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Abstract: Background: While the clinical factors of the post-COVID-19 condition (PCC) are 

becoming clearer, the economic implications remain uncertain, posing a challenge to healthcare 

professionals in terms of understanding and managing this emerging phenomenon. This article 

aims to investigate the demographic and clinical characteristics of PCC patients and quantify the 

economic impact of their healthcare resource utilisation. Methods: A retrospective and case-control 

observational study was conducted, comparing the case group of PCC population before and after 

diagnosis with a control group. Demographic and clinical variables were analysed with the objective 

of describing the population. Economic analysis was performed to evaluate the resource costs in 

procedures and primary, secondary (both outpatient and inpatient) and emergency care. Findings: 

PCC patients (N=341) exhibited older age and elevated cardiovascular risk factors compared to 

controls (N=49,078). There were differences in the socio-economic distribution between male and 

female patients in the PCC patients. Hypertension and diabetes mellitus type 2 were the most 

common chronic diseases observed among the case patients. Economic analysis revealed that PCC 

patients were approximately four times as costly as control patients, with increased utilisation of 

healthcare resources. However, post-diagnosis PCC patients showed a reduction in costs, primarily 

driven by decreased primary care visits and hospitalisations. Conclusion: Coordinated care 

management for PCC patients is associated with reduced costs and improved healthcare resource 

utilisation. Further research is warranted to investigate long-term health outcomes and establish 

causal relationships between COVID-19 sequelae and healthcare resource utilisation. 

Keywords: COVID-19; Economic evaluation; Healthcare utilisation; Post-COVID-19 condition; 

Long COVID 
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Background and Objectives 

Post-COVID-19 condition (PCC) or Long COVID is a long-lasting, poorly understood, and 

highly disabling post-viral syndrome, which poses enormous healthcare, economic, and socio-

political challenges. Between 5% and 10% of individuals who become infected with SARS-CoV-2 will 

develop a PCC [1–3]. This implies that more than 36 million people in Europe may be affected. This 

syndrome includes a large number of symptoms that affect the physical, emotional, and social health 

of individuals, significantly diminishing their quality of life [4,5]. Despite recent research on potential 

biomarkers that might guide diagnosis and treatment [6], the pathophysiology of this syndrome 

remains uncertain, effective treatments are lacking, and validated biomarkers are absent, leading 

patients with this complex condition to seek multiple consultations with different specialist doctors 

before receiving a diagnosis [7–11]. Taking all these factors into account, it becomes evident that the 

responsibility for the care of COVID-19 patients extends beyond the acute phase of the infection. This 

underscores the need for interdisciplinary collaboration to ensure comprehensive care in outpatient 

settings [12]. Therefore, it is imperative for healthcare systems to acknowledge the importance of 

establishing specialised COVID-19 clinics [13]. The elevated healthcare cost associated with these 

factors is believed to be potentially minimised by directing visits towards a multidisciplinary Long 

COVID unit. In this context, the objective of this observational study is to compare the costs of 

patients with PCC both retrospectively (before and after diagnosis and treatment) and prospectively 

(in contrast to the control population, in a case-control setting). 

Methods 

Study Population 

The design of the study consists of a case-control population. The case group corresponded to 

all patients who were admitted to the Long COVID unit between June 2020 and December 2022 

(n=341). Patients were diagnosed with the ICD B94.8 code (Sequelae of other specified infectious and 

parasitic diseases) before the introduction of the U09.9 code for PCC. The only inclusion criteria for 

the sample under study was for the individual to be over 18 years old, to have a diagnosis of PCC 

and to reside within the geographic radius of the hospital’s service area, specifically, the North 

Metropolitan Area of Barcelona (Catalonia, Spain). If the patients fitted the inclusion criteria, they 

would enter the Long COVID unit and their data would be collected. 

The control population was obtained through a matching algorithm from administrative records 

of the reference. The algorithm is based on a criteria of similarity to the case population by the 

following variables: sex ratio (approximately 2:1 female-male), age-group (an approximate 

similarity), and socioeconomic status (based on pharmacy copayments). Having acute COVID or its 

sequelae was not a criteria for the control population selection, in order to maintain the integrity of 

the observational study. 

The resulting cohort had a size of 49,419 patients: 341 from the case population and 49,078 from 

the matched case population. Both populations’ use of services was measured from December 2017 

to December 2022.  

Setting and Location 

The study was conducted in the Germans Trias i Pujol Hospital (Spain) and the primary care 

centres in its area between July 2020 and December 2022. This is the largest monographic Long 

COVID Unit in Spain. The Long Covid Unit's objective is to diagnose, assess, and rehabilitate 

individuals suffering from PCC through multidisciplinary care by physicians, nurses, nutritionists 

and psychologists. 

The unit's guidelines outline a structured approach to patient assessment and follow-up. The 

process begins with an initial visit during which the nursing team develops a care plan, offers health 

education, and evaluates the patient’s symptoms. A family doctor then conducts further assessments, 
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such as physical examinations and complementary procedures like chest X-rays, spirometry (SpO2), 

electrocardiograms, fatigue tests, and functional tests. 

Up to six weeks after the initial visit, a first follow-up with the family doctor takes place to assess 

analytical results and functional test ratings. Based on the severity of the condition and results, 

patients may be referred to infectious diseases specialists, telematic rehabilitation, or hospitals for 

further evaluation and treatment. During this period, another visit to the nursing team occurs to 

provide additional health education and continue the rehabilitation plan. 

After six weeks, medical attention is provided either remotely through calls, video calls, or on-

site, depending on the patient's needs and the progress of rehabilitation. At 12 weeks (3 months), 

tracking visits are scheduled to monitor the patient's progress and response to treatment, including 

clinical analysis results, fatigue and functional tests, and overall condition. Based on these 

evaluations, patients may continue rehabilitation or be referred to higher levels of healthcare for 

further treatment. At 24 weeks (6 months), a final visit is conducted to conclude the process. 

Comparators 

The costs of PCC patients were compared both in a retrospective manner (pre and post diagnosis 

and treatment) and in a case-control setting (in contrast with a comparison population). The 

retrospective analysis covered a symmetrical 12-month period (six months before and after 

diagnosis), while the prospective analysis in the control population spanned 12 months. 

We also retrospectively compare the use of different services in primary and hospital care, 

procedures, hospitalizations and emergencies. A case-control comparison in these services would be 

difficult to measure due to the different orders of magnitude of the sample sizes and the large amount 

of missing values in the control population. 

Perspective 

This study employs a societal perspective to estimate the costs produced by post-COVID19 

condition patients. The costs of the patient are paid by the hospital, which is then reimbursed by the 

public insurer (Catalan Health Service), whose financing comes from taxes paid by citizens.  

Measurement and Evaluation of Resources and Costs 

Supplementary Tables S1 and S2 describe the prices for each form of healthcare resource 

utilisation. The included resources were primary care visits (in different forms, as specified in the 

table), outpatient care (first and successive visits of an episode), inpatient care, emergency care and 

different procedures. Costs were valued per the Catalan Law regulating billable assumptions and 

concepts and approving the public prices corresponding to the services provided by the Catalan 

Institute of Health, which acts as a cost catalogue for forms of healthcare resource utilisation [14]. 

Patients with PCC visited the hospital and primary care in a structured way over a six-month 

period after their diagnosis. However, not all visits were related to the structured care plan, as some 

could be attributed to post-COVID-19 issues or unrelated problems. Some visits included hospital, 

primary care, and emergency services. Due to the staggered entry of patients into the program, a 

fixed time-frame for studying visits was not feasible. Instead, a balanced approach was adopted, 

setting an individual threshold of six months before and after diagnosis for each patient. Visits were 

recorded individually in the databases, then aggregated by service and patient. This method was 

used to calculate averages by age-group, sex, and the entire population.  

Currency, Price Date, and Conversion 

Costs were available in euros, and valued at 2020 prices [14]. The reporting of this study follows 

the Consolidated Health Economic Evaluation Reporting Standards (CHEERS) framework for 

economic evaluations, as recommended by health economists associations [15]. 

Statistical Tests 
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At baseline, demographic and analytical variables were collected for the case population, while 

the last available value was used for the control population. The median and IQR are used to describe 

the quantitative variables, while n(%) are used for qualitative variables. The p-value indicates the 

statistical significance of the difference between the two groups being compared. To test the 

significance of the differences, we used Wilcoxon, Fisher, Pearson and Kruskal-Wallis tests. Finally, 

N/A indicates the missing values for each variable. The software R (version 4.2.2) and its packages 

tidyverse, glmnet, and zoo were used for the data manipulation and statistical analysis[16–19]. 

Role of the Funding Source 

Funding for the study was provided through fundraising campaigns organised by the non-profit 

foundation Fundació Lluita contra les Infeccions, which included "yomecorono.org" and Gala contra 

les Infeccions, Editions 2021 and 2022. None of the funding sources played a role in the study's design, 

data collection, data analysis, interpretation of results, or the writing of the report. 

Results 

Descriptive Statistics for the Population 

We evaluated 49,078 individuals in the control group and 341 in the case group (Table 1, second 

column). The Case group was older and had higher values for systolic and diastolic blood pressure, 

body-mass index, coronary risk, cholesterol, ferritin, and glomerular filtration rate compared to the 

Control group, with no other significant differences in demographic characteristics. Hypertension 

and diabetes mellitus type 2 were the most common chronic conditions in the Case population, with 

several other chronic diseases with shared risk factors and comorbidities (cardiovascular disease, 

obesity, older age) also being overrepresented. 

The third column presents the characteristics of the case population by sex. Sex was included as 

reported by the physician in the health records. There existed significant differences between male 

and female users in terms of pharmacy copayment index, systolic pressure, coronary risk, ferritin 

levels, and glucose levels. The chronic conditions were not broken down by sex given the low N. 

Table 1. Statistics of the control and cases populations, and by sex within the case population. The 

variable TSI indicates the level of copayments in drugs. As Spain uses a progressive copayment 

system, it serves as a proxy for socioeconomic status. TSI 001 covers people who receive non-

contributory pensions (such as people with disabilities); TSI 002 includes pensionists with annual 

rents under €100,000; TSI 003 covers workers with annual incomes under €18,000; TSI 004 corresponds 

workers with annual incomes between €18,000 and €100,000; TSI 005 covers both individuals and 

workers with annual rents or incomes over €100,000; and TSI 006 includes civil servants, military 

officers and judges under their mutualist insurance, a specific model of health insurance available to 

aforementioned groups. 

   

Control (N = 

49,078) 

Case (N = 

341) 

p-

value 

Female (N = 

224) 

Male (N = 

117) 

p-

value 

Demographics       

 Age (years), median (IQR) 46 (27, 63) 53 (45, 62) <0.001 53 (47, 61) 56 (42, 63) 0.7 

 Age interval, N (%)   <0.001   0.4 

  18-55 26,465 (61%) 190 (56%)  131 (58%) 58 (50%)  

  56-65 6,133 (14%) 98 (29%)  61 (27%) 38 (32%)  

  66-80 7,085 (16%) 46 (13%)  28 (12%) 18 (15%)  

  81+ 3,720 (8.6%) 7 (2.1%)  4 (1.8%) 3 (2.6%)  
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  N/A 5,675 (11%) 0 (0%)  0 (0%) 0 (0%)  

  ≤65 32,598 (75%) 288 (85%)  192 (85%) 96 (82%)  

  >65 16480 (25%) 53 (15%)  32 (15%) 21 (18%)  

 Age of diagnosis, median (IQR) - - - 52 (45, 59) 54 (42, 62) 0.6 

 Male, N (%) 16,824 (34%) 117 (34%) >0.9 - - - 

 Pharmacy copayment index, N (%)      0.002 

  TSI 001 6,603 (13%) 50 (15%)  39 (17%) 11 (9.4%)  

  TSI 002 7,479 (15%) 58 (17%)  33 (15%) 25 (21%)  

  TSI 003 18,500 (38%) 123 (36%)  92 (41%) 31 (26%)  

  TSI 004 9,726 (20%) 99 (29%)  52 (23%) 47 (40%)  

  TSI 005 435 (0.9%) 0 (0%)  0 (0%) 0 (0%)  

  TSI 006 1,286 (2.6%) 2 (0.6%)  2 (0.9%) 0 (0%)  

  N/A 5,049 (10%) 9 (2%)  6 (2.7%) 3 (2.6%)  

Clinical, median (IQR)       

 Systolic pressure (mmHg) 124 (111, 135) 

126 (117, 

136) <0.001 124 (114, 135) 

131 (120, 

138) 0.002 

  N/A 20,703 (42%) 31 (9%)  17 14  

 Diastolic pressure (mmHg) 75 (68, 82) 78 (71, 86) <0.001 78 (71, 85) 80 (74, 87) 0.064 

  N/A 20,706 (42%) 31 (9%)  17 14  

 SpO2 (%) 98 (97, 99) 98 (97, 99) 0.2 98 (97, 99) 98 (96, 98) 0.006 

  N/A 37,905 (77%) 140 (41%)  88 52  

 Height (cm) 156 (127, 164) 

164 (159, 

169) <0.001 160 (157, 164) 

172 (167, 

177) <0.001 

  N/A 35,289 (72%) 218 (64%)  139 79  

 Weight (kg) 68 (56, 82) 76 (65, 86) <0.001 69 (62, 81) 84 (78, 94) <0.001 

  N/A 22,960 (47%) 82 (24%)  50 32  

 Body-Mass Index 253 (203, 296) 

279 (252, 

322) <0.001 274 (241, 324) 

283 (265, 

316) 0.2 

  N/A 24,259 (49%) 112 (33%)  74 38  

 Coronary Risk Score 326 (198, 532) 

254 (135, 

457) 0.001 214 (126, 362) 

377 (214, 

571) 0.001 

  N/A 41,002 (84%) 216 (63%)  147 69  

 Cholesterol (mg/dL) 196 (167, 226) 

211 (187, 

238) <0.001 211 (187, 239) 

210 (184, 

230) 0.3 

  N/A 23,150 (47%) 2 (0%)  1 1  
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 Ferritin (ng/mL) 50 (22, 111) 80 (36, 170) <0.001 55 (28, 106) 

172 (101, 

286) <0.001 

  N/A 35,144 (72%) 47 (14%)  18 19  

 Alkaline phosphatase (IU/L) 80 (65, 102) 74 (61, 88) <0.001 74 (61, 88) 74 (62, 84) 0.7 

  N/A 36,140 (74%) 32 (9%)  17 11  

 Glucose (mg/dL) 91 (84, 101) 93 (86, 102) 0.2 90 (84, 100) 95 (88, 106) <0.001 

  N/A 22,389 (46%) 3 (1%)  1 2  

 Glomerular filtration rate (mL/min/1.73 m²) 77 (65, 84) 81 (75, 86) <0.001 82 (75, 87) 80 (73, 85) 0.12 

  N/A 39,586 (81%) 286 (84%)  162 71  

Chronic conditions, N (%)       

 Hypertension (I10) 90 (26%) 8939 (18%)     

 

Diabetes mellitus type 2 without 

complications (E11.9) 40 (12%) 3801 (8%)     

 Other pulmonary embolism (I26.99) 16 (5%) 196 (>1%)     

 

Unspecified chronic obstructive pulmonary 

disease (J44.9) 12 (4%) 972 (2%)     

 Unspecified chronic renal disease (N18.9) 11 (3%) 2158 (4%)     

 Angina pectoris, unspecified (I20.9) 9 (3%) 254 (>1%)     

 Unspecified atrial fibrillation (I48.91) 6 (2%) 1100 (2%)     

 

Other unspecified right bundle branch block 

(I45.0) 5 (2%) 656 (1%)     

 Nonrheumatic aortic valve stenosis (I35.1) 5 (2%) 201 (>1%)     

 Mitral valve prolapse (I34.0) 5 (2%) 317 (>1%)     

Summary of Main Results 

Primary Care 

We analysed the ratio of visits categorised by age-group and sex (Table 2) from both the 

retrospective and case-control perspective. For the retrospective point, the mean number of visits was 

2.3 per month before diagnosis and 1.93 after. The reduction was greater on men than on women. All 

of the population groups perceived a significant reduction in visits ranging from 0.57 to 0.20, except 

for women over 81 who increased their visits by 0.37. However, this group consists of only 4 women, 

representing 1.1% of the whole population; this also happens with the 3 men over 81, which saw the 

biggest reduction in visits (1.90) but barely represent 0.87% of the population. As such, their results 

are considered not statistically important, neither here nor when we consider other aspects of use of 

healthcare resources. 

Table 2. Primary care visits mean broken down by gender and age-group. 

Sex Pre-post Case-control population 
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Age-

group 

Before 

diagnosis 

After 

diagnosis 

Pre-post 

variation 

Control 

visits 

Post over control 

ratio 

All All 2·30 (1·79) 1·93 (2·00) -19% 0·81 (1·05) 2·39 

Female All 2·38 (1·72) 2·06 (2·11) -16% 0·89 (1·09) 2·30 

 15-55 2·46 (1·76) 2·11 (2·35) -17% 0·77 (0·97) 2·74 

 56-65 2·47 (1·72) 2·27 (1·98) -9% 0·93 (1·04) 2·44 

 66-80 1·98 (1·76) 1·42 (1·24) -39% 1·14 (1·13) 1·25 

 >81 1·42 (0·40) 1·79 (1·10) +21% 1·40 (1·72) 1·28 

Male All 2·15 (1·92) 1·65 (1·77) -30% 0·63 (0·94) 2·62 

 15-55 1·88 (1·64) 1·45 (1·66) -30% 0·44 (0·70) 3·30 

 56-65 2·74 (2·10) 2·17 (1·93) -26% 0·75 (1·12) 2·89 

 66-80 1·76 (2·20) 1·53 (1·78) -15% 1·05 (1·16) 1·46 

 >81 2·28 (1·95) 0·38 (0·34) -500% 1·27(1·60) 0·30 

As for the prospective point, the number of visits made by the control group was significantly 

smaller than that of the case group, both before and after diagnosis. The overall mean stands at 0.81 

visits per month, with higher values for older age-groups and women. 

Figure 1 compares visits before and after diagnosis patient by patient, individually, in primary 

care. Most patients have under 5 visits both before and after diagnosis, with a great number of them 

staying under 2.5; the distribution is right-skewed. Figure 2 displays an overall reduction in visits 

from 4,714 to 4,121 (-12%) as seen in the first category (which totals the rest of services). All services 

with over 100 visits have a strong reduction in visits. 

 

Figure 1. Primary care visits by patient, before and after diagnosis. Each dot represents a patient 

and the ratio of visits they made before diagnosis (horizontal axis) and after diagnosis (vertical axis). 

The dashed red line represents a 1:1 ratio where visits would be the same before and after diagnosis. 
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To the right and above a violin plot represents the distribution of the number of visits of the 

population. 

 

Figure 2. Change in visits in different services of primary care. Dumbbell plot displaying the change 

in the number of visits before and after diagnosis in different services of primary care. The blue 

triangle indicates the number of visits before diagnosis, and a red circle indicates the number of visits 

after diagnosis. The number of visits indicates the number of visits all PCC patients made to each 

service in the six months prior (and six months after) their PCC diagnosis. The grey arrow indicates 

the direction of change: a left leaning arrow is a decrease, while a right-leaning arrow is an increase. 

The plot on the left shows all categories, while the one on the right excludes the first two categories 

and the total to better visualise services with a smaller amount of visits (notice the change on the scale 

of the x-axis from 0-4000 to 0-400). 

Hospital Care 

Table 3 displays the ratio of visits in hospital care by age-group and sex, again both prospective 

and retrospective. For the retrospective point, the mean number of visits was 0.72 per month before 

diagnosis and 0.90 after, with an increase of 0.18 visits that was consistent both for men and women. 

This consistency arises from the fact that most of these visits were under the programme and thus 

compulsory for all patients. Most groups displayed a consistent increase in visits from 0.18 to 0.24 

except for 66-80 year old women, who saw a reduction of 0.13 visits. 

Table 3. Outpatient care visits mean broken down by gender and age-group. 
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Sex 

Age-

group 

Pre-post case population Case-control population 

Before 

diagnosis 

After 

diagnosis 

Pre-post 

variation 

Control 

population visits 

After diagnosis over 

control ratio 

All All 0·72 (0·74) 0·90 (0·85) +20% 0·15 (0·44) 5·93 

Female All 0·72 (0·75) 0·90 (0·85) +20% 0·16 (0·45) 5·68 

 15-55 0·60 (0·74) 0·82 (0·87) +27% 0·10 (0·30) 8·45 

 56-65 0·76 (0·65) 1·00 (0·87) +24% 0·22 (0·55) 4·50 

 66-80 1·15 (0·84) 1·02 (0·75) -13% 0·32 (0·64) 3·21 

 >81 1·00 (1·01) 0·66 (0·43) -52% 0·28 (0·68) 2·35 

Male All 0·72 (0·73) 0·90 (0·85) +20% 0·14 (0·43) 6·49 

 15-55 0·65 (0·70) 0·88 (0·90) +26% 0·06 (0·20) 14·55 

 56-65 0·86 (0·79) 0·93 (0·79) +8% 0·20 (0·51) 4·45 

 66-80 0·62 (0·66) 0·84 (0·88) +6% 0·39 (0·75) 2·14 

 >81 1·06 (1·13) 0·88 (0·69) -20% 0·38 (0·76) 2·30 

For the prospective point, the overall mean of the control group stood at 0.15 visits per month. 

The values were higher for older age-groups, and non-significantly higher for women except in the 

65-80 and 81+ age-groups. Nonetheless, all population groups in the control populations made less 

visits to hospital care than their case population counterparts. 

Figure 3 acts in a similar manner to Figure 1. Yet again, the distribution is right-skewed: most 

patients have under 3 visits. This time around however, a slightly larger number of points is over the 

red line, showing an increase of visits. 

 

Figure 3. Outpatient visits by patient, before and after diagnosis. Each dot represents a patient and 

the ratio of visits they made before diagnosis (horizontal axis) and after diagnosis (vertical axis). The 
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dashed red line represents a 1:1 ratio where visits would be the same before and after diagnosis. To 

the right and above a violin plot represents the distribution of the number of visits of the population. 

Figure 4 presents a dumbbell plot similar to Figure 2, now including hospital services (with more 

than 5 visits made during the treatment period) instead. There was an overall increase in visits from 

1,472 to 1,835 (+25%). HIV and infectious diseases (UMI) remained the most-visited services, with 

pneumology, rehabilitation, cardiology, occupational therapy and rheumatology closely following. 

Most of the services had an increase in visits, except for occupational therapy, neurology, 

endocrinology and urology. 

 

Figure 4. Change in visits in different services of outpatient care. Dumbbell plot displaying the 

change in the number of visits before and after diagnosis in different services of outpatient care. The 

blue triangle indicates the number of visits before diagnosis, and a red circle indicates the number of 

visits after diagnosis. The number of visits indicates the number of visits all PCC patients made to 

each service in the six months prior (and six months after) their PCC diagnosis. The grey arrow 

indicates the direction of change: a left leaning arrow is a decrease, while a right-leaning arrow is an 

increase. The plot on the left shows all categories, while the one on the right excludes the first two 

categories and the total to better visualise services with a smaller amount of visits (notice the change 

on the scale of the x-axis from 0-2000 to 0-500). 

Hospitalizations 

Figure 5 displays the number of hospitalizations by service six months before and after 

diagnosis. There is a reduction of 62% hospitalizations before and after diagnosis, from 54 to 20 

hospitalizations; these mainly come from infectious diseases and HIV services. All but two services 

(ophthalmology and gynaecology) experienced a reduction in hospitalizations; when there was an 

increase, it was of only one visit. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 February 2024                   doi:10.20944/preprints202402.0870.v1

https://doi.org/10.20944/preprints202402.0870.v1


 11 

 

 

Figure 5. Change in hospitalizations in different services. Dumbbell plot displaying the change in 

the number of hospitalizations before and after diagnosis in different services. The blue triangle 

indicates the number of visits before diagnosis, and a red circle indicates the number of visits after 

diagnosis. The number of visits indicates the number of visits all PCC patients made to each service 

in the six months prior (and six months after) their PCC diagnosis. The grey arrow indicates the 

direction of change: a left leaning arrow is a decrease, while a right-leaning arrow is an increase. 

Hospital Emergencies 

Figure 6 displays the number of hospital emergencies received by each service. There was a 

reduction of 24%, from 164 to 124. As expected, the general emergency service received 60% of the 

visits. Most services did not experience a significant change, except for the general emergency service, 

obstetrics (which experienced a slight increase) and orthopaedics/traumatology (which experienced 

a slight reduction). 
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Figure 6. Change in emergency care visits in different services. Dumbbell plot displaying the change 

in the number of emergency care visits before and after diagnosis in different services. The blue 

triangle indicates the number of visits before diagnosis, and a red circle indicates the number of visits 

after diagnosis. The number of visits indicates the number of visits all PCC patients made to each 

service in the six months prior (and six months after) their PCC diagnosis. The grey arrow indicates 

the direction of change: a left leaning arrow is a decrease, while a right-leaning arrow is an increase. 

The plot on the left shows all categories, while the one on the right excludes the first two categories 

and the total to better visualise services with a smaller amount of visits (notice the change on the scale 

of the x-axis from 0-4000 to 0-400). 

Procedures 

Comparing the six months before diagnosis with the six months after diagnosis, there was an 

overall reduction of 32% in the total number of procedures, from 320 to 128. The most common order 

was that of R00001, chest X-rays, which accounted for 29% of the total orders before diagnosis and 

20% after. Second place went to PD00642, liquid-based cytology, which saw the strongest increase at 

183%. Behind were chest CT (RA00248) and spine CT (RA00047) scans. 

Monetization 

Finally, Table 4 acts as a monetization of the healthcare resources described using the prices in 

Tables 3 and 4. These costs are presented for an individual patient in a single month. 

Table 4. Monetization of different types of healthcare resources, standardised by patient per month. 
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Group Pre- Post- Control Pre-post variation Post over control ratio 

Primary care 103·70 € 86·92 € 34·25 € -16% 2·54 

 General Medicine 61·75 € 55·82 € 14·39 € -10% 3·88 

 Nursery 14·95 € 11·70 € 7·98 € -22% 1·47 

 Home visits 0·70 € 0·32 € 1·20 € -55% 0·26 

 Emergency primary care 8·97 € 4·69 € 1·90 € -48% 2·46 

 Sexual and reproductive care 1·59 € 3·10 € 1·85 € 95% 1·68 

 Others 15·73 € 11·29 € 6·92 € -28% 1·63 

Hospital care 70·81 € 90·61 € 14·70 € 28% 6·16 

 First visit 24·91 € 35·44 € 4·70 € 42% 7·54 

 Successive visits and others 45·90 € 55·17 € 10·00 € 20% 5·52 

Hospitalizations 17·66 € 6·34 € 4·52 € -64% 1·40 

 General 10·54 € 4·61 € 2·82 € -56% 1·64 

 Surgery 4·79 € 0·80 € 1·58 € -83% 0·51 

 Home hospitalizations 2·33 € 0·93 € 0·12 € -60% 7·48 

Procedures 6·82 € 4·97 € 1·70 € -27% 2·93 

Emergency care 19·88 € 15·03 € 5·40 € -24% 2·78 

Total 218·87 € 203·87 € 56·05 € -7% 3·64 

Primary care is disaggregated into several groups by service; hospital care, by whether the visit 

is the first one or successive/others; hospitalizations, by its character in general, surgery or home 

hospitalizations. Neither emergencies nor procedures are disaggregated. Finally, it presents the total 

cost of all patients in each group (341 for both pre- and post-diagnosis, 49,078 for control) for six 

months; then for an individual patient at six months; and finally for an individual patient in a single 

month. 

Comparing the case and control populations, the former is 3.64-fold as expensive against the 

post-diagnosis population. Comparing pre- and post-diagnosis populations, there is a reduction in 

primary care costs (16%), hospitalizations (64%), procedures (27%) and emergency care (24%), while 

there is an increase in hospital care costs (27%), mirroring the results provided earlier in this section. 

Discussion 

While survey-based reports of PCC recovery have found high (35%) cure rates [4,7] and the 

PHOSP-COVID cohort had a 29% recovery rate after one year [20], the study conducted at this Long 

COVID Unit found that only 7.6% of the total PCC patients experienced recovery [11]. Regardless of 

the exact cure rates, Long COVID might have a global impact on clinical and public health as a long-

lasting chronic condition, as at least 5% of those afflicted with COVID-19 are expected to suffer from 

PCC [1–3]. As such, it is essential to evaluate the rising costs these patients might bear on the system 

and to adopt policies to contain such costs. 

In this 2-year retrospective economic evaluation we found that post-treatment PCC patients are 

around 7% less costly than pre-treatment patients in terms of use of healthcare resources. While there 

is a strong increase in hospital care costs, the rest of services have a reduction in costs, notably 

hospitalizations and primary care. A possible interpretation is that by redirecting visits towards 
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hospital care, an effective, coordinated, integrated treatment can be provided to the patients and 

reduce their need to access primary care and the overuse of hospitalizations, emergency services and 

procedures. 

Worryingly, PCC patients, no matter whether before or after treatment nor between sex or age-

groups, are nearly four times as costly than the control patients. They are high frequency users, and 

present important differences in their relationship to the healthcare system and processes. Their use 

of resources, both before and after, greatly surpasses the baremos established by previous systematic 

reviews [21–23]. 

The case population had overrepresented chronic conditions, most of which share certain risk 

factors or comorbidities, such as cardiovascular disease, obesity, and older age, which are known to 

increase the risk of PCC [4–7,11,20]. For example, pulmonary embolism and chronic obstructive 

pulmonary disease are both associated with impaired lung function and decreased oxygenation, 

which may contribute to the persistence of COVID-19 symptoms. Similarly, angina pectoris, 

unspecified atrial fibrillation, mitral valve prolapse, right bundle branch blocks, and nonrheumatic 

aortic valve stenosis are all cardiovascular conditions that may increase the risk of adverse outcomes 

in COVID-19 patients. 

Consistent with previous evaluations [24–26], we found that PCC patients bore more costs on 

public healthcare compared to those without symptoms, with the population being older, of female 

sex and with comorbidities. These studies emphasise the financial implications PCC patients have on 

the healthcare system and the substantial increase in healthcare utilisation and direct medical costs. 

Other studies have instead focused on production loss and employment subsidies at a national level 

[27], specifically focusing on labour supply reduction as a direct result of PCC-induced disabilities 

[28–30], extending the literature on the financial implications of Long COVID beyond medical costs. 

Our study, in comparison, aims to cover the reduction in costs associated with tailored, 

coordinated care. If treatment is structured and redirects visits from primary care, there should be 

less visits to primary care and other services, as most of these are driven by the patients’ desperation 

to obtain medical care [11]. This situation is exacerbated by Spain’s NHS system, where care is free 

at point of use and demand is only managed through waiting times, which might worsen the patients’ 

desperation. In this context, cost reduction should not be considered an objective in itself, but rather 

a secondary effect of tailored treatment. The Unit looks after PCC patients in a more conscious and 

specific way, and consequently it also avoids potentially irrelevant expenses. As we have presented, 

a coordinated treatment plan increases outpatient care costs, but reduces utilisation of all other forms 

of care, and overall reduces the patients’ costs. 

Most of our limitations overlap with those of observational studies, notably: (1) the lack of 

randomization, which forbids us from establishing the causal relationship that the entrance in the 

care unit leads to less use of healthcare resources, and (2) the constrained reproducibility, as the study 

is conducted in a natural setting and not in an experimental one. Furthermore, as the case cohort was 

created early in the pandemic (June 2020), PCC was not fully recognized and there might have been 

a selection bias favouring severe cases that might make more use of healthcare resources. 

Two limitations arose in the data selection. First, that having suffered from COVID or sequelae 

was not a criteria when selecting the control population, which results in a potential bias of 

comparing ‘healthy’ citizens to ‘ill’ post-COVID-19 patients. Nonetheless, using an experimental 

design for treatment would have raised ethical concerns. Second, that some of the visits and 

hospitalizations during the six months previous to diagnosis in the post-COVID-19 population could 

be due to COVID-19. These two limitations are in line with those of observational studies in 

comparison with experimental studies such as RCTs, where these variables could have been 

controlled. 

A final major limitation is the lack of measurement of health outcomes, which could have come 

in the form of QALYs (in the short term) and DALYs (in the long term). This restricted the evaluation 

to the form of a cost analysis instead of a full cost-outcome economic evaluation. 

The lack of data regarding the prevalence of PCC and other COVID-19 sequelae might 

underestimate the estimations made regarding the burden these patients bear over the healthcare 
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system. This study provides information regarding their use of healthcare resources and their 

classification as frequent attenders of care services. Further developments in PCC diagnosis and 

treatment should center the process around primary care and family doctors to further reduce costs, 

as early diagnosis of symptoms could improve recovery rates and redirect visits towards a 

specialized unit. As COVID-19 becomes routinely managed worldwide, its sequelae will have to be 

tackled in the context of the challenge of chronicity in societies that are undergoing or have 

undergone epidemiological and demographic transitions. To ensure the sustainability of welfare and 

healthcare systems, novel forms of care management such as disease management programmes and 

integrated/coordinated care forms will have to be implemented to depressurize health services off 

these frequent attenders. 

In summary, this study suggests a coordinated form of care for PCC patients is associated with 

a reduction in costs. Considering the reduction in primary care visits, hospitalizations and use of 

emergency services, integrated care outperforms usual management for selected PCC patients. The 

implementation and management of these forms of care will have to be spread in the future to tackle 

the growing costs and overall burden of chronic patients in European healthcare systems. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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