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Abstract

Background The COVID-19 pandemic has had, and still has, a profound impact on national health systems, altering
trajectories of care and exacerbating existing inequalities in health. Postponement of surgeries and cancellation of
elective surgical procedures have been reported worldwide. In Italy, the lock-down measures following the COVID-19
pandemic caused cancellations of surgical procedures and important backlogs; little is known about potential social
inequalities in the recovery process that occurred during the post-lockdown period. This study aims at evaluating
whether all population social strata benefited equally from the surgical volumes'recovery in four large Italian regions.

Methods This multicentre cohort study covers a population of approximately 11 million people. To assess if social
inequalities exist in the recovery of eight indicators of elective and oncological surgery, we estimated Risk Ratios (RR)
through Poisson models, comparing the incidence proportions of events recorded during COVID-19 (2020-21) with
those in pre-pandemic years (2018-19) for each pandemic period and educational level.

Results Compared to 2018-19, volumes of elective surgery showed a U-shape with the most significant drops
during the second wave or the vaccination phase. The recovery was socially unequal. At the end of 2021, incidence
proportions among highly educated people generally exceeded the expected ones; RRs were 1.31 (95%Cl 1.21-1.42),
1.24 (95%Cl 1.17-1.23), 1.17 (95%Cl 1.08-1.26) for knee and hip replacement and prostatic surgery, respectively.
Among low educated patients, RR remained always < 1. Oncological surgery indicators showed a similar social
gradient. Whereas volumes were preserved among the highly educated, the low educated were still lagging behind
at the end of 2021.

Conclusions Surgical procedures generally returned to pre-pandemic levels but the low educated experienced
the slowest recovery. An equity-oriented appraisal of trends in healthcare provision should be included in pandemic
preparedness plans, to ensure that social inequalities are promptly recognised and tackled.
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Background

Since the inception of the COVID-19 pandemic, almost
26 000 000 cases have been recorded and more than 190
000 deaths have occurred in Italy [1]. Besides its effects
on people’s health, the pandemic has had, and still has, a
profound impact on the national health system, altering
trajectories of care and exacerbating existing inequali-
ties in health [2]. Postponement of surgeries and cancel-
lation of elective surgical procedures were public health
early responses to mitigate the spread of the infection in
patients and health care professionals [3]. In Italy, during
the first phases of the pandemic, elective surgeries, such
as hip and knee replacement, plunged dramatically [4]
and people in low socioeconomic positions were more
affected by the cut in surgical volumes [2].

There is evidence that elective surgeries postponements
and cancellations resulted in an important backlog,
although national data for 2021 showed that some pro-
cedures returned to pre-pandemic levels [5, 6]. However,
as highlighted by the World Health Organization, this
recovery, which may help to prevent a further grow of the
backlog, may not be enough to reduce it [7]. Moreover,
little is known about which population social strata are
lagging behind in the recovery process and have suffered
the most from the backlog resulting from the reduction
of surgical activities.

Therefore, this study aims at evaluating whether, after
the 2020 COVID-19 lockdown and throughout 2021, all
population social strata benefited equally from the recov-
ery of elective and oncological surgical volumes in four
Italian regions: Piedmont, Emilia-Romagna, Lazio, and
Puglia.

Materials and methods

Study design, population, and data sources

This is a multicentre retrospective study with a closed
cohort approach, carried out within the MIMICO-19
network [4] and based on the individual record linkage of
regional health administrative and statistical data sources
via a unique anonymous key [8].

The study population was derived from the health pop-
ulation registers and the last census held in 2011. It con-
sisted of the residents as of 1 January 2018 in Piedmont,
Emilia-Romagna, Lazio, and Puglia, aged >30 years at the
2011 census and still alive during the observation time.
The census was the source of information on the socio-
economic position (SEP) measured through the educa-
tional level in adulthood (i.e., in those aged =30 years at
census). Hospital discharge archives were used to retrieve
the outcomes of interest within the cohort from Janu-
ary 2018 to December 2021 (hospital discharge data for
Piedmont were available until July 2021). The average
surgical procedures carried out in the years 2018-19 were
considered the expected volumes (pre-pandemic period)
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and were compared with the observed volumes from the
inception of the COVID-19 pandemic (1st March 2020)
until the end of 2021 (pandemic period).

Outcomes

We chose eight indicators of elective surgical volumes
encompassing several specialties: total elective surgery,
prostatic hyperplasia surgery, laparoscopic cholecystec-
tomy surgery, two indicators of orthopaedic surgery (hip
and knee replacement), and three indicators of oncologi-
cal surgery (lung, colorectal, and female breast cancer).
Indicators were based on the definitions of the National
Healthcare Outcomes Programme run by the National
Agency for Regional Healthcare Services [6]. For each
indicator, we included all episodes registered in the study
population during the observation periods (Supplemen-
tal Table 1 presents the indicators and the International
Classification of Diseases, Ninth Revision codes used in
their definition).

Exposures and other variables
Educational level was our SEP indicator and it was cho-
sen because it is stable over time and able to capture
socioeconomic conditions from early life to adulthood
[9]. It was classified into three levels according to the
highest attained qualification: low (primary

education or less, corresponding to the 0-1 levels of the
International Standard Classification of Education 1997,
modified in 2011 (ISCED-11), middle (lower secondary
and short-cycle upper secondary education, ISCED-11:
2-3 C), high (from completed upper secondary onwards,
ISCED-11: from 3 A/B upwards) [10].

Age was classified into 5-year age bands (30-34,
35-39,...,85+).

The region corresponds to the region of residence of
the subject (Piedmont, Emilia-Romagna, Lazio, Puglia).

We defined six pandemic sub-periods according to
the evolution of the pandemic and the introduction of
preventive measures: (1) first wave and lockdown (1st
March-31st May 2020), (2) summer 2020 (1st June-30th
September 2020), (3) second wave (1st October 2020-
31st January 2021), (4) population vaccination phase
(1st February-30th April 2021), (5) summer 2021 (1st
May-31st July 2021), (6) Delta and Omicron spread (1st
August-31st December 2021). The first wave and lock-
down phase is not the focus of this study and therefore
results are only presented in the Supplementary material
for comparative purposes.

Statistical analyses

To evaluate if the post-lockdown recovery has benefit-
ted all educational levels equally, we employed both a
descriptive and an analytic approach.
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First, for each educational level separately, the volumes
of elective surgery in each pandemic sub-period were
compared with the expected volumes (average in the cor-
responding periods of years 2018-19) by means of the
percent change [(2020-21-2018-19)/2018-19*100].

Second, we fitted Poisson models adjusted for age,
sex, and region, and with an interaction term between
educational level and period. Through these models,
we estimated the Risk Ratio (RR), which compares the
cumulative incidence (or incidence proportion) of events
experienced by the study population during the pan-
demic with those in the pre-pandemic years for each sub-
period and educational level.

Results

The study covers a population of approximately 11 mil-
lion people, about 26% of the Italian inhabitants aged >30
years. Lazio contributes for almost 30% to the total pop-
ulation, Piedmont and Emilia-Romagna for about 25%
each, and Puglia for 21%. Women accounted for 53% of
the total and 56% of the population was aged less than
55 years. The proportion of highly educated people was
42% for men and 39% for women; low educated people
were generally older than the middle and highly educated
counterparts (Table 1).

Table 2 reports, for each indicator, absolute numbers
and percent changes from 2020 to 21 to 2018-19 by pan-
demic sub-period and educational level.

After a slight recovery during the 2020 summer
months following the first lockdown (March-May 2020-
Supplemental Fig. 1), volumes of orthopaedic, prostatic

(2024) 23:57

Page 3 of 10

hyperplasia, and laparoscopic cholecystectomy surgery,
procedures that are likely to be deferrable, dropped again
during the second pandemic wave (October 2020-Janu-
ary 2021) or the population vaccination phase (Feb-
ruary-April 2021). Prostatic hyperplasia surgery and
laparoscopic cholecystectomy surgery showed the larg-
est declines relative to the comparison periods in 2018-
19 (-32.8% during the population vaccination phase and
—36.7% during the second pandemic wave, respectively).
Oncological procedures underwent smaller average
reductions both during the lockdown and afterwards,
although breast and colorectal cancer surgery fell up
to one fourth during the 2020 summer months (June-
September). However big, volume contractions never
reached the negative peaks registered during the first
lockdown (Supplemental Fig. 1). During the last observa-
tion period (August-December 2021), all indicators but
total elective surgery, laparoscopic cholecystectomy, lung
and colorectal cancers surgery (i.e., knee and hip replace-
ment surgery, prostatic hyperplasia and breast cancer
surgery) returned to pre-pandemic levels (Table 2).

With few exceptions, a clear indirect educational gra-
dient was evident for all indicators and across all obser-
vation periods. Low educated people showed negative
percent changes most of the time (largest negative reduc-
tion occurring for prostatic hyperplasia surgery dur-
ing the population vaccination phase, percent change:
-53.04%) whereas among the highly educated, surgi-
cal procedures carried out during the pandemic period
sometimes outnumbered those registered in 2018-19

Table 1 Age, sex, and geographical distribution of the study population by educational level

Total Primary or less Middle school University degree or high
school
N col % N row % N row % N row %
Total 11285253 100 2653425 235 4097 864 36.3 4533964 40.2
Age 30-34 1027 789 9.1 28 836 2.8 337307 328 661 646 64.4
35-39 1301 261 11.5 45252 35 488 195 375 767 814 59.0
40-44 1387211 123 68 194 49 607 045 438 711972 513
45-49 1385961 123 93 553 6.8 654 606 47.2 637 802 46.0
50-54 1205712 10.7 129433 10.7 545210 452 531069 44.0
55-59 1074803 9.5 213490 199 446 661 416 414 652 386
60-64 1067 215 9.5 366 595 344 375798 352 324 822 304
65-69 875 398 7.8 414978 474 258 996 296 201 424 230
70-74 829353 7.3 487 390 588 197 748 238 144 215 174
75-79 598 533 53 417165 69.7 106179 17.7 75189 126
>80 532017 47 388539 73.0 80119 15.1 63 359 1.9
Sex Men 5280434 46.8 988318 18.7 2101313 39.8 2190 803 415
Women 6004819 53.2 1665107 27.7 1996 551 332 2343161 390
Region Piedmont 2754 385 24.4 641182 233 1132173 411 981030 356
Emilia-Romagna 2835490 251 656 041 23.1 1043 601 36.8 1135848 40.1
Lazio 3270338 29.0 601 211 184 1063 390 325 1605737 49.1
Puglia 2425 040 215 754 991 31.1 858 700 354 811349 335
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Access for elective surgery
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Fig. 1 Post-lockdown recovery in total elective surgery. Legend: Risk Ratios and 95% confidence intervals comparing the 2020-21 volumes to the 2018-19
average volumes adjusted for age by epidemic sub-period and educational level

appreciable. However, significant social differences
emerged: low educated people paid the highest toll in
volume reductions and by the end of 2021 they had not
caught up with pre-pandemic levels yet.

Interpretation and comparison with other studies

During the early stages of the pandemic, routine hos-
pital services were severely disrupted and elective
planned surgeries were cancelled or postponed, result-
ing in a variety of potential short and mid-term effects
on patient care. Early predictions estimated a weekly
decrease of 2.4 million elective surgical procedures
globally [11]. Real-world data showed that in many
European countries elective planned surgery fell dur-
ing 2020 [12], with drops ranging from 88% during the
first wave in Austria to 23% during the second wave in

the Netherlands [13, 14]. Curtailments were reported
for oncological procedures too, with reductions span-
ning from 8% during the whole 2020 in the Nether-
lands to 4% during the second wave in Austria [13, 14].
In Italy, both orthopaedic surgery and oncological pro-
cedures plunged during the first wave and throughout
2020 [4, 15, 16] and surgery for fractures of the neck
of the femur and hip replacement were still lower than
expected at the end of 2021 [17]. The results of this
study confirm what previous data have shown and, by
extending the follow-up to 2021, provides an up-to-
date picture of the mid-term effects of the COVID-19
pandemic on elective planned surgery. At the national
level, the sustained contraction of oncological surgery,
especially the breast cancer surgery, can be partially
explained by the important delays in the organised
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Fig. 2 Post-lockdown recovery in orthopedic, prostatic hyperplasia, and laparoscopic cholecystectomy surgery. Legend: Risk Ratios and 95% confidence
intervals comparing the 2020-21 volumes to the 2018-19 average volumes adjusted for age by epidemic sub-period and educational level

screening activities caused by the lockdown first and
the ongoing COVID-19 emergency later [18]. Addi-
tionally, this decrease in the organised screening test-
ing has been reported to be unequal, that is greater
among the lower educated and the immigrants [19].
The good news is that volumes of most of the indica-
tors of planned surgery considered in this study came
back to pre-pandemic levels. Despite this achieve-
ment, the impending surgical backlog resulting from
the activity contractions registered throughout 2020
and 2021 remains a critical concern for the National
Health System. For example, it has been estimated
that nationwide the number of hip replacement, lapa-
roscopic cholecystectomy, and breast cancer surgical
interventions dropped by 27,000, 42,000, and 7,800
procedures, respectively during the 2020-21 [6]. As it
has been extensively argued [20, 21], cancellations and
delays of elective surgical procedures may result in a
range of medical consequences affecting patients’ out-
comes and wellbeing. Indeed, while the patient awaits
surgery, the disease may progress and result in worse
outcomes, more morbid operations, more intense and
costly treatment, and higher mortality [20]. Two recent
meta-analyses quantified the consequences of surgery
delays for breast, lung, and colon cancers. Hanna et al.

reported a 6-8% increased chance of death for each
4-week delay in surgical treatment [22]. Johnson et al.
concluded that a 12-week delay in surgery was associ-
ated with decreased overall survival; estimates were
larger for stage I and II breast cancer suggesting that
survival in these patients may be especially sensitive to
surgical delays [23]. Treatment postponement.

has also been associated with deterioration of mental
wellbeing and quality of life in cancer patients [24] and in
those awaiting orthopaedic surgery in the United States
[25, 26].

The bad news is that the recovery of surgical vol-
umes has been socially unequal. Across all the indi-
cators analysed, the most vulnerable strata of the
population experienced the greatest contractions and
the most modest resumption to pre-pandemic levels.
In a previous paper, we reported that during the first
seven months of the pandemic, the social gradient in
hospital access and volumes, including the surgical
ones, became steeper compared to the 2018-19 period
[2]. Adding to what was already a worrisome finding,
the present study highlights not only that inequalities
persist, but also that the pace of recovery has been
slower throughout 2021 among the less educated. A
slower recovery may be attributed to several reasons,
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Fig. 3 Post-lockdown recovery in oncological surgery. Legend: Risk Ratios and 95% confidence intervals comparing the 2020-21 volumes to the 2018-19
average volumes adjusted for age by epidemic sub-period and educational level

including barriers of access in a still under-pressure
health system, patient’s selection and prioritisation
by surgical wards, or an actual shrinkage of the at-risk
population due to the harvesting effect of COVID-19,
which was likely stronger among the more deprived
population groups. Social inequalities in the surgi-
cal backlog re-entry have been reported elsewhere.
According to a study that looked at waiting lists in
July 2021 for planned hospital treatment, including
knee and hip replacements, people in England’s most
deprived areas were 1.8 times more likely to experi-
ence a wait of over a year for hospital treatment than
those in the most affluent areas [27]. Results for the
US return a mixed picture. On the one hand, a study
based on the American Society for Clinical Oncol-
ogy COVID-19 Registry, which followed about 5,000
patients with cancer from April 2020 to September
2022, found that both ethnicity and area-level social
determinants of health were associated with cancer
treatment delay or discontinuation [28]. On the other
hand, Glance et al. found that, among 3 470 905 adults
with inpatient hospitalizations for major surgery, the
reduction in operations was not differential between
White and ethnic minority patients [29].

The important inequities heightened by COVID-19
worldwide represent a public health failure but also
an opportunity to rethink and improve surgical care
provision, as suggested by the World Health Organi-
zation [7]. A multifaceted approach promoting the
partnerships between surgeons, primary care profes-
sionals, public health experts, and social scientists has
been proposed as an effective way forward to tackle
inequalities in surgical practice [30]. On a similar note,
the Italian Association of Medical Oncology has called
for patient-focused and decentralized care as a tool to
improve outcomes and quality of life of patients and to
reduce costs [31]. Redesigning the organisational mod-
els and strengthening the networking between oncolo-
gists and other specialists, hospital services, general
practitioners, and primary health facilities may opti-
mise patient’s management and contribute to closing
the equity gap in cancer care by retaining into the sys-
tem hard-to-reach and vulnerable populations.

Strengths and limitations

To the best of our knowledge, this is the first study
to assess educational inequalities in surgical volumes
throughout the COVID-19 pandemic in Italy, and one
of the few in Europe. Moreover, thanks to its extended
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follow-up, the study allowed us to track the recov-
ery’s pace over time and to assess inequalities trends.
The health information and administrative registries
sources virtually cover the entire resident population,
reducing the risk of selection bias, and allow to effi-
ciently follow people over time and to explore mul-
tiple outcomes simultaneously. Moreover, its wide
geographical coverage provides a fair approximation of
the national situation during the first two years of the
COVID-19 pandemic.

The main limitation of the study is that we assumed
that 2018-19 was the best comparison time for both 2020
and 2021. This approach, which has been widely used in
studies assessing the impact of the pandemic, does not
account for the harvesting effect of COVID-19, which, as
mentioned before, was likely stronger among the more
deprived population groups. Moreover, we could include
only those four Italian regions where integrated health
and socioeconomic data for the resident population are
available through the longitudinal studies. Although
these regions are scattered throughout the country and
therefore provide a fair approximation of the national
picture, it is pivotal to work towards data integration in
all the regions in order to have a common and consistent
system for monitoring health inequalities on a national
scale. Finally, data for Piedmont were not available for the
last observation period resulting in a reduction of the sta-
tistical power of the study.

Conclusions

During the first two years of the COVID-19 pandemic,
elective and oncological surgical volumes decreased in
numbers. Although some procedures returned to pre-
pandemic levels, the low educated experienced the big-
gest drops and the slowest recovery paving the way to an
increase in inequalities in surgical treatment.

Ongoing monitoring of local and national trends of
healthcare services provided to citizens and the assess-
ment of how different demographic and social groups
are performing should be included in pandemic pre-
paredness plans to ensure that arising or enduring social
inequalities are promptly recognised and tackled. To
such an extent, a nation-wide and up-to-date system of
health and social data is urgently needed. Simultaneously,
an equity-oriented appraisal, based on tools already avail-
able such as the health equity audit, can support service
improvement policies implemented at local, ragional, and
national levels.
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