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Until recently tuberculosis mortality and the suicide rates in Russia were among the 
highest in the world. Tuberculosis and suicide belong to the medico-social problems and the-
se epidemiological parameters are often considered indicators of psychosocial distress. 
There are theoretical premises and empirical evidence which suggest the positive relation-
ship between suicide and tuberculosis mortality at individual and population levels. Aim. 
The aim of the present study was to find out a link between the epidemiological parameters 
of tuberculosis and the suicide rates in Russia. Materials and Methods. Trends in tuberculo-
sis incidence/mortality and the suicide rates from 1980 to 2015 were analyzed using a time 
series analysis in order to asses bivariate relationship between the time series. Results. The 
results of analysis indicate the presence of a statistically significant association between tu-
berculosis mortality and suicide rates for men at lag zero (r=0.71: SE=0.169). The associa-
tion between tuberculosis mortality and suicide rates for women was also positive, but statis-
tically not significant (r=0.26: SE=0.169). Conclusions. The results of this study suggest posi-
tive aggregate-level relationship between tuberculosis mortality and suicide rates in men. 
This study indirectly supports the hypothesis that tuberculosis mortality can be considered 
an indicator of psychosocial distress.  
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Until recently, Russia has been among 
the countries with the highest level of tuber-
culosis mortality rates and suicide. Tubercu-
losis was one of the so-called social diseases, 
therefore the epidemiological parameters of 
tuberculosis are often used as an indicator of 
social well-being in the country. The role of 
socio-economic factors in the spread of tuber-
culosis is well illustrated by the number of 
bacterial dischargers per 100 000 of popula-
tion in the countries with different levels of 
development and state of the economy: the 
USA and Canada – 7, Europe – 24, Latin 
America – 80, Asia – 110, Africa – 165. In 
one study it was shown that the risk factors 
for death from tuberculosis in the Urals, 
which is one of the most unfavorable regions 

of Russia, are unemployment, low level of 
incomes, unfavorable living conditions, un-
balanced diet. In the Kaluga region, the risk 
of morbidity and mortality of the population 
from tuberculosis increases with a decreasing 
able-bodied part of the population, an outflow 
of investments from the region, deterioration 
in living conditions, and a decrease in the lev-
el of employment of the population.  

At first glance, the existence of a link 
between suicide and tuberculosis mortality 
seems doubtful since suicidal behavior is a 
psychosocial phenomenon, while tuberculosis 
is an infectious disease. However, there are at 
least several possible aspects of such link at 
the individual level. First, there are arguments 
in favor of the psychosomatic nature of tuber-
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culosis [1]. Here, the common etio-
pathogenetic factor of suicidal behavior and 
tuberculosis may be psychosocial distress ac-
companied by a decrease in the immunity, in 
general resistance of the organism which in-
creases the risk of tuberculosis [1]. Besides, 
an important aspect of existence of relation-
ship between the suicidal behavior and tuber-
culosis is a suicidal behavior of patients with 
tuberculosis. One of common mental disor-
ders in patients with tuberculosis is depres-
sion, which increases the risk of suicide. In 
the literature, there are also reports of an in-
creased risk of suicidal behavior against the 
background intake of antituberculous drugs. 
In general, the mortality rate of tuberculosis 
patients from external causes: injuries, alco-
hol poisoning, murders and suicides, is 4 
times higher than in the common population.  

In a number of previous studies an at-
tempt was made to identify the relationship 
between suicide and tuberculosis mortality at 
the population level. In one of them it was 
shown that between 1990 and 1995 in 15 
countries of Eastern Europe the suicide rate 
was positively correlated with the death rate 
from tuberculosis (r = 0.58, P <0.05), while in 
17 of Western Europe countries there is no 
such correlation [2]. At the same time, the lev-
el of both types of mortality was significantly 
higher in countries of Eastern Europe. Based 
on these data a hypothesis was proposed  
according to which the level of tuberculosis 
mortality along with the level of suicide may 
be an indicator of the socio-economic crisis. In 
a later study a close relationship was shown 
between trends in suicide rates and tuberculo-
sis mortality in the late 1980 s and early 1990 s 
in Belarus, which confirms the important role 
of psychosocial distress caused by the socio-
economic crisis in the etiology of suicide and 
mortality from tuberculosis. It was also  
suggested that the level of suicide is a more 
sensitive indicator of psychosocial distress 
than the death rate from tuberculosis due to the 
latency of tuberculosis.  

The purpose of this study was an at-
tempt to identify the relationship between su-
icide and tuberculosis mortality at the popula-
tion level in Russia. For this purpose, a com-
parative analysis of the dynamics of the level 

of gender coefficients of suicides and of tu-
berculosis mortality in Russia was carried out 
between 1980 and 2015.  

Materials and Methods 
Sex-related mortality rates for suicides 

and deaths from tuberculosis for the period 
from 1980 to 2015 (according to Rosstat) were 
used in the study. The death rate from tubercu-
losis is one of the most informative and reliable 
indicators since it is least susceptible to distor-
tions and reflects the epidemic situation with a 
higher extent of reliability [2].  

To examine the relationship between 
the variables throughout the studied period a 
time series analysis was performed using the 
statistical package “Statistica 10. StatSoft.” 
Bivariate correlations between the raw data 
from two time series can often be spurious 
due to common sources in the trends and due 
to autocorrelation [3]. One way to reduce the 
risk of obtaining a spurious relationship be-
tween two variables that have common trends 
is to remove these trends by means of a 
‘differenciation’ procedure, as expressed in 
the formula: xt = xt – xt-1  

This means that the annual changes ‘ ’ 
in variable ‘X’ are analyzed rather than raw 
data. The process whereby systematic varia-
tion within a time series is eliminated before 
the examination of potential causal relation-
ships is referred to as ‘prewhitening’. This is 
subsequently followed by inspection of the 
cross-correlation function in order to estimate 
the association between the two prewhitened 
time series. It was Box and Jenkins who first 
proposed this particular method for undertak-
ing a time series analysis that is commonly 
referred to as ARIMA (autoregressive inte-
grated moving average) modeling.  

In this work, both methods were used to 
remove the trend. After the initial series were 
approximated to the stationary one, its model 
was selected. The model was considered 
matched if the residual component of the series 
was a process of "white noise" type. The next 
stage involves investigating the cross-correlation 
function between two "whitened" series.  

Results and Discussion 
During the studied period, the level of 

suicide among men and women significantly 
fluctuated (Fig. 1-2). 
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Fig. 1. Dynamics of death rates from suicide and tuberculosis among men 

 
 

 
 

Fig. 2. Dynamics of death rates from suicide and tuberculosis among women 
 
The level of suicides among men signifi-

cantly declined between 1984 and 1986, sharply 
increased between 1991 and 1994, again de-
clined from 1994 to 1998, then again increased 
between 1998 and 2002, after which began to 
decline. The dynamics of this parameter among 
women largely repeated the pattern of suicides 
among men, with the exception of some differ-
ences. In particular, the level of suicides among 
women grew up to 1995, after which it began to 
decline, demonstrating an insignificant surge in 
1999 against this background.  

The death rate from tuberculosis among 
men, as well as the level of suicides, declined 
significantly between 1984 and 1986, then 
increased sharply between 1991 and 1996, 
declined between 1996 and 1998, again grew 
during the period from 1998 to 2003, and then 
began to decline. The dynamics of the death 
rate from tuberculosis among women demon-
strated a slightly different pattern. This pa-
rameter declined until 1991, then sharply in-
creased in the period from 1991 to 2005, after 
which began to decline again.  
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The average gender gradient of the 
suicide rate for the entire period under review 
was 7.4, with the minimum of 4.4 in 2015 and 
maximum of 10.4 in 1996. The average gender 
gradient of the death rate from tuberculosis over 
the entire period under review was 5.6 with the 
minimum of 3.9 in 1986 and maximum of 6.7 

in 2001. The graphical data presented in Fig. 3 
indicate that the dynamics of the gender 
gradient of suicide rates and the level of 
tuberculosis mortality were quite similar. Both 
gender gradients declined substantially in the 
mid-1980 s, rose sharply in the 1990 s, and then  
began to decline. 

 

 
Fig. 3. Dynamics of death rates from suicide and tuberculosis in the population 

 
A comparative analysis of the dynamics 

of suicide rates and the tuberculosis mortality 
rate testifies to the similarity of the trends in 
mortality among men and the significant dif-
ferences in the trends of mortality among 
women. In particular, the dynamics of suicide 
rates and the death rate from tuberculosis 
among women showed an opposite trend in 
the period from 1997 to 2005.  

The results of the Spearman correlation 
analysis revealed a positive statistically sig-
nificant relationship between the suicide rate 
and the tuberculosis death rate among men 
(r=0.56, p<0.001), while the correlation be-
tween the level of these parameters in women 
is negative (r = - 0.50; p<0.002).  

Visual analysis of graphical data (Fig. 
1-2) indicates that the time series under study 
are not stationary, since they have a pro-
nounced trend. Trying to remove the trend by 
the method of least squares did not allow us 
to bring the time series to a stationary view. 
Therefore, the next step was removal of the 
nonstationary component by the differentia-
tion method. After removing the deterministic 
component, the relationship between the time 

series was evaluated. Cross-correlation analy-
sis of the converted time series showed that 
between the dynamics of the suicide rate and 
the tuberculosis mortality among men there 
was a statistically significant relationship at 
the zero lag (r=0.71: SE=0.169). The relation-
ship between the level of these parameters in 
women was also positive, although it was not 
statistically significant (r=0.26: SE=0.169).  

The existence of a positive link between 
suicide trends and tuberculosis mortality 
among men is consistent with the previous 
studies and indirectly supports the hypothesis 
that tuberculosis mortality is an indicator of 
psychosocial distress. However, the obtained 
data allow to consider this conclusion to be 
valid only for male mortality.  

It is obvious that the psychosocial dis-
tress caused by the socio-economic crisis and 
a sharp drop in the living standard of the pop-
ulation was an important determinant of 
growing suicide rates and tuberculosis mortal-
ity in the early 1990s. This is especially true 
for men, as they are more susceptible to the 
negative impact of socio-economic shocks. 
Given this fact, it can be assumed that the 
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psychosocial distress associated with the 1998 
banking crisis caused another spike in suicide 
rates and tuberculosis mortality in subsequent 
years [4]. Some contrast to the previous 
events was a lack of suicide and death rates 
from tuberculosis in response to the 2008 
economic crisis. Apparently, this crisis, un-
like previous ones, did not produce such a 
significant negative impact on the living 
standard of the population. Presumptive rea-
sons for reducing the mortality rate from tu-
berculosis in the coming years are: stabiliza-
tion of the socio-economic situation and im-
provement of the living standards of the 
population, improvement of health financing, 
and improvement of the quality of tuberculo-
sis care for the population [5,6].  

In most countries of the world there is a 
significant gender gradient of the tuberculosis 
mortality rate, which varies considerably. On 
average, the death rate from tuberculosis 
among men is twice that of women. The 
causes of the gender gradient of the mortality 
rate from tuberculosis remain not fully under-
stood. For the purpose of their explanation, a 
number of hypotheses have been proposed, 
the most famous of which are behavioral and 
biological ones. From the point of view of the 
behavioral hypothesis, men are more subject 
to the risk of infection, because they have 
more social contacts. Besides, among men, 
behavior that carries a high risk for health, 
such as smoking and alcohol abuse, is more 
common. One study showed that smoking 
accounts for 33% of gender differences in the 
prevalence of tuberculosis. The biological 
hypothesis explains the gradient of the death 
rate from tuberculosis by genetically pro-
grammed immunity characteristics, which 
provide different resistance to infection. Im-
portant factors in the gender gradient are 
women's greater access to medical care, as 
well as their higher complaince to treatment.  

The dynamics of the gender gradient of 
the tuberculosis mortality rate in Russia 
demonstrated a pattern that correlates with the 
level of psychosocial distress: this indicator 
grew during the period of high level of dis-
tress (the first half of the 1990s), and then be-
gan to decline against the background de-
crease in socio-economic tensions. Given the 

available data in favor of the psychosomatic 
etiology of tuberculosis, and the fact that men 
are more sensitive to the negative effects of 
psychosocial distress, it can be assumed that 
psychosocial distress is one of the factors of 
the high gender gradient of the level of tuber-
culosis mortality in Russia.  

Since the phenomena we are studying 
are relatively independent of each other, we 
are talking about coinciding trends, formed 
under the influence of some general unac-
counted factors. One of these potential factors 
is alcohol. The specific weight of the alcohol 
factor in the structure of suicides in Russia 
varies from 45 to 59% according to different 
estimates [7-11]. With regard to the contribu-
tion of alcohol to the death rate from tubercu-
losis, in a recent study using Russian data, the 
alcoholic fraction in the structure of this type 
of mortality was estimated at 35.4% for men 
and 32.0% for women [9]. The influence of 
the alcohol factor on suicide rates and mortal-
ity from tuberculosis was clearly manifested 
during the period of the anti-alcohol cam-
paign of 1985-1988, which is the most fa-
mous experiment in the field of alcohol policy 
[12]. A sharp reduction in the availability of 
alcohol during this period was accompanied 
by a significant reduction in the level of sui-
cide, as well as the tuberculosis death rate.  

It should be also noted that reduction in 
the quality of the data of the post-Soviet peri-
od was a limitation to this study. A number of 
researchers indicate that due to the social sig-
nificance of certain types of mortality from 
external causes, including suicide, certain 
manipulations with mortality statistics take 
place. The problem of data quality concerns 
the epidemic parameters of tuberculosis [4]. 
The reliability of data of the mortality rate 
from tuberculosis depends on the quality of 
diagnosis of the causes of death of tuberculo-
sis patients from tuberculosis and concomi-
tant diseases. Some researchers note that 
when filling out medical certificates of death, 
many errors are allowed, which distort the 
official statistics [2]. The quality of tubercu-
losis care to the population has a significant 
influence on the tuberculosis mortality rate. 
Such factors as inadequate financing of anti-
tuberculosis measures, reduction of popula-
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tion control surveys, destruction of the verti-
cal management of the TB service and its iso-
lation from the general treatment network 
were one of the reasons for the sharp increase 
in the tuberculosis death rate in the first half 
of the 1990s. [2,13,14].  

Conclusions 
1. The results of this study indicate the 

existence at the population level of the rela-
tionship between the level of suicide and the 
level of tuberculosis mortality among men.  

2. A hypothesis is confirmed that the 
tuberculosis death rate among men can be 

considered as an indicator of psychosocial 
distress caused by socio-economic factors.  

3. Psycho-social distress is one of the 
factors that influence the high gender gradient 
of mortality from tuberculosis in Russia.  

4. Taking into account independence of 
the studied phenomena from each other, it can 
be argued that intake of alcohol makes a signif-
icant contribution to increase in the mortality 
rates from both tuberculosis and suicide; that, in 
turn, increases the gender gradient, because use 
of alcohol is one of the socially acceptable ways 
of removal of the actual stress in men. 
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