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Amaç: Bu çalışmada farklı psikoaktif maddelerin hematolojik parametreler üzerine etkisini araştırmak amaçlanmıştır. 
Gereç ve Yöntemler: Çalışmada, 319 bağımlı ve 82 kontrol yer almıştır. Hasta grubu ruhsal bozuklukların tanısal ve istatistiksel 
el kitabı-5 kriterlerine göre belirlenmiştir. Tüm hastalar ve kontroller hematolojik parametreler açısından ve idrar toksikoloji 
parametreleri açısından test edilmiştir. Diyabet, kanser, metabolik bozukluk ve benzeri tanısı olan olgular ve kontroller çalışma dışı 
bırakılmıştır. 
Bulgular: İdrar toksikoloji sonuçları ve hematolojik parametreler arasındaki ilişki istatistiksel olarak değerlendirilmiştir. Kırmızı kan 
hücresi (RBC), ortalama korpüsküler değer (MCV), hemoglobin (HGB), hematokrit (HCT) değerleri açısından, bağımlı grubu ve kontrol 
grubu medyanları arasında istatistiksel olarak anlamlı fark bulunmuştur (p<0,05). Bu çalışmada, opiat bağımlı grup ve kontrol grubu 
arasında RBC, MCV, HGB, HCT düzeyleri açısından istatisksel anlamlı fark bulunmuştur (p<0,05). Cannabinoid bağımlılarının yer 
aldığı grupta, HGB, nötrofil (NEU)%, MCH, RDW düzeylerinde istatistiksel olarak kontrol grubuna göre farklılık görülmüştür (p<0,05). 
Benzodiazepin kullanıcıları ile kontrol grubu karşılaştırıldığında, monosit%, lenfosit%, NEU%, eozinofilik% düzeylerinde istatistiksel 
olarak anlamlı fark görülmüştür (p<0,05). Etil glucuronid grubunda ise, sadece NEU sayısında kontrol grubu ile karşılaştırıldığında 
istatistiksel anlamda fark izlenmiştir (p<0,05). 
Sonuç: Psikoaktif madde bağımlılarında, yoğun takip ve tedavi programlarına olan ihtiyacın belirlenmesinde, hematolojik 
parametreler yol gösterici olabilir.
Anahtar Kelimeler: Hematolojik parametreler, psikoaktif madde, idrar toksikoloji

Ö
Z

Background: In this study we aimed to define the effects of psychoactive substances on hematological parameters. 
Materials and Methods: Three hundred-nineteen dependents, 82 control subjects were involved in this study. Diagnostic and 
statistical manual of mental disorders-IV criteria is used to determine patient group. We obtained the complete blood count and 
toxicology parameters in all cases and controls. Study participants with additional chronic diseases are not included.
Results: Changes in hematological parameters according to the urine toxicology results were evaluated for statistical significance. 
There were statistically significant differences in red blood cell (RBC), mean corpuscular value (MCV), hemoglobin (HGB), hematocrit 
(HCT), medians between dependent group and control group (p<0.05). We found a statistically significant difference in RBC, MCV, HGB 
and HCT levels between the opium dependent group and control group (p<0.05). The difference was also significant between HGB, 
neutrophil (NEU)%, MCH, RDW levels of cannabinoid dependent group compared to control group (p<0.05). We found a statistically 
significant difference in monocyte%, lymphocyte%, NEU%, eosinophil% levels between benzodiazepine group and control group 
(p<0.05). Whereas in ethyl glucuronide group significant difference observed only in neutrophile count (p<0.05). 
Conclusion: Monitoring hematological parameters in psychoactive substance dependents can be used to confirm need for special 
treatment programs.
Keywords: Hematological parameters, psychoactive substance, urine toxicology
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Introduction

The effects of psychoactive substances on different 
neuroendocrine and physiologic functions have been 
reported (1). Many psychoactive drugs have a high addiction 
potential by usually affecting the central nervous system 
(CNS). In clinical practice psychoactive drugs also used 
for therapeutic purposes like anesthesia and analgesia to 
relieve pain (2).

The psychoactive substance abuse appears to be a world-
wide problem. Since large majority of addicts have used 
different types of psychoactive drugs concurrently defining 
the effects of only one type of substance is difficult (3).

The immunomodulatory effects of psychoactive 
substances have been demonstrated in animal and human 
studies (4,5,6). Changes in the immunologic functions of 
dependents, return to normal if withdrawal period was 
longer than 2 years (7). Previous reports on animals showed 
that not all opioids have similar immunosuppressive effects. 
Morphine can alter natural and adaptive immune functions 
but buprenorphine produces strong analgesia without 
compromising immune function (8).

It has been demonstrated that psychoactive substance 
dependence like opium can be associated with increases in 
erythrocyte sedimentation rate, white cell count, monocytes 
(MON) and platelets (9). Richards et al. (10) suggested that 
amphetamines may be related with idiopathic leukocytosis. 
This may be attributable to the unique pharmacologic, 
neuroendocrine and immunomodulatory properties of 
these substances.

Previous studies have documented the effect of different 
psychoactive drugs on many chronic diseases like; coronary 
artery disease, diabetes mellitus, thyroid disorders (11,12,13). 
Cocaine may likely to increase the risk of acute myocardial 
infarction by altering blood viscosity due to cocaine induced 
erythrocytosis and increase in Von Willebrant factor (14,15). 
Cocaine use is associated with elevated hemoglobin 
(HGB) and hematocrit (HCT) levels. Cocaine abuse induces 
constriction of blood vessels in the spleen and cause altered 
hematologic parameters. Contribution of bone marrow to 
cocaine induced erythrocytosis may be negligible due to the 
lack of reticulocytosis (16).

Urine analysis is the usually preferred method 
for monitoring psychoactive substance abuse. The 
concentrations of psychoactive substances are higher in 
urine compared to blood. The frequency of testing and 
definition of reference intervals important to determine 
psychoactive substance abuse (17).

There is not enough data in previous literature about 
effects of psychoactive drugs on hematologic parameters 
(18).

In this study we aimed to evaluate and compare, the 
effects of different psychoactive drugs on hematological 
parameters.

Material and Methods

This study was conducted at the Erenköy Mental Health 
and Neurology Training and Research Hospital. The hospital 
has an AMATEM Clinic for treatment of substance use 
disorders. In our study we evaluated retrospectively the 
data of 319 patients and 82 controls admitted to hospital. 
Diagnostic and statistical manual of mental disorders-IV 
criteria is used to determine the patient group. Hospital 
admissions for routine control with negative urine 
toxicology results and without any accompanying chronic 
disease selected as control group.

Before starting treatment first urine and blood samples 
are taken from every patient who admitted to the AMATEM 
Clinic. Study participants with additional chronic diseases like 
diabetes, cancer, metabolic disorders etc. are excluded from 
the study. In urine samples; heroin, cannabinoids, cocaine, 
benzodiazepines, opiates, buprenorphine, amphetamines, 
ecstasy and ethyl glucuronide levels determined by HITACHI 
Automatic Analyzer (hitachi high-technologies corporation, 
roche diagnostics) using an enzyme immunoassay method 
(Microgenics CEDIA, Fremont, CA, USA for urine toxicology). 
Hematological values [red blood cell (RBC), white blood 
cell (WBC), HGB, HCT, Mean corpuscular values (MCV, 
MCH, MCHC), red blood cell distribution width (RDW), 
platelets (PLT), mean platelet volume (MPV), platecrit (PCT), 
platelet distribution width (PDW), monocyte% (MON%), 
lymphocyte% (LYM%), neutrophil% (NEU%), basophile% 
(BAS%) eosinophil% (EOS%), monocyte (MON), lymohocyte 
(LYM), neutrophil (NEU), basophile (BAS) and eosinophil 
(EOS) count] were tested by Cell-Dyn 3700 Hematology 
analyzers (Abott Diagnostics).

The study was approved by the Local Ethical Committee 
of Erenköy Mental Health and Neurology Training and 
Research Hospital (no: 12/1, date: 03.02.2014).

Statistical Analysis
We used SPSS IBM 20.0 software for statistical analysis. 

We accepted a p-value less than 0.05 (p<0.05) as statistically 
significant.

Results

Totally 319 patients (312 men and 7 women) and 82 
controls (77 men and 5 women) were included in the study. 
The median age of participants of study group were 26 (23-
34) and 27.5 (22-37) years (Table 1).
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We evaluated the changes in hematologic parameters of 
the substance dependent group and control groups (Table 
2). There were statistically significant differences between 
RBC, MCV, HGB, HCT medians in the patient and control 
groups (p<0.05).

A total of 92 of the patients tested positive for only 
opium (cut-off 300 ng/mL). We compared the hematological 
parameters of opium dependent group and control groups 
(Table 3). When the data evaluated RBC, MCV, HGB and HCT 
levels of the opium dependent group was found significantly 
lower than control group (p<0.05).

We found 9 of the patients test results positive for 
only cannabinoids (cut-off 50 ng/mL). The difference was 
significant for HGB, NEU%, MCH, RDW parameters of the 
cannabinoid dependent group compared to control group 
(p>0.05).

The consumption of only benzodiazepine was detected 
in 13 of all addicts (cut-off >300 ng/mL). Compared to control 
group, benzodiazepine dependents showed significant 
differences in MON%, LYM%, NEU%, EOS% levels (p<0.05).

Positive test results for only ethyl glucuronide observed 
in 7 patients (cut-off >500 ng/mL). We found significant 
difference in only NEU count of ethyl glucuronide group 
compared to control group (p<0.05). 

Table 1. Demographic data of subjects involved in this study

Subjects
Dependent group Control group

n (%) n (%)

Gender

Male 312 (97.8) 77 (93.9)

Female 7 (2.2) 5 (6.1)

Age

<20 33 (10.3) 16 (19.5)

≥20 - <30 177 (55.5) 30 (36.6)

≥30 - <40 61 (19.1) 23 (28.0)

≥40 48 (15.0) 13 (15.9)

Age (median quartiles) 26 (23-34) 27.5 (22-37)

Table 2. Comparison of hematological parameters in dependent and control groups

Tests
Dependent group
median (quartiles)*

Control group
median (quartiles)*

p 

PLT (K/µ) 217 (256-298) 243 (216-278) 0.312

RBC (M/µL) 4.8 (4.51-5.10) 4.95 (4.70-5.20) 0.010

WBC (K/µ) 8.10 (6.8-9.4) 8.10 (6.41-9.17) 0.609

MCV (fL) 90.4 (88.3-92.8) 91.7 (89.28-94.10) 0.014

HGB (g/dL) 14.4 (13.5-15.1) 15.0 (14.20-15.53) <0.001

HCT (%) 43.2 (40.7-45.8) 45.10 (42.90-47.65) <0.001

MON% 6.7 (5.12-8.16) 6.56 (5.36-8.30) 0.996

LYM% 33.5 (26.6-39.9) 31.95 (27.35-37.23) 0.213

NEU% 55.2 (48.8-63.9) 58.20 (52.0-62.98) 0.164

BAS % 0.8 (0.5-1.05) 0.80 (0.45-1.20) 0.589

EOS% 2.3 (1.4-3.45) 1.88 (1.15-2.81) 0.088

MON (K/µ) 0.5 (0.4-0.7) 0.50 (0.34-0.70) 0.745

LYM (K/µ) 2.61 (2.0-3.2) 2.60 (2.06-2.90) 0.249

NEU (K/µ) 4.5 (3.3-5.62) 4.56 (3.49-5.32) 0.647

BAS (K/µ) 0.03 (0.10-0.10) 0.074 (0.038-0.100) 0.615

EOS (K/µ) 0.2 (0.1-0.3) 0.136 (0.100-0.201) 0.110

MCH (pg) 30.0 (28.9-31.0) 30.15 (29.3-31.3) 0.144

MCHC (g/dL) 33.2 (32.7-33.6) 33.0 (32.5-33.7) 0.215

RDW (%) 14.9 (14.2-15.7) 14.90 (14.47-15.50) 0.667

PDW (%) 17.3 (16.8-18.0) 17.50 (16.68-18.0) 0.659

MPV (%) 7.6 (6.9-8.4) 7.54 (6.99-8.46) 0.711

PCT (%) 0.200 (0.188-0.217) 0.20 (0.18-0.21) 0.168

* 25 and 75 percentiles, 
p-value less than 0.05 (p<0.05) were accepted as statistically significant, PLT: Platelets, RBC: Red blood cell, WBC: White blood cell, MCV: Mean corpuscular values, 
HGB: Hemoglobin, HCT: Hematocrit, MON: Monocyte, LYM: Lymphocyte, NEU: Neutrophil, BAS: Basophile, EOS: Eosinophil, RDW: Red blood cell distribution width, 
PDW: Platelet distribution width, PCT: Platecrit
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Since other patients test results were positive for more 
than one drug they were not included in statistical analysis. 

Discussion

Clinical studies have demonstrated that psychoactive 
substance addiction could affect immune function. Previous 
studies have shown that some psychoactive substances 
can influence the function of natural killer cells, T-cells, 
neutrophil, macrophages and affect the secretion of 
immunoregulatory cytokines (4,5,6) Stress also causes 
impairments in immune system functions (19). Psychoactive 
substance dependence is a long-lived stress condition. 
Both substance abuse and stress induced by these 
psychoactive drugs together cause the reinforcement of 
immunosuppressive effects (20). Decreased LYM numbers 
and changes in cytokine levels in psychoactive substance 
dependents would influence susceptibility to infection, 
inflammation or cancer (21). Studies have documented that 

both natural and endogenous cannabinoid compounds 
regulate resistance to bacterial, viral and protozoan 
infections (22). Increased rate of infections in addicts could 
be related with immunosuppression. Findings of previous 
studies showed that number of LYM decreased significantly 
in some opium and heroin addicts (23).

Deficits in immune function in psychoactive substance 
addicts might be due to direct effect of psychoactive 
drugs on receptors of immune cells or by a central 
mechanism through receptors in the CNS. The effects of 
some psychoactive substances on CNS could be related 
with hypothalamic-pituitary-adrenal (HPA) axis and 
sympathetic nervous system. HPA axis activation cause 
release of glucocorticoids and increase peripheral release 
of dopamine, epinephrine and norepinephrine from the 
adrenal medulla. Norepinephrine and glucocorticoids act 
as immunosuppressors by decreasing the number of LYMs 
(24,25,26). 

Table 3. Comparison of hematology parameters in all groups according to medians
Control group
(n=82)
median (quartiles)

Opiate group
(n=92)
median (quartiles)

Cannabinoid group 
(n=9)
median (quartiles)

Benzodiazepine group
(n=13)
median (quartiles)

Glucuronide group
(n=8)
median (quartiles)

PLT (K/µ) 243 (216-278) 259 (223-310) 228 (191-258) 249 (196-286) 268 (201-286)

RBC (M/µL) 4.95 (4.70-5.20) 4.8 (4.50-5.08)* 5.00 (4.85-5.25) 5.00 (4.65-5.30) 4.65 (4.05-5.10)

WBC (K/µ) 8.10 (6.41-9.17) 8.15 (7.07-9.48) 8.30 (6.20-8.65) 8.40 (7.30-9.15) 6.45 (6.23-7.63)

MCV (fL) 91.7 (89.28-94.10) 90.0 (86.52-91.78)** 95.10 (91.55-96.45) 93.20 (90.75-94.90) 94.40 (90.85-96.75)

HGB (g/dL) 15.0 (14.20-15.53) 14.4 (13.53-14.90)*** 15.90 (14.75-16.70)* 15.00 (14.35-16.45) 14.90 (13.05-15.48)

BAS % 0.80 (0.45-1.20) 0.80 (0.51-1.00) 1.10 (0.75-1.20) 0.90 (0.75-1.10) 1.05 (0.83-1.58)

MON % 6.56 (5.36-8.30) 6.75 (5.60-7.98) 8.40 (5.95-9.90) 7.30 (6.95-9.75)* 7.90 (6.80-8.95)

LYM % 31.95 (27.35-37.23) 34.00 (27.55-38.78) 39.60 (27.10-45.90) 35.20 (33.60-39.55)* 38.95 (28.48-42.13)

NEU % 58.20 (52.0-62.98) 54.95 (50.03-63.03) 45.80 (40.20-60.40)* 51.90 (49.00-54.55)** 46.50 (44.30-61.18)

MON (K/µ) 0.50 (0.34-0.70) 0.56 (0.415-0.70) 0.60 (0.50-0.85) 0.70 (0.55-0.80)** 0.50 (0.50-0.68)

LYM (K/µ) 2.60 (2.06-2.90) 2.77 (2.01-3.30) 3.00 (2.10-3.45) 2.90 (2.65-3.45)* 2.30 (2.13-2.58)

PDW (%) 17.50 (16.68-18.0) 17.30 (16.80-17.98) 18.00 (16.95-18.55) 17.70 (16.95-18.30) 17.30 (16.28-18.0)

MPV (%) 7.54 (6.99-8.46) 7.30 (6.80-8.28) 7.50 (6.80-8.10) 7.60 (6.60-8.50) 7.55 (6.13-8.75)

PCT (%) 0.20 (0.18-0.21) 0.20 (0.20-0.20) 0.20 (0.15-0.20) 0.20 (0.12-0.20) 0.20 (0.13-0.20)

MCHC (g/dL) 33.0 (32.5-33.7) 33.40 (32.90-33.90)** 33.20 (33.05-33.95) 33.30 (32.55-33.55) 33.15 (33.0-33.88)

MCH (pg) 30.15 (29.3-31.3) 30.05 (28.65-30.98) 31.70 (30.40-32.75)* 30.70 (29.95-31.25) 31.75 (29.50-32.10)

EOS % 1.88 (1.15-2.81) 2.35 (1.50-3.38) 2.90 (1.10-4.45) 3.40 (1.88-3.95)* 2.35 (1.60-4.68)

BAS (K/µ) 0.074 (0.038-0.100) 0.100 (0.047-0.100) 0.10 (0.10-0.10) 0.10 (0.10-0.10)* 0.10 (0.10-0.10)

EOS (K/µ) 0.136 (0.100-0.201) 0.200 (0.100-0.300) 0.200 (0.050-0.350) 0.300 (0.200-0.350)* 0.15 (0.10-0.28)

NEU (K/µ) 4.56 (3.49-5.32) 4.55 (3.33-5.68) 3.60 (2.55-5.05) 4.40 (3.50-5.05) 2.90 (2.50-4.65)*

RDW (%) 14.90 (14.47-15.50) 14.70 (14.00-15.58) 14.40 (13.55-14.95)* 14.80 (13.95-15.05) 14.60 (14.05-16.45)

HCT (%) 45.10 (42.90-47.65) 43.0 (40.60-44.68)*** 46.40 (44.60-50.25) 45.90 (42.85-50.05) 44.55 (39.23-45.80)

Significantly different from control group *p<0.05, **p<0.01, ***p<0.001, PLT: Platelets, RBC: Red blood cell, WBC: White blood cell, MCV: Mean corpuscular values, 
HGB: Hemoglobin, HCT: Hematocrit, MON: Monocyte, LYM: Lymphocyte, NEU: Neutrophil, BAS: Basophile, EOS: Eosinophil, RDW: Red blood cell distribution width, 
PDW: Platelet distribution width, PCT: Platecrit
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Psychoactive substance users usually spend their money 
for drugs and have increased risk of poor nutrition (27). 
Some hematology parameters are affected by nutritional 
factors (28). Psychoactive substances are known to cause 
hematological abnormalities. Finding of previous studies 
showed that addiction caused changes in RBC counts, 
HCT and HGB values in human (29). The current study 
demonstrated that RBC, MCV, HCT, HGB levels significantly 
decreased in opium dependent group (p<0.05). Since 
psychoactive substance users usually came from lower 
socio-economic groups, nutritional problems may contribute 
to appearance of anemia in dependents. It is important 
to increase awareness about different physiologic 
complications associated with psychoactive substance use. 

Opioids exert their effects through specific receptors 
and four different opioid receptor was previously defined 
(30). A new opioid receptor named as zeta with different 
functions have been identified. This receptor usually named 
as opioid growth factor receptor (OGFr) (31). Results of 
previous studies demonstrated that OGFr inhibits cell 
proliferation in normal cells and act as negative growth 
factor. Since OGFr receptors are also located in kidney tissue 
(32), there might be a negative regulatory action through 
erythropoetin production to decrease cellular proliferation 
on bone marrow and this may explain decreased HGB levels 
opioid dependents.

Previous studies reported that opioid addiction can cause 
pancytopenia; decreased number of erythrocytes, leucocytes 
and platelets by bone marrow suppression. Together with 
decreased RBC, WBC, LYMs, PLT, HCT, HGB levels, significantly 
increased EOS count reported in opioid addiction (29). In 
this study we didn’t found statistically significant difference 
between WBC, PLT and EOS counts in opium dependent and 
control groups (p>0.05). We found significant increase in 
EOS and basophile count only in benzodiazepine dependent 
group (p<0.05). This may be due to individual differences in 
susceptibility.

Cannabinoids are the most typical component 
of marijuana plant. Oseni et al. (21) indicated that 
hematological values did not show a significant change in 
marijuana smokers compared to control group. In our study 
we found a significant increase in HGB and MCH levels in 
cannabinoid dependent group (p<0.05). On the other hand, 
neutrophil% significantly decreased compared to control 
group (p<0.05). Atwood and Mackie (33) demonstrated that 
two types of cannabinoid receptors are found; type one 
receptors mainly located in the brain and type two receptors 
are located in the immune system and hematopoietic cells. 
Cannabinoids can reduce cell mediated immune response 
and inflammation (33). Murikinati et al. (34) showed that 
stimulation of type two cannabinoid receptors decreased 
ischemic damage and caused a decreased number of the 
neutrophils in the ischemic brain.

Buprenorphine can also be abused by psychoactive 
substance users since these drugs are cheap and easily 
available. In a study carried out in buprenorphine treated 
mice it was shown that LYM and MON counts decreased 
together with severe leucopenia, NEU count increased 
and blood HCT levels decreased. Periodic monitoring 
of hematological parameters recommended in human 
buprenorphine abusers (35). In our study buprenorphine 
abusers were using concurrently more than one type of 
psychoactive substance so we couldn’t determine the 
effects of buprenorphine on hematological parameters. 
On the other hand, in benzodiazepine group (13 of all 
addicts tested positive for only benzodiazepine) we found 
significant increase in MON, LYM, EOS, basophile count, 
MON%, LYM%, EOS% and a significant decrease in NEU% 
(p<0.05). Therefore, periodic monitoring of blood parameters 
in abusers of the drug may be important.

Heroin is a semi synthetic opioid commonly used. 
ElHamady HS Nabil et al. (29) demonstrated that RBC, 
WBC, LYM, PLT count, HCT, HGB value decreased and EOS 
number significantly increased in heroin dependent group 
compared to controls. In our study, we found a significant 
decrease in RBC, MCV, HGB, HCT values but other parameters 
not significantly changed in opium addicts compared to 
controls (p>0.05). In previous studies, both increase and 
decrease in LYM numbers were demonstrated (23). In our 
study, we excluded accompanying disorders which may 
contribute to changes in LYM numbers or other parameters. 

Conclusion

In this study, we evaluate the potential effects of many 
psychoactive substances like heroin, cannabinoids, cocaine, 
benzodiazepine, opiate, buprenorphine, amphetamine, 
ecstasy, ethyl glucuronide on hematological parameters. 
In conclusion, we suggest that monitoring hematological 
parameters in psychoactive substance dependents can be 
used to confirm need for special treatment programs. Early 
detection of physiologic health problems related with 
substance abuse may decrease the burden over health care 
resources.
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