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Abstract

Analysis of COVID-19 features in individuals who regularly practice aerobic training. Methods. Asymptomatic persons and patients with COVID-19
older than 30 years, 293 people (180 men and 113 women), 214 of them — inhabitants of the Moscow region (the beginning of the sampling — 2" de-
cade of April 2020) and 79 — inhabitants of the Belgorod region (the beginning of the sampling — 2™ decade of May 2020), adapted (27 people —
I*tgroup) and unadapted (266 — control group) to aerobic training (AT). Computer tomography of the chest, RNA test for SARS-CoV-2 in smears
from the nasopharynx-oropharynx, the clinical blood sample and level of antibodies to SARS-CoV-2 were studied. The criterion for adaptation to
aerobic loads was considered compliance with the rules of the American Heart Association, 2008. Results. Adapted to AT individuals, in contrast to
the control group, characterized with the prevalence of asymptomatic (p = 0.045) and absence of severe forms of COVID-19, limited cataral simp-
toms of the disease (p < 0.001), rare pneumonia with absence (1) or presence (2) of acute respiratory failure (p, = 0,028; p, = 0,034), along with
lower prevalence of diseases, potentiating this infection (p = 0.03). Conclusion. Patients adapted to AT have less severe course of COVID-19.
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Pesome

Heablo nccnenoBanust siBucs aHaau3 ocooenHocreit teuenust COVID-19 y nui, peryiasipHO MpakTUKYIOIIUX adpPOOHBIN TPEHUHT. MaTepuabl
W MeTofIbl. B rccrienoBaniy mpuHUMAaIH yaacTre auia crapiie 30 jet ¢ 6eccummnroMHoi opmoii u 6ombHbie COVID-19 (17 = 293: 180 Myx4uH,
113 XeHIuMH), xureau (n = 214) MocKOBCKOro permoHa (Hayanao (opmMupoBaHusi BHIOOpKM — 2-s nekana amnpess 2020) u xurenu (n = 79)
Bbenroponckoii o6mactu (Hauano hopMupoBaHus BIOOpKY — 2-51 iekana mas 2020), anantupoBanHble (1-51 rpynma; # = 27) 1 HeamanTUPOBaHHbBIE
(KOHTpOJIbHAsI TpyTa; 7 = 266) K a9pOOHBIM HArpy3KaM. Y BceX MalMeHTOB MPOBOAMUINCH KOMITbIOTEpHAst TOMOTpadusi OpraHOB IPYIHOM KIIET-
ku, tect HAa PHK SARS-CoV-2 B Ma3kax M3 HOCO-, POTOIJIOTKM, OOLIMI aHAIU3 KpoBHU, ornpeneneHue aHtutea Kk SARS-CoV-2. Kpurtepuem
alanTallii K adpoOHBIM Harpy3KaM CUMTAIOCh COOTBETCTBHE TNpaBwiiaM American Heart Association (2008). Pe3ympratsl. Y ananTpoBaHHBIX
K a3pOOHbBIM HArpy3Kam JIML, B OTJIMYKME OT KOHTPOJIbHOM TPYIIIbI, OTMEUYEHBI ITpeodiiaganue 6eccuMmnToMHol (p = 0,045) 1 OTCYTCTBUE TSKETOM
dhopmbr COVID-19, orpannyeHHasi ocTpasi peciupaTtopHasi BUpycHast MHGbEKIMs, KIMHUYeCKUit BapuaHT 6osie3Hu (p < 0,001), HM3Kas yactoTa
CJTyyaeB MHEBMOHMM ¢ OTCYTCTBHEM (1) Miin Hanmmauem (2) ocTpoii bixatesibHOl Hepoctatounoctu (p, = 0,028; p, = 0,034) Hapsiny ¢ MeHbLIEH
PacrpoCTPaHEHHOCTBIO 3a00JIeBaHMIA, TOTCHUMPYIOIIUX AaHHY0 nHbekuuo (p = 0,03). 3akmovenue. [TanMeHTOB, aqanTUPOBAHHBIX K a3p00-
HBIM Harpyskam, oTjanyaer MmeHee Tsexesnoe redueHue COVID-19.
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The significant results of adaptation are improved reli-
ability of biological systems and body as well as increased
resistance to external disturbances [1]. In this regard, the
search for clinical inhomogeneity patterns of COVID-19
should focus on characterisation on initial respiratory sys-
tem fitness, more specifically — adaptation to aerobic ex-
ercise (AE). However, the issue “CoV-2 — adaptation to
AE” is wider than the issue “CoV-2 — sports”, even when
the question is about the so-called cyclic sports (field-
and-track athletics, rowing, swimming, cycling). This
limitation, especially in case of professional sports, is due
not only to the age (sportspeople are relatively young), but
also to the influence of key elements of a sports process
affecting harmonious development: immunomodulating
competitive stress, infection-promoting crowding during
workouts and competitions, and highly commercialised
nature of sports. Therefore, a few researches on the spe-
cifics of COVID-19-pathology in physically trained indi-
viduals, specifically in sportspeople, are not able to resolve
the issue of natural sanitation mechanisms, resulting, in
some cases, in asymptomatic disease and, in some cases,
in severe pneumonia associated with corona virus infec-
tion [2, 3].

This paper, initiated during the period of higher un-
certainty and mysteriousness of the new disease for the
Russian healthcare system, is aimed at assessment of
COVID-19 characteristics in individuals adapted to AE.
At the same time, the initial knowledge about the low-
er incidence and relatively good outcomes in younger
population was a prerequisite for sampling patients over
30 years old only.

Materials and methods

The study included asymptomatic individuals and
COVID-19 patients over 30 years old, 293 individuals
(180 men and 113 women), with the median and inter-
quartile age of 54.5 (44 — 65) years old, 214 of them were
citizens of Moscow and Moscow region (sampling initia-
tion: 2" decade of April 2020) and 79 citizens of Belgorod
region (sampling initiation: 2" decade of May 2020).
56 subjects (21.1%) previously visited endemic regions
abroad (including 49 citizens of Moscow and Moscow
Region). COVID-19 was diagnosed in accordance with
The Temporary Guidelines for Prevention, Diagnosis
and Management of a Novel Corona Virus Infection of
the Ministry of Health of the Russian Federation (revi-
sion 4 dated March 27, 2020 and revision 5 dated April 08,
2020), where 3 severity levels (mild: 146 individuals,
moderate: 63 individuals, and severe: 53 individuals) and
6 clinical patterns are identified; only 4 of them were re-
corded in the study: ARVI, pneumonia without respirato-
ry distress (RD), pneumonia with severe RD, acute respi-

ratory distress syndrome (no sepsis and septic shock cases
were recorded). Due to uneven capability (especially in
outpatient settings) to perform a full set of diagnostic pro-
cedures, assessment was based on computer-aided chest
tomography (CT), SARS-CoV-2 RNA smears from the
nasopharynx — oropharynx, clinical blood assay with dif-
ferential white blood cell count, and antibody levels (IgG
and IgM).

Asymptomatic cases included cases (31 patients if the
incubation stage of the disease is excluded) limited to
positive SARS-CoV-2 RNA smear PCR tests and/or in-
creased IgG (over 10 U/mL) and IgM (over 2 U/mL) titre
against SARS-CoV-2 (ELISA). Any other medical history
data, excluding asymptomatic cases, were obtained only
from COVID-19 survivors.

In order to characterise “adaptation to AE”, the mod-
ified American Heart Association criteria (AHA, 2008)
were used, where an individual had highly intensive aer-
obic physical exercises during previous 12 months (min.
150 minutes/week) or combined intensive exercises (min.
75 minutes/week) with moderate exercises (min. 150 min-
utes/week). Intensity levels corresponded to AHA classi-
fication, based on the heart rate (HR) during exercises:
moderate intensive exercises if the HR was 50 — 70% of
the maximum value (HR = 220 — age), intensive ex-
ercises if the HR was > 70% — < 85%, ... However, such
an estimation precision of exercises duration and HR in
clinical settings is rather an aim, not a real possibility, re-
corded only in patients who were aware of and used the
principles of self-control. All other subjects were included
into the group with adaptation to AE if during the pre-
vious 12 months they regularly (at least 5 times weekly)
went running outside or on a treadmill (min. 30 minutes),
stationary bike exercises (min. 40 minutes), stair stepper
exercises (with an overall duration of 30 min.) or inten-
sive nordic walking (60 — 90 minutes). In AHA guidelines
(2008), such aerobic exercises are included into “intensive
exercises”. Eventually, these criteria were met by 27 indi-
vidual (17 men, 10 women), with the median and inter-
quartile age of 54 (42 — 67) years old (group 1). The re-
maining 266 individuals from the main group not adapted
to AE (163 men and 103 women aged 55 (43 — 66) years)
were controls (group 2). As there were no individuals with
markedly depressed immunity (administration of system
glucocorticosteroids, cytostatic agents, exhaustion, etc.)
or persons from close communities (orphanages, retire-
ment homes) in group 1, these characteristics were exclu-
sion criteria in controls as well.

Regular intensive exercises are one of the endur-
ance and stamina features of an individual — determi-
nation, adding to other endurance and stamina fea-
tures: bravery, independence, self-command, etc. For
additional characterisation of patient personality and
determination specification, we used the “persistence”
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scale from the Willed Self-Regulation questionnaire by
A.V.Zverkov — E.V.Eidman [4]. Of note, the objectivi-
ty of results in such an analysis is greatly dependent on
trusted relations between the patients and his/her phy-
sician; and the formal nature of tests with filling out
questionnaires sometimes compromises the method.
This is especially true with COVID-19 patients who had
a psychological trauma. Therefore, in order to maintain
the principles of medical paternalism, the 16 questions
(where pronouns “I”, “My”, “Me” were replaced with
“You”, “Yours”, “For you”) were distributed along the
conversation with the patient, and the operator calcu-
lated the final result after listening to the recorded dia-
logue. The results were processed using variation statis-
tical methods in Statistica 6.0 (StatSoft, Inc., USA) and
Biostatistics for Windows 4,03.

Results and discussion

In the groups of COVID-19 patients from Moscow,
Moscow Region and Belgorod Region, the share of in-
dividuals who regularly do aerobic exercises was 9.2%
(27 individuals). There were 3 patients over 80 years old:
2 men of 81 and 83 years old and a 80-year old woman
who went for 5 — 7 km of nordic walking every day. As
far as disease severity is concerned, individuals adapted to
AE did not have severe pathology; they were mostly as-
ymptomatic (p < 0.05), only 1 patient had a moderate dis-
ease (see Table 1). It is worth mentioning that this reg-
ularity was identified during provisional analysis, when
the groups were formed, during the period of the high-
est uncertainly as to the correct search direction, when
in addition to very limited amount of information about
the infection and lack of experience in COVID-19 patient
management, we have already had some references to se-
vere course of COVID-19 in an individual highly adapt-
ed to AE. It was a 38-year old Italian marathon runner
who spent over 2 weeks on mechanical ventilation, and on
27 February the Daily Mail named him a super-spreader
of the infection in Lombardy [5].

The rate of mild cases in group 1 (excluding asymp-
tomatic cases) was 95%, whereas in group 2 it was 66.5%;
the rate of moderate and severe cases in group 2 was 11.6%
and 21.9%, respectively. This severity ratio is quite dif-
ferent from the currently accepted values for COVID-19
(81, 14 and 5%); this is probably due to a small sample
number, age limitations (individuals under 30 years old
were excluded) and the criterion of no marked immune
depression.

In individuals adapted to AE, very often the disease was
limited to ARVI only (p < 0.001), while pneumonia with se-
vere RD was diagnosed only in 1 patient (a 57-year old man)
who had moderately severe disease. In controls, pneumo-
nia with severe RD was diagnosed in 42.9% (p < 0.05), and
the rate of pneumonia without severe RD was a bit low-
er (44.7%). Also, the unadapted group of patients included
3 men and 1 woman who suffered from ARDS.

Analysis of individual signs in COVID-19 patients
(20 individuals in group 1 and 242 individuals in group 2)
demonstrates fewer symptoms of respiratory abnormal-
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Table 1

Severity structure and clinical variants of COVID-19

in individuals adapted (group 1) and unadapted (group 2)
to aerobic training; n (%)

Tabauua 1

Cmpykmypa majcecmu u KAuHu4ecKue 6apuannivl
COVID-19 y auu, adanmupoeannsix (1-a epynna)

u Headanmupoganuwlx (2-s epynna)

K a3pobnoii nazpysxe; n (%)

Group 1 ‘ Group 2
Characteristics p
‘ n=27 ‘ n = 266 ‘
Mild disease 19 (70.4) 161 (60.5) N/a
Moderate disease 1(3.7) 28 (10.5) Nia
Severe disease - 53 (19.9) 0,042
Asymptomatic disease 7(25.9) 24 (9.0) 0,045
ARVI 14 (51.9) 8(3.0) <0,001
Pneumonia without RD 5(18.5) 153 (57.5) 0,028
Pneumonia with RD 1(3.7) 77 (28.9) 0,034
ARDS - 4(1.5) N/a

Note: ARVI, acute respiratory viral infection; RD, acute respiratory distress; ARDS, acute
respiratory distress syndrome; p confidence for x% N/a, no data available.

TpuMeYaHve: JOCTOBEPHOCTb P MO KpUTEPUIO ).

ities in patients adapted to AE: they had caught, dys-
pnea and chest X-ray abnormalities less frequently (see
Table 2). When all symptomatic cases were excluded, this
group included only 6 individuals with typical CT pat-
tern: 1 man with right unilateral “ground glass” areas in
S6 and 10 (CT stage: 1), 4 patients had bilateral pneumo-
nia stage, and one patient had a bilateral disease with CT
stage I1. In controls, CT changes were recorded in 234 in-
dividuals (p < 0.05), including 22.4% (53 individuals) with
stage 3and 3 — 4 (p = 0.087).

Because of a variable conception of the disease dura-
tion by patients (whether presence of symptoms or dura-
tion of hospitalisation or sick leave), we used fever dura-
tion as a criterion, taking into account that the majority
of patients remembered quite a unique, usually two-phase
ARVI. In adapted patients, the median duration was
2 days shorter than in controls (p < 0.01); the maximum
fever duration in group 1 was 12 days, while in group 2 it
was 27 days.

Regular aerobic exercises did not prevent group 1 pa-
tients from having diseases that potentiate COVID-19;
however, this group included only 7 patients with obesity,
arterial hypertension (AH) and diabetes mellitus (DM),
whereas in controls these conditions were recorded in ap-
prox. 70% (p < 0.05, see Table 3). Intergroup differenc-
es in comorbidity were caused by various combinations of
obesity and DM (p < 0.05), but not AH. Of note, among
individuals adapted to AE there was one individual with
obesity, DM and AH (a 54-year old man). We have been
following this patient up for 2 years; his hyperglycemia is
corrected with a combination of antihyperglycemic agents
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Table 2

Frequency of individual signs* COVID-19 in patients
adapted (group 1) and unadapted (group 2)

to aerobic training; n (%)

Tabauua 2

Yacmoma omoeavruvix npusnarxoe* COVID-19 y 6oabHbix,
adanmuposannvix (1-s epynna) u Headanmupo8aHHbIX
(2-5 epynna) K a3pobnoii nazpyske; n (%)

‘ Group 1 ‘ Group 2 ‘
Characteristics

‘ n=19 ‘ n =242 ‘

Fever 16 (84.2) 241 (99.6) N/a
Fever duration, days, Me (Q1 - Q2) 3 (3-5) 5(3-14) 0,001**
Cough 3(15.8) 227 (93.8) 0,003
Dyspnoe 1(52) 112 (46.3) 0,023
Runny nose 18 (94.7) 181 (74.8) N/a
Impaired olfaction 17 (89.5) 231 (95.5) N/a
Headache 5(26.3) 107 (44.2) =T
Impaired sense of taste 1(5.2) 60 (24.8) ="
Diarrhea - 18 (7.4) ="
Myalgia, arthralgia 6(31.6) 148 (61.2) ="
All CT positive cases 6(31.6) 234(%6.7) 0,025
Severe CT positive cases:

o | 5(26.3) 134 (55.4) Nia

ol 1(5.2) 39 (16.1) N/a

o =1 - 8(3.3) =" -

ol = 50 (20.7) =0

e -1V - 3(1.2) =" -
Lymphocyte depletion _ 28 (11.6)

(lymphocyte count < 20%)

Note: CT, computered tomography; p confidence for x *, for paraclinic signs, when the test
was repeated, we used a result with the highest deviation; **, p confidence for Mann — Whitney
test; Me (Q1 - Q2) - median, quartile 25 - 75%; N/a, no data available.

MpuMeyaHve: * - Ans napakivHUYECKUX MPU3HaKOB NP HEORHOKPATHOCTY BLINONHEHNS 1ccHe-
[0BaHVs VCMIONb30BaH Pe3ynsTar ¢ HanbombLLvM OTKMIOHEHUEM; ** — 0CTOBEPHOCTb P NO KpH-
Tepuio T MaxHa-Yuthu; Me (Q1-Q2) — meguaa, keaptunb 25-75 %.

and a two-component antihypertensive regime, including
ACE inhibitors; also, he has been regularly exercising on a
stationary bike for 14 months (45 — 90 min/day); his dis-
ease was a 5-day ARVI without impaired olfaction.

Analysis of mean values for “persistence”, modified
Willed Self-Regulation questionnaire did not allow re-
vealing a significant difference between patients who regu-
larly exercise and those who do not use aerobic exercises
in their daily life. In group 1, the value was 12 (7 — 13)
points, whereas in group 2 it was 10 (6 — 12) points, with
the difference of 16.7%, just trending towards confidence
(p =0.093), without any statistically significant difference.
A probable reason might be both inadequate specificity of
the method used and a small number of subjects in the test
and control groups.

Without getting into details of effects from adapta-
tion to AE, three mechanisms should be named that can
contribute to favourable COVID-19 course in patients
adapted to physical exercises. On the one hand, long-
term adaptation to AE (or stamina training) has a very
important characteristic: it results in sparing use of regu-
latory respiration elements during regular stress and en-
hanced reserves of the respiratory system, together with
the ability to mobilise more efficiently when required.
Favourable cross effects from such adaptation for anti-
oxidant and immune systems are well known as well [1].
A typical inflammation manifestation is energy deficit in
the inflamed site; frequent sympathicotonia and result-
ing phospholipase activation and lipide peroxidation are
associated with cytopathy. On the contrary, in adapta-
tion to AE, with increase in antioxidant enzyme levels
in tissues (superoxide dismutase and glutathione perox-
idase) and mitochondria genesis, this effect significantly
reduces [6, 7]. Also, aerobic exercises promote improved
density and adrenoreceptor affinity in breathing muscles,
bronchi smooth muscle cells, bronchial arteries, glands
and epithelium. First, it allows improving the rate and
amplitude of inhale and exhale muscle contraction (their
strength) in response to significantly lower (non-toxic)
adrenaline concentrations, synchronising their activity
with other skeletal muscles participating in locomotor
behaviour; second, it efficiently reduces resistance in the
bronchial tree as a result of more marked bronchodila-
tion; and third, it improves the quality of bronchi muco-
sa sanitation due to ciliary activity stimulation and less
viscous secretion passage |1, 6].

Most prominent changes in COVID-19 are found in
the alveolar-capillary membrane (ACM), and the vi-
rus enters the cell through membrane protein — angio-
tensin converting enzyme 2 (ACE II) [8]. In addition to
the growth in the pulmonary capacity, AE are known
to modify the ACM structure and to improve its diffu-
sion capacity. During overall diffusion capacity tests with
carbon monoxide (DL_), trained subjects demonstrat-
ed significantly higher values vs untrained individuals
not only at rest, but specifically during exercises; a sim-
ilar difference was noted for blood volume in pulmo-
nary capillaries (V) and diffusion capacity of membrane
(D,) [9]. In our study, untrained patients were distin-
guished for a large number of cases with high body mass
index and DM. Obesity and DM significantly disturb the
ACM structure and function [10]. For an experimen-
tal model, increased thickness, reduced elasticity and
diffusion capacity both in normal state and in hypoxic
events were proven. Also, in obesity associated with hy-
poxia, the number of type II alveolar epithelial cells and
alveolar macrophage are significantly reduced; oxidised
defective DNA are more numerous, thus promoting im-
paired overall resistivity of ACM [11]. Now it is difficult
to give an unambiguous answer to the question: is it only
the training of the respiratory system that increases the
level of its resistance to coronovirus, or the small number
of comorbid diseases — obesity and diabetes mellitus — is
also important here, presented in this work in the group
of persons adapted to AN. Most likely today, both factors
should be taken into account, but the degree of signifi-
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Table 3

Diseases that potentiate COVID-19

in the compared groups; n (%)

Tabauua 3

3aboaesanus, nomenyupyrougue COVID-19
6 cpasrueaemolx epynnax; n (%)

. ‘ Group 1 ‘ Group 2 ‘
Disease
‘ n=27 ‘ n = 266 ‘
Obesity + DM - 53 (19.9) 0.043
Obesity + AH - 16 (6.0) Nia
AH + DM - 3(1.4) Nia
Obesity + DM+ AH 1(3.7) 22(83) =T
Obesity 2(7.4) 52 (19.5) .
DM = 1(0.3) =0
AH 4(14.8) 38 (14.3) =" -
All cases with obesity 3 (1) 143 (53.8) 0.009
All cases with DM 1(3.7) 79 (29.7) 0.031
All mentioned diseases that 7(25.9) 185 (69.5) 0.03

potentiate COVID-19

Note: DM, diabetes mellitus; AH, arterial hypertension; p confidence for y% Na, no data available.
TpvMeYaHue: FOCTOBEPHOCTb P MO KpUTEPUIO X2

cance of each of them must be specified in the course of
a subsequent study with an increase in the volume of the
experimental and control groups.

ACE II, an ACE homolog which differs from ACE in
its physiological effects, is a component of counterregu-
latory axis (ACE II/AT (1 — 7)/MasR). Regular physical
exercises reduce ACE II levels in tissues [12, 13]; there-
fore, they should have facilitated corona virus penetra-
tion to the cell and made COVID-19 more aggressive.
However, clinical and experimental trials of ACE inhib-
itors and angiotensin II receptor blockers (their pharma-
cological mechanism causes increase in ACE II level)
show quite another pattern: administration of medicines
is associated with reduced risks of death of COVID-19
patients; during the experiment, medicines reduced
mortality and prevented acute damages of lungs in mice
challenged with SARS-CoV [8, 14, 15]. Other arguments
for physical exercises and ACE II growth are presented in
a study by D. M. Magalhaes et al. (2020): as exemplified by
physically trained men who were doing highly intensive
aerobic exercises, blood and urine ACE II levels signifi-
cantly rise, and in moderate exercises, renal elimination
of ferment is significantly increased [16]. It is clear that
they are free, unbound (solubilized) protein fractions.
Therefore, it is possible that ACE II split from cell mem-
branes is increased in AE; therefore, in adapted individ-
uals, the probability of virus entering the cell via this re-
ceptor is reduced.

The human and animal immune system is affected by
the overall physical activity and AE [17]. Adaptation to AE
impacts cell and humoral elements of inborn and acquired
immunity: regular exercises modify the ratio of natu-
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ral killer cells increasing the number of younger (CD56-
bright NK) colonies; the neutrophils/lymphocytes ratio
and the density of 7To//- and NOD-like receptors increase;
Thl, Th2, Threg, secretory IgA levels change in upper re-
spiratory tract mucosa, etc. [18, 19]. All these factors im-
prove body resistance to respiratory infections, neoplasms,
toxic and even radiation impacts [1, 6, 20, 21]. Still, there
are negative cross-effects from such adaptation. They re-
sult from excessive exercises (J-effect by D.C.Nieman,
1994), when the risk of respiratory infections increases.
It is true about long AE [22—24]. An additional condition
is physical epithelium damage (bronchial and alveolar) re-
sulting from long-term hyperventilation in case of inad-
equate training conditions [25]. It is likely that all these
conditions were present in references, where COVID-19
in individuals adapted to AE was severe (only 2 cases were
recorded among numerous marathon runners and only
1 among professional cyclists) [2, 3]. Unfavourable con-
sequences from adaptation to AE can be prevented by
following the rules established by the Russian school of
physiology: “prevention... Is first of all sustainable limita-
tion of physical exercises and adequate selection of ontog-
eny stage when exercises can be done (or increased); sec-
ond, use of combined adaptation when the body adapts to
several factors”, thermal (cold water treatment), hypoxic,
etc. regimen [1].

Conclusion

In this study of physically active individuals of 30+ years
old adapted to AE, as opposed to patients who are not
used to aerobic exercises, COVID-19 was mostly asymp-
tomatic or was associated with limited clinical ARVI, rare
pneumonia (or CT positive cases), together with lower
morbidity of rates that potentiate this infection, especially
obesity and DM; the degree of their participation and the
independent role of the adaptation factor to AE in chang-
ing the severity of COVID-19 is planned to be clarified in
the course of a subsequent study.
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