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ABSTRACT 
Objective: To evaluate elderly patients in a geriatric service, along with their sensory characteristics and their association with clinical 
aspects. Methods: This was a descriptive longitudinal study. We enrolled 36 healthy participants of both sexes in this study. The following 
instruments were used and evaluations performed: clinical evaluation, Mini-Mental State Exam, and quantitative sensory testing. Results: 
During the follow-up, there was reduction of mean corpuscular volume at each evaluation (p < 0.001) and significant increase in mean 
corpuscular hemoglobin concentration (p < 0.001). There was an increase of the olfactory (p < 0.001), salty (p = 0.024), sour (p = 0.020), 
bitter (p = 0.001), facial cold (p = 0.019), hand cold (p = 0.004), facial tactile (p < 0.001), hand tactile (p = 0.012) and facial vibration (p = 
0.018) thresholds. Previous existing morbidities were associated with sensitivity changes in the individuals in this sample. Conclusion: This 
longitudinal study suggests that the loss of sensitivity with aging may be associated with the presence of morbidities in elders. 

Keywords: Aging; sensory thresholds; aged; taste; smell.

RESUMO 
Objetivo: Avaliar pacientes idosos em um serviço de geriatria, juntamente com as características sensitivas e sua associação com aspectos 
clínicos. Métodos: Este é um estudo longitudinal descritivo. Foram avaliados 36 sujeitos saudáveis de ambos os sexos. Os seguintes 
instrumentos e avaliações foram realizados: Avaliação clínica, Mini Exame de Estado Mental (Mini-Mental) e testes sensitivos quantitativos. 
Resultados: Durante o acompanhamento houve redução do volume corpuscular médio (VCM) em cada avaliação (P < 0,001) e aumento 
significativo das concentrações de hemoglobina corpuscular média (CHCM) (P < 0,001). Houve aumento dos limiares olfativos (p < 0,001), 
salgado (p = 0,024), azedo (p = 0,020), amargo (p = 0,001), frio face (p = 0,019), frio mão (p = 0,004), tato face (p < 0,001), tato mão (p = 0.012) 
e vibração face (p = 0,018). Morbidades prévias foram associadas às alterações de sensibilidade nos indivíduos desta amostra. Conclusão: 
Este estudo longitudinal sugere que a perda de sensibilidade no envelhecimento pode estar associada à presença de morbidades em idosos.

Palavras-chave: Envelhecimento; limiar sensorial; idoso; paladar; olfato.

Many countries are experiencing an aging population1. 
Among the implications of the high rate of growth in the number 
of elderly people is the increase in age-related morbidities. Aging 
is considered the main risk factor for the occurrence of diseases2. 

Human aging is defined as a summation of molecular, cel-
lular and tissue changes resulting over the years in decreased 
physiological capacities and a greater predisposition to diseases3. 
However, this process is complex and still poorly understood4.

Studies have shown that advancing age is followed by 
changes in special and general sensitivities5,6. The human 
aging process is followed by gradually decreasing sensitiv-
ity5,6,7,8 and changes in olfactory loss may precede the appear-
ance of neurodegenerative diseases such as Alzheimer’s dis-
ease and Parkinson’s disease9,10. In addition, somatosensory 
abnormalities are found in patients with diabetes mellitus11, 
and are associated with the onset of diabetic neuropathy11,12. 
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Other findings also consider a possible relationship between 
pressure levels and sensory changes13.

Although there is evidence of sensory decline in the 
elderly, to our knowledge, there is no longitudinal study that 
has investigated this aspect. Moreover, sensitivity abnor-
malities are involved in several chronic diseases that affect 
the elderly, and the use of chronic medication is common. 
The association between sensory thresholds and chronic ill-
nesses has not been investigated before.

Thus, the objectives of this study were to evaluate the sen-
sory characteristics of elderly patients from a geriatric ser-
vice and to investigate associations of these findings with 
clinical aspects.

METHODS

This was a descriptive longitudinal study (cohort) con-
ducted at the Faculty of Medicine in the Hospital das Clínicas, 
University of São Paulo, Brazil. The study period was over 24 
months starting in June 2014 and ending in June 2016. All par-
ticipants were informed about the purposes of the study and 
signed a free and informed consent form. The protocol was 
approved by the local ethics committee - CAPPesq - Comitê 
de Ética do Hospital das Clínicas da FMUSP (224.149).

Participants
We enrolled 36 healthy participants of both sexes in this 

longitudinal study. These individuals returned for the second 
evaluation after one year, with only 24 participants (66.7%) 
returning for the third and final annual evaluation. They were 
part of the healthy ambulatory elderly from the Geriatric 
Service of the Hospital das Clínicas in the Medical School of 
the University of São Paulo.

Inclusion criteria comprised individuals aged 60 years 
or older, who were healthy—according to a geriatric assess-
ment—or who had any of the following high-incidence 
morbidities in the elderly: hypertension, type II diabetes 
mellitus, osteoporosis, osteoarthritis, dyslipidemia and hypo-
thyroidism, as long as they were asymptomatic and con-
trolled through the use of medicines.

Exclusion criteria were: not agreeing in participate in the 
study, chronic pain, malignant tumor, acute cardiovascular 
disease, rheumatological, neuroendocrine or neurodegen-
erative illnesses, gustative or olfactory abnormalities, aller-
gies or nasal obstruction. All participants were evaluated 
by geriatricians to diagnose these conditions. The following 
instruments were used and evaluations performed: clinical 
evaluation (data from medical records including old and new 
diseases, medication, examinations – hemogram, glycemia 
and cholesterol, measurements of arterial pressure and car-
diac frequency), the Mini-Mental State Exam, and quantita-
tive sensory testing.

Quantitative sensory testing
All participants underwent a standardized protocol of 

quantitative sensory testing for the evaluation of somatosen-
sory thresholds14, which included olfactory, gustative, ther-
mal (cold and warm), mechanical (tactile and vibration) and 
pain thresholds. The corneal reflex was also investigated6.

The regions evaluated were the face (maxillary territory) 
and hand. All participants were seated in a silent room for 
evaluation by a single researcher. They were told to keep their 
eyes closed during the tests and inform the researcher when 
they perceived the stimulus by answering ‘yes’ or ‘no’, and in 
which stimulus modality (olfactory, gustative, mechanical and 
pain thresholds) it was perceived. Thermal thresholds were 
evaluated by an electronic system that included a button to be 
pushed when the stimulus was detected. Only the researcher 
knew the order of stimuli6. The stimuli were applied at small 
intervals of at least a minute, which corresponded with the 
preparation of the next stimulus to be applied.

The first test was the olfactory threshold, evaluated using 
isopropanol solutions (0.05%, 0.2%, 1%, 3%, 7%, 13% and 20%) 
in polyethylene bottles mixed with distilled water14,15,16. The 
threshold was determined when the participant detected the 
smell three consecutive times.

The second test was the taste threshold: sour (citric acid): 
0.00032 M; 0.001 M; 0.0032 M; 0.01 M; 0.032 M; sweet (glu-
cose): 0.01 M; 0.032 M; 0.1 M; 0.32 M; 1.0 M; bitter (urea): 0.1 M; 
0.32 M; 1.0 M; 3.2 M; 10.0 M and salty (sodium chlorate): 0.01 
M; 0.032 M; 0.1 M; 0.32 M. They consisted of a drop of sub-
stance applied to the tongue, mixed with one drop of distilled 
water, in increasing concentrations until detection.

The thermal (cold and warm) thresholds were evaluated 
with the MSA thermos test device (Somedic, Sweden). The 
equipment has a thermode with a 9 mm X 9 mm flat surface 
that starts from a temperature of 32ºC. It increases in incre-
ments of 1ºC, up to 40ºC ( for warmth detection) or decreases 
by 1ºC, down to 10ºC ( for cold detection)5,17. Five measurements 
were made in each modality to obtain the mean threshold. 

Tactile thresholds were obtained by von Frey filaments in 
an electronic device (IITC, Woodland Hills, CA, USA). Three 
measurements were made to obtain the mean threshold. 
Vibration thresholds were obtained with a vibrameter elec-
tric device (Somedic, Sweden). This has a flat surface of 1 cm2 
and the stimulus was increased or decreased in 1 Hz steps. 
The vibration threshold was tested on the face region, to sys-
tematize the protocol, in order to compare different evalu-
ated areas, as it had been proven to show differences in a 
previous study6. The participant had to indicate when they 
detected the appearance or disappearance of the stimulus, 
and the mean was considered for the analysis.

Pain thresholds were evaluated with a disposable needle 
in an electronic device (IITC, USA). The participant indicated 
when they detected the stimulus; three measurements were 
made and the mean was considered in the analysis.
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The corneal reflex was evaluated with a 0.5 mm von 
Frey filament. 

Statistical analysis
The initial descriptive analysis was performed and, 

after the distribution of the variables, was tested with the 
Kolmogorov-Smirnov and Shapiro-Wilk test. The qualitative 
characteristics of the patients were described using absolute 
and relative frequencies. The quantitative characteristics, lab-
oratory tests and sensitivity measurements were described 
according to the period of evaluation with the use of sum-
mary measures (minimum, maximum, mean, standard devi-
ation and median) and compared using the Friedman test 
across the time periods, followed by multiple nonparamet-
ric comparisons for longitudinal data or analysis of variances 
with repeated measurements.

Sensory abnormalities were investigated in the com-
parison between the periods of evaluation, as a longitu-
dinal design. Changes in sensitivity measurements were 
analyzed according to the presence of each morbidity 
using Mann-Whitney tests. Analyses were performed 
using the IBM-SPSS for Windows software version 20.0 
and the tables were created using Microsoft-Excel 2003 
software. The analyses were performed with significance 
level of 5%.

RESULTS

General characteristics of the sample
Of the 36 participants included in the study, 25 (69.4%) 

were women and the average age was 71.6 ± 5.6 years. None 
were smokers. Of the participants who completed the evalu-
ations, 24 (66.6%) were women with average age 72.2 ± 5.6 
years. The prevalence of previous morbidities was 69.4% (n = 
25 elderly), and dyslipidemia was the most common (33.3%) 
(Table 1). The average height was 1.60 m ± 0.09 m and the 
average weight was 66.40 kg ± 13.4 kg in the initial evaluation. 
Demographic data are shown in Table 1. There was no statis-
tical difference in these variables, neither in blood pressure 
nor heart rate, between the evaluations. There was no statis-
tical difference between the initial Mini-Mental State Exam 
scores (29.14 ± 1.13), after one year (28.85 ± 1.40) or after two 
years (28.63 ± 1.90) (p = 0.265).

In the evaluation of laboratory blood tests performed 
in this cohort, there were no significant changes (p > 0.05) 
except for the reduction of mean corpuscular volume (MCV) 
at each evaluation (p < 0.001) and the significant increase in 
mean corpuscular hemoglobin concentration (MCHC) (p < 
0.001) (Table 2). The MCV decreased statistically at each eval-
uation (p < 0.05), whereas the MCHC increased from baseline 
at one year and two years (p < 0.001), but between year one 
to year two, there was a statistically significant reduction of 
MCHC (p = 0.015).

Table 1. Demographic profile, morbidities and medications 
used in the initial evaluation of this sample (n = 36).

Variable n % p-value

Sex

Female 25 69.4 0.676

Male 11 30.6  

Marital status

Single 4 11.1  

Married 22 61.1 0.864

Divorced 1 2.8  

Widower 9 25.0  

Occupation

Housewives 3 8.3  

Retired 26 72.2 0.108

Employed 7 19.4  

Education 

8 years 13 36.1  

11 years 6 16.7 0.152

15 years 17 47.2  

Ethnic group

White 27 75.0  

Black 1 2.8 0.007

Asian 8 22.2  

Consumed alcohol

No 27 75.0  

Weekly 4 11.1 0.784

Socially 5 13.9  

Morbidities

Hypertension 7 19.4  

Diabetes mellitus type II 5 13.9  

Osteoarthritis 9 25.0 0.010

Osteoporosis 4 11.1  

Hypercholesterolemia 12 33.3  

Hypothyroidism 6 16.7  

Number of morbidities

None 11 30.6  

One 12 33.3 0.100

Two 8 22.2  

Three 5 13.9  

Medication

Antihypertensive 7 19.4  

Antiglycemic 5 13.9  

Antiresorptive 3 8.3  

Anti-inflammatory 6 16.7 0.006

Statins 10 27.8  

Levothyroxyne sodium 7 19.4  

Analgesic 6 16.7  

Number of medications

None 15 41.7  

One 6 16.7 0.216

Two 7 19.4  

Three 8 22.2  
*Pearson’s Chi-Square; ** Data in frequency.
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Table 2. Results of MCV and MCHC comparisons between the 
periods of follow-up.

Variable Comparison Value Z p-value

MCV*(fL)
Initial - 1 year 3.39 < 0.001
Initial - 2 years 5.82 < 0.001
1 year - 2 years 2.43 0.015

MCHC*(g/dL)
Initial - 1 year -5.82 < 0.001
Initial - 2 years -3.39 < 0.001
1 year - 2 years 2.43 0.015

Multiple nonparametric comparisons for longitudinal data
*MCV: mean corpuscular volume, MCHC: mean corpuscular hemoglobin 
concentration.

Figures 1 and 2 show that smell perception, identification 
of salty, sour and bitter taste, thermal sensitivity to cold on 
the face, cold thermal sensitivity of the hand, tactile sensi-
tivity of the face, tactile sensitivity of the hand and vibration 
sensitivity of the face, altered significantly throughout the 
follow-up (p <0.05). The difference in the sweet evaluation 
shown in Figure 1 and the difference in the facial pain thresh-
old shown in Figure 2 were not statistically significant. There 
were no differences in the evaluation of the corneal reflex.

Table 3 shows that the identification of the salty taste, the 
bitter taste, the thermal sensitivity to cold on the face and 
hand, the tactile sensitivity of the hand and the vibration sen-
sitivity of the face showed a statistically significant increase 
after two years compared with the other periods evaluated 
(p < 0.05). The perception of smell and tactile sensitivity of 
the face increased at each evaluated period (p < 0.05) and the 
identification of the sour taste increased after two years rela-
tive to the baseline (p < 0.001). 

Previous morbidities were associated with sensitivity 
changes in the longitudinal evaluation of the individuals in 

this sample (Table 4). There were no differences between the 
groups in the use of medication (p < 0.05, Kruskal-Wallis).

DISCUSSION

The impact of chronic diseases on human aging is very 
important. The control of pathological conditions has 
allowed an increase in survival with quality of life. The role 
of early diagnosis is indisputable for preventive and curative 
measures to be established by improving the prognosis and, 
in this sense, the identification of markers that allow the rec-
ognition of disease processes, even before the appearance 
of clinical symptoms, can become a tool for healthy aging. 
This study showed evidence of sensitivity changes related to 
chronic diseases in the elderly population. It was a nonin-
vasive examination and could become a routine preventive 
evaluation tool. 

In the present study, statistically significant differences 
between the periods of evaluation in this longitudinal design 
were observed with the salty taste threshold (p = 0.024) and 
bitter taste threshold (p = 0.001), as well as cold threshold 
on the face (p = 0.019), cold on the hand (p = 0.004), tactile 
threshold of the hand (p = 0.012) and vibratory threshold 
on the face (p = 0.018) being increased after two years com-
pared with the initial evaluation. The olfactory threshold (p 
< 0.001) and tactile threshold on the face (p < 0.001) showed 
a progressive increase at each evaluation and the sour taste 
threshold (p = 0.020) increased after two years when com-
pared with the initial evaluation.

The findings described above corroborate previous stud-
ies that indicated, through cross-sections, the tendency to 
increases in these same variables5,6. Through this longitudinal 
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Figure 1. Olfactory and gustative thresholds: comparison among evaluations (n = 36). (a) Olfactory detection thresholds; (b) Sweet 
detection thresholds; (c) Salty detection thresholds; (d) Sour detection thresholds; (e) Bitter detection thresholds. Statistical 
analysis: Friedman test.
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analysis, there was evidence that these thresholds actually 
increased with aging. The mechanism involves the reduc-
tion in number of mitral cells in the olfactory bulb,18 periph-
eral receptors and afferent fibers19,20. In addition, inflam-
mation may be involved by triggering apoptosis in sensory 
neurons21,22. Loss of olfactory sensitivity may be related to 
neurodegenerative diseases such as Alzheimer’s disease and 
Parkinson’s disease23. In the case of Alzheimer’s disease, the 
alteration results from accumulation of neurofibrillary tan-
gles in central olfactory regions, entorhinal cortex and, espe-
cially, the hippocampus10,24. It is believed that these cortical 
structures are the first areas affected by this disease, which 
causes olfactory disorders to precede cognitive symptoms in 
these patients25. In addition, the entorhinal cortex processes 
the entry of multiple sensory modalities and its involve-
ment may affect other sensory modalities26. In the case of 

Parkinson’s disease, dopamine depletion impairs the bulbar 
olfactory neurogenesis that occurs constantly throughout 
life and is responsible for maintaining olfactory accuracy27.

Among the hematological parameters, only the MCV 
and MCHC showed alterations: the values of the MCV were 
reduced (p < 0.001) and the values of MCHC increased (p < 
0.001). These parameters suggest the possibility of anemia 
in the elderly28. The scientific literature shows that superfi-
cial neuropathy might occur due to the reduction of oxygen 
supply in the skin when anemia is present29; however, there 
was no diagnosis of this condition in the patients during the 
study. The immunoscenecence process could be related to 
the findings of this study30. 

Hypertensive patients showed higher heat thresholds in 
the hand (p = 0.031) after one year of evaluation and reduction 
of tactile thresholds in the hand (p = 0.004) after two years of 
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Figure 2. Somatosensory detection thresholds: comparison among evaluations (n = 36). (a) Warm face detection thresholds; (b) 
Warm hand detection thresholds; (c) Cold face detection thresholds; (d) Cold hand detection thresholds; (e) Tactile face detection 
thresholds; (f) Tactile hand detection thresholds; (g) Vibration face detection thresholds; (h) Vibration hand detection thresholds; 
(i) Pain face detection thresholds; (j) Pain hand detection thresholds. Statistical analysis: Friedman test.
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evaluation when compared with normotensive individuals. 
Sensitivity alterations have been observed in hypertensive 
individuals13,31,32. One hypothesis is that there is impairment 
of aortic and cutaneous mechanoreceptors, which leads to 
hypertension and sensitivity changes. This hypothesis is sup-
ported by the fact that degeneration of epithelial sodium 
channels is involved in the mechanical transduction of 
many of the mechanoreceptors, including baroreceptors33,34. 
Sensitivity changes may correspond with the clinical sign of 
hypertension. The use of quantitative devices may be useful 
in the diagnosis and follow-up of these patients13.

Another common morbidity in the population with an 
impact on sensitivity is type II diabetes mellitus. In this sam-
ple, the diabetic elderly presented with a threshold reduction 
to sweet (p = 0.002) and bitter (p = 0.037) tastes, and a thresh-
old increase to facial cold (p = 0.021) after one year, and 
reduction of sour taste thresholds (p = 0.023) after two years. 
In relation to gustatory perception, these findings are con-
trary to those observed in the literature35,36 but may be justi-
fied, at least in part, by an increase in the expression of recep-
tors in the taste buds due to the lower supply of sweet foods, 
part of the diet required in diabetic patients. The increase of 
thermal thresholds corresponds with other studies and can 
be related to diabetic neuropathy17,18,37.

No sensory differences were observed for osteoporosis 
and hypothyroidism in the first year of evaluation. However, 
in the second year, these patients showed a threshold 
increase to bitter taste (p = 0.018) and an increase in the heat 
thresholds in the hand (p = 0.037), respectively. After a year 
of evaluation, patients with dyslipidemia showed a reduction 

Table 3. Results of the comparisons of the sensitivity 
measures that changed during the follow-up between the 
moments of evaluation.

Variable Comparison Value Z p-value

Olfactory (%)
Initial - 1 year -2.69 0.007
Initial - 2 years -6.86 < 0.001
1 year - 2 years -4.16 < 0.001

Salty (mol)
Initial - 1 year 0.00 > 0.999
Initial - 2 years -2.79 0.005
1 year - 2 years -2.79 0.005

Sour (mol)
Initial - 1 year -1.81 0.070
Initial - 2 years -3.33 < 0.001
1 year - 2 years -1.52 0.129

Bitter (mol)
Initial - 1 year 0.29 0.769
Initial - 2 years -3.38 < 0.001
1 year - 2 years -3.67 < 0.001

Cold – Face (ºC)
Initial - 1 year 1.42 0.155
Initial - 2 years -3.18 0.001
1 year - 2 years -4.61 < 0.001

Cold –  Hand (ºC)
Initial - 1 year -0.83 0.405
Initial - 2 years -5.19 < 0.001
1 year - 2 years -4.36 < 0.001

Tactile –  Face(g/mm2)
Initial - 1 year -2.55 0.011
Initial - 2 years -5.88 < 0.001
1 year - 2 years -3.33 < 0.001

Tactile – Hand (g/mm2)
Initial - 1 year -0.59 0.557
Initial - 2 years -4.16 < 0.001
1 year - 2 years -3.58 < 0.001

Vibration – Face (Hz)
Initial - 1 year -0.20 0.845
Initial - 2 years -3.48 < 0.001
1 year - 2 years -3.28 0.001

Multiple non-parametric comparisons for longitudinal data.

Table 4. Association between sensitivity thresholds and previous morbidities.

Morbidities Sensitivity Threshold** Initial 1 year 2 years

Hypertension
Warm hand ↑ 0.031*

Tactile hand ↓ 0.004*

Diabetes mellitus type II

Sweet ↓ 0.002*

Bitter ↓ 0.037*

Sour ↓ 0.023*

Cold face ↑ 0.021*

Osteoarthritis

Warm hand ↑ 0.047*

Warm hand ↓ 0.017* 0.036*

Tactile face ↓ 0.030*

Tactile hand ↓ 0.036*

Olfactory ↑ 0.007*

Osteoporosis Bitter ↑ 0.018*

Hypercholesterolemia
Vibration face ↓ 0.006*

Bitter ↓ 0.015*

Hypothyroidism Warm hand ↑ 0.037*

*Mann-Whitney Test; : p > 0.05; ↑ increased; ↓decreased.
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in facial vibration thresholds (p = 0.006) and after two years 
reduced thresholds to bitter taste (p = 0.015).

Osteoarthritis was associated with increased heat thresh-
olds on the hand (p = 0.047) followed by a reduction in these 
thresholds after one year (p = 0.017) and after two years (p 
= 0.036), as well as a reduction in tactile thresholds (p = 0.030 
and p = 0.036), and increased olfactory thresholds (p = 0.007) 
when compared with the other participants in this cohort. The 
mechanism is unknown and may involve chronic inflammation, 
increased secretion of cytokines and pro-inflammatory media-
tors, and possible central sensitization, due to the persistence of 
these processes in these patients38,39. Such findings may indicate 
a possible association between sensory changes and morbidities 
of high prevalence among the elderly, and further longitudinal 
studies are necessary to understand this relationship.

The main limitation of this study was the loss of the sam-
ple by discontinuation in the evaluations. However, as a com-
plex evaluation performed in healthy volunteers, it provided 
evidence for sensory loss and associations with chronic ill-
nesses in a pioneer cohort study.

In conclusion, this study showed evidence that suggests 
sensory loss in several sensory thresholds in aging. This is the 
first study, to our knowledge, that investigated sensory abnor-
malities in the elderly, in a longitudinal design. There was also 
an association of sensory differences and chronic diseases 
common in the elderly population, for which hypothesized 
mechanisms have been discussed, but these need further 
investigation. Sensory abnormalities are clinical parameters 
that may be useful in patient assessment and the establish-
ment of early preventive attitudes.
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