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Abstract 

Background: Both depressive disorders and nicotine use are proven and important risk factors of dementia. The 
purpose of this study was to verify if cigarette smoking and depression symptoms together are disadvantageous 
for the prognosis in mild cognitive impairment.  Material and methods: A total of 43 patients with a diagnosis 
of mild cognitive impairment were included in the study. ADAS-Cog was performed upon inclusion in the study 
and again at least 2 years later. Additionally, patients with ≥18 points in MADRS were qualified as depressive. 
The Fagerström scale for nicotine dependence was administered to smokers. Results: Our study shows a relation 
between severity of depressive symptoms and further deterioration of cognitive functions according to ADAS-

-cog scale. Regression analysis revealed that smoking associated with severity of depressive disorders is also 
correlated with the progression of cognitive impairment. Conclusions: The results of our study are based on 
a small number of subjects and should be regarded as early findings. Moreover, nicotine dependency should not 
be regarded as an isolated factor affecting mood disorders and cognitive impairment progression. Further stu-
dies on larger groups of patients and using more sensitive methods of cognitive function assessment are needed.
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Introduction 

Tobacco smoking is a very common habit and con-
cerns all age groups [1]. Unfortunately, it is also an im-
portant health problem among the elderly [2]. Negati-
ve health impact of nicotine use, as well as its positive, 
though transient, effect on concentration after a one-

-time exposure to nicotine have been known for many 
years [3]. On the other hand, relatively little has been 
known on neurobiological effects of chronic smoking, 
but the number of studies pointing at a negative im-
pact of tobacco use on numerous aspects of cognitive 
functioning has significantly increased during the last 
years. This influence has been observed in all ages 
and seems to apply to information processing speed 
and memory functioning at the most [4]. The pro-
blems mentioned above can be amplified by deficits 
which appear as early as in the middle age, e.g. those 
concerning verbal information memorizing, opera-
tional memory, executive functions, the speed of co-
gnitive processes, as well as globally worse results in 
cognition tests [5-8].

Cognitive deterioration related to chronic smo-
king is based on brain atrophy which advances faster 
than in non-smokers [9]. Acceleration of degenera-
tive process is visible in brain neuroimaging [10-11]. 
Taking the above into consideration, smoking can be 
regarded as an important risk factor of dementia. This 
suggestion is confirmed mainly by longitudinal studies 
aiming at identification of dementia risk factors [12]. 

Smoking has been associated with a number of 
psychiatric disorders for a long time now [13-14]. 
The pathogenesis and course of depressive disorders 
show a certain correlation with tobacco use [15-16]. 
Relation between smoking and depression is sup-
posed to apply to various aspects of the disease. Al-
though the influence of nicotine dependence on the 
development of depression is not usually confirmed, 
the impact of smoking on intensity of symptoms is 
much underlined [17]. This includes the correlation 
between severity of depression and the amount of ci-
garettes smoked [15]. Such studies pay little attention 
to the assessment of cognitive functions. Some data 
suggest the association between smoking and depres-
sion may be limited to certain symptoms [18].

Mood disorders also tend to have a significant 
impact on cognition [19]. One may expect, that this 
influence may increase with coexistent neurobiolo-
gic cause, such as cognitive deterioration associated 
with ageing [20]. Mood disorders, especially depres-
sion, are considered a well-known risk factor for de-
mentia mainly, because they precede its appearance 
relatively often [21]. However, there is also a reverse 
correlation. Alzheimer or vascular type histochemical 

alterations of the brain are known to conduce depres-
sive disorders [22].

Mild cognitive impairment (MCI) is another factor 
which increases the risk of faster neurocognitive deterio-
ration [23-24]. Despite the progress in research on MCI, 
there is still controversy regarding the diagnosis, its cri-
teria, range and particularly prognosis. Estimation of co-
gnitive deterioration risk factors, as it is based on availa-
ble data, shows that patients with a diagnosis of MCI who 
are smokers and show concurrent depressive symptoms 
are more susceptible to the development of dementia.

The purpose of this study was to verify the hypo-
thesis stating that cigarette smoking and depression 
symptoms together are disadvantageous for the pro-
gnosis of mild cognitive impairment.

Materials and methods

We recruited the study cohort from among the pa-
tients of a single psychiatric outpatient clinic during six 
consecutive months. 

Inclusion criteria for the study:

•   informed consent,
•   age above 65 years,
•   score of 3 (mild cognitive decline) in Global 
     Deterioration Scale (GDS) [25],
•   Mini Mental State Examination (MMSE) score of 24 
     or more [26].

Exclusion criteria for the study:

•   diagnosis of dementia regardless of etiology,
•   MMSE score below 24,
•   Hachinski Ischaemic Scale score 4 or more [27], 
•   any of the following diseases present at the time of 
     the study or reported by the patient: bipolar 
     disorder, schizophrenia, alcohol dependency, drug 
     or psychoactive substances dependency, epilepsy,
     Parkinson’s disease, mental retardation, 
     consciousness impairment,
•   musculoskeletal, auditory or visual impairment 
     during examination which could influence 
     following the directions and procedures in 
     applied clinical scales,
•   other serious somatic diseases, particularly in 
     decompensation.

The Alzheimer’s Disease Assessment Scale – co-
gnitive subscale (ADAS-cog) and Montgomery-Asberg 
Depression Rating Scale (MADRS) were performed at 
inclusion [28-29]. MADRS score of ≥18 qualified the 



participant to the group of patients with depressive 
symptoms. The second assessment with ADAS-cog 
has been repeated after at least two years.

Additionally, to estimate the intensity of tobacco 
smoking, detailed history was taken from the partici-
pant  and, if possible, that information was verified by a 
relative. Specifically, we sought to determine how long 
the participant has been smoking (in years) and the 
average amount of cigarettes smoked per day. We qu-
alified the participant as a smoker, if during lifetime he 
smoked for a period of one year continuously every day, 
regardless of the number of cigarettes smoked. The 
participants who were actively smoking also perfor-
med the Fagerström Test for Nicotine Dependence [30].

Results were collected on Microsoft Excel 2010 
(Microsoft, Redmond, USA). Statistical analysis was 
performed on Statistica 12.0 (StatSoft Inc./Dell So-
ftware, Round Rock, USA). Obtained data was verified 
statistically by parametric tests (t for two indepen-
dent means). The predetermined significance level 
(p value) was 0,05 for all applied statistical tests. Test 
results for which significance level was ≤ 0,05 were 
deemed as statistically significant. Two-sided con-
fidence interval was adopted. Multivariate multiple 
regression was used for further analysis of variables.

Results

Of the initial 1567 patients we screened, 43 were fi-
nally included in the study. The ADAS-cog scale was re-
peated after 24-48 months in 26 participants. The most 
frequent reason for not administering the scale again 
was losing contact with participants due to their failure 
to attend an appointment at the clinic. Sixteen of those 
participants were qualified as smokers (9 of them as past 
smokers and 7 as active smokers) and 10 as non-smokers.

For the purpose of the study, only data gathered 
from participants examined with ADAS-cog scale twice 
was analyzed (n = 26) (see Graph 1). Our results, de-
spite being based on a small number of participants, 
show a correlation of depressive symptoms (as an 
overall MADRS score) and further cognitive decline ac-
cording to ADAS-cog (see Table 1). There is no proven 
correlation regarding second of the analyzed factors, 
smoking. Although comparing past or active smokers 
with participants who have never smoked seems to 
show a tendency, it is not statistically relevant (t = 

-1,42) (see Graph 2). Detailed comparisons  with re-
gards to smoking status (past, current and non-smo-
kers) are available in supplementary tables: https://
ejtcm.gumed.edu.pl/files/61. 
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Graph 1. Characteristics of the participants

Note: Years smoked, cigarettes smoked and Fagerstrom score apply to smokers only (N = 16)

ADAS – Alzheimer’s Disease Assessment Scale – cognitive subscale (ADAS-cog); 

MMSE – Mini-Mental State Examination; MADRS – Montgomery-Asberg Depression Rating Scale
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Mean
MADRS 
< 18pts
(N = 17)

Mean
MADRS
 ≥ 18pts
(N = 9)

T df P

AGE 75,35 79,55 -0,94 24 0,37

MMSE 25,82 24,33 3,91 24 0,00

ADAS – FIRST EXAMINATION 6,59 8,89 -2,93 24 0,00

ADAS – FINAL EXAMINATION 7,65 13,33 -4,21 24 0,00

Difference in ADAS scale scores
(FIRST EXAMINATION 

– FINAL EXAMINATION)
1,12 4,55 -2,98 24 0,01

MADRS SCORE 6,12 21,55 -9,78 24 0,00

Table 1. Comparison of subjects with the 

Montgomery-Asberg Depression Rating Scale 

(MADRS) scores of < 18 and ≥ 18 points

Difference in ADAS scores between first and final examination calculated in points. ADAS – Alzheimer’s Disease Assessment Scale – 

cognitive subscale (ADAS-cog); df – degrees of freedom; MARDS -Montgomery-Asberg Depression Rating Scale; MMSE – Mini-Mental 

State Examination; N – number of subjects; P – statistical significance; T – random variable
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Graph 2. Comparison of non-smokers with smokers (present and past)

Difference in ADAS scale scores between first and final examination calculated in points.  P > 0,05 for all results. ADAS – Alzheimer’s 

Disease Assessment Scale – cognitive subscale (ADAS-cog); MADRS – Montgomery-Asberg Depression Rating Scale; MMSE – Mini-Men-

tal State Examination; N – number of subjects



Regression analysis shows a relation between 
smoking in combination with the severity of depres-
sive disorders and cognitive impairment progression 
(see Table 2).

Independent 
variables

Beta 
coefficient

MADRS SCORE 0,777

YEARS SMOKED -0,09

CIGARETTES SMOKED 0,49

Multiple R = 0,81991809

F = 8,205008

SD: 2,248654

T(12) = 1,3065

P =  0,2159

Table 2. Multiple regression analysis (dependent variable of ADAS-

-cog scale difference in points between baseline score and upon 

follow-up 2 years later)

MADRS – Montgomery-Asberg Depression Rating Scale; N – num-

ber of subjects; P – statistical significance; SD – standard deviation; 

T – random variable

Discussion

A variety of data implies that both smoking and de-
pressive disorders show a certain correlation with the 
rate of cognitive decline [31-32] . It is still a matter 
of discussion whether these can be viewed as separa-
te factors or if their mutual influences modulate the 
intensity of impact. Some observations on codepen-
dence of cigarette smoking and mood disorders seem 
to suggest the latter [15, 17]. On the other hand, the-
re are multiple factors behind nicotine dependence or 
depression, such as some personality predispositions, 
which in turn can be an outcome of mechanisms as-
sociated with neurobiological conditioning of cogniti-
ve disorders progress.

It is a fact that both mood disorders and smoking 
do not always show a correlation with cognitive decli-
ne. A symptomatic example is proven lack of influence 
of smoking in patients with ApoE 4 [33-34]. Although 
one may expect that an accumulation of a so-called 
strong risk factor (e.g. ApoE 4) with a potential risk 
factor (e.g. cigarette smoking) may increase the effect 
of the latter, this is not the case.

The relation of depression and cognitive functions 
deterioration has caught a lot of attention, but the 
mechanism is still not known. One of the hypotheses 
assumes that depression induces chronic stress dysre-
gulation, which may lead to hippocampal structures 
damage [35-36]. A major problem in evaluating this 
occurrence is a great difficulty in differentiating early 
stages of dementia, which often manifest themselves 
as mood worsening and other depressive symptoms 
[37]. This does not diminish the meaning of depres-
sion as a risk factor, it may however draw doubt when 
attempting to establish its role in the pathogenesis of 
the process. It seems that both disorders (depression 
and dementia) are a result of the same neurobiologi-
cal process.

A basis for assessing mood disorders in the exa-
mined group was MADRS, which is probably the most 
commonly used depression scale, instead of the dia-
gnosis of depression according to the classification 
criteria. This decision was made taking into conside-
ration fact, that depression in elderly patients, espe-
cially when coexistent with cognitive disorders, tend 
to have atypical clinical picture, not compliant with 
diagnostic criteria. Consequently, ascertaining de-
pressive symptoms is far more often than asserting 
depressive episode [38]. 

The concept of ‘cigarette smoking’ is somewhat 
imprecise. One needs to realize that cigarette smo-
ke contains around 4000 components, each of them 
being possibly directly or indirectly harmful to brain 
functions [39]. Their meaning can differ greatly with 
regard to many factors including way of smoking, its 
intensity, period of smoking, age of smoker. Further-
more, particular products from different manufac-
turers cannot always be compared. Despite the fact 
that contemporary studies point to an indisputable 
toxicity of smoking to neurobiological functions and, 
as a result, to cognition,  its mechanism remains in 
the area of imprecise hypotheses.

Possible mechanisms include direct cytotoxic in-
fluence of substances emitted during the process of 
smoking [40] or possible impact on cognition by gene-
rating vascular processes [41] which play a significant 
role in pathogenesis of dementia – Alzheimer’s type 
or other [42-43]. Moreover people who are not nicoti-
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ne dependent develop a short effect of increasing the 
number of nicotine receptors and transient improve-
ment in certain aspects of attention. At the same time 
smoking greatly increases oxidative stress which is 
another important pathogenesis factor, especially in 
Alzheimer’s disease [44-45]. There are various more 
potential mechanisms of action of substances emitted 
during smoking. Those that may be worth mentioning 
are indirect mechanisms such as a variety of adverse 
metabolic effects which have a doubtless influence 
on cerebral processes [46-47]. Some data show that 
cessation of smoking at a certain point during lifetime 
does not unfortunately neutralize the potentially har-
mful impact on cognition in old age [48-49].

Results of our study point to this at some extent. 
Although the very fact of smoking has not been con-
firmed as a statistically relevant factor of cognitive 
impairment progression, the application of regression 
analysis shows that such a relation exists in combina-
tion with the severity of depressive disorders (MADRS).

Taking into account the number of participants, 
our results should be regarded as early findings, which 
requires confirmation in the future. The validity of re-
sults is also limited by the sensitivity of scale used to 
assess cognitive functions – ADAS-cog. One may have 
doubts whether it is a precise enough tool in MCI, 
where the impairment is, by definition, insignificant. 
Further studies should be based on more sensitive 
methods of cognitive functions examination. Eventu-
ally, the estimation of smoking habits was in a large 
part imprecise, which must have had an impact on our 

results. Moreover it should be considered, that obta-
ined results could be influenced by recall bias related 
to imprecise collection of this data after so many years 
and not always from the patient himself.

Conclusions

Results, despite being based on a small number of 
participants, show a relation of depressive symptoms 
(as an overall MADRS score) to further cognitive decli-
ne according to ADAS-cog. With regard to the number 
of participants, a detailed analysis of particular MA-
DRS items has been abandoned, yet earlier studies 
imply that a relation here may also exist [38].

There is no proven relation regarding second of 
the analyzed factors, smoking. Although comparing 
participants who have never smoked with past or cur-
rent smokers seems to show a tendency to be statisti-
cally relevant (t = -1,42). Taking into consideration the 
postulated complexity of the impact smoking has on 
cognitive functions, it comes to no surprise that any 
possible relation would be relatively vague. Regres-
sion analysis shows a correlation between smoking in 
combination with the severity of depressive disorders 
and cognitive impairment progression.
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