100)

24 (6.7)

163 (45.7)

137 (38.4)

33 (9.2)

(%)

21.7

2.3

0.2

0.0

14.1

2548 (100)

5 (0.2)

381 (15.0)

447 (17.5)

508 (19.9)

570 (22.4)

637 (25.0)

2548 (100)

14.1

17.2

12.5

13.9

14.8

14.1

14.7

14.1

1553 (60.9) 37.1

857 (33.6)

131 (5.1)

7 (0.3)

0 (0)

2548 (100)

1337 (52.5) 19.5

1211 (47.5) 10.8

n (%)
472 (36.4)
824 (63.6)

29 593 (15)

NA

34 (2.6)

671 (51.8)

498 (38.4)

93 (7.2)

368 (28.4)

74 (5.7)

152 (11.7)

176 (13.6)

232 (17.9)

294 (22.7)

197 251 (100) 1296 (100)

713 (0.4)

31 618 (16)

33 095 (16.8)

33 885 (17.2)

43 860 (22.2)

54 080 (27.4)

197 251 (100) 1296 (100)

10 202 (5.2)

26 642 (13.5)

60 541 (30.7)

70 273 (35.6)

1522 (100)

41 (2.7)

137 (9.0)

194 (12.7)

236 (15.5)

349 (22.9)

565 (37.1)

1522 (100)

108 (7.1)

758 (49.8)

547 (35.9)

109 (7.2)

NA

1522 (100)

944 (62)

578 (38)

n (%)

(%)

CFR

0.5

0.0

0.0

2.6

2.6

5133 (100)

9 (0.2)

699 (13.6)

848 (16.5)

904 (17.6)

2.6

1.3

2.2

2.6

2.7

1164 (22.7) 2.7

1509 (29.4) 2.8

5133 (100)

2890 (56.3) 28.3

1883 (36.7) 7.1

331 (6.4)

26 (0.5)

3 (0.1)

5133 (100)

2666 (51.9) 2.9

2467 (48.1) 2.3

n (%)

ICU patients* HDU patients* Deaths
n (%)

197 251 (100) 1296 (100)

90 671 (46)

106 580 (54)

n (%)
99 (34.1)
191 (65.9)

37 479 (27.9)

NA

3 (1.0)

79 (27.2)

128 (44.1)

80 (27.6)

90 (31.0)

19 (6.6)

23 (7.9)

52 (17.9)

41 (14.1)

65 (22.4)

134 554 (100) 290 (100)

876 (0.7)

26 144 (19.4)

24 518 (18.2)

23 664 (17.6)

27 456 (20.4)

31 896 (23.7)

134 554 (100) 290 (100)

1302 (1)

7926 (5.9)

29 155 (21.7)

58 687 (43.6)

288 (100)

19 (6.6)

24 (8.3)

45 (15.6)

38 (13.2)

51 (17.7)

111 (38.5)

288 (100)

4 (1.4)

81 (28.1)

118 (41.0)

85 (29.5)

NA

288 (100)

179 (62.2)

109 (37.8)

n (%)

(%)

CFR

0.0
0.2

0.0

0.3

0.1

0.2

0.2

0.3

398 (100) 0.3

1 (0.3)

61 (15.3)

54 (13.6)

75 (18.8)

84 (21.1)

123 (30.9) 0.4

398 (100) 0.3

167 (42.0) 12.8

163 (41.0) 2.1

53 (13.3)

14 (3.5)

1 (0.3)

398 (100) 0.3%

238 (59.8) 0.3

160 (40.2) 0.2

n (%)

ICU patients* HDU patients* Deaths
n (%)

134 554 (100) 290 (100)

69 107 (51.4)

65 447 (48.6)

n (%)

Cases

Third wave: 5 April 2021–8 August 2021

*SICSAG is a dynamic 'live' database. The data contained in this report may change if local clinicians subsequently amend data within locally held databases. SICSAG data are available for those aged 20 years or older. COVID-19-related ICU admissions have
been identified as the following: A patient who has tested positive for COVID-19 at any time in the 21 days prior to admission to ICU, or who have tested positive from the data of admission up to and including the date of ICU discharge. A single patient may be
admitted multiple times: (A) There were 546 ICU admissions in wave 1, 1434 in wave 2 and 314 in wave 3. (B) For HDU admissions, there were 399 in wave 1, 1736 in wave 2 and 309 in wave 3.
†SIMD level 1 is the most deprived quintile, SIMD level 5 is the least deprived quintile.
CFR, case fatality rate; HDU, high-dependency unit; ICU, intensive care unit; NA, not available; SICSAG, Scottish Intensive Care Society Audit Group; SIMD, Scottish Index of Multiple Deprivation.

–

86 (17.0)

3205 (17.7)

3053 (16.9)

97 (19.1)

 4

3423 (18.9)

 3

121 (23.9)

120 (23.7)

205 (40.4)

 5

4333 (23.9)

4056 (22.4)

 1

 2

SIMD quintile†

263 (51.9)

5797 (32.0)

3944 (21.8)

 40–59

 60–79

32 (6.3)

347 (1.9)

3828 (21.2)

 00–19

NA

357 (100)

18 099 (100) 507 (100)

 20–39

Age groups

120 (33.6)

237 (66.4)

364 (71.8)

11 254 (62.2) 143 (28.2)

6844 (37.8)

 Female

n (%)

CFR

Cases

n (%)

ICU patients* HDU patients* Deaths

Cases

n (%)

Second wave: 6 July 2020–4 April 2021

First wave: 2 March 2020–5 July 2020

Demographic characteristics of diagnosed SARS-CoV-2 cases in the first three COVID-19 waves in Scotland

 Male

Sex

Risk group

Table 2
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Table 3 Results of logistic regression (generalised linear model) of factors associated with COVID-19 deaths versus COVID-19 cases (see online
supplemental table A3 for coefficients)
Wave 1

Wave 2

Wave 3

OR

95% CI

P value

OR

95% CI

P value

OR

95% CI

P value

 Female (Ref)

1.00

–

–

1.00

–

–

1.00

–

–

 Male

2.24

2.03 to 2.47

<0.001

1.71

1.60 to 1.83

<0.001

1.63

1.32 to 2.03

<0.001

 Age in years

1.08

1.08 to 1.09

<0.001

1.11

1.10 to 1.11

<0.001

1.11

1.10 to 1.12

<0.001

 SIMD5 (Ref)

1.00

–

–

1.00

–

–

1.00

–

–

 SIMD4

1.29

1.09 to 1.52

<0.01

1.17

1.04 to 1.31

<0.01

1.03

0.69 to 1.52

0.90

 SIMD3

1.41

1.20 to 1.66

<0.001

1.27

1.13 to 1.43

<0.001

1.31

0.91 to 1.89

0.15

 SIMD2

1.40

1.20 to 1.65

<0.001

1.30

1.16 to 1.45

<0.001

1.37

0.96 to 1.96

0.09

 SIMD1

1.58

1.35 to 1.85

<0.001

1.48

1.33 to 1.64

<0.001

1.85

1.32 to 2.60

<0.001

 Ischaemic heart disease

N/A

–

–

1.15

1.05 to 1.24

<0.01

1.34

1.01 to 1.75

0.04

 Other heart disease

N/A

–

–

1.36

1.26 to 1.47

<0.001

1.90

1.47 to 2.46

<0.001

 Other circulatory disease

N/A

–

–

1.27

1.17 to 1.37

<0.001

N/A

–

–

 Chronic kidney disease

2.08

1.50 to 2.88

<0.001

3.21

2.56 to 4.01

<0.001

2.89

1.53 to 5.21

<0.001

 Neurological disease

1.38

1.23 to 1.55

<0.001

1.58

1.45 to 1.72

<0.001

3.26

2.35 to 4.49

<0.001

 Liver disease

2.82

1.78 to 4.42

<0.001

5.04

3.97 to 6.38

<0.001

N/A

–

–

 Diabetes

1.34

1.18 to 1.51

<0.001

1.66

1.53 to 1.79

<0.001

1.65

1.26 to 2.13

<0.001

 COPD*

1.74

1.50 to 2.02

<0.001

2.01

1.82 to 2.22

<0.001

1.93

1.39 to 2.66

<0.001

 Cancer

1.56

1.33 to 1.84

<0.001

1.97

1.79 to 2.18

<0.001

2.34

1.69 to 3.20

<0.001

Sociodemographics

Comorbidities*

ORs are N/A where no deaths occurred within this subgroup during the specified wave.
*Each comorbidity is an individual variable and the reference group is the absence of that specific comorbidity.
COPD, chronic obstructive pulmonary disease; N/A, not available; SIMD, Scottish Index of Multiple Deprivation.

Deaths analysis

There were 2542, 5124 and 398 deaths included in models across
waves 1, 2 and 3, respectively, and 15 528, 91 414, 133 280
survived cases for comparisons. Those missing information of
SIMD were excluded. For all three waves, and in agreement with
previous studies,18 compared with COVID-19 survived cases,

male sex, older age, increased levels of deprivation and various
comorbidities were all associated with significantly increased
odds of a COVID-19 death (table 3; figure 2). Comorbidities
including chronic kidney disease (CKD), neurological disease,
diabetes, chronic obstructive pulmonary disease (COPD) and
cancer were strongly associated with a COVID-19 death across

Figure 2 ORs and 95% CI of factors associated with COVID-19 deaths for wave 1, wave 2 and wave 3. SIMD, Scottish Index of Multiple Deprivation.
Leslie K, et al. J Epidemiol Community Health 2022;0:1–8. doi:10.1136/jech-2022-219367
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all waves. Waves 1 and 2 had the addition of liver disease as
a significant risk factor, while wave 2 also included ischaemic
heart disease, other heart disease and circulatory disease. Wave
3 included ischaemic and other heart disease as significant risk
factors for death.
Older age as a risk factor for death remained constant across
all three waves (table 3). Relative to a COVID-19 survived case,
a COVID-19 death in wave 1 was twice as likely among males
than females (OR 2.24, 95% CI 2.03 to 2.48, p<0.001), but this
association was attenuated during the second and third waves
(OR 1.71, 95% CI 1.60 to 1.83, p<0.001, and OR 1.63, 95% CI
1.31 to 2.02, p<0.001, respectively).
Across all waves, compared with a COVID-
19 survived
case, the odds of a COVID-19 death increased in relation to
increasing levels of deprivation. Relative to the least deprived
quintile (SIMD5), we observed a significant increase in odds
associated with all other deprivation quintiles across waves 1 and
2; whereas in wave 3, only the most deprived quintile, SIMD1,
showed significantly increased odds. There were no cases/deaths
with ischaemic heart disease, other heart disease or other circulatory disease in wave 1, and no cases/deaths with other circulatory disease or liver disease in wave 3.
The interaction term between age and sex was not selected
for any wave due to lack of significance and improvement to the
model fit (see online supplemental information). For the final
models, the McFadden Pseudo R2 values indicated excellent fit
(see online supplemental information).

DISCUSSION

This is the first study to evaluate three distinct waves of the
COVID-19 pandemic at a national level in Scotland, assessing
how changes to national policy shaped infections observed.
Identification of risk factors can inform guidance for subsequent
waves of COVID-19 or future respiratory pandemics and may
be used to aid comparisons to countries with different testing
policies, allowing an international perspective. This also presents
a baseline of understanding and provides contextual information
with which future waves could be compared.
Wave 1 appears to have had far fewer cases compared with
waves 2 and 3 (figure 1, table 2), however, testing was established and began scaling-up during this wave, with testing only
available for all those with symptoms from wave 2 onwards.19 In
wave 3, asymptomatic contacts of cases could also be tested.20
Because of this, tests during wave 1 were limited, and priority
given to healthcare workers (reasonably young and healthy
working aged population) and those in hospitals or care homes
(older and more vulnerable).21
The shift in demographics across the waves is partly attributable to increased testing availability. For example, the majority
of cases in waves 1 and 2 were female (62% and 54%, respectively) (table 2). Females account for 80% of National Health
Service employees22 and 73% of caregiving roles in Scotland,23
therefore, cases among women were more likely to be captured
through non-symptomatic, workplace testing. In addition, these
roles would have been at higher risk of exposure, especially
in wave 1, as other sectors had closed down while health and
social care staff continued. Atypically, wave 3 witnessed a higher
proportion of male cases, which elsewhere has been shown to be
due to increased community transmission and large scale events
returning such as the EURO 202024 football championship.24 25
Changes in testing and vaccination policies have also shifted
the age of identified cases over the pandemic. In wave 1, 77%
of identified cases were aged 40 and over, whereas in waves
6

2 and 3 most cases were aged under 40 years (51% and 72%,
respectively). This may be due to asymptomatic cases being more
common in younger people,26 27 precluding them from testing
during wave 1 and wave 2. In the latter case, asymptomatic close
contacts were only offered testing in Scotland from the end of
the second wave (figure 1B). Furthermore, as vaccinations were
prioritised for older age groups (figure 1C), the demographics
most at risk of infection would have shifted into younger,
predominantly unvaccinated, individuals over waves 2 and 3.
In addition, a spread into care homes was seen in Scotland
prior to the initial UK-wide lockdown in March 2020.28 As the
average age of Scotland’s care home population in 2019 was
82 years,29 outbreaks observed here may also have contributed
to the older age of detected cases in wave 1, alongside differences in disease severity and vaccination coverage as previously
discussed. At the same time, national lockdown and closure of
educational establishments meant younger age groups were less
likely to be exposed to SARS-CoV-2. When educational establishments reopened in August 2020 and again in February 2021,
this precipitated outbreaks in these settings, bringing down the
average age of cases. Lack of vaccination offer or uptake in those
aged under 40 compared with those over 40 (figure 1C) further
compounded this risk as society reopened.
Infections in older age groups likely contributed to the higher
CFR in wave 1 compared with waves 2 and 3. As mild or asymptomatic cases were identified in waves 2 and 3, this also increased
the denominator and likely provided a more accurate measure
of CFR in later waves. In wave 1, CFR is substantially higher
for males when compared with females (19.5% vs 10.8%), and
this was also demonstrated in the logistic regression analysis
(table 3), in which deaths in males were twice as common as
deaths in females. The CFR and logistic regression both showed
an attenuation of this in waves 2 and 3. This may be related to a
number of female cases identified in wave 1 likely being health
and social care workers,22 as milder cases may have been identified through workplace screening.
However, this alone may not explain the difference, as
higher rates of deaths and serious infection among older males
demonstrated in this analysis are observed elsewhere.30 Risk for
males may also be attributable to higher rates of comorbidities;
for example, ischaemic and coronary heart disease are more
common in males.31 Adverse COVID-19 outcomes have been
linked to smoking,32 also more prevalent among older males
in Scotland.33 Preliminary research has also identified potential
sex-based differences in immune responses, which may further
account for these differences.34
CFR drops substantially in every demographic category
between waves 2 and 3, where testing between these waves was
much more comparable. Measures such as vaccinations likely
contributed to a reduction in the CFR.3
Besides sex, the other risk factors investigated for COVID-19
death did not differ significantly across the three waves (table 3;
figure 2). Comorbidities found to be associated with death, such
as CKD, COPD and cardiovascular diseases, are common diseases
of old age. This is expected as old age is a strong risk factor for
mortality (figure 2).35 Our analysis also highlights that deprivation (SIMD) was a significant risk factor for COVID-19 fatality
across all waves, also previously demonstrated.36 However,
confounding should be considered as a potential limitation due
to differences in testing access by deprivation status. In addition,
due to health inequalities, a larger proportion of individuals
in socioeconomically deprived areas suffer from comorbidities
linked to increased risk of severe outcomes following COVID-19
infection.37
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Limitations

Case detection across the three waves differed significantly, due
to testing policies and provisions at the time. While investigating
the observed epidemiology in response to policy is an objective
of this paper, it is also a limitation as comparisons in mortality
are challenging in the context of changing denominators.
In addition, vaccinations were not included in modelling
of deaths. Vaccination has been demonstrated elsewhere to
have a profound effect in reducing COVID-19 morbidity and
mortality,38 but there was significant confounding here due to
those most at risk of death (older adults, care home populations) being prioritised for vaccination. This makes comparisons
between wave 1 and 3 particularly difficult.
A further limitation to the logistic regression analysis is the
lack of ethnicity data available. Previous studies have found
an increased risk of severe SARS-CoV-2 outcomes for certain
ethnicities.39 40 The inclusion of ethnicity in the analysis would
provide a more comprehensive report of the potential risk
factors associated with SARS-CoV-2 fatality.
Logistic regression is a robust statistical technique that suited
the nature of the data. Bayesian methods were considered for the
analysis, but the novelty of the SARS-CoV-2 meant priors would
be difficult to estimate. Further studies could use the results
presented here to estimate priors for future Bayesian modelling.
Despite these limitations, this study has demonstrated the differences in the epidemiology of the pandemic over three distinct
waves.

CONCLUSIONS

Testing coverage improved from wave 1 to 2 and 3. The
decreases observed in CFR from wave 1 to wave 2 are likely due
to better identification of cases providing a higher denominator
and compounded by better identification of cases in younger age
groups at lower risk of fatality. Deaths modelling indicates that
demographics of those dying did not differ significantly between
waves. Further, decreases in deaths from wave 2 into 3 are likely
due to vaccination though we have not empirically demonstrated
this here.
These findings demonstrate how testing policy influenced
the observed epidemiology of COVID-19 in Scotland and may
inform preparedness for future waves. Specifically, protecting
clinically at-risk groups by reducing risk of outbreaks in care
homes should be a priority for a future pandemic planning.
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