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Abstract

Individuals with schizophrenia (SZ) exhibit multiple premature age-related phenotypes and die 

~20 years prematurely. The accelerated aging hypothesis of SZ has been advanced to explain these 

observations, it posits that SZ-associated factors accelerate the progressive biological changes 

associated with normal aging. Testing the hypothesis has been limited by the absence of robust, 

meaningful, and multi-tissue measures of biological age. Recently, a method was described in 

which DNA methylation (DNAm) levels at 353 genomic sites are used to produce “DNAm age”, 

an estimate of biological age with advantages over existing measures. We used this method and 3 

publicly-available DNAm datasets, 1 from brain and 2 from blood, to test the hypothesis. The 

brain dataset was composed of data from the dorsolateral prefrontal cortex of 232 non-psychiatric 

control (NPC) and 195 SZ subjects. Blood dataset #1 was composed of data from whole blood of 

304 NPC and 332 SZ subjects, and blood dataset #2 was composed of data from whole blood of 

405 NPC and 260 SZ subjects. DNAm age and chronological age correlated strongly (r=0.92–

0.95, p<0.0001) in both NPC and SZ subjects in all 3 datasets. DNAm age acceleration did not 

differ between NPC and SZ subjects in the brain dataset (t=0.52, p=0.60), blood dataset #1 

(t=1.51, p=0.13), or blood dataset #2 (t=0.93, p=0.35). Consistent with our previous findings from 

a smaller study of postmortem brains, our findings suggest there is no acceleration of brain or 

blood aging in SZ and, thus, do not support the accelerated aging hypothesis of SZ.
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1. Introduction

Schizophrenia (SZ) is associated with premature age-related phenotypes throughout the 

body. For example, the brains of individuals with SZ exhibit alterations that are frequently 

associated with old age including dendritic spine loss (Glausier and Lewis, 2013; Moyer et 

al., 2015), cerebral cortical atrophy (van Haren et al., 2011), and cognitive dysfunction (Jeste 

et al., 2011). Premature age-related phenotypes including telomere shortening (Darrow et al., 

2016; Wolkowitz et al., 2016), increased inflammatory markers (Lee et al., 2017), and 

elevated levels of oxidative stress (Lee et al., 2016; Okusaga, 2014) have been measured 

from blood of SZ subjects and suggest the involvement of multiple organ systems.

Individuals with SZ also die ~20 years prematurely (Laursen et al., 2014). Rates of suicide, 

homicide, and accidental death are increased among individuals with SZ but most of the 

excess mortality has been attributed to natural causes such a cardiovascular and respiratory 

disease (Saha et al., 2007). Both endogenous (e.g., polygenic risk) and environmental factors 

(e.g., health behaviors and health care access) are thought to contribute to premature 

mortality in SZ. Tobacco smoking (Brown et al., 1999), sedentary lifestyle (Osborn et al., 

2007), obesity (Allison et al., 1999), insulin resistance (Greenhalgh et al., 2017; Pillinger et 

al., 2017), and hyperlipidemia (Henderson et al., 2015) are all more common in SZ than in 

the general population.

The accelerated aging hypothesis of SZ has been advanced to explain these observations, it 

posits that SZ-associated factors, either endogenous or environmental, accelerate the 

progressive biological changes of normal aging (Kirkpatrick et al., 2008). Testing this 

hypothesis has been challenging due the absence of robust and meaningful measures of 

biological age across multiple cell and tissue types. However, a recently described DNA 

methylation (DNAm)-based method of measuring biological age offers promise for 

addressing this challenge (Horvath, 2013). By combining DNAm levels at 353 genomic 

sites, the method produces “DNAm age”, a measure of biological age. This method 

estimates chronological age for healthy individuals with unprecedented accuracy, and this 

estimate is consistent across most cell and tissue types (Horvath, 2013). Importantly, DNAm 

age appears to capture an aspect of biological age as demonstrated by the fact that the 

difference between an individual’s DNAm age and chronological age is associated with 

clinically meaningful outcomes. For example, individuals exhibiting age acceleration (i.e., 

DNAm age > chronological age) are at greater risk for all-cause mortality (Chen et al., 2016; 

Marioni et al., 2015).

Given the advantages of the above DNAm-based method of measuring biological age, we 

previously used it to test the accelerated aging hypothesis of SZ in the superior temporal 

gyrus (STG), a region affected by cortical atrophy and dendritic spine loss in SZ (Shelton et 

al., 2015; Sun et al., 2009; Sweet et al., 2009). We found age acceleration did not differ 

between non-psychiatric control (NPC) and SZ subjects. That study, however, was limited in 
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that we studied only a single brain region in a small cohort (N=44). Here, we follow-up on 

that study by using the same approach in 3 large, publicly-available DNAm datasets—one 

from brain and two from blood.

2. Experimental Methods

2.1 Dataset Selection and Description

The datasets were chosen such that one measured DNAm a brain region distinct from that 

which we studied previously and the other two measured DNAm in a peripheral tissue. 

Additional criteria for selecting the datasets for analysis included that they i) were publicly 

available, ii) measured DNAm using Human Methylation 450K array platform (HM450K 
Array; Illumina, San Diego, CA, USA), iii) included an age range of at least 30 years for 

mixed-age samples, and iv) made up of a relatively large number of samples compared to 

other similar datasets.

2.1.1 Brain Dataset—These data were generated by Jaffe and colleagues (Jaffe et al., 

2016) using DLPFC, defined as the middle one-third of the middle frontal gyrus 

immediately anterior to the genu of the corpus callosum, DNA from postmortem brains. 

They extracted DNA from DLPFC gray matter with the phenol-chloroform method, and 

bisulfite conversion of DNA was performed with the EZ DNA methylation kit (Zymo 

Research, Irvine, CA, USA) for analysis of DNAm using the HM450K array.

Postmortem brains from which they generated these data were recovered during routine 

autopsies at the Offices of the Chief Medical Examiners of the District of Columbia and of 

the Commonwealth of Virginia, Northern District following informed consent from legal 

next-of-kin for donation to the National Institute of Mental Health Brain Tissue Collection at 

the National Institutes of Health in Bethesda, Maryland. Details of the postmortem brain 

donation process have been previously described (Deep-Soboslay et al., 2005; Jaffe et al., 

2016; Lipska et al., 2006). Briefly, consensus Diagnostic and Statistical Manual of Mental 

Disorders, Fourth Edition (DSM-IV) diagnoses were made by psychiatrists based on clinical 

information obtained via structured interviews with the next-of-kin, including the Structured 

Clinical Interview for DSM-IV–clinician version (First, 1997) and the NIMH psychological 

autopsy interview, and psychiatric record reviews with the Diagnostic Evaluation After 

Death (Zalcman, 1983). All brains underwent neuropathological examination and those with 

evidence of neurological disorder were excluded. SZ group subjects met DSM-IV criteria 

for schizophrenia or schizoaffective disorder, and NPC group subjects did not meet DSM-IV 

criteria for any psychiatric or substance-related disorders and toxicology screening at time of 

death excluded acute drug and/or alcohol use.

For the present study, data from 232 NPC subjects (160 males, 72 females) and 195 SZ 

subjects (119 males, 76 females), all with ages greater than 17 years of age, were 

downloaded from Gene Expression Omnibus (GEO) (GSE74193). Ages ranged from 17–85 

years of age for NPC subjects and 17–96 years of age for SZ subjects. Additional 

phenotypic information for the subjects in this dataset, including antipsychotic use at time of 

death, illness duration, and manner of death, was obtained from the authors of the original 

study.
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2.1.2 Blood Datasets

2.1.2.1 Blood Dataset #1: These data were generated by Hannon and colleagues (Hannon et 

al., 2016) using whole blood DNA of subjects from The University College London (UCL) 

case–control sample (Datta et al., 2010). They extracted DNA from frozen whole blood 

samples with the phenol-chloroform method, and bisulfite conversion of DNA was 

performed with the EZ-96 DNA methylation kit (Zymo Research, Irvine, CA, USA) for 

analysis of DNAm using the HM450K array.

Subjects in the UCL case-control sample were recruited from UK National Health Service 

(NHS) clinics in London and South England. Subjects were included only if both parents 

were of English, Irish, Welsh, or Scottish descent and if three out of four grandparents were 

of the same descent. SZ group subjects were recruited based on having a clinical diagnosis 

of schizophrenia and then interviewed using the Schedule for Affective Disorders and 

Schizophrenia-Lifetime Version (SADS-L) (Spitzer, 1977), those that received a probable 

diagnosis of schizophrenia per Research Diagnostic Criteria (RDC) were included. 

Individuals with bipolar disorder, schizoaffective disorder bipolar type, and schizophrenia 

associated with brain damage were excluded. NPC group subjects interviewed with the 

SADS-L screening questions, those with neither a personal history of an RDC-defined 

psychiatric disorder nor a family history of schizophrenia, bipolar disorder, or alcohol use 

disorder were included (Datta et al., 2010).

For the present study, data from 322 NPC and 353 SZ subjects were downloaded from GEO 

(GEO identifier GSE80417). Chronological age information was missing for 17 NPC and 20 

SZ subjects, and there was an evident error in the entry of chronological age for one subject 

from each of the NPC and SZ groups (recorded as 891 and 883 years of age, respectively). 

Analysis was performed on the 304 NPC subjects (135 males, 169 females) and 332 SZ 

subjects (242 males, 90 females) with correct chronological age information. Ages ranged 

from 18–87 years of age for NPC subjects, and 19–90 years of age for SZ subjects.

2.1.2.2 Blood Dataset #2: These data were generated by Hannon and colleagues (Hannon et 

al., 2016) using whole blood DNA of subjects from the Aberdeen case–control sample 

(International Schizophrenia, 2008). They extracted DNA from frozen whole blood samples 

with the phenol-chloroform method, and bisulfite conversion of DNA was performed with 

the EZ-96 DNA methylation kit (Zymo Research, Irvine, CA, USA) for analysis of DNAm 

using the HM450K array.

Subjects in the Aberdeen case–control sample self-identified as being born in the British 

Isles (95% in Scotland). SZ subjects were initially recruited through Scottish psychiatric 

hospitals based on meeting DSM-IV (1994) and ICD-10 criteria for schizophrenia using the 

Operational Criteria Checklist (Azevedo et al., 1999; McGuffin et al., 1991) and then 

interviewed using the Structured Clinical Interview for DSM-IV (SCID), those for which a 

consensus (2 psychiatrists) diagnosis of schizophrenia based on the SCID and inspection of 

psychiatric case notes were included. NPC subjects were recruited through general practices 

in the same region of Scotland and were ethnically matched. NPC subjects were recruited 

based on age, sex, and the absence of psychiatric disorder and then interviewed using a 
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questionnaire about personal and family psychiatric history, those without personal or family 

history of a major psychiatric disorder were included (International Schizophrenia, 2008).

For the present study, data from 433 NPC subjects and 414 SZ subjects were downloaded 

from GEO (GEO identifier GSE80427). Chronological age information was missing from 28 

NPC and 155 SZ subjects. Analysis was performed on the 405 NPC subjects (303 males, 

102 females) and 260 SZ subjects (187 males, 83 females) with correct chronological age 

information. Ages ranged from 18–66 years of age for NPC subjects, and 18–80 years of age 

for SZ subjects.

2.1.3 Calculation of DNAm age and Age Acceleration—For each of the 3 data sets, 

DNAm was measured at 485,577 sites using HM450K arrays. Details regarding 

preprocessing of HM450K array data including color adjustment, background correction, 

and normalization can be found in the articles in which the data were originally published 

(Hannon et al., 2016; Jaffe et al., 2016). The normalized β-values, the ratio of signal from a 

methylated probe relative to the sum of both methylated and unmethylated probes, were 

downloaded from GEO directly for each data set. The β-values for the 353 DNAm sites 

necessary for calculating DNAm age were extracted from the downloaded data, and DNAm 

age was calculated as described in Horvath et al (Horvath, 2013). Briefly, for each dataset, a 

linear model was built by regressing DNAm age on chronological age in NPC subjects 

(black line in Figures 1–3). Then, DNAm age acceleration for each subject (NPC or SZ) was 

calculated as the residual value resulting from the regression model. Finally, a two-sided t-

test was performed to test whether DNAm age acceleration (i.e., residual value) in SZ 

subjects is the same as in NPC subjects.

For blood dataset #1, DNAm age acceleration was corrected for differences in blood cell 

counts using the “Horvath” approach (Horvath and Levine, 2015). Specifically, DNAm age 

was regressed on chronological age + naive CD8+ T cells + exhausted CD8+ T cells + 

plasmablasts + CD4+ T cells + natural killer cells + monocytes + granulocytes in NPC 

subjects, the resulting model applied to both NPC and SZ subjects separately, the residuals 

calculated, and a 2-sample t-test performed. The data necessary for IEAA was not available 

for blood dataset #2.

3. Results

3.1.1 Brain Dataset—DNAm age correlated with chronological age in both NPC (r=0.94, 

p<0.0001) and SZ subjects (r=0.92, p<0.0001) (Figure 1). We found that age acceleration 

did not differ between NPC and SZ groups (t=0.52, p=0.60) (Figure 1, inset), and this did 

not change when males and females were analyzed separately (p=0.22 and p=0.07, 

respectively). Further, age acceleration in the NPC group did not differ between either the 

subgroup of SZ subjects taking antipsychotics at the time of death (p=0.28) or the subgroup 

of SZ subjects not taking antipsychotics at the time of death (p=0.57), and the regression of 

DNAm age acceleration on illness duration for SZ samples is not significant (p = 0.26).

3.1.2 Blood Datasets—In blood dataset #1, as in the brain dataset, DNAm age correlated 

with chronological age in both NPC (r=0.93, p<0.0001) and SZ subjects (r=0.92, p<0.0001) 
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(Figure 2), and age acceleration did not differ between NPC and SZ groups (t=1.51, p=0.13) 

(Figure 2, inset), and this did not change upon correcting for blood cell counts. Similarly, in 

blood dataset #2, DNAm age correlated with chronological age in both NPC (r=0.93, 

p<0.0001) and SZ subjects (r=0.95, p<0.0001) (Figure 3), and age acceleration did not differ 

between NPC and SZ groups (t=0.93, p=0.35) (Figure 3, inset). Of note, the authors of the 

study in which the original blood DNAm datasets were described also found DNAm age 

correlated strongly with chronological age (r=0.93).

DNAm age in male SZ subjects appears to be decelerated compared to male NPC subjects 

when data from males and females are analyzed separately, the effect reaches statistical 

significance in blood dataset #1 (p=0.03) and approaches being statistically significant in 

blood dataset #2 (p=0.06). No differences in DNAm age acceleration are observed between 

female SZ and NPC subjects in either blood dataset #1 (p=0.75) or blood dataset #2 

(p=0.20).

4. Discussion

In this study, the largest DNAm-based test of the accelerated aging hypothesis of SZ to date, 

and the only one to study multiple tissue types, we did not find DNAm age to be accelerated 

in the DLPFC or blood of SZ subjects. These findings are consistent with earlier small study 

of DNAm age in postmortem STG. Here, we overcome the major limitations of that study by 

leveraging large publicly-available DNAm datasets.

Our findings that DNAm age is not accelerated in SZ subjects, now from 2 distinct brain 

regions with key roles in SZ pathophysiology, argue against accelerated brain aging in SZ. 

The fact that we did not find acceleration of DNAm age in blood from SZ subjects argues 

against accelerated aging in the periphery in SZ. In fact, our findings in the blood datasets 

suggest that age may be decelerated in males with SZ. However, it may also be that SZ 

subjects with older DNAm age (i.e., biologically ‘older‘) selectively died earlier thus leading 

to an underrepresentation of SZ subjects with older DNAm age in the study. Of note, the 

differences in DNAm age between NPC and SZ subjects that we observed were subtle and 

limited to one subgroup, but the primary analyses of all three datasets found many 

significant differences in DNAm levels between NPC and SZ subjects (Hannon et al., 2016; 

Jaffe et al., 2016).

Aging in SZ may be accelerated in other brain regions and/or other peripheral tissues. Using 

the same DNAm-based approach we used, brains from Huntington‘s disease subjects were 

shown to undergo brain-region-specific age acceleration (Horvath et al., 2016). Similarly, 

DNAm age was shown to be greater than chronological age in the brain and blood, but not 

buccal epithelium, of Down‘s syndrome subjects (Horvath et al., 2015a). However, a recent 

study found that DNAm age did not differ between SZ and NPC subjects in the prefrontal 

cortex, striatum, hippocampus and cerebellum (Viana et al., 2017). Age acceleration may 

occur in some cell types and not others, which will require cell type-specific DNAm 

quantification to evaluate. STG and DLPFC layer 3 pyramidal neurons will be of particular 

interest given that these neurons exhibit dendritic spine alterations which could reflect 

premature aging (Glausier and Lewis, 2013; Moyer et al., 2015). The effect of treatment 
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with antipsychotics on DNAm age should be considered. Evidence suggests that 

antipsychotics do alter DNAm (Castellani et al., 2015) and, in some cases, SZ-associated 

DNAm alterations are normalized by antipsychotics (Abdolmaleky et al., 2015). Though we 

did not observe an effect of antipsychotics at the time of death on DNAm age in the brain 

dataset, we were unable to assess the effect of antipsychotic medications on DNAm age in 

the blood datasets because information about antipsychotic treatment was not available. 

Notably, some studies suggest that SZ-associated effects on telomere length, another 

measure of biological age, are reversed by antipsychotics (Lindqvist et al., 2015; Wolkowitz 

et al., 2016).

Individuals younger than 17 years of age were not represented in the current study so it is 

possible that DNAm age is accelerated relative to chronological age among individuals with 

SZ, or at risk for SZ, in this age group. Notably, a recent study found that telomere length, 

another measure of biological age, was shorter in whole blood samples from 14 and 26 year 

old subjects at ultra-high risk for psychosis (Maurya et al., 2017). Such observations raise 

the question of whether they represent accelerated aging or, alternatively, precocious 

development. Nonetheless, the observation that biological age is greater than chronological 

age during development among subjects that go on to have SZ is consistent with SZ being a 

disorder of aberrant neurodevelopment (Lewis and Levitt, 2002).

Evidence from the study of aging and diseases of accelerated aging support the concept that 

many paths can lead to the aging phenotype (Prolla, 2005). Thus, it is possible that 

accelerated aging does occur in SZ, but is not captured by the measure used in the present 

study. That is, DNAm age may measure a path towards the aging phenotype that is not 

accelerated in SZ. Other indices of biological aging (e.g., age-dependent gene expression 

(Glorioso et al., 2011; Peters et al., 2015), telomere length (Darrow et al., 2016), and basic 

blood biochemistry and cell counts (Putin et al., 2016)) may be better suited for detecting 

accelerated aging in SZ subjects. Thus, our use of only one measure of biological aging 

limits the interpretation of the current study. As the many paths to the aging phenotype 

become better understood, it may be that different measures will prove to be better at 

quantifying acceleration down each of the different paths. Such an idea may explain the 

observation that 2 validated measures of biological age, DNAm age and telomere length, are 

independently associated with chronological age and mortality (Marioni et al., 2016).
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Figure 1. DNAm age analysis of the brain dataset
(Main) Scatter plot of DNAm age versus chronological age. Filled circles correspond to 

NPC subjects, unfilled circles to SZ subjects. The regression line of DNAm age on 

chronological age in NPC subjects is shown in black. (Inset) Bar graph of age acceleration 

in NPC and SZ subjects. The bars represent mean ± standard error of the mean. A negative 

value for age acceleration means the subject’s observed DNAm age is younger than the 

predicted DNAm age for an NPC subject of the same chronologic age. The average age 

acceleration in NPC subjects is 0 by definition.
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Figure 2. DNAm age analysis of blood dataset #1
(Main) Scatter plot of DNAm age versus chronological age. Filled circles correspond to 

NPC subjects, unfilled circles to SZ subjects. The regression line of DNAm age on 

chronological age in NPC subjects is shown in black. (Inset) Bar graph of age acceleration 

in NPC and SZ subjects. The bars represent mean ± standard error of the mean. A negative 

value for age acceleration means the subject’s observed DNAm age is younger than the 

predicted DNAm age for an NPC subject of the same chronologic age. The average age 

acceleration in NPC subjects is 0 by definition.
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Figure 3. DNAm age analysis of blood dataset #2
(Main) Scatter plot of DNAm age versus chronological age. Filled circles correspond to 

NPC subjects, unfilled circles to SZ subjects. The regression line of DNAm age on 

chronological age in NPC subjects is shown in black. (Inset) Bar graph of age acceleration 

in NPC and SZ subjects. The bars represent mean ± standard error of the mean. A negative 

value for age acceleration means the subject’s observed DNAm age is younger than the 

predicted DNAm age for an NPC subject of the same chronologic age. The average age 

acceleration in NPC subjects is 0 by definition.

McKinney et al. Page 14

Schizophr Res. Author manuscript; available in PMC 2019 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McKinney et al. Page 15

Ta
b

le
 1

C
oh

or
t c

ha
ra

ct
er

is
tic

s.
 D

at
a 

fo
r 

co
nt

in
uo

us
 v

ar
ia

bl
es

 a
re

 p
re

se
nt

ed
 a

s 
gr

ou
p 

av
er

ag
e 

±
 S

E
M

. N
PC

, n
on

-p
sy

ch
ia

tr
ic

 c
on

tr
ol

; S
Z

, s
ch

iz
op

hr
en

ia
; M

, m
al

e;
 

F,
 f

em
al

e;
 W

, w
hi

te
; B

, b
la

ck
; A

T
O

D
, a

t t
im

e 
of

 d
ea

th
; A

P+
, a

nt
ip

sy
ch

ot
ic

 m
ed

ic
at

io
n 

po
si

tiv
e;

 A
P-

, a
nt

ip
sy

ch
ot

ic
 m

ed
ic

at
io

n 
ne

ga
tiv

e;
 N

A
, n

ot
 

av
ai

la
bl

e;
 S

m
, s

m
ok

er
; N

S,
 n

on
-s

m
ok

er
; N

, n
at

ur
al

 d
ea

th
; A

, a
cc

id
en

ta
l d

ea
th

; H
, h

om
ic

id
e;

 S
u,

 s
ui

ci
de

; P
M

I,
 p

os
tm

or
te

m
 in

te
rv

al
.

C
oh

or
t

B
ra

in
B

lo
od

 #
1

B
lo

od
 #

2

G
ro

up
N

P
C

SZ
N

P
C

SZ
N

P
C

SZ

N
um

be
r

23
2

19
5

30
4

33
2

40
5

26
0

Se
x

16
0 

M
, 7

2 
F

11
9 

M
, 7

6 
F

13
5 

M
, 1

69
 F

24
2 

M
, 9

0 
F

30
3 

M
, 1

02
 F

18
7 

M
, 8

3 
F

R
ac

e
10

0 
W

, 1
32

 B
10

8 
W

, 8
7 

B
30

4 
W

33
2 

W
40

5
26

0

A
ni

ps
yc

ho
ti

cs
 A

T
O

D
0 

A
P+

, 1
50

 A
P-

, 8
2 

N
A

12
5 

A
P+

, 6
7 

A
P-

, 3
 N

A
--

--
--

--

Sm
ok

in
g 

C
ig

ar
et

te
s 

A
T

O
D

54
 S

m
, 1

71
 N

S,
 7

 N
A

13
1 

Sm
, 5

3 
N

S,
 1

1 
N

A
--

--
--

--

M
an

ne
r 

of
 D

ea
th

17
9 

N
, 2

0 
A

, 3
1 

H
, 2

 N
A

12
8 

N
, 2

4 
A

, 3
6 

Su
, 7

 N
A

--
--

--
--

P
M

I 
(H

ou
rs

)
30

.4
 ±

 0
.9

7
39

.1
 ±

 1
.7

3
--

--
--

--

Schizophr Res. Author manuscript; available in PMC 2019 June 01.


	Abstract
	1. Introduction
	2. Experimental Methods
	2.1 Dataset Selection and Description
	2.1.1 Brain Dataset
	2.1.2 Blood Datasets
	2.1.2.1 Blood Dataset #1
	2.1.2.2 Blood Dataset #2

	2.1.3 Calculation of DNAm age and Age Acceleration


	3. Results
	3.1.1 Brain Dataset—DNAm age correlated with chronological age in both NPC (r=0.94, p<0.0001) and SZ subjects (r=0.92, p<0.0001) (Figure 1). We found that age acceleration did not differ between NPC and SZ groups (t=0.52, p=0.60) (Figure 1, inset), and this did not change when males and females were analyzed separately (p=0.22 and p=0.07, respectively). Further, age acceleration in the NPC group did not differ between either the subgroup of SZ subjects taking antipsychotics at the time of death (p=0.28) or the subgroup of SZ subjects not taking antipsychotics at the time of death (p=0.57), and the regression of DNAm age acceleration on illness duration for SZ samples is not significant (p = 0.26).3.1.2 Blood Datasets—In blood dataset #1, as in the brain dataset, DNAm age correlated with chronological age in both NPC (r=0.93, p<0.0001) and SZ subjects (r=0.92, p<0.0001) (Figure 2), and age acceleration did not differ between NPC and SZ groups (t=1.51, p=0.13) (Figure 2, inset), and this did not change upon correcting for blood cell counts. Similarly, in blood dataset #2, DNAm age correlated with chronological age in both NPC (r=0.93, p<0.0001) and SZ subjects (r=0.95, p<0.0001) (Figure 3), and age acceleration did not differ between NPC and SZ groups (t=0.93, p=0.35) (Figure 3, inset). Of note, the authors of the study in which the original blood DNAm datasets were described also found DNAm age correlated strongly with chronological age (r=0.93).DNAm age in male SZ subjects appears to be decelerated compared to male NPC subjects when data from males and females are analyzed separately, the effect reaches statistical significance in blood dataset #1 (p=0.03) and approaches being statistically significant in blood dataset #2 (p=0.06). No differences in DNAm age acceleration are observed between female SZ and NPC subjects in either blood dataset #1 (p=0.75) or blood dataset #2 (p=0.20).
	3.1.1 Brain Dataset
	3.1.2 Blood Datasets


	4. Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1

