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Review article

Background
The extent of metabolic and lipid changes in first-episode
psychosis (FEP) is unclear.

Aims

To investigate whether individuals with FEP and no or
minimal antipsychotic exposure show lipid and adipocytokine
abnormalities compared with healthy controls.

Method

We conducted a meta-analysis of studies examining lipid and
adipocytokine parameters in individuals with FEP and no or
minimal antipsychotic exposure v. a healthy control group.
Studies reported fasting total cholesterol, low-density
lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL)
cholesterol, triglycerides and leptin levels.

Results

Of 2070 citations retrieved, 20 case—control studies met
inclusion criteria including 1167 patients and 1184 controls.
Total cholesterol and LDL cholesterol levels were significantly
decreased in patients v. controls, corresponding to an
absolute reduction of 0.26 mmol/L and 0.15 mmol/L
respectively. Triglyceride levels were significantly increased in
the patient group, corresponding to an absolute increase of
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0.08 mmol/L. However, HDL cholesterol and leptin levels
were not altered in patients v. controls.

conclusions

Total and LDL cholesterol levels are reduced in FEP,
indicating that hypercholesterolaemia in patients with chronic
disorder is secondary and potentially modifiable. In contrast,
triglycerides are elevated in FEP. Hypertriglyceridaemia is a
feature of type 2 diabetes mellitus, therefore this finding
adds to the evidence for glucose dysregulation in this cohort.
These findings support early intervention targeting nutrition,
physical activity and appropriate antipsychotic prescription.
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Individuals with schizophrenia die 15-20 years earlier than the
general population, with 60% or more of this premature mortality
due to physical illness, predominantly cardiovascular disease.'™
The metabolic syndrome describes a cluster of risk factors for
cardiovascular disease, including dyslipidaemia, hypertension,
impaired glucose tolerance/type 2 diabetes mellitus and central
obesity.”™'* A recent meta-analysis demonstrated across 93 studies
that a third of people with schizophrenia have metabolic
syndrome, with rates as high as 69% in those with chronic
illness.'®> The odds ratio (OR) of metabolic syndrome in chronic
schizophrenia compared with the general population is 2.35
(95% CI 1.68-2.39).'* Chronic schizophrenia is associated with
lipid disorder, specifically reduced high-density lipoprotein
(HDL) cholesterol compared with population controls
(OR=2.35, 95% CI 1.78-3.10) and raised triglyceride levels
(OR=2.73, 95% CI 1.95-3.83).'* Although antipsychotic treat-
ment could contribute to this, several studies have found evidence
for alterations in lipids at illness onset,'>° suggesting that
alterations might be intrinsic to schizophrenia. Perry et al recently
conducted a meta-analysis examining glucose dysregulation in
patients with first-episode psychosis (FEP) and in subgroup
analyses explored differences in lipid parameters between FEP
and healthy control groups.*’ However, their meta-analysis did
not systematically search for studies examining lipid parameters,
so key studies may have been missed. Moreover, sensitivity
analyses examining parameters known to affect dyslipidaemia
were not performed. Furthermore, their meta-analysis did
not consider adipocytokines in FEP. In view of this we set out
to investigate whether alterations in lipid and adipocytokine
parameters are evident in individuals at the onset of psychotic
illness, with no or minimal antipsychotic exposure.
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Method

A systematic review was performed according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) and Meta-Analysis of Observational Studies in
Epidemiology (MOOSE) guidelines (online supplement DS1).*>*
Two reviewers (T.P. and K.B.) independently searched Medline
(from 1946 to 14 December 2016), EMBASE (from 1947 to
2016, week 50) and PsycINFO (from 1806 to December 2016,
week 1). These databases were selected because they
comprehensively cover psychiatric and medical journals likely to
publish studies on this topic, and are consistent with previous
meta-analyses in the field focusing on metabolic dysfunction
and cardiovascular disease risk factors in psychotic illness.**>¢
The following keywords were used: (‘schizophrenia® OR ‘schizo-
affective’ OR ‘psychosis’) AND (‘early’ OR ‘first episode’ OR ‘risk’
OR ‘prodrome’) AND (‘metabolic’ OR ‘lipid” OR ‘cholesterol” OR
‘HDL OR ‘LDL OR ‘lipoprotein’ OR ‘triglyceride’ OR ‘adiponectin’
OR ‘ghrelin’ OR ‘leptin’ OR ‘resistin’ OR ‘chemerin’ OR ‘omentin’
OR ‘apelin’ or ‘adipocytokine’ OR ‘adipokine’). This was
complemented by hand-searching of meta-analyses and review
articles, which are listed in online supplement DS1, together with
an a priori protocol. Inclusion criteria were:

(a) a DSM or ICD diagnosis of schizophrenia, schizoaffective
disorder, schizophreniform disorder, schizophrenia spectrum
or psychotic disorder not otherwise specified or an at-risk
mental state for psychosis according to research criteria;*”*®

(b) a first episode of illness, defined as either first treatment
contact (in-patient or out-patient) or duration of illness up
to 5 years following illness onset;*’
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(c) less than 2 weeks of antipsychotic treatment;
(d) a healthy control group;

(e) lipid profile assessment including one or more of the following
measures: total cholesterol, HDL cholesterol, low-density
lipoprotein (LDL) cholesterol, triglycerides, adiponectin,
ghrelin, leptin, resistin, chemerin, omentin or apelin. Both
fasting and non-fasting values were accepted, although all
studies included in the analysis recorded fasting parameters.

Further information regarding rationale for the inclusion and
exclusion criteria is provided in online supplement DS1. Studies
in any language were considered. No restriction was made with
regard to study design. Exclusion criteria were:

(a) study not reporting absolute values (i.e. studies that only
provided data regarding the dichotomous presence or
absence of raised lipid parameters as defined by diagnostic
criteria);7_10

(b) sample including patients with multiple episodes of schizo-
phrenia;

(c) chronic antipsychotic treatment (more than 2 weeks’ lifetime
exposure);

(d) substance- or medication-induced psychotic disorder;

(e) physical comorbidity that might affect lipid homeostasis (e.g.
familial hypercholesterolaemia, thyroid dysfunction, nephrotic
syndrome);

(f) absence of measures in a healthy control group.

Data extraction

Screening based on title and abstract was performed independently
by two authors (T.P. and K.B.). Where full texts, abstracts or group
estimate data were not available, authors were contacted and articles
or data requested. We allowed 4 weeks for authors to respond, with
repeat contact attempts made after 2 weeks. Data extraction was
performed independently (by T.P. and K.B.) and any disagreements
resolved by rechecking original articles. Data were extracted
according to the following model: author, year of publication,
country, type of publication (i.e. prospective, cross-sectional,
case—control, retrospective), matching criteria for patients and
controls (confirmed by review of study methodology, or by
confirmation of non-significance between mean parameter levels
of patient and control groups); whether or not patient groups
were antipsychotic-naive (and if not, duration of treatment);
and mean (with standard deviation) measure of lipid or adipo-
cytokine parameter in patient and control groups. Where there
were multiple publications for the same data-set, data were
extracted from the study with the largest data-set. Study quality
was assessed using the Newcastle-Ottawa Scale.®

Statistical analysis

Comprehensive Meta-Analysis software version 3.0 was used in
all analyses. A two-tailed P value less than 0.05 was deemed
significant. A random effects model was used in all analyses owing
to an expectation of heterogeneity of data across studies.”
Standardised mean differences in lipid parameters and adipo-
cytokine levels between patient and control cohorts were used as
the effect size, using Hedges’ adjusted g and 95% confidence
intervals. The direction of the effect size was positive if
participants with schizophrenia demonstrated higher values of
lipid parameters compared with controls. Where significant
differences in lipid parameters were demonstrated, absolute
differences were also calculated to allow clinical interpretation.
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Mean differences were calculated using SI units (mmol/L), which
for certain studies required conversion from conventional units
(mg/dL). To do so we used standardised conversion factors.”!
Heterogeneity across studies was assessed using Cochran’s Q.*
Inconsistency across studies was assessed with the T 2 statistic,®
with a value below 25% deemed to have low heterogeneity, 25—
75% medium heterogeneity and above 75% high heterogeneity.
Publication bias and selective reporting were assessed using Egger’s
test of the intercept,”® although this was not calculated when fewer
than ten studies were analysed, as reccommended by the Cochrane
Collaboration, and represented diagrammatically with funnel
plots, again as recommended by the Cochrane Collaboration.>®
The most common cause of dyslipidaemia is secondary to
obesity and high fat intake, particularly saturated fat.® Age,
gender and ethnicity are also recognised to influence lipid
parameters.”” To address whether differences in body mass index
(BMI), dietary intake, age, gender and ethnicity between patient
and control groups influenced results, separate sensitivity analyses
examining groups matched for these factors were performed.
Matching was confirmed either by review of study method or
by calculation of no significant difference between mean
parameters in patient and control groups. To investigate further
the influence of difference in BMI between patient and control
groups on lipid parameter effect size, random effects meta-
regression analyses were performed, regressing lipid parameter
effect size on difference in BMI between patient and control
groups. Meta-regression was not performed when fewer than ten
studies were analysed, as recommended by the Cochrane
Collaboration.”® To ensure that findings were not secondary to
physical illness in one or both cohorts, sensitivity analyses were
performed after removing studies that failed to document whether
participants were excluded on the basis of poor physical health.

Results

Of 2070 citations retrieved, 20 case—control studies met inclusion
criteria.">2%**5! The search process is shown in Fig. 1 and the
studies finally selected are summarised in Table 1. The overall
sample comprised 1167 patients and 1184 controls. The mean
age of patients was 27.9 years. Of the 1167 patients, 746
(63.9%) were antipsychotic-naive whereas 421 (36.1%) had
received antipsychotic medication for up to 14 days. There was
no study of people with an at-risk mental state. The online data
supplement details the raw data for analyses (Tables DS1-8);
further information regarding cohort characteristics is given in
Table DS9. Forest plots for HDL cholesterol and leptin, funnel
plots and scatter plots for the individual lipid parameters are
shown in Figs DS1-11.

Total cholesterol

Total cholesterol concentration was analysed using data for 15 studies,
comprising 927 patients and 959 controls,'>™1$2038:40434446=51 5]
cholesterol levels were significantly decreased in patients compared
with controls: g= —0.19, 95% CI —0.32 to —0.06; P=0.005
(Fig. 2). This corresponds to an absolute decrease in total
cholesterol of 0.26 mmol/L. There was significant between-sample
heterogeneity, with an I* of 42% (Q=24.2, P=0.04). Findings of
Egger’s test (P=0.54) suggested that publication bias was not
significant, and visual inspection of the funnel plot suggested
symmetry (online Fig. DS3). After restricting analyses to 12
BMI-matched studies,!>1618:20:38:40:4346-50 4 1a]  cholesterol
concentration remained significantly decreased in patients
(n=813) compared with controls (n=765); g= —0.21, 95% CI
—0.36 to —0.06; P<0.01. Meta-regression of effect size for total
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2070 studies identified in EMBASE,
Medline and PsycINFO
searches screened

v

2016 studies excluded after title and abstract
review because topic not pertinent
to this meta-analysis

18 studies added from reference lists
and citation histories

\4

72 studies identified for full-text
review, or full text/conference
abstract sought from authors

55 full-text articles or abstracts excluded:
12 unable to provide group estimates for analysis
p| 2 duplicate data

\4

10 wrong population or outcome measure
30 no control

20 studies included in review:
15 studies examining total cholesterol
13 studies examining LDL cholesterol
16 studies examining HDL cholesterol
17 studies examining triglycerides
5 studies examining leptin

Fig. 1 Search process. HDL, high-density lipoprotein; LDL, low-density lipoprotein.

cholesterol on absolute difference in BMI between patient and
control groups (scatter plot shown in online Fig. DS8) revealed
that BMI difference between the two cohorts was not a significant
moderator of the total cholesterol effect size (3=0.05, 95% CI
—0.30 to 0.40; P=0.76). There were insufficient studies to
perform a sensitivity analysis where groups were matched for
dietary intake. After restricting analyses to seven studies matched
for ethnicity,!>!”!®40444651 there was no longer a significant
difference in total cholesterol between patients (n=540) and
controls (n=512): g= —0.21, 95% CI —0.42 to 0.00; P=0.05.
After exclusion of two studies in which participants were not
specifically documented as being physically healthy,'”*! total
cholesterol concentration remained significantly decreased in
patients (n=691) and controls (n=603): g= —0.17, 95% CI
—0.32 to —0.02; P=0.02. All studies involved in the total
cholesterol analysis were matched for age and gender and
therefore these sensitivity analyses were not required.

LDL cholesterol

Low-density lipoprotein cholesterol concentration was analysed
using data from 13 studies, comprising 806 patients and 875
controls, !> 718:20:40427444648-51 - G centration was  significantly
decreased in patients compared with controls: g= —0.22, 95%
CI —0.35 to —0.09; P=0.001 (Fig. 3). This corresponds to an
absolute decrease in LDL cholesterol of 0.15mmol/L. There
was no statistically significant between-sample heterogeneity
(I*=29%; Q=16.8, P=0.16). Findings of Egger’s test (P=0.13)
suggested that publication bias was not significant, and visual
inspection of the funnel plot suggested symmetry (online
Fig. DS4). Restricting analyses to ten BMI-matched studies
demonstrated that LDL cholesterol remained significantly
decreased in patients (n=532) compared with controls (n=481):
g=—0.18,95% CI —0.31 to —0.04; P=0.012.'>'820:40:4243,46,48-50
Meta-regression of effect size for LDL cholesterol on absolute
difference in BMI between patient and control groups (scatter plot
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shown in online Fig. DS9) revealed that BMI difference between
the two cohorts was not a significant moderator of the LDL
cholesterol effect size (B=—0.15, 95% CI —0.49 to 0.18;
P=0.38). There were insufficient studies to perform a sensitivity
analysis where groups were matched for dietary intake. After
restricting  analyses to  seven  studies matched for
ethnicity,l5"7’18‘40"“’46’51 we found LDL cholesterol remained
significantly decreased in patients (n=540) compared with
controls (n=512): ¢g=-—0.29, 95% CI —046 to —0.11;
P<0.01. After exclusion of two studies in which participants were
not specifically documented as being physically healthy,'”>' LDL
cholesterol remained significantly decreased in patients (n=570)
compared with controls (n=519): g= —0.15, 95% CI —0.28 to
—0.02; P=0.03. All studies involved in the LDL cholesterol
analysis were matched for age and gender, so these sensitivity
analyses were not required.

Triglycerides

Triglyceride concentration was analysed using data from 17 studies,
comprising 923 patients and 902 controls,'>!¢18720,28-40,42744,46-51
Concentration was significantly elevated in patients compared
with controls: g=0.14, 95% CI 0.00-0.28; P<0.05 (Fig. 4). This
corresponds to an absolute increase in triglyceride levels of
0.08 mmol/L. There was significant between-sample heterogeneity
(I* =48%; Q=30.6, P=0.02). Findings of Egger’s test (P=0.28)
suggested that publication bias was not significant, and visual
inspection of the funnel plot suggested symmetry. After restricting
analyses to 14 BMI-matched studies there was no longer a
significant difference in triglyceride concentrations between
patients (n=710) and controls (n=657): g=0.13, 95% CI —0.02
to 0.27; P=0.09.!>10:18:20:38-40,42,43,46-50 Meta-regression of effect size
for triglycerides on absolute difference in BMI between patient
and control groups (online Fig. DS10) revealed that BMI
difference between the two cohorts was a significant moderator
of the triglyceride effect size (B=0.29, 95% CI 0.04-0.53;
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Sample size Hedges' g and 95% Cl
n
Hedges' Lower  Upper Relative
Study g limit limit  Patient Control weight, %
Ryan et al (2003)"® —068 —123 —013 26 26 - 432
Wu et af (2013)* —049 —087 —0.11 70 44 ——T— 7.09
Sarandol et al (2015)*° —043 —097 010 29 25 —n 453
Verma et af (2009)" —042 —063 —021 160 200 <;I'.—7 11.86
Dasgupta et al (2010)*° —-034 —087 019 30 25 — 4.62
Misiak et al (2016)%° —030 —-073 013 24 146 i 6.08
Kirkpatrick et al (2010)*® —-022 —-053 010 76 76 | 8.59
Petrikis et af (2015)% —-019 —063 024 40 40 i 6.00
Sengupta et al (2008)* —0.15 —0.61 030 38 36 ] 572
Spelman et al (2007)* —013 —057 0.32 38 38 L 5.82
Kavzoglu et al (2013)*” 009 018 030 50 50 i 6.89
Srihari et af (2013)®” —-006 —034 021 76 156 —— 9.83
Venkatasubramanian et al 2010/  —0.04 —049 040 38 38 i 5.83
Chen et af (2016)"® 022 —016 060 172 31 L 7.05
Chen et af (2016)" 040 —004 085 60 28 - 577
Total —019 —032 -006 927 959 R
-0.75 —0.38 0 0.38 0.75

Elevated in controls Elevated in patients

Fig. 2 Forest plot showing total cholesterol concentration in patients with first-episode psychosis and controls. There was a significant

reduction in total cholesterol concentration in patients (Hedges' g= —0.19, 95% ClI —0.32 to —0.06; P=0.005).

P=0.024). After restricting analyses to three studies matched
for dietary intake,'®'>*" triglyceride concentration remained
significantly elevated in patients (n=155) compared with controls
(n=102): g=0.34, 95% CI 0.09-0.59; P<0.01. Exclusion of one
study that failed to match for gender revealed that triglyceride
concentration remained significantly elevated in patients

0.03 to 0.31; P=0.02. All studies involved in the triglyceride
analysis were matched for age so this sensitivity analysis was not
required.

HDL cholesterol

(n=2883) compared with controls (n=832): g=0.15, 95% CI
0.00 to 0.30; P<0.05.>° After restricting analyses to six studies
matched for ethnicity,'>'®4**+465! there was no longer a significant
difference in total cholesterol concentration between patients
(n=380) and controls (n=312): g=0.06, 95% CI —0.12 to
0.22; P=0.49. After exclusion of one study in which participants

High-density lipoprotein concentration was analysed using
data from 16 studies, comprising 985 patients and 1036
controls,'>!7720:38-40:427444648-51 0 centrations were not altered
in patients compared with controls: g= —0.19, 95% CI —0.39 to
0.02; P=0.07 (online Fig. DS1). There was statistically significant
between-sample heterogeneity (I*=77%; Q=66.2, P<0.01).

were not specifically documented as being physically healthy,”"
triglyceride ~ concentration remained elevated in patients
(n=847) compared with controls (n=746): ¢g=0.17, 95% CI

Findings of Egger’s test (P =0.67) suggested that publication bias
was not significant, and visual inspection of the funnel plot
suggested symmetry — although we noted a single outlying study

Sample size Hedges’ g and 95% Cl
n
Hedges  Lower  Upper Relative
Study g limit limit patient  Control weight, %
Ryan et al (2003)"® —0.67 122 —0.12 26 26 ﬁ— 453
Verma et af (2009)"” —047  —068 —026 160 200 16.03
Dasgupta et af (2010)*° —041  —091 0.12 30 25 < 4.85
Sarandol et al (2015)*° —0.39 0.93 0.16 26 25 l¢—m 4.60
Srihari et a/ (2013)°" -030 -058 -—003 76 156 <« 12.27
Misiak et af (2016)%° -023 066 0.20 24 146 — 6.73
Kirkpatrick et al (2010)** -0.20 052 011 76 76 < ] 10.32
Wu et af (2013)* -0.18  —0.56 0.19 70 44 < -l 8.23
Chen et af (2016)™ -014  —052 024 172 31 < u 8.05
Sengupta et al (2008)* —006  —051 0.39 38 36 < » 6.26
Kavzoglu et a/ (2013)* 009 —030 048 50 50 = 7.81
Spelman et al (2007)* 0.13 032 057 38 38 = > 6.38
Basoglu et al (2010)* 025 —035 0.84 20 22 3.95
Total -022 -035 —009 806 875 -~
—0.50 —-0.25 0 0.25 0.50

Elevated in controls Elevated in patients

Fig. 3 Forest plot showing low-density lipoprotein (LDL) cholesterol concentration in patients with first-episode psychosis and controls.

There was a significant reduction in LDL cholesterol concentration in patients (Hedges' g= —0.22, 95% ClI —0.35 to —0.09; P=0.001).
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Sample size Hedges' g and 95% Cl
n
Hedges' Lower  Upper Relative
Study g limit limit  Patient  Control weight, %
Kavzoglu et al (2013)* —042 —081 —003 50 50 lem— 6.34
Srihari et af (2013)* —-018 —045 010 76 156 1 8.56
Basoglu et af (2010)* —-016 —075 044 20 22 < » 3.84
Kirkpatrick et af (2010)* —006 —037 02 76 76 N 7.71
Enez Darcin et al (2015)% 000 —-039 039 40 70 1 6.46
Sarandol et al (2015)®° 002 —052 056 26 25 <1 438
Dasgupta et af (2010)*° 013 =039 066 30 25 | > 456
Chen et al (2016)"® 014 —024 052 172 31 i P> 6.54
Sengupta et al (2008)* 014 —-031 060 38 36 0 5.46
Petrikis et af (2015)% 016 —027 060 40 40 . 5.70
Ryan et al (2003)"® 019 —035 072 26 26 - 4.42
Wu et al (2013)*® 020 —017 058 70 a4 L 6.63
Venkatasubramanian et af (2010 023 —021 068 38 38 — 5.53
Spelman et al (2007)** 034 —-011 078 38 38 —> 5.51
Saddichha et af (2008)" 0.49 015 083 99 51 — 7.25
Misiak et al (2016)%° 0.56 013 100 24 146 » 5.71
Chen et al (2016)" 0.70 025 116 60 28 P 5.39
Total 014 000 028 923 902 —
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Elevated in controls Elevated in patients

Fig. 4 Forest plot showing triglyceride concentration in patients with first-episode psychosis and controls. There was an elevation in

triglyceride concentration in patients (Hedges’ g=0.14, 95% Cl 0.00-0.28; P<0.05).

with a large standard error,** probably the consequence of a small
sample size. After analyses were restricted to 12 BMI-matched
studies, ! >1820:38-40:42:43,46,48-50 |, significant difference remained
in HDL cholesterol concentration between patients (n=612)
and controls (n=591): g=—0.23, 95% CI —0.53 to 0.06;
P=0.12. Meta-regression of effect size for HDL cholesterol on
difference in BMI between patient and control groups (scatter plot
shown in online Fig. DS11) revealed that BMI difference between
the two cohorts was not a significant moderator of the HDL
cholesterol effect size (p=—0.10, 95% CI —0.85 to 0.65;
P=0.79). After restricting analyses to three studies matched for
dietary intake,"®'**" no significant difference remained in HDL
cholesterol concentration between patients (n=155) and controls
(n=102): g= —0.04, 95% CI —0.28 to 0.782; P=0.78. Exclusion
of one study that failed to match for gender revealed that HDL
cholesterol remained unaltered between patients (n=945) and
controls (1=966): g= —0.16, 95% CI —0.37 to 0.05; P=0.12."
After restricting analyses to studies matched for
ethnicity,'>! 71840444651 14 gjgnificant difference remained in
HDL concentration between patients (n=540) and controls
(n=512): g=—0.09, 95% CI —0.22 to 0.04; P=0.16. After
exclusion of two studies in which participants were not specifically
documented as being physically healthy,'”>' HDL cholesterol
levels remained unaltered between patients (n=749) and controls
(n=680): g= —0.21, 95% CI —0.46 to 0.04; P=0.10. All studies
involved in HDL cholesterol analysis were matched for age so this
sensitivity analysis was not performed.

seven

Leptin

Leptin concentration in patients and controls was analysed using
data from five studies, comprising 162 patients and 164
controls.*"*****>%7 Leptin concentration was not altered in
patients compared with controls: g=0.05, 95% CI -0.31 to 0.42;
P=0.78 (online Fig. DS2). Between-sample heterogeneity was
medium (I*=59%; Q=12.3, P=0.03). Visual inspection of the
funnel plot suggested asymmetry, although this interpretation
should be taken with caution in the context of the small number
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of studies, and the single study driving asymmetry exhibiting a
large standard error,*> probably the consequence of small sample
size (n=7). Egger’s test of the intercept was not possible owing
to the small number of studies. After restricting analyses to
BMI-matched studies,*"*>*>*” there remained no significant
difference in leptin concentration between patients (n=124) and
controls (n=126): g= —0.07, 95% CI —0.32 to 0.17; P=0.56.
All studies involved in leptin analysis matched for age so this
sensitivity analysis was not required. Exclusion of one study that
failed to match for age revealed that leptin concentration
remained unaltered between patients (n=112) and controls
(n=114): g=0.14, 95% CI -0.35 to 0.63; P=0.57."" There were
insufficient studies to perform sensitivity analyses where groups
were matched for dietary intake or ethnicity.

Discussion

The main findings of this meta-analysis are that first-episode
psychosis is associated with decreased total and LDL cholesterol
levels but increased triglyceride levels compared with healthy
control groups, with no difference in HDL cholesterol or leptin
levels. The absolute difference in lipid parameters demonstrated
in FEP compared with controls was a decrease in total cholesterol
of 0.26 mmol/L (upper limit for total cholesterol levels in adults
5.00 mmol/L),52 a decrease in LDL cholesterol of 0.15 mmol/L
(upper limit for LDL cholesterol levels in adults 3.00 mmol/L),>
and an increase in triglycerides of 0.08 mmol/L (upper limit for
triglyceride levels in adults 1.70 mmol/L).>®> Data from studies
focusing on the efficacy of statin therapy in individuals at low risk
of cardiovascular disease demonstrate that an absolute reduction
in LDL cholesterol of 1 mmol/L is associated with a relative risk
reduction of major vascular events of 21%,>* so a reduction in
LDL cholesterol of 0.15mmol/L seen in FEP may be associated
with an approximate 3% risk reduction in cardiovascular disease.
Total and LDL cholesterol findings remained significant in the
sensitivity analyses, except for the one for ethnicity, where
total cholesterol difference was no longer significant. Specifically,
total and LDL cholesterol findings remained significant in
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BMI-matched analyses, and meta-regression revealed that BMI
difference between the two cohorts was not a significant moderator
for either finding. The triglyceride findings were no longer
significant in sensitivity analyses that matched for BMI and
ethnicity, and meta-regression revealed that BMI difference
between the two cohorts was a significant moderator. Leptin
concentrations were not altered in patients relative to controls,
although this result should be interpreted with caution owing to
the small sample size used in this analysis.

Our findings extend the meta-analysis by Perry et al?' by
using a larger sample (2351 participants compared with 1137 in
Perry’s paper) and including additional lipidomic measures and
sensitivity analyses. Our finding of reduced total cholesterol is
consistent with their finding, but in addition we show a significant
reduction in LDL cholesterol and increase in triglyceride levels,
which Perry et al did not find, potentially because of lack of power
in their study. Our findings contrast with evidence of elevated
total and LDL cholesterol in chronic schizophrenia.'* Our findings
also contrast with recent evidence of broader metabolic
dysfunction in FEP, specifically glucose dysregulation.**>*
However, our demonstration of raised triglyceride concentrations
in FEP is compatible with the notion of FEP being associated with
impairments in glucose homeostasis, with hypertriglyceridaemia
recognised as accompanying development of type 2 diabetes
mellitus.”® Indeed, in apparently healthy men aged 26-45 years
the hazard ratio for developing type 2 diabetes in those with high
triglyceride levels (1.85-3.38 mmol/L) compared with low
triglyceride levels (0.34-0.75 mmol/L) is 2.11.>°

Strengths and limitations

Strengths of this analysis include the focus on patients with FEP
and minimal or no antipsychotic exposure, thus limiting the
duration of secondary illness-related factors that may result in
dyslipidaemia. Nevertheless, population studies and meta-analyses
have previously demonstrated that individuals with FEP already
have poorer dietary habits, decreased physical activity and an
increased likelihood of smoking compared with age-matched
controls.””®® In line with clinical plractice,29 our definition of
FEP included patients with several years of illness, and duration
of untreated psychosis was not documented in all studies; thus
there were insufficient studies to perform meta-regression analyses
examining the impact of illness duration. Therefore, some patients
might already have been exposed to lifestyle risk factors for
some time. However, prolonged duration of poor lifestyle habits
would not be expected to result in the total and LDL cholesterol
reductions we observed. Similarly, the limitation that a third of
the analysed patient cohort had been prescribed up to 14 days
of antipsychotic medication might be expected to be associated
with increased total and LDL cholesterol levels. This suggests that
the reductions in cholesterol levels observed might be larger when
the impact of poor lifestyle habits and medication are controlled
for. Matching for diet was performed in only three studies,'®'**
and a sensitivity analysis examining dietary impact could be
performed only for triglycerides (which maintained significance
for raised triglyceride levels in patients compared with controls).
Similarly, only two studies matched for the amount of regular
exercise taken by participants."®'® High fat intake and obesity
are the most common causes of dyslipidaemia.’® Exercise is
associated with reduced lipid levels, potentially through enhancing
skeletal muscle lipid metabolism preferentially over glycogen.®’
We cannot therefore exclude dietary or exercise differences as
contributing to our findings, although poor lifestyle factors would
be expected to oppose the effects we observed, not inflate them.
Moreover, overmatching of patients and controls for lifestyle
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factors could result in samples poorly representative of
populations. Data from large-scale, population-based studies
and registries have established that plasma lipids and lipoproteins
change modestly 1-6h following habitual food intake (compared
with fasting levels, non-fasting triglyceride levels increase by up to
0.3mmol/L and non-fasting total and LDL cholesterol levels
decrease by up to 0.2 mmol/L, probably owing to haemodilution
due to fluid intake with a meal).®? In view of this we extracted
study information regarding duration of fasting (online Table
DS10). Sensitivity analyses excluding studies with unclear fasting
duration showed that the findings of reduced total and LDL
cholesterol levels in FEP compared with controls remained
significant,'®!**1*4>%% and also confirmed the findings of no
significant difference in HDL cholesterol or leptin levels between
patients and controls. However, triglyceride levels were no longer
elevated in patients compared with controls (results in online
supplement DS1). Notwithstanding these analyses, we cannot
exclude the possibility that the patients were less compliant with
the fast. This warrants further investigation in future studies.
Another potential limitation of the meta-analysis is the
inclusion of participants who might not have been representative
of FEP and control populations in general. However, all studies
included in the meta-analysis used DSM-IV criteria for selection
of patients, and all studies were deemed to be adequate for case
selection as part of the Newcastle-Ottawa Scale quality assessment
(online Table DS10). We can therefore be confident that the
sampled patient group was adequately representative of the
patient population. However, we note that eight studies used
hospital and university staff or relatives of staff as
controls;'718383941:464850 thee individuals may be poorly
representative of the socioeconomic background of population
controls. However, higher socioeconomic status is associated with
reduced cardiovascular risk, for example total cholesterol is
inversely associated with educational level.*> This would therefore
not explain our findings of reduced total and LDL cholesterol in
FEP. Four studies failed to detail how controls were
recruited;'®?>*”*® however, sensitivity analyses excluding these
four studies did not alter results (online supplement DS1).
Sensitivity analyses that matched for ethnicity resulted in a
loss of significance for both total cholesterol and triglyceride
findings, which may point to ethnic differences between patients
and controls contributing to results. Moreover, a BMI-matched
sensitivity analysis for triglycerides resulted in loss of significance
for the finding of raised triglycerides in FEP, and meta-regression
revealed that BMI difference between patient and control groups
was a significant moderator of the triglyceride effect size. Obesity
is a major cause of dyslipidaemia and lipid levels are directly
related to BMI>® Thus, group differences in BMI could have
contributed to observed triglyceride differences, although overall
patient groups had lower BMI levels compared with controls
(average difference 0.39kg/m?). However, BMI-matched sensitivity
analyses for total and LDL cholesterol remained significant, and
meta-regression demonstrated that BMI difference between the
two groups did not moderate observed effect sizes. Moreover,
poor lifestyle habits in the patient cohort would be expected to
increase total and LDL cholesterol levels, thus are unlikely to
explain the reduction in cholesterol parameters we observed.
Although participants in the meta-analysis were described as
physically healthy with no illness that would affect lipid para-
meters, only seven studies referred to the use of over-the-counter
medication as a specific exclusion criterion, $38414344 44 only
six studies defined psychotropic use other than antipsychotics as
an exclusion criterion;'®4%*>%7 see online Table DS9. Thus, the
potential use of psychiatric medication other than antipsychotics
that might increase lipid parameters, such as mood stabilisers,””
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or lipid-lowering medication is a potential confounding factor for
some of the studies that we were unable to account for fully.
However, evidence in chronic schizophrenia indicates that patients
are less likely to receive lipid-lowering drugs than the general
population,®® so this is unlikely to account for the reductions
we see. Although no study included in our analysis specifically
excluded participants based on a historical diagnosis of dyslipidaemia,
all but two studies included statements that described participants as
physically healthy (Table DS9).'7° Like the process of BMI-matching
patients and controls, this preferential selection of physically healthy
participants may have excluded participants truly representative
of the patient (and control) cohort, with overmatching of groups.

Our database search strategy was complemented by hand-
searching, which identified additional studies that were included
in the final analysis. This could indicate that there are other
studies missed by the database search; however, as we hand-searched
the reference lists of the studies included and additional review
articles, any missing articles have eluded the field in general.

We observed relatively high heterogeneity in some of our
analyses, notably of triglycerides. The use of plasma or serum
sampling for lipid parameters, which has been reported to result
in a 3-5% variation in cholesterol measures,’®®” and differences
in sample inclusion criteria may account for some of this hetero-
geneity. In addition, six studies failed to document the model or
brand of analyser used (online Table DS10), thereby precluding
confirmation of interassay reliability.'®?**>*4465! Nevertheless,
the random effects model we used is robust to heterogeneity
and subgroup analyses explored potential sources of heterogeneity.
It is important to note that because most studies in our analysis
selected patients who were physically healthy, and matched for a
number of risk factors for dyslipidaemia such as BMI, our findings
should not be extended to patients with these risk factors. By the
same token, our meta-analysis should not be extended to draw
conclusions on rates of categorical diagnoses of dyslipidaemia in
FEP. The data in our analyses are cross-sectional and future
longitudinal research is required to disentangle the relationships
we observed and the potential role of modifiable factors.

Future directions

Although the effect sizes observed in our meta-analysis are
modest, they are striking in the context of the opposite findings
in patients with chronic psychotic disorders. Our findings indicate
that psychotic disorders are not associated with an intrinsic
elevation in total cholesterol, LDL cholesterol or reduction in
HDL cholesterol, and indicate that patients have favourable profiles
of these lipids early in their illness. Our results contrast with the
findings of meta-analyses in patients with chronic disorder, which,
in comparison with the general population, show increased risk of
the metabolic syndrome and hypercholesterolaemia.'* Taken
together with these, our findings suggest that the increased risk
of hypercholesterolaemia in psychotic illness is a consequence of
potentially modifiable factors associated with chronic psychotic
illness. Whether lower cholesterol in FEP is indicative of inherent
cardiometabolic differences between FEP and controls, as
suggested by recent meta-analytic evidence of glucose dysregulation
in early psychosis,”">*°® remains to be determined. Recent Genome
Wide Association Study evidence has demonstrated pleiotropic
enrichment between genetic polymorphisms associated with both
schizophrenia and cardiovascular disease, and lipid disorder.®® This
could suggest there are common molecular pathways underlying
both psychosis and metabolic dysregulation.”® Adipocytokine
disturbances are one possibility: there is robust evidence of immune
dysregulation in antipsychotic-naive FEP, with elevated peripheral
cytokines that include the adipocytokines interleukin-6 (IL-6) and
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tumour necrosis factor alpha (TNF-a).”' Interleukin-6 has been
demonstrated to reduce lipid levels in animal models.”? Active,
untreated rheumatoid arthritis, which is associated with elevated
IL-6 and TNF-o levels, is associated with decreased total and LDL
cholesterol levels,”” and these increase with IL-6 and TNF-o
monoclonal blockade.”* Thus, by extension, inflammation could
be a mechanism underlying the lipid alterations we found. There
were insufficient data for us to test the hypothesis of broader
adipocytokine dysregulation in FEP further, and our leptin
analysis demonstrated no difference between patients and
controls. Further preclinical and clinical studies are required to
probe this potential association.

A message for clinicians is that the secondary, potentially
modifiable risk factors should be considered and addressed from
onset of illness before dyslipidaemia has developed. Potential
modifiable factors associated with schizophrenia include poor
nutrition,”> sedentary behaviour,”® alcohol and substance misuse,””
poorer access to healthcare,”® and long-term antipsychotic treat-
ment."””? Among these, antipsychotics — especially the newer
antipsychotics — are well recognised as potentially modifiable
risk factors for metabolic dysfunction.’*® The mechanisms by
which antipsychotics contribute to lipid disorder remain poorly
understood, but may result from weight gain secondary to activity
at 5-hydroxytryptamine (serotonin) 5-HT, and 5-HT, receptors,
leading to increased dietary fat intake.*»® It is recognised that
individuals with FEP and a relatively lower BMI tend to gain
weight rapidly when treated with an antipsychotic associated with
a high weight gain potential.*® Longitudinal studies examining
changes in lipids from the at-risk mental state and over the course
of the first episode and first few years of illness would be useful to
determine what underlies the transition from low cholesterol and
LDL levels to elevated levels. Such research should consider the
relative role of modifiable risk factors such as nutrition, physical
activity and antipsychotic medication on lipid changes. We also
demonstrated the paucity of studies examining adipocytokine
parameters in early schizophrenia. This indicates that more
research is required to examine the potential mechanisms under-
lying the lipid profile we have identified in this meta-analysis.

Our finding of increased triglyceride concentrations in FEP is
consistent with meta-analytic evidence of raised triglyceride levels
in patients with chronic illness compared with the general
population.'* Elevated triglyceride levels are considered a marker
of insulin resistance, and predict risk for impaired fasting glucose
concentration.>® As such, triglycerides are used in diabetes risk
prediction models.*** The proposed mechanism sees insulin
resistance at the level of the adipocyte associated with increased
intracellular hydrolysis of triglycerides and release of fatty
acids into the circulation.*” This induces hepatic production
and release of very low-density lipoproteins, which results in
hypertriglyceridaemia.’* Thus, raised triglyceride concentrations
in FEP may reflect early glucose dysregulation and insulin
resistance, consistent with recent meta-analyses indicating that
patients with FEP show altered glucose homeostasis.”**>** Given
that they are indicators of early glucoregulatory dysfunction,
triglycerides could be a focus for early intervention to prevent
the development of diabetes in schizophrenia.

Implications

Our data suggest that total cholesterol and low-density lipoprotein
levels are reduced early in the course of schizophrenia, indicating
that the hypercholesterolaemia seen in chronic disorder is
secondary and potentially modifiable. In contrast, our finding of
elevated triglyceride levels early in the course of schizophrenia is
a metabolic indicator of an increased risk of diabetes. In terms
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of translation to the clinical domain, these findings suggest that
prevention of dyslipidaemia and diabetes needs to be prioritised
from onset of psychosis, with the adoption of early lifestyle
interventions and careful antipsychotic prescribing which
considers both benefits and risks.”
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. T2 Trainspotting: addiction in a digital age
psychiatry ity = =

in the movies

Peter Byrne

Renton (Ewan McGregor) — the fifth main character in the original film and in this sequel - returns to Edinburgh from 20 years in
Amsterdam with a bitter monologue:

‘Choose life

Choose Facebook, Twitter, Instagram and hope that someone, somewhere cares

Choose looking up old flames, wishing you’d done it all differently

And choose watching history repeat itself

Choose your future

Choose reality TV, slut shaming, revenge porn

Choose a zero hour contract, a two hour journey to work

And choose the same for your kids, only worse, and smother the pain with an unknown dose
of an unknown drug made in somebody’s kitchen

And then . . . take a deep breath

You're an addict, so be addicted

Just be addicted to something else

Choose the ones you love

Choose your future

Choose life’

In revisiting the original film's characters, writer John Hodge adapting Irving Welsh serves us a portion of only the first half of the
‘learning and hugging’ formula of US sitcom. Renton has acquired self-knowledge and Simon (Jonny Lee Miller) knows his new
drug of choice, cocaine, traps him in his narrative where his ‘best friend ruined [his] life”. In a key scene, Simon reminds Renton
that he sold heroin to their friend Tommy who died a lonely drug-related death in the first film, but Renton retorts with the death
of Simon’s baby Dawn — again collateral damage of heroin use. Choose death. But when they score money, they score some
novel psychoactive agents and shoot up again, though in nicer environs, with big screen TV and nostalgia-pumping speakers.
Their friend Spud Murphy (Ewen Bremmer) struggles even harder with his addiction but ultimately finds his voice as chronicler
of this Underworld. Even their mutual fiend, Franco Begby (Robert Carlyle) — who cannot resist blue collar criminality and violent
revenge — learns not to revisit the damage on his son that he himself had suffered from his addicted father.

The sequel avoids its plot’s motif ‘first there was an opportunity . . . then there was a betrayal’. It revisits the fierce musicality of
the original Trainspotting and fills the screen with visual nods to the film that nailed 1990s UK. Some critics cite the social media
of Renton’s rant as the new addiction, but the film has lots to say about other modern afflictions: gentrification, globalisation, gym
treadmills, the sex industry, cybercrime, webcams and CCTV. Its four female characters have little to do, as agents of the men —
though one has the last laugh. The main grumble is how well three junkies look 21 years later: in our reality, they should be dead
or struggling from ravages of risks taken. But this creative team has not betrayed the original. Director Danny Boyle has brought
Renton home.

T2 Trainspotting directed by Danny Boyle, UK release 2017, distributed by TriStar Pictures.
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