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Abstract OBJECTIVES: The most important factors in the pathogenesis of cognitive disor-
ders in diabetes mellitus (DM) are metabolic changes directly caused by hypergly-
cemia. Impairment of cognitive function is accompanied by a decrease in cerebral 
insulin. Insulin improves cognitive processes, including somatosensoric cognitive 
functions. Cognitive disorders are especially pronounced if diabetic patients suf-
fer also from depression.
MATERIAL AND METHODS: The evaluation of cognitive functions, especially 
sensomotoric skills were obtained from three study groups (aged 37-52 years): 30 
healthy subjects, 40 diabetic patients with clinically documented depression and 
30 depressive patients without DM. The sensomotoric skills were carried out using 
a SPS-2001E apparatus – a computer working stress simulator. The examination 
with Beck Depression Inventory (BDI) were also performed in all the investigated 
persons.
RESULTS: Sensomotoric skills investigation revealed slight cognitive disorders in 
the early stages DM (subgroup IA) and its intensification according to increasing 
BDI scores and HbA1c blood concentration (from subgroup IA to IC). Intensifi-
cation of sensomotoric cognitive disorders was significantly higher (p<0.001) in 
the depressive patients with DM (group I), than in these without DM (group III).
CONCLUSIONS: The obtained results suggest that coincidence of aggravating 
factors, such as depression and metabolic disorders in DM, may cause mutual 
interactions leading to premature and more intense cognitive impairment. The 
method proposed by the authors may serve as a screening examination in early 
diagnosis of CNS disorders reflected by somatosensoric cognitive disorders. The 
presented work indicates importance of sensomotoric skills investigation for the 
early diagnosis of the nervous system damage related to DM.
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INTRODUCTION

The effect of diabetes mellitus (DM) on development of 
multi-organ complications is a well-known fact, which 
has been widely discussed in the literature. The most 
important pathogenetic factors mentioned by authors 
include absolute or relative hypoinsulinemia with sub-
sequent hyperglycaemia. Very well-known diabetes 
complications include nervous system disorders, espe-
cially impairment of peripheral nerve and autonomic 
nerve function. Little is known, yet, about the effect of 
DM on the central nervous system (CNS) with its cog-
nitive functions. These functions are necessary to gain 
knowledge of the surrounding world, as well as acquire 
and analyze information, which in consequence allow 
making correct decisions and functioning in every-day 
life. An important role among cognitive functions is 
played by sensomotoric skills, especially visual-motor 
coordination, concentration, attention switching ability 
and psychomotor speed.

An important role in development of cognitive dis-
orders is played by decreased insulin production, which 
is observed in type 2 diabetes mellitus, or receptor 
resistance to insulin in its target tissues. Central insu-
lin receptors are mainly localized in the hippocampus, 
olfactory bulbs and hypothalamus, and insulin reaching 
the brain through the blood-brain barrier may influ-
ence the quality of cognitive functions. It is known that 
cognitive function impairment, which is closely related 
to the aging process, is accompanied by a decrease in 
cerebral insulin. Similar changes also occur in the 
Alzheimer’s disease. On the other hand, the most recent 
findings indicate that cerebral insulin improves cogni-
tive processes and memory, especially hippocampus-
dependent declarative memory (Stockhorst et al 2004; 
Benedict et al 2007; Laron 2009).

As a part of the limbic system, hippocampus takes 
part in neuroendocrine responses to emotional stres-
sors. Under theses stressors, the release of acetylcholine 
in the hippocampus increases, which coincides with 
the elevation of plasma glucose (Adeli-Rankouchi et 
al 2005). Emotional stressors, like depression, activate 
the other part of limbic areas – amygdala. Activation 
of amygdala caused chronic elevation in cortisol levels, 
which is known as a stress hormone. A high level of cor-
tisol leads to tissue insulin resistance, reduces glucose 
uptake by the muscles and elevation of plasma glucose 
(Takahashi et al 2005; Janocha et al 2009). The above-
mentioned facts prove that emotive stimuli may affect 
the progress of somatic diseases, such as DM. Similarly, 
a somatic disease may affect the quality of mental func-
tions, including cognitive ones.

The authors of the present study have attempted to 
evaluate cognitive functions, especially sensomotoric 
skills in subjects with type 2 DM. This study examined 
also the association of type 2 diabetes, depression and 
cognitive disorders.

MATERIAL AND METHODS
Subjects
A group I of 40 diabetic patients (25 females and 15 
males), recruited from Wrocław Center for Neurosis 
Treatment, was enrolled in the study. The examined 
group was ranging in age from 38 to 53 years, with 
the mean age of 44.6 ± 4.37 years. A disease history 
was obtained from all patients, and then each patient 
underwent a detailed clinical examination and basic 
laboratory parameters assessment. From the clinical 
point of view, all these patients had DM type 2 detected, 
and most of them showed the apparent, reliably docu-
mented symptoms and signs of depression varying in 
degree of severity. Diabetic patients were under treat-
ment with oral hypoglycemic agents or with add of insu-
lin injections (once daily); with the mean DM duration 
of 6.45 ± 4.02 years. The results of the investigations 
in the patients group were referred to the outcomes 
obtained from the control group (group II) comprising 
30 healthy, age- and sex-matched volunteers (age range: 
38-51 years; mean age 44.7 ± 4.26 years; 18 females, 
12 males) with no history of the previous episodes of 
depression.

Subjects with recognized depression, but without 
diabetes mellitus (group III) also constituted specific 
reference for group I, comprising 30 persons, age- and 
sex-matched volunteers (age range: 37-52 years; mean 
age 44.4 ± 4.96 years; 19 females, 11 males).

Methods
The studies on sensomotoric skills presented in this 
paper were conducted at the Psychomotoric Laboratory 
of the Department of Physiology at the Wrocław Medi-
cal University, with the use of advanced MSS-2001E 
system developed by GPE Psychotronics and EIEWIN 
(Poland). The system includes a research keyboard 
and a control panel. A two-dimensional button system 
on the keyboard (with an emitter of light impulses) 
limits the field of view of the patient, which increases 
his concentration. The control panel allows selection 
of an adequate program, depending on the frequency 
of impulse exposure per minute (60, 75, 93, 107, 125 
impulses) and on the duration of one sequence (30, 60, 
90, 120 seconds). The system allows to examine visual-
motor coordination with concurrent time registration 
for each response and to identify the average response 
time, coordination skills expressed as percentages and 
the number of received and incorrect answers. The 
patient reacts to each light impulse exposed on the 
keyboard by pushing an appropriate button. After each 
exposure, the control panel screen displays the response 
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characteristics, e.g. correct, delayed, incorrect, no 
response and response time expressed in milliseconds. 
Laboratory standards were selected after examining 200 
healthy subjects and they included coordination skills. 
The reason for selection of this particular parameter is 
that it is expressed as percentages, which is important 
if the examination is performed at various exposure 
frequencies per minute. The following standards for 
coordination skills were determined: 86-100% - very 
good result; 71-85% - good result; 55-70% - satisfactory 
result; <55% - unsatisfactory result.

The present study used examinations performed at 
various frequencies of impulse exposure (60, 75, 93, 107 
and 125 per min) and constant duration time of one 
sequence (60 s).

The self-assessment charts, like Beck Depression 
Inventory (BDI) used in the present study, are consid-
ered to be of great usefulness in establishing a diagno-
sis of depression. The examined subject is requested 
to complete the questionnaire which consists of 22 
issues; for each of the questions you can choose only 
one answer (yielding 0-3 scores). It is assumed that an 
outcome of the whole test exceeding 12 scores indicates 
depression.

Also a measurement of glycated hemoglobin 
(HbA1c), as a most reliable index of diabetic control, 
was performed.

Statistical analysis
Standard statistical Student t-test was applied for com-
parison of the two variables. The values are presented 
as the mean ± SD, and a level of statistical significance 

was set at p<0.05. Non-parametric data was given as the 
absolute numbers or percentages.

RESULTS

Diabetic patients were divided into three subgroups 
(IA, IB, IC) according to their last glycated hemoglobin 
and BDI scores. Depressive patients were divided into 
two subgroups (IIIA and IIIB) according to their BDI 
scores. Characteristics of these subgroups and the con-
trol group are compiled in Table 1 and Table 2.

Subgroup IA had the lowest mean age of subjects, 
and it was significantly higher (p<0.001) in subsequent 
subgroups, reaching the highest value in the subgroup 
IC. With reference to the control group, only subgroup 
IB showed no statistical difference. The remaining 
groups revealed differences that were statistically sig-
nificant (p<0.001). No statistically significant differ-
ences in the mean age were observed between group II 
and group III subgroups.

Mean value of BDI and percentage contribution of 
HbA1c showed a clear tendency to increase gradually 
within the subgroups IA-IC. The exact analysis of the 
BDI outcomes in these subgroups let us diagnose a 
depression in subgroups IB and IC, only. These results 
were referred to the control group, where BDI scores 
and HbA1c were: 6.5 ± 1.07 scores and 4.6 ± 0.48%, 
respectively. Difference between the three patient sub-
groups and control group was statistically significant 
(p<0.001). The results of the BDI and HbA1c obtained 
in the control group let us exclude a diagnosis of depres-
sion and DM. None of the control subjects reported 
any depressive episode also in the past. In the group III, 

Tab. 1. Characteristics of the diabetic patients from the subgroups IA-IC.

Groups

Group I (N = 40)

Subgroup IA 
(N = 17)

Subgroup IB 
(N = 13)

Subgroup IC 
(N = 10)

Mean age 40.47 ± 1.73 years 45.69 ± 2.21 years 50.2 ± 1.54 years
DM 
duration

1 – 5 years 
mean 2.58 ± 1.57

>5 – 10 years 
mean 7.38 ± 1.54

>10 years 
mean 11.8 ± 1.2

BDI 8.53 ± 1.01 scores 16.8 ± 0.92 scores 27.2 ± 1.56 scores

Depressive symptoms None Single moderate depressive 
episodes

Recurrent depressive 
episodes incl. MDD

HbA1c 6.6 ± 0.33% 8.1 ± 0.6% 12.9 ± 0.71%

Tab. 2. Characteristics of the depressive patients from the subgroups IIIA and IIIB and the control group II.

Groups

Group III (N = 30)
Group II 
(N=30)Subgroup IIIA 

(N = 16)
Subgroup IIIB 

(N = 14)
Mean age 43.99 ± 3.71 years 44.21 ± 2.95 years 44.7 ± 4.26 years
DM duration Healthy Healthy Healthy
BDI 16.2 ± 1.03 scores 27.8 ± 1.82 scores 6.5 ± 1.07 scores

Depressive symptoms Single moderate depressive 
episodes

Recurrent depressive 
episodes incl. MDD None

HbA1c 4.7 ± 1.26% 4.9 ± 1.93% 4.6 ± 0.48%
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the results of the HbA1c let us exclude a diagnosis of 
DM, but analysis of the BDI outcomes let us diagnose 
a depression.

Like other parameters, the mean DM duration had a 
similar growing tendency in subsequent groups IA-IC 
and the difference between the subgroups was also sta-
tistically significant (p<0.001). However, this parameter 
could not be assessed with reference to group II and III, 
since neither of them comprised patients with recog-
nized DM.

Table 3 shows the results obtained in the subgroups 
of group I and in group II with the use of an instrument 
measuring sensomotoric skills.

The results obtained in group II were assumed as 
the standard results, since they were within the range 
of very good values and were significantly higher 
(p<0.001) than analogical results obtained in subgroups 
IA-IC.

In group I, subjects from the subgroup IA performed 
the examination at almost all frequencies of impulse 
exposure that were performed by group II subjects, 
except for the frequency of 125 per minute. The results 
obtained in the subgroup IA were within the range of 
values considered as good and were significantly differ-
ent (p<0.001) with reference to the remaining groups. 
Subjects from the subgroup IB performed the test at two 

first emission frequencies (60 and 75 per min), and sub-
jects from the subgroup IC at the frequency of 60 per 
min, only. They made no attempt and refused to per-
form the task at the remaining frequencies. The results 
obtained in subgroup IB were considered satisfactory 
with reference to the standard and those obtained 
in subgroup IC were unsatisfactory. The differences 
between these subgroups were statistically significant 
(p<0.001). In these circumstances, the comparison of 
all subgroups of group I and the control group could 
only be conducted at the emission frequency of 60 per 
min. The results obtained under such circumstances 
showed statistically significant (p<0.001) differences 
among subgroups IA-IC. A similar significance was also 
revealed with reference to the control group.

Fig. 1 and Fig. 2 show the comparison of coor-
dination skills in patients from group I and III with 
recognized depression. Only group I patients were 
additionally diagnosed with diabetes mellitus.

Fig. 1 compares subgroups IB and IIIA having simi-
lar intensity of depression symptoms and similar BDI 
(IB – BDI 16.8 ± 0.92 scores; IIIA – BDI 16.2 ± 1.03 
scores). Subjects from both subgroups performed the 
test on the MSS-2001E system only at two frequencies 
of impulse emission, i.e. 60 and 75 per min. The results 
with regard to coordination skills were significantly 

Tab. 3. Results of sensomotoric skills of the diabetic patients in the subgroups IA-IC and in the control group II using MSS-
2001E apparatus. Duration of one sequence – 60 s.

Frequency of impulse 
exposure per min

Subgroup  
IA

Subgroup  
IB

Subgroup  
IC

Group  
II

Reaction time [ms]
60/min 587.23 ± 68.25 694.3 ± 51.04 795.1 ± 33.38 375.73 ± 45.36
75/min 664.23 ± 45.18 751.3 ± 18.23 Deny 404.13 ± 28.05
93/min 699.41 ± 57.36 Deny Deny 414.9 ± 35.2

107/min 712.47 ± 51.38 Deny Deny 422.7 ± 37.38
125/min Deny Deny Deny 431.8 ± 39.72

Sensomotoric skills [%]
60/min 81.66 ± 9.63 63.16 ± 4.38 42.07 ± 3.33 100 ± 0
75/min 79.92 ± 7.01 60.33 ± 5.61 Deny 97.8 ± 6.12
93/min 77.14 ± 8.33 Deny Deny 96.66 ± 5.88

107/min 72.42 ± 6.13 Deny Deny 91.76 ± 5.23
125/min Deny Deny Deny 90.21 ±8.75

Number of wrong answers
60/min 11.05 ± 1.6 22.53 ± 3.09 34.77 ± 2.05 0 ± 0
75/min 15.07 ± 1.34 29.07 ± 2.78 Deny 1.12 ± 0.8
93/min 21.23 ± 2.25 Deny Deny 2.66 ± 0.95

107/min 29.52 ± 2.98 Deny Deny 8.5 ± 4.96
125/min Deny Deny Deny 12.21 ± 2.87

Number of correct answers
60/min 48.99 ± 6.35 37.89 ± 6.12 25.24 ± 2.42 60 ± 0
75/min 59.94 ± 4.45 45.24 ± 7.5 Deny 73.35 ± 5.34
93/min 71.74 ± 5.27 Deny Deny 89.89 ± 3.88

107/min 77.48 ± 4.94 Deny Deny 98.18 ± 3.22
125/min Deny Deny Deny 112.76 ± 5.21
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lower (p<0.001) in group IB, than analogical results 
obtained in group IIIA.

Fig. 2 compares subjects from subgroups IC and 
IIIB, whose BDI was IC – 27.2 ± 1.56 scores and IIIB 
– 27.8 ± 1.82 scores, respectively. Subjects from both 
these subgroups attempted to perform the test only at 
the lowest frequency of impulse emission, i.e. 60 per 
min. Similarly to the previous groups, the coordination 
skills results were significantly lower (p<0.001) in sub-
jects from group I (subgroup IC) than in subjects from 
group III (subgroup IIIA). It should be noticed that 
only the subjects from subgroup IC obtained results 
that were considered unsatisfactory with reference to 
the standard.

DISCUSSION

Recent findings more and more frequently emphasize 
the correlation between endocrinological disorders 
and cognitive disorders (Ruis et al 2009; Roriz-Filho 
et al 2009; Izydorczyk & Rybicka-Klimczyk 2009). 
These disorders are especially pronounced in diabetic 
patients suffering also from depression. Concurrence 
of these two diseases is quite frequent, since depression 
in diabetic patients occurs more often than in the gen-
eral population and worsens the prognosis of diabetic 
patients (Collins et al 2009; Janocha et al 2009).

The analysis of results obtained in the present study 
shows that slight cognitive function impairment occurs 
even in the early stages of diabetes mellitus, as was the 
case in subgroup IA, where the mean DM duration was 
2.58 ± 1,57 years (Table 3). Sensomotoric coordina-
tion was lowered in this subgroup with regard to all the 
examined parameters, i.e. average reaction time, coor-
dination skills and the number of received and incor-
rect answers. The obtained results were significantly 

different (p<0.001) from those obtained in group II. 
Moreover, subjects from subgroup IA refused to per-
form the task at the impulse emission frequency of 125 
per min because it was too fast and they did not manage 
to respond, whereas subjects from group II managed 
to perform the task without any difficulties. The most 
useful parameter for the comparison of cognitive func-
tions at different frequencies of impulse emission per 
minute was the coordination skills expressed as per-
centages. Although this parameter was within the range 
of values considered as good in subgroup IA, it was sig-
nificantly lower (p<0.001) at all frequencies of stimu-
lus emission, in comparison with group II. Moreover, 
a gradual decrease in coordination skills was observed 
in subgroup IA with increased frequency of impulse 
emission. A similar phenomenon was also observed in 
group II (Table 3). The evaluation of cognitive functions 
in subgroup IA was very important, since its members 
did not fulfil the criteria of depression (Table 1), which 
means that the causes of cognitive function impairment 
may be related mainly to DM. Ruis et al. (2009) report 
cases of slight cognitive function impairment even in 
the early stage of type 2 DM. They also emphasize the 
patient history of a macrovascular disease and smok-
ing, which they consider to be significant risk factors 
for some early decrements.

In the remaining two subgroups of group I, a fur-
ther decrease in sensomotoric skills was observed with 
regard to all parameters (Table 3). The results obtained 
in subgroup IB were significantly lower (p<0.001) than 
analogical results obtained in subgroup IA and group 
II. The strongest cognitive disorders occurred in sub-
group IC, whose results were significantly different 
(p<0.001) from the remaining subgroups of group I 
and from group II (Table 3). Subjects from subgroup IB 
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performed the test only at two lowest impulse emission 
frequencies (60 and 75 per min), and subjects from sub-
group IC only at the frequency of 60 per min. The per-
centage of coordination skills obtained in subgroup IB 
was within the range of values considered as satisfactory 
and in subgroup IC within the range of values consid-
ered as unsatisfactory. The difference between subgroup 
IA and subgroups IB and IC was that the subjects of sub-
groups IB and IC suffered from depression, apart from 
the main diseases, i.e. diabetes mellitus. These results 
suggest that depression should be considered as another 
significant risk factor for cognitive function impair-
ment. Some authors had noticed that depression had a 
negative influence on the glycaemia self-control quality 
in diabetic patients (Janocha et al 2009), which is also 
confirmed by the present studies. A characteristic fea-
ture of all three examined subgroups was an increasing 
DM duration and unfavourable increase in HbA1c con-
centration, from IA to IC, which translated to cognitive 
function impairment (Table 1). Both these increases, 
which were significantly different between subgroups 
(p<0.001), may be treated as other risk factors for 
cognitive disorders. Stockhorst et al. (2004) also drew 
attention to progressing cognitive function impair-
ment in diabetics, together with a decrease in cerebral 
insulin, which results from worse diabetes self-control. 
According to Roriz-Filho et al. (2009) chronic hyperg-
lycaemia may accelerate the process of cerebral aging 
due to widespread brain microangiopathy. Diabetes 
subjects are more prone to develop extense and earlier 
than usual leukoaraiosis and consequently they are at 
increased risk for cognitive impairment and dementia. 
Additionally, Laron et al. (2009) noticed improvement 
in cognitive functions following insulin administra-
tion, especially via nose-to-brain pathway, which is a 
quicker system of insulin delivery to the brain than the 
traditional one. Additionally, the localization of insulin 
receptors in the olfactory bulb makes insulin interest-
ing for the nose-to-brain pathway. Nowadays, there are 
great expectations regarding the use of intranasal insu-
lin in the treatment of cognitive disorders, not only in 
DM, but also in conditions related to the aging process, 
including Alzheimer’s disease.

Further analysis of the results contained in Table 1, 
leads to the conclusion that age of diabetic subjects is 
another risk factor for cognitive disorders. It should be 
noticed that the average age of subjects was increasing 
in subsequent groups IA-IC and differences between 
the subgroups were statistically significant (p<0.001). 
Members of subgroup IC were the oldest ones, with 
the mean age of 50.2 ± 1.54 years. Yet, this is not the 
age of intensified dementia processes related to aging. 
Nevertheless, poor glycaemia control and the presence 
of additional aggravating factors, such as depression 
or DM mean duration may cause mutual interactions 
leading to premature cognitive impairment. There-
fore, the cognitive function impairment increasing in 
subsequent groups should be considered as a resultant 

of all the risk factors, including the average age of the 
subjects. The other risk factor is obesity, thus physi-
cal activity markedly improved the patient’s condition 
and reduced body fat. After weight loss DM patients 
showed better diabetes control and decrease in insulin 
resistance (Szabó et al 2009). According to Awad et al. 
(2004), type 2 DM with optimal glycaemic control has 
little influence on cognitive functions in subjects below 
70 years of age. However, in older subjects (of 70 years 
or more), diabetes-related metabolic disorders are asso-
ciated with other dementia processes, such as vascular 
disease and Alzheimer’s disease, which may result in 
acceleration of cognitive disorders.

In order to emphasize the role of type 2 DM in devel-
opment of cognitive disorders, a comparison of coor-
dination skills between group I and III was performed. 
Subjects from group III constituted a specific reference 
group, since none of them was diagnosed with DM, 
whereas all of them were diagnosed with depression 
(Table 2) and significant decrease (p<0.001) in coor-
dination skills as compared to group II. According to 
BDI scores, the group III was divided into subgroups 
IIIA and IIIB, equivalent to subgroups IB and IC. The 
comparison of subgroups IB and IIIA (Fig. 1) shows 
that despite a similar BDI value amounting to 16.8 ± 
0.92 scores (IB) and 16.2 ± 1.03 scores (IIIA), coordina-
tion skills results were significantly higher (p<0.001) in 
subgroup IIIA than in subgroup IB. Similar conclusions 
were arrived at after comparing subgroups IC and IIIB 
(Fig. 2), where coordination skills were significantly 
higher (p<0.001) in subgroup IIIB than IC. The BDI 
values did not reveal significant differences between 
these subgroups and were 27.2 ± 1.56 scores (IC) and 
27.8 ± 1.82 scores (IIIB). It should also be noticed 
that only the coordination skills results obtained in 
subgroup IC were below 55%, which means that were 
within the range of unsatisfactory values (Fig. 2). The 
comparisons shown on both figures clearly show the 
association between metabolic disorders in type 2 DM 
and intensification of cognitive disorders.

Authors of this paper emphasized often the impor-
tance of correctly conducted glycaemic control. How-
ever, they would like to add that a very intense therapy 
may also be dangerous, since hypoglycaemia may have 
consequences that are similarly dangerous to those 
resulting from hyperglycaemia. Intensive therapy can 
prevent or delay the development of long-term com-
plications associated with DM, but hypoglycaemia also 
resulting in cognitive failure. Hypoglycaemia that may 
preferentially harm neurons in the hippocampus, is a 
potential danger for the brain cognitive function (Akyol 
et al 2003).

The results presented in this paper clearly show that 
concurrence of type 2 DM and depression may cause 
mutual interactions leading to premature cognitive 
impairment that are more intense than in these two 
conditions occurring separately. On the other hand, the 
method proposed by the authors is simple, cheap and 
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easily available, so it may serve as a screening exami-
nation in early diagnosis of CNS disorders, which are 
reflected in somatosensoric cognitive disorders. This 
work indicate also importance of sensomotoric skills 
investigation for the early diagnosis of the nervous 
system damage related to DM.

Emotive disorders, like depression, may have an 
influence on development and progress of a somatic 
diseases through increased insulin resistance, glucone-
ogenesis, increased level of proinflammatory cytokines 
(IL-1 and TNF-α) and activation of pituitary-adrenal 
axis with the sympathetic nervous system. On the other 
hand, stress induced by hyperglycaemia causes a fur-
ther increase in proinflammatory cytokines and stress 
hormone, thus contributing to a negative effect on 
the progress of the primary diseases and on the qual-
ity of mental functions, including cognitive functions 
(Dungan et al 2009; Baranowska-Bik et al 2009).

In conclusion, it should be emphasised that human 
being constitutes psychosomatic unity. This fact must 
never be neglected in any diagnostic and therapeutic 
activities.
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