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Abstract: This study evaluated cardiorespiratory regulation in patients with non-
severe community-acquired pneumonia with and without comorbid metabolic
syndrome. The study included 35 healthy controls, 14 participants with metabolic
syndrome, 62 patients with pneumonia, and 28 patients with pneumonia and
metabolic syndrome. Heart rate and respiratory rhythm were synchronously
recorded for 10 minutes using electrocardiography and impedance pneumography.
Patients with pneumonia and metabolic syndrome demonstrated the greatest
reduction in heart rate variability, including SDNN of 15.6 (10.8-20.0) ms and
PHF of 22.7 (10.5-64.4) ms? compared with 31.7 (23.1-43.3) ms and 167.0 (52.5—
468.7) ms? in pneumonia alone. These findings indicate that metabolic syndrome
substantially aggravates cardiorespiratory regulatory dysfunction during non-
severe pneumonia.
Keywords: community-acquired pneumonia; metabolic syndrome;
cardiorespiratory regulation; heart rate variability; respiratory rhythm variability.
KAPJIUOPECIIUPATOPHASI PEIVJIAIIMS TIPM  HETSXEJOH
BHEBOJIbHUYHONW TNHEBMOHUWHU, ACCOILIMUPOBAHHONW C
KOMOPBUJIHBIM METABOJINYECKUM CUHAPOMOM
XycaunoBa MyHupa AnuiiepoBHa
acCHCTEHT Kadeapbl NPoneIeBTUKH BHYTPEHHUX 00J1e3Hel
CamapkaHICKu#i TOCYyIapCTBEHHbIH MeIMIMHCKNA YHUBEPCUTET
AHHOTauus: B wucclienoBaHMM OLEHEHBl HAPYLIEHUS KapAuOPECIUPATOPHOU

PETYISAIMN y TTAIUEHTOB C HETSKEIOW BHEOOIHbHUYHON THEBMOHHEH TIPU HATMIUHT
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U OTCYTCTBHM KOMOPOHMIHOTO MeTabonmueckoro cuHapoMa. B wuccnepoBanme
BKJIFOUEHBI 35 310pOBBIX JHII, 14 MalMEeHTOB ¢ META0OIUYECKUM CHUHIIPOMOM, 62
OOJIbHBIX BHEOOJIBLHUYHON THEBMOHMEH W 28 MalMEHTOB C COYETAaHUEM
MMHEBMOHUUA ®  META00IM4ecKoro cuHapoma. CHHXPOHHYIO PErHCTPAIHIO
AIIEKTPOKAPINOTPAMMBI M UMIIEAaHCHOW ITHEBMOTPAaMMBbI TIPOBOIMIIH B TeueHue 10
MUHYT C TIOCJICTYIOIIEH OIEHKOW BapHaOCIbHOCTH CEPJICYHOTO M JBIXaTEIHHOTO
putMoB. Hanbonee BbIpa)keHHOE CHUXKEHUE BapHaOEIbHOCTH CEpJECYHOr0 pUTMa
OTMEUCHO TPU COYCTAaHWM ITHEBMOHHHM W MeTaboyimueckoro cuHapoma: SDNN
cocrasmina 15,6 (10,8-20,0) mc, a PHF — 22,7 (10,5-64,4) mc? npotus 31,7 (23,1—
43,3) mc u 167,0 (52,5-468,7) mc*> npu mNHEBMOHHUU 0€3 MeTabOIMYECKOTro
cuaapoma. IlomydeHHBIE pe3yJdbTaThl CBUICTEIBCTBYIOT O CYIIECTBEHHOM
yCyryOJIeHUM HapyIIeHWH KapAuOPECIIUPATOPHON PETYNAIMA TPU COUYETAHUU
HETSDKEIOW MMTHEBMOHUH ¢ META0OJIMYECKUM CHHIPOMOM.

KiioueBble cjoBa: BHEOOJbHUYHAS THEBMOHUS, METa0OJUYECKUN CHHJIPOM;
KapAUOpeCupaTopHasi  peryjsiiusi; BapuaOeIbHOCTh  CEPICYHOTO  PUTMA;
BapUaOCIIbHOCTD JBIXaTEIHHOTO PUTMA.

Introduction: Community-acquired pneumonia is an acute infectious disease
capable of producing systemic disturbances beyond the respiratory tract. Even
when the course is non-severe, inflammatory activation, fever, and altered
respiratory mechanics may influence cardiovascular regulation. Metabolic
syndrome represents an additional burden characterized by abdominal obesity,
elevated blood pressure, impaired glucose metabolism, and lipid abnormalities. Its
coexistence with pneumonia may intensify autonomic imbalance and reduce
adaptive capacity of the cardiovascular and respiratory systems. Heart rate
variability provides a sensitive indicator of autonomic regulation, while respiratory
rhythm variability reflects the stability of spontaneous breathing control.
Simultaneous assessment of both systems can therefore provide information about
cardiorespiratory interaction that is not obtained from routine vital signs alone. The
study compared patients with non-severe community-acquired pneumonia with and

without metabolic syndrome. Healthy individuals and subjects with metabolic
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syndrome without disease were also evaluated. Particular attention was given to
SDNN, CVNN, RMSSD, and spectral components of heart rate variability.
Respiratory variability was assessed through the duration and dispersion of
respiratory cycles. The investigation determined whether metabolic syndrome
produces an additional reduction in physiological variability during pneumonia and
whether these abnormalities persist after treatment. Clarifying this relationship
may improve recognition of patients with increased regulatory vulnerability and
provide a basis for closer cardiovascular and respiratory observation during
recovery.

Aim of the study: To evaluate the additional contribution of comorbid metabolic
syndrome to cardiorespiratory regulatory disturbances in patients with non-severe
community-acquired pneumonia.

Materials and methods. The investigation used a prospective, controlled, parallel-
group design. Four groups were studied: 35 clinically healthy individuals, 14
participants with metabolic syndrome, 62 patients with non-severe community-
acquired pneumonia, and 28 patients with pneumonia accompanied by metabolic
syndrome. Patients with pneumonia were assessed twice, at admission and at the
end of treatment, baseline and follow-up assessments, whereas controls underwent
one examination. Pneumonia severity was classified according to the SMRT-CO
score. Metabolic syndrome was diagnosed using criteria that included abdominal
obesity, together with at least two additional abnormalities involving blood
pressure, triglycerides, HDL cholesterol, or glucose metabolism. Clinical
measurements included body mass index, waist circumference, respiratory rate,
blood pressure, heart rate, temperature, and oxygen saturation. Laboratory
assessment included routine inflammatory and metabolic markers, specifically
leukocyte count, erythrocyte sedimentation rate, C-reactive protein, glucose, HDL
cholesterol, and triglycerides. Cardiorespiratory regulation was evaluated during a
standardized 10-minute simultaneous recording of electrocardiography and
impedance pneumography. Heart rate variability was characterized by SDNN,

CVNN, RMSSD, low-frequency power, high-frequency power, LF%, HF%, and
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LF/HF. Respiratory rhythm variability was determined from Ttot intervals using
TtotSD and TtotCV. Statistical analysis used PSPP with median and interquartile
range under comparable examination conditions. Quantitative variables were
compared with the Mann—Whitney test, proportions with the chi-square test across
groups, and p<0.05 was considered statistically significant.

Results. The groups were comparable in age and sex. Participants with metabolic
syndrome had greater body mass index, waist circumference, and systolic blood
pressure. In the metabolic syndrome groups, fasting glucose was 6.8 (5.3; 8.1)
mmol/L compared with 4.5 (4.1; 5.1) mmol/L in healthy controls, p<0.01, while
HDL cholesterol was lower, 1.3 (1.1; 1.6) versus 1.9 (1.7; 2.2) mmol/L, p=0.04.
Pneumonia severity did not differ significantly according to SMRT-CO, p=0.18.
Patients with pneumonia and metabolic syndrome had higher leukocyte counts,
10.7 (8.4; 11.7) x10°/L versus 7.7 (6.1; 11.3) x10%L, p=0.02, higher neutrophil
proportions, 78 (71; 84)% versus 70 (58; 79)%, p=0.04, and ESR, 25 (10; 46)
versus 10 (5; 25) mm/h, p=0.01. Heart rate variability was most impaired in the
pneumonia plus metabolic syndrome group. SDNN was 15.6 (10.8; 20.0) ms
compared with 31.7 (23.1; 43.3) ms in pneumonia without metabolic syndrome,
p<0.001. CVNN was 2.2 (1.7; 2.8)% versus 3.9 (2.7; 5.0)%, p<0.001; PLF was
33.9 (15.3; 81.5) versus 150.8 (73.6; 272.5) ms?, p<0.001; and PHF was 22.7
(10.5; 64.4) versus 167.0 (52.5; 468.7) ms?, p<0.001. By the end of treatment,
SDNN increased to 22.4 (14.7; 33.9) ms in the comorbid group but remained lower
than 40.7 (29.5; 62.6) ms in pneumonia alone, p<0.001. Respiratory rhythm
variability was reduced, with the lowest TtotSD and TtotCV values observed in
patients with combined disease. These abnormalities remained evident at treatment
completion.

Conclusions: Comorbid metabolic syndrome was associated with substantially
greater impairment of cardiorespiratory regulation in patients with non-severe
community-acquired pneumonia. The most pronounced abnormalities concerned
heart rate variability, with markedly lower SDNN, CVNN, PLF, and PHF values

than in pneumonia without metabolic syndrome. Although SDNN increased during
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treatment, it remained significantly reduced in the comorbid group, indicating

incomplete functional recovery. Respiratory rhythm variability was likewise

lowest when pneumonia and metabolic syndrome coexisted. These findings

suggest that metabolic syndrome creates an unfavorable regulatory background

during pneumonia and supports closer cardiovascular and respiratory monitoring

during treatment and recovery, particularly in stable patients after discharge.
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