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ABSTRACT:

BACKGROUND: Our current knowledge about predictors of admission and re-admission to hospital
as a result of major depressive disorder (MDD) is limited. Here we present a descriptive analysis of

factors which are associated with MDD hospitalizations within a large population cohort.

METHODS: We linked participants of the Scottish Health Survey (SHS) to historical and prospective
hospital admission data. We combined information from the SHS baseline interview and historical
hospitalizations to define a range of exposure variables. The main outcomes of interest were: (1)
first time admission for MDD occurring after the SHS interview; and (2) readmission for MDD. We
used Cox regression to determine the association between each predictor and each outcome, after

adjusting for age, gender and deprivation quintile.

RESULTS: 52,990 adult SHS participants were included. During a median follow-up of 4.5 years per
participant, we observed 530 first-time admissions for MDD. A relatively wide range of factors -
encompassing social, individual health status, and lifestyle-related exposures - were associated with
this outcome (P<0.05). Among the 530 participants exhibiting a de novo admission for MDD during
follow-up, 118 were later re-admitted. Only older age (over 70) and a prior non-depression related

psychiatric admission were associated with readmission for MDD.

LIMTATIONS: MDD was defined using records of International Classification of Disease hospital

discharge codes rather than formal diagnostic assessments.

CONCLUSION: These findings have implications for mental health service organisation and delivery

and should stimulate future research on predictive factors for admission and readmission in MDD



Highlights:

(1) We identified predictors of first time hospitalisation for major depressive disorder (MDD);
and MDD readmission thereafter.

(2) Arelatively broad range of social, health-status and lifestyle-related factors are associated
with de novo admission for MDD.

(3) Only older age (over 70) and a prior non-depression related psychiatric hospital episode

were associated with readmission for MDD.

INTRODUCTION:

Major depressive disorder (MDD) affects at least 15% of the population and is associated with
chronic lifelong disability and high healthcare costs, often because of admission and readmission to
hospital [1][2]. Our current understanding of how social, individual health-status and lifestyle-
related factors influence risk of admission and readmission in MDD is limited. This is an important
guestion for research because it could inform the development of new approaches to preventing

both new and recurrent hospitalization for MDD.

In the current study we use data from the large and representative Scottish Health Survey cohort [3]
to describe the relationship between a comprehensive range of characteristics —encompassing
demographic, social, lifestyle, and physical health factors — and first-time admission (and also
subsequent readmission) for MDD. Our intention is to present a broad descriptive picture [4] that
could inform future interventions aimed at preventing admission and readmission to hospital for

episodes of MDD.



METHODS:

SCOTTISH HEALTH SURVEY DATASET:

The Scottish Health Survey (SHS) was launched in 1995 to monitor health behaviours and health
outcomes in the Scottish population [3]. Detail on the sampling methodology underpinning the SHS
can be found in section 1.2 of the SHS 2008 technical report [5]. Participation in the SHS involves a
comprehensive face-to-face interview covering a broad range of health-relevant domains. Survey
acceptance rates have generally been high, albeit have fallen with time (81% response in 1995; 76%
response in 1998; 60% in 2003; and 54-56% in 2008- 2011). Individual survey records have been
electronically linked to pre- and post-interview hospitalisation and mortality records. Therefore by
these linkage data surveyed persons are effectively participants in a prospective cohort study.[3] For
this analysis, we combined the seven distinct waves of the SHS (95, 98, 03, 08, 09, 10 and 11 survey

years) into one dataset with a view to assessing predictors of hospitalisation for MDD.

ELIGIBILITY CRITERIA:

We included adults (defined as 16 years or older at the time of the survey interview) participating in
the 1995-2011 SHS, who had not previously been hospitalised for a MDD (as per the definition

below).

OUTCOMES OF INTEREST:

1. Primary outcome: The primary outcome was a first-time hospital admission for MDD.
Hospital admission data were taken from the SMR-01 and SMR-04 national Scottish
databases (see [6] for detailed description). We used the presence of an F32 or F33 ICD-10
code in either the main or supplementary position to signify an MDD-related admission. We
further performed a sensitivity analysis whereby MDD was defined according to the main
diagnostic position only. To note, the ICD code present in the main diagnostic position
indicates the principle condition the patient is being treated for, whilst the supplementary
codes signify active comorbidities that have contributed to the overall episode.

2. Secondary outcome: For those individuals experiencing the outcome defined in 1, we further
examined the occurrence of a depression-related readmission(where readmission was

defined as per the same ICD codes listed above).

SOCIAL, LIFESTYLE AND HEALTH-STATUS PREDICTORS:

Summary data were available on twenty-two distinct social, lifestyle and health-status factors in

total; as follows:

4



(i) Social factors: age, gender, marital status, religious faith, sexual orientation, ethnicity,
income quintile, employment in the last month, residential deprivation score, residential
urbanicity.

(i) General health status: life satisfaction, general health questionnaire score, Charlson
comorbidity index[7], prior psychiatric hospitalisation (for a non depression-related cause),
hospitalisation in the 12 months prior to survey, presence of a long standing illness.

(i) Lifestyle-related: i.e. physical exercise, consumption of fruit and vegetables, smoking status,

weekly alcohol consumption, ‘CAGE’ alcohol use screening test, and body mass index (BMI).

The predictors above were mostly obtained from the baseline SHS interview, except for the Charlson
Commorbidity index (CCl), hospitalisation in the 12 months prior to survey, and previous
hospitalisation for a psychiatric (but non-depression-related) cause. We instead derived these
variables using historical hospitalisation data dating back to 1/1/1980. We defined a psychiatric
cause as the presence of an ICD-9 code: 290-319, or ICD-10 code: FO0-F99 in any diagnostic position
of the SMR-01 or SMR-04 databases. The CCl reflects both the extent and severity of diagnosed
health conditions. It is calculated by assigning a score of 1-6, for each distinct co-morbidity present
(with a higher score denoting greater severity). The total CCl score represents the sum of all
individual comorbidity scores occurring prior to the survey interview. The presence or absence of

each comorbidity was determined using the ICD 9/10 codes outlined by Quan et al [8].
STATISTICAL ANALYSIS:
PREDICTORS OF DE-NOVO ADMISSION:

We used Cox regression to describe the association between each predictor and the subsequent risk
of a depression-related hospitalisation. For each participant, we commenced follow-up at the
interview date and ended follow-up at the earliest instance of de-novo admission (if at all), or the
censor date. The censor date applied was the date of death (if at all), or Dec-2012 (whichever came
first). Hazard ratios are presented in their adjusted format (adjustment for: age, sex and residential
deprivation quintile only). Unadjusted hazard ratios were also generated but due to space

constraints are not presented in our main tables
PREDICTORS OF READMISSION:

Similarly, we used Cox regression to describe the association between each predictor and the
subsequent risk of readmission for a depression-related cause. For each participant, follow-up began
at the date of discharge from the index depression-related admission, and ended at the earliest

instance of readmission (if at all), or the censor date. It is worth noting that although the start point

5



of our readmission analysis is the index depression-related hospital episode; all the predictor
variables examined in relation to a readmission event were collected at the baseline survey
interview. As per our de novo admission analysis, hazard ratios presented in our results tables are

adjusted for age, sex and residential deprivation quintile.



RESULTS:
DESCRIPTION OF FINAL COHORT FOR DE-NOVO ADMISSION ANALYSIS:

We identified 52,990 adult participants of the SHS who had not previously been admitted to hospital
for a depression-related cause. In total, these 52,990 individuals accrued 405,749 person-years (PY)
of follow-up, during which time 530 first-time hospitalisations for MDD were observed (equating to a
crude incidence rate of 1.3 per 1000 PYs). The mean follow-up time per participant from survey

interview until outcome/censoring was 7.7yrs (median 4.5yrs).
DERIVATION OF FINAL COHORT FOR READMISSION ANALYSIS:

Of the 530 individuals admitted to hospital for MDD, nine died in connection to that hospitalisation,
and one individual was discharged after the censor date. Thus we conducted our readmission
analysis on the remaining 520 individuals. The total follow-up time amassed by these 520 individuals
between their index hospitalisation and their censor date was 2,271 person-years. Over that time
period, 118 individuals were readmitted, equating to a readmission rate of 52.0 per 1000 PYs. The

mean follow-up time per readmitted participant was 4.4yrs (median 2.8yrs).
PREDICTORS OF DE-NOVO MDD ADMISSION (see Tables 1i, 2i, 3i):

In adjusted analyses, the following predictors were associated (at the p<0.05 level) with an increased
risk of de-novo admission for MDD: older age (70+ years); female gender; unmarried relationship
status; non-heterosexual sexual orientation; lower income; not working in the last month; living in a
more deprived area; lower life satisfaction; higher general-health-questionnaire score; increased
CCl; previous admission for a psychiatric cause (other than MDD); hospitalisation in the 12 months
prior to survey; presence of a long standing illness; fewer hours spent exercising; fewer portions of
fruit and vegetables eaten; being a current smoker; drinking >50 units alcohol per week; and scoring
two or more on the CAGE questionnaire. When a stricter definition of MDD, based on the main
discharge code only was adopted (see eTables 1-3), most associations did not change appreciably.
One exception was age>70yrs, which in this sensitivity analysis, was no longer associated with new-

onset MDD.
PREDICTORS OF READMISSION FOR MDD (see Table 1ii, 2ii, 3ii):

In adjusted analyses, only older age-group (70+ years) and previous admission for psychiatric cause

were significantly associated (at the p<0.05 level) with an increased risk of readmission for MDD.



DISCUSSION

Our goal was to use routine health service data, linked to a large population-based cohort, to
describe the impact of a wide range of social, lifestyle and health-related factors on hospital
admission and subsequent readmission with MDD. We found that a relatively large number and
diverse range of factors are associated with de novo admission in our adjusted analyses. Social
factors in particular (such as gender, marital status, sexual orientation, income quintile, not working
in the last month, and deprivation quintile) appear to be influential in the occurrence of MDD, which
is consistent with previous studies [9-12]. The corollary of this observation is that population-level
outcomes for MDD might be best improved through broad-based societal interventions, as opposed
to individual-level approaches [13, 14]. In contrast to our de novo admission analysis, we found that
only two factors were associated with readmission, namely older age-group (70+ years) and previous

admission for a psychiatric cause (other than MDD).

Significant strengths of this study include the very large sample size and representativeness of the
Scottish Health Survey and the use of linked routine health service outcomes. However, some
limitations are acknowledged. Despite assessing a large range of variables, we were limited in terms
of the choice of variables available for this analysis by the assessments which were included in the
baseline survey. Secondly, our readmission analysis has lower statistical power relative to our de
novo analysis, and may be particularly prone to type-Il errors. Thirdly, for our readmission analysis,
associations may be skewed towards the null due to regression dilution bias [15]. This is because we
started follow-up at the date of index MDD admission, but derived exposure data from the survey
interview that took place 6.0 years (on average) prior. Fourthly, for some predictors, missing data
was substantial (more than 25% of participants were missing data for: religious faith; sexual
orientation; income quintile; rural:urban indicator; fruit/vegetable consumption; smoking status and
CAGE score ), but this was mostly due to these factors not being collected in the earlier waves of the
survey, rather than any systematic non-response bias. Finally, the use of routine health service data
may have limitations in terms of accuracy of the recorded discharge diagnoses, although we have

been conservative in this regard by focussing on relatively narrow ICD groups.

In summary, within this large population cohort, we describe the influence of social, lifestyle and
health-status relevant factors on the occurrence of MDD. These observational data represent an
important body of evidence, that in conjunction with information from other scientific disciplines,
could ultimately help us better understand the occurrence of MDD and the ways and means to

control it.
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