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Serum sodium improvement: change @
in Comprehensive Geriatric Assessment
parameters in geriatric patients

with hyponatremia
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Abstract

Background Hyponatremia presents with symptoms considered age-associated in the elderly. We assess the change
in Comprehensive Geriatric Assessment (CGA) parameters after hyponatremia improvement in hospitalized geriatric
patients.

Methods We took 100 hyponatremic and same number of eunatremic geriatric patients (> 60 years) who were
comorbidity, presenting-complaints, and age-matched. Four CGA parameters were utilized, the new Hindi Mental
State Examination (HMSE), Barthel's index of activities of daily living (ADL), Timed up and go Test (TUG), and handgrip
strength by hand dynamometer (HG). We analyzed these at admission and discharge, and their relationship with
change in sodium levels.

Results Average age was 68.1+5.8 years, with males constituting 75%. The CGA parameters demonstrated worse
values amongst the hyponatremia than the normonatremia group. Severe hyponatremia group showed worse
CGA scores in comparison with moderate and mild. With improvement in sodium level, the improvements in ADL,
TUG, and HMSE scores were greater in the hyponatremia group (8.8+10.1, 2.2+2.5,and 1.7 2.3 respectively) in
comparison to the normonatremia reference group (4.7+9.0, 1+£2.0, and 0.7 £+ 1.3 respectively, P <0.05).

Conclusion Our study is the first utilizing HMSE to assess change in cognitive ability with improvement in serum
sodium levels in the Indian elderly. Hyponatremic patients show worse baseline CGA parameters, and hyponatremia
severity correlates with worse motor and cognitive function. Improvement in the serum sodium level improves the
CGA parameters. Correction of hyponatremia in the geriatric age group significantly impacts life quality.
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Background

Hyponatremia is said to exist when the serum sodium
value is <135 meq/L [1]. It is the commonest electrolyte
disturbance, seen in about 16-30% of in-hospital sub-
jects [2]. Sodium has many functions, including main-
taining blood volume, fluid homeostasis, membrane
potentials, and acid-base balance [3]. Symptoms may
include seizures, altered mental status, and drowsiness.
Hyponatremia is seen in approximately 22% of the geri-
atric population in comparison with about 6% in others.
Hyponatremia can present with subtle clinical symptoms,
considered age-associated. This electrolyte abnormality
may present numerous outcomes in the elderly, like com-
mon falling and balance disorders [4]. Other disorders
associated include osteoporosis, falls, fractures, delirium,
loss of cognition, and forgetfulness [5-7]. This may result
in a reduction in living level. Still, as the geriatric age
group has many underlying diseases like adrenal insuf-
ficiency, heart failure, liver disorders, and cancer, which
can alter the cognition themselves, the impact of hypo-
natremia in cognitive changes remains unknown. Given
this, we used four easy and routinely utilized comprehen-
sive geriatric assessment (CGA) parameters for our study.
These include Hindi mental state examination (HMSE),
Barthel’s index of activities of daily living (ADL), Timed
up and go Test (TUG test), and handgrip strength uti-
lizing hand dynamometer (HG) for analyzing the rela-
tion of CGA parameters in the elderly with the degree
of hyponatremia, along with the analysis of the impact
of improvement in serum sodium levels on various CGA
parameters. “Geriatric syndrome” is often used to refer to
common health conditions in older adults (>60 years of
age) that do not fit into defined organ-system based cat-
egories and often have multifactorial causes. It includes
conditions like cognitive impairment, delirium, incon-
tinence, malnutrition, falls, gait disturbances, sleep dis-
orders, and dizziness. Geriatric assessment refers to the
evaluation by the primary care clinician, geriatrician, or
a more intensive multidisciplinary program, also known

as CGA.

Methods

The study was conducted over one and half years, from
April 2020 to October 2021, in a North India’s tertiary
care center. The institutional ethical committee granted
the clearance (No.- 379) and approved the protocol. All
methods were carried out in accordance with local regu-
latory guidelines and regulations. Informed consent was
obtained from all subjects and/or their legal guardian(s).
As per our knowledge, no similar analysis has been done
in the said territory. Because of the exploratory nature,
sample size calculation was not done and we recruited
100 study subjects in our study. We assessed consecu-
tive subjects =60 years from the geriatrics department of
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the institute. Their sodium level in the serum was <135
meq/L. An equal number of normo-natremic persons
matched for age, comorbidity, and reason of presentation
to analyze the impact of serum sodium improvement per
se in cognitive improvement compared to the improve-
ment of the underlying diseases that may affect the brain
function by themselves was taken. We excluded patients
with other reasons of cognitive and motor impairments,
including earlier cerebrovascular accidents, head injury,
Parkinson’s disease, Alzheimer’s disease, meningoen-
cephalitis, encephalopathy, muscle dystrophy, myelopa-
thy, or in those patients where these parameters could
not be assessed. All parameters were analyzed at admis-
sion and discharge, and their relation with hyponatre-
mia severity was seen. (Fig. 1). The CGA domains were
assessed by the residents, volunteers, and the nursing
team after proper training for the same. In case of any
discrepancy, the authors were communicated the same
and resolution was ensured.

Statistical analysis

Descriptive statistics are given for the categorical values
in the form of frequencies. Comparison was done uti-
lizing the Chi-square test. We used Student’s T-test and
ANOVA test for comparing the numerical data. These
analyses were depicted as meanztstandard deviation
(SD). Analysis was done by Microsoft excel. A P-value of
<0.05 was taken as statistically significant.

Study tools used

We assessed the cognitive abilities by utilizing the novel
Hindi Mental State Examination (HMSE). Indo - U.S.
Cross-National Epidemiology Study made an altered
variant of the Mini Mental State Examination (MMSE),
the HMSE. This is because the rural and the illiterate
population of India speaks the Hindi language quite pro-
ficiently as compared to English. A score of 19 or below
is taken as possible cognitive impairment on HMSE
[8]. Barthel's ADL and Hand Grip assessment by hand
dynamometer were used for analyzing the motor func-
tion. The Barthel Index was introduced by Mahoney
and Barthel in 1955 [9]. Scores below 20 mean “total”
dependency, 21-60 suggest “severe” dependency, 61-90
“moderate” dependency, and >90 “slight” dependency.
Most groups utilize cut-off of 60/61. A hand dynamom-
eter was utilized for handgrip detection [10]. For this, the
participant sits upright on a chair with his/her feet sup-
ported. Typical values in elderly males and females were
29 and 16 kg, respectively [11]. Timed Up and Go (TUG)
test was used to assess the mobility of the geriatric group.
The subject gets up from the chair, walks three meters,
turns, comes back, and sits in the chair. A score of more
than 30 s means the subject is liable to fall. TUG value is
usually<12s. [12].
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Fig. 1 Study Flow

Results

We screened one hundred fifty geriatric hyponatremic
patients (Sodium<135 mmol/Litre), out of which 42
were excluded, four left hospital as per their demand,
and four died within one day of admission. We took one
hundred hyponatremic subjects and an equal number
of eunatremic patients. On further analysis, it was seen
that patients with severe hyponatremia had greater aver-
age age (71.60%6.5 years) in comparison with moderate

Primary outcome noted
and data analyzed

(66.60£5.0 years) and mild (67.70%5.5 years) hypona-
tremia (P<0.05). Table 1 depicts the comparable basic
variables of both groups except gender distribution,
hemoglobin value, blood glucose value, and total leuco-
cyte counts. As shown in Table 2, all CGA parameters
were poor in the hyponatremia group, and the change in
these parameters was statistically significant for all except
handgrip. Table 3 shows the relation of various param-
eters according to the severity of hyponatremia. All CGA
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Table 1 Characteristics of the study participants
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Variables Hyponatremia group Normonatremia group P-value
Males 74 (74%) 60 (60%) 0.03
Females 26 (26%) 40 (40%)

Age (years) 68.1+58 669+59 0.15
Comorbidities

T2DM 31 (31%) 25 (25%) 042
Hypertension 36 (36%) 31(31%) 037
OAD 9 (9%) 12 (12%) 0.67
Chronic Kidney Disease 10 (10%) 6 (6%) 043
Other 14 (14%) 21(21%) 0.25
Diagnosis

CVS Disease 40 (40%) 41 (41%) 0.90
Upper respiratory tract infection 28 (28%) 37 (37%) 0.17
Urinary tract infection 8 (8%) 3 (3%) 0.13
Acute gastroenteritis 6 (6%) 6 (6%) 1
Anemia 5 (5%) 9 (9%) 027
DCLD 5 (5%) 4 (4%) 0.73
Others 12 (12%) 8 (8%) 0.35
Duration between assessment 13.7+£88 124+82 03
(Days)

Serum Potassium (meg/Litre) 46+0.8 46+0.5 0.7
RBS (mg/dL) 139.6+57.8 121.1£265 0.02
Hb (gm/dL) 10.7£2.1 119424 0.01
TLC (per mm?) 11,734£5706 8863+4603 0.004
NaTest 1 129.7£5.1 139+£34 24
Na Test 2 135.1+£28 140.2+3.1 6.8
A Na 55+45 1.3+2.1 4.6

T2DM- Type 2 Diabetes Mellitus; OAD- Obstructive airway disease; CVS- Cardiovascular; DCLD- Decompensated Chronic Liver Disease; RBS- Random blood sugar;
Hb- Hemoglobin; TLC- Total leucocyte count; Na- Sodium; A Na- Change in sodium

Table 2 CGA values amongst the study participants and the
change from admission to discharge

Table 3 Baseline parametres and CGA values in the patients in

accordance to the severity of hyponatremia

Variables Hypona- Normona- P-value
tremia tremia
group group
ADL1 716+123 767+115 0.001
ADL 2 802+75 81465 018
A ADL 8.8+10.1 4.7+9.0 0.002
TUG 1 154+34 154+33 09
TUG?2 132+28 144x26 0.002
ATUG 2.2+2.5 1+£2.0 0.0002
HG 1 92+24 119436 16
HG 2 11£22 123+33 0.001
AHG 1.8+2.0 04+16 4.5
HMSE 1 234£3.1 244+24 001
HMSE 2 252+17  251£17 062
A HMSE 1.7+23 0.7%£1.3 0.00001

HMSE: Hindi Mental State Examination; HG: handgrip; ADL: Barthel’s Activities
of Daily Living; TUG test: Timed Up and Go Test; A-change

Variables Severity of hyponatremia P-
Mild Moderate Severe Value
(130=<Na<135) (125<Na<130) (Na<125)

Number 65(65%) 21(21%) 14(14%)

Age 67.7+55 66.6+5.1 716+66 004

NaTest 1 1326+1.1 1275%£1.2 1198+£55 9.2

Na Test 2 1359+15 1346+29 1321+41 17

A Na 3.2%+1.6 7129 123+6.6 1.05

ADL 1 72.7+10.5 704+11.1 663+184 0.18

ADL 2 79.6+7.9 80.7£6.4 813£7.2 0.68

A ADL 6.9+7.8 10.2+10.7 15.0+14.2 0.01

TUG1 146+3.5 164+4.2 179434 0.003

TUG 2 129+28 14.1+£3.1 131+£19 0.18

ATuG 1.6+1.5 22+27 4.8+4.1 0.0001

HG1 96422 86422 86+29 0.14

HG?2 109+2.1 104+1.7 122423 0.03

AHG 1.4+1.5 1.7+1.8 3.7+34 0.0008

HMSE 1 241+£25 226+28 21.1+£40 0.0007

HMSE 2 254+£15 24417 249+1.1 0.03

AHMSE 1.4%15 1.8+2.3 3.8+3.5 0.0007

HMSE: Hindi Mental State Examination; ADL: Barthel’s Activities of Daily Living;
TUG test: Timed Up and Go Test; A-change; Na: Sodium; HG: Handgrip
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parameters were worse as the severity of hyponatremia
increased.

Discussion

Hyponatremia is amongst the most familiar electro-
lyte disturbances seen in the population, especially in
geriatric inpatients. Our study demonstrates the value
of checking and improving serum sodium values, that
too amongst the elderly age group. We found results
of improvement in sodium values on the various CGA
parameters. 14% of patients had severe hyponatre-
mia (serum sodium<125 meq/L) amongst the geriat-
ric hyponatremic population in our study, moderate
(125<Na<130 meq/L) hyponatremia was seen in 21%,
and mild hyponatremia (130<Na<135 meq/L) was seen
in 65%.

Persons with severe hyponatremia demonstrated
greater average age (71.6016.6 years) in comparison
with moderate (66.6015.1 years), and mild hyponatremia
group (67.70%5.5 years, P=0.04). Similar findings were
seen in other studies, meaning the prevalence of patients
with severe hyponatremia becomes significantly greater
as age advances. Factors contributing to the same include
decline in renal function, increased water intake, reduced
salt intake, and polypharmacy [13]. Change in serum
sodium levels from admission to discharge was signifi-
cantly greater in the severe group (12.3+6.6 meq/L),
as compared to the mild (3.2£1.6 meq/L) and moder-
ate groups (7.1+2.9 meq/L). Notably, the improvement
in ADL, TUG, and HMSE scores with serum sodium
improvement was more in the hyponatremic group
(8.8+10.1, 2.2+2.5, and 1.7+2.3 respectively) when com-
pared to the normonatremic reference group (4.7+9.0,
1£2.0, and 0.7+1.3 respectively, P<0.05). Although HG
improvement was also more remarkable in the hypo-
natremic group, it was not statistically significant. The
treatment measures (as both groups were matched for
the primary diagnoses) and geriatric rehabilitation efforts
were made identically in both the hyponatremic and nor-
monatremic groups, hence these differences in CGA val-
ues are accounted for by the improvement of the serum
sodium levels themselves.

Similar trends of more remarkable change in the ADL,
TUG, HG, and HMSE values were seen in the various
subgroups according to the severity of hyponatremia.
All the severely hyponatremic patients demonstrated a
greater change in the CGA parameters from admission to
discharge after improving their serum sodium levels. This
finding is very important, signifying that with the correc-
tion of sodium levels in the severely hyponatremic group,
we can improve the motor and cognitive performance of
geriatric patients quite significantly. The better perfor-
mance in the discharge CGA parameters of the severe
hyponatremia group may be explained by the subjective
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more enormous improvement from a comparatively poor
initial performance.

Other studies like the INSIGHT study have revealed
the result of sodium control (with Tolvaptan) on the
results of various other tests evaluating neurocognitive
domains in the elderly [14]. Renneboog et al. analyzed
response times to various visual and auditory stimuli and
revealed lower latency (by 8.6%) after correcting serum
sodium levels [4]. Other studies have demonstrated that
lower sodium levels associate with significant cognitive
impairment, further cognitive decline, and the develop-
ment of dementia [15, 16]. In our study, we also demon-
strated significant motor performance improvement in
the patients after improving serum sodium levels. Brink-
koetter et al. could not detect any reliable improvement
in the motor power in the elderly [17]. This again demon-
strated the clinical importance of our study. Falls in the
elderly are a significant problem and one of the geriatric
giants. The serum sodium level analysis must be done
carefully in the geriatric age group presenting with falls,
and sodium improvement may help the prevention of the
same. This may reduce fractures, resulting in lower mor-
bidity, mortality, and overall economic burden.

As per our knowledge, this is the first study of its kind
studying the correlation of HMSE with hyponatremia.
The baseline ADL, HG, and HMSE were lower in the
severely hyponatremic group than the mild and moder-
ate one, although it was statistically significant only for
the HMSE value (24.1%2.5 v/s 22.6+2.8 v/s 21.1+4.0;
P=0.0007). TUG test value was significantly higher in
the severe (17.90+3.40 s) when compared with the mild
(14.60+3.50 s) and moderate groups (16.40+4.20 s,
greater value meaning worse performance). Effect seen
with ADL, TUG, and HMSE were not be reproduced
with the other tests (HG here), implying that the exact
impact of hyponatremia is yet incompletely under-
stood. In spite of the proposed age-associated decrease
in the renal capability for producing dilute urine, the
expected lower reference level of serum sodium in the
elderly was just lesser than the universal levels of 135
mEq/L [17]. This is an important finding, implying that
even milder forms of hyponatremia should not be con-
sidered a normal variation with age. Our study has limi-
tations. Patients with mental disorders like depression
may perform sub-optimally in these CGA tests. Baseline
CGA parameter results can be affected by other under-
lying diseases. However, we minimized this by including
age, comorbidity, and primary diagnosis matched group
which is normonatremic.

Conclusions

In conclusion, the improvement in the serum sodium
levels in the elderly group has positive effects on the
neurological and cognitive functioning, and motor
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performance ability. We demonstrated statistically signif-
icant improvement in Barthel’s Activities of Daily Living
index, an easily applicable test; Timed up and Go (TUG)
test, a mobility measure ; and Hindi mental state exami-
nation (HMSE), a cognitive test specific for the Indian
population. We also found that as hyponatremia becomes
severe, it corresponds with poor motor and cognitive
functions. Hence, serum sodium improvement holds a
very important place in the elderly population given the
impact of hyponatremia on the life quality. Further stud-
ies are required to analyze the mechanisms of hyponatre-
mia’s impact on frail older people.
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