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Abstract

Background Altered serum magnesium (Mg) levels in older persons have been hypothesized to have a role in predicting
hospitalization and mortality. Hypomagnesemia and delirium are frequent problems in older patients, but no study has evalu-
ated such an association in acute geriatric setting.

Aims We investigated the impact of hypomagnesemia on the incidence of delirium in an acute geriatric setting.

Methods This retrospective study was conducted on 209 older hospitalized patients. All subjects underwent a comprehen-
sive geriatric assessment. Mg was measured in serum by routine laboratory methods. The presence of incident delirium was
determined by the 4AT screening tool. A logistic regression model was used to assess the association between serum Mg
and delirium controlling for multiple covariates.

Results 209 patients (77.9% women) were included in the study. The mean age of the participants was 85.7 +£6.50 years
(range 65-100). 27 subjects (12.9%) developed delirium during the hospitalization, with no difference between genders.
Subjects with delirium had lower serum magnesium levels than those without (1.88 +0.34 versus 2.04 +0.28; p=0.009).
Delirium risk was significantly higher in patients with lower serum magnesium levels (OR 5.80 95% CI 1.450-23.222;
p=0.013), independent of multiple covariates.

Conclusion Our data show that low serum Mg level is a good predictor of incident delirium in acute geriatric settings.
Present findings have relevant implications for clinical management, highlighting the need for analyzing Mg concentration
carefully. Whether Mg supplementation in patients with hypomagnesemia could lead to delirium prevention and/or control
needs further investigation.
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Introduction

Delirium is a common geriatric syndrome defined as an
abrupt change in cognitive functions (mainly attention) char-
acterized by acute onset, fluctuating course, and behavioral
abnormalities, which develop in association with another
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underlying medical condition [1]. Delirium can be described
as prevalent, found on admission, or incident when it devel-
ops during the hospital stay. In geriatrics delirium may
represent the signature of the uncommon presentation of
many acute diseases, particularly in frail persons, and it has
been recognized as an independent risk factor for increased
length of hospital stay (LOS), delayed or restricted recovery
of functional decline, increased risk of adverse outcomes,
institutionalization, and mortality [2]. Patients with predis-
posing factors, such as advanced age, preexisting dementia,
or underlying cognitive and functional frailty, are at high
risk of delirium [3] in the presence of precipitating factors
such as electrolyte abnormalities [4, 5], a very frequent con-
dition in the elderly.

Electrolytes are essential components in the human body
with the function of cell membrane potential maintenance,
nerve impulse and transmission, and intra- and extracellular
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fluid balance preservation [6]. Aging per se impairs homeo-
static mechanisms leading to a significant decline in adap-
tive capacity. Thus, an acute event that promotes a minimal
change in circulating electrolytes in younger persons may
produce higher variability in older [6, 7].

Over the past decades, among electrolytes, many stud-
ies have demonstrated the clinical relevance and biologi-
cal significance of magnesium (Mg) in geriatric patients [§]
and, in particular, the total body Mg deficit associated with
aging [9]. Mg represents the most abundant electrolyte in the
body, and it is mainly distributed in bones (about 60%) and
muscles (around 20%), while only 1% of the total body Mg
is available in extracellular fluids [10]. Mg is involved in dif-
ferent biochemical processes and reactions, including aden-
osine triphosphate (ATP) metabolism, muscle contraction
and loosening, blood pressure regulation, neuronal activity,
as well as neurotransmitter release and modulation [11].
Growing evidence is available on the involvement of Mg in
many physiological processes in the whole body and across
physiological functions, including endocrine, cardiac, renal,
and central nervous systems [6, 9]. Even if the serum Mg as
measured could not be an accurate reflection of magnesium
stores, it can be used as a surrogate marker in clinical prac-
tice. In detail, it has been established an association between
hypomagnesemia and some clinical neurological manifesta-
tions, including depression, stroke, migraine, and cognitive
dysfunctions [12]. Although it is reasonable to postulate a
similar relationship between hypomagnesemia and delirium,
only a study has recently examined this possible association
[13]. The study has been performed on critically ill adults
and demonstrated that hypomagnesemia increases the risk
of delirium by more than two-fold compared to patients with
normal Mg levels [13]. However, no evidence is available in
hospitalized very old persons. Therefore, we investigated the
impact of hypomagnesemia on the incidence of delirium in
an acute geriatric setting.

Materials and methods
Subjects and study design

This is a retrospective study conducted among 860 older
adults consecutively admitted to the geriatric acute care unit
of Santa Maria della Misericordia Hospital (University Hos-
pital of Perugia) from January 2017 to January 2018. Only
subjects aged 65 years and more with available measurement
of magnesium at admission were included, leading to a final
cohort of 209 patients. Critically ill patients, subjects with
terminal cancer or under chemotherapeutic drugs, subjects
with a story of alcohol use or laxative abuse, and subjects
with prevalent delirium were ruled out. Data on demograph-
ics, anthropometrics, physical examination, and clinical and
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biochemical characteristics were gathered from the hospi-
talization chart. The ethical committee of the University
Hospital of Perugia approved the study protocol.

Analytical method

Blood samples were collected at the entry into the hospital
ward. Albumin, glycemia, calcium, phosphorous, sodium,
potassium, magnesium, and creatinine were determined
in serum by routine laboratory methods (Roche Diagnos-
tics, GmbH, Mannheim, Germany). Clearance creatinine
has been calculated by the BIS-1 (Berlin Initiative Study)
formula and expressed as mL/min/1.73 m2 [14]. Upon our
laboratory reference, hypomagnesemia was defined as a
serum magnesium concentration lower than 1.8 mg/dL.
Thus, the population sample was stratified into two groups:
hypomagnesemia and normomagnesemia-with Mg serum
levels ranging from 1.8 mg/dl to 2.6 mg/dl.

Cognitive, functional, and nutritional assessment

Cognitive performance was evaluated, upon admission, with
the Mini Mental State Examination (MMSE) as a test of
general cognition [15]. To avoid the underestimation of a
self-rated level of functional capacity, an informant-based
rating of functional status was carried out using the Basic
Activities of Daily Living (BADL) [16] and the Instrumen-
tal Activities of Daily Living (IADL) scales [17]. BADL
includes six activities: bathing, dressing, toileting, transfer-
ring, continence, and feeding. IADL includes eight activi-
ties: using the telephone, shopping, meal preparation, house-
keeping, laundry, use of transportation, self-administration
of drugs, and handling finances. Any dysfunction in the
performances of these activities was recorded as dependent
on the correspondent item. Because IADL items are often
gender-specific, we used the version of the scale tested for
male subjects that included only five items, with housekeep-
ing, cooking, and doing laundry excluded. The BADL score
ranges from 6 (total independence) to 0 (total dependence),
and IADL from 8 (in women) or 5 (in men) (total inde-
pendence) to O (total dependence). The nutritional status
was evaluated by the administration of the Mini Nutritional
Assessment (MNA) [18], an instrument developed to detect
malnutrition in elderly subjects.

Delirium assessment

Trained bedside duty nurses monitored each patient’s level
of sedation and agitation, and the patient was screened for
delirium once per day using the 4AT tool. The 4AT is now
one of the most commonly used tools in practice world-
wide. The 4AT is a validated brief delirium assessment tool
designed for clinical use [19]. It is scored between 0 and 12
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points. We analyzed the 4AT assessment every day after
admission, using the standard cutoffs of 4AT O (normal test),
4AT 1-3 (possible cognitive impairment, no delirium), and
4AT >4 (possible delirium + cognitive impairment).

Statistical analyses

The observed data were normally distributed (Shapiro—Wilk
W-test) and are presented as means + standard deviation
(SD). To assess differences among groups, unpaired z-test,
ANOVA, or Pearson’s Chi-squared (y2) test were used, as
appropriate. The independent effect of serum Mg levels on
delirium risk (dependent variable) was tested by a binary
logistic regression analysis controlled by multiple covari-
ates. The sample size calculation was estimated by GPower
3.1.7 software (http://www.softpedia.com). The total sam-
ple size of 209 subjects, estimated post hoc according to a
global effect size 2 of 0.15 with type I error of 0.05, had a
power of 98.9%. All p values are two-tailed, and the level
of significance was set at p <0.05. Statistical analyses were
performed using the SPSS 20 software package (SPSS, Inc.,
Chicago, IL, USA).

Results

209 (163F/46M) patients with available Mg measurement at
hospitalization were included in the study. Table 1 reports
all population sample characteristics. Patients were primar-
ily oldest-old, with a mean age of 85.7 +6.50 years (range
65-100), and at risk of malnutrition. No correlation was
found between age and Mg levels (r=0.001, p=0.989),
and no difference in Mg levels was found between genders
(t=—-0.235, p=0.815). Stratifying all population according
to baseline serum Mg level 49 (23.4%) patients were classi-
fied in the hypomagnesemia (< 1.8 ng/dl) group and showed
significantly lower serum levels of phosphorus, as well as
higher use of thiazide diuretics, as compared with subjects
with normomagnesemia (Table 2). No other differences were
found between groups. No correlation was found between
Mg levels and MNA (r=0.095, p=0.264), the number of
used drugs (r=—0.111, p=0.125), or length of hospital stay
(r=-0.069, p=0.342). Among other drugs affecting Mg
plasma concentration, no difference was found in Mg lev-
els between users and non-users of proton pump inhibitors
(t=0.959, p=0.339) or loop diuretics (t=0.993, p=0.330).

In all samples, 27 (12.9%) subjects developed delirium
during hospitalization with no difference between gen-
ders (y>=0.935, p=0.242). Table 3 reports the popula-
tion’s characteristics stratified into two groups according
to delirium incidence. Subjects with delirium were more
cognitively compromised as well as more disabled in basic
and instrumental activities of daily living. Subjects with

Table 1 Baseline population sample characteristics (n=209)

Total Sample

N=209
Age, years 86.78 +6.50
Gender (female), n (%) 163 (77.9)
SBP (mmHg) 133+ 14
DBP (mmHg) 74+9
Drugs, n 6.75+3.27
MMSE 23.35+4.55
BADL 2.89+2.17
IADL 2.38+2.78
MNA 21.04+3.66
Glycaemia (mg/dl) 114.03 +£41.72
Albumin (g/dL) 3.50+0.88
Calcium, corrected (mg/dL) 8.65+1.63
Phosphorus (mg/dL) 3.34+1.42
Magnesium (mg/dL) 2.02+0.29
Potassium (mmol/L) 4.11+0.55
Sodium (mmol/L) 139.94 +5.21
Clearance creatinine (BIS1) 39.13+19.41
Length of hospital stay (days) 11.57+8.11

Unless otherwise noted, data are presented as means + standard devia-
tion (SD)

SBP systolic blood pressure, DBP diastolic blood pressure, MMSE
mini mental state examination (corrected by age and education),
BADL basic activities of daily living, JADL instrumental activities of
daily living, MNA mini nutritional assessment, Clearance creatinine
calculated by BIS-1 (Berlin Initiative Study) formula and expressed
as ml/min/1.73 m.

delirium had significantly lower magnesium (1.88 +0.34
versus 2.04 +0.28; p=0.009) and phosphorus (2.47 +1.90
versus 3.47 +1.29; p=0.001) serum levels as compared
with subjects without incident delirium. No other differ-
ence was found between groups. The incidence of delirium
during hospitalization significantly differed between the
hypo- and normomagnesemia groups. Among subjects
with hypomagnesemia (n=49), 14 (25.5%) faced delirium
as compared with 13 (8.12%) in the group with a normal
value of magnesium (2 =13.940, p=0.001).

A final logistic regression analysis was performed to
evaluate the effects of hypomagnesemia on the likeli-
hood that patients have delirium (Table 4). The logistic
regression model was statistically significant (y2=19.263,
p=0.014). The model explained 27.4% (Nagelkerke R2)
of the variance in delirium incidence and correctly classi-
fied 90.3% of cases. Subjects with hypomagnesemia were
4.92 times more likely to develop incident delirium during
hospitalization. Such an association resulted independent
of the main covariates, including age, gender, cognitive
status (by MMSE), albumin, phosphorus, renal function,
and thiazide diuretic use.
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Table 2 Baseline population

- F Hypomagnesemia Normomagnesemia p

sample charac.terlstlcs . N=49 N=160

(n=209) stratified according to

serum magnesium levels Age, years 87.02+6.88 85.40+6.36 0.127
Gender (female), n (%) 39 (79.5) 124 (77.5) 0.463*
SBP (mmHg) 133+12 134+ 14 0.952
DBP (mmHg) T4+8 7249 0.857
Drugs, n 6.55+3.29 6.81+3.28 0.631
MMSE 23.73+6.18 23.25+4.13 0.759
BADL 2.57+2.25 299+2.14 0.008
IADL 2.02+2.79 2.49+2.78 0.243
MNA 21.04+3.66 19.92+3.70 0.316
Glycaemia (mg/dl) 111.69+44.25 114.74 +41.06 0.679
Albumin (g/dL) 3.29+0.62 3.56+0.94 0.061
Calcium, corrected (mg/dL) 8.29+1.75 8.76 +1.59 0.079
Phosphorus (mg/dL) 2.87+1.69 3.49+1.29 0.008
Potassium (mmol/L) 4.14+0.65 4.10+052 0.662
Sodium (mmol/L) 139.94+5.21 140.44+4.98 0.300
Clearance creatinine (BIS1) 41.09+21.12 38.55+18.90 0.427
Length of hospital stay (days) 13.02+9.79 11.13+7.50 0.154
Loop diuretic use, n (%) 19 (38.7) 30 (18.7) 0.500°
Thiazide diuretic use, n (%) 12 (24.4) 18 (11.2) 0.022°
PPI use, n (%) 25 (51.0) 79 (49.3) 0.485¢

Unless otherwise noted, data are presented as means + standard deviation (SD)

SBP systolic blood pressure, DBP diastolic blood pressure, MMSE mini mental state examination (cor-
rected by age and education, BADL basic activities of daily living, JADL instrumental activities of daily
living, MNA mini nutritional assessment, Clearance creatinine calculated by BIS-1 (Berlin Initiative Study)
formula and expressed as ml/min/1.73 m2, PPI: proton-pump inhibitors

a: y2=0.096
b: ¥2=0.260
c: ¥2=5.349
d: y2=0.410

Discussion

Our results show that older patients with incident delir-
ium during hospitalization have significantly lower serum
Mg levels compared to subjects without delirium and that
hypomagnesemia increases the risk of delirium by more than
five-fold.

Mg is a divalent intracellular cation most present in the
human cell after potassium. At the cellular level, Mg is
involved in many biochemical functions, particularly in the
production and utilization of energy, as adenosine triphos-
phate (ATP), with a key role in ionic transport processes.
Along with aging the total body Mg declines, mainly due to
a reduction in oral intake, physiological changes (i.e., abnor-
mal gastrointestinal absorption or alterations in kidney func-
tion), and the influence of polypharmacotherapy (11). Our
data support this notion showing that roughly 1 to 4 (23.4%)
older patients have hypomagnesemia at admission.

Reduced dietary Mg intake, Mg deprivation, Mg
renal loss, and subsequent hypomagnesemia are related
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to increased systemic inflammation and oxidative stress,
as shown in previous experimental, epidemiological, and
clinical studies [20, 21]. Thus, Mg insufficiency may be
considered one of the mediators linking inflammation,
aging, and age-related diseases [8, 11]. Recent studies
support the hypothesis that Mg may have a neuroprotec-
tive effect, and it has been recently evaluated for its role
in acute stroke [22]. Interestingly, Mg has been reported
to reduce neuroinflammation, even if the mechanisms
of these effects are still not completely understood [23].
Mounting evidence shows that Mg levels in the central
nervous system may affect several biochemical processes,
and it is mainly involved in cognitive functions, including
cell membrane stability and integrity, response to excita-
tory and inhibitory stimuli, and calcium-antagonist action
with neurotransmitters balance modulation [10]. Moreo-
ver, it has been shown that hypomagnesemia may lead to
hyperexcitability in the central nervous system [24], as
shown by electrophysiological evidence. Neuroinflamma-
tion, neurotransmitter imbalance, and hyperexcitability are
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Table 3 Baseline population sample characteristics (n=209) strati-
fied according to delirium presence

Delirium No delirium P

N=27 N=182
Age, years 87.15+5.26 85.58+6.66 0.243
SBP (mmHg) 134+ 14 133+12 0.948
DBP (mmHg) 74+8 73+8 0.748
Drugs, n 6.77+3.40 6.74+3.26 0.969
MMSE 19.63+7.24 23.98+3.67 0.011
BADL 1.85+1.75 3.05+2.19 0.008
TIADL 1.35+2.54 2544279 0.041
MNA 19.92+3.70 21.15+£3.65 0.252
Glycaemia (mg/dL) 119.59+47.73 113.25+40.92 0.506
Albumin (g/dL) 3.63+0.68 348+091 0.427
Calcium, corrected (mg/dL) 8.52+2.01 8.66+1.58 0.666
Phosphorus (mg/dL) 247+1.90 347+1.29 0.001
Magnesium (mg/dL) 1.88+0.34 2.04+0.28 0.009
Potassium (mmol/L) 4.26+0.45 4.09+0.56 0.691
Sodium (mmol/L) 14044 +498 139.87+5.25 0.593
Clearance creatinine (BIS1)  42.28+22.85 38.66+18.87 0.367
Length of hospital stay 11.37+8.24 11.60+8.11 0.889

(days)

Data are presented as means +SD

MMSE mini mental state examination (corrected by age and educa-
tion), BADL basic activities of daily living, JADL instrumental activi-
ties of daily living, MNA mini nutritional assessment, Clearance
creatinine calculated by BIS-1 (Berlin Initiative Study) formula and
expressed as ml/min/1.73 m?.

Table 4 Binary logistic analysis to assess whether hypomagnesemia
is associated with incident delirium controlling for multiple con-
founding factors (n=209)

B OR 95% Clfor OR p
Age 0.051 1.052 0.941-1.117 0.372
Gender 0.186 1.204  0.253-5.732 0.815
MMSE —0.111 0.895 0.794-1.008 0.067
Albumin 0.028 1.029  0.359-2.950 0.958
Phosphorus —0.333 0.717 0.466-1.103 0.130
Hypomagnesemia 1.758 5.802  1.450-23.222 0.013
Clearance creatinine  — 0.012 0.988  0.952-1.025 0.523
Diuretics use - 1279 0.278 0.025-3.082 0.293

Gender indicated as M = 1 and F = 0; Clearance creatinine calcu-
lated by BIS-1 (Berlin Initiative Study) formula and expressed as mL/
min/1.73 m? Hypomagnesemia indicated as 1; Diuretics use stands
for thiazide diuretics use. B: regression coefficient; OR odds ratio, C/
confidence interval.

part of the physiopathology of delirium [1]; thus, a link
between Mg and delirium incidence cannot be ruled out.
Here, we found that patients with hypomagnesemia
exhibited a five-fold higher risk of delirium than those with
normomagnesemia. Our data demonstrate that subjects with

delirium have lower MMSE (as an indicator of reduced cog-
nitive performances) and BADL and IADL (as indicators of
functional declines) scores, delineating a complex clinical
phenotype known as “cognitive frailty”. As an indicator of
cognitive frailty, a lower cognitive function may represent
an important predominant factor in our acute population.
In fact, delirium may be considered a signature of cogni-
tive frailty as well as a risk factor for dementia in older
populations, even if their interrelationship remains poorly
understood. However, previous studies have also docu-
mented that dementia, in turn, represents the leading risk
factor for delirium [3]. Again, we found that phosphorus
levels are significantly lower both in subjects with delirium
and hypomagnesemia. This result is not surprising, con-
sidering that alterations in Mg and phosphorus serum con-
centrations are frequently observed in acute patients [25].
However, the relationship between phosphorus and mag-
nesium metabolism is still unclear [26]. It is important to
recognize that some drugs frequently used in older persons
can cause symptomatic hypomagnesemia. The drugs more
often associated with hypomagnesemia are diuretic classes
due to their mechanisms of action modulating renal tubular
magnesium reabsorption and excretion. Thus, we also con-
sidered the current diuretic therapy in all subjects. We found
that subjects with hypomagnesemia were more likely to use
thiazide diuretics. Thus, we considered this habit as covari-
ate. The regression analysis adjusted for multiple covari-
ates (including age, gender, MMSE, albumin, phosphorus,
renal function, and thiazide diuretic treatment) demonstrated
that hypomagnesemia was independently associated with an
increased risk of delirium. The model explained almost 30%
of the variance in delirium incidence. A possible explanation
for this finding may be the reduced neuroprotective effect in
patients with hypomagnesemia. Specifically, deficiency of
Mg—a vital element for establishing the electrical potential
across cell membranes, activating enzymes, and regulating
calcium metabolism [22]—can induce alteration in cognitive
function. In this context, hypomagnesemia can precipitate
delirium in frail persons. Alterations in serum concentra-
tions of Mg are frequently observed in acute patients in
emergency settings or intensive-care areas. Accordingly,
only a previous study has shown the relationship between
hypomagnesemia and the incidence of delirium in adult
patients in intensive medical wards [13]. Our finding that
hypomagnesemia is associated with an increased risk of
delirium in the acute geriatric setting is important, with
many clinical consequences in its identification and manage-
ment. Our results could help to detect patients at risk with
the play out of symptomatic strategies to manage delirium or
the polypharmacotherapy deprescribing (i.e., the drug with-
drawal, including diuretics) that can resolve the problem.
This study has several strengths, including the comprehen-
sive geriatric assessment. The limited number of subjects
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and the cross-sectional nature represent the major limitation
of this study. However, considering the magnitude of the
effect size found in the logistic regression analysis, the actual
sample size has a strong power (over 99%). Prospective and
multicenter studies are necessary to confirm our observation.
Another limitation is the unavailability of all other clinical
conditions that can influence Mg levels, thus further studies
are needed to confirm our hypothesis. However, we included
the main factors involved in Mg alterations in an acute geri-
atric population, as well as subjects with terminal cancer
or under chemotherapeutic drugs, subjects with a story of
alcohol use or laxative abuse were properly ruled out.

In conclusion, these data show that hypomagnesemia
in hospitalized older subjects is a strong predictive marker
of delirium. These results have relevant implications for
clinical management in acute geriatric settings, highlight-
ing the need for considering Mg concentration carefully.
Whether Mg supplementation in subjects at risk could lead
to delirium prevention and/or management may be viewed
as an essential issue to be tested in designed randomized
controlled trials.
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