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ABSTRACT
Hormone parameters were determined in the serum of young addicted men in order to compare them with those obtained
from the group of healthy subjects. Three groups were investigated which were named opiates, mixed and control group.
Statistical and data mining methods were applied to obtain significant differences. R package was used for all computation.
The determination of hormones parameters provide important information relative to impact of addiction.
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1. INTRODUCTION
Addiction is a serious social problem and has destructive influence on health and quality of living of an inflicted person.
Determinants of addictive disease may be such factors as genetic predisposition, brain reward mechanisms, socio-cultural
context and psychological profile. Consequences of drug dependence are social, biological and psychological, and almost
always interact. Addiction is large problem for society, cost of health care and social implication are difficult to measure.
Highly addictive drugs are noticed1 to decrease cell growth and division. They are also well known to be associated with
physical disorders. The hormone system of drug dependent individuals is dysfunctional and hyper-stimulated.

Opioids such as morphine or methadone are also useful. The analgesic efficacy of opioids in neuropathic pain is
undoubted. But in recent clinical studies prolonged opioids treatment2, 3 were reported to cause a strong hormonal and
immune changes. So one of fundamental principles of pain management is appropriate dosing without side effects, because
hormonal effects are most likely to occur in patients who receive high doses of opioids in long period of time.

The differences observed in other metabolic biomarkers are also interest. Considerable research and community at-
tention was made. Chemical addiction is shown to accelerate ageing1 and have developmental implications.4 Pharma-
cogenomics research5 showed that opiates addiction is in large degree genetically transmitted and genetic risk factors are
separated from other drugs of abuse. Neurochemical mechanisms of opioid reward was also investigated.6 Other study7

showed effect of sport activity reversing hyperinsulinemia in the ex-addicts. Numerous studies8–10 are based on animal
models since they well imitate addiction in humans. Some investigations11 inspired by studies on rodents revealed un-
known effects in humans. In Ref. 12 depression was associated with high cortisol concentration, but this association was
evident in women. People’s beliefs were also investigated13 and the addict is seen as a victim of society. Although such
progress further investigations are needed to achieve deeper understanding of the underlying mechanisms of addiction.

Consideration of addiction impact on hormone profile is the scope of the present investigation. The association between
hormones and addiction was determined. Hormone profile was also made.
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2. MEDICAL MEASUREMENTS
The study was performed among 119 patients with a history of drug or alcohol abuse and 36 healthy volunteers recruited
from students. Inclusion criteria were the following: only young men were investigated (mean age±standard deviation:
21.7±3.2 years), clinically stable. Raw data were collected by medical equipment. Drug or alcohol abuse history and
category of addiction were self-reported by validated questionnaires. Nutrition consumption was monitored by 24-hours
dietary intake common questionnaire. List of food, snacks and drink was included. For the dietary habits assessment
self-reported qualitative food frequency questionnaire was used.All studies were consistent with good clinical practice.14

3. DATA RETRIEVAL METHODOLOGY
Statistical analysis and data-mining were performed using R framework.15 Some data, such outliers, was excluded from
the analysis. The Kruskal-Wallis rank sum16 test was used to compare the mean differences between measured hormones
levels. It is a non-parametric test used when normality assumptions aren’t satisfied and the analysis of variance can’t be
applied.

After statistic methods data-ming technics were applied. We used dendrograms to obtain number of means and clus-
tering16 to investigate hormone profile. In general, a grouping is method to show similar objects near in features space.
This space can be visualized in two dimensions after scaling based e.g. on principle component analysis (PCA), which
transform real dimensions to artificial ones, where first ones have the most correlations within and the rest of dimensions
may be omitted with small resulting errors.

4. DATA RETRIEVAL RESULTS
During measurements sets were obtained from three groups, which were named a control (healthy volunteers) and two test
groups (opiates and mixed). The test group mixed was consisted of 66 patients, the test group opiates contain 53 patients
and the test one of healthy young student staff 36 people. In some calculation some data were removed due to missing
values of hormone levels.

4.1 Statistical analysis
Each hormone level was measured and statistical methods were applied. We visualized our result to show differences in
groups. Density plot and box-whisker plot were used to show distribution of measured variables.

4.1.1 Cortisol

The current result (Fig. 1) showed significant differences in mean values (Kruskal-Wallis chi-squared = 8.9, df = 2, p =
0.01). Reason for this result may be detoxification which is responses for hypercortisolism in males addicted to heroin
and stress-like response for alcohol and nicotine in mixed group. Other possible explanation for this effect could be
experiencing withdrawal symptoms in both addicted groups. Cortisol is quite responsive for psychological stress17 which
suggested that increased level of cortisol may by result of stressful environment. These possibilities remain to be examined,
because depend of addiction type high level of cortisol may have different pathways.17

4.1.2 Growth hormone

Small difference in growth hormone (Fig. 2) was observed between groups, but our research did not reach significance
(Kruskal-Wallis chi-squared = 0.3961, df = 2, p = 0.82). Larger studies would have more statistical power to detect such
alterations, because recent studies made by Reece1 showed difference in IGF-1 protein with production is stimulated by
growth hormone.

4.1.3 Insulin

Significant differences (Fig. 3) in insulin levels Kruskal-Wallis chi-squared = 28.4, df = 2, p < 0.001 was obtained. It is
difficult to assume whether the pharmacology of addiction itself, or poor nutrition or overdose is largely responsible for
the observed effects. It is also known that during abstention drug abusers have eating disorders.7
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Figure 1. Cortisol density plot and box plot.
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Figure 2. Growth hormone density plot and box plot.

Proc. of SPIE Vol. 7745  77450V-3



insulin

D
en

si
ty

0.00

0.02

0.04

0.06

0.08

0.10

0.12

−20 0 20 40 60 80 100

● ● ●
● ●
● ●● ● ●● ●●
●●
●●
●●● ● ●

● ●● ● ●
●●

●●
●● ●

●
●

●● ●
●● ●

●●
●● ● ●●● ●● ●

●
●●● ● ●

●
●

●
●

●● ● ●
●

●
●

●
● ● ●●

●●
● ● ●●●

●●
●

●● ●● ● ● ● ●
●●

●
● ●

●● ●
●● ●

●
●

●
●●●

●
●

●●
●● ●●● ●● ●

● ●● ●

control
mixed
opiates

insulin

control

mixed

opiates

0 20 40 60 80

●

●

●

●

● ●●

●● ●

Figure 3. Insulin density plot and box plot.
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Figure 4. Leptin density plot and box plot.
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Figure 5. Testosterone density plot and box plot.

4.1.4 Leptin

Insulin levels (Fig. 4) also differ significantly (Kruskal-Wallis chi-squared = 25.2, df = 2, p < 0.001). Decreasing leptin
association with abstinence duration was reported18, 19 what may have impact on mixed mean leptin value.

4.1.5 Testosterone

This finding (Fig. 5) is consistent with the existing literature in that opiates decrease level of testosterone (Kruskal-Wallis
chi-squared = 12.9, df = 2, p = 0.001).

4.2 Data mining
4.2.1 Hormone profile

In Fig. 6 the all hormone variable cluster dendrogram is depicted. The shorter arms the more similar hormone profile of
patients.

Based on PCA k-means clustering performed on measured hormone levels revealed that artificial clusters are connected
with addiction groups. It can be clearly seen because colors of figures are connected with addiction group. We applied
color after unsupervised learning. First group (circles Fig. 6) is dominated by mixed and opiates individuals. Second group
(triangles) contains mixed addiction persons and only one person from control group which is in great distance from them.
Third group (crosses) is composed of control group and few individuals from other two. Fourth group can be omitted
because is very small. Fifth group (rhombus) contains mixed and opiates individuals and is also small like previous one.

5. SUMMARY
The presented results has improved our understanding of how addiction acts on hormone profile. Unsupervised method
such as clustering is adequate in the case of hormone parameters and detect interesting groups in this data set. Statistical
methods and graphics visualization has shown implication of addiction on measured hormones levels.

Further clinical based investigation of the dynamic interaction between addiction and hormones levels can improve
clinical management of addicted part of population and opiates based treatment in chronic pain.
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Figure 6. Results obtained for clustering.
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