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Abstract
Aim. To study the nature and extent of the effects of long-term sleep and wake phase disorders (working at night for 
more than 10 years) on the characteristics of microcirculation in men.
Methods. Laser Doppler flowmetry and spectophotometry, optical tissue oximetry, and laser-induced fluorescence 
spectroscopy were performed in 34 male patients with a mean age of 40.3±0.9 years and more than 10 years’ 
experience of night work to assess the effectiveness of microcirculation. 25 men with a mean age of 40.2±1.2 without 
night work experience were used as a control group. Microcirculation was studied on the laser diagnostic complex 
LAKK-M (LAZMA, Russian Federation). The measurement was carried out on the skin of the palmar surface of the 
terminal phalanx of the second finger of the hand. The following indicators were analyzed in automatic mode: the 
mean perfusion value, the index of specific oxygen consumption in the tissue, capillary blood saturation, the relative 
volume of the red blood cell fraction, arterial blood oxygen saturation, the index of perfusion oxygen saturation 
in the microcirculation, the efficiency of oxygen exchange and the fluorescent indicator of oxygen consumption. 
Statistical processing of the results was carried out using the Student's t-test for independent samples.
Results.  In patients working at night  for more  than 10 years,  a decrease  in microcirculation efficiency was 
revealed. The index of specific oxygen consumption in the tissue was lower than that of healthy volunteers by 
34.1% (p=0.000255), and the index of oxygen exchange efficiency by 56.3% (p <0.001). Long-term night work 
(>10 years) can lead to violations of microcirculation parameters and an irreversible decrease in the efficiency of 
oxygen exchange compared with the control group by an average of 56.3% (18.0±0.5 for the group with night work 
experience, 41.2±0.6 for the group of healthy volunteers, p <0.001), the index of specific oxygen consumption in the 
tissue by an average of 34.1% (1.53±0.03 for the group with night work experience, 2.32±0.2 for the group of healthy 
volunteers, p=0.000255) and an increase in the index of perfusion oxygen saturation in the microcirculation by 
2 times compared with the control group (6.2±0.05 for the group with night work experience, 3.67±0.09 for the group 
of healthy volunteers, p <0.001), which is accompanied by an increase in the saturation of mixed (and venous) blood.
Conclusion. The nature of the revealed violations of microcirculatory parameters in the long-term night work 
suggests their significance in the development of diseases that are currently attributable to the so-called group of 
“diseases of civilization”.
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Background. Epidemiological studies have shown 
a  link between  frequent  stress exposure and  the 
development of cardiovascular and dysmetabol-
ic di seases [1–5]. Exposure to stress increases the 
risk of death from these conditions [5]. In the mo-
dern world, stressors include a high rhythm of life, 
a change in the natural nature and rhythm of nu-
trition, and an increase in the number of people 
working in unusual conditions, i.e., a change in the 
climatic zone, work in polar day and night condi-
tions, and work at night. The biological effects of 

such a working rhythm are not fully characterized, 
but it is known that these effects include autonomic 
dysfunction and neuroendocrine activation, are as-
sociated with disturbances in the circadian rhythm, 
and are associated with microinflammation and en-
dothelial dysfunction [4]. In addition, accumulated 
data  indicate a  link between night work and  in-
creased risk of developing or progression of coro-
nary heart disease [6, 7].

In  addition, working  in  night  shifts  leads  to 
failure of the phase architectonics of the human 
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circadian  system. Night wakefulness  cannot  be 
replenished with either additional daytime sleep, 
additional nutrition, or medications [8, 9].  In  the 
Russian Federation, European countries and the 
United States, the proportion of individuals working 
in various forms of shift work (night or shift work) 
is 20% of  the  total number of employees,  inclu-
ding employees of the Ministry of Internal Affairs 
and medical workers  employed  in  trade  [10, 11].

Zuraikat  et  al. have  indicated  that variability 
in nocturnal sleep patterns leads to changes in the 
circadian rhythm and, apparently, increases car-
diometabolic risk [12]. The authors reviewed the 
literature from 2015 to 2020 on indicators of noc-
turnal sleep variability associated with metabolic 
syndrome, type 2 diabetes mellitus, and their risk 
factors. They found that an irregular sleep regimen 
leads to negative cardiometabolic outcomes.

Microcirculation plays the leading role in ensu-
ring tissue trophism and maintaining nutritive he-
mostasis  in general. Reportedly, night work has 
a complex negative effect on the body, disrupting 
the function of several organs and systems [5].

In the modern literature, data on microcircula-
tion in this category of patients cannot be consi-
dered exhaustive and ambiguous.

The aim of this work is to study the nature and 
degree of  influence of prolonged disturbances in 
the phases of sleep and wakefulness (work at night 
for over 10 years) on the characteristics of micro-
circulation in men.

Materials and methods. The study involved 
34 male patients with an average age of 40.3 ± 0.9 
years (first group) and work experience at night for 
>10 years. In addition, the study enrolled 25 male 
patients with an average age of 40.2 ± 1.2 years, 
who were categorized in the control group (second 
group) without work experience at night. The study 
included taxi and ambulance drivers who worked 
only in the night shift. The control group also com-
prised drivers who regularly work the day shift.

Before enrollment in the study, all participants 
were examined for their somatic status to exclude 
chronic diseases present before starting work in the 
night shift that could affect the state of microcircu-
lation.

Microcirculation  was  studied  using  a multi-
functional non-invasive laser diagnostic complex 
LAKK-M (LAZMA, RF) on the skin of the pal-
mar surface of the terminal phalanx of the second 
hand finger. The study was conducted at the Reaviz 
multidisciplinary clinic from September to Novem-
ber 2020.

We analyzed indicators such as the average per-
fusion value (M, perf. units), the index of speci fic 
oxygen consumption in the tissue (U = SpO2/SO2, 

conventional units), capillary blood saturation 
(SO2, %), relative volume of erythrocyte fraction 
(%), arterial blood saturation (SpO2, %), perfusion 
oxygen saturation index in the microcirculation 
(SОm = SO2/М, standard units). In addition, during 
the course of the study, hemoglobin content in the 
blood and the average hemoglobin content in the 
erythrocyte were determined.

All measurements were conducted at room tem-
perature (22 ± 2°C) in an isolated room. The par-
ticipants  abstained  from  taking  pharmaceutical 
products as well as alcoholic and caffeine-contai-
ning beverages. The instrument was calibrated be-
fore each use.

By  combining  laser  Doppler  f lowmetry  and 
spectrophotometry; optical tissue oximetry; and 
laser fluorescence spectroscopy, we calculated in-
tegrative indicators of microcirculation such as the 
efficiency of oxygen exchange (EOE) and the fluo-
rescence parameter of oxygen consumption in rela-
tive units, as follows [13]:

EOE = M × U × FOC
FPK = ANADN/Aflavins

where FOC  is  the fluorescent parameter of oxy-
gen consumption; ANADH is the amplitude of 
fluorescence  emission of  the  reduced  coenzyme 
nicoti namide adenine dinucleotide; Aflavins is the am-
plitude of fluorescence emission of oxidized flavo-
proteins at wavelengths of 480–490 and 520 nm.

Results were statistically analyzed using the li-
censed software package Statistica for Windows 
7.0. The Student’s test was used for assessing in-
dependent samples with a preliminary estimate of 
normal data distribution [14].

The study was approved by the Ethics Commit-
tee of the Reaviz Medical University (minutes of 
the meeting No. 24 dated November 19, 2018).

Results. Analysis blood hemoglobin concen-
tration and the average hemoglobin level in eryth-
rocytes did not reveal any deviations beyond the 
reference values (Table 1). There were no statisti-
cally significant differences between the groups.

There were significant changes (p < 0.001) in 
the nature of the microcirculation of people wor-
king at night compared with that of control parti-
cipants (Table 2).

Despite  the preservation of quantitative  indi-
cators, such as the index of microcirculation and 
arterial blood saturation, in the first group, capil-
lary blood saturation was almost two times higher 
(p < 0.001) than that in the control group. This was 
confirmed by a comparable increase in the index 
of perfusion oxygen saturation in the microcircula-
tion (p < 0.001) and indicated a deterioration in the 
oxygen supply to tissues.
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Such  changes  inevitably  affected  the  state  of 
metabolic processes in tissues and led to activation 
of peroxidation processes. However,  the fluores-
cent indicator of oxygen consumption in tissues in 
the study group decreased by 31.7% compared with 
that in the control group (p < 0.001).

In all patients working at night, both the index 
of specific oxygen consumption in the tissue and 
EOE decreased compared with those in the control 
group. The difference between groups for specific 
oxygen consumption in the tissue was 34.1% and 
for EOE – 56.3% (Table 3). Such changes, in our 
opinion, may reflect a decrease in cellular metabo-
lism and the overall efficiency of microcirculation.

Discussion. The decrease  in  the efficiency of 
microcirculation, observed in this study, can be 
associated with a number of factors. As established 
by a previous study [7], prolonged changes in the 
periods of sleep and wakefulness in humans leads 
to dysregulation of the cardiovascular system and 
increased level of sympathetic  influences, which 
is inevitably accompanied by increased blood 
flow velocity. This,  in  turn,  shortens  the period 
of gas exchange in tissues, leading to an increase 
in the perfusion oxygen saturation index in the 
microcirculation and is expressed in an increase in 
the saturation of mixed (and venous) blood.

The lack of oxygen supply to tissues triggers the 
processes of lipid peroxidation and leads to further 
disruption of tissue metabolism, impairment of the 
synthesis of intracellular enzymes, and a further 
decrease in oxygen consumption by cells [15]. It is 
possible that hypoxia developing against this back-
ground can damage erythrocyte membranes, con-
tributing to the formation of irreversible aggregates 
from them owing  to  the “crosslinking” of mem-
branes, which begin to block the microvasculature 

Table 1. Comparative indicators of hemoglobin concentra-
tion in blood and average hemoglobin level in erythrocytes 
in drivers of the studied groups

Parameter First group, 
n = 34

Second 
group, n = 25 P-value

Blood hemo-
globin concen-
tration, g/l

143.3 ± 6.3 142.6 ± 7.1 0.941476

Mean cell he-
moglobin, pg 27.1 ± 1.6 28.2 ± 1.9 0.659585

Table 2. Comparative indicators of microcirculation 
in drivers enrolled in study groups

Parameter
First 

group, 
n = 34

Second 
group, 
n = 25

P-value

Microcirculation 
parameter, perfu-
sion unit

10.3 ± 0.3 10.3 ± 0.3 >0.001

Capillary blood 
saturation, % 65.1 ± 0.6 38.0 ± 1.1 <0.001

Arterial blood 
saturation, % 98.1 ± 0.3 98.9 ± 0.02 0.010153

Relative volume of 
RBC fraction, mm3 9.8 ± 0.2 11.4 ± 0.3 0.000043

Index of perfusion 
oxygen saturation 
in microcircula-
tion, conventional 
units

6.2 ± 0.05 3.67 ± 0.09 <0.001

Table 3. Comparative efficiency of oxygen metabolism in drivers enrolled in study groups

Groups Fluorescence parameter 
of oxygen consumption

Specific oxygen consumption index 
in tissue, conventional units Efficacy of oxygen exchange

First group, n = 34 1.1 ± 0.04 1.53 ± 0.03 18.0 ± 0.5

Second group, n = 25 1.61 ± 0.06 2.32 ± 0.2 41.2 ± 0.6

p <0.001 0.000255 <0.001

with the formation of plasma capillaries. An indi-
rect reflection of this process can be the decreased 
number of erythrocytes in the scanned tissue vo-
lume, as indicated in the present study, but normal 
count in the general blood tests of patients of the 
study group.

Deterioration of oxygen supply to tissues can 
initiate a number of changes, from metabolic di-
sorders (metabolic syndrome and diabetes mellitus) 
of tissues and organs as well as disorders of organ 
and system functions (arterial hypertension or co-
ronary heart disease) to a compensatory increase in 
dystrophic processes in tissues, which in the future, 
in our opinion, will further reduce the efficiency of 
the microvasculature and the efficiency of oxygen 
exchange.

CONCLUSIONS
1. Compared with healthy participants, parti-

cipants who did prolonged work in the night shift 
(for >10 years) had disturbances in microcircula-
tion parameters and an irreversible decrease in the 
efficiency of oxygen metabolism by an average of 
56.3% (p < 0.001), of specific oxygen consumption 
index by an average 34.1% (p=0.000255) on  the 
background of an increase in the perfusion oxygen 
saturation index. Microcirculation was two times 
higher in the first group than in the control group 
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(p < 0.001), which was accompanied by an increase 
in the saturation of mixed (and venous) blood.

2. The nature of the observed changes in micro-
circulatory parameters, against the background of 
prolonged work at night, suggests their importance 
in the development of diseases, which are currently 
referred to as “the diseases of civilization.”

Author contributions. I.A.G. — conducted research 
and was responsible for data collection and analysis of 
results; E.G.Z. — work manager.
Funding. The study had no external funding.
Conflict of interest. The authors declare no conflict of 
interest.

REFERENCES
1. Kivimäki M., Steptoe A. Effects of stress on the de-

velopment and progression of cardiovascular disease. Nat. 
Rev. Cardiol. 2018; 15 (4): 215–229. DOI: 10.1038/nrcardio. 
2017.189.

2. Anand S.S., Abonyi S., Arbour L., Balasubramani-
an K., Brook  J., Castleden H., Chrisjohn V., Cornelius  I., 
Davis A.D., Desai D., de Souza R.J., Friedrich M.G., Har-
ris S., Irvine J., L'Hommecourt J., Littlechild R., Mayotte L., 
McIntosh S., Morrison J., Oster R.T., Picard M.; Pictou Lan-
ding First Nation; Poirier P., Schulze K.M., Toth E.L.; Ca-
nadian Alliance for Healthy Hearts and Minds First Nations 
Research Group. Explaining the variability in cardiovascu-
lar risk factors among First Nations communities in Cana-
da: A population-based study. Lancet Planet Health. 2019; 
3  (12):  e511–e520.  DOI:  10.1016/S2542-5196(19)30237-2.

3. Branyan  K.W.,  Devallance  E.R.,  Lemaster  K.A., 
Skinner R.C., Bryner R.W., Olfert I.M., Kelley E.E., Fris-
bee  J.C.,  Chantler  P.D.  Role  of  chronic  stress  and  exer-
cise on microvascular function in metabolic syndrome. 
Med. Sci. Sports Exerc. 2018; 50: 957–966. DOI: 10.1249/
MSS.0000000000001531.

4. Ortiz M.S., Sapunar J. Estrés psicológico y síndrome 
metabólico. Rev. Med. Chil.  2018;  146  (11):  1278–1285. 
[Ortiz M.S., Sapunar J. Longitudinal association between 
chronic psychological stress and metabolic syndrome. Rev. 
Med. Chil. 2018; 146  (11): 1278–1285.  (In Spanish)] DOI: 
10.4067/S0034-98872018001101278.

5. Torquati  L.,  Mielke  G.I.,  Brown W.J.,  Kolbe-Ale-
xander T. Shift work and the risk of cardiovascular disease. 

A systematic  review  and  meta-analysis  including  dose- 
response relationship. Scand. J. Work Environ. Health. 
2018; 44 (3): 229–238. DOI: 10.5271/sjweh.3700.

6. Havakuk O., Zukerman N., Flint N., Sadeh B., Mar-
golis G., Konigstein M., Keren G., Aviram G., Shmi-
lovich H.  Shift work  and  the  risk  of  coronary  artery  di-
sease: A cardiac computed tomography angiography study. 
Cardiology. 2018; 139 (1): 11–16. DOI: 10.1159/000481088.

7. Cheng M., He H., Wang D., Xu L., Wang B., Ho K.M., 
Chen W. Shift work and ischaemic heart di sease: meta-ana-
lysis and dose-response relationship.  Occup. Med. (Lond.). 
2019; 69 (3): 182–188. DOI: 10.1093/occmed/kqz020.

8. Zaripov A.A., Potapov R.V., Ashanina E.N. Modern 
concepts  of  biofeedback  for  correction of  the body  func-
tional  state  in  defence  and  law enforcement  officers with 
shift  work.  Medico-biological and socio-psychological 
problems of safety in emergency situations. 2015; (2): 86–
99. (In Russ.) DOI: 10.25016/2541-7487-2015-0-2-86-99.

9. Zheng  P.P.,  Zhang  L.N.,  Zhang  J.,  Chang  X.M., 
Ding S., Xiao F., Guo L.X. Evaluating the effects of diffe-
rent sleep supplement modes in attenuating metabolic con-
sequences  of  night  shift work  using  rat model. Nat. Sci. 
Sleep. 2020; 12: 1053–1065. DOI: 10.2147/NSS.S271318.

10. Bonmati-Carrion M.A., Arguelles-Prieto R., Marti-
nez-Madrid M.J., Reiter R., Hardeland R., Rol M.A., Ma-
drid J.A. Protecting the melatonin rhythm through circa-
dian healthy light exposure. Int. J. Mol. Sci. 2014; 15 (12): 
23 448–23 500. DOI: 10.3390/ijms151223448.

11. IARC Monographs Vol 124 group. Carcinogenicity 
of night shift work. Lancet Oncol. 2019; 20 (8): 1058–1059. 
DOI: 10.1016/S1470-2045(19)30455-3.

12. Zuraikat F.M., Makarem N., Redline S., Aggar wal B., 
Jelic S., St-Onge M.P. Sleep regularity and cardiometabo-
lic heath: Is variability in sleep patterns a risk factor for ex-
cess adiposity and glycemic dysregulation? Curr. Diab. Rep. 
2020; 20 (8): 38. DOI: 10.1007/s11892-020-01324-w.

13. Mrowietz  C.,  Franke  R.P.,  Pindur  G.,  Wolf  U., 
Jung F. Reference range and variability of Laser-Doppler- 
Fluxmetry. Clin. Hemorheol. Microcirc. 2017;  67  (3–4): 
347–353. DOI: 10.3233/CH-179215.

14. Bland M. An introduction to medical statistics. 3rd 
ed. Oxford University Press. 2000; 405 p.

15. Teixeira K.R.C., Dos Santos C.P., de Medeiros L.A., 
Mendes J.A., Cunha T.M., De Angelis K., Penha-Silva N., 
de Oliveira E.P., Crispim C.A. Night workers have  lo wer 
levels of antioxidant defenses and higher levels of oxidative 
stress  damage when  compared  to  day workers. Sci. Rep. 
2019; 9 (1): 4455. DOI: 10.1038/s41598-019-40989-6.


