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Abstract 

Background The economic impact of managing long COVID in primary care is unknown. We estimated the costs 
of primary care consultations associated with long COVID and explored the relationship between risk factors 
and costs.

Methods Data were obtained on non-hospitalised adults from the Clinical Practice Research Datalink Aurum primary 
care database. We used propensity score matching with an incremental cost method to estimate additional primary 
care consultation costs associated with long COVID (12 weeks after COVID-19) at an individual and UK national level. 
We applied multivariable regression models to estimate the association between risk factors and consultations costs 
beyond 12 weeks from acute COVID-19.

Results Based on an analysis of 472,173 patients with COVID-19 and 472,173 unexposed individuals, the annual 
incremental cost of primary care consultations associated with long COVID was £2.44 per patient and £23,382,452 at 
the national level. Among patients with COVID-19, a long COVID diagnosis and reporting of longer-term symptoms 
were associated with a 43% and 44% increase in primary care consultation costs respectively, compared to patients 
without long COVID symptoms. Older age, female sex, obesity, being from a white ethnic group, comorbidities 
and prior consultation frequency were all associated with increased primary care consultation costs.

Conclusions The costs of primary care consultations associated with long COVID in non-hospitalised adults are 
substantial. Costs are significantly higher among those diagnosed with long COVID, those with long COVID symp-
toms, older adults, females, and those with obesity and comorbidities.
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Introduction
Long COVID is one of the largest public health chal-
lenges associated with the COVID-19 pandemic. The 
World Health Organisation defines it as the continu-
ation or development of new symptoms three months 
from probable or confirmed Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) infection, with 
symptoms lasting for at least two months, that can-
not be explained by an alternative diagnosis [1, 2]. The 
prevalence of long COVID in the UK and worldwide 
is high [3]. In June 2022, two million people were esti-
mated to be experiencing self-reported long COVID in 
the UK alone [3]. At the time of the current study, over 
630 million people worldwide had cumulatively had 
COVID-19 [4] and 6.2% were estimated to have expe-
rienced symptoms lasting beyond three months from 
infection [5], suggesting a global long COVID preva-
lence of approximately 40 million cases. This burden 
has steadily increased over the course of the pandemic 
and of those self-reporting long COVID, 72% reported 
that their symptoms were adversely affecting their day-
to-day activities [6].

Research has shown that in comparison to uninfected 
individuals, those with a history of COVID-19, the vast 
majority of whom were not hospitalised, had signifi-
cantly higher GP consultation rates post-infection [7, 
8]. It is therefore likely that long COVID has also led to 
increased primary care costs but no robust evidence on 
this has currently been published. Estimating the cost 
of primary care consultations attributed to long COVID 
can help inform understanding of the economic burden 
of the condition on health services. Analysing how the 
costs vary across population subgroups and how they 
are influenced by risk factors can inform healthcare 
policy and decisions relating to resource allocation.

The aim of the study was to estimate the excess pri-
mary care costs associated with consultations to sup-
port non-hospitalised people with long COVID. The 
three objectives were to estimate the incremental 
costs of these consultations per patient with a history 
of COVID-19 beyond 12 weeks from infection, to esti-
mate the national primary care costs of these consulta-
tions in the UK, and to assess the association between 
demographic and clinical risk factors with incremen-
tal costs among those with a history of COVID-19. 
Our study aimed to estimate the cost of long COVID 
from a primary care perspective, by quantifying the 
direct healthcare costs from primary care consulta-
tions that can be attributed to supporting people with 
long COVID, compared to a closely matched cohort of 
individuals with no record of suspected or confirmed 
COVID-19 [9].

Methods
Study design
A retrospective matched cohort study was conducted 
using data from a large primary care database based in 
the UK. The study compared the frequency and costs of 
primary care consultations in a cohort of individuals with 
confirmed SARS-CoV-2 infection, at least 12 weeks after 
infection (representing the longer-term effects of COVID-
19 or post-COVID-19 condition/long COVID), to a pro-
pensity score matched cohort of individuals without 
suspected or confirmed COVID-19 (Appendix S1). The 
costs associated with additional primary care consulta-
tions to support those with long COVID were estimated 
for the UK. Healthcare resource use was calculated using 
a bottom-up approach, and incremental costs were esti-
mated using the matched control method [10, 11]. The 
association between patient characteristics and primary 
care consultation costs among those with confirmed 
SARS-CoV-2 infection were then assessed. This analysis 
was part of the Therapies for Long COVID in non-hospi-
talised individuals (TLC) Study [12].

Data source
Data were obtained from the Clinical Practice Research 
Datalink (CPRD) Aurum database from  31st January 
2020 to  15th April 2021 [13]. CPRD Aurum contains 
anonymised routinely collected data from UK general 
practices that use the EMIS Web® patient record sys-
tem [14]. In June 2021, over 13 million actively regis-
tered patients were included in CPRD Aurum, covering 
approximately 20% of the UK population and 15% of all 
general practices in the UK [13]. The database is rep-
resentative of the UK population and captures data on 
patient demographics, diagnoses, symptoms and more. 
SNOMED CT terms were used for coding diagnoses 
and symptoms [12, 15]. Data extraction was performed 
using the Data Extraction for Epidemiological Research 
(DExtER) tool for automated clinical epidemiological 
studies [16].

Study population
Patients were sampled from general practices that were 
eligible if they had provided research quality data for at 
least 12  months before the study start date  (31st Janu-
ary 2020). Patients were eligible if they were 18  years 
or older, had been registered with a general practice for 
more than 12 months, and had a minimum of 12 weeks 
of follow-up. The latter eligibility criterion was included 
as long COVID is defined as symptoms persisting beyond 
12 weeks of infection so a minimum of 12 weeks of fol-
low-up was needed to assess resource use beyond this 
period. Patients were excluded if they transferred out 
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of their practice during the study period for any reason 
other than death. This was done to capture the full his-
tory of resource use and expenditure.

Two cohorts of patients were sampled. The exposed 
cohort were adults with a SARS-CoV-2 infection con-
firmed by a reverse transcriptase polymerase chain 
reaction (RT-PCR) or lateral flow antigen test (see Sup-
plementary Table  1 for SNOMED-CT codes) and had 
not been hospitalised 14  days before or 42  days after 
infection (within 28  days of infection with a ± 14-day 
grace period for clinical coding delays) [17]. Long 
COVID is underdiagnosed and poorly coded in pri-
mary care records and hence coded diagnoses of long 
COVID were not used to define the exposed cohort [18]. 
The unexposed cohort consisted of propensity score-
matched (Appendix S1  and Supplementary Table  2) 
adults with no record of a positive RT-PCR or lateral 
flow antigen test for SARS-CoV-2, and no documented 
diagnoses of suspected or confirmed COVID-19 during 
the study period, and had not been hospitalised during 
a matched time period. These individuals were allocated 
a matched index date to account for immortal time bias 
[19] using the Data Extraction for Epidemiological Stud-
ies (DExTER) platform [16]. Within the exposed cohort, 
two subgroups were defined as those with a coded diag-
nosis of long COVID (DLC) and those reporting at least 
one of the recognised symptoms in the WHO diagnos-
tic criteria for long COVID (SLC), 12 weeks after initial 
infection (Supplementary Tables 3 and 4).

Follow‑up
The follow-up period was defined as the time between a 
patient’s index date (date of SARS-CoV-2 infection in the 
exposed cohort or matched time point in the unexposed 
cohort) and the patient’s study end date. This was defined 
as the earliest of the following time points: study end date 
 (15th April 2021), death date, or the last date of data col-
lection from the practice. Supplementary Fig.  1 depicts 
a timeline showing the study dates and time periods of 
interest.

Outcomes and costing method
The primary outcome was the occurrence of a primary 
care consultation, defined as either a general practi-
tioner (GP), nurse, or physiotherapy appointment at 
least 12 weeks after the index date (also see Supplemen-
tary Tables  5 and 6). Costs of consultations were esti-
mated with unit costs for healthcare resources being 
taken from the Personal Social Services Research Unit’s 
(PSSRU) Unit Costs of Health and Social Care 2021, 
to represent the cost perspective of the UK National 
Health Service (NHS) [20]. The hourly cost for each 
healthcare professional and the average consultation 

duration were used to calculate consultation costs. 
Multiple consultations on the same day with the same 
healthcare professional were counted as a single consul-
tation [21]. Details of the cost estimation are provided 
in Supplementary Tables 7, 8 and 9 and Appendix S2.

Statistical analysis
First, the difference between the matched groups in 
total costs for primary care consultations was calculated 
within the matched follow-up period. Bootstrapped 
t-tests and analysis of variance (ANOVA) were used 
to compare means across the exposed and unexposed 
cohorts and the predefined subgroups. A multivariable 
ordinary least squares (OLS) regression model was also 
used to assess the incremental cost while adjusting for 
relevant confounding factors. The proportion of consul-
tation costs associated with each professional group (GP, 
nurse, and physiotherapist) and consultation type (tel-
ephone, in-person appointment, home visit, and triage) 
was also calculated.

Then, cumulative COVID-19 incidence estimates 
from the UK Office for National Statistics (ONS) in the 
COVID-19 Infection Survey, were used to estimate the 
national incremental costs attributed to primary care 
consultations for non-hospitalised patients with long 
COVID across the whole UK population [22]. Details are 
provided in Appendix S2.

We used a log OLS regression model to explore the 
cost predictors of primary care consultations in patients 
with a history of COVID-19, where the dependent varia-
ble was transformed by the natural logarithm. The model 
included the DLC and SLC subgroups as covariates and 
adjusted for the same covariates used for the propensity 
score model (Supplementary Table 2).

A sensitivity analysis was then conducted to assess the 
assumption that follow-up time does not confound the 
costs. It included patients with at least six months of fol-
low-up time from their index date, focusing on cost data 
from three to six months from the index date.

Missing data was denoted by a missing category within 
the variable. All statistical analyses were performed using 
STATA version 17 and R version 4.2.0.

Results
Study population
There were 472,173 patients in both the exposed and 
unexposed cohorts (Supplementary Fig. 2). The diagnosed 
long COVID (DLC) and symptomatic long COVID (SLC) 
subgroups consisted of 3,871 (0.8%) and 30,174 (6.4%) 
patients, respectively. The matched groups were similar 
in each of the baseline characteristics including age, sex, 
ethnic group, socioeconomic status, smoking status, body 
mass index (BMI), the number of prior consultations, and 
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a wide range of comorbidities (Table  1, Supplementary 
Table  10, and Supplementary Figs.  3 and 4). The mean 
age was 44 years, 55% were female, and 64% belonged to 
a white ethnic group. 22% were current smokers and just 
over 55% were overweight or obese. The basic character-
istics of individuals in our exposed cohort are similar to 
those reported by the UK Health Security Agency, where 

the mean age of the COVID-19 infected people in Eng-
land was approximately 41  years, and 55% were females 
[23].

Incremental costs
Table  2 shows the number of consultations and asso-
ciated costs for patients 12  weeks from their index 
date between  15th April 2020 and  15th April 2021. The 
numbers of primary care consultations were 209,620 
(0.44 per patient) in the unexposed cohort and 245,177 
(0.54 per patient) in the exposed cohort, respectively. 
The exposed cohort had a 22.7% higher relative rate of 
consultations, compared to patients in the unexposed 
cohort.

The incremental cost of primary care consultations 
beyond 12 weeks from infection for the exposed cohort 
compared to the unexposed cohort was £2.44 per patient 
per year. Using OLS regression, the coefficient for 
belonging to the exposed cohort is interpreted as a £2.09 
cost increase per exposed patient, supporting the main 
analysis (Supplementary Tables 11 and 12). DLC and SLC 
subgroups’ consultation rates were over 3 and 6 times 
greater, with incremental costs of £30.52 and £57.56 per 
patient, respectively.

GP consultations were the largest contributor to total 
costs for each exposure group, representing over 85% of 
costs (Fig. 1), and made up proportionately more of the 
total cost for the exposed and DLC and SLC subgroups 
than the unexposed cohort (p < 0.01). The average cost 
per patient was higher for all COVID-19 related groups 
in comparison to patients in the unexposed cohort. 
Across each type of healthcare professional, the SLC sub-
group was the most expensive per patient.

For all groups, telephone consultations were the big-
gest contributor to total costs (over 60%) and were high-
est in the DLC and SLC subgroups (Fig. 2). By contrast, 
the burden of in-person consultations on total costs was 
greatest in the unexposed cohort. Home visits made up 
a relatively large amount of costs for the exposed cohort 
and SLC subgroup, in comparison to the other groups. 
The average incremental costs of home visits for these 
groups were £19 and £35 higher than those in the unex-
posed cohort, respectively. Costs stratified by several 
other demographic factors can be found in Supplemen-
tary Fig. 5 and Supplementary Table 13.

The results of the sensitivity analysis are presented in 
Supplementary Table 14 and Supplementary Fig. 6, which 
relate to costs among participants who had a minimum 
of six months of follow-up from their index date.

National incremental costs
Using estimates of the cumulative incidence of 
COVID-19 in the ONS COVID-19 Infection Survey 

Table 1 Baseline characteristics of the matched exposed and 
unexposed groups

n The number of patients in that category, % Percentage of the group in the 
category, SD Standard deviation

Variables Unexposed 
(n = 472,173), 
n (%)

Exposed 
(n = 472,173), 
n (%)

Age (mean (SD)) 44.14 (16.92) 44.16 (16.86)

Sex

 Male 210,848 (44.7) 211,683 (44.8)

 Female 261,325 (55.3) 260,490 (55.2)

Ethnicity

 White 300,873 (63.7) 299,609 (63.5)

 Asian 59,720 (12.6) 60,544 (12.8)

 Black 18,572 (3.9) 18,598 (3.9)

 Mixed 9,410 (2.0) 9,448 (2.0)

 Other 7,266 (1.5) 7,208 (1.5)

 Missing 76,332 (16.2) 76,766 (16.3)

IMD

 1 (Least deprived) 74,314 (15.7) 74,123 (15.7)

 2 76,964 (16.3) 76,637 (16.2)

 3 80,474 (17.0) 80,293 (17.0)

 4 96,097 (20.4) 96,506 (20.4)

 5 (Most deprived) 102,825 (21.8) 103,331 (21.9)

 Missing 41,499 (8.8) 41,283 (8.7)

Smoking Status

 Current smoker 104,696 (22.2) 104,986 (22.2)

 Ex-Smoker 165,128 (35.0) 163,759 (34.7)

 Never smoked 159,371 (33.8) 159,655 (33.8)

 Missing 42,978 (9.1) 43,773 (9.3)

BMI category

 Normal weight 143,346 (30.4) 144,426 (30.6)

 Underweight 17,363 (3.7) 17,483 (3.7)

 Obese 127,060 (26.9) 125,086 (26.5)

 Overweight 139,589 (29.6) 138,694 (29.4)

Missing 44,815 (9.5) 46,484 (9.8)

Number of consultations 3 to 12 months prior to index date (mean 
(SD))

 GP 2.12 (3.68) 2.15 (3.44)

 Nurse 0.50 (1.59) 0.50 (1.49)

 Physiotherapist 0.01 (0.19) 0.01 (0.19)

 Surgery 1.22 (2.24) 1.20 (2.03)

 Home visits 0.03 (0.45) 0.07 (0.79)

 Telephone 1.37 (2.73) 1.38 (2.52)

 Triage 0.02 (0.30) 0.02 (0.27)
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and applying an average incremental cost of £2.44 
per patient, we estimate the additional primary care 
consultations cost in the UK associated with long 
COVID to total £23,382,452 (90% CIs: £21,378,567 

to £25,526,052) (Table  3). When applying an aver-
age incremental cost of £5.72, based on the sensitiv-
ity analysis, we estimate these costs to be £54,814,601 
(90% CIs: £50,116,967 to £59,839,762).

Table 2 Estimates of the annual primary care resource use and costs associated with Long COVID between  15th April 2020 and  15th 
April 2021

Unexposed cohort: a pool of the eligible patients without a record of COVID-19. Exposed cohort: non-hospitalised patients with confirmed SARS-CoV-2 infection. DLC 
Diagnosed with Long COVID patient group, SLC Symptoms of Long COVID patient group

Key: *p < 0.05, **p < 0.01, ***p < 0.001

Cost component Main analysis cohorts: COVID‑19 patients with:

Unexposed (n = 472,173) Exposed (n = 472,173) DLC1 (n = 3,871) SLC2 (n = 30,174)

Consultations 12 weeks after index date
Count 209,620 254,177 6,156 83,202

Rate (per patient) 0.44 0.54*** 1.59*** 2.76***

Cost (absolute)
 Total £5,384,140 £6,533,404 £162,289 £2,080,873

 Per patient £11.40 £13.84*** £41.92*** £68.96***

Cost (per person year)
 Total £11,284,942 £13,856,145 £363,739.70 £3,915,701

 Mean £23.90 £29.35*** £93.97*** £129.77***

Fig. 1 Bubble plot showing the average cost of each healthcare professional per patient (who had a consultation) between  15th April 2020 and  15th 
April 2021. Bar chart to show the percentage makeup of each group’s total costs by healthcare professional
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Risk factor analysis
The results of the log OLS regression model are pre-
sented in Table  4. The results showed that having a 
diagnosis of long COVID or having symptoms of long 
COVID, were both statistically significant and cor-
responded to a 43% and 44% increase in primary care 
consultation costs in comparison to patients with a his-
tory of COVID-19 but no record of a long COVID diag-
nosis or associated symptoms.

Older age (49% relative increase in costs in those 
aged 80  years or older compared to those aged 18 to 
29  years), female sex (4% relative increase in costs 
compared to males), obesity (4% relative increase in 
costs compared to those of normal weight), comor-
bidities and frequency of prior consultations were all 
associated with an increase in the cost of primary care 
consultations. Those from black ethnic groups had a 
6% reduced cost compared to those from white ethnic 
groups, although no significant differences were seen 
between white ethnic groups and other minority eth-
nic groups. While patients from the second, third, and 
fifth most socioeconomically deprived quintiles had 
higher costs than those from the least deprived quin-
tile, the differences in these costs did not follow a clear 
gradient.

Discussion
Based on over 470,000 non-hospitalised patients with a 
history of COVID-19 and closely matched individuals with 
no history of COVID-19, we found that those with a his-
tory of infection cost primary care services on average an 
additional £2.44 per patient for primary care consultations 
at least 12 weeks after infection. However, this incremental 
cost could be as high as £5.72 per patient. The incremen-
tal costs were significantly higher for those diagnosed with 
long COVID (£30.52) and those documented as reporting 
associated symptoms (£57.56). Most of these additional 
costs were from GP telephone consultations. We estimate 
that the national costs for primary care consultations to 
support people with long COVID in the UK are approxi-
mately £23 million but may approach £60 million.

Among those with a history of COVID-19, higher 
consultation costs were associated with having a diag-
nosis or reporting symptoms of long COVID, older age, 
being female, and obesity. While the most affluent socio-
economic quintile had lower costs than those from more 
deprived socioeconomic groups, there was no clear soci-
oeconomic gradient in incremental costs. By contrast, 
those from black ethnic groups incurred lower costs than 
those from white ethnic groups, while there was no dif-
ference with other ethnic groups.

Fig. 2 Bubble plot to show the average cost of each consultation type per patient (who had a consultation) between  15th April 2020 and  15th April 
2021. Bar chart to show the percentage makeup of each group’s total costs by consultation type
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Using data from the CPRD Aurum database, Whittaker 
et al. (2021) reported that patients with COVID-19 had sig-
nificantly higher GP consultation rates, which led to an 18% 
increase in healthcare utilisation post-infection compared 
to the 12  months prior [7]. Furthermore, patients with 
COVID-19 continued to display higher GP consultation 
rates even four weeks after infection. We further show that 
this trend continued beyond 12  weeks after SARS-CoV-2 
infection and have estimated associated consultation costs.

Koumpias et al. (2022) assessed the healthcare use and 
costs of over 250,000 patients with a history of COVID-
19 using administrative claims data in the United 
States from March to September 2020 [24]. They found 
that monthly costs of healthcare resource utilisation 
increased significantly following COVID-19 compared to 
prior to infection, with additional costs persisting beyond 
five months, particularly among adults aged older than 
45  years. Their study however did not have a contem-
porary control group and did not delineate between pri-
mary and secondary care services.

Calderón-Moreno et al. (2022) investigated the primary 
care costs associated with COVID-19 [25]. They assessed 
6,286 COVID-19 patients in Aragon, Spanish, estimating 
an average illness-associated cost of €729.79 per patient. 
The costing approach was unclear and there are difficul-
ties in comparing healthcare costs between countries, but 
the study highlighted the significant economic burden 
of the illness [25]. The authors noted the complications 
arising from COVID-19, such as respiratory, cardiovas-
cular, and haematological disorders, caused further cost 
increases, but they did not specifically comment on the 
costs associated with long COVID.

Table 4 Regression estimates for the log ordinary least squares 
(OLS) model on primary care consultation costs of patients with 
COVID-19 at least 12 weeks after infection

Total healthcare cost (Exp) Coef.a 95% 
Confidence 
Intervals

p‑value

Exposure status

 COVID-19 (Reference group)

  Long COVID diagnosis 1.43 1.34 1.52 < 0.001

  Symptoms of long COVID 1.44 1.41 1.48 < 0.001

Age (at index date)

 18–29 (Reference group)

  30–39 1.03 1.00 1.07 0.04

  40–49 1.05 1.02 1.09 < 0.001

  50–59 1.07 1.03 1.11 < 0.001

  60–69 1.15 1.10 1.20 < 0.001

  70–79 1.37 1.30 1.43 < 0.001

  ≥ 80 1.49 1.42 1.57 < 0.001

Sex

 Male (Reference group)

  Female 1.04 1.01 1.06 0.01

Ethnic group

 White (Reference group)

  Black 0.94 0.88 0.99 0.03

  Other 1.06 0.96 1.18 0.25

  Asian 1.00 0.97 1.03 0.97

  Mixed 0.99 0.93 1.05 0.64

  Ethnicity Missing 0.99 0.96 1.03 0.76

Socioeconomic status (IMD)

 1 (Least deprived) (Reference group)

  2 1.08 1.04 1.13 < 0.001

  3 1.07 1.02 1.11 < 0.001

  4 1.01 0.96 1.06 0.68

  5 (Most deprived) 1.05 1.01 1.10 0.01

  IMD Missing 1.00 0.94 1.06 0.92

Smoking status

 Never Smoked (Reference group)

  Ex-Smoker 1.01 0.98 1.04 0.65

  Current Smoker 1.00 0.96 1.03 0.83

  Smoker Missing 1.00 0.96 1.05 0.88

BMI categories

 Normal weight (Reference group)

  Underweight 1.02 0.95 1.11 0.55

  Overweight 0.98 0.95 1.01 0.20

  Obese 1.04 1.01 1.07 0.02

  BMI Missing 1.09 1.03 1.16 0.01

Charlson Comorbidity Index 1.01 1.01 1.02 < 0.001

GP consultations  priorb 1.03 1.03 1.04 < 0.001

Table 4 (continued)

a  Difference in cost from a one-unit change or in comparison to the reference 
group – e.g., 1.43 refers to a 43% relative increase in costs due to a one-unit 
increase or compared to the reference group. These have been adjusted for the 
covariates in the table in addition to geographic region
b  Prior consultations are the sum of the number of consultations a patient had 
in the 3 to 12 months prior to their index date, with the healthcare professional 
specified. The coefficients in Table 4 are reported in exponential form. These are 
interpreted as the percentage change in total cost due to a one unit increase for 
continuous variables, or the presence of a categorical variable

Total healthcare cost (Exp) Coef.a 95% 
Confidence 
Intervals

p‑value

Nurse consultations prior 1.01 1.01 1.02 < 0.001

Physiotherapist consultations 
prior

1.04 1.01 1.07 < 0.001

Weeks since index date 1.04 1.04 1.04 < 0.001
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There is also broader literature on the impact of 
COVID-19 on the utilisation of primary care resources. 
For many patients, especially those with less severe ill-
nesses, the pandemic led to a reduction in overall 
healthcare use, but an increase in the number of non-
face-to-face consultations [26]. We similarly found that 
the increased cost of primary consultations associated 
with long COVID were driven by an increase in tele-
phone consultations.

We found that adults from black ethnic groups incurred 
lower costs than those from white ethnic groups, while 
there was no difference with other ethnic groups. This 
highlights a potential health inequality, especially given the 
poorer outcomes (e.g., more hospital admissions, higher 
mortality rate) following COVID-19 among individuals 
from black ethnic minority groups [27, 28]. This finding 
is also highlighted by some existing studies showing the 
health inequalities in individuals from black and minority 
ethnic backgrounds within the United Kingdom, which 
was exposed and exaggerated by the COVID-19 pan-
demic [29–32]. However, findings on health inequalities 
and healthcare service use for minority ethnic groups are 
mixed [31–33], suggesting that more research is needed to 
explore health and healthcare service use among different 
ethnic groups in the post-pandemic era in the UK context.

A strength of the study was that the costs associated with 
long COVID could be isolated by implementing an incre-
mental cost approach using a highly matched comparison 
group with no prior history of suspected or confirmed 
COVID-19. The comprehensive matching algorithm, 
accounting for many relevant variables, successfully bal-
anced demographics, and clinical characteristics between 
the exposed and unexposed cohorts. This was fundamental 
to the inferences being made, as except from unobservable 
factors, the only key difference between the cohorts was the 
record of SARS-CoV-2 infection [34]. Another strength was 
the large sample size (i.e., 944,346 patients), which boosted 
statistical power for our analyses and ensured representa-
tive results for the UK population [14, 35].

A key limitation was the lack of long COVID diagno-
sis in primary care records [18]. Our study incorporated 
costs for consultations that occurred at least 12  weeks 
after confirmation of SARS-CoV-2 infection (or matched 
time point for the unexposed cohort). We inferred that 
any differences in consultation costs beyond this time 
point were likely to be attributable to long COVID, given 
that both cohorts had similar characteristics except for 
SARS-CoV-2 infection.

The duration of consultations is not well recorded, lim-
iting cost calculations. We used PSSRU’s 2021 Unit costs 
for primary care consultations with standard durations, 
but factors like clinician experience and patient charac-
teristics might alter actual durations and consultation 

costs [36]. Furthermore, when estimating the national 
costs from consultations associated with long COVID, we 
assumed that incremental costs would remain constant 
over the course of the pandemic, which may not necessar-
ily be true as access to primary care changed during this 
period. Moreover, we extrapolated our findings from data 
derived primarily from English general practices to the 
whole of the UK, which assumes that primary care service 
use and associated costs are the same for different nations 
of the UK. However, this assumption may not hold if there 
were significant differences in access to healthcare ser-
vices and associated costs across the different nations.

We used propensity score matching to reduce confound-
ing, but residual confounding may still affect differences 
in consultation rates between the exposed and unexposed 
cohorts. However, we anticipate that residual confound-
ing would be limited in our results, given the wide range of 
demographic and clinical covariates considered. The sub-
group analysis was undertaken without propensity score 
matching, which increases the likelihood of the compari-
son groups being different with respect to important con-
founding factors. This was done to make maximum use of 
the available data from the defined subgroups. However, 
we adjusted for a range of relevant confounding factors 
in the multivariable OLS regression model, which should 
minimise the impact of confounding in our subgroup anal-
yses of factors influencing incremental consultation costs.

Another limitation is the potential misclassification of 
individuals in the unexposed cohort due to limited com-
munity testing during the pandemic’s first wave [37]. Some 
members of the unexposed cohort may have had COVID-
19 but not been formally tested. We attempted to limit this 
by excluding patients from the unexposed cohort if they 
had a record of either suspected or confirmed COVID-19, 
even in the absence of any confirmatory testing. However, 
misclassification bias may still be present, leading to an 
underestimation of the true incremental cost of primary 
care consultations associated with long COVID.

Our analysis indicates substantial primary care costs 
to support non-hospitalised patients with long COVID, 
even when only considering consultation costs. This is at 
a time of exceptional pressure on health services, including 
primary care in the UK and worldwide. UK primary care 
may require £20-£60 million for primary care consulta-
tions in patients with long COVID, mostly for remote GP 
consultations, with similar costs in comparable settings. It 
should be noted that some non-hospitalised patients with 
COVID-19 might require secondary care referral, caus-
ing further costs not considered here. Overall, significant 
investment globally is needed for primary care services 
to address the complex care needs and ongoing symp-
toms of non-hospitalised patients. Training allied health-
care professionals to support this care and implementing 
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guidelines for long COVID diagnosis and care [38], could 
potentially reduce these costs.

Our analysis also indicates significant additional pri-
mary care costs for patients with a history of COVID-19 
and reporting relevant symptoms, without a formal long 
COVID diagnosis. Furthermore, certain population sub-
groups amongst those with a history of COVID-19 can 
incur increased costs, such as the elderly, females, and 
those with obesity. Additionally, those from black ethnic 
groups may be underusing primary care services for long 
COVID symptoms, representing a potential health ineq-
uity. These factors should be considered by health service 
commissioners, managers and providers when designing 
and resourcing long COVID services in primary care as 
well as planning for similar future pandemic viruses.

Our study provides a foundation in methods and cost 
estimates for future cost analyses and economic evalua-
tions on long COVID, with lessons for future pandemic 
planning, including the need for careful planning for 
the longer-term impacts of pandemics. Future research 
should focus on updating this analysis to capture longer-
term patient data and costs, evaluate the impact of long 
COVID on prescription drug costs, assess secondary care 
costs, assess out-of-pocket costs, and explore methods 
to better capture costs specifically attributable to long 
COVID.

Conclusion
The support of non-hospitalised individuals with long 
COVID in primary care is likely to be substantial, requir-
ing significant healthcare investment and planning. 
This particularly applies to patients who have been for-
mally diagnosed with long COVID, those without a long 
COVID diagnosis but with a history of COVID-19 and 
reporting related symptoms, the elderly, females, and 
those with obesity. Inequalities in access to primary care 
services for long COVID support require further explora-
tion and need to be addressed.
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