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Abstract

Introduction
Socioeconomic deprivation is frequently associated with poor healthcare outcomes. However, the effect of
deprivation in liver transplantation (LT) remains poorly understood. This study aimed to identify whether

socioeconomic deprivation affects health-related quality of life (HR-QoL), anxiety, depression following LT.

Methods

Post-transplantation patients completed the condition-specific 'Short form of liver disease QOL' questionnaire,
the Generalised Anxiety Disorder Questionnaire (GAD-7) and the Patient Health Questionnaire (PHQ-9). The
aggregate HR-QoL score (range: 0-100) was derived and multivariable linear regression performed based on
sociodemographic and clinical variables to estimate its independent association with Scottish Index of Multiple
Deprivation (SIMD) quintiles. The GAD-7 and PHQ-9 questionnaires were used to screen respondents for
anxiety and depression, and multivariable logistic regression performed to estimate their independent

association with SIMD quintiles.

Results

Of 331 eligible post-transplantation patients, 97.3% (n=322) had a valid SIMD quintile. Quintiles were equally
distributed in the cohort, with no significant differences observed in underlying patient characteristics.
Following multivariable adjustment, greater socioeconomic deprivation was associated with lower post-
transplantation HR-QoL scores, with a difference of 9.7 points (95%CI: 4.6-14.9, p<0.001) between the most
and least deprived quintiles. Recipients living in areas of least deprivation were less likely to suffer from

anxiety (OR 0.05, 95%CI: 0.00-0.28, p=0.003), depression (OR 0.13, 95%CI: 0.02-0.56, p=0.009).

Conclusion
Despite the highly selected nature of liver transplant recipients, those living in the most deprived areas have a
significantly lower HR-QoL and are more likely to suffer from anxiety, depression. More work is required to

ensure there is equitable benefit from LT.
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Strength and limitations of this study
e Large sample size with a high response rate
e The validated and disease-specific SF-LDQOL questionnaire was used
e Association between SIMD and outcomes not adjusted for comorbidities

e Lack of pre-transplantation HR-QoL scores
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Introduction

Liver transplantation (LT) is the only curative treatment for end-stage liver disease. Over the course of the last
50 years, advances in operative technique, immunosuppressive therapy and postoperative management have
transformed LT from an experimental procedure to a standard treatment, with 1-year and 5-year survival rates
in the UK currently exceeding 90% and 80%, respectively (1,2). More recently, efforts have focused on

exploring the impact of LT on health-related quality of life (HR-QoL) (3,4).

Studies have demonstrated that most LT recipients experience a significant improvement in HR-QoL after
transplantation compared to pre-transplantation scores, and this is observed across most quality of life domains
(5-7). Despite the improvement remaining consistent over time, LT recipients have lower HR-QoL scores than
the healthy general population (8,9). Pre-transplantation and post-transplantation variables, such as primary
liver disease, re-transplantation or postoperative complications, fail to fully explain this discrepancy between
LT recipients and the general population, and it is plausible that socioeconomic disparities may have a

causative role (10,11).

Socioeconomic deprivation is known to be a determinant of poor health, shorter life expectancy and increased
prevalence of chronic diseases, and, in the field of LT, it has been demonstrated to be associated with poor
post-transplantation outcomes (12—16). In the United States of America, inferior insurance cover is linked with
greater mortality in adult recipients (17,18). Similarly, greater socioeconomic deprivation is associated with
diminished graft and patient survival after paediatric LT (19,20). Lower literacy and education level have also

been shown to be associated with increased complication rates post LT (21,22).

Limited evidence is available in the literature on whether deprivation adversely influences HR-QoL and causes

psychological distress in LT recipients. This study aimed to estimate the association between socioeconomic

deprivation and HR-QoL, anxiety and depression following LT.
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Methods

Population

Consecutive adult (= 18 years of age) liver transplantation recipients attending the Scottish Liver
Transplantation Unit for an outpatient clinic in two different periods (16" July — 3™ September 2015; 15%
August — 14" September 2017) were enrolled on a voluntary basis. Formal institutional ethical approval was
waived as this study was considered a service evaluation, otherwise involving routinely collected data. This

analysis was performed according to STROBE reporting guidelines for observational studies (23).

Data collection

Eligible patients, after verbal consent was obtained, were invited to fill out the validated ‘Short form of liver
disease quality of life’ (SF-LDQOL) questionnaire (24). This tool was used to assess the condition-specific
HR-QoL and it includes 36 items distributed over nine domains (symptoms of liver disease, effects of liver
disease, concentration/memory, health-related distress, sexual function, quality of sleep, loneliness,
hopelessness and stigma of liver disease). The SF-LDQOL questionnaire provides a score for each domain and

an overall HR-QoL score (range zero to 100, with higher scores denoting better QoL).

Patients recruited in the second period were also invited to complete the Generalised Anxiety Disorder-7
(GAD-7) and Patient Health Questionnaire-9 (PHQ-9) questionnaires (25,26). The total GAD-7 score ranges
from zero to 21, with higher scores indicating greater self-reported anxiety and a total score of >10 suggesting
a possible diagnosis of anxiety (sensitivity 89%, specificity 82%) (27). The PHQ-9 is used to quantify
depression symptoms. It provides a zero to 27 total score and scores >10 are 88% sensitive and 88% specific

for detecting depression (28).

Socioeconomic deprivation scores were obtained by referencing the patients’ postcodes with the Scottish Index
of Multiple Deprivation (SIMD) tool (29). The SIMD is the Scottish Government’s tool used to identify areas
subject to deprivation, based upon factors including income, employment, education, health, housing, crime,

and access to essential services. It enables a deprivation score to be assigned to any postcode and the lower the
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score, the more deprived the area. The SIMD is a very granular epidemiological tool, with each data zone
consisting of between 500 and 1000 household residents. We used the tool to assign every patient to a SIMD
quintile from 1 to 5, with quintile 1 representing the most deprived postcodes in Scotland and quintile 5 the

least.

Statistical analyses

Patient characteristics were summarized to compare differences between SIMD quintiles. Continuous data
were summarised as a median and analysed using the Kruskal-Wallis test. Categorical data are presented as
frequencies and percentages, and differences in proportions were tested using chi-squared (X?) or Fisher’s
exact tests. All SF-LDQOL questionnaire responses were assigned to a value based upon the original Likert
scale and summated into a mean score for each domain (scaled to value out of 100). All domains were equally
weighted before being summated into a mean overall score. The total GAD-7 and PHQ-9 scores were used to
determine whether respondents had a possible diagnosis of anxiety and depression, respectively, by using the

validated >10 cut-off.

Differences in overall HR-QoL were adjusted using a multiple linear regression model. Variables used
included: SIMD quintile; age (years); sex (male, female); body mass index (BMI); time since transplantation
(years); primary liver disease (alcoholic, cholestatic, non-alcoholic fatty liver disease (NAFLD), viral
(hepatitis B or C), or other aetiology); hepatocellular carcinoma (HCC) status (present, absent); pre-
transplantation Model of End-Stage Liver Disease (MELD) category (<15, 15-20, >21); transplantation status
(first transplant, re-transplanted); and type of organ (donation after brainstem death organ (DBD-organ),
donation after circulatory death organ (DCD-organ)). These variables are routinely available at UK Liver
Transplant Units and could plausibly affect HR-QoL. First-order interactions were checked and included in
the model if found to be influential. Final model selection was guided by minimisation of the Akaike

Information Criterion (AIC).

Multivariable logistic regression was used to estimate the independent association of SIMD with anxiety

(GAD-7 score >10) and depression (PHQ-9 score >10). In addition to the variables used in the multiple linear
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regression model, clinical history of anxiety (yes, no) and depression (yes, no) were included in the logistic
regression models. These were defined as either a documented diagnosis of anxiety/depression made by a
mental health specialist or the patient having a long-term (>4 weeks) prescription for
anxiolytics/antidepressants. First order interactions were checked before final model selection, which was

guided by minimisation of the AIC.

The threshold of statistical significance was set at P <0.05 a priori. Statistical analyses were conducted in R

v3.3.4 (R Foundation for Statistical Computing, Vienna, Austria) with the tidyverse and finalfit packages.

Patient and Public Involvement
No patients were engaged in setting the research question or the outcome measures, nor were any patients
involved in the study’s design or implementation. There are no plans to disseminate the results of the research

directly to study participants.
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Results

Over both study periods, 468 patients were found to be eligible for inclusion (Fig. 1). Of these, 74 (15.8%) did
not participate, 47 (10.0%) were not encountered at the outpatient clinic and 16 (3.4%) handed in incomplete
questionnaires. Out of the 331 respondents (70.7%) with complete questionnaires, nine had an invalid postcode
and could not be allocated to a SIMD quintile. Therefore, 322 patients (68.8%) were included in the final
analyses, with all 322 having a complete SF-LDQOL questionnaire and 150 also having filled out both GAD-7

and PHQ-9 tools.

Patients’ characteristics for the overall cohort and the GAD-7 and PHQ-9 subgroup are summarised in Table
1 and Table 2, respectively. The SIMD quintiles were equally distributed in both groups with no major
differences observed in the underlying patient characteristics. The median post-transplantation HR-QoL score
was 77.0 (IQR: 66.0-84.0) and the overall prevalence of symptoms of anxiety and depression was 21.3%
(32/150) and 28% (42/150), respectively. A description of primary liver diseases included within the “other”

category is provided in Table S1.

Multiple linear regression

In the overall cohort, patients living in most deprived areas had a significantly lower overall HR-QoL score
(Table 1). Following multivariable adjustment, greater socioeconomic deprivation remained associated with
lower post-transplantation HR-QoL, with a difference of 9.7 points (95% CI: 4.5-14.9, p<0.001) between the
most and least deprived quintiles (Fig. 2, Table S2). There was no significant difference in HR-QoL associated
with primary liver disease, transplantation status or receipt of a DCD-organ, and the overall HR-QoL remained

stable over time (Table S2).

Multivariable logistic regression
In the GAD-7 and PHQ-9 subgroup, recipients living in areas of least deprivation were less likely to suffer

from anxiety and depression (Table 2). This persisted after adjustment for baseline characteristics, with the
least deprived quintile significantly associated with fewer possible diagnoses
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Table 1: Patients’ demographics for the overall cohort. 5 Q
o g
5._ N Scottish Index of Multiple Deprivation (SIMD)
SIMD 1 @ 5 SIMD 5
(most deprived) SIMD 2 SIMD 3 SIMP4 (least deprived) Total
(n=57) (n=66) (n=77) E(n=a)) (n=62) (n=322) p
Quality of Life (SF-LDQOL) Median (IQR) 71.0 (62.0-82.0)  74.0 (60.8-82.8)  75.0 (66.0-86.0)  79.0 (73@%’%) 80.0 (69.8-87.8)  77.0 (66.0-84.0)  0.002
Age (years) Median (IQR) 55.0 (45.0-62.0)  57.5 (49.0-65.0) 57.0 (47.0-66.0) 61.5 (5570%63) 61.0 (55.0-64.0)  59.0 (49.0-65.0) 0.070
Sex Male 34 (59.6) 26 (39.4) 47 (61.0) ﬁ?@ ) 38 (61.3) 176 (54.7) 0.053
Female 23 (40.4) 40 (60.6) 30 (39.0) 2@_@8*‘3) 24 (38.7) 146 (45.3)
BMI (kg/m?) Median (IQR) 26.6 (23.3-31.2)  27.2(22.9-30.9) 27.5 (24.0-30.1) 26.7 2483 ) 26.7 (23.5-30.2) 26.8 (6.9) 0.922
Time since transplantation (years) Median (IQR) 2.2 (1.1-5.8) 2.4(0.9-6.4) 3.7 (0.9-8.0) 1.0 @5;—,%9) 2.7 (1.0-6.5) 2.4(0.8-6.1) 0.021
Primary liver disease ALD 15 (26.3) 12 (18.2) 17 (22.1) 18 86&7) 13 (21.0) 73 (22.7) 0.938
Cholestatic 11(19.3) 19 (28.8) 19 (24.7) 13 @87) 16 (25.8) 78 (24.2)
Viral 9 (15.8) 8 (12.1) 9(11.7) g@&) 10 (16.1) 44 (13.7)
NAFLD 5(8.8) 4(6.1) 7(9.1) ] @) 7(11.3) 32(9.9)
Other 17 (29.8) 23 (34.8) 25 (32.5) 12 ) 16 (25.8) 95 (29.5)
HCC status No 44 (77.2) 51(77.3) 64 (83.1) 43 [R0D) 49 (79.0) 256 (79.5) 0.906
Yes 13 (22.8) 15 (22.7) 13 (16.9) 12(2'@) 13 (21.0) 66 (20.5)
MELD score <15 20 (35.1) 13 (19.7) 21 (27.3) 2L 35D) 14 (22.6) 89(27.6)  0.158
15-20 13 (22.8) 19 (28.8) 16 (20.8) 1I(1%3) 23 (37.1) 82 (25.5)
>20 22 (38.6) 33 (50.0) 37 (48.1) 2 (433) 23 (37.1) 141 (43.8)
Missing 2(3.5) 1(1.5) 33.9) 52 (3;3) 2(3.2) 10 (3.1)
Transplantation status First transplant 49 (86.0) 59 (89.4) 69 (89.6) 8 (933) 50 (80.6) 283 (87.9) 0.260
Re-transplanted 8 (14.0) 7 (10.6) 8 (10.4) 24 (&7) 12 (19.4) 39 (12.1)
Type of organ DBD-organ 49 (86.0) 56 (84.8) 65 (84.4) 5@‘(8%3) 49 (79.0) 269 (83.5) 0.596
DCD-organ 6 (10.5) 9(13.6) 10 (13.0) B(133) 13 (21.0) 46 (14.3)
Missing 2(3.5) 1(1.5) 2 (2.6) ;—,2 33 0(0.0) 7(2.2)
C

Data are percentages unless otherwise stated.

Abbreviations: SIMD: Scottish Index of Multiple Deprivation; SF-LDQOL: Short Form of Liver Disease Quality of Life; IQR: Interquartile R_png@ BMI: Body Mass Index; ALD: Alcoholic Liver Disease;
NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation a@r Btfeunstem Death; DCD: Donation after Circulatory Death.
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Table 2: Patients’ demographics for the subgroup that completed the GAD-7 and PHQ-9 questionnaires. = S
o eottish Index of Multiple Deprivation (SIMD)
SIMD 1 s N SIMD 5
(most deprived) SIMD 2 SIMD 3 SIMB 4 S (least deprived) Total
(n=30) (n=29) (n=37) (n=29) © (n=25) (n=150) p
Anxiety (GAD-7 score >10) No 16 (53.3) 22 (75.9) 31(83.8) 26 (8%7) & 23(92.0) 118 (78.7)  0.002
Yes 14 (46.7) 7(24.1) 6(16.2) 3 (16RFE 2 (8.0) 32 (21.3)
Depression (PHQ-9 score >10) No 14 (46.7) 20 (69.0) 28 (75.7) 26 (8#:7&;' 4 20 (80.0) 108 (72.0)  0.004
Yes 16 (53.3) 9(31.0) 9(24.3) 3 (1(%3% § 5(20.0) 42 (28.0)
Age (years) <40 7(23.3) 7 (24.1) 6(16.2) 2 (@_ w 4 (16.0) 26(17.3)  0.295
40-59 15(50.0) 12 (41.4) 16 (43.2) 9(3ER 9 11 (44.0) 63 (42.0)
>60 8(26.7) 10 (34.5) 15 (40.5) 18 (6%—5—1%5 10 (40.0) 61 (40.7)
Sex Male 21(70.0) 14 (48.3) 24(649)  14(4%3€ 5 13 (52.0) 86(57.3)  0.281
Female 9(30.0) 15 (51.7) 13 (35.1) 15(5R72 8 12 (48.0) 64 (42.7)
BMI Underweight-Normal 13 (43.3) 9(31.0) 15 (40.5) 6 (2(2._7@' 3 8(32.0) 51(34.00 0.289
Overweight 9(30.0) 10 (34.5) 15 (40.5) 8 (2moY. g 9(36.0) 51 (34.0)
Obese 8(26.7) 10 (34.5) 7 (18.9) 15(5 7% 3 8(32.0) 48 (32.0)
Time since transplantation (years) <1 6 (20.0) 11 (37.9) 16 (43.2) 16 (5%2% g 4 (16.0) 53 (35.3) 0.013
1-5 18 (60.0) 12 (41.4) 10 (27.0) 5(1B2y° 13 (52.0) 58 (38.7)
>5 6(20.0) 6(20.7) 11(29.7) 8(276) = 8(32.0) 39 (26.0)
Primary liver disease ALD 7(23.3) 5(17.2) 12 (32.4) 6 (2657) %. 6 (24.0) 36 (24.0) 0.707
Cholestatic 8(26.7) 9(31.0) 8(21.6) 6 2@7) S 8(32.0) 39 (26.0)
Viral 4 (13.3) 6(20.7) 3(8.1) 3 (1(%3) S 3(12.0) 19 (12.7)
NAFLD 4 (13.3) 1(3.4) 4 (10.8) 7 (241) g 1(4.0) 17 (11.3)
Other 7 (23.3) 8(27.6) 10 (27.0) 78D Y 7 (28.0) 39 (26.0)
HCC status No 25(83.3)  19(65.5) 30(81.1)  23(7%3) § 20 (80.0) 117 (78.0)  0.490
Yes 5(16.7) 10 (34.5) 7 (18.9) 6 (2(%7) o 5(20.0) 33 (22.0)
MELD score <15 12 (40.0) 9 (31.0) 15(405)  11GF) 3 9 (36.0) 56(37.3)  0.173
15-20 7(23.3) 13 (44.8) 10 (27.0) 3(1Q33) 9(36.0) 42 (28.0)
>20 10 (33.3) 6(20.7) 10 (27.0) 13 (4438) > 5(20.0) 44 (29.3)
Missing 1(3.3) 1(3.4) 2(5.4) 2 (§9) = 2(8.0) 8(5.3)
Transplantation status First transplant 24 (80.0) 27 (93.1) 33(89.2) 27 (9%1) ™ 15 (60.0) 126 (84.0) 0.004
Re-transplanted 6(20.0) 2(6.9) 4 (10.8) 2 (%9) LSH 10 (40.0) 24 (16.0)
Type of organ DBD-organ 26 (86.7) 23(79.3) 29 (78.4) 22(799) o 20 (80.0) 120 (80.0)  0.707
DCD-organ 2(6.7) 5(17.2) 6(16.2) 5(17.2) » 5(20.0) 23 (15.3)
Missing 2(6.7) 1(3.4) 2(5.4) 2(6.9) @ 0(0.0) 7(4.7)
Clinical history of depression No 24 (80.0) 25 (86.2) 32 (86.5) 27 (93.1) o 23 (92.0) 131(87.3)  0.578
Yes 6 (20.0) 4 (13.8) 5(13.5) 2(6.9) % 2 (8.0) 19 (12.7)
Clinical history of anxiety No 29 (96.7) 28 (96.6) 37 (100.0) 28 (96.6) T 25 (100.0) 147 (98.0)  0.707
Yes 1(3.3) 1(3.4) 0(0.0) 134) 8 0(0.0) 3(2.0)
Data are percentages unless otherwise stated. o
g
<
o
Q.
o
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of anxiety (OR 0.05, 95% CI: 0.00-0.28, p=0.003) and depression (OR 0.13, 95% CI: 0.02-0.56, p=0.009)
(Fig. 3, Fig. 4, Table S3, Table S4). Pre-transplantation MELD scores >20 were found to be protective towards
post-transplantation anxiety (OR 0.21, 95% CI: 0.04-0.82, p=0.033), whereas receipt of a DCD-organ was
associated with greater anxiety (OR 4.65, 95% CI: 1.11-20.07, p=0.034) (Table S3). Although a post-
transplantation survival time greater than five years was associated with worse depression (OR 4.52, 95% CI:
1.15-19.40, p=0.035), recipients older than 60 years of age were found to be less likely to suffer from

depressive disorders (Table S4).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

=

* (s3gv) Inauadns juswaublaosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 14 of 34

Discussion

Most LT recipients experience a significant improvement in HR-QoL after transplantation, but it is not
completely understood why they do not achieve HR-QoL scores comparable with the healthy general
population (6,8). There is a paucity of data on the factors that may influence HR-QoL outcomes after LT. This
study aimed to explore the relationship between socioeconomic deprivation and HR-QoL, anxiety and

depression among LT recipients.

In our study, greater socioeconomic deprivation was associated with lower post-transplantation HR-QoL
scores and recipients living in the most deprived areas were more likely to suffer from anxiety and depression.
There is evidence to suggest that psychological problems after LT are associated with increased morbidity and
mortality, and that outcomes could be improved with adequate treatment (30—32). This makes it important to
identify at an early stage patients who are at risk of psychological problems. Our findings can help clinicians
identify LT recipients at risk for anxiety, depression and lower HR-QoL scores, and who may require earlier

interventions aimed at improving long-term HR-QoL and minimising morbidity and mortality.

Scarce evidence is available in the literature on the impact of deprivation on HR-QoL, anxiety and depression
in LT recipients. A cross-sectional study from Brazil suggested that higher income and education level were
predictors of higher HR-QoL scores in some quality of life domains (33). Similarly, employment was
associated with higher HR-QoL scores and fewer depressive symptoms in German LT recipients (34). Income,
education level and employment were also found to positively influence post-transplantation HR-QoL in a
study conducted at the University of California Los Angeles (35). Although these are significant findings, the
above studies failed to include important social determinants of health, such as access to essential services,
housing and crime (16). To overcome this limitation, we used a more inclusive socioeconomic deprivation
score, calculated as the level of deprivation of an area across seven domains: income, employment, education,

health, access to services, crime and housing.
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In our study, long-term HR-QoL remained stable over time and was not affected by re-transplantation or

primary liver disease. This is consistent with the current balance of evidence (9,36-39).

The prevalence rates of symptoms of anxiety in our cohort (21.3%) was in line with prevalence rates described
by other studies (range 20% to 25%) (40,41). Patients who received a DCD-organ were estimated to have
significantly worse anxiety symptoms and this may reflect the increased risk of morbidity in DCD-organ
recipients (42,43). It is not clear why pre-transplantation MELD scores >20 were found to be protective
towards post-transplantation anxiety. We can hypothesise that recipients with MELD scores >20 had the

greatest benefit from LT and the much improved health is now contributing to lower anxiety prevalence rates.

Depressive symptoms were more prevalent in our sample (28.0%) than in other studies (range 15% to 20%)
(40,44,45). A possible explanation is that most studies have focused on the first five years after LT, whilst in
our study over one fourth of patients that completed the PHQ-9 questionnaire were over five years post-
transplantation. There is evidence to suggest that depressive symptoms might be highly prevalent in long-term
(>10 years) LT recipients and this is reflected by a post-transplantation survival time greater than five years

being associated with greater odds of depression in our study (46).

In contrast with the prevalence rates of symptoms of anxiety and depression found in our sample, a
significantly smaller proportion of LT recipients had a clinical history of anxiety (2%, 19/150) and depression
(12.7%, 3/150). This highlights how psychological problems might be underdiagnosed following LT and
reinforces the concept that monitoring psychological problems and psychological counselling should be part

of the routine care of transplant recipients.

There are some limitations to this study. The cross-sectional design of the study may have influenced the
HR-QoL, anxiety and depression results observed. Frequent clinic attendees, due to shorter postoperative
period or complications, were more likely to have been encountered, and patients who died, or were too unwell
to attend the clinic, were not included in the study. We tried to minimise the resulting bias with a large sample

size, high response rate and two different data collection periods. Secondly, although it should be mentioned
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that England, Wales and Northern Ireland have indexes of multiple deprivation based on the same domains of
the SIMD, this was a single-centre study that used a Scotland-specific index of deprivation and therefore the
results may not be generalisable to other centres. Thirdly, differently from individual-based scores, SIMD
gives an area-based deprivation score. This introduces potential bias since not every person in a highly deprived
area will themselves be experiencing high levels of deprivation. However, area-based scores have been shown
to be valid proxies in the absence of individual-based scores (47,48). Moreover, we did not adjust for any
comorbidities. This could be an important confounding factor since socioeconomic deprivation has been shown
to be associated with higher rates of comorbidity and the presence of comorbidities may lead to poorer quality
of life (14,15,49). Future studies should adjust for comorbidities to enable a more accurate estimation of the
association between socioeconomic deprivation and HR-QoL. In addition, to the best of our knowledge, no
data is currently available in the literature about the relationship between SIMD quintiles and QoL, anxiety
and depression scores in healthy subjects. Therefore, we could not determine whether the observed association
between high deprivation and worse QoL, anxiety, depression scores is also present in the general population,
irrespective of LT. Finally, we did not collect pre-transplantation HR-QoL scores. It is plausible that the lower
HR-QoL scores in more deprived recipients could be explained by lower pre-transplantation scores than less
deprived transplant candidates. However, this assumes that there is an equal increase in HR-QoL after LT
across socioeconomic deprivation quintiles. Future studies should explore the association between
socioeconomic deprivation and change in HR-QoL before and after LT to assess whether there is equitable

benefit from LT.

In conclusion, despite the highly selected nature of liver transplant recipients, those living in the most deprived
areas had a significantly lower HR-QoL and were more likely to suffer from anxiety and depression. Our
results also suggest psychological problems might be underdiagnosed in transplant recipients. These findings
may help clinicians identify patients at risk for anxiety, depression and lower HR-QoL scores, and who may
require earlier interventions aimed at improving long-term HR-QoL and minimising morbidity and mortality.

More work is required to ensure there is equitable benefit from LT.
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Figure legends

Figure 1. Flow diagram of patient inclusion.

Abbreviations: SIMD: Scottish Index of Multiple Deprivation; SF-LDQOL: Short Form of Liver Disease Quality of Life;
GAD-7: Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9

Figure 2. Forest plots of the effect size for socioeconomic deprivation on post-transplantation HR-QoL: A)

reduced model; B) final model.

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death.

Figure 3. Forest plots of the effect size for socioeconomic deprivation on post-transplantation anxiety: A)

reduced model; B) final model.

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death; GAD-7:
Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9.

Figure 4. Forest plots of the effect size for socioeconomic deprivation on post-transplantation depression: A)

reduced model; B) final model.

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death; GAD-7:
Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9.
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Supporting information

Additional supporting information may be found online in the Supporting Information section at the end of the
article.

Table S1. Primary liver disease of patients in the cohort.

Table S2. Multiple linear regression: effect of socioeconomic deprivation on post-transplantation HR-QoL.
Table S3. Multivariable logistic regression: effect of socioeconomic deprivation on post-transplantation |
anxiety.

Table S4. Multivariable logistic regression: effect of socioeconomic deprivation on post-transplantation

depression.
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Quality of Life (SF-LDQOL): Multivariable coefficient (95% CI, p-value), reduced model

SIMD quintile 1 (most deprived)
2

3

4

5 (least deprived)

Age (years) [18.0,86.0]
Sex Male
Female

2.93 (-1.96 to 7.81, p=0.240)
4.65 (-0.04 10 9.34, p=0.052)
9.39 (4.38 10 14.39, p<0.001)
9.39 (4.45 to 14.34, p<0.001)
-0.01 (-0.12t0 0.10, p=0.859)

-2.76 (-5.80 to 0.28, p=0.075)

5 0

Quality of Life (SF-LDQOL): Multivariable coefficient (95% CI, p-value), final model

SIMD quintile 1 (most deprived)
2

3

4

5 (least deprived)

Age (years) [18.0,86.0]
Sex Male
Female

BMI Underweight-Normal
Overweight

Obese

Time post transplantation (years) [0.0,29.0]
Primary liver disease ALD
Cholestatic

Viral

NAFLD

Other

HCC status No
Yes

MELD score <15
15-20

>20

First transplant
Re-transplanted
Type of organ DBD-organ
DCD-organ

Transplantation status

3.52 (-1.5810 8.62, p=0.175)
4.28 (-0.64 to 9.20, p=0.088)
8.60 (3.32 10 13.88, p=0.002)
9.71 (4.50to 14.91, p<0.001)
0.04 (-0.10 t0 0.18, p=0.589)

-3.31 (-6.64 10 0.02, p=0.051)

-0.18 (-4.06 10 3.70, p=0.927)
-0.90 (-5.00 to 3.21, p=0.667)
-0.06 (-0.46 10 0.33, p=0.753)
-0.32 (-5.16 to 4.53, p=0.898)
-3.15 (-8.83 10 2.52, p=0.275)
3.05 (-2.84 1o 8.94, p=0.309)
2.23 (-2.56 to 7.03, p=0.360)
-1.54 (-6.09 10 3.02, p=0.507)

-0.78 (-5.26 to 3.69, p=0.730)
-0.86 (-5.15 10 3.44, p=0.696)

-2.31 (-7.27 to 2.65, p=0.360)

-3.50 (-8.06 to 1.06, p=0.132)

Figure 2

5 10
Coefficient (95% Cl)
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Anxiety (GAD-7 score 210): Multivariable OR (95% Cl, p-value), reduced model

SIMD quintile 1 (most deprived)
2
3

4
5 (least deprived)

Age (years) <40
40-60

>60

Sex Male
Female

Anxiety (GAD-7 score 210): Multivariable OR (
SIMD quintile 1 (most deprived)
2
3
4
5 (least deprived)
Age (years) <40
40-60
>60
Sex Male
Female
Time post transplantation (years) <1
1-5
>5
HCC status No
Yes
MELD score <15
15-20
>20
Transplantation status First transplant
Re-transplanted
Type of organ DBD-organ
DCD-organ
Clinical history of depression No
Yes
Clinical history of anxiety No
Yes

241x176mm (150 x 150 DPI)

BMJ Open

95% Cl, p-value), final model

0.18 (0.03-0.79, p=0.030)
0.10 (0.02-0.44, p=0.003)
0.06 (0.01-0.37, p=0.004)
0.05 (0.00-0.28, p=0.003)

0.81 (0.18-3.93, p=0.785)
0.32 (0.05-1.85, p=0.200)
2.10 (0.74-6.31, p=0.173)
0.47 (0.13-1.62, p=0.238)

3.60 (0.83-16.74, p=0.091)

0.96 (0.24-3.50, p=0.951)

0.33 (0.08-1.14, p=0.088)
0.21 (0.04-0.82, p=0.033)

1.29 (0.31-4.90, p=0.711)
4.65 (1.11-20.07, p=0.034)
3.82 (0.95-15.37, p=0.056)

221 (0.06-97.59, p=0.653)

Figure 3

|

;

1.0

a
o

0.1 05
Qdds ratio (95% Cl, log scale)

|
L]
—_—
O — |
S
e
— .
—.
]
P —
|
]
|
e
|
——.——
[ ]
——
L |
|
—_——t
1
—.
[ ]
—le
|
"
—_——
[ ]
1
—-—
n
H
}
1 B 200 100.0

0.1 5 1.0 0
QOdds ratio (95% Cl, log scale)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 34

(s3gv) Jnauadns wwawaubiasug
| p anbiydeiBolqig 8ousby Je GZoz ‘TT aunc uo /wod fwg uadolwag//:dny wol) papeojumoq '£20z 1snbny 6 U0 220.0-220z-uadolwa/9eTT 0T Se paysiiand 1si1y :uado cING

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold


http://bmjopen.bmj.com/

Page 29 of 34 BMJ Open

vs)
g
1
2
2 @
3 S
—
4 =
(%)
5 ~—
©
c
6
(o}
7 Depression (PHQ-9 score 210): Multivariable OR (95% ClI, p-value), reduced model I}
SIMD quintile 1 (most deprived) - ¥ >
8 2 0.35 (0.11-1.05, p=0.067) —_— o
3 0.29 (0.10-0.82, p=0.022) —_— .| @
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The influence of socioeconomic deprivation on quality of life, anxiety and depression in liver
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Supplementary files

Table S1: Primary liver disease of patients in the cohort.

(n=322)
Alcoholic liver disease 73
Non-alcoholic fatty liver disease (NAFLD) 32
Viral Hepatitis
Acute hepatic failure - HBV
Hepatitis B cirrhosis
Hepatitis C cirrhosis 43
Cholestatic
Biliary atresia 5
Primary biliary cirrhosis 38
Primary sclerosing cholangitis 30
Secondary biliary cirrhosis 1
Congenital biliary disease 1
Paediatric cholestatic liver disease 3
Other primary liver disease
Acute hepatic failure - other drug toxicity 1
Acute hepatic failure - other 7
Acute hepatic failure - paracetamol hepatotoxicity 6
Acute hepatic failure - serologically indeterminate 4
Alpha-1-antitrypsin deficiency 2
Autoimmune chronic active liver disease 17
Budd-Chiari syndrome 1
Chronic rejection 6
Cryptogenic cirrhosis 16
Hepatic artery thrombosis 4
Hepatocellular carcinoma - cirrhotic 5
Hepatocellular carcinoma - non-cirrhotic 2
Hereditary haemachromatosis 7
Polycystic liver disease 3
Primary non-function 1
Recurrent disease 2
Wilsons disease 3
Other 5
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Table S2: Multiple linear regression: effect of socioeconomic deprivation on post-transplantation HR-QoL.

Buipnjoul ‘1ybiAdoo Aq |
U0 22¥0.0-220Z-uadolwi

Quality of Life (SF-LDQOL)

Univariable coefficient (95% CI)

Multivariable coefficient (95% CI)?

SIMD quintile

Age (years)
Sex

BMI

Time post transplantation (years)

Primary liver disease

HCC status

MELD score

Transplantation status

Type of organ

Mean (SD)
1 (most deprived) 69.6 (15.6)
2 71.9 (15.4)
3 74.3 (13.3)
4 78.7 (10.9)
5 (least deprived) 79.0 (12.4)
[18.0,86.0] 74.7 (14.0)
Male 76.0 (13.1)
Female 73.1(14.9)
Underweight-Normal 74.2 (15.0)
Overweight 75.2 (13.1)
Obese 74.1 (14.1)
[0.0,29.0] 0.2 (0.04)
ALD 75.2 (11.9)
Cholestatic 73.7 (15.3)
Viral 70.8 (15.1)
NAFLD 78.1 (12.8)
Other 75.8 (14.1)
No 75.1 (14.1)
Yes 73.1(13.8)
<15 75.1 (11.4)
15-20 74.7 (14.9)
>20 74.3 (14.9)
First transplant 74.9 (14.2)
Re-transplanted 73.5(12.3)
DBD-organ 75.1 (13.5)
DCD-organ 72.1(16.2)

2.34 (-2.51 to 7.19, p=0.343)
4.66 (-0.02 to 9.35, p=0.051)
9.10 (4.14 to 14.06, p<0.001)
9.39 (4.47 to 14.31, p<0.001)
0.03 (-0.08 to 0.14, p=0.606)

-2.95 (-6.03 to 0.12, p=0.060)
1.03 (-2.70 to 4.77, p=0.586)
-0.05 (-3.92 to 3.83, p=0.982)
-0.00 (-0.00 to 0.00, p=0.789)
-1.54 (-6.01 to 2.93, p=0.498)
-4.44 (-9.68 t0 0.80, p=0.097)
2.86 (-2.96 to 8.68, p=0.334)
0.54 (-3.74 to 4.81, p=0.805)
-2.02 (-5.82 to 1.79, p=0.297)

-0.40 (-4.62 to 3.82, p=0.853)
-0.74 (-4.48 10 2.99, p=0.695)

-1.40 (-6.12 to 3.31, p:o.558)

-3.04 (-7.42 t0 1.34, p= 0173)

Multivariable coefficient (9% CI)*

ny

2.93 (-1.96 to 7@IKE0.240)
4.65 (-0.04 to 9842 1120.052)

9.39 (4.38 to 148E1=0.001)
9.39 (4.45 to 143421130.001)
-0.01 (-0.12 to O&pro 859)

1

-2.76 (-5.80 to o &,p:o 075)

X3

" (S39Yv) Jnauadn

1 rejiwis pue ‘Guiures |y ‘Buiuiw eyep pue 1X3
unr uo jwoo fwg uadolwaqy/:duy wouy pep90|

3.52 (-1.58 t0 8.62, p=0.175)
4.28 (-0.64 t0 9.20, p=0.088)
8.60 (3.32 to 13.88, p=0.002)
9.71 (4.50 to 14.91, p<0.001)
0.04 (-0.10 to 0.18, p=0.589)

-3.31 (-6.64 to 0.02, p=0.051)
-0.18 (-4.06 to 3.70, p=0.927)
-0.90 (-5.00 to 3.21, p=0.667)
-0.00 (-0.00 to 0.00, p=0.753)
-0.32 (-5.16 to 4.53, p=0.898)
-3.15 (-8.83 t0 2.52, p=0.275)
3.05 (-2.84 to 8.94, p=0.309)
2.23 (-2.56 to 7.03, p=0.360)
-1.54 (-6.09 to 3.02, p=0.507)

-0.78 (-5.26 t0 3.69, p=0.730)
-0.86 (-5.15 to 3.4, p=0.696)

-2.31 (-7.27 t0 2.65, p=0.360)

-3.50 (-8.06 t0 1.06, p=0.132)

INumber in dataframe = 322, Number in model =

Data are percentages unless otherwise stated.
Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; IQR: Interquartile R@ge %MI Body Mass Index; ALD: Alcoholic

Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; D@
Donation after Circulatory Death.
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322, Missing = 0, Log-likelihood =-1293.93, AIC = 2603.9, R-squared = 0.075, Adjusted ngquaned 0057
2Number in dataframe = 322, Number in model = 306, Missing = 16, Log-likelihood = -1225.31, AIC = 2490.6, R-squared = 0.1, Adjusted R- sguarq‘{d 0.047
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INumber in dataframe = 150, Number in model
2Number in dataframe = 150, Number in model =

=150, Missing = 0, AIC = 153.1, C-statistic = 0.745, H&L = Chi-sq(8) 3.37 (p=0.909)
140, Missing = 10, AIC = 142.3, C-statistic = 0.828, H&L = Chi-sq(8) 6.73 (p=0.566)

g 3
BMJ Open S s
o ]
2%
=03
ESEN
Table S3: Multivariable logistic regression: effect of socioeconomic deprivation on post-transplantation anxiety. = S
o g
c N
9._ N
2 S Anxiety (GAD-7 score >10)
No (n=132)  Yes (n=18) Univariable OR (95% CI) Multivarigble @R (95% CI)* Multivariable OR (95% CI)?
SIMD quintile 1 (most deprived) 16 (53.3) 14 (46.7) - - Z - -
2 22 (75.9) 7(241)  0.36(0.11-1.08, p=0.075) 0.33 (A1, p=0.058) 0.18 (0.03-0.79, p=0.030)
3 31 (83.8) 6(16.2)  0.22(0.07-0.66, p=0.009) 0.22 (078, p=0.010) 0.10 (0.02-0.44, p=0.003)
4 26 (89.7) 3(10.3)  0.13(0.03-0.48, p=0.004) 0.14 (0R&EMS3, p=0.007) 0.06 (0.01-0.37, p=0.004)
5 (least deprived) 23 (92.0) 2(8.0)  0.10(0.01-0.42, p=0.005) 0.09 (BHEC0, p=0.005) 0.05 (0.00-0.28, p=0.003)
Age (years) <40 18 (69.2) 8 (30.8) - a3 o - -
40-60 48 (76.2) 15(23.8)  0.70 (0.26-2.00, p=0.496) 0.76 (@& B2, p=0.618) 0.81 (0.18-3.93, p=0.785)
>60 52 (85.2) 9(14.8)  0.39(0.13-1.18, p=0.091) 0.53 (0. 6s1376, p:o.292) 0.32 (0.05-1.85, p=0.200)
Sex Male 69 (80.2) 17 (19.8) - 50 -
Female 49 (76.6) 15(23.4)  1.24 (0.56-2.73, p=0.588) 1.61 (B&300, p=0. 284) 2.10 (0.74-6.31, p=0.173)
BMI Underweight-Normal 38 (74.5) 13 (25.5) - Z 2o -
Overweight 44 (86.3) 7(137)  0.47 (0.16-1.26, p=0.140) 2=3 - -
Obese 36 (75.0) 12 (25.0)  0.97 (0.39-2.42, p=0.955) 223 - -
Time post transplantation (years) <1 43 (81.1) 10 (18.9) - g m = - -
1-5 48 (82.8) 10 (17.2)  0.90 (0.34-2.38, p=0.824) 525 - 0.47 (0.13-1.62, p=0.238)
>5 27 (69.2) 12 (30.8)  1.91(0.73-5.12, p=0.189) e 3 - 3.60 (0.83-16.74, p=0.091)
Primary liver disease ALD 28 (77.8) 8 (22.2) - > 3 - -
Cholestatic 29 (74.4) 10 (25.6)  1.21(0.42-3.59, p=0.729) 5 3 - -
Viral 15 (78.9) 4(21.1)  0.93(0.22-3.50, p=0.920) S 2 - -
NAFLD 15 (88.2) 2(11.8)  0.47 (0.06-2.16, p=0.372) R - -
Other 31 (79.5) 8(205)  0.90 (0.29-2.77, p=0.857) ) - -
HCC status No 91 (77.8) 26 (22.2) - S 3 - -
Yes 27 (81.8) 6(18.2)  0.78(0.27-1.98, p=0.617) o 3 - 0.96 (0.24-3.50, p=0.951)
MELD score <15 42 (75.0) 14 (25.0) - 3 o - -
15-20 34 (81.0) 8(19.0)  0.71(0.26-1.85, p=0.486) 5 > - 0.33 (0.08-1.14, p=0.088)
>20 36 (81.8) 8(18.2)  0.67 (0.24-1.74, p=0.416) - € - 0.21 (0.04-0.82, p=0.033)
Transplantation status First transplant 100 (79.4) 26 (20.6) - S 3 - -
Re-transplanted 18 (75.0) 6(25.0)  1.28(0.43-3.41, p=0.633) 3 B - 1.29 (0.31-4.90, p=0.711)
Type of organ DBD-organ 96 (80.0) 24 (20.0) - S N - -
DCD-organ 16 (69.6) 7(304)  1.75(0.61-4.61, p=0.270) e Q - 4.65 (1.11-20.07, p=0.034)
Clinical history of depression No 110 (84.0) 21 (16.0) - 3 ;’;‘ - -
Yes 8 (42.1) 11(57.9)  7.20 (2.62-20.74, p<0.001) Sz - 3.82 (0.95-15.37, p=0.056)
Clinical history of anxiety No 117 (79.6) 30 (20.4) - Q - -
Yes 1(33.3) 2(66.7) 7.80 (0.72-171.18, p=0.098) g - 2.21 (0.06-97.59, p=0.653)
@
@
CT

Data are percentages unless otherwise stated.
Abbreviations: GAD-7: Generalised Anxiety Disorder-7; SIMD: Scottish Index of Multiple Deprivation; BMI: Body Mass Index; ALD: Alcoholic @ver Disease; NAFLD: Non-alcoholic Fatty
Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donatigh after Circulatory Death.
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2 Table S4: Multivariable logistic regression: effect of socioeconomic deprivation on post-transplantation depression. ; S
3 o g
4 s N Depression (PHQ-9 score >10)
5 No (n=108)  Yes (n=42) Univariable OR (95% CI) Multivarigble OR (95% CI)* Multivariable OR (95% ClI)?
6 SIMD quintile 1 (most deprived) 14 (46.7) 16 (53.3) - - © - -
2 20 (69.0) 9 (31.0) 0.39 (0.13-1.12, p=0.086) 0.35 (0.1°~1-1.D5, p=0.067) 0.19 (0.04-0.72, p=0.018)
% 3 28 (75.7) 9(24.3) 0.28 (0.10-0.78, p=0.017) 0.29 (0.@rﬁc§2, p=0.022) 0.22 (0.06-0.76, p=0.019)
8 4 26 (89.7) 3(10.3) 0.10 (0.02-0.36, p=0.001) 0.11 (0.@23)@3, p=0.003) 0.12 (0.02-0.58, p=0.013)
9 5 (least deprived) 20 (80.0) 5(20.0) 0.22 (0.06-0.70, p=0.014) 0.21 (0.%3).69, p=0.014) 0.13 (0.02-0.56, p=0.009)
10 Age (years) <40 15 (57.7) 11 (42.3) - 23 R - -
1 40-60 42 (66.7) 21(33.3) 0.68 (0.27-1.76, p=0.424) 0.72 (0.2_73.%, p=0.524) 0.64 (0.17-2.41, p=0.509)
12 >60 51 (83.6) 10 (16.4) 0.27 (0.09-0.75, p=0.012) 0.35 (0.32%.56, p=0.063) 0.20 (0.04-0.90, p=0.041)
13 Sex Male 64 (74.4) 22 (25.6) - T 03 - -
Female 44 (68.8) 20 (31.2) 1.32 (0.64-2.71, p=0.445) 1.66 (0.753.83, p=0.213) 1.98 (0.76-5.36, p=0.167)
14 BMI Underweight-Normal 34(66.7) 17 (33.3) - a8 - -
15 Overweight 40 (78.4) 11 (21.6) 0.55 (0.22-1.32, p=0.186) o g' 2 - -
16 Obese 34 (70.8) 14 (29.2) 0.82 (0.35-1.93, p=0.655) g:\ = - -
17 Time post transplantation (years) <1 42 (79.2) 11 (20.8) - o 5% - -
18 1-5 41 (70.7) 17 (29.3) 1.58 (0.67-3.87, p=0.302) 3m = - 1.59 (0.52-4.97, p=0.419)
19 >5 25 (64.1) 14 (35.9) 2.14 (0.85-5.53, p=0.110) g-i’lg - 4.52 (1.15-19.40, p=0.035)
Primary liver disease ALD 26 (72.2) 10 (27.8) - Q- = - -
20 Cholestatic 25 (64.1) 14 (35.9) 1.46 (0.55-3.96, p=0.452) > 5 - 0.79 (0.22-2.76, p=0.707)
21 Viral 14 (73.7) 5(26.3) 0.93 (0.25-3.18, p=0.908) = o - 0.55 (0.10-2.78, p=0.481)
22 NAFLD 15 (88.2) 2(11.8) 0.35 (0.05-1.54, p=0.207) %- B - 0.20 (0.02-1.42, p=0.136)
23 Other 28 (71.8) 11 (28.2) 1.02 (0.37-2.84, p=0.967) 5 g - 0.56 (0.14-2.13, p=0.405)
24 HCC status No 84 (71.8) 33(28.2) - « 3 - -
25 Yes 24 (72.7) 9(27.3) 0.95 (0.39-2.21, p=0.916) g 5 - 2.27 (0.62-8.55, p=0.215)
MELD score <15 42 (75.0) 14 (25.0) - o g - -
26 15-20 27 (64.3) 15 (35.7) 1.67 (0.70-4.03, p=0.252) g S - 1.17 (0.39-3.57, p=0.781)
27 >20 33 (75.0) 11 (25.0) 1.00 (0.40-2.49, p=1.000) = 5 - 0.41 (0.11-1.45, p=0.179)
28 Transplantation status First transplant 91 (72.2) 35 (27.8) - % & - -
29 Re-transplanted 17 (70.8) 7(29.2) 1.07 (0.39-2.72, p=0.890) > 3 - 0.96 (0.26-3.32, p=0.954)
30 Type of organ DBD-organ 86 (71.7) 34 (28.3) - =¥ = - -
31 DCD-organ 16 (69.6) 7(30.4) 1.11 (0.40-2.84, p=0.838) 2 - 1.67 (0.46-5.71, p=0.417)
Clinical history of depression No 100 (76.3) 31 (23.7) - S Q - -
32 Yes 8(42.1)  11(57.9)  4.44 (1.65-12.42, p=0.003) g O - 2.33 (0.65-8.27, p=0.186)
33 Clinical history of anxiety No 107 (72.8) 40 (27.2) - Coa - -
34 Yes 1(33.3) 2(66.7)  5.35(0.50-117.00, p=0.176) Py - 7.74 (0.18-462.56, p=0.276)
35 Number in dataframe = 150, Number in model = 150, Missing = 0, AIC = 172.8, C-statistic = 0.736, H&L = Chi-sq(8) 4.13 (p=0.845) )
36 2Number in dataframe = 150, Number in model = 140, Missing = 10, AIC = 176.2, C-statistic = 0.806, H&L = Chi-sq(8) 9.60 (p=0.295) P
37 Data are percentages unless otherwise stated. W
Abbreviations: PHQ-9: Patient Health Questionnaire-9; SIMD: Scottish Index of Multiple Deprivation; BMI: Body Mass Index; ALD: Alcoholic Liger Disease; NAFLD: Non-alcoholic Fatty
gg Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donatigh after Circulatory Death.
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Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or |
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported -
Objectives 3 State specific objectives, including any prespecified hypotheses 4 %
Methods g’
Study design 4 Present key elements of study design early in the paper ;
Setting Describe the setting, locations, and relevant dates, including periods of 5 8
recruitment, exposure, follow-up, and data collection g
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 5 %
of participants g
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 5 g
and effect modifiers. Give diagnostic criteria, if applicable 3
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 5 S
measurement of assessment (measurement). Describe comparability of assessment E
methods if there is more than one group g
Bias 9 Describe any efforts to address potential sources of bias N/A %
Study size 10  Explain how the study size was arrived at N/A g
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 6 §
applicable, describe which groupings were chosen and why é’
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6 2
confounding s
(b) Describe any methods used to examine subgroups and interactions 6 g
(c) Explain how missing data were addressed N/A 3
(d) If applicable, describe analytical methods taking account of sampling | N/A )_>
Strategy g_
(e) Describe any sensitivity analyses N/A E
Results g
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7 3
potentially eligible, examined for eligibility, confirmed eligible, included g
in the study, completing follow-up, and analysed %
(b) Give reasons for non-participation at each stage §
(¢) Consider use of a flow diagram é
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, E-
social) and information on exposures and potential confounders :
(b) Indicate number of participants with missing data for each variable of | 7
interest
Outcome data 15*  Report numbers of outcome events or summary measures 7/8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 7/8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml

* (s3gv) Jnauladns juswaublasug

=)

R Y


http://bmjopen.bmj.com/

Page 35 of 34

oNOYTULT D WN =

BMJ Open

(b) Report category boundaries when continuous variables were 7/8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute | N/A
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, N/A
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9

Limitations 19 Discuss limitations of the study, taking into account sources of potential 11/12
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9-11
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 11/12

Other information

Funding 22 Give the source of funding and the role of the funders for the present N/A

study and, if applicable, for the original study on which the present article

is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objective To identify whether socioeconomic deprivation is associated with worse health-related quality of
life (HR-QoL), anxiety, depression following liver transplantation.

Design Cross-sectional study.

Setting and participants Liver transplant recipients within a national transplantation programme.

Methods Participants completed the condition-specific 'Short form of liver disease QOL' questionnaire, the
Generalised Anxiety Disorder Questionnaire (GAD-7) and the Patient Health Questionnaire (PHQ-9). The
aggregate HR-QoL score (range: 0-100) was derived and multivariable linear regression performed based on
sociodemographic and clinical variables to estimate its independent association with Scottish Index of Multiple
Deprivation (SIMD) quintiles. The GAD-7 and PHQ-9 questionnaires were used to screen respondents for
anxiety and depression, and multivariable logistic regression performed to estimate their independent
association with SIMD quintiles.

Results Some 331 patients completed the questionnaires. Quintiles were equally distributed in the cohort, with
no significant differences observed in underlying patient characteristics. Following multivariable adjustment,
greater socioeconomic deprivation was associated with lower post-transplantation HR-QoL scores, with a
difference of 9.7 points (95%CI: 4.6-14.9, p<0.001) between the most and least deprived quintiles. Recipients
living in areas of least deprivation were less likely to suffer from anxiety (OR 0.05, 95%CI: 0.00-0.28,
p=0.003) or depression (OR 0.13, 95%CI: 0.02-0.56, p=0.009).

Conclusion Despite the highly selected nature of liver transplant recipients, those living in the most deprived

areas have a significantly lower HR-QoL and are more likely to suffer from anxiety and depression.

Strengths and limitations of this study
e Large sample size with a high response rate.
e The validated and disease-specific SF-LDQOL questionnaire was used.
e Association between SIMD and outcomes not adjusted for comorbidities.

e Lack of pre-transplantation HR-QoL scores.
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Introduction

Liver transplantation (LT) is the only curative treatment for end-stage liver disease. Over the course of the last
50 years, advances in operative technique, immunosuppressive therapy and postoperative management have
transformed LT from an experimental procedure to a standard treatment, with 1-year and 5-year survival rates
in the UK currently exceeding 90% and 80%, respectively.[1,2] More recently, efforts have focused on

exploring the impact of LT on health-related quality of life (HR-QoL).[3,4]

Studies have demonstrated that most LT recipients experience a significant improvement in HR-QoL after
transplantation compared to pre-transplantation scores, and this is observed across most quality of life
domains.[5—7] Despite the improvement remaining consistent over time, LT recipients have lower HR-QoL
scores than the healthy general population.[8,9] Pre-transplantation and post-transplantation variables, such as
primary liver disease, re-transplantation or postoperative complications, fail to fully explain this discrepancy
between LT recipients and the general population, and it is plausible that socioeconomic disparities may have

a causative role.[10,11]

Socioeconomic deprivation is known to be a determinant of poor health, shorter life expectancy and increased
prevalence of chronic diseases, and, in the field of LT, it has been demonstrated to be associated with poor
post-transplantation outcomes.[ 12—16] In the United States of America, inferior insurance cover is linked with
greater mortality in adult recipients.[17,18] Similarly, greater socioeconomic deprivation is associated with
diminished graft and patient survival after paediatric LT.[19,20] Lower literacy and education level have also

been shown to be associated with increased complication rates post LT.[21,22]

Limited evidence is available in the literature on whether deprivation adversely influences HR-QoL and causes

psychological distress in LT recipients. This study aimed to estimate the association between socioeconomic

deprivation and HR-QoL, anxiety and depression following LT.
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Methods

Population

Consecutive adult (> 18 years of age) liver transplantation recipients attending the Scottish Liver Transplant
Unit for an outpatient clinic in two different periods (16" July — 3™ September 2015; 15" August — 14"
September 2017) were enrolled on a voluntary basis. Formal institutional ethical approval was waived by the
South East Scotland Research Ethics Service as this study was considered a service evaluation, otherwise
involving routinely collected data. This analysis was performed according to STROBE reporting guidelines

for cross-sectional studies.[23]

Data collection

Eligible patients, after verbal consent was obtained, were invited to fill out the validated ‘Short form of liver
disease quality of life’ (SF-LDQOL) questionnaire.[24] This tool was used to assess the condition-specific
HR-QoL and it includes 36 items distributed over nine domains (symptoms of liver disease, effects of liver
disease, concentration/memory, health-related distress, sexual function, quality of sleep, loneliness,
hopelessness and stigma of liver disease). The SF-LDQOL questionnaire provides a score for each domain and

an overall HR-QoL score (range zero to 100, with higher scores denoting better QoL).

Patients recruited in the second period were also invited to complete the Generalised Anxiety Disorder-7
(GAD-7) and Patient Health Questionnaire-9 (PHQ-9) questionnaires.[25,26] The total GAD-7 score ranges
from zero to 21, with higher scores indicating greater self-reported anxiety and a total score of >10 suggesting
a possible diagnosis of anxiety (sensitivity 89%, specificity 82%).[27] The PHQ-9 is used to quantify
depression symptoms. It provides a zero to 27 total score and scores >10 are 88% sensitive and 88% specific

for detecting depression.[28]

Socioeconomic deprivation scores were obtained by referencing the patients’ postcodes with the Scottish Index
of Multiple Deprivation (SIMD) tool.[29] The SIMD is the Scottish Government’s tool used to identify areas
subject to deprivation, based upon factors including income, employment, education, health, housing, crime,

and access to essential services. It enables a deprivation score to be assigned to any postcode and the lower the
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score, the more deprived the area. The SIMD is a very granular epidemiological tool, with each data zone
consisting of between 500 and 1000 household residents. We used the tool to assign every patient to a SIMD
quintile from 1 to 5, with quintile 1 representing the most deprived postcodes in Scotland and quintile 5 the

least.

Statistical analyses

Patient characteristics were summarized to compare differences between SIMD quintiles. Continuous data
were summarised as a median and analysed using the Kruskal-Wallis test. Categorical data are presented as
frequencies and percentages, and differences in proportions were tested using chi-squared (X?) or Fisher’s
exact tests. All SF-LDQOL questionnaire responses were assigned to a value based upon the original Likert
scale and summated into a mean score for each domain (scaled to value out of 100). All domains were equally
weighted before being summated into a mean overall score. The total GAD-7 and PHQ-9 scores were used to
determine whether respondents had a possible diagnosis of anxiety and depression, respectively, by using the

validated >10 cut-off.

Differences in overall HR-QoL were adjusted using a multiple linear regression model. Variables used
included: SIMD quintile; age (years); sex (male, female); body mass index (BMI); time since transplantation
(years); primary liver disease (alcoholic, cholestatic, non-alcoholic fatty liver disease (NAFLD), viral
(hepatitis B or C), or other aetiology); hepatocellular carcinoma (HCC) status (present, absent); pre-
transplantation Model of End-Stage Liver Disease (MELD) category (<15, 15-20, >21); transplantation status
(first transplant, re-transplanted); and type of organ (donation after brainstem death organ (DBD-organ),
donation after circulatory death organ (DCD-organ)). These variables are routinely available at UK Liver
Transplant Units and could plausibly affect HR-QoL. First-order interactions were checked and included in
the model if found to be influential. Final model selection was guided by minimisation of the Akaike

Information Criterion (AIC).

Multivariable logistic regression was used to estimate the independent association of SIMD with anxiety

(GAD-7 score >10) and depression (PHQ-9 score >10). In addition to the variables used in the multiple linear
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regression model, clinical history of anxiety (yes, no) and depression (yes, no) were included in the logistic
regression models. These were defined as either a documented diagnosis of anxiety/depression made by a
mental health specialist or the patient having a long-term (>4 weeks) prescription for
anxiolytics/antidepressants. First order interactions were checked before final model selection, which was

guided by minimisation of the AIC.

Directed acyclic graphs of the exposure-outcome relationship are provided in the supplementary file (Fig. S1

and S2). The threshold of statistical significance was set at P <0.05 a priori. Statistical analyses were conducted

in R v3.3.4 (R Foundation for Statistical Computing, Vienna, Austria) with the tidyverse and finalfit packages.

Patient and public involvement

None.
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Results

Over both study periods, 468 patients were found to be eligible for inclusion (Fig. 1). Of these, 74 (15.8%) did
not participate, 47 (10.0%) were not encountered at the outpatient clinic and 16 (3.4%) handed in incomplete
questionnaires. Out of the 331 respondents (70.7%) with complete questionnaires, nine had an invalid postcode
and could not be allocated to a SIMD quintile. Therefore, 322 patients (68.8%) were included in the final
analyses, with all 322 having a complete SF-LDQOL questionnaire and 150 also having filled out both GAD-7

and PHQ-9 tools.

Patients’ characteristics for the overall cohort and the GAD-7 and PHQ-9 subgroup are summarised in Table
1 and Table 2, respectively. The SIMD quintiles were equally distributed in both groups with no major
differences observed in the underlying patient characteristics, bar a shorter time since transplantation for SIMD
quintile 4 respondents in both subgroups and greater prevalence of re-transplantation in recipients living in
areas of least deprivation in the GAD-7 and PHQ-9 subgroup. The median post-transplantation HR-QoL score
was 77.0 (IQR: 66.0-84.0) and the overall prevalence of symptoms of anxiety and depression was 21.3%
(32/150) and 28% (42/150), respectively. A description of primary liver diseases included within the “other”

category is provided in Table S1. The scores of the nine SF-LDQOL domains are presented in Table S2.

Multiple linear regression

In the overall cohort, patients living in most deprived areas had a significantly lower overall HR-QoL score
(Table 1). Following multivariable adjustment, greater socioeconomic deprivation remained associated with
lower post-transplantation HR-QoL, with a difference of 9.7 points (95% CI: 4.5-14.9, p<0.001) between the
most and least deprived quintiles (Fig. 2, Table S3). There was no significant difference in HR-QoL associated
with primary liver disease, transplantation status or receipt of a DCD-organ, and the overall HR-QoL remained

stable over time (Table S3).

Multivariable logistic regression
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In the GAD-7 and PHQ-9 subgroup, recipients living in areas of least deprivation were less likely to suffer
from anxiety and depression (Table 2). This persisted after adjustment for baseline characteristics, with the
least deprived quintile significantly associated with fewer possible diagnoses of anxiety (OR 0.05, 95% CI:
0.00-0.28, p=0.003) and depression (OR 0.13, 95% CI: 0.02-0.56, p=0.009) (Fig. 3, Fig. 4, Table S4, Table
SS). Pre-transplantation MELD scores >20 were found to be protective towards post-transplantation anxiety
(OR 0.21, 95% CI: 0.04-0.82, p=0.033), whereas receipt of a DCD-organ was associated with greater anxiety
(OR 4.65, 95% CI: 1.11-20.07, p=0.034) (Table S4). Although a post-transplantation survival time greater
than five years was associated with worse depression (OR 4.52, 95% CI: 1.15-19.40, p=0.035), recipients older

than 60 years of age were found to be less likely to suffer from depressive disorders (Table S5).
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2 Table 1. Patients’ demographics for the overall cohort = 2
3 o g
4 5. N Scottish Index of Multiple Deprivation (SIMD)
5 SIMD 1 @ 5 SIMD 5
6 (most deprived) SIMD 2 SIMD 3 SIMP4 (least deprived) Total
7 (n=57) (n=66) (n=77) E(n=&)) (n=62) (n=322) p
8 Quality of Life (SF-LDQOL) Median (IQR) 71.0 (62.0-82.0)  74.0 (60.8-82.8)  75.0 (66.0-86.0)  79.0 (73@%’%) 80.0 (69.8-87.8)  77.0 (66.0-84.0)  0.002
9 Age (years) Median (IQR) 55.0 (45.0-62.0)  57.5(49.0-65.0) 57.0 (47.0-66.0) 61.5 (5570%63) 61.0 (55.0-64.0)  59.0 (49.0-65.0) 0.070
10 Sex Male 34 (59.6) 26 (39.4) 47 (61.0) %g ) 38 (61.3) 176 (54.7) 0.053
11 Female 23 (40.4) 40 (60.6) 30 (39.0) 28_@8*‘3) 24 (38.7) 146 (45.3)
12 BMI (kg/m?) Median (IQR) 26.6 (23.3-31.2)  27.2(22.9-30.9) 27.5 (24.0-30.1) 26.7 2483 ) 26.7 (23.5-30.2) 26.8 (6.9) 0.922
Time since transplantation (years) Median (IQR) 2.2 (1.1-5.8) 2.4(0.9-6.4) 3.7 (0.9-8.0) 1.0 @5;—,%9) 2.7 (1.0-6.5) 2.4(0.8-6.1) 0.021
13 Primary liver disease ALD 15 (26.3) 12 (18.2) 17 (22.1) 18 86&7) 13 (21.0) 73 (22.7) 0.938
14 Cholestatic 11(19.3) 19 (28.8) 19 (24.7) B eR) 16 (25.8) 78 (24.2)
15 Viral 9 (15.8) 8 (12.1) 9(11.7) g@&) 10 (16.1) 44 (13.7)
16 NAFLD 5(8.8) 4(6.1) 7(9.1) 8 d50) 7(11.3) 32 (9.9)
17 Other 17 (29.8) 23 (34.8) 25 (32.5) 12 ) 16 (25.8) 95 (29.5)
18 HCC status No 44 (77.2) 51(77.3) 64 (83.1) 43 [R0D) 49 (79.0) 256 (79.5) 0.906
19 Yes 13 (22.8) 15 (22.7) 13 (16.9) EO’@) 13 (21.0) 66 (20.5)
20 MELD score <15 20 (35.1) 13 (19.7) 21 (27.3) 2L 35D) 14 (22.6) 89(27.6)  0.158
21 15-20 13 (22.8) 19 (28.8) 16 (20.8) 11(1%3) 23 (37.1) 82 (25.5)
2 >20 22 (38.6) 33 (50.0) 37 (48.1) 235_(43@3) 23 (37.1) 141 (43.8)
23 Missing 2(3.5) 1(1.5) 3(3.9) 52 (3{?;3) 2(3.2) 10(3.1)
24 Transplantation status First transplant 49 (86.0) 59 (89.4) 69 (89.6) B (9?) 50 (80.6) 283 (87.9) 0.260
25 Re-transplanted 8(14.0) 7 (10.6) 8(10.4) 84 (67) 12 (19.4) 39 (12.1)
2% Type of organ DBD-organ 49 (86.0) 56 (84.8) 65 (84.4) 5@‘(8%3) 49 (79.0) 269 (83.5) 0.596
DCD-organ 6 (10.5) 9(13.6) 10 (13.0) B(133) 13 (21.0) 46 (14.3)
27 Missing 2(3.5) 1(1.5) 2 (2.6) ;—,2 33 0(0.0) 7(2.2)
28 Data are percentages unless otherwise stated. =
29 Abbreviations: SIMD: Scottish Index of Multiple Deprivation; SF-LDQOL: Short Form of Liver Disease Quality of Life; IQR: Interquartile R_png@ BMI: Body Mass Index; ALD: Alcoholic Liver Disease;
30 NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation a@r Btfeunstem Death; DCD: Donation after Circulatory Death.
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Table 2. Patients’ demographics for the subgroup that completed the GAD-7 and PHQ-9 questionnaires = S
o eottish Index of Multiple Deprivation (SIMD)
SIMD 1 s N SIMD 5
(most deprived) SIMD 2 SIMD 3 SIMB 4 S (least deprived) Total
(n=30) (n=29) (n=37) (n=29) © (n=25) (n=150) p
Anxiety (GAD-7 score >10) No 16 (53.3) 22 (75.9) 31(83.8) 26 (8%7) & 23(92.0) 118 (78.7)  0.002
Yes 14 (46.7) 7(24.1) 6(16.2) 3 (16RFE 2 (8.0) 32(21.3)
Depression (PHQ-9 score >10) No 14 (46.7) 20 (69.0) 28 (75.7) 26 (8#:7&;' 4 20 (80.0) 108 (72.0)  0.004
Yes 16 (53.3) 9(31.0) 9(24.3) 3 (1(%3% § 5(20.0) 42 (28.0)
Age (years) <40 7(23.3) 7(24.1) 6(16.2) 2 (@_9% w 4 (16.0) 26(17.3)  0.295
40-59 15(50.0) 12 (41.4) 16 (43.2) 9(3ER 9 11 (44.0) 63 (42.0)
>60 8(26.7) 10 (34.5) 15 (40.5) 18 (6%—1%% 10 (40.0) 61 (40.7)
Sex Male 21(70.0) 14 (48.3) 24(649)  14(4%3€ 5 13 (52.0) 86(57.3)  0.281
Female 9(30.0) 15 (51.7) 13 (35.1) 15(5R72 8 12 (48.0) 64 (42.7)
BMI Underweight-Normal 13 (43.3) 9(31.0) 15 (40.5) 6 (2(2._7@' 3 8(32.0) 51(34.00 0.289
Overweight 9(30.0) 10 (34.5) 15 (40.5) 8 (2moY. g 9(36.0) 51 (34.0)
Obese 8(26.7) 10 (34.5) 7 (18.9) 15(5 7% 3 8(32.0) 48 (32.0)
Time since transplantation (years) <1 6 (20.0) 11 (37.9) 16 (43.2) 16 (5%2% g 4 (16.0) 53 (35.3) 0.013
1-5 18 (60.0) 12 (41.4) 10 (27.0) 5(1B2y° 13 (52.0) 58 (38.7)
>5 6(20.0) 6(20.7) 11(29.7) 8(276) = 8(32.0) 39 (26.0)
Primary liver disease ALD 7(23.3) 5(17.2) 12 (32.4) 6 (2657) %. 6 (24.0) 36 (24.0) 0.707
Cholestatic 8(26.7) 9(31.0) 8(21.6) 6 2@7) S 8(32.0) 39 (26.0)
Viral 4 (13.3) 6(20.7) 3(8.1) 3 (1(%3) S 3(12.0) 19 (12.7)
NAFLD 4 (13.3) 1(3.4) 4 (10.8) 7 (241) g 1(4.0) 17 (11.3)
Other 7(23.3) 8(27.6) 10 (27.0) 78D Y 7 (28.0) 39 (26.0)
HCC status No 25(83.3)  19(65.5) 30(81.1)  23(7%3) § 20 (80.0) 117 (78.0)  0.490
Yes 5(16.7) 10 (34.5) 7 (18.9) 6 (2(%7) o 5(20.0) 33 (22.0)
MELD score <15 12 (40.0) 9 (31.0) 15(405)  11GF) 3 9 (36.0) 56(37.3)  0.173
15-20 7(23.3) 13 (44.8) 10 (27.0) 3(1Q33) 9(36.0) 42 (28.0)
>20 10 (33.3) 6(20.7) 10 (27.0) 13 (488) > 5(20.0) 44 (29.3)
Missing 1(3.3) 1(3.4) 2(5.4) 2 (t§9) = 2(8.0) 8(5.3)
Transplantation status First transplant 24 (80.0) 27 (93.1) 33(89.2) 27 (9%1) ™ 15 (60.0) 126 (84.0) 0.004
Re-transplanted 6(20.0) 2(6.9) 4 (10.8) 2 (%9) LSH 10 (40.0) 24 (16.0)
Type of organ DBD-organ 26 (86.7) 23(79.3) 29 (78.4) 22(799) o 20 (80.0) 120 (80.0)  0.707
DCD-organ 2(6.7) 5(17.2) 6(16.2) 5(17.2) » 5(20.0) 23 (15.3)
Missing 2(6.7) 1(3.4) 2(5.4) 2(6.9) @ 0(0.0) 7(4.7)
Clinical history of depression No 24 (80.0) 25 (86.2) 32 (86.5) 27 (93.1) o 23 (92.0) 131(87.3)  0.578
Yes 6 (20.0) 4(13.8) 5(13.5) 2(6.9) % 2(8.0) 19 (12.7)
Clinical history of anxiety No 29 (96.7) 28 (96.6) 37 (100.0) 28 (96.6) T 25 (100.0) 147 (98.0)  0.707
Yes 1(3.3) 1(3.4) 0(0.0) 134) 8 0(0.0) 3(2.0)
Data are percentages unless otherwise stated. o
g
<
o
Q.
o
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Discussion

Most LT recipients experience a significant improvement in HR-QoL after transplantation, but it is not
completely understood why they do not achieve HR-QoL scores comparable with the healthy general
population.[6,8] There is a paucity of data on the factors that may influence HR-QoL outcomes after LT. This
study aimed to explore the relationship between socioeconomic deprivation and HR-QoL, anxiety and

depression among LT recipients.

In our study, greater socioeconomic deprivation was associated with lower post-transplantation HR-QoL
scores and recipients living in the most deprived areas were more likely to suffer from anxiety and depression.
There is evidence to suggest that psychological problems after LT are associated with increased morbidity and
mortality, and that outcomes could be improved with adequate treatment.[30—32] This makes it important to
identify at an early stage patients who are at risk of psychological problems. Our findings can help clinicians
use deprivation scores to identify LT recipients at risk for anxiety, depression and lower HR-QoL scores, and
who may require earlier interventions aimed at improving long-term HR-QoL and minimising morbidity and

mortality.

Scarce evidence is available in the literature on the impact of deprivation on HR-QoL, anxiety and depression
in LT recipients. A cross-sectional study from Brazil suggested that higher income and education level were
predictors of higher HR-QoL scores in some quality of life domains.[33] Similarly, employment was
associated with higher HR-QoL scores and fewer depressive symptoms in German LT recipients.[34] Income,
education level and employment were also found to positively influence post-transplantation HR-QoL in a
study conducted at the University of California Los Angeles.[35] Although these are significant findings, the
above studies failed to include important social determinants of health, such as access to essential services,
housing and crime.[16] To overcome this limitation, we used a more inclusive socioeconomic deprivation
score, calculated as the level of deprivation of an area across seven domains: income, employment, education,

health, access to services, crime and housing.
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In our study, long-term HR-QoL remained stable over time and was not associated with re-transplantation or
primary liver disease. This is consistent with the current balance of evidence.[9,36-39] In the final
multivariable model, the association between gender and HR-QoL almost reached statistical significance,
suggesting that female recipients might be at risk of worse HR-QoL. However, previous studies confirmed that

gender is not associated with overall HR-QoL post LT .[34,35]

The prevalence rates of symptoms of anxiety in our cohort (21.3%) was in line with prevalence rates described
by other studies (range 20% to 25%).[40,41] Patients who received a DCD-organ were estimated to have
significantly worse anxiety symptoms and this may reflect the increased risk of morbidity in DCD-organ
recipients.[42,43] It is not clear why pre-transplantation MELD scores >20 were found to be protective towards
post-transplantation anxiety. We can hypothesise that recipients with MELD scores >20 had the greatest
benefit from LT and the much improved health is now contributing to lower anxiety prevalence rates. Patients
with a clinical history of depression had worse anxiety symptoms, although this association did not reach
statistical significance. Anxiety occurring as a symptom of clinical depression is well documented in the

literature.[44]

Depressive symptoms were more prevalent in our sample (28.0%) than in other studies (range 15% to
20%).[40,45,46] A possible explanation is that most studies have focused on the first five years after LT, whilst
in our study over one fourth of patients that completed the PHQ-9 questionnaire were over five years post-
transplantation. There is evidence to suggest that depressive symptoms might be highly prevalent in long-term
(>10 years) LT recipients and this is reflected by a post-transplantation survival time greater than five years

being associated with greater odds of depression in our study.[47]

When comparing the Scottish population with our cohort of post-transplantation patients, symptoms of
depression and anxiety were more prevalent in LT recipients.[48] Although different assessment tools were
used, 6% of Scottish people living in areas of least deprivation had symptoms of anxiety and depression, in
contrast with the prevalence rates observed in our cohort (anxiety: 8%, depression: 20%). When comparing

areas of most socioeconomic deprivation, the Scottish population had symptoms of anxiety and depression in

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublaosug

e

r—


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 16 of 36

15% and 22% of cases, respectively, whereas post-transplantation patients had significantly greater prevalence
rates (anxiety: 47%, depression: 53%). In contrast with the prevalence rates of symptoms of anxiety and
depression found in our sample, a small proportion of LT recipients had a clinical history of anxiety (2%,
19/150) and depression (12.7%, 3/150). This highlights how psychological problems might be underdiagnosed
following LT, particularly in patients living in areas of most deprivation, and reinforces the concept that
monitoring psychological problems and psychological counselling should be part of the routine care of

transplant recipients.

There are some limitations to this study. The cross-sectional design of the study may have impacted the
HR-QoL, anxiety and depression results observed. Frequent clinic attendees, due to shorter postoperative
period or complications, were more likely to have been encountered, and patients who died, or were too unwell
to attend the clinic, were not included in the study. We tried to minimise the resulting bias with a large sample
size, high response rate and two different data collection periods. Secondly, although it should be mentioned
that England, Wales and Northern Ireland have indexes of multiple deprivation based on the same domains of
the SIMD, this was a single-centre study that used a Scotland-specific index of deprivation and therefore the
results may not be generalisable to other centres. Thirdly, differently from individual-based scores, SIMD
gives an area-based deprivation score. This introduces potential bias since not every person in a highly deprived
area will themselves be experiencing high levels of deprivation. However, area-based scores have been shown
to be valid proxies in the absence of individual-based scores.[49,50] Moreover, we did not adjust for any
comorbidities. This could be an important confounding factor since socioeconomic deprivation has been shown
to be associated with higher rates of comorbidity and the presence of comorbidities may lead to poorer quality
of life.[14,15,51] Future studies should adjust for comorbidities to enable a more accurate estimation of the
association between socioeconomic deprivation and HR-QoL. Finally, we did not collect pre-transplantation
HR-QoL scores. It is plausible that the lower HR-QoL scores in more deprived recipients could be explained
by lower pre-transplantation scores than less deprived transplant candidates. However, this assumes that there
is an equal increase in HR-QoL after LT across socioeconomic deprivation quintiles. Future studies should
explore the association between socioeconomic deprivation and change in HR-QoL before and after LT to

assess whether there is equitable benefit from LT.
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In conclusion, despite the highly selected nature of liver transplant recipients, those living in the most deprived
areas had a significantly lower HR-QoL and were more likely to suffer from anxiety and depression. Our
results also suggest psychological problems might be underdiagnosed in transplant recipients. These findings
may help clinicians identify patients at risk for anxiety, depression and lower HR-QoL scores, and who may

require earlier interventions aimed at improving long-term HR-QoL and minimising morbidity and mortality.
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Figure legends

Figure 1. Flow diagram of patient inclusion

Abbreviations: SIMD: Scottish Index of Multiple Deprivation; SF-LDQOL: Short Form of Liver Disease Quality of Life;
GAD-7: Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9

Figure 2. Forest plots of the effect size for socioeconomic deprivation on post-transplantation HR-QoL: A)

reduced model; B) final model

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death.

Figure 3. Forest plots of the effect size for socioeconomic deprivation on post-transplantation anxiety: A)

reduced model; B) final model

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death; GAD-7:
Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9.

Figure 4. Forest plots of the effect size for socioeconomic deprivation on post-transplantation depression: A)

reduced model; B) final model

Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; BMI: Body
Mass Index; ALD: Alcoholic Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD:
Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donation after Circulatory Death; GAD-7:
Generalised Anxiety Disorder-7; PHQ-9: Patient Health Questionnaire-9.
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Supplementary material

Table S1. Primary liver disease of patients in the cohort.

Table S2. Overall HR-QoL and in each SF-LDQOL domain

Table S3. Multiple linear regression: association of socioeconomic deprivation with post-transplantation HR-
QoL.

Table S4. Multivariable logistic regression: association of socioeconomic deprivation with post-transplantation
anxiety.

Table S5. Multivariable logistic regression: association of socioeconomic deprivation with post-transplantation
depression.

Figure S1. Directed acyclic graph of the effect of socioeconomic deprivation on quality of life.

Figure S2. Directed acyclic graph of the effect of socioeconomic deprivation on anxiety/depression.
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Quality of Life (SF-LDQOL): Multivariable coefficient (95% CI, p-value), reduced model

SIMD quintile 1 (most deprived)
2

3

4

5 (least deprived)

Age (years) [18.0,86.0]
Sex Male
Female

2.93 (-1.96 to 7.81, p=0.240)
4.65 (-0.04 10 9.34, p=0.052)
9.39 (4.38 10 14.39, p<0.001)
9.39 (4.45 to 14.34, p<0.001)
-0.01 (-0.12t0 0.10, p=0.859)

-2.76 (-5.80 to 0.28, p=0.075)

5 0

Quality of Life (SF-LDQOL): Multivariable coefficient (95% CI, p-value), final model

SIMD quintile 1 (most deprived)
2

3

4

5 (least deprived)

Age (years) [18.0,86.0]
Sex Male
Female

BMI Underweight-Normal
Overweight

Obese

Time post transplantation (years) [0.0,29.0]
Primary liver disease ALD
Cholestatic

Viral

NAFLD

Other

HCC status No
Yes

MELD score <15
15-20

>20

First transplant
Re-transplanted
Type of organ DBD-organ
DCD-organ

Transplantation status

3.52 (-1.5810 8.62, p=0.175)
4.28 (-0.64 to 9.20, p=0.088)
8.60 (3.32 10 13.88, p=0.002)
9.71 (4.50to 14.91, p<0.001)
0.04 (-0.10 t0 0.18, p=0.589)

-3.31 (-6.64 10 0.02, p=0.051)

-0.18 (-4.06 10 3.70, p=0.927)
-0.90 (-5.00 to 3.21, p=0.667)
-0.06 (-0.46 10 0.33, p=0.753)
-0.32 (-5.16 to 4.53, p=0.898)
-3.15 (-8.83 10 2.52, p=0.275)
3.05 (-2.84 1o 8.94, p=0.309)
2.23 (-2.56 to 7.03, p=0.360)
-1.54 (-6.09 10 3.02, p=0.507)

-0.78 (-5.26 to 3.69, p=0.730)
-0.86 (-5.15 10 3.44, p=0.696)

-2.31 (-7.27 to 2.65, p=0.360)

-3.50 (-8.06 to 1.06, p=0.132)

Figure 2
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Anxiety (GAD-7 score 210): Multivariable OR (95% Cl, p-value), reduced model

SIMD quintile 1 (most deprived)
2
3

4
5 (least deprived)

Age (years) <40
40-60

>60

Sex Male
Female

Anxiety (GAD-7 score 210): Multivariable OR (
SIMD quintile 1 (most deprived)
2
3
4
5 (least deprived)
Age (years) <40
40-60
>60
Sex Male
Female
Time post transplantation (years) <1
1-5
>5
HCC status No
Yes
MELD score <15
15-20
>20
Transplantation status First transplant
Re-transplanted
Type of organ DBD-organ
DCD-organ
Clinical history of depression No
Yes
Clinical history of anxiety No
Yes

241x176mm (150 x 150 DPI)

BMJ Open

95% Cl, p-value), final model

0.18 (0.03-0.79, p=0.030)
0.10 (0.02-0.44, p=0.003)
0.06 (0.01-0.37, p=0.004)
0.05 (0.00-0.28, p=0.003)

0.81 (0.18-3.93, p=0.785)
0.32 (0.05-1.85, p=0.200)
2.10 (0.74-6.31, p=0.173)
0.47 (0.13-1.62, p=0.238)

3.60 (0.83-16.74, p=0.091)

0.96 (0.24-3.50, p=0.951)

0.33 (0.08-1.14, p=0.088)
0.21 (0.04-0.82, p=0.033)

1.29 (0.31-4.90, p=0.711)
4.65 (1.11-20.07, p=0.034)
3.82 (0.95-15.37, p=0.056)

221 (0.06-97.59, p=0.653)
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Table S1: Primary liver disease of patients in the cohort.

(n=322)
Alcoholic liver disease 73
Non-alcoholic fatty liver disease (NAFLD) 32
Viral Hepatitis
Acute hepatic failure - HBV
Hepatitis B cirrhosis 1
Hepatitis C cirrhosis 43
Cholestatic
Biliary atresia 5
Primary biliary cirrhosis 38
Primary sclerosing cholangitis 30
Secondary biliary cirrhosis 1
Congenital biliary disease 1
Paediatric cholestatic liver disease 3
Other primary liver disease
Acute hepatic failure - other drug toxicity 1
Acute hepatic failure - other 7
Acute hepatic failure - paracetamol hepatotoxicity 6
Acute hepatic failure - serologically indeterminate 4
Alpha-1-antitrypsin deficiency 2
Autoimmune chronic active liver disease 17
Budd-Chiari syndrome 1
Chronic rejection 6
Cryptogenic cirrhosis 16
Hepatic artery thrombosis 4
Hepatocellular carcinoma - cirrhotic 5
Hepatocellular carcinoma - non-cirrhotic 2
Hereditary haemachromatosis 7
Polycystic liver disease 3
Primary non-function 1
Recurrent disease 2
Wilsons disease 3
Other 5
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Table S2: Overall health-related quality of life and in each SF-LDQOL domain

Scottish Index of Multiple Deprivation (SIMD)

SIMD 1
(most deprived)
(n=57)

SIMD 2
(n=66)

SIMD 3
(n=77)

1oy Buipnjour ‘ybAdoos Aq |
6| U0 22¥70.0-220g-uadofw

L
<
EaN

SIMD 5
(least deprived)
(n=62)

Total
(n=322)

Quality of Life (SF-LDQOL) Median (IQR)
Symptoms of liver disease Median (IQR)
Effects of liver disease Median (IQR)
Concentration/memory Median (IQR)
Health-related distress Median (IQR)
Sexual function Median (IQR)
Quality of sleep Median (IQR)
Loneliness Median (IQR)
Hopelessness Median (IQR)
Social stigma of liver disease Median (IQR)

71.0 (62.0-82.0)
67.0 (44.0-83.0)
60.0 (33.0-80.0)
80.0 (60.0-95.0)
80.0 (60.0-100.0)
100.0 (37.5-100.0)
60.0 (44.0-72.0)
84.0 (68.0-96.0)
73.0 (53.0-87.0)
90.0 (75.0-100.0)

74.0 (60.8-82.8)
72.0 (53.8-92.8)
67.0 (33.0-87.0)
80.0 (65.0-93.8)
90.0 (60.0-100.0)
100.0 (50.0-100.0)
64.0 (52.0-72.0)
84.0 (72.0-96.0)
73.0 (54.8-93.0)
100.0 (75.0-100.0)

75.0 (66.0-86.0)
75.0 (50.0-92.0)
73.0 (53.0-100.0)
80.0 (70.0-95.0)
90.0 (60.0-100.0)
100.0 (50.0-100.0)
64.0 (48.0-76.0)
92.0 (72.0-100.0)
73.0 (67.0-93.0)
95.0 (80.0-100.0)

79.0 (73:0873)
81.0 (6RDDRY)
73.0 (515330)
85.0 (78.&B&))
100.0 (80.6; (560)
100.0 (50.8~£@&0)
68.0 (5D ED)
96.0 (84.5B00)

73.0 (67. %@)
95.0 (83.810(0)

80.0 (69.8-87.8)
82.0 (67.0-94.0)
76.5 (41.8-100.0)
90.0 (80.0-98.8)
100.0 (80.0-100.0)
100.0 (50.0-100.0)
72.0 (61.0-84.0)
96.0 (84.0-100.0)
73.0 (67.0-93.0)
100.0 (81.2-100.0)

77.0 (66.0-84.0)
78.0 (56.0-92.0)
67.0 (40.0-93.0)
85.0 (70.0-95.0)
90.0 (70.0-100.0)
100.0 (50.0-100.0)
66.0 (52.0-76.0)
88.0 (80.0-100.0)
73.0 (60.0-93.0)
95.0 (75.0-100.0)

0.002
0.010
0.062
0.013
0.124
0.693
0.004
0.002
0.268
0.525

Abbreviations: SIMD: Scottish Index of Multiple Deprivation; SF-LDQOL.: Short Form of Liver Disease Quality of Life; IQR: Interquartile R@:QB.E
S5O
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Table S3: Multiple linear regression: association of socioeconomic deprivation with post-transplantation HR-QoL. ; S
o g
c N
o3 N
2 S Quality of Life (SF-LDQOL)
Mean (SD) Univariable coefficient (95% CI)  Multivariable coefficiest (9% CI)l Multivariable coefficient (95% CI)?
SIMD quintile 1 (most deprived) 69.6 (15.6) - = 2 -
2 71.9 (15.4) 2.34 (-2.51 to 7.19, p=0.343) 2.93 (-1.96 to 7@ MR0. 240) 3.52 (-1.58 to 8.62, p=0.175)
3 74.3 (13.3) 4.66 (-0.02 to 9.35, p=0.051) 4.65 (-0.04 to 9¢ ﬁpgo 052) 4.28 (-0.64 to 9.20, p=0.088)
4 78.7 (10.9) 9.10 (4.14 to 14.06, p<0.001) 9.39 (4.38 t0 143%;&0 001) 8.60 (3.32 to 13.88, p=0.002)
5 (least deprived) 79.0 (12.4) 9.39 (4.47 to 14.31, p<0.001) 9.39 (4.45 to 14%4%930 001) 9.71 (4.50 to 14.91, p<0.001)
Age (years) [18.0,86.0] 74.7 (14.0) 0.03 (-0.08 to 0.14, p=0.606) -0.01 (-0.12 to Oa(gpoo 859) 0.04 (-0.10 to 0.18, p=0.589)
Sex Male 76.0 (13.1) - =1 o -
Female 73.1(14.9) -2.95 (-6.03 to 0.12, p=0.060) -2.76 (-5.80 to Or”n’&anO 075) -3.31 (-6.64 to 0.02, p=0.051)
BMI Underweight-Normal 74.2 (15.0) - =5 8 -
Overweight 75.2 (13.1) 1.03 (-2.70 to 4.77, p=0.586) ge = - -0.18 (-4.06 to 3.70, p=0.927)
Obese 74.1(14.1) -0.05 (-3.92 to 3.83, p=0.982) Z 2o - -0.90 (-5.00 to 3.21, p=0.667)
Time post transplantation (years) [0.0,29.0] 0.2 (0.04) -0.00 (-0.00 to 0.00, p=0.789) TG g - -0.00 (-0.00 to 0.00, p=0.753)
Primary liver disease ALD 75.2 (11.9) - o :; 3 - -
Cholestatic 73.7 (15.3) -1.54 (-6.01 to 2.93, p=0.498) g m= - -0.32 (-5.16 to 4.53, p=0.898)
Viral 70.8 (15.1) -4.44 (-9.68 to 0.80, p=0.097) 5~5 - -3.15 (-8.83 to 2.52, p=0.275)
NAFLD 78.1(12.8) 2.86 (-2.96 to 8.68, p=0.334) Ea— - 3.05 (-2.84 to 8.94, p=0.309)
Other 75.8 (14.1) 0.54 (-3.74 to0 4.81, p=0.805) > 3 - 2.23 (-2.56 to 7.03, p=0.360)
HCC status No 75.1(14.1) - 5 S - -
Yes 73.1(13.8) -2.02 (-5.82 to 1.79, p=0.297) R - -1.54 (-6.09 to 3.02, p=0.507)
MELD score <15 75.1 (11.4) - é s - -
15-20 74.7 (14.9) -0.40 (-4.62 to 3.82, p=0.853) - 3 - -0.78 (-5.26 to 3.69, p=0.730)
>20 74.3 (14.9) -0.74 (-4.48 to 2.99, p=0.695) "3’ g - -0.86 (-5.15 to 3.44, p=0.696)
Transplantation status First transplant 74.9 (14.2) - o 3 - -
Re-transplanted 735 (12.3) -1.40 (-6.12 to 3.31, p:o.558) 3 5 - -2.31 (-7.27 to 2.65, p=0.360)
Type of organ DBD-organ 75.1 (13.5) 5 z - -
DCD-organ 72.1(16.2) -3.04 (-7.42 to 1.34, p=0. 173) - < -3.50 (-8.06 to 1.06, p=0.132)

INumber in dataframe = 322, Number in model =
2Number in dataframe = 322, Number in model =

Data are percentages unless otherwise stated.
Abbreviations: SF-LDQOL: Short Form of Liver Disease Quality of Life; SIMD: Scottish Index of Multiple Deprivation; IQR: Interquartile nge SMI Body Mass Index; ALD: Alcoholic
Liver Disease; NAFLD: Non-alcoholic Fatty Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; D@ Dglnatlon after Brainstem Death; DCD:

Donation after Circulatory Death.
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322, Missing = 0, Log-likelihood = -1293.93, AIC = 2603.9, R-squared = 0.075, Adjusted quuaned 0057
306, Missing = 16, Log-likelihood = -1225.31, AIC = 2490.6, R-squared = 0.1, Adjusted R- Sﬁuaré;ﬂ 0.047
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2 Table S4: Multivariable logistic regression: association of socioeconomic deprivation with post-transplantation anxiety. S
3 o g
4 SN
5 2 S Anxiety (GAD-7 score >10)
6 No (n=132)  Yes (n=18) Univariable OR (95% CI) Multivarigble @R (95% CI)! Multivariable OR (95% CI)?
- SIMD quintile 1 (most deprived) 16 (53.3) 14 (46.7) - -z - -
8 2 22 (75.9) 7(24.1) 0.36 (0.11-1.08, p=0.075) 0.33 (Oggtglg)l, p=0.058) 0.18 (0.03-0.79, p=0.030)
3 31(83.8) 6 (16.2) 0.22 (0.07-0.66, p=0.009) 0.22 (000568, p=0.010) 0.10 (0.02-0.44, p=0.003)
9 4 26 (89.7) 3(10.3) 0.13 (0.03-0.48, p=0.004) 0.14 (Oa)gog& p=0.007) 0.06 (0.01-0.37, p=0.004)
10 5 (least deprived) 23(92.0) 2(8.0) 0.10 (0.01-0.42, p=0.005) 0.09 (0801?50\40, p=0. 005) 0.05 (0.00-0.28, p=0.003)
11 Age (years) <40 18 (69.2) 8 (30.8) - -
12 40-60 48 (76.2) 15 (23.8) 0.70 (0.26-2.00, p=0.496) 0.76 (0&632832 p=0. 618) 0.81 (0.18-3.93, p=0.785)
13 >60 52 (85.2) 9(14.8) 0.39 (0.13-1.18, p=0.091) 0.53 (Oaifin1§76 p=0. 292) 0.32 (0.05-1.85, p=0.200)
Sex Male 69 (80.2) 17 (19.8) - -
14 Female 49 (76.6) 15 (23.4) 1.24 (0.56-2.73, p=0.588) 1.61 (0%@&0 p= 0.284) 2.10 (0.74-6.31, p=0.173)
15 BMI Underweight-Normal 38 (74.5) 13 (25.5) - 203 - -
16 Overweight 44 (86.3) 7(13.7) 0.47 (0.16-1.26, p=0.140) Ty - -
17 Obese 36 (75.0) 12 (25.0) 0.97 (0.39-2.42, p=0.955) 2 é 3 - -
18 Time post transplantation (years) <1 43 (81.1) 10 (18.9) - g m= - -
19 1-5 48 (82.8) 10 (17.2) 0.90 (0.34-2.38, p=0.824) 5~5 - 0.47 (0.13-1.62, p=0.238)
20 >5 27 (69.2) 12 (30.8) 1.91 (0.73-5.12, p=0.189) Ea— - 3.60 (0.83-16.74, p=0.091)
Primary liver disease ALD 28 (77.8) 8(22.2) - > 3 - -
21 Cholestatic 29 (74.4) 10 (25.6)  1.21(0.42-3.59, p=0.729) = 9 - -
22 Viral 15 (78.9) 4(21.1) 0.93 (0.22-3.50, p=0.920) %‘ o) - -
23 NAFLD 15 (88.2) 2(11.8) 0.47 (0.06-2.16, p=0.372) é' o - -
24 Other 31 (79.5) 8 (20.5) 0.90 (0.29-2.77, p=0.857) - 3 - -
25 HCC status No 91 (77.8) 26 (22.2) - gé '8 - -
2% Yes 27 (81.8) 6 (18.2) 0.78 (0.27-1.98, p=0.617) o 3 - 0.96 (0.24-3.50, p=0.951)
MELD score <15 42 (75.0) 14 (25.0) - 3 g - -
27 15-20 34 (81.0) 8(19.0) 0.71 (0.26-1.85, p=0.486) 5 ° - 0.33 (0.08-1.14, p=0.088)
28 >20 36 (81.8) 8(18.2) 0.67 (0.24-1.74, p=0.416) - < - 0.21 (0.04-0.82, p=0.033)
29 Transplantation status First transplant 100 (79.4) 26 (20.6) - S @ - -
30 Re-transplanted 18 (75.0) 6 (25.0) 1.28 (0.43-3.41, p=0.633) 3 = - 1.29 (0.31-4.90, p=0.711)
31 Type of organ DBD-organ 96 (80.0) 24 (20.0) - CO—) I - -
32 DCD-organ 16 (69.6) 7(30.4) 1.75 (0.61-4.61, p=0.270) e 3 - 4.65 (1.11-20.07, p=0.034)
Clinical history of depression No 110 (84.0) 21 (16.0) - ] ;’;‘ - -
33 Yes 8(42.1) 11 (57.9)  7.20(2.62-20.74, p<0.001) oz - 3.82 (0.95-15.37, p=0.056)
34 Clinical history of anxiety No 117 (79.6) 30 (20.4) - c:g - -
35 Yes 1(33.3) 2(66.7) 7.80(0.72-171.18, p=0.098) g - 2.21 (0.06-97.59, p=0.653)
36 Number in dataframe = 150, Number in model = 150, Missing = 0, AIC = 153.1, C-statistic = 0.745, H&L = Chi-sq(8) 3.37 (p=0.909) ®
37 2Number in dataframe = 150, Number in model = 140, Missing = 10, AIC = 142.3, C-statistic = 0.828, H&L = Chi-sq(8) 6.73 (p=0.566) @
38 Data are percentages unless otherwise stated. =2
39 Abbreviations: GAD-7: Generalised Anxiety Disorder-7; SIMD: Scottish Index of Multiple Deprivation; BMI: Body Mass Index; ALD: Alcoholic @ver Disease; NAFLD: Non-alcoholic Fatty
40 Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donatl_a;h after Circulatory Death.
>0
41 _g
42 g
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INumber in dataframe = 150, Number in model
2Number in dataframe = 150, Number in model

=150, Missing = 0, AIC = 172.8, C-statistic = 0.736, H&L = Chi-sq(8) 4.13 (p=0.845)
= 140, Missing = 10, AIC = 176.2, C-statistic = 0.806, H&L = Chi-sq(8) 9.60 (p=0.295)
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Table S5: Multivariable logistic regression: association of socioeconomic deprivation with post-transplantation depresgions'g,
o o
s § Depression (PHQ-9 score >10)
No (n=108)  Yes (n=42) Univariable OR (95% CI) MultivariaBIe oR (95% CI)! Multivariable OR (95% CI)?
SIMD quintile 1 (most deprived) 14 (46.7) 16 (53.3) - © - -
2 20 (69.0) 9 (31.0) 0.39 (0.13-1.12, p=0.086) 0.35 (0. 21, D5, p=0.067) 0.19 (0.04-0.72, p=0.018)
3 28 (75.7) 9(24.3) 0.28 (0.10-0.78, p=0.017) 0.29 (0.50rAd82, p=0.022) 0.22 (0.06-0.76, p=0.019)
4 26 (89.7) 3(10.3) 0.10 (0.02-0.36, p=0.001) 0.11 (0.6239. §3 p=0.003) 0.12 (0.02-0.58, p=0.013)
5 (least deprived) 20 (80.0) 5 (20.0) 0.22 (0.06-0.70, p=0.014) 0.21 (0. @33) g9, p=0. 014) 0.13 (0.02-0.56, p=0.009)
Age (years) <40 15 (57.7)  11(42.3) - TN -
40-60 42 (66.7) 21 (33.3) 0.68 (0.27-1.76, p=0.424) 0.72 (0.879.88, p:o.524) 0.64 (0.17-2.41, p=0.509)
>60 51 (83.6) 10 (16.4) 0.27 (0.09-0.75, p=0.012) 0.35 (0.£29.8b, p=0.063) 0.20 (0.04-0.90, p=0.041)
Sex Male 64 (74.4) 22 (25.6) - 303 - -
Female 44 (68.8) 20 (31.2) 1.32 (0.64-2.71, p=0.445) 1.66 (0.7253.83, p=0.213) 1.98 (0.76-5.36, p=0.167)
BMI Underweight-Normal 34 (66.7) 17 (33.3) - 208 - -
Overweight 40 (78.4) 11 (21.6) 0.55 (0.22-1.32, p=0.186) 228 - -
Obese 34 (70.8) 14 (29.2) 0.82 (0.35-1.93, p=0.655) %:\ = - -
Time post transplantation (years) <1 42 (79.2) 11 (20.8) - 8>3 - -
1-5 41 (70.7) 17 (29.3) 1.58 (0.67-3.87, p=0.302) 30 - 1.59 (0.52-4.97, p=0.419)
>5 25 (64.1) 14 (35.9) 2.14 (0.85-5.53, p=0.110) g&g - 4.52 (1.15-19.40, p=0.035)
Primary liver disease ALD 26 (72.2) 10 (27.8) - Q- = - -
Cholestatic 25 (64.1) 14 (35.9) 1.46 (0.55-3.96, p=0.452) > g - 0.79 (0.22-2.76, p=0.707)
Viral 14 (73.7) 5(26.3) 0.93 (0.25-3.18, p=0.908) = o - 0.55 (0.10-2.78, p=0.481)
NAFLD 15 (88.2) 2(11.8) 0.35 (0.05-1.54, p=0.207) 2. 3 - 0.20 (0.02-1.42, p=0.136)
Other 28 (71.8) 11 (28.2) 1.02 (0.37-2.84, p=0.967) 5 2 - 0.56 (0.14-2.13, p=0.405)
HCC status No 84 (71.8) 33(28.2) - e 3 - -
Yes 24 (72.7) 9(27.3) 0.95 (0.39-2.21, p=0.916) 2 - 2.27 (0.62-8.55, p=0.215)
MELD score <15 42 (75.0) 14 (25.0) - 2 S - -
15-20 27 (64.3) 15 (35.7) 1.67 (0.70-4.03, p=0.252) 5 S - 1.17 (0.39-3.57, p=0.781)
>20 33 (75.0) 11 (25.0) 1.00 (0.40-2.49, p=1.000) = 5 - 0.41 (0.11-1.45, p=0.179)
Transplantation status First transplant 91 (72.2) 35 (27.8) - % & - -
Re-transplanted 17 (70.8) 7(29.2) 1.07 (0.39-2.72, p=0.890) e 3 - 0.96 (0.26-3.32, p=0.954)
Type of organ DBD-organ 86 (71.7) 34 (28.3) - = = - -
DCD-organ 16 (69.6) 7 (30.4) 1.11 (0.40-2.84, p=0.838) o - 1.67 (0.46-5.71, p=0.417)
Clinical history of depression No 100 (76.3) 31 (23.7) - S § - -
Yes 8 (42.1) 11 (57.9) 4.44 (1.65-12.42, p=0.003) o O - 2.33(0.65-8.27, p=0.186)
Clinical history of anxiety No 107 (72.8) 40 (27.2) - Ca - -
Yes 1(33.3) 2(66.7)  5.35(0.50-117.00, p=0.176) Z - 7.74 (0.18-462.56, p=0.276)
2
3
@

Data are percentages unless otherwise stated.
Abbreviations: PHQ-9: Patient Health Questionnaire-9; SIMD: Scottish Index of Multiple Deprivation; BMI: Body Mass Index; ALD: Alcoholic Li@r Disease; NAFLD: Non-alcoholic Fatty
Liver Disease; HCC: Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; DBD: Donation after Brainstem Death; DCD: Donati@ after Circulatory Death.
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Figure S1: Directed acyclic graph of the effect of socioeconomic deprivation on quality of life.
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Figure S2: Directed acyclic graph of the effect of socioeconomic deprivation on anxiety/depression.
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

BMJ Open

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or |
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of 5
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection 5
of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 5
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods | 5
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias N/A
Study size 10  Explain how the study size was arrived at N/A
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 6
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6
confounding
(b) Describe any methods used to examine subgroups and interactions 6
(c) Explain how missing data were addressed N/A
(d) If applicable, describe analytical methods taking account of sampling | N/A
Strategy
(e) Describe any sensitivity analyses N/A
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(¢) Consider use of a flow diagram
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical,
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | 7
interest
Outcome data 15*  Report numbers of outcome events or summary measures 7/8
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 7/8

estimates and their precision (eg, 95% confidence interval). Make clear

which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 7/8
categorized
(c) If relevant, consider translating estimates of relative risk into absolute | N/A
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, N/A
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9

Limitations 19 Discuss limitations of the study, taking into account sources of potential 11/12
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 9-11
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 11/12

Other information

Funding 22 Give the source of funding and the role of the funders for the present N/A

study and, if applicable, for the original study on which the present article

is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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