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Abstract

Background: There is ample evidence in animal models that lithium increases Brain-
Derived Neurotrophic Factor (BDNF) with supporting evidence in human studies.
Little is known, however, about the effects of lithium on BDNF in Alzheimer's De-
mentia (AD). In one study of patients with Mild Cognitive Impairment, serum BDNF
increased after treatment with lithium. These patients also showed mild improve-
ment in cognitive function.

Objectives: To evaluate low-dose lithium treatment of agitation in Alzheimer's
disease (AD).

Method: We measured levels of BDNF in patients treated with lithium prior to and
after a 12-week randomized placebo-controlled trial.

Results: BDNF levels did not change significantly and were not associated with
improvement in overall neuropsychiatric symptoms or in cognitive function.
Conclusions: More research is needed to understand the potential effects of lithium
on BDNF in AD including whether its use might be dependent on the stage of

cognitive decline and dementia.

KEYWORDS
agitation, Alzheimer's disease, BDNF, brain-derived neurotrophic factor, dementia, lithium,
mild cognitive impairment, neuropsychiatric symptoms, psychiatry

Key points

e Lithium is known to increase Brain-Derived Neurotrophic Factor (BDNF) levels.

e BDNF has neuroprotective properties.

o Decreased levels of BDNF have been found in the brains of people with AD.

o Little is known about the association between the effects of Lithium on BDNF in patients
with AD.
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1 | INTRODUCTION

Alzheimer's Dementia is associated with accumulation of beta amy-
loid (AB) and development of neurofibrillary tangles composed of
abnormally phosphorylated tau protein®? as well as reduction in
synaptic strength, synaptic loss, and neurodegeneration.

Brain Derived Neurotrophic Factor, a neurotrophin that may
have neuroprotective properties, shows reduced serum concentra-
tion in patients with AD®™° and has been studied extensively in this
population.®® There is consistent evidence in animal studies that
lithium increases levels of BDNF in the brain.” *® In several animal
models, lithium has been shown to mediate this process by stimu-
lating synthesis and release of BDNF,”%"1” but there has been
limited investigation of lithium's effects on BDNF in clinical trials
with human subjects. DeSousa and colleagues'® found increased
serum BDNF levels in patients with acute bipolar mania after
4 weeks of treatment with lithium. To our knowledge, only one study
has assessed the effects of lithium treatment on serum BDNF in
patients with AD. In this 10-week randomized double-blind study of
patients with early AD, Leyhe and colleagues®® demonstrated sta-
tistically significant increases in serum levels of BDNF in patients
treated with lithium compared to those taking placebo. Additionally,
patients treated with lithium had significantly lower ADAS-Cog sum
scores than at baseline when compared with patients taking placebo.

We performed a study examining the effects of low-dose lithium
treatment of agitation in patients with AD. Behavioral and cognitive
outcomes in this cohort were previously reported?® from this ran-
domized, double-blind, placebo-controlled, 12-week trial. Serum
BDNF levels were measured before and after 12 weeks of treatment
with lithium or placebo to determine whether treatment with lithium
influenced BDNF levels and to assess the association of change in
BDNF with neuropsychiatric symptoms and changes in cognition.

2 | SUBJECTS AND METHODS

The study design has been described in detail elsewhere.?° Seventy-
seven patients were enrolled at four sites: Columbia University Irving
Medical Center/New York State Psychiatric Institute (NYSPI) (lead
coordinating site), University of Miami, McLean Hospital, and Uni-
versity of Texas Southwestern from May 2014 until January 2020.
The following were the main inclusion criteria: probable AD diagnosis
by National Institute on Aging (NIA) criteria, Folstein Mini-Mental
State Examination (MMSE) score of 5-26 inclusive, Neuropsychi-
atric Inventory (NPI) domain score for agitation/aggression >4, and
an available informant. The main exclusion criteria were as follows:
current major psychiatric diagnosis (major depression, bipolar,
schizophrenia, schizoaffective disorder), contraindicated medications
(e.g. medications known to have adverse renal effects in combination
with lithium), bradycardia (heart rate <50/BPM), creatinine level
greater than 1.5 mg/100 mL or a Glomerular Filtration Rate (GFR)
<44 mL/min/1.73 m?, alcohol or substance dependence in the prior

6 months, and major neurological disorders other than dementia.

Patients were randomly assigned to low dose lithium (150-
600 mg/day) or placebo. Generic lithium carbonate 150 mg tablets
were purchased and over-encapsulated by the NYSPI research
pharmacy to match placebo capsules with inert filler. Patients were
stratified by site, for 12 weeks. Randomization was developed by the
statistician, executed by the NYSPI pharmacy, and stratified within
each site by the presence of psychosis (NPI score >4 on delusions or
hallucinations) with randomization sequences balanced in blocks of
four. All study personnel and patients were masked to treatment
assignment.?° In this double-blind study, the lithium dose was initi-
ated at 150 mg/day and then adjusted based on the patient's clinical
response and/or side effects with real or sham (placebo) lithium
blood levels communicated by an independent psychiatrist to the
treatment team. Serum lithium levels of 0.2-0.6 mmol/L were tar-
geted. Procedures included physical examination at all visits, neuro-
psychiatric assessment with the NPI at all visits, electrocardiogram at
screen and 12 weeks, Basic Metabolic Panel at screen, 6 and
12 weeks, Complete Blood Count at screen and 12 weeks, GFR at
screen, 6 weeks, and 12 weeks, serum lithium levels throughout
weeks 2-12 and follow up, and neuropsychological tests (Severe
Impairment Battery (SIB) at baseline and 12 weeks, and MMSE at
screen and 12 weeks). Serum for BDNF assay was collected at
baseline and week 12, that is, pre-, and post-treatment respectively.

We used the CONSORT reporting guidelines for this
publication.?*

3 | BRAIN-DERIVED NEUROTROPHIC FACTOR
LEVELS

Blood samples collected were allowed to coagulate for 30 min at
room temperature and then were centrifuged at 1000xg for 10 min
1.5 mL of BDNF serum was then pipetted into a cryogenic tube and
stored at —80°C until further analysis. Brain-Derived Neurotrophic
Factor serum levels were obtained using the ChemiKine BDNF
Sandwich ELISA Kit Emanuel Merck, Darmstadt Millipore, St. Charles
MO and Total BDNF Quantikine ELISA Kit R&D Systems, Minneap-
olis MN—following the manufacturers' instructions. Multiple inde-
pendent samples t-test (two-tailed significance a = 0.05) showed that
results did not differ across kits (t [148] = 0.399; p > 0.05). Intra and
inter-assay coefficients of variation were <6.0% and <12.0%

respectively.

4 | STATISTICAL ANALYSES

All statistical analyses were performed using the R package
(v.4.1.1).22 We report mean with standard deviation and frequency
with percentage as appropriate for descriptive statistics. We used
linear mixed effect models to test whether the primary variables of
interest (BDNF serum levels, MMSE scores, SIB scores, NPI scores)
changed over time, and whether the changes differed by treatment

group (placebo vs. lithium). Each model included time (baseline and

85U8017 SUOLILLOD BATea.D edlidde aup Aq pausenob afe sejoie YO ‘88N JO S8|nJ oy A%l 8UlUO A8]IM UO (SUOTIPUOO-PUB-SWLRI WD A8 | 1M AeIq 1 U1 |UO//SANL) SUORIPUOD PUe SWB | 8L 885 *[£202/TT/82] Uo AriqiTauluo A(IM ‘seLreiqi AisieAlun eiquiniod Aq 2009'sdB/Z00T 0T/10p/woo" A8 1M Ake.d1pul|uoy//:sdny Wwo.y pepeoiumod ‘6 ‘€202 ‘99TT660T



DELIYANNIDES €T AL

B WILEY_ | 3°7

follow-up), group (placebo vs. lithium), and time x group interaction
as fixed effects and a random intercept of subject to account for
correlation due to repeated measurements. If the p-value of the
time x group interaction was less than 0.05, we concluded that the
change differed by group. To quantify pre-post- changes in the out-
comes, we performed the least mean square difference analysis as
implemented in the emmeans R package. To evaluate the relationship
between changes in BDNF serum levels, MMSE scores, and SIB
scores, we performed Pearson's correlation analyses for all samples
as well as stratified by placebo and lithium groups. The actual sample
size included in statistical analysis was 72 patients. Five patients out
of 77 withdrew from the study before gathering week 12 BDNF
levels.

We evaluated whether baseline changes in BDNF were associ-
ated with primary efficacy outcomes, including NPI total score,
agitation/aggression domain, and psychosis domain, using linear
regression for the continuous outcomes and logistic regression for
the binary outcomes. All statistical tests were two-tailed at signifi-

cance level alpha = 0.05.

5 | RESULTS

Patient characteristics at baseline did not differ significantly between
the two treatment groups. Seventy-two of 77 patients (72/
77 = 93.5%) completed the BDNF component of the study. Consid-
ering gender, race, and marital status, both groups were comparable
(Table 1. Patient Demographics).

The change in BDNF serum levels pre- and post-treatment is
presented in Table 2. Brain-Derived Neurotrophic Factor levels pre-
treatment were mean 27.7 ng/mL (SD 15.8) for patients treated with
lithium (n = 37) and mean of 32.6 ng/mL (SD 18.1) for patients
treated with placebo (n = 35). Brain-Derived Neurotrophic Factor
pre-treatment levels did not significantly differ between patients
receiving lithium versus placebo (F [1,70] = 1.5, p = 0.223; p > 0.05).
Brain-Derived Neurotrophic Factor levels post-treatment had a
mean value of 24.4 ng/mL (SD 17.2) for patients treated with lithium
(n = 37) and a mean value of 31.1 ng/mL (SD 15.6) for patients
treated with placebo (n = 35). This difference was not statistically
significant (p = 0.095; p > 0.05). In the total sample (N = 72), and in
the lithium treatment group (N = 37), and placebo treatment group
(N = 35), there were no significant changes in BDNF from baseline to
week 12 (placebo: beta = —1.4, t (68) = -0.57, p = 0.94; p > 0.05;
lithium: beta = —3.65, t (68) = —1.47, p = 0.46; p > 0.05). Additionally,
there was no difference in post-treatment BDNF levels between the
randomized lithium and placebo groups (beta = 2.2 t (69) = 0.62,
p = 0.54; p > 0.05) (Table 2. Brain-Derived Neurotrophic Factor
levels pre-and post-lithium treatment v. placebo).

The correlation between change in BDNF and change in total
NPI scores (and agitation and psychosis scores) from O to 12 weeks
was not significant in the total sample. Total NPI scores did not
significantly change in the placebo group (p = 0.996; p > 0.05) and in
the lithium treatment group (p = 0.281; p > 0.05). Agitation scores

did not significantly change for both the placebo (p = 1.000; p > 0.05)
and lithium treatment groups (p = 0.288; p > 0.05). Change in psy-
chosis scores were not significant, placebo group, p = 1.000;
p > 0.05, and lithium treatment group, p = 0.074; p > 0.05. Efficacy
for NPI total, agitation/aggression domain, and psychosis domain
scores were evaluated. For all three measures, p-values suggested no
statistically significant differences between lithium and placebo
treatment groups. In ancillary analyses, change in none of the 12
individual NPl domain scores was significantly associated with
change in BDNF levels. In the lithium-treated group, psychosis ten-
ded to decrease from O to 12 weeks (p = 0.074; p > 0.05.), a non-
significant change.

Mini-Mental State Examination scores did not change signifi-
cantly from O to 12 weeks in either lithium (beta = —-1.04, t
(52) = -1.62, p = 0.10; p > 0.05) or placebo (beta = —-1.04, t
(52) = -1.60, p = 0.12; p > 0.05) groups. No significant group dif-
ference was found in MMSE score change (beta = 0.00, t (52) = 0.00,
p = 0.99; p > 0.05). There was no correlation between changes in
BDNF and MMSE scores in either lithium (r = 0.06, p = 0.79; p > 0.05)
or placebo (r = 0.08, p = 0.73; p > 0.05) groups. In a split sample of
patients with “high MMSE” (>14) versus “low MMSE” (<14) we found
no statistically significant difference between baseline and end-study
levels of serum BDNF in either lithium or placebo groups. Statistical
testing in the high MMSE group (n = 10) was severely underpowered
and Common Gateway Interface analysis was not performed due to

the cells being too small.

6 | DISCUSSION

In our cohort of agitated patients with AD using lithium v. placebo in
a 12-week randomized controlled trial, we found no statistically
significant change in serum BDNF in the lithium treated group by
itself or when compared to placebo. We also found no statistically
significant improvement in cognitive function as measured by MMSE
scores after 12 weeks of treatment with lithium. Our findings
contrast with those of Leyhe and colleagues,'’ the only other ran-
domized controlled trial exploring the effects of lithium treatment on
BDNF in AD, in which a significant increase in BDNF was observed in
AD patients treated with lithium compared to placebo. They also
found evidence of improved cognitive performance in the lithium
treated group in which ADAS-Cog scores decreased in inverse cor-
relation with serum lithium and BDNF levels, but they, too, found no
evidence of change on the MMSE. Hampel and colleagues,?® in a 10-
week randomized, single-blind, placebo-controlled trial using lithium
in AD found no change in ADAS-Cog or MMSE scores pre- and post-
treatment.

Two notable differences between our study and that of Leyhe
and colleagues might account for the differences in outcome. First,
Leyhe and colleagues studied patients with early AD with an average
MMSE of 23 at baseline, whereas we studied patients with agitation
in AD with an average MMSE of 14 at baseline. Entry criteria for our

protocol included baseline MMSE 5-26 but we did not do separate
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Age in years

Mean (SD)
Range
Sex
Female
Male
Race
White
Black or African Americ

Asian

an
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Lithium (N = 37) Placebo (N = 35)

75.6 (8.4)
53.0-93.0

22 (59.5%)
15 (40.5%)

29 (78.4%)
4 (10.8%)
1(2.7%)

Native Hawaiian or other Pacific Islander 0 (0.0%)

Other

Marital status
Married
Never married
Widowed
Divorce
Separated

Years of education
Mean (SD)

Range

3 (8.1%)

24 (64.9%)
3 (8.1%)

6 (16.2%)
3 (8.1%)
1(2.7%)

13.6 (4.5)
3.0-23.0

Hospitalization associated with psychosis and/or agitation

Psychosis

Agitation

Psychosis and agitation
Alzheimer's disease status

Possible AD

Probable AD

BDNF pre-treatment
Mean (SD)
Range
BDNF post-treatment
Mean (SD)
Range
Missing values (N)
BDNF change (post-pre tr
Mean (SD)
Range

Missing values (N)

DRUG (N =

27.7 (15.8)
7.7-76.0

24.4 (17.2)
5.0-96.1

2

eatment)
-3.9 (16.0)
—54.1-29.4
2

0 (0.0%)
16 (43.2%)
21 (56.8%)

8 (21.6%)
29 (78.4%)

37) Placebo (N = 35)

32.6 (18.1)
6.4-94.6

31.1 (15.6)
4.3-81.5
1

-14(13.3)
-34.6-31.5
1

74.3 (7.2)
59.0-92.0

19 (54.3%)
16 (45.7%)

28 (80.0%)
3 (8.6%)
2 (5.7%)
0 (0.0%)
2 (5.7%)

25 (71.4%)
1(2.9%)

6 (17.1%)
3 (8.6%)

0 (0.0%)

13.0 (3.9)
4.0-20.0

0 (0.0%)
16 (45.7%)
19 (54.3%)

5 (14.3%)
30 (85.7%)

TABLE 1 Patient demographics.
Total (N = 72)

75.0 (7.8)
53.0-93.0

41 (56.9%)
31 (43.1%)

57 (79.2%)
7 (9.7%)
3 (4.2%)
0 (0.0%)
5 (6.9%)

49 (68.1%)
4 (5.6%)
12 (16.7%)
6 (8.3%)
1 (1.4%)

13.3 (4.2)
3.0-23.0

0 (0.0%)
32 (44.4%)

40 (55.6%)

13 (18.1%)
59 (81.9%)

TABLE 2 Brain-Derived

Total (N = 72) p-value Neurotrophic Factor (BDNF) levels pre
and post lithium treatment versus

30.1 (17.0) 0.223 placebo.

6.4-94.6

27.7 (16.7) 0.095

4.3-96.1

8

-2.6(147) 0.489

-54.1-31.5

3
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analyses of BDNF levels for subgroups with lower v. higher MMSE
scores. Nevertheless, our cohort included patients with later stage
disease and more advanced neurodegenerative processes, presum-
ably limiting neuronal capacity to produce BDNF. Second, Leyhe and
colleagues aimed for a higher therapeutic serum level of lithium in
their study than we did (0.5-0.8 mmol/L v. 0.2-0.6 mmol/L in our
study), potentially accounting for a more robust BDNF response.

AD patients with agitation are often treated with other
concomitant medications that affect BDNF levels. In medication
naive patients with schizophrenia, short-term treatment with que-
tiapine, risperidone, aripiprazole, and olanzapine (the four antipsy-
chotics used by patients in our study) were shown to increase levels
of serum BDNF.2428 Similarly, many antidepressants including se-
lective serotonin reuptake inhibitor and mirtazapine increase serum
BDNF levels in patients with depression??~3! This potential bias was
offset in our study by entry criteria requiring treatment with a stable
dose of a concomitant medication for 1 month prior to randomiza-
tion. Sixty of 77 (78%) of all patients in our study were on antipsy-
chotics, antidepressants, or both. Seventy one percent of patients on
atypical antipsychotics had no change in medication dose from
baseline to end-study while 20% had dose reductions and 8% had
dose increases by end-study. Similarly, 82% of patients on antide-
pressants had no change in medication dose from baseline to end-
study while 12% had dose reduction and 4% had dose increases by
end study. Since atypical antipsychotics and antidepressants are
shown consistently to increase serum BDNF, our data suggests that
use of these concomitant medications by our patients was not a likely
factor in the study outcome.

Other short-term studies (<12 weeks) using lithium to treat
patients with Mild Cognitive Impairment (MCI) or AD have shown no

23,32,33 Whlle

change in either AD biomarkers or cognitive function,
some studies using lithium for 12 months or more showed statisti-
cally significant improvement in MMSE scores'®>3*25 and in AD bio-
markers.® These studies suggest that potential therapeutic effects of
lithium in AD may not be realized during short-term treatment such
as ours. In addition, AD patients in these long-term studies were in a
less advanced stage of the disease than those we studied.

Serum concentration of BDNF is widely thought to be stage
dependent in AD,>*%” decreasing as patients progress from MCI to
more advanced stages of the disease. Leyhe and colleagues studied a
sample of patients with MCI and no agitation. Our AD sample was
more cognitively impaired, perhaps accounting for absence of sig-
nificant improvement in BDNF or MMSE in our lithium treated
patients.

Given the wealth of data showing lithium's association with
increased BDNF in the animal brain and the discrepancies in the
limited literature available on the effects of lithium on BDNF in AD,
further investigation will be useful to determine the effects of lithium
on serum BDNF levels in patients with AD, particularly to clarify
whether lithium is associated with an increase in BDNF levels
throughout the disease or only in its early clinical stages, and
whether duration of treatment has an association with lithium

causing elevations in serum BDNF.
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