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Abstract

BACKGROUND/OBJECTIVE

There is evidence that living with obesity can affect an individual’s pay and employment,
but there is little evidence on the impact of weight-management interventions in improving
labour market outcomes of individuals. We evaluate the impact of bariatric surgery on
monthly earnings and employee status among working-age adults, and examine variations

across sociodemographic characteristics.

METHODS

This population-based, retrospective longitudinal cohort study for England included
40,662 individuals who had a bariatric surgery procedure and obesity diagnosis between 1
April 2014 and 31 December 2022, with no bariatric surgery history in the previous 5 years,
and were 25 to 64 years old at the date of surgery. 49,921 individuals sampled from the
general population who had not had bariatric surgery were also included, matched by age
and sex. The main outcome measures were monthly employee pay - for all months and
only months where the individual was in paid employment — expressed in 2023 prices and

paid employee status.

RESULTS
Among people living with obesity who had bariatric surgery, there was a sustained increase
in monthly employee pay from six months after surgery with a mean increase of £84 per

month (95% confidence interval [Cl]: 63 -106) 5 years after surgery compared with the six
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months before surgery. There was a sustained increase in the probability of being a paid
employee from 4 months after bariatric surgery, with a mean increase of 4.3 percentage

points (95% CL: 3.7-4.9) 5 years after surgery.

CONCLUSION

Bariatric surgery is associated with an increased probability of being employed, resulting in
increased earnings. This suggests that living with obesity negatively impacts labour market
outcomes and that obesity management interventions are likely to generate economic
benefits both to individuals and on a macroeconomic level by increasing the likelihood of

employment of people living with obesity.
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Introduction

Poor health can affect an individual’s ability to work, impacting on employment, income,
productivity, and overall wellbeing (1). There is some evidence that ill-health can affect
labour market outcomes (2), but little evidence on the impact of health interventions in
improving labour market outcomes of individuals. Demonstrating the effect of health
interventions on economic outcomes could help increase the funding allocated to
healthcare for the working age population and the labour market supply, as well as support

economic growth.

Prevalence of obesity has been increasing globally (3). In England, 29% of adults aged 18
years and over were estimated to be living with obesity in 2022 and 64% living with
overweight (including obesity) (4). Obesity is associated with a wide range of chronic
conditions, including type 2 diabetes, sleep apnoea, heart failure and hypertension, as well
as premature morbidity (5,6). The increase in risk of morbidity and mortality with increased
BMl is larger among those under 50 years of age (6). Obesity can affect an individual’s
labour market status through generally poorer health, via development of obesity related
health conditions or through social discrimination (7). There is evidence that people living
with obesity are less likely to be in paid employment (8), earn less on average than people
not living with obesity, particularly among women (9), and have higher levels of sick leave

(10,11) . Therefore, interventions to tackle obesity could improve labour market outcomes.

Bariatric surgery is the most effective obesity intervention for sustained weight-loss (12),

leading to lower disease risk, particularly for type 2 diabetes, sleep apnea, nonalcoholic
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steatohepatitis and hypertension (13,14). There is also observational evidence of a
beneficial effect across multiple outcomes such as cancer (15) and reduced all-cause
mortality (16-18). It is therefore an ideal intervention to study the impact of weight-loss on
employment. In the 2022-2023 financial year in England, ~4,500 bariatric surgical
procedures or gastric balloon procedures (not including revision procedures) were carried
out (19). However, there is limited evidence on the impact of bariatric surgery and other
obesity care interventions on labour market outcomes. There is significant interest from
governments in understanding these impacts, for example in understanding the impacts of

weight-loss drugs in the UK (20).

Previous studies have reported inconsistent findings on the impact of bariatric surgery on
labour market outcomes; however, these have largely been based on small sample sizes
with limited follow-up (21-26). Nationwide studies using register data have been
conducted in Scandinavian countries, where linked population-level employment and
health datasets are established, and in Belgium using health insurance data. Findings from
these studies are inconclusive, with some reporting no changes in employment or earnings

and others a positive or negative effect (27-30).

To our knowledge, no whole population study on the labour market impacts of bariatric
surgery has been conducted in the UK. The UK has a publicly funded healthcare system
that is free at the point of use. There are high levels of economic inactivity (people neither
working nor seeking work) due to long-term ill health, which remains elevated compared
with pre-pandemic levels (31). Therefore, this provides an ideal setting to investigate the

labour market impacts of health interventions. We used a population-level linked dataset

4
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for England, comprising electronic health records, sociodemographic information, and pay
data for employees collected for tax purposes, to evaluate the long-term impact of
bariatric surgery on pay and employment. We further examined heterogeneity in effects by

sociodemographic characteristics.
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Methods

Study data

We used a linked, individual-level dataset for residents of England, combining: (1) Hospital
Episode Statistics (HES) Admitted Patient Care (APC) records from 1 April 2009 to 31
December 2022 (32); (2) sociodemographic characteristics from Census 2011, or from
Census 2021 if there was no link for the individual to Census 2011 (10% of individuals had
no link to the 2011 Census) (33); (3) Office for National Statistics (ONS) death registrations
for deaths that occurred from 1 January 2014 to 31 December 2022 and were registered by
31 December 2022. (34); (4) Office for National Statistics (ONS) birth registrations for births
that occurred from 1 January 2014 to 31 December 2022 and were registered by 31
December 2023 (35); (5) Pay As You Earn (PAYE) Real Time Information (RTI) records from
His Majesty’s Revenue and Customs (HMRC) covering 1 April 2014 to 31 December 2022.
These are records of gross earnings paid to employees and recorded for tax purposes for

the UK government, and are calendarised to monthly observations on employee status and

pay (36).

The PAYE dataset was linked to the Census 2011 and 2021 through the ONS Demographic
Index (37,38), which contains longitudinally linked administrative data providing
information on the population in England and Wales (39,40). The HES and death
registration datasets were linked to the 2011 Census through the linkage of 2011 Census

and NHS Patient Registers 2011-13 and the 2021 Census through the linkage of 2021
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Census and 2021 NHS Patient Demographic Service (41). All datasets were de-identified,

prior to being harmonised and analysed.

Study population and follow-up

We included individuals who had at least one episode in HES starting on or after 1 April
2014 and finishing on or before 31 December 2022, recording a primary or secondary
Office of Population Censuses and Surveys (OPCS) code for bariatric surgery, concurrently
with either a primary International Classification of Diseases (ICD-10) code for obesity or a
secondary code for obesity and a primary code for an obesity-related condition (code lists
in Supplementary Table 1). Individuals were excluded if they had at least one record in
HES for a prior bariatric surgery procedure with episode end from 1 April 2009 and episode
start on or before 31 March 2014. The procedure date of each individual’s first episode for
bariatric surgery with an obesity diagnosis in the follow-up period was assigned as their

index date.

An unexposed sample was created of individuals enumerated in the 2011 Census who did
not have a record for bariatric surgery in HES either in the follow-up time (episode end date
from 1 April 2014 to 31 December 2022) or in the five years prior. The purpose of this
sample was to adjust more accurately for time-varying confounders, which would be
partially collinear with the within-individual treatment effect in the exposed cohort. In order
to apply the age-based study inclusion criteria to the unexposed cohort, an index date was
randomly assigned to individuals in the unexposed sample using the same distribution of

operation dates as the bariatric surgery cohort (Supplementary Text 1). The unexposed
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population was sampled using stratified sampling by sex and five-year age band (for age at

index date) to match the age-sex distribution in the bariatric surgery cohort.

We restricted the sample to individuals who could be linked to a valid Census record for at
least one of the 2011 or 2021 Censuses, were resident in England and could be linked to at
least one encrypted National Insurance number (NINo: the unique ID for each individual
with data held by HMRC, including those paid via the PAYE system) and the Patient
Registers 2011-13 (for individuals with a 2011 Census ID) or the 2019 Patient Demographic
Service (for individuals with a 2021 Census ID) to enable linkage to the HES and deaths
datasets. The sample was further restricted to individuals aged 25 to 64 years on the index
date and who did not turn 65 of age before the end of that month, to include only

individuals of working age and exclude the majority of students.

Individuals were followed up for a maximum of five years pre- and post-surgery, between 1
April 2014 and 31 December 2022 (the calendar time covered by reliable PAYE data for
outcomes). Follow-up time was right-censored at the earliest of death or turning age 69,
and left-censored before turning age 21, to provide four years of potential follow up time

before and after surgery.

The dataset linking and sample selection process for both exposed and unexposed cohorts
is illustrated in Supplementary Figure 1 and a sample flow is provided in Supplementary

Tables 2 and 3.
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Exposure and outcome variables

The exposure was time before or after the bariatric surgery procedure, with the six months
before surgery being the reference period. Exposure time was included as monthly time
periods for the month of surgery and the following five months to capture short-term
effects after surgery; and as six-monthly periods thereafter to capture long-term effects.
The time before surgery was also included in the exposure time variable as six-monthly
periods to enable testing for pre-surgery trends. The month in which surgery occurred was
defined as exposure month 1. The reference period, to which all time periods were
compared, is the six months before surgery (exposure time 0). The exposure time was fixed

at 0 for individuals in the unexposed sample.

Two outcomes were analysed: monthly employee pay (humerical: 2023 Sterling values);
and paid employee status (numerical: 0/1). Being a paid employee was defined as
receiving any monthly pay greater than zero. For the pay outcome, analyses were
conducted on both the full dataset (employee pay overall) and on a dataset including only
the months for which individuals were a paid employee (employee pay among those in

employment).

Information on all variables included in the models is reported in Supplementary Table 4.

Statistical analysis

We described the data using either mean or percentage for a range of sociodemographic

variables for the exposed and unexposed individuals, and compared the two groups using



Bermingham et al. Int J Obes (2026). https://doi.org/10.1038/s41366-025-01995-z

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

standardised mean differences. Standardised mean differences greater than 10% in

absolute value indicated a large imbalance between the groups (42).

We compared the unadjusted outcomes (employee pay overall; employee pay among paid
employees; paid employee status) over exposure time for the exposed and unexposed

individuals. We also compared the unadjusted outcomes over calendar time and age.

We analysed the change in monthly earnings and employee status following surgery, with
individuals acting as their own controls. We fitted linear regression models (or linear
probability models in the case of employment status as an outcome), with individual-level
and calendar-time fixed effects; exposure time was included in the model with a reference
level of the six-month period before surgery for the exposed group and all time periods for
the unexposed group (Supplementary Text 2). Individual fixed effects capture
confounding that does not vary within individuals over time; calendar month-year fixed
effects were included as there could be factors which vary over calendar time for all
individuals, such as background labour market conditions in the macroeconomy. The
model was also adjusted for age in years (on the last day of each month) as a time-varying
covariate, to account for changes due to ageing. Age was modelled as a natural cubic
spline with four internal knots at the 20", 40™, 60" and 80" centiles and boundary knots at
the 10™ and 90" centiles of its distribution; the number of knots was chosen by minimising

the BIC.

We estimated robust standard errors accounting for within-individual correlation to

accompany the estimated treatment effects, as well as 95% confidence intervals.

10
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Secondary analyses are described in Supplementary Text 3, sensitivity analyses in

Supplementary Text 4 and placebo tests in Supplementary Text 5.

All analyses were carried out in R version 3.5.1. Dataset linkage and cleaning was carried
out in SparklyR using Spark version 2.4.0. The statistical software package “lfe” version

3.0.0 was used to carry out the fixed effects linear regression modelling.

Code availability

The code used for the analysis is available on Github (51).

11
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Results

Characteristics of the study population

We identified 43,968 individuals who had bariatric surgery with a hospital obesity diagnosis
during follow-up, with no prior history of bariatric surgery. After restricting to those aged 25-
64 years at time of surgery, resident in England and who could link to census and PAYE
datasets, 40,662 individuals (92.5%) remained for analysis (Supplementary Table 2). We
included a cohort of 49,921 sex- and age-matched individuals in Census 2011 who had not

had bariatric surgery (Supplementary Table 3).

The characteristics of the study population are shown in Table 1 (variables are defined in
Supplementary Table 4). Individuals who were living with obesity and had bariatric surgery
had a mean age of 45 years, 80% were female and 85% were of White ethnicity. Compared
with the cohort who had not had bariatric surgery, those who had a bariatric surgery
procedure were broadly similar by ethnic group distribution, but were less likely of Asian and
more likely of Black ethnicity. The largest differences between the two groups were observed
for severity of comorbidities measured using the Charlson Comorbidity Score
(Supplementary Text 6) , disability, region of residence and area-level socioeconomic
deprivation, with people who had bariatric surgery more likely to have more severe

comorbidities, have a disability and live in more deprived areas.

The overall median follow-up was 88 months, with a maximum of 105 months for both those

who had bariatric surgery and those who did not. In those with bariatric surgery, median

12
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follow-up time was 48 months pre-surgery and 57 months post-surgery (Supplementary

Table 5).

The most common bariatric procedures were Roux-en-Y bypass (20,427; 50.2%) and sleeve
gastrectomy (15,329; 37.7%) (Supplementary Table 6). The number of procedures
performed each month remained consistent until the COVID-19 pandemic, where large

decreases were seen in the number of operations performed (Supplementary Figure 2).

Unadjusted analyses

The unadjusted analyses do not account for differences between individuals who
underwent bariatric surgery and those who did not, such as socioeconomic status, or
changes over time such as aging and background economic conditions. Among individuals
who underwent bariatric surgery, the employment rate was 56.2% in the pre-surgery and
52.9% in the post-surgery period (Supplementary Table 7). Unadjusted median monthly
deflated earnings (with no winsorisation applied) were £1,368 in the pre-surgery and £1,337
in the post-surgery period; corresponding figures when omitting months for which people
were notinworkwere £2,437 and £2,528. Earnings and employmentrate were higheramong
those who did not undergo bariatric surgery, with median monthly earnings of £1,828 overall
and £2,901 among those in work only, and an overall employment rate of 64.7%.
Employment rate and overall earnings were lower post- than pre-index date, as they were

for those who underwent bariatric surgery.

The unadjusted monthly mean deflated employee pay for people who underwent bariatric

surgery, overall and among those in work, followed similar trends in exposure time as those

13
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for people who did not undergo bariatric surgery. However, there was a reduction in the
month of and following the operation for pay overall and among those in work, before a
recovery to the pre-operation levels (Figure 1). There was a similar post-operation drop and
recovery in the probability of employment for the people who underwent bariatric surgery.
However, there was also a steeper decline in the probability of employment leading up to
the operation than the overall decline in the probability of employment seen among the
people who did not undergo bariatric surgery. Trends in pay and employment were broadly
similar with some small differences by calendartime and age differed slightly between those
who had bariatric surgery and those who did not (Supplementary Text 7 and

Supplementary Figures 3 and 4).

Effect of bariatric surgery on employee pay and paid employee status

Bariatric surgery was associated with a sustained increase in the probability of being a paid
employee (Figure 2; Supplementary Table 8). Compared to pre-surgery level, the
probability of being a paid employee decreased by 0.8 (95% Cl: 0.6-1.0) percentage points
in the month after surgery, increasing to pre-surgery levels by the third month after the
month of surgery. The employment probability then increased by 1.5 (95% Cl: 1.3-1.8)
percentage points in months 6-12 after surgery and continued increasing, reaching a
maximum of 4.3 (3.7-4.9) percentage points higher than pre-surgery levels in the months 54-
60 after surgery. There was evidence of pre-surgery trends, with increased probabilities in

the months before surgery compared to the 6 months immediately prior to surgery.

14
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Bariatric surgery was associated with a sustained average increase in employee pay,
following a short decrease in pay in the first few months following surgery. Compared with
the pre-surgery levels, employee earnings decreased in the month after surgery by an
average of £117 (95% CL: 110-124), before increasing to pre-surgery levels by the fourth
month after surgery (Figure 2; Supplementary Table 9). Compared to the six months before
surgery, employee pay then increased to £61 (95% Cl: 49-72) more than pre-surgery levels
in months 18-24 after surgery, and continued to gradually increase compared to the six
months before surgery to £84 (63-106) more than pre-surgery levels in months 54-60 after

surgery. There were no pre-surgery trends for employee pay overall.

By contrast, bariatric surgery was not strongly associated with an increase in pay among
those in work, where only the months in which individuals were in paid employment were
included in the analysis (Figure 2; Supplementary Table 10). Pay among those in work
initially decreased in the month after surgery, by an average of £206 (95% CL: 194-218)
compared with pre-surgery levels, before increasing to pre-surgery levels by the fifth month
after surgery. However, employee pay among those in work remained only slightly above or
the same as pre-surgery levels in the following months, with a maximum of £21 (95% CL: 6-

36) more than pre-surgery levels in months 18-24 after surgery.

There were no pre-surgery trends for employee pay overall and only a very small, possible

downward trend in the pre-surgery trends for employee pay among those in work.

15
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Secondary analyses

For most of the treatment interactions investigated, the overall trends were broadly similar
for each group, with an initial decrease followed by an increase in employee pay and
probability of paid employment and no change in pay among those in paid employment
(Supplementary Text 3, Supplementary Figures 5-22 and Supplementary Table 11).
There was a higher increase in pay and probability of paid employment after bariatric surgery
among those who had more severe comorbidities, however pretrends make the

interpretation of the pay outcome in particular more challenging.

Sensitivity analyses

Results from sensitivity analysis looking at the impact of the timing and length of the
reference period were consistent with the findings of the main analysis (Supplementary
Text 4 and Supplementary Tables 12-17). There were slightly higher estimates of the
association of surgery with the probability of being a paid employee when omitting data from
the COVID-19 pandemic period, starting from 12 months after surgery (Supplementary
Table 18). Results from placebo tests supported the robustness of the analysis method

(Supplementary Text 5 and Supplementary Figures 23 and 24).
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Discussion

Main findings

In this nationwide study in England, we found that bariatric surgery led to an increase in the
probability of employment sustained from four months to five years after surgery (the end of
the follow-up period). Individuals were on average 3.7 percentage points more likely to be in
paid employment 1-5 years after surgery, reaching a maximum of 4.3 percentage points
more likely to be in paid employment 54 to 60 months after surgery. This was also reflected
in overall earnings: The total average cumulative increase in pay over 5 years after surgery
was £3,180, which is a substantial part of the cost of surgery (43). however, there was little
change in pay among only those in paid employment after the initial decrease, suggesting
that the increase in pay was largely driven by the increased likelihood of being in paid

employment, rather than changes in the rate of pay or hours worked.

The higher probability of being in paid employment after surgery, leading to increased overall
pay, is likely to be driven by intentional weight-loss maintenance as a result of having had
bariatric surgery, leading to an increase in general health, a lower likelihood of developing
obesity related conditions, lower levels of social discrimination or stigma (44), or a
combination of these factors. This either enables individuals who had left the workforce to
return or decreases the rate at which individuals are leaving the workforce. The secondary
analysis showing that the increase in probability of paid employment after bariatric surgery
is larger among individuals with more severe comorbidities supports better health being a

driver of the improvements in economic outcomes.
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Comparison with other studies

There is substantial evidence that a higher BMI is associated with lower pay, lower
probability of employment, and high levels of sickness leave (8-11). However, evidence for
the effect of bariatric surgery on these outcomes is more limited, often based on smaller
sample sizes (21-26). AUK based study of 1,011 bariatric surgery patients found an increase
in employment post-surgery (25). However, follow-up was limited to 30 months and no
comparison group who had not undergone bariatric surgery was included. To our knowledge,
four nationwide, registry-based studies on the labour market effects of bariatric surgery
have been carried out, with none in the UK. In Sweden, no change in pay or employment was
observed over the 5 years after surgery (15,828 individuals who underwent bariatric surgery)
(27); in Denmark, an increased probability of being in full-time employment 1-3 years after
surgery was found but not in the longer term. There was a sustained increase in the
probability of being in full-time employment for men, craftsmen and office workers (5,450
individuals who underwent bariatric surgery) (28). The third study, also conducted in
Denmark, showed a lower risk of unemployment 5 years after surgery among men, but a
higher risk in women and a higher risk of sickness absence up to 5 years after surgery in both
men and women (10,328 individuals who underwent bariatric surgery) (30). A fourth study,
in Belgium, found higher levels of employment 3 years after bariatric surgery (16,276

individuals who underwent bariatric surgery) (29).

Contrary to the Scandinavian registry-based studies, we found a sustained increase in

employment after bariatric surgery in both men and women; however, we did not observe a

18
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change in pay among those in employment. Some differences could be related to the

national differences in healthcare or the labour market and welfare system.

Strengths and limitations of this study

To our knowledge, this is the largest population-wide study of labour market outcomes of
bariatric surgery internationally, and the only such study outside of Scandinavia and
Belgium. This investigation was made possible by a new national linked dataset comprising
electronic health records, sociodemographic information and monthly pay records, which
is the first linked dataset containing labour market and health data with near-complete

coverage for individuals in England.

We did not have reliable data on hours worked, therefore we could not distinguish changes
in hours worked from changes in rate of pay. In addition, individuals who were self-employed
were not included in the PAYE dataset and would be classed as not a paid employee in our
analysis, along with people who were employed but not receiving pay (for example, due to
maternity leave or sick leave). We also did not have information on benefits received, such

as sick leave and disability benefit, which could be impacted by having bariatric surgery (26).

We used a sample of people from the general population who had not undergone bariatric
surgery to better account for time-varying confounding, independently of the effect of
bariatric surgery. There were large differences between those who underwent bariatric
surgery and those who did not for some sociodemographic characteristics, such as area-
level socioeconomic deprivation, with a higher proportion of people who underwent

bariatric surgery living in more deprived areas than in the general population. This may have
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contributed to the pre-surgery trends seen in some subgroups. An unexposed group
constructed of the population eligible for bariatric surgery, but who did not undergo surgery,
using information such as BMI (not available for this analysis) could be used as a
comparison group, which may enable time-varying confounders (i.e. calendar time and

ageing) to be better accounted for.

Bariatric surgery is highly effective, making it an ideal intervention to study the impact of
weight-loss on employment outcomes. However, only a small percentage of the population
eligible for bariatric surgery receive it, and the population who do differs from those eligible
but who do not receive bariatric surgery (45). Further studies of alternative obesity care
interventions, such as pharmaceutical interventions and weight-management programmes,
are needed to enable comparisons between different interventions and employment

outcomes.

The impact of bariatric surgery on economic outcomes is one of the factors to consider when
appraising the impacts, positive and negative, of the procedure, alongside impacts to
individual’s health, changes to future healthcare utilisation and potential complications.
However, the impact of bariatric surgery on an individual’s economic outcomes are not
usually considered when calculating cost-effectiveness (47,48), or are estimated based on
strong assumptions (12,24,49). Estimates such as those produced by this analysis will aid
in providing a more complete picture of the impact of bariatric surgery, supporting more

robust health-economic appraisal (50).
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Conclusions

In our study, bariatric surgery resulted in a sustained increase in the probability of being a
paid employee from four months after surgery over the five-year follow-up period, leading to
increased earnings. This suggests that living with obesity negatively impacts labour market
outcomes and obesity care interventions are likely to generate substantial economic
benefits by increasing earnings and employment of people living with obesity, mediated by

intentional weight-loss maintenance due to having had bariatric surgery (46).
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The source data used in this study is subject to controlled access due to its sensitive nature.
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Figure Legends

Figure 1: Unadjusted mean monthly employee pay and probability of being a paid
employee over time before and after surgery for individuals with an obesity diagnosis who

underwent bariatric surgery and individuals who did not undergo bariatric surgery
Figure 1 footnotes:
1. Payis expressedin 2023 prices.

2. Month 0is the month in which the surgery occurred for the treated cohort and a

randomly assighed month for the unexposed sample.

Figure 2: Effect of bariatric surgery on monthly employee pay and probability of being a

paid employee before and after surgery
Figure 2 footnotes:

1. Month 0to 1isthe month in which the surgery occurred for the treated cohort and a

randomly assigned month for the unexposed sample.

2. Months-61to0 0is the reference period to which all other time periods are compared.
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Table 1: Characteristics of the study population. Numbers are mean (standard deviation)

or frequency (%).

Absolute
Characteristic Level Bariatric surgery No bariatric surgery |standardised
difference
All people (n) - 40,662 49,921
Age (mean, SD) 454 (9.9) 45.4 (10.0) 0.1%
Sex (n, %) Females 32,344 (79.5) 39,713 (79.6) 0.0%
Asian 1,650 (4.1) 4,231 (8.5) 23.9%
Black 2,496 (6.1) 1,874 (3.8)
Ethnic group (n, %) Mixed 1,002 (2.5) 857 (1.7)
Other 824 (2.0) 461 (0.9)
White 34,616 (85.1) 42,252 (84.6)
Missing or not stated 74 (0.2) 246 (0.5)
Yes - reduced a lot 6,742 (16.6) 2,397 (4.8) 55.0%
Disability (n, %) Yes - reduced a little 6,667 (16.4) 3,165 (6.3)
No 27,179 (66.8) 44,113 (88.4)
Missing or not stated 74 (0.2) 246 (0.5)
0 22,794 (56.1) 45,786 (91.7) 89.2%
Charlson Comorbidity L S () AT (a15)
SO ([0, 20 2 4,790 (11.8) 812 (1.6)
3+ 3,177 (7.8) 531 (1.1)
1 (most deprived) 5,552 (13.7) 4,808 (9.6) 36.0%
2 6,122 (15.1) 4,790 (9.6)
3 5,767 (14.2) 5,179 (10.4)
4 4,885 (12.0) 5,119 (10.3)
IMD decile (n, %) 5 4,089 (10.1) 4,880 (9.8)
6 3,749 (9.2) 5,051 (10.1)
7 3,240 (8.0) 5,290 (10.6)
8 2,807 (6.9) 4,896 (9.8)
9 2,547 (6.3) 4,920 (9.9)
10 (least deprived) 1,904 (4.7) 4,988 (10.0)
North East 4,460 (11.0) 2,308 (4.6) 40.5%
North West 2,881 (7.1) 7,106 (14.2)
Yorkshire and The Humber 2,834 (7.0) 4,948 (9.9)
. East Midlands 1,980 (4.9) 4,179 (8.4)
Region (n, %) West Midlands 4,988 (12.3) 4,731 (9.5)
East of England 3,281 (8.1) 5,167 (10.4)
London 8,623 (21.2) 8,563 (17.2)
South East 8,112 (19.9) 8,181 (16.4)
South West 3,503 (8.6) 4,738 (9.5)
Higher managerial, administrative and 2,403 (5.9) 5,245 (10.5) 25.0%
professional occupations
Lower managerial, administrative and 8,637 (21.2) 12,144 (24.3)
o professional occupations
NS-SEC (n, %) Intermediate occupations 6,757 (16.6) 8,305 (16.6)
Small employers and own account workers 2,703 (6.6) 3,575 (7.2)
Lower supervisory and technical 2,502 (6.2) 2,593 (5.2)
occupations
Semi-routine occupations 7,963 (19.6) 7,530 (15.1)
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Routine occupations 4,423 (10.9) 4,206 (8.4)
Never worked 2,266 (5.6) 2,146 (4.3)
Long-term unemployed 1,086 (2.7) 957 (1.9)
Full-Time students 1,726 (4.2) 2,785 (5.6)
Missing or not stated 196 (0.5) 435 (0.9)
No qualifications 6,423 (15.8) 5,693 (11.4) 25.5%
Level 1 qualifications 7,449 (18.3) 7,673 (15.4)
Level 2 qualifications 8,353 (20.5) 8,823 (17.7)
Highest qualification Apprenticeship 682 (1.7) 757 (1.5)
(n, %) Level 3 qualifications 6,272 (15.4) 7,163 (14.3)
Level 4 qualifications and above 9,691 (23.8) 16,914 (33.9)
Other: Vocational/Work-related 1,596 (3.9) 2,463 (4.9)
qualifications/Foreign qualifications)
Missing or not stated 196 (0.5) 435 (0.9)
Rural/Urban (n, %) Urban 35,178 (86.5) 42,233 (84.6) 5.4%
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Supplementary Material

Supplementary Text

Supplementary Text 1: Assignment of ‘operation date’ to individuals in the unexposed
datasets

We randomly assighed an index date to individuals who did not undergo bariatric surgery,
in the same proportions by calendar month as the number of operations each month for
individuals who did undergo bariatric surgery. We then used stratified sampling to sample
the dataset of individuals who did not undergo bariatric surgery in sex and five-year age
group in the same proportions as for the individuals who underwent bariatric surgery and
had an obesity diagnosis.

Supplementary Text 2: Modelling further details

The aim of this study is to evaluate the effect of bariatric surgery on monthly earnings and
employee status among working-age adults in England. We conducted a retrospective
cohort study with a pre-post design: we analysed the change in monthly earnings and
employee status following surgery, with individuals acting as their own controls, like in
Self-Controlled Case Series (SCCS). We used a non-exposed group to control for time-
varying confounders such as age and calendar time, as is best practice in SCCS (1).

The equation for modelling is:

Yie = a; + A + BiT + Bof (Ageir)

where Y;; is the outcome (monthly employee pay or paid employment status), which varies
for individuals (i) and over time (t)), a; are individual level fixed effects, A; are calendar time
fixed effects, T is time to/since surgery and Age is age in years. Age was modelled as a
natural cubic spline with four internal knots at the 20", 40", 60™ and 80" centiles of its
distribution and boundary knots at the 10" and 90" centiles of the age distribution, and
coefficients f5,. The effect of time to/since surgery on the outcomes is given by the
coefficients f;.

1. Whitaker HJ, Farrington CP, Spiessens B, Musonda P. Tutorial in biostatistics: The
self-controlled case series method. Stat Med. 2006;25(10):1768-97.

Supplementary Text 3: Secondary analyses
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Methods

We investigated heterogeneity of treatment effects across sociodemographic factors with
an interaction between each sociodemographic variable of interest and the exposure.
When investigating each sociodemographic factor as a potential effect modifier, we also
included two-way interactions between the sociodemographic variable and each of age
and calendar time to account for heterogenous time-varying confounding. The
sociodemographic factors we investigated were: age at index date (in 10-year age bands,
from 25-34 to 55-64 years), sex, region of residence in England, ethnic group, Index of
Multiple Deprivation (IMD) quintile group, whether resident in a rural or urban area and
severity of comorbidities (Supplementary Table 4).

Giving birth can have a large effect on pay and employment (44), and the likelihood of birth
may be different before and after surgery, we investigated the extent to which birth could
affect the results by controlling for time-varying dummy variables (on a monthly basis)
indicating whether an individual had given birth in the last year, or in the last five years not
including the last year. As birth could also be hypothesised as a mediator rather than a
confounder of the effect of bariatric surgery on pay and employment, in the main analysis it
was not adjusted for.

Results

For most of the treatment interactions investigated, the overall trends were broadly similar
for each group, with an initial decrease followed by an increase in employee pay and
probability of paid employment and no change in pay among those in paid employment.

However, there were differing trends by age group (Supplementary Figures 5-7). For the
group of 25-34 years of age, there was an increase in pay from six-months after surgery,
mirroring the main analysis, but this reduced over time, reaching similar and then slightly
lower levels than pre-surgery. This trend was also seen in the group of 35-44 years but at a
later time after surgery. The probability of employment remained higher than pre-surgery
levels for all age groups from six-months after surgery; however, for the group aged 25-34
years, pay among those in work decreased to lower than pre-surgery levels 24 months after
surgery. Differences in pre-surgery trends may affect the results for this group.

The change in employee pay overall and employment after surgery was greater for men
(Supplementary Figures 8-10). The probability of being a paid employee increased to a
maximum of 5.8 percentage points higher than pre-surgery in months 54-60 in men
compared to 3.9 in women. Employee pay for women plateaued at an average of £51 higher
than pre-surgery from 18 months after surgery, whereas the effect for men was higher and
continued increasing to reach £195 more than pre-surgery 54-60 months after surgery.
Accounting for changes in birth rates among women before and after surgery had little
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impact on the overall estimates, with only a slight increase in pay overall, within the
confidence limits of the main analysis (Supplementary Table 11).

Employee pay overall did not increase after bariatric surgery for people of Asian or Mixed
ethnic groups and the probability of being a paid employee did not increase for people of
Asian ethnicity (Supplementary Figures 11-13). However, the number of people in these
ethnic groups is low, therefore the uncertainty in the results was higher.

The trends were broadly similar by area deprivation (IMD quintile), with a greater increase in
the probability of paid employment from six-months after surgery for people living in the
more deprived areas (Supplementary Figures 14-16). The trends were also broadly similar
by region (Supplementary Figures 17-19). However, there were notable differences in some
pre-surgery trends for the analyses by region and IMD, which may have influenced the
results.

The increase in pay and probability of paid employment was greater among individuals who
have more sever comorbidities. However, there were pretrends, particularly in the pay
results, which may have influenced the results.

Discussion

Reasons for differences in the increase in pay after bariatric surgery between men and
women are not known. We found that, accounting for recent births, resulted only in a small
change in the effect of bariatric surgery on the outcomes; therefore, factors other than
differences in fertility after surgery are likely involved.

Some differences seen by ethnic group could be related to different eligibility criteria for
bariatric surgery by ethnicity, with a lower BMI threshold determining procedure eligibility
for people of South Asian, Chinese, other Asian, Middle Eastern, Black African or African-
Caribbean family background (49).

Itis possible that modelling trends in employment and pay is more challenging for younger
people due to the volume of these people entering into the job market for the first time,
therefore recording a large increase in pay, and higher differences between the unexposed
and exposed samples, particularly in the 21-25 age range.

Supplementary Text 4: Sensitivity tests

We carried out sensitivity analyses to investigate the impact of changing the timing and
duration of the reference time period, and to evaluate the extent to which changes in the
outcomes due to the COVID-19 pandemic were accounted for.
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We investigated the extent to which the baseline period specification (six months prior to
the month of surgery in the main analysis) affected the results by varying the timing and
length of the baseline period.

Extending the baseline period from 6 months to 12 or 24 months before surgery increased
slightly the estimates for employee pay, particularly for pay among those in work, but
decreased the estimates of probabilities of being a paid employee (Supplementary Tables
12-14). Changes in estimates were within the confidence limits of the main analysis
estimates. Moving the six-month baseline period to earlier time periods before surgery (6-
12 months, 12-18 months, and 24-30 months before surgery) sequentially reduced the
estimated post-surgery rise in the probability of being a paid employee, with estimates
outside the confidence limits of the main results (Supplementary Tables 15-17). Among
those in work, there was little change to employee pay after the initial decrease in pay
following surgery, and there was a slight increase in the estimates for employee pay overall
when moving the baseline period to 6-12 months and 12-24 months before surgery.
However, there was a slight decrease when moving it to 24-30 months before surgery, all
within the confidence limits of the main analysis estimates.

The COVID-19 pandemic caused changes to macro-level average pay and employment
rates, as well as to the scheduling of surgeries (with a reduced number of elective
procedures taking place during the public health emergency). We therefore investigated
the extent to which controlling for calendar time addressed these changes in the main
analysis by re-running the model while omitting months from March 2020 onwards.

Omitting data from the COVID-19 pandemic period resulted in consistently higher estimates
of the association of surgery with the probability of being a paid employee, starting from 12
months after surgery (Supplementary Table 18). Higher estimates were also seen for
employee pay overall, although within the confidence limits of the main analysis. This could
be due to the pandemic having a greater impact on people living with obesity compared to
the general population (50), resulting in differences in the trends of employmentin calendar
time. This is seen in the unadjusted trends of probability of employment in calendar time,
with a larger reduction in employment rate for people who underwent bariatric surgery
(before undergoing the surgery) compared with people who did not undergo bariatric surgery.

Supplementary Text 5: Placebo tests

We conducted placebo tests for which we would expect to observe null results (i.e., ho
trends in outcomes before or after surgery) if our models were working as intended,
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providing assurance that any non-null finding from the main analysis was a robust causal
estimate.

We first tested for effects before surgery by censoring the data for the exposed cohort at
the date of surgery using the period 30-36 months before surgery as the reference period,
as well as all time-periods for the unexposed sample; as in the main analysis.

We also tested for effects in the unexposed population by using only this sample,
randomly assigning individuals in this sample to be either ‘treated’ or ‘untreated’, and then
using the randomly assighed index date to set a reference period and time periods
before/after surgery for the ‘treated’ group.

No effects were found for employee pay overall or pay among those in work for either
placebo test (Supplementary Figures 20 and 21). For the first placebo test, censoring the
data at index date and setting the reference period to be 36 to 30 months before this date,
there was a small negative change in probability of being a paid employee after surgery,
which is in line with the pre-surgery trends seen for this outcome. For the second placebo
test, using only the unexposed data and randomly ‘treating’ half of this population, no
effects were found for the probability of being a paid employee.

Supplementary Text 6: Calculation of the Charlson Comorbidity Score

We used a five year diagnosis history up to and including the date of bariatric surgery of all
primary and secondary diagnoses recorded in the Hospital Episode Statistics dataset to
calculate the Charlson Comorbidity Score for all individuals in the study population. For
individuals who had not undergone bariatric surgery, we used the 5 years up to and
including the randomly assighed index date. We used the Quan version of the Charlson
Comorbidity Index for ICD10 codes [1], with updated weights [2].

[1] H. Quan, V. Sundararajan, P. Halfon, A. Fong, B. Burnand, J.-C. Luthi, L. D. Saunders,
C. A.Beck, T. E. Feasby and W. A. Ghali, “Coding Algorithms for Defining Comorbidities
in ICD-9-CM and ICD-10 Administrative Data,” Medical Care, vol. 43, no. 11, pp. 1130-
1139, 2005.

[2] H. Quan, B. Li, C. M. Couris, K. Fushimi, P. Graham, P. Hider, J.-M. Januel and V.
Sundararajan, “Updating and Validating the Charlson Comorbidity Index and Score for
Risk,” American Journal of Epidemiology, vol. 173, no. 6, pp. 676-682, 2011.
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Supplementary Text 7: Unadjusted trends on outcomes in calendar time and by age and
sex

We compared the unadjusted outcomes over calendar time (month-year) — including only
the pre-surgery data for the exposed cohort to omit changes that may be due to the surgery
—and by age atindex date for each sex.

Trends in pay by calendar time were broadly similar for people who underwent bariatric
surgery (both overall and including only pre-operation time) and people who did not undergo
bariatric surgery (Supplementary Figure 3). However, employment trends increased overall
over time for the people who underwent bariatric surgery, more so when omitting post-
operation data, whereas they decreased overall for the people who did not undergo bariatric
surgery. Both groups had a small drop in the probability of employment around April 2020,
the first COVID-19 pandemic wave.

Trends in mean monthly deflated employee pay and the probability of being a paid
employee differed slightly between the people who underwent bariatric surgery and those
who did not by age and sex (Supplementary Figure 4). There was generally a larger
difference in pay in midlife (ages ~40-50), with higher employee pay among the people who
did not undergo bariatric surgery. The probability of being a paid employee increased from
age 21 to 25 years among the people who did not undergo bariatric surgery but remained at
a stable level for the exposed sample and started to decrease earlier among the people
who underwent bariatric surgery (~ age 50 compared to ~age 54).

38



Bermingham et al. Int J Obes (2026). https://doi.org/10.1038/s41366-025-01995-z

795

796
797

798

799

Supplementary Tables

Supplementary Table 1: Clinical codes used to define diagnoses and procedures in the
Hospital Episode Statistics Admitted Patient Care dataset

Diagnosis or procedure Codes
Bariatric surgery OPCS-4 codes, primary and secondary
procedures

One-anastomosis gastric bypass
Duodenal switch

Sleeve gastrectomy

Gastric band

Roux-en-Y bypass

Gastric balloon

Endoscopic sleeve gastroplasty

G281, G302, G304, G312
G282, G283, G284, G716
G285

G303

G321, G331

G481, G485

G301

Primary diagnosis of obesity

ICD-10 codes, primary diagnosis
E660, E661, E662, E668, E669

Secondary diagnosis of obesity

ICD-10 codes, secondary diagnosis
E660, E661, E662, E668, E669

Primary diagnosis of an obesity related condition
Diaphragmatic hernia
Gastro oesophageal reflux

Gastritis and duodenitis
Nausea vomiting

ICD-10 codes, primary diagnosis
K440, K441, K449
K210, K219

K290-9
R11X
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Supplementary Table 2: Sample flow of individuals in the dataset who underwent bariatric

surgery and had an obesity diagnosis

Sample selection criteria

Main sample (had bariatric surgery with an
obesity diagnosis)

Is in HES dataset and has Census ID (has at least one
finished episode in HES APC where the episode started on or
after 1 April 2014 and finished on or before 31 December 2022,
and has a census ID for either 2011 or 2021 Census)

43,238,218

Had bariatric surgery in follow up time (has at least one
episode where they had a metabolic surgery 1 April 2014 to 31
December 2022)

57,787

No prior bariatric surgery (does not have a record of a
previous metabolic surgery with the episode ending on or after
1 April 2009 and starting on or before 31 March 2014)

56,432

Has an obesity diagnosis (has a primary diagnosis of obesity
or a secondary diagnosis of obesity with a primary diagnosis of
an obesity related condition)

43,968

Resident in England (as recorded in HES, or if not available
then in the Census)

43,701

Working age (is aged 25 to 64 on the surgery date and does
not turn 65 within the month of the surgery)

40,754

Linkage to HMRC data (has a valid encrypted National
Insurance Number that can be linked to a census ID for either

2011 or 2021 Census)

40,662
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Supplementary Table 3: Sample flow of individuals in the dataset who did not undergo

bariatric surgery

Sample selection criteria

Unexposed sample (no bariatric surgery)

Is enumerated in 2011 Census 56,963,120
No bariatric surgery in follow up time (has not had any 56,910,963
episode where they had metabolic surgery 1 April 2014 to 31

December 2022)

No prior bariatric surgery (does not have a record of a 56,876,473
previous metabolic surgery (episode ending on or after 1 April

2009 and starting on or before 31 March 2014))

Can link to HES data (has linkage to the Patient Register 50,487,028
2011-13)

Resident in England (as recorded in the Census) 47,731,936
Working age (is aged 25 to 64 on the index date and does not 25,353,079
turn 65 within the month of the index date)

Stratified sampling (in the same proportions by sex and five- 50,001
year age band as the sample of people who underwent bariatric

surgery)

Linkage to HMRC data (has a valid encrypted National 49,921

Insurance Number that can be linked to a census ID for either

2011 or 2021 Census)
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808 Supplementary Table 4: Variables used in the individual-month analysis dataset for

809 modelling

Variable

Description

Source

Outcomes

Monthly employee pay
(numerical)

Monthly employee pay is gross pay
paid to employees as recorded in
PAYE. Employees can be paid via
the PAYE system according to a
variety of payment frequencies:
annual, quarterly, monthly, four-
weekly, weekly, or irregularly.
Payments were therefore
calendarized such that the resulting
linked dataset had a panel data
structure, with monthly records for
individuals. Monthly pay was imputed
to be zero if it was negative. Where
an individual had a Census ID that
linked to multiple monthly PAYE
records, the pay recorded in the
PAYE RTI dataset was summed
across all matching records for each
month.

Monthly pay was winszorised at the
99.9% centile and deflated to 2023
prices using the Consumer Price
Index including owner occupiers'
housing costs (CPIH).

PAYE RTI dataset

Employment (binary)

In employment was defined as
receiving a monthly employee pay
>£0. For the purposes of modelling,
this was a numerical variable with
value of either O or 1, rather than
categorical, in order to produce
probability estimates for the
probability of being in paid
employment.

PAYE RTI dataset

Exposure

Time since operation
(categorical)

Time period since the month in which
the bariatric surgery operation (see
date of operation variable). The
month of operation and the following
5 months are included as month
time-periods, after which time periods
are grouped into six monthly periods.
Time periods before the month of
operation are also grouped in six
monthly periods, with time period 0

Hospital Episode Statistics (HES)
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(the six months before the month of
operation, set as the reference level
for modelling.

For the unexposed dataset, the time
since operation was set to zero (the
reference level) throughout the
dataset.

Covariates

Calendar time (categorical)

The month-year for all from April
2014 to December 2022

Age (numerical)

Age in years on the last day of the
month, calculated using Census date
of birth

Census 2011 if available, Census 2021
if not

Other variables

Operation date (date)

The date of operation for the bariatric
surgery procedure entry in the HES
episode identified as being the first
instance of a bariatric surgery
procedure with an obesity diagnosis
in HES for the individual in the
exposed dataset (the index episode).
Where an individual had multiple
episodes that met the inclusion
criteria, the episode with the earliest
start date was used. Records were
further deduplicated within individuals
by taking the record with the earliest
operation date and then the
maximum episode key (the unique
record identifier derived as part of
HES processing) to obtain one
episode per individual.

If no valid operation date was
recorded for the relevant HES
episode, the episode start date was
used as the operation date, because
the majority of bariatric surgery
procedures occurred on the episode
start date.

An operation date was assigned to
individuals in the unexposed dataset
for the purposes of calculating an
age on index date for sample
selection and to use for some
descriptives and placebo tests. See
Supplementary Methods.

HES

Age at operation

The age in years on the date of

Census 2011/2021, HES

(numerical) operation, calculated using the
Census date of birth and operation
date variable.
Sex (binary) Sex recorded in the Census Census 2011 if available, Census 2021

(male/female)

if not
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2011 LSOA of residence
(categorical)

The 2011 LSOA recorded in the
index episode for people in the
exposed dataset. Where no LSOA
was recorded, the LSOA from the
linked Census entry was used. If the
linked Census entry was from the
2021 Census, which records a 2021
LSOA, this was converted to the
2011 LSOA using a lookup from ONS
Geography.

HES if available, Census 2011 if not,
Census 2021 if not in either

Index of Multiple
Deprivation decile
(categorical)

The 2019 Index of Multiple
Deprivation decile, linked to the 2011
LSOA of residence.

Census 2011 if available, Census 2021
if not, ONS Geography lookup

Index of Multiple
Deprivation quintile
(categorical)

The 2019 Index of Multiple
Deprivation quintile, linked to the
2011 LSOA of residence.

Census 2011 if available, Census 2021
if not, ONS Geography lookup

Region (categorical)

The region of residence, linked to the
2011 LSOA of residence.

Census 2011 if available, Census 2021
if not, ONS Geography lookup

Rural/urban classification
(binary)

The rural urban classification of the
2011 LSOA of residence.

Census 2011 if available, Census 2021
if not, ONS Geography lookup

Ethnic group (categorical)

Grouped ethnicity derived from the
Census variable.

Values: White, Black, Asian, Mixed,
Other, Missing or not stated.

Census 2011 if available, Census 2021
if not

Birth in last year (binary)

Time-varying flag to indicate whether
the individual had given birth (live
birth or stillbirth) in the last year.

ONS birth registrations

Birth in last 1 to 5 years
(binary)

Time-varying flag to indicate whether
the individual had given birth (live
birth or stillbirth) between 1 and 5
years ago.

ONS birth registrations
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Supplementary Table 5: Follow up time, for the exposed individuals (had bariatric surgery

with an obesity diagnosis) and the unexposed individuals (no bariatric surgery).

Dataset Data Minimum follow Median follow up | Maximum follow up
up (months) (months) (months)

Exposed only Overall 3 88 105

Exposed only Pre-surgery 1 48 60

Exposed only Post-surgery 1 57 60

Unexposed only | Overall 2 88 105
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Supplementary Table 6: Total numbers of operations by type

Operation type Count Percentage
Roux-en-Y bypass 20,426 50.2
Sleeve gastrectomy 15,329 37.7
One-anastomosis gastric bypass 1831 4.5
Gastric band 1429 3.5
Gastric balloon 1289 3.2
Duodenal switch 318 0.8
Endoscopic sleeve gastroplasty 40 0.1
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Supplementary Table 7: Average pay before and after surgery, with no winsorisation

applied, for the exposed individuals (had bariatric surgery with an obesity diagnosis) and

the unexposed individuals (no bariatric surgery).

Individuals Data Median Median monthly Maximum Percent in work
monthly deflated pay monthly deflated (%)
deflated pay| among those in pay (£, nearest
(overall) (£) work (£) £100)
Exposed only Overall 1,351 2,485 2,722,400 54.4
Exposed only Pre-surgery 1,368 2,437 2,471,700 56.2
Exposed only Post-surgery 1,337 2,528 2,722,400 52.9
Unexposed only |Overall 1,878 2,901 8,628,700 64.7
Unexposed only |Pre-index date 1,889 2,839 8,628,700 66.5
Unexposed only |Post-index date 1,868 2,956 8,591,000 63.2
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Supplementary Table 8: Model estimates for the probability of being in paid employment.
Numbers in brackets indicate 95% CI.

Time since surgery (months) Estimate (percentage points) p value
-60 to -54 1.67 (1.03, 2.31) <0.001
-54 to -48 1.51 (0.94, 2.08) <0.001
-48 to -42 1.40 (0.89, 1.92) <0.001
-42 t0 -36 1.26 (0.80, 1.73) <0.001
-36 to -30 1.12 (0.71, 1.54) <0.001
-30 to -24 0.70 (0.34, 1.06) <0.001
-24 to -18 0.40 (0.08, 0.71) 0.013

-18t0-12 0.22 (-0.03, 0.47) 0.085

-12t0 -6 0.10 (-0.07, 0.27) 0.255

Oto1 -0.63 (-0.77, -0.48) <0.001
1t02 -0.80 (-0.97, -0.63) <0.001
2t03 -0.37 (-0.56, -0.18) <0.001
3to4 0.06 (-0.15, 0.26) 0.571

4t05 0.47 (0.25, 0.68) <0.001
5t06 0.66 (0.43, 0.89) <0.001
6to12 1.50 (1.25, 1.75) <0.001
1210 18 2.47 (2.16, 2.77) <0.001
181024 3.12 (2.77, 3.46) <0.001
24 to 30 3.47 (3.08, 3.86) <0.001
30 to 36 3.65 (3.23, 4.07) <0.001
36 to 42 3.90 (3.45, 4.36) <0.001
42 10 48 4.24 (3.75,4.74) <0.001
48 to 54 4.19 (3.65, 4.73) <0.001
54 to 60 4.32 (3.74,4.91) <0.001
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Supplementary Table 9: Model estimates for monthly employee pay. Numbers in brackets

indicate 95% CI.

Time since surgery (months) Estimate (£) p value
-60 to -54 -7.9 (-29.5, 13.8) 0.475
-54 to -48 -4.9 (-24.4, 14.5) 0.620
-48 to -42 -5.6 (-23.0, 11.7) 0.526
-42 to -36 -4.5(-19.9, 10.9) 0.566
-36 to -30 -0.4 (-14.0, 13.3) 0.959
-30 to -24 0.5 (-11.2,12.3) 0.927
-24 t0 -18 -3.1(-13.2,7.0) 0.550
-18t0 -12 -4.3 (-12.4, 3.8) 0.299
-12to -6 -1.7 (-7.6, 4.3) 0.579
0to1 -52.9 (-59.4, -46.4) <0.001
1t02 -116.9 (-124.0, -109.8) <0.001
2t03 -59.7 (-67.2, -52.2) <0.001
3to4 -19.8 (-27.6, -12.0) <0.001
4t05 -2.4 (-10.5, 5.6) 0.550
5t0 6 3.5(-5.0, 12.0) 0.420
6to12 24.2 (16.2, 32.2) <0.001
12t0 18 47.1 (37.2,57.0) <0.001
18 to 24 60.5 (48.9, 72.1) <0.001
24 to0 30 63.9 (50.8, 77.1) <0.001
30 to 36 63.2 (48.5, 77.8) <0.001
36 to 42 70.8 (54.6, 87.0) <0.001
42 to 48 78.7 (60.7, 96.7) <0.001
48 to 54 78.6 (58.9, 98.3) <0.001
54 to 60 84.4 (63.1, 105.8) <0.001
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Supplementary Table 10: Model estimates monthly employee pay among those in paid

employment

Time since surgery (months) Estimate (£) p value
-60 to -54 14.4 (-10.8, 39.6) 0.263
-54 to -48 5.0 (-18.3, 28.3) 0.676
-48 to -42 -2.0 (-23.0, 19.0) 0.852
-42 to -36 -2.9 (-21.5, 15.8) 0.762
-36 to -30 -4.6 (-21.5, 12.3) 0.595
-30 to -24 -3.7 (-18.6, 11.2) 0.627
-24 10 -18 -6.0 (-19.3,7.2) 0.373
-18to -12 -3.3(-14.1,7.5) 0.544
-12to -6 -3.3(-12.1,5.5) 0.463
Oto1 -86.3 (-97.4, -75.1) <0.001
1t02 -206.0 (-217.8, -194.2) <0.001
2t03 -106.4 (-118.7,-94.2) <0.001
3to4 -42.1 (-54.3, -29.9) <0.001
4105 -17.6 (-30.0, -5.1) 0.006
5to 6 -10.1 (-23.2, 3.0) 0.131
6to 12 5.9 (-5.0, 16.8) 0.289
121018 18.8 (5.5, 32.2) 0.006
18t0 24 21.0 (6.0, 35.9) 0.006
24 t0 30 14.9 (-2.0, 31.9) 0.085
30to 36 8.3 (-10.0, 26.7) 0.373
36 to 42 14.1 (-5.9, 34.1) 0.168
421048 16.3 (-5.8, 38.5) 0.149
48 to 54 17.5 (-6.6, 41.6) 0.155
54 to 60 17.4 (-8.8, 43.5) 0.194
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Supplementary Table 11: Model estimate comparison table for the inclusion of birth
variables (* = p value <0.05, ** = p value <0.01 and *** = p value < 0.001)

Time to/since Main model Main model Main model Main model Main model Main model
surgery pay pay with births pay in work pay in work employment employment
(months) in past year with births in with births in
past year past year
-60 to -54 -7.9 -6.2 14.4 16.5 1.7 1.7
(-29.5, 13.8) (-27.8, 15.5) (-10.8, 39.6) (-8.7,41.7) (1.0, 2.3) (1.1, 2.3)
54 t0 -48 -4.9 -3.6 5.0 7.0 1.5%** 1.5%**
(-24.4, 14.5) (-23.0, 15.9) (-18.3, 28.3) (-16.3, 30.3) (0.9,2.1) (1.0, 2.1)
48 to -42 -5.6 -4.2 -2.0 0.3 1.4%* 1.4%**
(-23.0, 11.7) (-21.6, 13.2) (-23.0, 19.0) (-20.6, 21.3) (0.9,1.9) (0.9, 2.0)
4210 -36 -4.5 -3.0 -2.9 -0.7 1.3 1.3%**
(-19.9, 10.9) (-18.4,12.4) (-21.5, 15.8) (-19.3, 18.0) (0.8,1.7) (0.8, 1.8)
236 t0 -30 -0.4 1.2 -4.6 -2.2 1.1 1.2%%*
(-14.0, 13.3) (-12.5, 14.8) (-21.5, 12.3) (-19.1,14.7) (0.7,1.5) (0.7, 1.6)
30t0-24 0.5 1.9 -3.7 -2.0 0.7*** 0.7***
(-11.2,12.3) (-9.8, 13.6) (-18.6, 11.2) (-16.9, 13.0) (0.3,1.1) (0.4,1.1)
24 10-18 -3.1 -2.1 -6.0 -4.6 0.4* 0.4**
(-13.2,7.0) (-12.2, 8.0) (-19.3,7.2) (-17.9, 8.6) (0.1,0.7) (0.1,0.7)
1810 12 -4.3 -3.6 -3.3 -2.1 0.2 0.2
(-12.4, 3.8) (-11.7,4.5) (-14.1,7.5) (-12.9,8.7) (-0.0, 0.5) (-0.0, 0.5)
1210 -6 -1.7 -1.4 -3.3 -2.7 0.1 0.1
(-7.6,4.3) (-7.3,4.6) (-12.1,5.5) (-11.6,6.1) (-0.1, 0.3) (-0.1,0.3)
0to 1 -52.9*** -53.1%** -86.3*** -86.5*** -0.6%** -0.6***
(-59.4, -46.4) (-59.6, -46.5) (-97.4,-751) (-97.6, -75.4) (-0.8, -0.5) (-0.8, -0.5)
1102 -116.9*** -117.1%** -206.0*** -206.4*** -0.8*** -0.8***
(-124.0,-109.8) | (-124.2,-110.0) (-217.8,-194.2) | (-218.2,-194.6) (-1.0, -0.6) (-1.0, -0.6)
2103 -59.7*** -59.9*** -106.4*** -106.8*** 0.4*** 0.4***
(-67.2,-52.2) (-67.4,-52.4) (-118.7,-94.2) (-119.1, -94.6) (-0.6, -0.2) (-0.6, -0.2)
3to4 -19.8*** -20.1%** -42 1% -42.6*** 0.1 0.0
(-27.6, -12.0) (-27.8, -12.3) (-54.3, -29.9) (-54.8, -30.4) (-0.1, 0.3) (-0.2,0.3)
4105 2.4 -2.8 -17.6** -18.1** 0.5*** 0.5***
(-10.5, 5.6) (-10.8,5.3) (-30.0, -5.1) (-30.5, -5.6) (0.2,0.7) (0.2,0.7)
5t06 3.5 3.2 -10.1 -10.6 0.7*** 0.6™**
(-5.0, 12.0) (-5.3,11.7) (-23.2,3.0) (-23.8, 2.5) (0.4,0.9) (0.4, 0.9)
610 12 24.2%** 23.8*** 5.9 5.2 1.5%% 1.5%*
(16.2, 32.2) (15.8, 31.8) (-5.0, 16.8) (-5.7,16.1) (1.3,1.7) (1.2,1.7)
120 18 47 1*** 46.9*** 18.8** 18.6** 2.5%** 2.4%**
(37.2,57.0) (37.0, 56.8) (5.5, 32.2) (5.2, 31.9) (2.2, 2.8) (2.1, 2.8)
18 to 24 60.5*** 60.9*** 21.0** 22.1** 3.1 3.1
(48.9,72.1) (49.3,72.5) (6.0, 35.9) (7.2, 37.0) (2.8, 3.5) (2.8, 3.5)
24 1o 30 63.9%** 64.6*** 14.9 17.0* 3.5%** 3.5%
(50.8, 77.1) (51.5,77.7) (-2.0, 31.9) (0.1, 34.0) (3.1, 3.9) (3.1, 3.8)
30 1o 36 63.2*** 63.9*** 8.3 10.3 3.7 3.6™*
(48.5,77.8) (49.3,78.5) (-10.0, 26.7) (-8.0, 28.6) (3.2,4.1) (3.2,4.1)
36 to 42 70.8*** 71.5%** 14.1 15.6 3.9% 3.9%
(54.6, 87.0) (55.4, 87.7) (-5.9, 34.1) (-4.4, 35.6) (3.4,4.4) (3.4,4.4)
42 o 48 78.7*** 79.5%** 16.3 18.1 4.2+ 4.2%**
(60.7, 96.7) (61.5, 97.5) (-5.8, 38.5) (-4.0, 40.2) (3.7,4.7) (3.8,4.7)
48 to 54 78.6** 79.7* 17.5 19.9 4.2%** 4.2%**
(58.9, 98.3) (60.0, 99.4) (-6.6, 41.6) (-4.2,44.0) (3.7,4.7) (3.7,4.7)
54 to 60 84.4*** 85.5%** 17.4 19.5 4.3** 4.3
(63.1, 105.8) (64.2, 106.8) (-8.8, 43.5) (-6.6, 45.7) (3.7,4.9) (3.8,4.9)
Birth in last -319.7*** -722.6*** -6.2%**
year (-376.8, -262.5) (-811.4, -633.8) (-8.0,-4.4)
Birth in last 1- -104.8*** -177.6*** -6.2***
5 years (-155.3,-54.4) (-248.3, -106.9) (-7.8, -4.6)
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AIC

133496786

133495757

80892311

80890431

-63897

-66395

BIC

134755488

134754487

81814531

81812678

1194805

1192334
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Supplementary Table 12: Model estimate comparison table for pay overall, extending the

baseline period (* = p value <0.05, ** = p value <0.01 and *** = p value < 0.001)

Time to/since surgery
(months)

Main model (£)

Baseline period 12 months

(£)

Baseline period 24 months

(£)

-60 to -54 -7.9 (-29.5, 13.8) -7.0 (-27.9, 13.9) -5.6 (-25.1, 14.0)
-54 to -48 -4.9 (-24.4, 14.5) -4.1 (-22.9, 14.7) -2.6 (-20.0, 14.7)
-48 to -42 -5.6 (-23.0, 11.7) -4.8 (-21.4, 11.8) -3.3 (-18.4, 11.7)
-42 to -36 -4.5 (-19.9, 10.9) -3.7 (-18.3, 10.9) 2.3 (-15.2, 10.7)
-36 to -30 -0.4 (-14.0, 13.3) 0.5 (-12.2, 13.2) 1.9 (9.0, 12.7)
-30 to -24 0.5 (-11.2, 12.3) 1.4 (-9.4, 12.1) 2.8 (-5.7,11.3)
24 t0 -18 -3.1(-13.2, 7.0) -2.3 (-11.0, 6.5)

-18t0 -12 -4.3 (-12.4, 3.8) -3.5 (-10.0, 3.1)

-12t0 -6 1.7 (-7.6,4.3)

0to 1 -52.9*** (-59.4, -46.4) -52.1*** (-59.0, -45.2) -50.8*** (-58.8, -42.8)
1t0 2 -116.9*** (-124.0, -109.8) -116.1*** (-123.4, -108.7) -114.8** (-123.1, -106.5)
2t03 -59.7*** (-67.2, -52.2) -58.9"** (-66.7, -51.1) -57.6"** (-66.4, -48.9)
3to4 -19.8*** (-27.6, -12.0) -19.0*** (-27.1, -10.9) 7.7 (-26.7, -8.7)
4t05 -2.4 (-10.5, 5.6) -1.6 (-9.9, 6.7) -0.4 (-9.6, 8.9)
5to 6 3.5 (-5.0, 12.0) 4.3 (-4.5,13.1) 5.6 (-4.1, 15.3)

6 to 12 24.2** (16.2, 32.2) 25.0*** (16.6, 33.4) 26.3*** (16.9, 35.7)
12t0 18 47.1%** (37.2, 57.0) 47.9"* (37.7, 58.0) 49.1*** (38.1, 60.2)
18 to 24 60.5* (48.9, 72.1) 61.3"* (49.4, 73.2) 62.5"* (49.8, 75.3)
24 to 30 63.9"** (50.8, 77.1) 64.7*** (51.3, 78.2) 66.0*** (51.6, 80.3)
30 to 36 63.2*** (48.5, 77.8) 64.0*** (49.0, 79.0) 65.2*** (49.4, 81.0)
36 to 42 70.8*** (54.6, 87.0) 71.6** (55.1, 88.1) 72.8** (55.4, 90.1)
42 to 48 78.7** (60.7, 96.7) 79.5*** (61.1, 97.9) 80.7*** (61.5, 99.8)
48 to 54 78.6*** (58.9, 98.3) 79.4*** (59.4, 99.5) 80.6*** (59.7, 101.4)
54 to 60 84.4** (63.1, 105.8) 85.2** (63.5, 106.9) 86.4*** (63.9, 108.8)
AIC 133496786 133496784 133496782

BIC 134755488 134755472 134755442
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Supplementary Table 13: Model estimate comparison table for pay among those in work,

extending the baseline period (* = p value <0.05, ** = p value <0.01 and *** = p value <

0.001)

Time to/since surgery
(months)

Main model (£)

Baseline period
12_months (£)

Baseline period
24 _months (£)

-60 to -54 14.4 (-10.8, 39.6) 16.1 (-8.1, 40.3) 17.7 (-4.8, 40.2)
-54 to -48 5.0 (-18.3, 28.3) 6.6 (-15.7, 29.0) 8.2 (-12.3, 28.7)
-48 to -42 -2.0 (-23.0, 19.0) -0.4 (-20.3, 19.5) 1.2 (-16.8, 19.2)
-42 10 -36 -2.9 (-21.5, 15.8) -1.2 (-18.8, 16.3) 0.3 (-15.2, 15.8)
-36 to -30 -4.6 (-21.5, 12.3) 2.9 (-18.5, 12.6) 1.4 (-14.7,11.9)
-30 to -24 -3.7 (-18.6, 11.2) 2.1 (-15.8, 11.6) -0.5 (-11.5, 10.4)
-24 t0 -18 -6.0 (-19.3, 7.2) -4.4 (-15.9, 7.1)

-18 to -12 -3.3 (-14.1, 7.5) -1.7 (-10.6, 7.2)

1210 -6 -3.3 (-12.1, 5.5)

0to 1 -86.3*** (-97.4, -75.1) -84.7*** (-95.9, -73.4) -83.3*** (-95.4, -71.3)
1102 -206.0"** (-217.8, -194.2) | -204.4*** (-216.1,-192.7) | -203.1*** (-215.5, -190.7)
2t03 -106.4*** (-118.7, -94.2) -104.9*** (-117.0, -92.7) -103.5*** (-116.4, -90.7)
3to4 -42.1** (-54.3, -29.9) -40.5*** (-52.7, -28.3) -39.2"** (-52.1, -26.3)
4105 -17.6™ (-30.0, -5.1) -16.0* (-28.3, -3.7) -14.6* (-27.7, -1.6)
510 6 -10.1 (-23.2, 3.0) -8.5 (-21.5, 4.5) -7.2 (-20.9, 6.5)

6 to 12 5.9 (-5.0, 16.8) 7.5 (-3.5, 18.5) 8.8 (-3.1, 20.7)
12to 18 18.8** (5.5, 32.2) 20.4** (7.2, 33.6) 21.7** (7.8, 35.6)
18 to 24 21.0** (6.0, 35.9) 22.5* (7.5, 37.6) 23.8" (8.1, 39.6)
24 to 30 14.9 (-2.0, 31.9) 16.5 (-0.5, 33.6) 17.8* (0.0, 35.5)
30 to 36 8.3 (-10.0, 26.7) 9.9 (-8.6, 28.5) 11.1 (-8.1, 30.4)
36 to 42 14.1 (-5.9, 34.1) 15.7 (-4.5, 35.8) 16.9 (-4.0, 37.7)
42 0 48 16.3 (-5.8, 38.5) 17.9 (-4.5, 40.3) 19.1 (-4.0, 42.2)
48 to 54 17.5 (-6.6, 41.6) 19.0 (-5.3, 43.4) 20.2 (-4.8, 45.2)
54 to 60 17.4 (-8.8, 43.5) 18.9 (-7.5, 45.3) 20.1 (-7.0, 47.1)
AIC 80892311 80892310 80892307

BIC 81814531 81814516 81814487
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Supplementary Table 14: Model estimate comparison table for probability of

employment, extending the baseline period (* =

p value <0.001)

p value <0.05, ** = p value <0.01 and *** =

Main model Baseline period 12 Baseline period 24
Time to/since surgery (percentage months (percentage months (percentage
(months) points) points) points)

-60 to -54 1.7°* (1.0, 2.3) 1.6*** (1.0, 2.2) 1.5*** (0.9, 2.1)
-54 to -48 1.5 (0.9, 2.1) 1.5*** (0.9, 2.0) 1.3*** (0.8, 1.8)
-48 to -42 1.4** (0.9, 1.9) 1.4** (0.9, 1.9) 1.2*** (0.8, 1.7)
-42 t0 -36 1.3 (0.8, 1.7) 1.2*** (0.8, 1.7) 1.1*** (0.7, 1.5)
-36 to -30 1.1 (0.7, 1.5) 1.1*** (0.7, 1.5) 0.9** (0.6, 1.3)
-30 to -24 0.7** (0.3, 1.1) 0.7** (0.3, 1.0) 0.5** (0.3, 0.8)
24 0 -18 0.4* (0.1, 0.7) 0.3* (0.1, 0.6)

-18 to -12 0.2 (-0.0, 0.5) 0.2 (-0.0, 0.4)

1210 -6 0.1 (-0.1, 0.3)

0to 1 -0.6*** (-0.8, -0.5) -0.7*** (-0.8, -0.5) -0.8*** (-1.0, -0.6)
1102 -0.8"** (-1.0, -0.6) -0.9*** (-1.0, -0.7) -1.0** (-1.2, -0.7)
2t03 -0.4*** (-0.6, -0.2) -0.4*** (-0.6, -0.2) -0.5*** (-0.8, -0.3)
3to4 0.1 (-0.1, 0.3) 0.0 (-0.2, 0.2) -0.1 (-0.4, 0.1)
4105 0.5** (0.2, 0.7) 0.4** (0.2, 0.7) 0.3* (0.0, 0.6)
510 6 0.7** (0.4, 0.9) 0.6** (0.4, 0.9) 0.5** (0.2, 0.8)
6 to 12 1.5 (1.3, 1.7) 1.5 (1.2, 1.7) 1.3*** (1.1, 1.6)
12to 18 2.5 (2.2, 2.8) 2.4* (2.1, 2.7) 2.3** (2.0, 2.6)
18 to 24 3.1** (2.8, 3.5) 3.1%* (2.7, 3.4) 3.0°* (2.6, 3.3)
24 to 30 3.5** (3.1, 3.9) 3.4** (3.0, 3.8) 3.3** (2.9, 3.7)
30 to 36 3.7 (3.2, 4.1) 3.6"* (3.2, 4.0) 3.5* (3.1, 3.9)
36 to 42 3.9"* (3.4, 4.4) 3.9* (3.4, 4.3) 3.8°* (3.3, 4.2)
42 to 48 4.2°* (3.7, 4.7) 4.2 (3.7,4.7) 4.1** (3.6, 4.6)
48 to 54 4.24* (3.7, 4.7) 4.1** (3.6, 4.7) 4.0 (3.5, 4.6)
54 to 60 4.3** (3.7, 4.9) 4.3* (3.7, 4.9) 4.2 (3.6, 4.8)
AlC -63897 -63897 -63871

BIC 1194805 1194791 1194789
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Supplementary Table 15: Model estimate comparison table for pay overall, changing the

baseline period timing to an earlier pre-surgery period (* = p value <0.05, ** = p value <0.01
and *** = p value <0.001)

Time to/since
surgery (months)

Main model (£)

Baseline period 6
months earlier (£)

Baseline period 12
months earlier (£)

Baseline period 24
months earlier (£)

-7.9 -6.2 -3.6 -8.4
-60 to -54 (-29.5, 13.8) (-26.8, 14.4) (-23.2,16.1) (-25.7, 8.9)
-4.9 -3.2 -0.6 -5.5
-54 to -48 (-24.4,14.5) (-21.8, 15.3) (-18.1, 16.8) (-20.3,9.4)
-5.6 -3.9 -1.3 -6.2
-48 to -42 (-23.0,11.7) (-20.3,12.4) (-16.6, 14.0) (-18.8, 6.4)
-4.5 -2.8 -0.2 -5.1
-42 to -36 (-19.9, 10.9) (-17.2,11.6) (-13.4,13.0) (-15.2,5.0)
-0.4 1.3 3.9 -0.9
-36 to -30 (-14.0, 13.3) (-11.1, 13.7) (-7.4,15.2) (-8.1,6.3)
0.5 2.2 4.8
-30 to -24 (-11.2,12.3) (-8.3,12.7) (-4.0, 13.7)
-3.1 -14 1.2 -3.6
-24 10 -18 (-13.2,7.0) (-9.7, 6.9) (-5.2,7.6) (-10.3, 3.1)
-4.3 -2.6 -4.8
-18t0-12 (-12.4, 3.8) (-8.7, 3.5) (-13.7,4.0)
-1.7 2.6 -2.2
-121t0 -6 (-7.6, 4.3) (-3.5, 8.7) (-12.7, 8.3)
1.7 4.3 -0.5
-6to0 (-4.3,7.6) (-3.8,12.4) (-12.3,11.2)
-52.9%** -51.2%** -48.6%** -53.5%**
Oto1 (-59.4, -46.4) (-59.7,-42.7) (-58.9, -38.4) (-66.8, -40.1)
-116.9*** -115.2*** -112.6*** -117.4%**
1t02 (-124.0, -109.8) (-124.0, -106.4) (-123.2,-102.0) (-130.8,-104.1)
-59.7%** -58.0%** -55.4%** -60.3%**
2103 (-67.2,-52.2) (-67.2,-48.9) (-66.3, -44.5) (-74.1, -46.4)
-19.8%** -18.1%** -15.5** -20.4%**
3to4 (-27.6, -12.0) (-27.6, -8.7) (-26.6, -4.4) (-34.5,-6.3)
-24 -0.8 1.8 -3.0
4t05 (-10.5, 5.6) (-10.4, 8.9) (-9.5,13.2) (-17.3,11.3)
3.5 5.2 7.8 2.9
5to 6 (-5.0,12.0) (-4.9, 15.3) (-3.9,19.5) (-11.6, 17.5)
24 2%*x 25.9%*x 28.5%** 23.6**
61012 (16.2, 32.2) (16.0, 35.7) (17.0, 39.9) (9.1,38.1)
47.1%*x* 48.8%** 51.4%*x* 46.5%**
121018 (37.2,57.0) (37.4,60.1) (38.4, 64.3) (30.6, 62.5)
60.5%** 62.2%** 64.8*** 60.0***
181024 (48.9,72.1) (49.1, 75.2) (50.3, 79.3) (42.5,77.4)
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63.9%** 65.6%** 68.2%** 63.4%**
24 to 30 (50.8, 77.1) (51.1, 80.1) (52.3, 84.2) (44.5,82.2)
63.2%** 64.9%** 67.5%** 62.6%**
30 to 36 (48.5, 77.8) (48.8, 80.9) (50.1, 84.8) (42.4, 82.9)
70.8%** 72.5% % 75.1%%* 70.2%%*
36 to 42 (54.6, 87.0) (55.0, 89.9) (56.2, 93.9) (48.5,91.9)
78.7%%* 80.4%** 83.0%** 78.1%%*
42 to 48 (60.7, 96.7) (61.1, 99.7) (62.4, 103.6) (54.7, 101.6)
78.6%** 80.3%** 82.9%** 78.1%%*
48 to 54 (58.9, 98.3) (59.4, 101.3) (60.6, 105.2) (53.1, 103.1)
84.4%** 86.1%** 88.7%** 83.9%**
54 to 60 (63.1, 105.8) (63.6, 108.7) (64.9, 112.6) (57.4,110.4)
AIC 133496786 133496786 133496786 133496786
BIC 134755488 134755488 134755488 134755488

57




Bermingham et al. Int J Obes (2026). https://doi.org/10.1038/s41366-025-01995-z

858
859
860

Supplementary Table 16: Model estimate comparison table for pay among those in work,
changing the baseline period timing to an earlier pre-surgery period (* = p value <0.05, ** =
p value <0.01 and *** = p value <0.001)

Time to/since
surgery Baseline period 6 | Baseline period 12 Baseline period 24
(months) Main model (£) months earlier (£) | months earlier (£) months earlier (£)
14.4 17.7 17.8 18.1
-60 to -54 (-10.8, 39.6) (-6.2,41.7) (-5.1, 40.7) (-2.6, 38.8)
5.0 8.3 8.3 8.7
-54 to -48 (-18.3, 28.3) (-14.0, 30.5) (-12.5, 29.2) (-9.4, 26.8)
-2.0 1.3 1.3 1.7
-48 to -42 (-23.0, 19.0) (-18.4, 21.0) (-17.2, 19.9) (-14.1,17.5)
-2.9 0.4 0.5 0.8
-42 to -36 (-21.5, 15.8) (-17.1,17.9) (-15.6, 16.5) (-12.0, 13.6)
-4.6 -1.3 -1.2 -0.9
-36 to -30 (-21.5, 12.3) (-16.7, 14.2) (-15.5, 13.0) (-10.8, 9.0)
-3.7 -0.4 -04
-30 to -24 (-18.6, 11.2) (-14.2, 13.4) (-12.1,11.4)
-6.0 2.7 2.7 -2.3
-24 to -18 (-19.3,7.2) (-14.0, 8.5) (-12.0, 6.6) (-11.8,7.1)
-3.3 -0.0 0.4
-18to -12 (-14.1,7.5) (-9.0, 8.9) (-11.4,12.1)
-3.3 0.0 0.4
-12 to -6 (-12.1, 5.5) (-8.9, 9.0) (-13.4,14.2)
3.3 3.3 3.7
-6to0 (-5.5,12.1) (-7.5,14.1) (-11.2, 18.6)
-86.3*** -83.0*** -82.9*** -82.6***
Oto1 (-97.4, -75.1) (-96.0, -70.0) (-97.5, -68.3) (-100.4, -64.7)
-206.0*** -202.7*** -202.7*** -202.3***
1t0 2 (-217.8, -194.2) (-215.9, -189.5) (-217.7, -187.7) (-220.1, -184.5)
-106.4*** -103.1*** -103.1*** -102.7***
2to 3 (-118.7, -94.2) (-116.8, -89.5) (-118.4, -87.8) (-121.1, -84.4)
-42.1*%** -38.8*** -38.8*** -38.4***
3to4 (-54.3, -29.9) (-52.5, -25.1) (-54.2, -23.3) (-57.0, -19.8)
-17.6** -14.3* -14.2 -13.9
4t05 (-30.0, -5.1) (-28.0, -0.5) (-29.7, 1.3) (-32.5, 4.8)
-10.1 -6.8 -6.7 -6.4
5to06 (-23.2, 3.0) (-21.2,7.6) (-22.7,9.2) (-25.5, 12.7)
5.9 9.2 9.2 9.6
6to12 (-5.0, 16.8) (-3.6, 22.0) (-5.1, 23.6) (-8.3, 27.5)
18.8** 22.1** 22.2** 22.5*
1210 18 (5.5, 32.2) (7.5, 36.7) (6.0, 38.4) (2.9,42.1)
21.0** 24.3* 24.3* 24.7*
18 to 24 (6.0, 35.9) (7.7, 40.8) (6.6, 42.0) (3.5, 45.8)
14.9 18.2 18.3 18.6
24 to 30 (-2.0, 31.9) (-0.1, 36.5) (-1.4, 38.0) (-4.3, 41.6)
8.3 11.6 1.7 12.0
30 to 36 (-10.0, 26.7) (-8.2, 31.5) (-9.4, 32.7) (-12.3, 36.4)
14.1 17.4 17.4 17.8
36 to 42 (-5.9, 34.1) (-3.9, 38.7) (-5.2,40.1) (-8.1,43.7)
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16.3 19.6 19.7 20.0

42 t0 48 (-5.8, 38.5) (-3.9, 43.2) (-5.1, 44.4) (-7.9, 48.0)
175 20.8 20.8 212

48 to 54 (-6.6, 41.6) (-4.6, 46.1) (-5.8, 47.5) (-8.5, 50.9)
17.4 20.7 20.7 21.1

54 to 60 (-8.8, 43.5) (-6.8, 48.1) (-7.9, 49.4) (-10.5, 52.6)

AIC 80892311 80892311 80892311 80892311

BIC 81814531 81814531 81814531 81814531
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Supplementary Table 17: Model estimate comparison table for probability of

employment, changing the baseline period timing to an earlier pre-surgery period (* =

value <0.05, ** = p value <0.01 and *** = p value < 0.001)

p

Time to/since

Baseline period 6

months earlier

Baseline period 12

Baseline period 24

surgery Main model (percentage months earlier months earlier
(months) (percentage points) points) (percentage points) | (percentage points)
-60 to -54 1.7*** (1.0, 2.3) 1.6*** (1.0, 2.2) 1.5%** (0.9, 2.1) 1.0*** (0.4, 1.5)
-54 to -48 1.5%** (0.9, 2.1) 1.4*** (0.9, 2.0) 1.3*** (0.8, 1.8) 0.8*** (0.3, 1.3)
-48 to -42 1.4*** (0.9, 1.9) 1.3*** (0.8, 1.8) 1.2*** (0.7, 1.7) 0.7*** (0.3, 1.1)
-42 to -36 1.3*** (0.8, 1.7) 1.2*** (0.7, 1.6) 1.0*** (0.6, 1.5) 0.6*** (0.2, 0.9)
-36 to -30 1.1 (0.7, 1.5) 1.0"* (0.6, 1.4) 0.9*** (0.6, 1.3) 0.4*** (0.2, 0.6)
-30 to -24 0.7*** (0.3, 1.1) 0.6*** (0.3, 0.9) 0.5*** (0.2, 0.8)

-24 t0 -18 0.4*(0.1,0.7) 0.3 (0.0, 0.6) 0.2 (-0.0,0.4) -0.3** (-0.5, -0.1)
-18 to -12 0.2 (-0.0, 0.5) 0.1 (-0.1, 0.3) -0.5*** (-0.8, -0.2)
-12 to -6 0.1 (-0.1,0.3) -0.1 (-0.3, 0.1) -0.6*** (-0.9, -0.3)
-6t00 -0.1 (-0.3, 0.1) -0.2 (-0.5, 0.0) -0.7*** (-1.1, -0.3)
Oto1 0.6 (-0.8, -0.5) -0.7*** (-1.0, -0.5) -0.8*** (-1.1, -0.6) -1.3*** (-1.7, -0.9)
1t02 -0.8*** (-1.0, -0.6) -0.9*** (1.2, -0.7) -1.0"** (1.3, -0.7) -1.5*** (-1.9, -1.1)
2103 -0.4*** (-0.6, -0.2) -0.5*** (-0.7, -0.2) -0.6*** (-0.9, -0.3) -1.1*** (-1.5, -0.7)
3to4 0.1 (-0.1,0.3) -0.0 (-0.3, 0.2) -0.2 (-0.5, 0.2) -0.6** (-1.1, -0.2)
4t05 0.5"* (0.2, 0.7) 0.4** (0.1, 0.6) 0.2 (-0.1, 0.6) -0.2 (-0.6, 0.2)
5t06 0.7*** (0.4, 0.9) 0.6*** (0.3, 0.9) 0.4** (0.1, 0.8) -0.0 (-0.5, 0.4)
61012 1.5*** (1.3, 1.7) 1.4*** (1.1,1.7) 1.3*** (0.9, 1.6) 0.8*** (0.4, 1.2)
1210 18 2.5*** (2.2, 2.8) 2.4 (2.0, 2.7) 2.2*** (1.9, 2.6) 1.8*** (1.3, 2.2)
18 to 24 3.1** (2.8, 3.5) 3.0* (2.6, 3.4) 2.9*** (2.5, 3.3) 2.4*** (1.9, 2.9)
24 10 30 3.5"* (3.1, 3.9) 3.4*** (3.0, 3.8) 3.2°** (2.8, 3.7) 2.8*** (2.2, 3.3)
30 to 36 3.77% (3.2, 4.1) 3.6"** (3.1, 4.0) 3.4** (3.0, 3.9) 3.0 (2.4, 3.5)
36 to 42 3.9 (3.4,4.4) 3.8 (3.3, 4.3) 3.7 (3.2,4.2) 3.2** (2.6, 3.8)
42 to 48 4.2%** (3.7, 4.7) 4.1*** (3.6, 4.7) 4.0%** (3.5, 4.6) 3.5%%(2.9,4.2)
48 to 54 4.2%** (3.7, 4.7) 4.1*** (3.5, 4.7) 4.0** (3.4, 4.6) 3.5*%(2.8,4.1)
54 to 60 4.3*** (3.7, 4.9) 4.2*** (3.6, 4.8) 4.1*** (3.5, 4.7) 3.6%% (2.9, 4.3)
AIC -63897 -63897 -63897 -63897

BIC 1194805 1194805 1194805 1194805
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Supplementary Table 18: Model estimate comparison table for omitting COVID-19

pandemic period (* = p value <0.05, ** = p value <0.01 and *** = p value < 0.001)

Pay overall

Pay among those in work

Probability of employment

Time
to/since
surgery Omitting Omitting Omitting
(months) Main model COVID-19 Main model COVID-19 Main model | COVID-19
-7.9 -1.8 14.4 37.1** 1.7%** 1.3%%
-60 to -54 (-29.5, 13.8) (-25.4, 21.8) (-10.8, 39.6) (9.9, 64.3) (1.0, 2.3) (0.6, 2.0)
-4.9 -0.0 5.0 28.7* 1.5%** 1.1%%*
-54 to -48 (-24.4, 14.5) (-21.6, 21.5) (-18.3, 28.3) (3.2,54.2) (0.9, 2.1) (0.5, 1.8)
-5.6 -0.1 -2.0 18.9 1.4%** 1.1%%
-48 to -42 (-23.0, 11.7) (-19.4, 19.3) (-23.0, 19.0) (-4.3,42.1) (0.9,1.9) (0.5,1.7)
-4.5 -0.1 -2.9 13.5 1.3%** 1.0%**
-42 to -36 (-19.9, 10.9) (-17.5,17.2) (-21.5, 15.8) (-7.3, 34.3) (0.8,1.7) (0.5, 1.5)
-0.4 3.6 -4.6 10.4 1.7 0.9%**
-36 to -30 (-14.0, 13.3) (-12.0, 19.2) (-21.5, 12.3) (-8.7, 29.5) (0.7,1.5) (0.4,1.4)
0.5 4.0 -3.7 10.2 0.7*** 0.5*
-30 to -24 (-11.2,12.3) (-9.6, 17.6) (-18.6, 11.2) (-6.8, 27.2) (0.3,1.1) (0.1,0.9)
-3.1 -0.9 -6.0 4.7 0.4* 0.2
-24 to -18 (-13.2,7.0) (-12.5,10.8) (-19.3,7.2) (-10.4, 19.8) (0.1,0.7) (-0.1, 0.6)
-4.3 -2.7 -3.3 5.6 0.2 0.1
-18to -12 (-12.4,3.8) (-12.0, 6.7) (-14.1,7.5) (-6.7,17.9) (-0.0, 0.5) (-0.2, 0.4)
-1.7 0.4 -3.3 22 0.1 0.1
-12t0 -6 (-7.6,4.3) (-6.6, 7.3) (-12.1,5.5) (-7.9,12.3) (-0.1,0.3) (-0.1, 0.3)
-52.9*** -50.9*** -86.3*** -86.5*** -0.6*** -0.6***
0to1 (-59.4, -46.4) (-58.3, -43.6) (-97.4,-75.1) (-99.2, -73.7) (-0.8, -0.5) (-0.8, -0.4)
-116.9*** -117.3*** -206.0*** -212. 1% -0.8** -0.8***
1t02 (-124.0,-109.8) | (-125.2,-109.3) | (-217.8,-194.2) | (-225.5,-198.8) (-1.0,-0.6) (-1.0,-0.6)
-59.7*** -62.4*** -106.4*** -116.5*** -0.4*** -0.3**
2t03 (-67.2, -52.2) (-70.7, -54.0) (-118.7,-94.2) (-130.1, -102.9) (-0.6, -0.2) (-0.6, -0.1)
-19.8%* =217 -42 1% 47,7 0.1 0.1
3to4 (-27.6, -12.0) (-29.9, -12.4) (-54.3, -29.9) (-61.4, -34.0) (-0.1,0.3) (-0.2, 0.3)
-2.4 -5.0 -17.6** -28.0*** 0.5*** 0.5***
4t05 (-10.5, 5.6) (-13.9, 3.9) (-30.0, -5.1) (-41.6, -14.3) (0.2,0.7) (0.3,0.8)
3.5 4.1 -10.1 -17.2* 0.7** 0.8***
5t06 (-5.0, 12.0) (-5.5, 13.8) (-23.2,3.0) (-32.1,-2.3) (0.4,0.9) (0.5,1.1)
24.2%* 21.9** 5.9 -4.8 1.5%** 1.7
6to 12 (16.2,32.2) (12.7, 31.0) (-5.0, 16.8) (-17.1,7.5) (1.3,1.7) (1.4,1.9)
47 1% 49.6*** 18.8** 9.8 2.5%** 2.9
12to0 18 (37.2,57.0) (37.9,61.2) (5.5,32.2) (-5.8, 25.4) (2.2,2.8) (2.5,3.3)
60.5*** 66.7*** 21.0** 13.3 3.1 3.7
18 to 24 (48.9,72.1) (52.8, 80.6) (6.0, 35.9) (-4.4, 31.0) (2.8, 3.5) (3.3,4.1)
63.9*** 69.0*** 14.9 1.9 3.5%* 4.1
24 t0 30 (50.8, 77.1) (52.7, 85.2) (-2.0, 31.9) (-19.0, 22.7) (3.1, 3.9 (3.6, 4.6)
63.2*** 74.3*** 8.3 -1.2 3.7 4.4
30 to 36 (48.5,77.8) (55.9, 92.7) (-10.0, 26.7) (-24.1, 21.8) (3.2,4.1) (3.9,5.0)
70.8*** 88.7*** 14.1 23 3.9%* 5.0"**
36 to 42 (54.6, 87.0) (68.1, 109.4) (-5.9, 34.1) (-23.5, 28.1) (34,44 (4.4,5.6)
78.7** 96.8*** 16.3 5.1 4.2%* 5.3%**
42 to 48 (60.7,96.7) (73.2,120.3) (-5.8, 38.5) (-24.4, 34.5) (3.7, 4.7) (4.6, 6.0)
78.6*** 98.4*** 17.5 11.3 4. 2% 5.2%**
48 to 54 (58.9, 98.3) (71.7,125.1) (-6.6, 41.6) (-21.6, 44.2) (3.7, 4.7) (4.4,6.0)
84.4** 102.3*** 17.4 -0.5 4.3"* 5.6"**
54 to 60 (63.1, 105.8) (72.3,132.2) (-8.8, 43.5) (-36.9, 35.9) (3.7, 4.9 (4.7,6.5)
AIC 133496786 96166071 80892311 58590530 -63897 -745497
BIC 134755488 97395155 81814531 59470488 1194805 483587

61




Bermingham et al. Int J Obes (2026). https://doi.org/10.1038/s41366-025-01995-z

872
873

874

875

876
877

878

Supplementary Figures

Supplementary Figure 1: Dataset linkage and sample selection process
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879 Supplementary Figure 2: Number of bariatric surgery operations, total and by type, over
880 calendartime
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Supplementary Figure 3: Mean monthly pay and employment in calendar time
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Supplementary Figure 4: Mean monthly pay and employment by age and sex
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Supplementary Figure 5: Effect of bariatric surgery on monthly employee pay (overall)
before and after surgery, across age groups
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Supplementary Figure 6: Effect of bariatric surgery on monthly employee pay among
those in work before and after surgery, across age groups
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Supplementary Figure 7: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, across age groups
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Supplementary Figure 8: Effect of bariatric surgery on monthly employee pay (overall)

before and after surgery, by sex
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Supplementary Figure 9: Effect of bariatric surgery on monthly employee pay among

those in work before and after surgery, by sex

Effect on monthly employee pay (£)

-100

-200

-300

Females

100 !

O mmmmm

66 -60 -54 -48 -42 -36 -30 -24 -18 -12 -B

€ 12 18 24 30 36 42 48 54 B0 6@6 60 54 -48 42 -36 30 24 -16 12 B

1
'
'
'
1
1
}
0

6 12 18 24 30 36 42 45 54 80 66
Months since operation

70



Bermingham et al. Int J Obes (2026). https://doi.org/10.1038/s41366-025-01995-z

912
913

914
915

916

Supplementary Figure 10: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, by sex
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Supplementary Figure 11: Effect of bariatric surgery on monthly employee pay (overall)

before and after surgery, across ethnic groups
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Supplementary Figure 12: Effect of bariatric surgery on monthly employee pay among

those in work before and after surgery, across ethnic groups
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Supplementary Figure 13: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, across ethnic groups
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Supplementary Figure 14: Effect of bariatric surgery on monthly employee pay (overall)

before and after surgery, across Index of Multiple Deprivation quintiles
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Supplementary Figure 15: Effect of bariatric surgery on monthly employee pay among

those in work before and after surgery, across Index of Multiple Deprivation quintiles
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Supplementary Figure 16: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, across Index of Multiple Deprivation quintiles
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Supplementary Figure 17: Effect of bariatric surgery on monthly employee pay (overall)

before and after surgery, across regions
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Supplementary Figure 18: Effect of bariatric surgery on monthly employee pay among

those in work before and after surgery, across regions
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Supplementary Figure 19: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, across regions
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Supplementary Figure 20: Effect of bariatric surgery on monthly employee pay (overall)

before and after surgery, across Charlson Comorbidity Score
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Supplementary Figure 21: Effect of bariatric surgery on monthly employee pay among
those in work before and after surgery, across Charlson Comorbidity Score
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Supplementary Figure 22: Effect of bariatric surgery on probability of being a paid

employee before and after surgery, across Charlson Comorbidity Score
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Placebo test censoring at surgery

Supplementary Figure 23
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Placebo test with unexposed only

Supplementary Figure 24
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