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Procedural memory consolidation after a night

of sleep in bipolar disorder with psychotic
features
Dear Editor
Fig. 1.MST performance. (A) Performance at start (first trial; solid and hatched bars) and
end (average of last 3 trials; lighter bars) of training session. (B) Overnight improvement
innumber of correctly typed sequences, from the last 3 trials of evening training to thefirst
3 trials of the test in the morning, presented as percent increase. Error bars = SEM.
Accumulating evidence indicates that sleep-dependent memory
consolidation of both procedural and declarative memories is impaired
in schizophrenia (SZ) (Manoach et al., 2004; Manoach et al., 2016).
However, it is unclear if these impairments are specific to SZ, or are
alsopresent in other disorderswith psychosis. Bipolar disorder (BD) fre-
quently presents with psychotic symptoms and displays cognitive defi-
cits similar to those seen in SZ (Lewandowski et al., 2011).Moreover, SZ
and BD are characterized by overlapping brain abnormalities (Yuksel
et al., 2012), including in hippocampal-prefrontal cortex connectivity
(Benson et al., 2014), which has recently been shown to be associated
with procedural memory consolidation deficit in SZ (Genzel et al.,
2015).We therefore investigated overnight proceduralmemory consol-
idation in patients with psychotic BD using a motor sequence task
(MST), and compared their performance to healthy controls (HC) and
patients with a SZ diagnosis.

Patients were inpatients at the McLean Hospital Schizophrenia and
Bipolar Disorder Unit diagnosed with BD with psychotic features (n =
29) or SZ (n = 21). All but four patients were taking antipsychotic
medications. Data for HC are taken from previous studies (n = 15
from Djonlagic et al., 2012; n = 17 fromWamsley et al., 2012). To bet-
ter match the ages of HCs to the BD and SZ, we created two control
subgroups. For BD controls (HCBD) we omitted the 10 oldest male
HCs (n = 22), and for SZ controls (HCSZ) we omitted the 10 oldest
HCs, regardless of sex (n = 22).

Exclusion criteria for patients and HC, methods used for diagnosis
and symptom assessment, demographic comparisons and clinical char-
acteristics between groups can be found in Supplementary materials.

We administered the motor sequence task (MST)as previously de-
scribed (Wamsley et al., 2012). In brief, participants were instructed
to press “4-1-3-2-4” on the keyboard “as quickly and accurately as pos-
sible”with their left hand for each of twelve 30-s trials, separated by 30-
s rest periods (see Supplementary materials for details). Participants
performed the MST twice: first during a training session, then during a
test session the following day. Patients' sleep was monitored by wrist
actigraphy (Mini-Mitter Actiwatch-64).

The primary outcome measures were: (1) practice-dependent
learning (PDL) during training and (2) overnight improvement (OI)
from training to the next day's test session. PDL was calculated as the
percent increase in the number of correctly typed sequences from the
first trial to the average of the last three trials in the training session.
OI was calculated as the percent increase in the number of correct se-
quences from the last three training trials to thefirst three test trials. De-
tails of statistical analyses are provided in Supplementary materials.
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PDL was seen during training for all groups (BD: 56.9 ± 66%, t =
3.9, p = 0.001; HCBD: 71.8 ± 80%, t = 4.5, p b 0.001; HCSZ: SZ: 62.4 ±
66%, t = 4.1, p b 0.001; HCSZ: 51.9 ± 60%, t = 3.8, p = 0.001), with
no significant differences between groups (BD vs. HCBD: t = 0.64, p =
0.52, BD vs. SZ: t = 0.26, p = 0.80; SZ vs. HCSZ: t = 0.51, p = 0.61;
Fig. 1A).

BD and the two control groups (HCBD and HCSZ) showed significant
OI of 13–16% (BD: 13.3± 16%, t= 4.2, p b 0.001; HCBD: 14.2± 14%, t =
4.8, p b 0.0001; HCsz: 15.7 ± 14%, t = 5.1, p b 0.0001), while
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improvement in SZ failed to reach significance (9.1± 21%; t = 1.9, p =
0.07; Fig. 1B). OI did not differ significantly between BD and HCBD (F =
0.04, p= 0.85); there were also no significant differences in other com-
parisons (BD vs. SZ: F = 2.1, p = 0.15; SZ vs. HCSZ: F = 1.3, p = 0.25).
Additional exploratory analyses are included in the Supplementary
materials.

This is the first study to investigate overnightmemory consolidation
in BD.We included HCs and patients with SZ as control groups. Patients
with BD exhibited significant overnight improvement in MST perfor-
mance (p = 0.003), comparable to overnight improvement in HCs
(13% vs. 14%, p = 0.83). The overnight improvement in SZ (9%) was
larger than that reported in several earlier studies (−1% in Genzel
et al., 2011; −3% in Manoach et al., 2004; 5% in Manoach et al., 2010;
2% inWamsley et al., 2012). The reason for this difference is unclear, al-
though our SZ groupwas younger than those in prior studies, and youn-
ger age is associated with larger improvement in our sample. Our study
has several limitations that are described in detail in Supplementary
Materials. Notwithstanding these limitations, our findings clearly dem-
onstrate that BD with psychotic features shows normal overnight im-
provement on the MST, indicating that the deficit in overnight
memory consolidation previously reported for SZ is not present across
all disorders with psychosis.
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