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Objective: The objective of this paper is to prove that there are 
some changes from reference values in haematological indices 
among clerks in Canton of Sarajevo.  
Methods: Respondents are clerks with health records in the 
Sarajevo Canton Occupational Medicine Institute. All clerks 
involved in this study were working on a computer. The 
respondents had normal physical activity, and without 
infectious disease. Venous blood specimens were taken from 
fasting respondents, with arm bandage up to 20 seconds. We 
used CELL-DIN system for the haematologic indices 
measurement. 
Results: The results refer to clerks from 2 institutions 
including 48 males and 110 females. Males had lowered red 
blood cell count 7-11% and females 5-7%, haemoglobin 3-5% 
for males and 3-7% for females. Haematocrit changes are the 
most expressive from all direct haematologic indicators with 
decrease of 9-11% for males and 8-10% for females. According 
to the indirect haematologic indices, there are no MCV changes, 
while mean cell haemoglobin MCH and mean cell haemoglobin 
concentration MCHC were increased. 
Conclusion: Among the clerks, without health problems, 
reduction is found in the direct haematologic indices - 
haematocrit, erythrocytes and haemoglobin with increased 
haematologic indirect indices - MCH and MCHC. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
      

Haematological indices are an important indicator in 
respondents with anemia and other haematological 
disorders. The number of red blood cells is not a sufficient 
indicator for the interpretation of haematological 
disorders. It is therefore necessary to analyze the number 
of red blood cells and other parameters of the red blood 
count (haemoglobin, haematocrit, MCV, MCH, and MCHC). 
So-called haematological indices that give information 
about the quality of red blood cells were done, within the 
complete blood analysis. It has been noticed, in daily work 
with adults at general medical examinations, that - 
compared to referent values -  a number of respondents 
have variations of red cell indicators.  The most important 
task of any laboratory analysis is to provide a result that is 
sufficiently accurate and precise for clinical use [1]. 

Changes of haematological indices may confuse 
health professionals if these changes are not taken into 
account in the analysis [2].In the mentioned studies, 
possible annual variation of haematological indices are 
also observed [3,4,5]. 

Seasonal variations can cause significant deviations 
both in normal subjects and athletes [3,6,7]. Training can 
cause changes that can be added to normal biological 
variations in healthy subjects, however, the possible 
effects of associated, potential confounding factors have 
not been sufficiently investigated [8,9]. 

Haematological indices are: Direct haematological 
indices - erythrocyte count (Er), haemoglobin (Hb), 
haematocrit (Hct) and haematological indirect indices - 
mean cell volume (MCV), mean  cell haemoglobin (MCH), 
mean cell haemoglobin concentration (MCHC). The goal of 
this stuyd was to prove that there are some changes from 
reference values, in haematological indices, among clerks 
in Canton of  Sarajevo  
  
 
 

Respondents are a working-age population  – clerks 
from the Canton Sarajevo, whose medical records are in 
the Institute of Occupational Medicine Sarajevo. They did 
not have health problems but they were on a regular 
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systematic review. A systematic review was conducted at the 
competent institution-The Institute of Occupational Medicine 
of Sarajevo Canton. All clerks involved in this study were 
working on a computer. The institutions are not named but are 
marked as Institution A and B because of labor law restrictions.  

We studied 94 consecutive patients – Institution A (21 
males and 73 females) and 64 consecutive ones from 
Institution B (27 males and 37 females) aged between 20 to 65 
years. Average age is 41.7 years and standard deviation is ± 
11,7 years.  

Exclusion criteria were menometrorrhagia, diagnosed 
anemia and pregnancy. All subjects had normal physical 
activity and are not included in the training program. Tests 
were carried out from February until June. Respondents did 
not have the infectious diseases during the testing. Blood was 
extracted at fasting at morning from 08-09 AM. The blood 
sample was extracted from the cubital vein, with a supporter 
placed up to 20 seconds. To determine the haematological 
indicators, we used CELL-DIN ® 1700 System. Two 
independent methods were used for the determination of 
formed blood elements: a method for determining the 
electrical impedance of erythrocytes, leukocytes and platelets 
and cianomethaemoglobin modified method for the 
determination of haemoglobin. Haematocrit values are 
calculated based on the number of red blood cells and their 
mean volume. 
Statistical analysis 

With the Student t-test we tested the differences between 
the arithmetic mean of the reference values and values of our 
respondents to these parameters. These t values show the 
difference relating to haematological deviations. The level of 
significance in our study is *** p≤0.001). 
 
 
 

Male respondents had the average number of 
erythrocytes  decreased from 7-11%, while for females this 
decrease was 5-7% compared to referent values. (♂ t = 9.98 
*** p ≤ 0.001; ♀ t = 9.19 *** p ≤ 0.001). Average haemoglobin 
among male respondents was reduced by 3-5% and 3-7% for 
females. If we compare the erythrocytes and haemoglobin, we 
see that the decrease of erythrocytes  is more pronounced than 
the haemoglobin. (♂ t = 5.67 *** p ≤ 0.001; ♀ t = 4.05 *** p ≤ 
0.001). 

Out of direct haematological indices it can be seen that the 
major reduction is in haematocrit because haematocrit is 
directly dependent from the number of red blood cells and 
their sizes. Since the size of erythrocytes decreased, it is quite 
understandable why the decrease in haematocrit is most 
pronounced. Reduction ranges from 9-11% for the males, and 
8-10% for female respondents. Listed t values show the 
difference in deviations of erythrocytes for our respondents in 
referent values. (♂ t = 14.6 *** p ≤ 0.001; ♀ t = 13.1 *** p ≤ 
0.001).  

In comparison with previous indices that show a reduced 
value, MCH was increased in 7-10% for the male respondents, 
while for females it was 5-6%. The increased value of MCH is a 
result of more expressed decrease in the number of red blood 
cells but reduced haemoglobin. Derived from red cell 

indicators most pronounced were discrepancies of MCH 
(mean amount of haemoglobin in red blood cells) and 
MCHC. (♂ t = 10.3 *** p ≤ 0.001; ♀ t = 10.6 *** p ≤ 0.001).  

Average value of MCHC for our subjects showed 
statistically significant differences which are channeled 
towards the upper limit of the referent values. (♂ t = 18.2 
*** p ≤ 0.001; ♀ t = 4.76 *** p ≤ 0.001) 

If we observe the percentage of reduction in major 
haematological indices (erythrocytes, haemoglobin, 
haematocrit) it is then obvious that the decrease in 
haematocrit levels is the most pronounced (males 9-11%, 
8-10% females), followed by reduction of red blood cells 
(7-11% males, females 5-7 %), while the haemoglobin  is 
the least reduced (males 3-5%, 3-7% females). 
Accordingly to above, haematological indices which 
showed the following changes,  are derived  (MCV, MCH, 
MCHC).  

MCV is decreased by 1% in male subjects from 
institution A, and increased by 2% increase in institution 
B, while for females, the reduced value of MCV exist in 
both groups for about 1% so that these differences are not 
statistically significant. Among derived haematological 
indices, the increase of MCH is more pronounced than the 
increase of MCHC (MCH among the male respondents 
increased from 6.9 to 10% and for females, MCH has 
increased from 5.5 to 5.9%). 
 
 

Lipi and colleagues have studied how prolonged 
venous stasis can lead to errors in the values of 
haematological parameters. The measured values of these 
indices without deflation, deflation with the pressure of 
60 mmHg (for 1 and 3 minutes). The overall correlation 
between the value was generally acceptable, however, 
main values were significantly different for all tested 
parameters except for MCV, MCH, PLT, MPV, eosinophils 
and basophils (after a one-minute stasis) and all 
parameters except MCV, MCH, MPV and basophils (3 
minutes after venous stasis). 

As expected, Er, Hb, Hct showed a significant trend in 
terms of increase, while the leukocyte count decreased 
[10].These results also lend the support that vein stasis 
(while taking the blood) can lead to significant errors in 
the measurement of some haematological parameters. 
However, for our respondents, the value of direct 
haematological indices was lower and the deflation was 
applied very shortly because blood taking was done by 
experienced laboratory technicians. 

Capillary samples can be used for the analysis of 
haematological indicators; however, some doctors will 
only accept the values of vein samples. Taking of capillary 
samples leads to tissue damage so that it can be one of the 
reasons for elevated levels of basic haematological 
indices. 

Capillary Hb, Hct, Er, MCV, MCH and Le were 
significantly higher than in venous samples, while the 
capillary MCHC values were lower. There was no 
difference in the values of platelets. In respondent group 
in the study of Schalk et al. only the differences in the 
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values of Hb and Hct may be of clinical significance [11]. Since 
our samples are obtained by venipuncture, these changes do 
not apply to our respondents, and exclude the possibility of 
impact of damage to tissue changes in haematological indices. 

In 40 adult volunteers of both genders in the study of 
Daae et al. samples were taken simultaneously from 
antecubital vein and from the finger. Increasing values of Er, 
Hb and Hct were significantly higher than venous values, while 
derived haematological indicators did not differ significantly 
[12]. Capillary and venous indirect haematological indices did 
not differ significantly, because the increased values of basic 
haematological indicators were evenly increased. However in 
our respondent group we found reduced value of direct 
haematological indices, unlike the above capillary samples 
where the values increased. 

For example, the specific soccer training program leads to 
an increase in RBC, Hb and Hct. It is assumed that these results 
occur due to reduced plasma volume and can be explained by 
the training [13]. Exercise increases Hb, Hct and platelet count 
in healthy subjects and all levels in well trained persons. These 
changes of these parameters suggest that the exercise may 
have a physiological effect of mobilizing stem cells to an 
increased production [2]. In our group there were no 
respondents who were engaged in regular sports activities, 
and also the basic values of haematological indices of our 
respondents are reduced as opposed to subjects in the studies 
of Silva from 2009 and Wardin from 2008 where the values of 
basic haematological indicators are increased. 

Seasonal changes in haematological indices (haematocrit 
and haemoglobin) were described in small studies. 
Kristalboneh and colleagues have investigated whether there 
are annual changes of haematological indices and how they are 
affected by the mean monthly temperature. Haemoglobin and 
haematocrit in August were significantly lower than during the 
rest of the year. Lower values of haematocrit in August are 
caused by the reduction of MCV more than reduced number of 
red blood cells. Changes observed in August were probably a 
result of high temperatures, more than circular sinusoidal 
rhythm [3]. Our respondents had the most pronounced 
decrease in Hct while the erythrocytes and MCV was not 
significantly reduced. Also, our testing was done during the 
period February-June. 

As expected haematological indices MCV and MCH 
showed negligible circadian changes. Changes of Er, Hct and 
haemoglobin match circadian changes in body fluids [14]. 
Variations in our study showed no significant change 
compared to referent values, while in the study of Jones and 
colleagues these changes are of circadian character. 

The study of Bryner and colleagues investigated the 
effects of in vitro oxygenation and deoxygenating on the values 
of haematocrit and MCV. In order to ensure more accurate 
results, it is recommended that the samples are fully 
oxygenated before determining these values, as done in our 
sample [15]. 55.7% of patients have a reduction of 1-24 g/L in 
haemoglobin values three days after onset of acute infection. 
Comparing the first, third and fifteen day values of Er, HTC, 
MCV, MCHC and RDW were not found statistically significant 
differences between the experimental and control group [16]. 
The results do not correspond, because our respondents did 

not have an infection, and also decrease in haemoglobin 
was most pronounced in case of infection, whereas in our 
case the most pronounced decrease is in red blood cells 
and haematocrit values. 

Hu M et al. have tested the value of haematological 
indices in the group which was subjected to extensive 
training and the control group (without training). 
Haematological indicators were measured during first 
week (February and March), 10th week (May) and 20th 
week (August). Compared to the control group (where the 
reduced value of these haematological indicators is found) 
training group has significantly increased Hct, RBC and 
Hb, comparing the beginning of the study with the 20th 
week. While MCHC showed significant inverse 
phenomenon (control +0.40% compared to the training 
group -0.74%, p=0.044). Changes in MCV were not 
significant. These changes of haematological indices are 
explained by seasonal variations and the influence of 
training [6,8]. Results similar to ours were obtained by Hu 
and colleagues with those that there are at the greatest 
divergence in Hct, then Hb and RBC (in a smaller 
percentage). Our relatively higher values of variation 
besides potential seasonal variations probably have some 
other influencing factors. 

As noted in other studies, variations of 
haematological indicators require further research to 
clarify the mechanisms of these changes [17,18,19]. 
Before the training there is no significant difference 
between the values of trained and untrained subjects[20].  
We cannot divide respondents in our study into the 
trained and untrained so that factor with the potential 
effect on changes in haematological indicators should not 
affect our values. Compared are the values of 
haematological indices of the Olympic athletes and 
untrained subjects (control group). Blood samples were 
taken from a cubital vein for the determination of Er, Hb, 
Hct. There were no significant differences in indirect 
haematological indices (MCV, MCH, MCHC) between 
Olympic athletes and the control group[21]. As research 
has not revealed significant differences in indirect 
haematological indicators, approximately variable direct 
haematological indices are probably a consequence of 
changes in plasma volume. 
 
 

In case of clerks from the Canton of Sarajevo without 
health problems we found reduction in the direct 
haematologic indices - haematocrit, red blood cells and 
haemoglobin are increased as well as haematologic 
indirect indices - MCH and MCHC. Changes in the subjects 
indicate the need to further examine the potential risk 
factors that lead to these changes. 
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Table 1 Deviations of erythrocytes 
 

Erythrocytes- Er  

 

Males Females  

Mean 
(interval) 

 

Mean deviation 
(%) 

Mean 
(interval) 

Mean deviation 
(%) 

p-value 

Referent values 
5.41 

(4.69-6.13) 
1012/L 

- 
4.76 

(4.04-5.48) 
1012/L 

- 
 

Institution A 
(N=♂ 21) 
♀73 

5.04 - 6.84 % 4.41 -7.36 % 

 
≤0,001 

Institution B 
(N=♂27) 
♀37 

4.81 -11.09 % 4.50 -5.46 % 

 
≤0,001 

Total 
(N=♂48) 
♀110 

4.91 -9.24 % 4.44 -6.72 % 

 

 

Table 2. Deviations of haemoglobin 
 

Haemoglobin – Hb  

 

Males Females  

Mean 
(interval) 

Mean 
deviation 

(%) 

Mean 
(interval) 

Mean 
deviation 

(%) 

p-value 

Referent values 
161 

( 141-181) 
g/L 

- 
142 

( 122-162) 
g/L 

- 
 

Institution A 
 

156 -3.11 % 132 -7.04 % 
 

≤0,001 
Institution B 

 
153 -4.97 % 138 -2.82 % 

 
≤0,001 

Total 
 

154.3 -4.16 % 133.9 -5.7 % 
 

 
Table 3. Deviations of haematocrit 

 
Haematocrit - Hct  

 

Males Females  

Mean 
(interval) 

Mean 
deviation 

(%) 

Mean 
(interval) 

Mean 
deviation 

(%) 

p-value 

Referent values 
48.6 

(43.5-53.7) 
% 

- 
42.8 

(37.7-47.9) 
% 

- 
 

Institution A 
 

44 -9.47 % 38.6 -9.81 % 
 

≤0,001 
Institution B 

 
43.3 -10.91 % 39.5 -7.71 % 

 
≤0,001 

Total 
 

43.6 -10.28 % 39.1 -8.64 % 
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Table 4. Deviations of MCV 

 
Mean cell volume - MCV  

 

Males Females  
Mean 

(interval) 
 

Mean 
deviation 

(%) 

Mean 
(interval) 

Mean 
deviation 

(%) 

p-value 

Referent values 
88.5 

(80-97) 
fL 

- 
88.5 

(80-97) 
fL 

- 
 

Institution A 
 

88.0 -0.6 % 87.5 -1.1 % 
 

≤0,05 
Institution B 

 
90.3 +2.0 % 88 -0.6 % 

 
≤0,05 

Total 
 

89.3 +0.9 % 87.8 -0.8 % 
 

 

 
Table 5. Deviations of MCH 

 
Mean cell haemoglobin – MCH  

 

Males Females  

Mean 
(interval) 

Mean 
deviation 

(%) 

Mean 
(interval) 

Mean 
deviation 

(%) 

p-value 

Referent values 
29.1 

(27-31.2) 
pg 

- 
29.1 

(27-31.2) 
pg 

- 
 

Institution A 
 

31.1 +6.9 % 30.7 +5.5 % 
 

≤0,001 
Institution B 

 
32 +10.0 % 30.8 +5.9 % 

 
≤0,001 

Total 
 

31.6 +8.6 % 30.8 +5.7 % 
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Table 6. Deviations of MCHC 

 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Table 7. Deviations of haematological indices 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

No. 
Title 

 
Er 

 
Hb Hct MCV MCH MCHC 

1. 
♂ Total 
N=48 

7-11% 
decrease 

3-6% 
decrease 

9-11% 
decrease 

-1do+1% 
4-10% 

increase 
 

4-7% 
increase 

2. 
♀ Total 
N=110 

5-7% 
decrease 

3-7% 
decrease 

6-8% 
decrease 

1-3% 
decrease 

3-6% 
increase 

3-5% 
increase 

Mean cell haemoglobin concentration – MCHC  

 

Males Females  

Mean 
(interval) 

Mean 
deviation 

(%) 

Mean 
(interval) 

Mean 
deviation 

(%) 

p-value 

Referent values 
336 

(318-354) 
g/L 

- 
336 

(318-354) 
g/L 

- 
 

Institution A 
 

353 +5.05 % 347 +3.27 % 
 

≤0,001 
Institution B 

 
354 +5.36 % 350 +4.17 % 

 
≤0,001 

Total 
 

353.6 +5.24 % 347.9 +3.54 % 
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