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Aim: to present data of Russian and foreign studies about association between physical activity (PA) and gallstone
disease (GSD).

Key point. A low PA level is one of the four major risk factors for chronic non-infectiuos diseases. The frequency
of low PA in men and women of the Russian Federation (according to the medical examination in 2016) is 19 %.
The global prevalence of GSD is up to 20 % among adults. Many systematic reviews and meta-analyses have con-
firmed an inverse association between GSD and PA in the world, regardless of potential risk factors for GSD, with
a clear dose-dependent effect — the relative risk (RR) of GSD was 0.87 (95 % CI 0.83-0.92) per 20 metabolic equiv-
alents (MET) of PA per week. According to our results of an epidemiological survey in the framework of the WHO
MONICA program in Novosibirsk (n = 870) among women aged 25-64 with low total PA (less than 800 MET/min/
week), as well as with the first class of PA in leisure-time, GSD occurred much more often (class 1 — 33 %, classes
2-4 — 8.7-11.0 %, p < 0.01). PA favorably affects almost all mechanisms of gallstone formation: improves choles-
terol metabolism in bile, increases serum HDL cholesterol, bile acid synthesis, stimulates the release of cholecysto-
kinin, reduces mucin hypersecretion, increases the diversity and richness of the intestinal microbiota. Daily PA serves
as a preventive measure for GSD: the risk of GSD is reduced by 66 % (95 % CI 0.18-0.86).

Conclusion. EASL has recognized PA as a protective agent against gallstone formation.
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2 [ocynapcTBeHHoe BroaXeTHOe yypexaeHue 3apaBooxpaHenvs «focyaapcTeeHHas HoBocubupckas obnacTHas KiavHudeckas
6osbHMLEa», HoBocnbupck, Poccuiickas denepaims

Llenb 0630pa: npeacTaBuTb AaHHbIE OTEYECTBEHHbIX U 3apyBeEXHbIX MCcnenoBaHnii 06 accoumaumm Guanyeckom
akTnBHocTU (PA) 1 xenyHokameHHor 6onesnun (XKKB).

OcHoOBHbIEe NonoXxeHusa. Huskaa DA aBnseTcs 04HMM U3 YETLIPEX OCHOBHBLIX (GaKTOPOB prcka Pa3BUTUSE XPOHNYE-
CKNX HEMHDEKLUMOHHBIX 3abonesaHuii (XHN3). HactoTa H1akoi DA y MyXXUnH 1 keHLWmH P (no gaHHbIM aucnaHce-
puzauum 2016 r.) coctaBnsaet 19 %. MobanbHas pacnpoctpaHeHHocTb XKB coctaBnseT o 20 % cpenmn B3pOChbiX.
Bo MHOrmnx cuctematmyeckmx 063opax 1 MeTaaHann3ax noaTeepxaeHa obpatHasa accoumaums mexay XXKb n ®A
B MMUpPE HE3ABMCKMO OT NoTeHumanbHbix ¢pakTtopoB pucka XXKB, npy aTom Habnoaancs Y4eTknin 4,0303aBMICUMBIIA
apdekT — oTHocuTenbHbIN puck (RR) XXKB coctasnsn 0,87 (95 % AN 0,83-0,92) Ha 20 meTabonnyeckux aKkBmBa-
neHtoB (MET) @A B Hegento. o Halwnm pesysibTatam anMaeMmosiormieckoro obcrenoBaHns B pamkax nporpaMmmbi
BO3 “MONICA” B . HoBocubupcke (n = 870 4yen.) cpeam xeHwmH 25-64 net ¢ H13kon obwen PA (meHee 800 MET-
MWH/HEn), a Takxe npu Hanuy4um nepsoro knacca @A B ceoboaHoe Bpemsi XKKB BcTpeyanacb 3HaYNTENBHO Yalle
(1- knacc — 33 %, 2—-4-in knaccbl — 8,7-11,0 %, p < 0,01). DA 6GnaronpPUATHO BUSET NPaKTUYECKM HA BCE Mexa-
HN3MbI XeNnYekaMHeobpa3oBaHWs: yiyyllaeT MeTabonn3mM XONeCcTEPMHA B XKENYN, MOBLILLAET ChIBOPOTOUHLIA XC
J1BIM, cvHTES XENYHBIX KUCIIOT, CTUMYJIMPYET BbIOPOC XONELIMCTOKUHNHA, CHUXAET MMNEPCEKPELMIO MYLIMHA, YBENN-
yMBaeT pa3Hoobpasune 1 6oraTCcTBO KMLLEYHON MUKPOOUOTHI. ExxepHeBHas DA cnyxut mepoii npodunaktkm XXKB:
puck XKKB cHuxaeTtcs Ha 66 % (95 % OW; 0,18-0,86).

SakntoueHme. DA nprsHaHa 3aLUTHBEIM areHTOM NPOTUB 06Pa30BaHNS KAMHEN B XXENYHOM My3bIpe.
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KnioueBbie cnoBa: duanyeckasi akTMBHOCTb, XelYHOKaMeHHasi 60/1e3Hb, MEXaHN3Mb

KoHdnukT nHTepecoB: aBTOpbl 3as8BNSI0T 06 OTCYTCTBMM KOHMAMKTA MHTEpecoB. PaboTa BbINOJIHEHA MO rocy-
[AapCTBEHHOMY 33[@aHUI0 B pamkax OIAXETHOM TeMbl «IANUAEMUOSIOTMYECKUIA MOHUTOPUHI COCTOSIHUS 340POBbS
HaCeseHNsl U U3y4eHNe MOMEKYNISIPHO-TEHETUYECKNX U MOJIEKYNSPHO-OMONIOrMYECKNX MEXaHN3MOB Pa3BUTUS pac-
NPOCTPaHEHHLIX TepaneBTUYeCcKnx 3aboneanHnini B Cnbupu ajisi COBEPLLUEHCTBOBAHUSA NMOAXOA0B K UX ANArHOCTUKE,
npodunakTuke n nedyeHmo» No AAAA-A17-117112850280-2.

Ansa umtnposaHua: puropbesa W.H., Hotoea T.E., PomaHoBa T./. ®uanyeckas akTMBHOCTb U Xen4yHoKameHHas 6051e3Hb. Poccuin-
CKWI XXypHan raCTpo3HTEPOSOrn, renatonoriu, kononpoktonorun. 2023;33(1):7-14. https://doi.org/10.22416/1382-4376-2023-33-

1-7-14

Introduction

According to the WHO definition (2010), phys-
ical activity (PA) is any bodily movement pro-
duced by skeletal muscle that results in energy ex-
penditure [1]. PA in every forth adult worldwide
does not meet the internationally recommended
PA levels, which is projected to cause 5.3 million
of the 57 million deaths worldwide, accounting
9 % of premature deaths and 6—10 % of all deaths
from major noncommunicable diseases [2]. Lack
of PA is the fourth most important risk factor
for global mortality [1]. Low PA or its absence
is a recognized modifiable risk factor for cardiovas-
cular disease and a number of other chronic diseas-
es [3]: 30 % of the risk of coronary artery disease,
27 % of the risk of diabetes, 21—25 % of the risk
of breast and colorectal cancer are associated with
low PA, as well as a 15—20 % risk of hip frac-
tures in the elderly [4]. Adults aged 18—64 years
are recommended to do at least 150—300 min per
week of moderate-intensity aerobic exercise (e.g.,
brisk walking) or at least 75—150 minutes of high-
intensity aerobic exercise, such as weightlifting,
per week [1]. The frequency of low PA in men
and women of the Russian Federation (according
to the medical examination in 2016) is 19 % [5].

Total PA activity is estimated by multiplying
the intensity of each activity by its duration. The
metabolic equivalent tasks (METs) is a construct
that is commonly used to quantify PA as well
as exercise performance. 'One MET’ is equal
to a resting oxygen uptake of 3.5 ml O, per kg
body weight x min (mL/kg/min) [4]. According
to the degree of energy costs, PA is divided into
3 levels: light-intensity activities are defined
as 1.1 to 2.9 METs; moderate-intensity activities
are defined as 3.0 to 5.9 METs; vigorous-intensity
activities are defined as 6.0 METSs or more [4].

Gallstone disease (GSD)

Liver and biliary tract diseases are one of the lead-
ing causes of death and morbidity, accounting for
2.4 million deaths worldwide in 2017 [6]. The glob-
al prevalence of GSD is up to 20 % among adults [7].
In 2015, US annual health care costs for biliary tract
disease amounted to $10.3 billion; in Germany,

more than 175,000 cholecystectomies for GSD are
performed annually [8].

Gallstones in 90 % of cases consist mainly
of cholesterol (the remaining 10 % are black and
brown pigmented stones) and are often associated
with systemic metabolic disorders, such as met-
abolic syndrome [9]. Five primary defects work
together to enhance cholesterol cholelithogenesis,
which include 1) Lith genes and genetic factors;
2) hepatic hypersecretion of biliary cholesterol,
inducing cholesterol-supersaturated gallbladder
bile; 3) rapid cholesterol nucleation and crystal-
lization and accelerated growth of solid choles-
terol crystals; 4) dysfunctional gallbladder mo-
tility, leading to impaired gallbladder emptying
and refilling with mucin hypersecretion and gel
formation, ultimately promoting the development
of biliary sludge, i.e., the precursor of gallstones;
5) intestinal factors, including increased delivery
of the cholesterol absorbed from the small intes-
tine to the liver for biliary hypersecretion, alter-
ations in gut microbiota, and sluggish intestinal
transit [10].

The risk of gallstone formation is associat-
ed with a combination of non-modifiable (fe-
male sex, age, genetic characteristics, such
as ABCGS8 gene polymorphism) and modifiable
(environment/lifestyle) factors. The latter in-
cludes a combination of obesity, lipid metabo-
lism disorders, parity, diabetes, lack of PA and
high-calorie diet [8, 11], and there are also rarer
risk factors for GSD — total parenteral nutri-
tion, rapid weight loss, celiac disease, hemolytic
anaemia, taking fibrates, oral contraceptives and
conjugated estrogens, etc. [10].

PA and GSD: pros and cons

Pro. There are a number of studies in the litera-
ture, including systematic reviews and meta-anal-
yses, confirming the inverse association between
GSD and PA [8, 12—38]. Reduced PA is a risk
factor for GSD in Germany [8], Canada [12, 29],
Japan [13], Poland [14], India [15], Ttaly [16, 36],
USA [17—-23, 32], China [24, 37], Great Britain
[25, 30], Mexico [26, 40], Turkey [27], Iran [28],
Norway [31], Korea [35], in Russia [38], as well
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as in multiethnic cohorts [33, 34]. In prospective
cohort studies, M.F. Leitzmann et al. showed that
after adjustment for multiple confounders, in-
creased PA was inversely related to risk for GSD
and cholecystectomy (a relative risk (RR) of GSD
of 0.63 in men and 0.69 in women) [17, 18]. A me-
ta-analysis of 260,000 participants shows an in-
verse relationship between PA and GSD (when
comparing the highest and lowest levels groups)
as in men (OR = 0.76 (95 % CI 0.60—0.97),
and in women (OR = 0.77; 95 % CI 0.66—0.91);
in a dose-response analysis, RR of GSD was 0.87
(95 % CI 0.83—0.92; I = 1.0 %) for 20 MET-hour
of recreational PA per week [34]. The protective
ability of aerobic capacity was noted in both as-
ymptomatic [26] and symptomatic GSD, as well
as in gallbladder disease [30]. Frequent aerobic
exercise can have a beneficial preventive effect
on gallstones formation [29]. Vigorous PA (activi-
ties that expend at least six-fold the energy equiv-
alent of being at rest [1]) was inversely related
to the age-adjusted risk for gallstones in both men
and women [33, 46] and reduces the risk of chole-
cystectomy [31].

According to the Russian study, it was also
revealed that among women aged 25—64 years
with low total FA (TPA) (less than 800 MET/
min/week), as well as in the presence of the first
class of PA in the leisure-time (LTPA), i.e. min-
imal LTPA, in contrast to the average, intense
and maximum LTPA in 2, 3, 4 classes of LTPA,
GSD occurred much more often, which was accom-
panied by a significant increase in the triglycer-
ide levels in the blood serum [38]. In 1994—1995
within the framework of the WHO “MONICA”
program, a representative sample of 870 wom-
en (aged 25—64 years) living in Novosibirsk,
Western Siberia, was screened for the presence
of gallstones by gallbladder ultrasound [38]. PA
was evaluated by self-administered questionnaire
(WHO-MONICA Optional Study of Physical
Activity — MOSPA) [39]. The prevalence of GSD
was inversely related to PA (p < 0.01), there was
also a significant increase in the incidence of GSD
(by 1.9 times, p < 0.05) in the absence of occu-
pational PA (OPA) compared with that in the
presence of an average level of OPA. In wom-
en with mild-intensity of the leisure-time PA
(LTPA), GSD was more common (33.3 %) than
LTPA of moderate- and heavy-intensity (8.7 and
11.0 %, respectively, p < 0.01). In women with
GSD no association was found between PA and
diet, coronary heart disease, hypertension or dia-
betes [38].

A prospective population-based study includ-
ing 460,937 participants aged 30—79 years from
10 different regions of China found that total PA

was inversely associated with GSD (hazard ra-
tio (HR) comparing top vs bottom quintile: 0.86,
95 % CI 0.81—0.90); for LTPA, there was an in-
verse trend for GSD (HR comparing >7.5 MET-
hours/day with none: 0.82, 95 % CI 0.66—1.01)
[37]. Among Mexican women, an inverse relation-
ship was also noted between LTPA and the risk
of asymptomatic GSD (odds ratio (OR) = 0.76;
95 % CI 0.61—0.95; p = 0.02) [26]. Sedentary
behaviour was positively related to risk for symp-
tomatic GSD [18]. In symptomatic gallstone pa-
tients, exercise may reduce pain perception [19].

In the 33-year prospective US study “Aerobics
Center Longitudinal Study (ACLS)” (n = 54,734)
the results of the test of maximum physical activity
on the treadmill, corresponding to the maximum
aerobic power (similar to the maximum oxygen
consumption), were obtained; test scores of a par-
ticular patient are classified from 0 to 20 % as low
fit, i.e. fitness, the next 20—40 % (as a moderate
fit, and above 40 %) as a high fit in accordance
with the data of the surveyed ACLS cohort [32].
When compared with low cardiorespiratory fitness
(CRF), adjusted ORs for gallbladder disease for
those with moderate and high CRF were: 0.74
(0.55—0.99) and 0.59 (0.42—0.82), respectively
when adjusted for all the potential confounders
[32]. Each one MET increment of CRF was asso-
ciated with 10 % lower odds of gallbladder disease
in all participants (P for trend <0.001), 13 % low-
er in women (P for trend <0.001), and 8 % lower
in men (P for trend = 0.08) [32]. Similar results
were presented in a systematic review of 218,204
participants: the pooled RR for the highest and
lowest PA was 0.75 (95 % CI 0.69—0.81, I*> het-
erogeneity = 0 %), which confirms the protective
effect of PA for gallbladder diseases [30].

Regular PA and an appropriate diet are recog-
nized as the most important measures for the pre-
vention of GSD [8]. An Iranian cross-sectional
study of 1522 men and women aged >30 years
showed that daily PA reduced the risk of GSD
by 66 % (95 % CI 0.18—0.86) [28]. Intensive PA
also serves as a preventive factor for the cholelitho-
genesis [33] and has a negative (protective) rela-
tionship with cholecystectomy, which was proved
in a large population-based cohort study conduct-
ed in Norway [31].

Contra. However, some researchers have not
found a relationship between GSD and PA [41—
47]. In a randomized study in the Danish female
and male population, no association was found
between GSD and PA [41]. In Japanese men, PA
was not measurably related to either gallstones
or postcholecystectomy [44]. Intervention to in-
crease PA from moderate to high did not reduce
the incidence of sludge or gallstones during
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pregnancy [47]. In a 50-year prospective study
of 16,785 alumni of Harvard University, PA did
not predict either the risk of gallbladder disease,
hypertension, or diabetes mellitus [45], which
contradicts the generally accepted opinion about
the risk factors for GSD [8—11, 37].

Mechanisms of associations between PA
and GSD

The main mechanism of the effect of PA in GSD
may be associated with the release of the hormone
of the upper gastrointestinal tract, cholecystoki-
nin (CCK), with a prokinetic effect. In response
to dietary fats and proteins, CCK triggers a vari-
ety of physiological processes, including cholecys-
tokinetic (contraction of the gallbladder, relax-
ation of the sphincter of Oddi, increased bile flow
and accelerated transit through the small intes-
tine), pancreozimic effects [48], as well as inhibi-
tion of gastric emptying and acid secretion, slow-
ing colonic motility and satiety regulation — all
this is mediated by the CCK A receptor (CCKAR)
signaling cascade. The CCKAR gene has been iden-
tified as a critical gallstone gene, named Lith3,
which is associated with an increased prevalence
of cholesterol GSD in humans [10]. CCK release
increases immediately after exercise independent-
ly of feeding [49]. Acute PA, i.e. short term in-
tense exercise, can increase gallbladder emptying
in individuals with biliary pathology, including
GSD, by stimulating CCK release [29]. Hunger
suppression was also associated with an increase
in CCK levels after acute exercise [50]. In addi-
tion, activation of smooth muscles through CCK
receptors enhances the processes of emptying and
filling of the gallbladder, which affect the patho-
genesis of cholesterol gallstones [51]. However,
other authors do not find a relationship between
PA and the CCK level [52].

There are other potential mechanisms for as-
sociation of PA with a lower risk of GSD [3,
37]. Higher PA is associated with a reduced risk
of obesity, hyperinsulinemia and diabetes mellitus
[53], hypertension [54], hyperlipidemia, includ-
ing hypertriglyceridemia, and low levels of HDL
cholesterol [13, 17, 55]. It is these diseases that
are recognized as risk factors for GSD [8, 9, 11,
56]. Serum high-density lipoprotein cholesterol
(HDL-C), as a marker of reverse cholesterol trans-
port to the liver, acts as a precursor of bile acid
[57], which contribute to decreased biliary cho-
lesterol saturation. So an increase in the HDL-C
levels is inversely proportional to the prevalence
of gallstones [56]. Low serum HDL-C levels have
been shown to increase with PA even in the pres-
ence of GSD [58]. In addition, PA accelerates fat
oxidation in the body [59], and also favorably

affects mucin hypersecretion by the gallbladder
epithelium, mediated by free fatty acids: mucin
is a known factor that pronucleates cholesterol
crystals in bile [60].

PA also contributes to the reduction of systemic
inflammation indicators due to changes in pro-
and antiinflammatory factors (C-reactive protein,
adiponectin and interleukin-6) [61], as well
as activation of G-protein bile acid receptor 1
(GPBAR-1), mediating the subsequent activation
of other immune cells, such as macrophages, monocytes
and dendritic cells [62]. It is possible that PA can
influence the risk of gallbladder disease by modulating
gallbladder mobility by increasing vagal tone [63],
which affects both contraction (muscarinic receptors
M1) and relaxation of the gallbladder (muscarinic
receptors M2) [64]. The opinion is expressed about
the mechanical effect of PA on the motility of the
gastrointestinal tract in the form of vibration and
“bouncing” of the intestine during exercise [65],
while a decrease in the motility of the gallbladder
and colon are links in the pathogenesis of GSD
[10]. In GSD, there is usually a deficiency of bile
acids in the bile (bile acids are lipid-solubilising
molecules, which also regulate metabolic processes
as signalling factors), therefore among bile acids,
ursodeoxycholic acid is the drug of choice for the
treatment of cholesterol gallstones [66]. In obese
women with insulin resistance, bile acid synthesis
increased after 14 weeks of exercises and diet [67].
The serum concentration of total bile acids was found
to be significantly reduced by 46 % after middle
distance running [68]. Physical exercise restores
negative feedback in enterohepatic metabolism of bile
acids, lowering their content in serum, promotes
the synthesis of more bile acids by the liver into bile
[68]. An increase in biliary bile acid secretion (68 %,
p = 0.007) was shown in physically active running
mice compared to remaining sedentary controls [69].
Moderate long-term PA improves the secretion of not
only biliary bile salts, but also biliary phospholipids
in rats [70]. A possible mechanism for the protective
effect of PA on gallstone formation is the lowering
of biliary cholesterol levels, thereby preventing
cholesterol from precipitating in the bile [21]. In mice,
exercise promotes almost doubled changes in several
hepatic gene expression that increase cholesterol
uptake by the liver (low-density lipoprotein
receptor (LDLr), scavenger receptor class B type 1
(SRB1), and sterol 27 hydroxylase (Cyp27) genes)
but simultaneously increase cholesterol catabolism
to bile acids, effectively reducing bile cholesterol
saturation, suggesting an effect of endurance exercise
on inhibition of gallstone formation [71].

PA and microbiota

It has been proven that intestinal dysbiosis makes
a significant contribution to the development
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of not only GSD itself, but also to the develop-
ment of many disorders that are risk factors for
GSD, including obesity, diabetes, etc. [72—74].
Most studies have recognized the beneficial impact
of exercise on gut microbiota composition [75—78],
including an increase in the diversity and rich-
ness of the microbiota in physically active indi-
viduals, among them health-promoting bacteria
Faecalibacterium prausnitzii, Roseburia hominis,
Akkermansia muciniphila [79], Veillo-nella [80],
etc. V. atypica enhances athletic performance
via its metabolic conversion of exercise-induced
lactate into propionate [80]. PA can significantly
accelerate whole bowel transit time [81], which
also modulates the composition of the intes-
tinal microbiota. Obese individuals — and pa-
tients with GSD — are known to have a high-
er Firmicutes/Bacteroidetes ratio [73], and PA
may improve this ratio by increasing Bacteroides
[77]. In the intestine, bacteria produce short-chain
fatty acids (SCFA), which play an important role
in maintaining intestinal and immune homeostasis,
as well as in the regulating metabolism, inflamma-
tion and disease, — endurance exercise increased
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Ceeaennst 06 aBTOpax

I'puroppeBa Hpuna HuxomnaeBHa® — [1OKTOpP MeIUITMHCKUX
HayK, mpodeccop, TIaBHBIN HAYYHDBII COTPYIHUK JTaGOpATOPUI
racTposHTepoJorni HaydHO-ncCIe10BaTeIbCKOr0 NHCTHTYTA Te-
panun u TpodUIAKTUIECKON MequiinHbl — Gunnana UHeTutyTa
murosornn u remernkn CO PAH, pykoBogurenb rpymmsl 610-
XIMIYECKUX HCCIE0OBAHIN B TaCTPOIHTEPOJOTUN; Tpodeccop
orzpena obpasopannsgs HUWUTIIM — dumana Nul’ CO PAH.
Konrakraas ungopmanus: igrigorieva@ngs.ru;

630089, r. HoBocubupck, yia. B. Borarkosa, 1. 175/1.
ORCID: https://orcid.org,/0000-0003-0069-7744

Horosa Tarbsina EsrenbeBHa — Bpau-TeparneBT, Bpau-
racrpoanrepoior I'BY 3 «l'ocynapcrsennas HoBocubupckas 06-
JIacTHAsI KJIMHUYECcKast OOTbHUIAY.

Kownrakraast nadopmarst: notovivan007@mail.ru;

630087, r. HoBocubupck, yia. Hemuposnua-/lanuenko, a. 130.
ORCID: https://orcid.org,/0000-0002-5786-6927

PomanoBa Tarpauna IBanoBHa — KaHaAWAAT MEUIMHCKUAX
HayK, Y4YeHbIil ceKpeTapb, CTapUIMil HAYYHBIH COTPYAHUK Jab0-
patopuu racrpoanreposiorun HayuHo-nccsienoBaTesbckoro mH-
CTUTYTA Tepanuu U MPOPUIAKTHIECKON MeAUIMHbl — (uinana
Wucruryra muronorun u redernku CO PAH.
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