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A B S T R A C T

Objectives: Vitamin D is involved in brain health and function. Our objective was to determine whether vitamin D
deficiency was associated with behavioral disorders in geriatric patients.
Design: The observational cross-sectional CLIP (Cognition and LIPophilic vitamins) study. The report followed the
STROBE statement.
Setting: Geriatric acute care unit in a tertiary university hospital in France for 3 months at the end of winter and
beginning of spring.
Participants: 272 patients �65 years consecutively hospitalized or seen in consultation.
Measurements: Participants were separated into two groups according to vitamin D deficiency (i.e., serum 25-
hydroxyvitamin D �25 nmol/L). Behavior was assessed using the reduced version of the Neuropsychiatric Inventory
Scale (NPI-R) score and subscores. Age, sex, BMI, education level, comorbidities, MMSE and GDS scores, use
psychoactive drugs and vitamin D supplements, and serum concentrations of calcium, parathyroid hormone, TSH
and estimated glomerular filtration rate (eGFR) were used as potential confounders.
Results: Participants with vitamin D deficiency (n = 78) had similar NPI-R score (17.4 � 20.3 versus 17.2 � 16.1,
p = 0.92) but higher (i.e., worse) subscore of agitation and aggressiveness (2.0 � 3.3 versus 1.2 � 2.4, p = 0.02) and
higher (i.e., worse) subscore of disinhibition (0.99 � 2.98 versus 0.38 � 1.42, p = 0.02) than those without vitamin
D deficiency (n = 194). In multiple linear regressions, vitamin D deficiency was inversely associated with the
subscore of agitation and aggressiveness (b = 1.37, p = 0.005) and with the subscore of disinhibition (b = 0.96,
p = 0.008).
Conclusion: Vitamin D deficiency was associated with more severe subscores of agitation and aggressiveness and of
disinhibition among older adults. This provides a scientific basis to test the efficacy of vitamin D supplementation on
behavioral disorders in older patients with vitamin D deficiency.
© 2024 Published by Elsevier Masson SAS on behalf of SERDI Publisher. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Clinical importance of hypovitaminosis D is linked to its high
prevalence, estimated at more than one billion people around the word
[1], and its health manifestations. Vitamin D is classically known for its
regulatory function in phosphocalcic metabolism [1,2]. A growing
number of studies have also reported non-bone effects of vitamin D in the
past decade, especially on brain health and function [2–5].

Hypovitaminosis D has been repeatedly associated with neuro-
cognition [6], particularly with major neurocognitive disorders [7,8],
accelerated cognitive decline [8,9] and delirium [10]. However,
epidemiological associations reported thus far mainly implied cognitive
performance rather than other manifestations accompanying neuro-
cognitive disorders such as behavioral disorders.

Considering the neurocognitive effects of vitamin D, we hypothesized
that vitamin D deficiency could participate to the onset of behavioral
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disorders among older adults. We had the opportunity to examine the
association between vitamin D and behavioral performance in a sample of
geriatric patients, the CLIP (Cognition and LIPophilic vitamins) cohort.
The aim of the present study was to determine whether vitamin D
deficiency was associated with behavioral disorders among geriatric
patients.

2. Materials and methods

2.1. Participants

We studied in- and outpatients aged 65 and over consecutively
recruited in the CLIP study. The CLIP study is an observational cross-
sectional study designed to examine the relationships between neuro-
cognition and lipophilic vitamins among all patients consecutively
hospitalized or seen in consultation in the geriatric acute care unit of the
University Hospital of Angers, France, from February to April 2014 [11].
After giving their informed consent for research, included participants
received a full medical examination consisting of structured question-
naires, a standardized clinical examination and a blood test.

2.2. Data collection

2.2.1. Behavior
Behavior was assessed using the reduced neuropsychiatric inventory

(NPI-R), a standardized caregiver self-questionnaire to collect informa-
tion on the presence, severity and impact of 12 psycho-behavioral
symptoms: delusions, hallucinations, agitation and aggressiveness,
dysphoria, anxiety, euphoria, apathy, disinhibition, aberrant motor
behaviors, irritability, night-time behavioral disturbance, appetite
disturbances [12]. Each behavioral domain is assigned a severity score
(/3) and a score of impact (/5); thus each NPI-R sub-score is finally scored
out of 15 by multiplying the severity score by the score of impact, and the
total NPI-R score is rated out of 180 (12 domains rated out of 15). The
results of the NPI-R correlate with those of the longer version, but its
administration time is considerably shortened, which makes it more
accessible in clinical routine [13].

2.2.2. Serum 25-hydroxyvitamin D concentration
Serum concentrations of 25OHD effectively reflect the stock of

vitamin D in the body. Serum concentrations of 25OHD were measured by
radioimmunoassay (DiaSorin Inc., Stillwater, MN) in nmol/L (to convert
to ng/mL, divide by 2.496). With this method, there is no interference
with lipids, which is often observed in other non-chromatographic assays
of 25OHD. The intra- and interassay precision was 5.2% and 11.3%
respectively. Vitamin D deficiency was consensually defined using the
threshold value of 25 nmol/L proposed by the World Health Organization
and the National Institutes of Health definitions.

2.2.3. Covariates
Age, sex, body mass index (BMI), education level, comorbidities, Mini-

Mental State Examination (MMSE; score 0–30, best) and Geriatric
Depression Scale (GDS; score 0–4, worst) scores, use psychoactive drugs
and vitamin D supplements, and serum concentrations of calcium,
parathyroid hormone, Thyroid-stimulating hormone (TSH) and estimat-
ed glomerular filtration rate (eGFR) were used as potential confounders.
Evaluation of education level was based on self-report. Participants who
passed at least the Elementary School Recognition Certificate were
considered to have high education level. Comorbidity burden was
estimated with the Cumulative Illness Rating Scale-Geriatrics score
(CIRS-G) (range 0–60, worst) [14]. Using psychoactive drugs (i.e.,
antidepressants or neuroleptics or anxiolytics) and vitamin D supple-
ments were determined by a senior physician from drug prescriptions at
the admission. All blood samples were analyzed using standardized
laboratory methods at the University Hospital of Angers, France. eGFR
was calculated using the Cockcroft-Gault formula ([(140–ageyears) �
weightkg/creatininemmol/L] �1.04 for women, and �1.25 for men).

2.3. Statistics

The participants’ characteristics were summarized using means and
standard deviations or frequencies and percentages, as appropriate.
Firstly, comparisons of participants' characteristics according to vitamin
D deficiency were performed using Student's t-test or the Chi-square test,
as appropriate. Secondly, we examined the correlation between vitamin D

Table 1
Characteristics and comparison of the participants (n = 272) separated into two groups based on serum 25-hydroxyvitamin D concentration.

Total cohort
(n = 272)

Serum 25-hydroxyvitamin concentration (nmol/L) P-Value *

� 25
(n = 78)

> 25
(n = 194)

Demographical and clinical measures
Age, years 83.4 � 7.1 84.5 � 7.0 82.9 � 7.1 0.10
Female sex, n (%) 175 (64.3) 47 (60.3) 128 (66.0) 0.37
Body mass index, kg/m2 25.96 � 5.44 26.66 � 5.45 25.69 � 5.42 0.22
High education level y, n (%) 203 (74.6) 60 (76.9) 143 (73.7) 0.58
CIRS-G score, /60 8.6 � 4.4 7.9 � 4.2 8.9 � 4.4 0.13
MMSE score, /30 20.3 � 6.4 19.8 � 6.9 20.5 � 6.2 0.44
GDS score, /4 0.9 � 1.2 0.8 � 1.1 0.9 � 1.2 0.59
Use psychoactive drugs z, n (%) 146 (53.7) 32 (41.0) 114 (58.8) 0.008
Use vitamin D supplements, n (%) 110 (40.4) 13 (16.7) 97 (50.0) <0.001
Inpatient, n (%) 168 (61.8) 59 (75.6) 109 (56.2) 0.003
Behavioural disorders
NPI-R score, /180 17.3 � 17.4 17.4 � 20.3 17.2 � 16.1 0.92
Subscore of agitation and aggressiveness, /15 1.39 � 2.69 1.97 � 3.32 1.16 � 2.36 0.02
Subscore of disinhibition, /15 0.55 � 2.01 0.99 � 2.98 0.38 � 1.42 0.02
Serum measures
25-hydroxyvitamin D concentration, nmol/L 50.17 � 31.15 16.45 � 5.34 63.72 � 26.59 <0.001
Parathyroid hormone concentration, pg/mL 35.63 � 26.47 51.57 � 35.99 29.20 � 17.94 <0.001
Calcium concentration, mmol/L 3.14 � 14.32 2.22 � 0.18 3.50 � 16.94 0.52
Estimated glomerular filtration rate, mL/min 52.37 � 20.98 51.76 � 19.12 52.61 � 21.73 0.77
Thyroid Stimulating Hormone concentration, mUI/L 2.04 � 6.23 1.85 � 1.73 2.12 � 7.27 0.75

Data presented as mean � standard deviation where applicable. CIRS-G: Cumulative Illness Rating Scale for Geriatrics; GDS: Geriatric Depression Scale; MMSE: Mini-
Mental State Examination; NPI-R: reduced version of the Neuropsychiatric Inventory; *: between-group comparisons based on Chi-square test or t-test, as appropriate; y: at
least Elementary School Recognition Certificate; z: benzodiazepines, antidepressants or neuroleptics; ||: score > 2 out of 15; P-value significant indicated in bold.
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deficiency and each subscore of the NPI-R. Thirdly, univariate and
multiple linear regressions were used to examine the associations of
vitamin D deficiency (independent variable) with the NPI-R subscores of
agitation and aggressiveness and of disinhibition (dependent variables),
while adjusting for potential confounders. Separate analyses were
conducted for each dependent variable. P-values <0.05 were considered
significant. All statistics were performed using SPSS (v19.0, IBM
corporation, Chicago, IL).

2.4. Ethics

The study was conducted in accordance with the ethical standards set
forth in the Helsinki Declaration (1983). The entire study protocol was
approved by the local Ethical Committee (No 2014-33).

3. Results

Among 272 included participants (mean � standard deviation,
83.4 � 7.1years; 64.3% women; 61.8% inpatient; 70.2% with MMSE
score <25), 78 exhibited vitamin D deficiency (29%) (Table 1). The
mean MMSE score was 20.3 � 6.4, the mean GDS score was 0.9 � 1.2,
and the mean NPI-R score was 17.3 � 17.4. There was no difference in
NPI-R score between the participants with vitamin D deficiency and
those without vitamin D deficiency (respectively, 17.4 � 20.3 versus
17.2 � 16.1, P = 0.92). There was also no difference regarding the NPI-
R subscores, with the exception of the subscore of agitation and
aggressiveness (respectively, 2.0 � 3.3 versus 1.2 � 2.4, P = 0.02) and
the subscore of disinhibition (respectively, 0.99 � 2.98 versus
0.38 � 1.42, P = 0.02) that were higher (i.e., worse) in the case of
vitamin D deficiency (Table 1).

Table 2 reports the correlations between vitamin D deficiency and the
subscores of the NPI-R. Vitamin D deficiency correlated positively with
the subscore of agitation and aggressiveness (r = 0.14, P = 0.02) and
with the subscore of disinhibition (r = 0.14, P = 0.02), but not with all
other NPI-R subscores (P > 0.05).

Finally, results of multiple linear regression models were reported in
Table 3. We observed a positive adjusted association of vitamin D
deficiency with the subscore of agitation and aggressiveness (b = 1.37,
P = 0.005) and with the subscore of disinhibition (b = 0.96, P = 0.008).
Higher TSH concentration was also associated with increased subscores of
agitation and aggressiveness and of disinhibition, although higher MMSE
score was associated with decreased subscores of agitation and
aggressiveness and of disinhibition (Table 3).

4. Discussion

Vitamin D deficiency was not associated in geriatric patients with the
NPI-score as a whole but was associated specifically with higher (i.e.,
worse) NPI-R subscores of agitation and aggressiveness and of disinhibi-
tion. This provides a scientific basis for conducting clinical trials to test the
efficacy of vitamin D supplementation to prevent or improve the
prognosis of behavioral disorders in older patients with initial serum
25OHD � 25 nmol/L.

These findings are consistent with previous animal experimentation
and neuropsychological literature in humans. Previous studies have
reported that transgenic mice lacking functional vitamin D receptors
(VDR) more often showed abnormal social behaviors compared to wild-
type mice, in particular more often aggressiveness and a risk of
cannibalism [15,16]. Interestingly, another animal model of Develop-
mental vitamin D (DVD) deplete adult rats (i.e., rats subjected to transient
low prenatal vitamin D) generated an animal model of schizophrenia
[17]. In humans, the neuropsychoepidemiological literature found that
individuals with hypovitaminosis D had increased risks of incidental
depression [18], psychosis [18] and cognitive decline [7,8], notably an
increased risk of Alzheimer disease [19]. Specifically, the cognitive risk
appeared mainly as a decline of executive functions [20], in particular of
cognitive inhibition [21]. Finally, in addition to chronic neurocognitive
disorder, there is also a greater risk of acute decompensation in the form of
delirium among those with hypovitaminosis D [10], which is usually
expressed by disturbed behavior. Compared to previous literature, we
provide here the first evidence that the cognitive risk is coupled with a risk
of behavioral symptoms including agitation, aggressiveness and disinhi-
bition in older adults with vitamin D deficiency. These novel findings
suggest that the correction of vitamin D deficiency could represent an
interesting therapeutic option to prevent and/or cure behavioral
disorders in older adults. Consistently, an international expert consensus
concluded that vitamin D supplementation should be administered to
people with neurocognitive disorders [8], and previous randomized trials
reported improved executive functioning in supplemented participants
compared to those receiving a placebo [22]. Similarly, a pre-post study
also found improved NPI score among older adults after 4 weeks of
vitamin D2 supplementation [23].

Mechanisms linking vitamin D to behavior are not fully elucidated.
VDRs were found in neurons and glial cells from brain areas that are
essential to cognitive function (temporal cingular and orbital cortex,
thalamus, nucleus accumbens, stria terminalis and amygdala) [24]. By
modifying the gene expression of various proteins, vitamin D modulates

Table 2
Correlation matrix of vitamin D deficiency (i.e., serum 25-hydroxyvitamin D �25 nmol/L) and the subscores of the NPI-R (n = 272).

Characteristic 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13.

1. Vitamin D deficiency - 0.04 �0.08 0.14* �0.09 �0.08 �0.04 0.00 0.14* �0.04 0.12 �0.04 0.03
2. Delusions - 0.49*** 0.40*** 0.20** 0.21** 0.11 0.23*** 0.32*** 0.23*** 0.34*** 0.20** 0.23***
3. Hallucinations - 0.33*** 0.14* 0.13* 0.09 0.21** 0.06 0.20** 0.15* 0.09 0.12
4. Agitation and

aggressiveness
- 0.22*** 0.20** 0.25*** 0.28*** 0.56*** 0.20** 0.69*** 0.23*** 0.29***

5. Dysphoria - 0.45*** 0.07 0.19** 0.13* 0.18** 0.34*** 0.24*** 0.28***
6. Anxiety - 0.04 0.05 �0.03 0.12* 0.28*** 0.22*** 0.18**
7. Euphoria - 0.12* 0.24*** �0.03 0.14* �0.01 0.13*
8. Apathy - 0.27*** 0.14* 0.24*** 0.04 0.26***
9. Disinhibition - 0.20** 0.50*** 0.13* 0.19***
10. Aberrant motor

behavior
- 0.22*** 0.03 0.08

11. Irritability - 0.21*** 0.23***
12. Nighttime

behavioral
disturbance

- 0.28***

13. Appetite/weight
changes

-

*P < 0.05 (2-tailed); **: P < 0.01 (2-tailed); ***: P � 0.001 (2-tailed).
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Table 3
Univariate and multiple linear regressions showing the cross-sectional association of vitamin D deficiency* (independent variable) with the NPI-R subscore of agitation and aggressiveness and with the NPI-R subscore of
disinhibition (dependent variables), adjusted for participants' characteristics (n=272).

Behavioral disorders

Subscore of agitation and aggressiveness Subscore of disinhibition

Unadjusted model Fully adjusted model Unadjusted model Fully adjusted model

Unadjusted b
[95% CI]

P-Value Fully adjusted b
[95% CI]

P-Value Unadjusted b
[95% CI]

P-Value Fully adjusted b
[95% CI]

P-Value

Vitamin D deficiency* 0.82
[0.11; 1.52]

0.02 1.37
[0.43; 2.31]

0.005 0.61
[0.08; 1.14]

0.02 0.96
[0.25; 1.66]

0.008

Age 0.02
[�0.02; 0.07]

0.31 �0.01
[�0.07; 0.05]

0.76 0.02
[�0.02; 0.05]

0.34 0.02
[�0.03; 0.06]

0.52

Female sex 0.72
[0.06; 1.39]

0.03 0.63
[�0.20; 1.47]

0.14 0.47
[�0.03; 0.97]

0.06 0.40
[�0.23; 1.02]

0.21

Body mass index �0.03
[�0.09; 0.04]

0.42 �0.05
[�0.13; 0.03]

0.25 0.00
[�0.04; 0.04]

1.00 0.04
[�0.03; 0.10]

0.27

High education level y �0.46
[�1.20; 0.27]

0.22 �0.01
[�0.90; 0.90]

0.99 0.33
[�0.22; 0.88]

0.24 0.81
[0.13; 1.48]

0.02

CIRS-G score 0.01
[�0.07; 0.09]

0.89 0.01
[�0.09; 0.12]

0.79 �0.02
[�0.09; 0.04]

0.49 �0.06
[�0.14; 0.02]

0.12

MMSE score �0.12
[�0.17; �0.07]

<0.001 �0.12
[�0.18; �0.05]

<0.001 �0.07
[�0.11; �0.03]

<0.001 �0.11
[�0.16; �0.06]

<0.001

GDS score 0.20
[�0.10; 0.50]

0.18 0.15
[�0.17; 0.46]

0.35 �0.04
[�0.27; 0.19]

0.73 �0.15
[�0.39; 0.09]

0.21

Use of psychoactive drugs z 0.54
[�0.10; 1.18]

0.10 0.23
[�0.64; 1.10]

0.60 0.23
[�0.25; 0.71]

0.35 0.31
[�0.34; 0.97]

0.34

Use of vitamin D supplements �0.16
[�0.81; 0.50]

0.64 0.49
[�0.30; .128]

0.22 �0.15
[�0.64; 0.34]

0.55 0.39
[�0.20; 0.97]

0.20

Serum PTH concentration 0.01
[�0.01; 0.02]

0.45 �0.002
[�0.02; 0.02]

0.86 0.00
[�0.01; 0.01]

0.64 �0.01
[�0.03; �0.01]

0.04

Serum calcium concentration �0.01
[�0.03; 0.02]

0.61 0.00
[�0.02; 0.02]

0.80 0.00
[�0.02; 0.02]

0.79 0.00
[�0.02; 0.01]

0.78

Estimated glomerular filtration rate �0.01
[�0.02; 0.01]

0.46 0.01
[�0.01; 0.04]

0.25 0.00
[�0.01; 0.01]

0.95 0.01
[�0.01; 0.03]

0.31

Serum TSH concentration 0.10
[0.05; 0.15]

<0.001 0.10
[0.05; 0.15]

<0.001 0.05
[0.01; 0.09]

0.008 0.04
[0.01; 0.08]

0.02

b: Coefficient of regression corresponding to a change in the behavioural subscore (/15); CI: confidence interval; CIRS-G: Cumulative Illness Rating Scale for Geriatrics; GDS: Geriatric Depression Scale; MMSE: Mini-Mental
State Examination; PTH: parathyroid hormone; TSH: Thyroid Stimulating Hormone concentration; *: Serum 25-hydroxyvitamin D�25 nmol/L; y: at least Elementary School Recognition Certificate; z: benzodiazepines,
antidepressants or neuroleptics; b significant (i.e., P< 0.05) indicated in bold.
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neurophysiology and neuroprotection [4]. Specifically, vitamin D
regulates neurotrophic agents and controls cell differentiation and
maturation [25], as well as the gene expression of various neuro-
transmitters including acetylcholine, dopamine and serotonin [6].
Vitamin D also limits inflammatory changes associated with aging in
hippocampus [26], prevents the accumulation of Ab peptides by
stimulating phagocytosis [27] and blood-brain barrier efflux transport
[28]. As a consequence, hypovitaminosis D is associated with changes in
brain volume, vascularization and metabolism [4,5]; all changes that may
explain the greater risk of behavioral disorders in the case of vitamin D
deficiency. Nevertheless, causality could not be deducted from our
observational study, and behavioral disorders may actually be the
expression of an altered cognitive status responsible for hypovitaminosis
D because of disability and subsequent decreased food intakes and sun
exposure.

We found a positive association between TSH concentration and
worse subscores of agitation and disinhibition, and an inverse association
between MMSE score and NPI-R subscores. These associations are well-
recognized [29], which strengthens the credibility of our primary result
on the association of vitamin D deficiency with worse NPI-R subscores of
agitation and aggressiveness and of disinhibition in geriatric patients.

Some limitations should be acknowledged. First, due to the limited
number of 272 in. and outpatients from one single center, our study may
lack power and the participants may be not representative of the
population of all seniors. Second, our study is cross-sectional, which
precludes inferring causality. Third, although we were able to control for
important characteristics that could modify the associations, residual
potential confounders such as the presence of psychotic symptoms or the
determination of ApoE genotype, might still be present. Fourfth,
limitations include the use of the MMSE and GDS tools, which may
exhibit ceiling effects and limited sensitivity to subtle abnormalities.
Finally, there is no reference in the literature specifying what the
minimum clinically significant values are for the NPI subscores examined
here. The DOMINO study suggests a minimum clinically significant value
of 8 for the total NPI score [30]; it is therefore likely that the differences
highlighted for each isolated subscore here may be considered as
clinically relevant.

5. Conclusions

We report an association between vitamin D deficiency and increased
risks of agitation, aggressiveness and disinhibition among geriatric
patients. There is a strong need for novel effective preventive and
therapeutic strategies for behavioral disorders. Further prospective
studies and clinical trials are needed to clarify whether older adults with
higher vitamin D concentrations are less likely to experience behavioral
declines than the others, and whether vitamin D supplementation could
improve, or prevent, this process.
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