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Fig. 5 Distributions of serum electrolytes, UN/Cr ratio, and thyroid function among the disease-based groups. The serum levels of Na
and K, the UN/Cr ratio, and the serum level of FT4 were analyzed in each disease group based on the final diagnosis as shown in Table
1. Bars: mean == SEM of the data, by Kruskal-Wallis test. Values with different superscript letters are significantly different at p < 0.05.

nantly lower in the febrile group. Of note, the serum
sodium levels tended to decrease in an age-dependent
manner in the febrile patients. (2) The UN/Cr ratio:
The UN/Cr ratio was decreased in the fever group, and
increased in the appetite-loss group. The ratio of UN to
Cr tended to increase with age, especially in the edema
and appetite-loss groups. (3) Thyroid functions: Serum
FT4 levels were lower in the dizziness group, and the
serum FT4 levels tended to decrease age-dependently in
the patients with dizziness. The serum TSH levels were
not different among the symptom groups. Thus,
regardless of the final diagnosis, attention must be paid
to symptom-dependent and age-dependent changes in
electrolytes and thyroid function.

Regarding the changes in serum electrolytes, we
observed that the sodium and potassium levels were
lower in the febrile patients. In addition, infection was
a major cause of the decrease in serum sodium levels

among the diagnosis-based groups. Regarding the
changes in serum sodium levels, an inverse relationship
between the sodium level and febrile condition was
shown previously [15], in which the syndrome of inap-
propriate secretion of antidiuretic hormone (SIADH)
leading to a sodium-losing condition seems likely to be
induced.

Regarding the sodium balance in elderly people, the
occurrence of mineralocorticoid-responsive hyponatre-
mia of the elderly (MRHE) was described by Ishikawa et
al. [16]. MRHE is thought to be a mild hypovolemic
hyponatremia caused by sodium loss from the kidney.
In the elderly, sodium reabsorption in renal tubules
tends to be decreased, and the activity of the renin-an-
giotensin-aldosterone system also becomes blunted
[17]. It is therefore possible that elderly people with
fever may have an SIADH and/or an MRHE condition
due to increased urinary sodium excretion [18].
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Clinicians should pay attention to the fact that fever has
a greater tendency to cause hyponatremia in elderly
people compared to young people.

We observed that the UN/Cr ratio was also
decreased in the fever group, but increased in the appe-
tite-loss group. Among the diagnosis-based groups,
infection was a relatively predominant cause of the
decrease in the UN/Cr ratio. For each major complaint,
the UN/Cr ratio tended to be increased with aging. The
UN/Cr ratio in the edema group was more greatly
age-dependently increased compared to those in the
other groups. Since UN is produced by muscle destruc-
tion, it may increase as catabolism increases, such as in
patients with appetite loss. Since urea excretion is
greatly affected by renal blood flow, it increases with
pre-renal factors such as dehydration and heart failure
and, on the other hand, it declines in cases of polyuria.

It has been reported that the UN/Cr ratio increases
with the use of diuretics, heart failure, renal failure,
gastrointestinal bleeding, and decreased intravascular
volume [19-22]. In the present study, there were eight
patients who had taken diuretics, and another two
patients were diagnosed as having a gastric ulcer.
However, the increases in the UN/Cr ratio in the edema
and appetite-loss groups might have been due mainly to
their cardiac and/or renal insufficiency, especially in the
elderly patients.

Our analyses demonstrated that the serum FT4 level
was low in the patients who had a chief complaint of
dizziness, and the FT4 level tended to have declined in
the elderly patients. It has been reported that a decrease
in the FT4 level due to aging is not recognized without
any complaint [23,24]. Regarding the relationships of
thyroid dysfunction to aging, a higher prevalence of
thyroid dysfunction has been shown in elderly popula-
tions [25,26]. It was also reported that symptoms of
hypothyroidism were hardly noticeable in the elderly
[27]. Since hypothyroidism has been reported to be
associated with Méniere’s disease [28], elderly people
may be prone to dizziness symptoms. In the present
study, thyroid autoantibodies were measured in two
patients in the dizziness group, and they were diag-
nosed as having hypothyroidism (an 82-year-old female)
and Hashimoto disease (a 67-year-old female), suggest-
ing that latent thyroid dysfunction may be associated
with dizziness in elderly people.

Collectively, our results indicate clinical relevance
between chief complaints and age-dependent changes in
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biochemical markers. As our present findings were
obtained using retrospective data from a university hos-
pital, a multicenter study with a large population is
necessary. In addition, medication bias on the labora-
tory data might have been unexpectedly included in this
study. Our results study indicate that in elderly patients
presenting with fever, appetite loss and/or edema,
attention must be paid to their electrolyte levels and the
UN/Cr ratio. Thyroid function might be lowered in
patients with dizziness, and it is necessary to differenti-
ate thyroid diseases in elderly patients with dizziness.
The consideration of age-dependent changes in osmo-
lality-related markers is helpful for diagnosing latent
disorders in light of patients” various complaints when
they visit a general medicine facility.
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