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A COMPREHENSIVE OVERVIEW OF PRISm: FROM SPIROMETRIC PATTERN TO CLINICAL OUTCOMES
AND PSYCHOSOCIAL IMPACT
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'West Kazakhstan Marat Ospanov Medical University, Aktobe, Republic of Kazakhstan

Introduction. Preserved Ratio Impaired Spirometry (PRISm) is a spirometric phenotype characterized by reduced
forced expiratory volume in the presence of a preserved FEV,/FVC ratio. It is increasingly recognized as a clinically
meaningful condition rather than a benign or transitional state. Individuals with PRISm frequently experience
respiratory symptoms, impaired functional capacity, and reduced quality of life, and are at increased risk of
cardiovascular disease and mortality compared with those with normal lung function.

Objective. This narrative review synthesizes current evidence on the epidemiology, pathophysiology, and clinical
consequences of PRISm, with particular emphasis on its association with cardiometabolic diseases and mental health
outcomes.

Methods. A comprehensive search of PubMed, Web of Science, and Scopus was conducted to identify publications
related to PRISm and its association with mental health outcomes up to December 2025, using predefined keywords
and Boolean combinations. Eligible cohort, cross-sectional, case—control studies, systematic reviews, and meta-
analyses were screened, and a total of 68 full-text articles meeting the inclusion criteria were analyzed.

Results. Current evidence indicates that the pathophysiology of PRISm is multifactorial, involving small-airway
dysfunction, reduced lung volumes, systemic inflammation, skeletal muscle impairment, and metabolic abnormalities
such as obesity and insulin resistance. Environmental and occupational exposures further contribute to the risk and
progression of PRISm. An expanding body of research links PRISm with depression and anxiety, which increase
symptom burden, healthcare utilization, and may independently worsen prognosis.

Conclusion. PRISm is a clinically significant and heterogeneous phenotype associated with adverse respiratory,
cardiometabolic, and psychosocial outcomes. Despite its growing recognition, it remains underdiagnosed and
insufficiently addressed in current clinical frameworks. A multidimensional approach integrating respiratory,
metabolic, and mental health assessment is essential, and further research is needed to develop standardized diagnostic
criteria and targeted interventions.

Keywords: Preserved Ratio Impaired Spirometry (PRISm), lung function impairment, chronic obstructive pulmonary
disease, cardiometabolic risk, depression, anxiety, epidemiology, risk factors, clinical outcomes

KOMITJIEKCHbII OB30P PRISm: OT CIIMPOMETPUYECKOI'O TTATTEPHA K KJIIMHUYECKHM U
I[MTCUXOCOINAJIBHBIM NCXOAAM

Lazzat M. Zhamaliyeva', Aiganysh Mamyrzhankyzy'*
3anaono-Kaszaxcmanckuil meduyunckuil ynusepcumem umenu Mapama Ocnanosa,
Axmobe, Kazaxcman

Bgenenue. Preserved Ratio Impaired Spirometry (PRISm) - ato cripomerpudeckuii peHOTHII, XapaKTepH3YIOIIUCs
CHIDKeHHEeM 00beMa (popCHpPOBaHHOIO BbIZOXA MpH coxpaHeHHOM cooTHomennn FEV1/FVC. B Hacrosiiee Bpems oH
BCE Yallle PacCMaTPUBACTCS KaK KIIMHUYECKU 3HAUMMOE COCTOSIHUE, a He KaK JTOOPOKaueCTBEHHOE WM ITepeXoaHoe. Y
marueHToB ¢ PRISM wacro HabmromaroTest pecnmpaTopHble CHMITOMBI, CHIDKEHHE (QYHKIIHOHAIEHOW CIIOCOOHOCTH U
YXyJIIeHHEe Ka4eCTBa )KU3HH, a TAKKE MOBBILICHHbBIH PUCK CEPJeYHO-COCYIUCTBIX 3a00JIeBaHuil U 0011Ieil CMEPTHOCTH
10 CPABHEHUIO C JIMLIAMH ¢ HOPMAaJIbHOH (PyHKITHEH JTeTKuX.

Heab. HacTosmmii 0630p 000011aeT COBPEMEHHbIE TaHHbIE 00 AMHUIAESMHUOJIOTUH, MATO()U3UOIOTHN U KITMHUYECKUX
nocneactBusax PRISM ¢ ocoObIM akiieHTOM Ha ero CBsi3b € KapIUOMeTaboIHueCKUMH 3a00JIEBAHUSIMH 1 TICUXUYECKUM
3/I0POBBEM.

Marepuasbl 1 MeTObI. BbUT IPOBe/IeH KOMIUIEKCHBIH MOMCK MyOsuKaiwii B 6a3ax manusix PubMed, Web of Science
n Scopus mo nexabpst 2025 roma ¢ HMCHONB30BAaHWEM 3apaHee ONPEENICHHBIX KIIOYEBBIX CJIOB M JIOTHYECKUX
orepaTopoB. B aHanmu3 ObIIM BKIIIOYEHBI KOTOPTHBIE, MOMNEPEYHBIE M CIy4al-KOHTPOJb HCCIIEAOBAHUS, a TaKXKe
cucTeMaTHYeckue 0030pbl M MeTaaHanu3bl. Beero 6bU10 0TOOpaHO 68 MOJHOTEKCTOBBIX CTATEH, COOTBETCTBYIOIIUX
KPHUTEPHUSIM BKIIFOUCHUSI.

Pesyabrarsl. CoBpeMeHHBIE IaHHBIE CBHIETENLCTBYIOT O MHOrodakrtopHoil mpupoze PRISM, Bkmrouaromei
JUCOYHKIMIO MEJKUX JbIXaTeNbHbIX MyTeH, CHU)KEHHE JIErOYHbIX 00BEMOB, CHUCTEMHOE BOCIHAJICHHUE, HApyLICHUE
(YHKIMM CKENETHBIX MBI U METa0OJMYeCKUe HapYIICHHs, TaKHe KaK OXXHUPEHHE W WHCYJIMHOPE3HCTEHTHOCTb.
Dkonornveckue U npodeccroHaNbHble BO3JIEHCTBHS Tak)Ke BHOCIT BKIIAJl B pa3BUTHE M mporpeccuposanue PRISM.
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Pactymee umcio ncenenoBanuii ykassiaet Ha cBsizb PRISM ¢ nenpeccueil u TpeBOKHBIMH paccTpOWCTBaMH, KOTOPbIE
YCUJIMBAIOT CHMIITOMAaTHYECKYIO Harpy3Ky, YBEJIIMYMBAIOT IOTPEOJICHHE METUIIMHCKUX PECYPCOB U MOTYT HE3aBUCHMO
YXYALIaTh TPOTHO3.

3akmaouenue. PRISM npencrasmsieT co00i KIMHUYECKH 3HAYNMBIN U TeTEPOTEeHHBIN (PEHOTHII, aCCOITMIPOBAHHBIN C
HEOJIarONPHUATHBIMHE PECIIMPATOPHBIMH, KapAHOMETaOOINIECKUMH U TICUXOCOLMAIBHEIMU HcXoamMu. HecmoTps Ha
BO3pacTaroliee TNpH3HAHWE ero 3HauyuMmocTH, PRISM ocraercs HemocTaTOYHO MAMATHOCTHPYEMBIM H  CIabo
NPEICTaBICHHBIM B COBPEMEHHBIX KIMHMUYECKHX moaxomax. HeoOXoouMm MyNbTHAMCUMIUIMHAPDHBIA MOAXOX,
BKIIIOYAIOIINH OLICHKY PECIIHPATOPHOTO, META0OIMIECKOT0 U ICUXUYECKOTO COCTOSHHMS. [lanbHeNIe Hecue 0BaHnsI
JOJDKHBI OBITH HANpaBleHbl Ha CTaHIAPTHU3AIMIO JMAarHOCTHYECKUX KPHUTEPUEB M Pa3pabOTKy NENeBbIX
TEPaneBTHYECKUX CTPATETHil.

KunroueBbie cioBa: Preserved Ratio Impaired Spirometry (PRISm); napymieHne QyHKIHMH JTErKHX; XpOHHYECKas
0oOCTpYKTHBHasi OOJIE3Hb JIETKUX; KapJHOMeTa0OJIMYEeCKUil PUCK; NETpeccHs; TPEBOTa; SIMHIEMHUOJOTHUS; (aKTOphI
pHCKa; KIMHUYECKUE UCXOIbI

PRISm-TIH, KEIHEH/I IIIOJYBI: CITIMPOMETPUAJIBIK YJITTAEH KIIMHUKAJIBIK XXOHE
[CUXOBJIEYMETTIK HOTWXEJIEPT'E IEVIIH

Lazzat M. Zhamaliyeva', Aiganysh Mamyrzhankyzy'*
'Mapam Ocnarnos amsindaevl bamvic Kazakcman meduyuna yHueepcumeni,
Axmobe, Kazaxcman

Kipicne. Preserved Ratio Impaired Spirometry (PRISm) - 6yn FEV,/FVC kaTblHAchl cakTaifaH »argaiiia
¢dopcupnenren skcrnupanus keneMiniy (FEV;) TeMeHneyiMeH cUmaTTagaThlH CIHUPOMETPHSUIBIK (eHoTH. COHFBI
KBULAAPBI 0N OYpPBHIHFBIAM Kayilci3 HeMece OTIeNi KYH peTiHae eMec, KIMHUKAIBIK TYPFBIIaH MaHbI3JIbl JKaraan
petiHae Kapacteipeiryna. PRISM Gap HaykacTapma *wui peciipaToOpIbIK CHMITOMAAP, (QYHKIIMOHATABIK KaOiIeTTiH
TOMEH/ICY] KHE eMip calachlHBIH HalIapiaysl OalKanampl, COHIaH-aK KaJIbIThl ©Kne (QYHKIHICH Oap agaMaapMeH
CaJIBICTBIPFaH A KYPEK-KaHTaMBbIp aypyJIapbl MEH XKaJIIIbl 6JiM-XKITIM KayIli )KOFapbl 00Ia bl

3eprTey Makcatrbl. PRISM-HIH snuaeMuonorusachl, MaTOQHU3HOIOTHACH XOHE KIMHHUKAIBIK Cajlapbl Typajbl
3aMaHayn JEPEeKTep/i KHUHAKTAY, dCipece OHBIH KapIHOMETa0O0INKAIbIK aypylapMeH KoHE ICUXUKAIBIK JEHCAYIIBIK
KOpCETKIIITepiMeH OalilaHBIChIHA SPEKIIIe Ha3ap ayaapy.

Marepuananap men amicrep. 2025 >xpuiiblH JkenTokcaHsiHa aeiiin PubMed, Web of Science »xome Scopus
XaJbIKapabIK JepekTep 0azanapeinaa PRISM xoHe OHBIH NCHUXHUKAIIBIK JCHCAYIIBIK KOPCETKINITEPIMEH OaiiiaHbIChIHA
KATBICTBl KApMsUIAaHBIMIAPFa KEIICHMl 13Mey KYPri3uimi. AJJBIH ajla aHBIKTAJIFaH KIIT CO3IEP MEH JIOTHKAJIBIK
orepaTopiap KojlaHbULAbl. KOropTThiK, KenJeHeH, «kKarqai—0aKpuiay» 3epTTeyliepi, coHmai-ak xyienl momymnap
MeH MeTa-Tajaaynap ipikrengi. [pikrey kpurepuiinepine coiikec keneTiH 68 TOJIBIK MOTIH/II MaKaja TaJliayFa eHI 131Ul
Hoarmkenep. Kazipri gepextep PRISM marodusnonorusceiHeH KomdaKkTopIbl eKeHIiH KopCceTeli, OFaH YCaK THIHBIC
JKOJITAPBIHBIH JUC(YHKIMSCKH, OKIIe KOJIeMICPiHiH TOMEHIEY1, )KYHEeTiK KaObIHY, KaHKa OYIIIIBIKETTEPiHiH OY3BIIBICHI
JKOHE CeMI3IIK TeH WHCYIWHIe TO3IMIUTIK CHSKTHI METa0OJHKalbIK e3repictep xaraapl. COHBIMEH KaTap,
SKOJIOTHSLITBIK JKoHE KociOu dakropnap PRISM-HIH mamysr MeH yaeyiHe bIKnan eteqi. 3eprreynepaid keberoi PRISm-
HiH JeTpeccus XoHe Ypel Oy3bUIhICTapbIMEH OalTaHBICTH €KeHIH KOpCeTe i, OYJT CHMITOMIBIK XXYKTEMEHI apTTHIPHIIL,
MEIMIMHAIIBIK KbI3METTepAl Nalanany s KeOenTe i koHe 0orKaM bl HalapiIaTybl MYMKiH.

KopbIThiHabl. PRISM — Kosaiichi3 pecriupaTopiibiK, KapIHOMETa0O0MHKAIIBIK XKOHE IICUX0AICYMETTIK HOTIKEIIEPMEH
0ailyIaHbICTBl KIIMHUKAJIBIK MaHbI3/bl XoHe rereporeHi GeHoTur. OHbIH KIMHUKAIBIK MaHbI3IbUIBIFBIHBIH apTybIHA
kapamactad, PRISM jkeTkigikci3 ITUarHOCTHUKANTAHAABI XXKOHE Ka3ipri KIMHUKAIBIK TOXIpUOEme KETKUTKTI Typhae
eCKepiaMeni. PecnupaTopiibik, METaOOIUKAJIBIK JKOHE MCUXHKAIBIK JICHCAYJIBIKTBI KEIICHI Oaramayabl KaMTHUTHIH
MYJIbTHIMCIMIUTHHAPIIBIK TOCUT KaXKeT. boalnak 3epTreysiep AMarHOCTHKANIBIK KPUTEPHIAIEPli CTaHIapTTayFa JKoHE
HBICAHAJIbI TEPAIUSIIBIK apaliacyyiapbl a3ipieyre OarbITTalybl THIC.

Tyiiiu ce3nep: Preserved Ratio Impaired Spirometry (PRISm), exnie ¢pyHKIHACHIHBIH OY3bLTBICH, OKIICHIH CO3BLTMAIIBI
OOCTPYKTHBTI aypybl, KapIHOMETAaOONMKaIbIK Kayill, Jenpeccus, YpeH, SMUAEeMHOJIOTHs, Kayil (akTopiiapsl,
KIIMHUKAJIBIK HOTDKEIIEP.

A COMPREHENSIVE OVERVIEW OF PRISm: FROM SPIROMETRIC PATTERN TO CLINICAL OUTCOMES
AND PSYCHOSOCIAL IMPACT

Lazzat M. Zhamaliyeva', Aiganysh Mamurzhankyzy'*
'West Kazakhstan Marat Ospanov Medical University, Aktobe, Republic of Kazakhstan

Introduction

Preserved Ratio Impaired Spirometry (PRISm) is a spirometric phenotype defined by a reduced forced expiratory
volume in one second (FEV, < 80% predicted) in the presence of a preserved FEV ,/forced vital capacity (FVC) ratio
(=0.70) (1). This intermediate spirometric pattern does not correspond to classical obstructive or restrictive ventilatory
disorders, which has historically contributed to its under-recognition and frequent misclassification. Rather than
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representing a single disease entity, PRISm reflects a heterogeneous functional pattern encompassing individuals with
impaired ventilatory capacity who do not meet standard spirometric criteria for airflow obstruction (2).
Epidemiological studies indicate that PRISm represents a substantial and heterogeneous population burden. Early
population-based analyses estimated a prevalence of approximately 5% in the general adult population and up to 10%
among individuals with a smoking history (3). More recent studies report a broader prevalence range from 3% to 20%,
reflecting differences in population characteristics, diagnostic thresholds, and study design (4,5). Although recognition
of PRISm as a distinct spirometric phenotype has increased over the past decade, existing literature remains fragmented
and lacks conceptual integration.

Accumulating evidence suggests that PRISm is associated with clinically significant symptoms and adverse health
outcomes, challenging earlier assumptions that it represents a benign or transitional state. Individuals with PRISm
frequently report respiratory symptoms, reduced exercise capacity, and impaired health-related quality of life (6).
Moreover, PRISm has been consistently linked to an increased risk of cardiovascular disease and all-cause mortality
(7), underscoring its clinical relevance beyond spirometric abnormalities.

The pathophysiological mechanisms underlying PRISm are incompletely understood and likely multifactorial.
Proposed mechanisms include small-airway dysfunction, reduced lung volumes, systemic inflammation, impaired lung
development, and metabolic dysregulation, particularly obesity and insulin resistance (8). In addition, endothelial
dysfunction and systemic inflammatory pathways may contribute to increased cardiovascular risk (9). The
heterogeneity of these mechanisms suggests that PRISm represents a spectrum of pathophysiological processes rather
than a single unified condition.

An emerging but insufficiently explored aspect of PRISm is its association with mental health. Recent studies indicate
that individuals with PRISm may experience higher rates of depression and anxiety compared with those with normal
lung function, even in the absence of overt airflow obstruction (10). Mental health comorbidities may exacerbate
symptom burden, reduce treatment adherence, and increase healthcare utilization, thereby adversely affecting long-
term outcomes. However, current evidence on psychosocial outcomes in PRISm remains limited, inconsistent, and
often derived from studies not specifically designed to investigate this phenotype (11).

Despite growing recognition of its clinical significance, PRISm remains inadequately addressed in current diagnostic
and management frameworks. There is no consensus regarding screening strategies, classification, or treatment
approaches, and existing respiratory guidelines rarely provide specific recommendations for this phenotype. This gap
contributes to variability in clinical recognition and management.

Importantly, while previous reviews have primarily focused on the epidemiological and cardiopulmonary aspects of
PRISm, an integrated analysis incorporating cardiometabolic and psychosocial dimensions remains lacking.
Accordingly, the aim of this review is to provide a comprehensive synthesis of current evidence on the epidemiology,
pathophysiology, and clinical outcomes of PRISm, with a particular emphasis on mental health, including depression
and anxiety. By integrating data across respiratory, cardiometabolic, and psychosocial domains, this review seeks to
identify key knowledge gaps and outline priorities for future research and clinical practice.

Materials and methods

This review was conducted using a structured approach to identify and synthesize relevant literature on Preserved Ratio
Impaired Spirometry (PRISm) and its association with mental health outcomes. A comprehensive literature search was
performed in the electronic databases PubMed, Web of Science, and Scopus, including studies published up to
December 2025. The search strategy was based on the following keywords and their combinations: ("PRISm" OR
"preserved ratio impaired spirometry") AND (“"depression” OR "anxiety" OR "mental health" OR "psychological
distress™) AND (“clinical outcomes" OR "mortality" OR "quality of life"), using Boolean operators (AND, OR) to
refine the search.

Eligible studies included observational designs (cohort, cross-sectional, and case—control studies), as well as systematic
reviews and meta-analyses conducted in adult populations, provided that PRISm was defined using spirometric criteria
and mental health outcomes such as depression, anxiety, or psychological distress were assessed. Studies were excluded
if they were case reports, case series, editorials, expert opinions, or conference abstracts, as well as those lacking clear
diagnostic criteria for PRISm or presenting duplicate data.

All identified records were independently screened based on titles, keywords, and abstracts to determine potential
eligibility. Full-text articles were subsequently reviewed according to predefined inclusion and exclusion criteria. Data
extracted from each study included the author and year of publication, country, study design, sample size, diagnostic
criteria for PRISm, type of mental health outcomes assessed, and key findings.

A qualitative synthesis of the included studies was performed, with a focus on identifying consistent patterns,
discrepancies, and gaps in the current evidence base. A total of 68 full-text studies meeting all inclusion criteria were
included in the final analysis. This review was not registered in PROSPERO.

A summary of the key studies included in this review is presented in Table 1.
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Table 1 - Summary of key studies included in the review
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Author Country / Study . . -
(Year) Dataset Design Population Main Outcome | Key Findings
Stubbe et al. . S PRISm is a heterogeneous
(2025) Europe Review Adults Epidemiology and prevalent phenotype
Systematic 190
RSt Global review & 52 studies Prevalence G_Iobal _prevalence s
al. (2025) . higher in LMICs
meta-analysis
Higbee et al Prevalence GRS Bt s ORI
9 ' UK Biobank | Cohort >300,000 adults o with multimorbidity and
(2022) mortality -
mortality
Wan et al Longitudinal EOUSIUEIO(
' COPDGene g ~10,000 adults | Trajectories COPD and increased
(2018) cohort .
mortality
Wijnant et al. General . PRISm associated with
(2020) NS el population e higher mortality risk
ISR USA Cohort Adults STl Increased adverse outcomes
(2021) outcomes
Choi et al. Korea Cross- Nationwide Prevalence Increasing PRISm
(2024) sectional sample trends prevalence over time
Siddharthan et Cross- - . Higher burden in low- and
al. (2024) Sule sectional LTI Sttty middle-income countries
Schwartz et al. . Spirometry PRISm common in clinical
(2021) USA Observational database Prevalence datasets
Miura et al. Japan Cross- Adults Phenotves PRISm includes restrictive-
(2023) P sectional yP like subtypes
Xuetal. Scoping . Identified multiple
(2025) Clltlox review il NE SIS determinants of PRISm
Phillips et al. Canada . Dyspnea and reduced
(2024) (CanCOLD) S il Al exercise capacity
Heo et al. Cross- . . .
(2020) Korea sectional Adults Quality of life Reduced HRQoL in PRISm
Linetal. . Symptoms, Symptoms linked to
(2025) eull] el — mortality mortality
Huang et al. . . PRISm linked to metabolic
(2024) Global Review Adults Comorbidities and radiographic changes
Zhao et al. . Cross- . Small airway dysfunction
(2022) Ul sectional ol U] and reduced TLC
Zhang et al. . MR + meta- . Smoking causally
(2025) Sl analysis — =iy associated with PRISm
Kim et al. Cross- . High burden of metabolic
(2022) e sectional — SIS comorbidities
. . PRISm associated with
é?;%l)“ CICE Europe Cohort Adults Egrktaéﬁt increased morbidity and
y mortality
. USA Cross- Cardiovascular | PRISm linked to CVD
S (NHANES) | sectional il disease subtypes
Yang et al. UK Biobank | Cohort >300,000 adults Dep_ressmn, Increase_d risk of depression
(2024) anxiety and anxiety
Hu et al. . . Reduced lung function
(2024) China Cohort 280,000 adults | Depression associated with depression
Zhang et al. . Cross- PRISm associated with
(2023) China sectional Adults Sleep apnea OSA
Wang et al. .| Multiple R PRISm linked to
(2025) Global Meta-analysis studies Comorbidities multimorbidity
Yang et al. i . | Multiple . Increased all-cause
(2023) Global Meta-analysis studies Mortality mortality
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Epidemiology and risk factors

1.1. Global prevalence

Preserved ratio impaired spirometry (PRISm)
is increasingly recognized as a common yet
heterogeneous spirometric phenotype
affecting a substantial proportion of the adult
population worldwide. Recent meta-analytic
evidence suggests that the global prevalence
of PRISm is approximately 12%, although
estimates vary widely across studies. Notably,
prevalence appears higher in low- and
middle-income countries (approximately
19%) compared with high-income regions
(around 11%), highlighting a substantial and
uneven global burden (12).

However, reported prevalence estimates
demonstrate  considerable heterogeneity,
ranging from 3% to 20% across populations
(4,5). This variability cannot be explained
solely by true epidemiological differences
and is likely driven by methodological
inconsistencies, including differences in
spirometric definitions, reference equations,
and study design. In particular, the use of
fixed FEV./FVC thresholds versus lower-
limit-of-normal criteria substantially
influences classification, potentially leading
to both over- and underestimation of PRISm
prevalence.

Large population-based cohorts, including the
UK Biobank and COPDGene, consistently
confirm that PRISm represents a sizable and
clinically relevant subgroup rather than a
transient or incidental finding (14,15).
Nevertheless, even within these well-
characterized cohorts, prevalence estimates
differ markedly depending on age
distribution, comorbidity burden, and body
composition. For example, general population
studies typically report prevalence around
11%, whereas clinical or comorbidity-
enriched cohorts may report substantially
higher estimates (up to 24—27% or more) (16).
Importantly, the conceptualization of PRISm
remains inconsistent across studies. It has
been variably described as a restrictive-like
pattern, an obesity-related mechanical
phenomenon, or a transitional state preceding
airflow obstruction (17,18). These divergent
interpretations contribute to inconsistencies in
classification and complicate cross-study
comparisons.
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Taken together, current evidence suggests
that PRISm represents a substantial global
health burden; however, its true prevalence
remains uncertain due to methodological
heterogeneity and lack of standardized
diagnostic criteria. This highlights the need
for harmonization of spirometric definitions
and improved epidemiological surveillance,
particularly in underrepresented populations.
1.2. Demographic and lifestyle factors
(age, sex, smoking, obesity)
Epidemiological data consistently identify
older age as a major determinant of PRISm.
Both cross-sectional and longitudinal studies
demonstrate increasing prevalence with
advancing age, as well as a higher likelihood
of adverse lung function trajectories and
mortality among older individuals with
PRISm (16,19-21). However, it remains
unclear whether PRISm reflects accelerated
lung aging, impaired lung development, or a
combination of both, indicating an important
unresolved question in the field.
Associations with sex are less consistent and
appear context-dependent. While several
studies report higher prevalence among
women (21,22), others demonstrate stronger
associations in men after adjustment for
smoking and body composition (16). These
discrepancies likely reflect differences in
exposure patterns, hormonal influences, and
body fat distribution, but also highlight a lack
of adequately stratified analyses. Importantly,
emerging evidence suggests that the clinical
impact of PRISm—including
cardiometabolic burden and mental health
outcomes—may differ by sex (23), although
this area remains insufficiently explored.
Tobacco exposure is a well-established risk
factor for PRISm, with both current and
former smoking associated with increased
prevalence across multiple cohorts (24).
Mechanistically, smoking contributes to
small airway inflammation, impaired lung
growth, and structural lung damage (25,26).
Longitudinal data further indicate that
smoking increases the likelihood of
progression from PRISm to COPD (24).
However, not all individuals with PRISm
have a smoking history, suggesting that
additional non-smoking-related mechanisms
play a substantial role.
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Among modifiable risk factors, obesity
emerges as one of the most consistently
associated determinants of PRISm (27,28).
Elevated BMI and central adiposity are
strongly linked to PRISm prevalence. While
mechanical restriction of lung expansion is an

important  contributor, obesity-related
systemic inflammation, metabolic
dysregulation, and altered respiratory

mechanics likely play equally important roles
(29). Notably, PRISm in obese individuals
often lacks classical features of restrictive
lung disease on imaging, supporting the
concept of PRISm as a complex metabolic—
respiratory phenotype rather than a purely
restrictive condition.

Socioeconomic status represents an additional
and often underappreciated determinant.
Lower  educational attainment  and
socioeconomic disadvantage have been
associated with higher PRISm prevalence
independent of smoking and obesity (30).
These findings suggest that PRISm is not
solely a biological phenomenon but also
reflects broader social and environmental
inequalities, including  differences in
healthcare access, occupational exposures,
and living conditions.

Overall, PRISm appears to arise from a
complex interplay between aging, behavioral
exposures, metabolic health, and social
determinants.  However, the relative
contribution of these factors and their
interactions remain insufficiently quantified,
representing a key gap in current knowledge.
1.3. Environmental and occupational
exposures

There is increasing evidence that
environmental and occupational exposures
play a significant role in the development of
abnormal spirometric patterns, including
PRISm (31). Ambient air pollution—
particularly fine particulate matter, nitrogen
oxides, and ozone—has been consistently
associated with accelerated declines in lung
function, including both FEV; and FVC, in
large cohort studies (32).

Longitudinal analyses suggest that chronic
exposure to air pollution contributes not only
to reduced lung volumes but also to an
increased  likelihood  of  developing
spirometric patterns consistent with PRISm
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(19). Furthermore, recent evidence indicates
that such exposures may influence disease
trajectories, including progression from
PRISm to COPD, particularly in individuals
with coexisting risk factors such as smoking
or metabolic dysfunction (27). However,
causality remains difficult to establish due to
residual confounding and variability in
exposure assessment across studies.

Indoor air pollution remains a critical but
underrepresented factor, especially in low-
and middle-income countries, where biomass
fuel exposure is common (33). Chronic
exposure to household air pollution has been
linked to impaired lung development,
persistent inflammation, and reduced lung
volumes, potentially contributing to the
higher PRISm prevalence observed in these
regions.

Occupational exposures constitute another
important determinant. Workers exposed to
dust, fumes, and industrial pollutants
demonstrate persistent reductions in lung
function, including patterns compatible with
PRISm (34,35). However, occupational data
are often limited by inadequate exposure
characterization and lack of longitudinal

follow-up.
Importantly, environmental and occupational
factors likely interact with individual

susceptibility, including smoking status,
obesity, and socioeconomic disadvantage
(36). These synergistic effects may amplify
inflammatory and oxidative stress pathways,

contributing to the development and
persistence of PRISm.
Overall, current evidence supports a

multifactorial model in which environmental
and occupational exposures play a substantial
but incompletely quantified role in PRISm.
Future research should focus on improving
exposure assessment, clarifying causal
relationships, and identifying high-risk
populations for targeted prevention strategies.

2. Pathophysiology of PRISm

PRISm does not represent a single disease
entity but rather a heterogeneous
physiological pattern arising from multiple
interacting  pulmonary, systemic, and
metabolic mechanisms.
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2.1. Structural and functional lung
alterations

Physiological and imaging studies suggest
that PRISm encompasses at least two major
sub-phenotypes. The first is a low lung
volume  phenotype, characterized by
proportional reductions in FEV; and FVC
with decreased total lung capacity, consistent
with  restrictive  or  pseudo-restrictive
mechanics (37). This phenotype is often
associated with extrapulmonary factors such
as obesity, reduced chest wall compliance, or
respiratory muscle dysfunction.

The second is a small-airway dysfunction
phenotype, characterized by peripheral
airway abnormalities leading to airflow
limitation in distal airways, gas trapping, and
altered resistance patterns despite a preserved
FEV,/FVC ratio (38). This phenotype may
represent an early stage of obstructive lung
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disease and is increasingly detectable using
advanced techniques such as impulse
oscillometry and imaging.

Imaging studies further demonstrate airway
wall  thickening, subtle parenchymal
abnormalities, reduced elastic recoil, and gas
trapping in individuals with PRISm (24).
However, the relative contribution of
structural versus functional abnormalities
remains unclear, and findings vary across
studies.

Importantly, these mechanisms are not
mutually exclusive. In many individuals,
PRISm likely reflects overlapping processes,
including obesity-related mechanical
restriction and early airway disease (39). This
heterogeneity may explain the wide
variability in clinical presentation and disease
trajectories, ranging from normalization of
lung function to progression toward COPD or
restrictive lung disease.
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Figure 1 - Conceptual model of biological mechanisms underlying PRISm

2.2. Role of systemic inflammation and
muscle dysfunction

Accumulating evidence suggests that PRISm
is associated with a state of chronic low-grade
systemic inflammation, which may represent
a key mechanistic link between impaired lung
function and adverse cardiometabolic
outcomes (27). Large population-based
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cohorts consistently demonstrate elevated
circulating levels of inflammatory
biomarkers—including C-reactive protein
(CRP), interleukin-6 (IL-6), fibrinogen, and
tumor necrosis factor-a—related mediators—
in individuals with PRISm compared with
those with normal spirometry (40). These
findings support the concept that PRISm
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reflects a broader systemic inflammatory
phenotype rather than an isolated pulmonary
abnormality.

Recent proteomic and biomarker studies
further expand this framework by identifying
enrichment of pathways related to innate
immune activation, endothelial dysfunction,
and acute-phase responses in PRISm
populations (41). However, the directionality
of this association remains uncertain. It is
unclear whether systemic inflammation
primarily drives lung function impairment or
represents a downstream consequence of
underlying metabolic and environmental
exposures.

Mechanistically, inflammatory mediators
may directly contribute to pulmonary
dysfunction by promoting airway remodeling,
altering smooth muscle tone, and impairing
alveolar repair processes (42). In parallel,
systemic inflammation exerts extrapulmonary
effects, including endothelial dysfunction and
microvascular impairment, which may
contribute to the increased cardiovascular risk
observed in PRISm (43). In addition,
cytokine-mediated catabolism may affect
respiratory muscles, leading to reduced
diaphragmatic  strength and ventilatory
efficiency.

Importantly, longitudinal evidence suggests
that elevated inflammatory markers are
associated with accelerated lung function
decline and an increased likelihood of
transition from PRISm to obstructive
phenotypes. These observations raise the
possibility that inflammation may act not only
as a marker but also as a driver of disease
progression. Nevertheless, causal inference
remains limited due to the observational
nature of most available studies.

Skeletal muscle dysfunction represents an
increasingly  recognized extrapulmonary
component of PRISm and contributes
significantly to reduced exercise capacity and
symptom burden (45). Individuals with
PRISm consistently demonstrate poorer
physical performance compared with those
with normal lung function, even after
adjustment for key confounders (46).
However, data on muscle structure and
function in PRISm remain limited and are
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largely extrapolated from related respiratory
conditions.

Several mechanisms may underlie skeletal
muscle impairment in PRISm. Chronic
systemic inflammation promotes muscle
protein degradation and inhibits regeneration
through cytokine-mediated pathways
involving IL-6, CRP, and TNF-a (47).
Additionally, oxidative stress, mitochondrial
dysfunction, and reduced capillary density
may impair muscle oxidative capacity and
fatigue resistance (48). These processes likely
interact with physical inactivity and comorbid
conditions, although  their  relative
contributions remain poorly defined.

Overall, current evidence supports a model in
which systemic inflammation and skeletal

muscle dysfunction contribute to both
pulmonary and extrapulmonary
manifestations of PRISm.  However,

mechanistic pathways remain incompletely
understood, and further studies integrating
imaging, molecular profiling, and functional
assessments are needed to clarify causal
relationships.

2.3. Metabolic syndrome and obesity
Obesity, particularly central adiposity, is one
of the most consistently identified and
biologically plausible determinants of the
PRISm phenotype. Excess adipose tissue
imposes mechanical constraints on the
respiratory system by reducing chest wall
compliance and diaphragmatic excursion,
leading to decreases in functional residual
capacity (FRC), expiratory reserve volume
(ERV), and forced vital capacity (FVC) (39).
This mechanical effect can produce a pseudo-
restrictive spirometric pattern that fulfills
PRISm criteria even in the absence of intrinsic
lung disease.

However, mechanical factors alone are
insufficient to explain the association
between obesity and PRISm. Increasing
evidence suggests that metabolic and
inflammatory pathways play a critical role.
Adipose tissue functions as an active
endocrine organ, releasing pro-inflammatory
cytokines, adipokines, and mediators of
insulin resistance that contribute to systemic
inflammation, endothelial dysfunction, and
altered muscle metabolism (49). These
processes may impair ventilation—perfusion
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matching, promote airway remodeling, and
accelerate lung function decline.
Epidemiological studies consistently
demonstrate that individuals with obesity and
metabolic syndrome have a significantly
higher likelihood of PRISm compared with
lean individuals, even after adjustment for
major confounders (50). Notably, central
adiposity appears to be a stronger predictor
than overall BMI, highlighting the importance
of visceral fat as a key mediator of pulmonary
impairment.

Despite strong associations, the causal
relationship between obesity and PRISm
remains complex. In some individuals,
PRISm may represent a reversible mechanical
consequence of excess weight, while in others
it may reflect a more persistent metabolic—
inflammatory phenotype associated with
long-term  cardiometabolic  risk.  This
heterogeneity underscores the need to
distinguish between mechanistic subtypes of
PRISm in both research and clinical practice.
Collectively, available evidence supports the
concept that PRISm frequently develops
within  the context of a broader
cardiometabolic disease spectrum. The
interplay  between  obesity,  systemic
inflammation, and lung function impairment
suggests the existence of a metabolic—
pulmonary axis, which has important
implications for risk stratification and
integrated management strategies. However,
longitudinal and interventional data remain
limited, and further research is required to
determine whether targeting metabolic
dysfunction can modify PRISm trajectories.
3. Clinical Presentation and symptom
profile

3.1. Respiratory symptoms (dyspnea,
cough, exercise intolerance)

Although PRISm does not meet spirometric
criteria for airflow obstruction, affected
individuals frequently experience clinically
significant respiratory symptoms. Dyspnea on
exertion is the most commonly reported
complaint and often represents the primary
trigger for clinical evaluation (51). However,
the mechanisms underlying dyspnea appear to
vary across PRISm subtypes. In individuals
with a low-lung-volume phenotype, reduced
total lung capacity and diminished inspiratory
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reserve contribute to early ventilatory
limitation (52), whereas those with small-
airway dysfunction may experience dynamic
air trapping and increased work of breathing
during exertion.

Chronic cough, with or without sputum
production, is also more prevalent in PRISm
populations than in individuals with normal
spirometry (51). While this symptom is
frequently associated with smoking-related
airway inflammation, its presence in non-
smokers suggests additional mechanisms,
including  subclinical  airway  disease,
gastroesophageal reflux, and obesity-related
mechanical factors (53). This heterogeneity
underscores that symptom expression in
PRISm cannot be attributed to a single
pathophysiological pathway.

Importantly, symptom severity in PRISm
correlates poorly with FEV4, indicating that
spirometry alone underestimates functional
impairment in this phenotype. This
dissociation highlights a key limitation of

traditional  spirometric  assessment and
supports the need for multidimensional
evaluation.

Clinical presentation often overlaps with both
obstructive and restrictive lung disease,
contributing to frequent misclassification and
delayed recognition. As a result, many
individuals may not receive appropriate
diagnostic workup or symptom-directed
management. Consistent with this, PRISm
has been associated with increased healthcare
utilization, including higher rates of
outpatient visits and hospital admissions due
to respiratory complaints (54).

Overall, respiratory symptoms represent a
central component of PRISm-related disease
burden and provide important clinical cues
that extend beyond spirometric classification.
3.2. Extra-pulmonary manifestations and

comorbidities

PRISm is increasingly recognized as a
systemic clinical phenotype rather than an
isolated pulmonary abnormality.
Epidemiological data consistently
demonstrate a high burden of extra-
pulmonary comorbidities, reflecting shared
inflammatory, metabolic, and vascular
pathways (55).
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3.2.1. Cardiovascular disease
Cardiovascular disease (CVD) is one of the
most consistently reported and clinically
significant comorbidities in PRISm (56).
Large population-based cohorts, including
UK Biobank and COPDGene, show that
individuals with PRISm have a higher
prevalence of coronary artery disease, stroke,
heart failure, and hypertension compared with
those with normal spirometry (14,57).
Moreover, PRISm is associated with
increased incidence of cardiovascular events
and mortality.

Meta-analytic evidence indicates that the risk
of cardiovascular mortality in PRISm is
comparable to, or in some cases exceeds, that
observed in mild to moderate obstructive lung
disease (58). However, whether PRISm
independently contributes to cardiovascular
risk or primarily reflects underlying
cardiometabolic burden remains a subject of
ongoing debate.

Proposed mechanisms include systemic
inflammation,  endothelial  dysfunction,
autonomic imbalance, and shared metabolic
pathways. These findings support the
interpretation of PRISm as a marker of
systemic vascular vulnerability rather than a
purely respiratory condition.

3.2.2. Metabolic syndrome and diabetes
Metabolic syndrome is highly prevalent
among individuals with PRISm and appears
to represent a core component of its clinical
phenotype.  Large national  datasets
demonstrate increased rates of insulin
resistance, type 2 diabetes, dyslipidemia, and
metabolic syndrome in PRISm populations

(59).
The  relationship  between  metabolic
dysfunction and PRISm is likely

bidirectional. Metabolic abnormalities may
impair lung mechanics and promote systemic
inflammation, while reduced physical activity
and functional limitation may exacerbate
metabolic risk. Hyperglycemia and insulin
resistance have been associated with
accelerated declines in lung function, and
diabetes has emerged as an independent
predictor of mortality in PRISm (18).

Despite strong associations, interventional
data are lacking, and it remains unclear
whether targeting metabolic risk factors can
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modify PRISm trajectories. This represents an
important area for future research.

3.2.3. Sleep-related breathing disorders
Sleep-related breathing disorders, particularly

obstructive sleep apnea (OSA), are
increasingly  recognized in PRISm
populations (60). Shared risk factors,

including obesity and altered respiratory
mechanics, likely contribute to this overlap.
Observational ~ studies  report  higher
prevalence of daytime sleepiness, poor sleep
quality, and diagnosed sleep apnea among
individuals with PRISm compared with those
with normal lung function (61). However,
data remain limited, and most studies lack
objective sleep measurements, restricting
interpretation.

Sleep fragmentation and nocturnal hypoxia
may exacerbate systemic inflammation,
cardiometabolic risk, and neurocognitive
dysfunction, potentially contributing to the
broader disease burden in PRISm. Given
these associations, screening for sleep
disorders may be warranted in high-risk
individuals.

4. Psychosocial and Mental Health Impact
4.1. Depression in patients with PRISm
Depression is the most extensively studied
mental health outcome in PRISm. Large
population-based analyses, including UK
Biobank data, demonstrate that PRISm is
associated with a significantly increased risk
of incident depression compared with normal
spirometry, even after adjustment for major
confounders (10). Although effect sizes are
moderate, their consistency across studies
supports a meaningful and reproducible
association.

Importantly, PRISm may also modify the
clinical course of depression. Evidence
suggests that individuals with both PRISm
and baseline depressive symptoms have a
higher risk of adverse outcomes, including
increased mortality, indicating a potential
interaction between pulmonary dysfunction
and psychiatric vulnerability.

The mechanisms underlying this association
are  likely  multifactorial. ~ Functional
limitation, exertional dyspnea, and reduced
physical activity are strong predictors of
depressive symptoms in PRISm populations
(3). Biological pathways—including systemic
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inflammation, hypothalamic—pituitary—
adrenal axis dysregulation, insulin resistance,
and vascular dysfunction—may further
contribute to this relationship.

However, current evidence remains limited
by the predominance of observational designs
and potential residual confounding. In
addition, many studies are not specifically
designed to assess psychiatric outcomes in
PRISm, which may lead to underestimation or
misclassification of mental health burden.
Notably, the magnitude of depression risk in
PRISm approaches that reported in
established chronic respiratory diseases
(approximately 20-35%) (62), underscoring
its clinical relevance and the need for routine
psychological assessment.

4.2. Anxiety and psychological distress
Anxiety and psychological distress are also
more prevalent among individuals with
PRISm. Population-based studies indicate
higher rates of anxiety diagnoses and
increased symptom burden compared with
individuals with normal lung function,
independent of major confounders (10,63).
Clinically, anxiety in PRISm is often
characterized by heightened perception of
breathlessness, fear of exertion, and
autonomic symptoms resembling panic
episodes (64). This may lead to activity
avoidance, physical deconditioning, and
progressive functional decline, establishing a
self-reinforcing cycle in which psychological
and physical factors interact.

An additional contributing factor may be
diagnostic uncertainty. Because PRISm is not
consistently recognized as a distinct clinical
entity, patients may experience uncertainty or
dissatisfaction with medical explanations for
their symptoms (65). This may contribute to
increased healthcare utilization and reduced
confidence in treatment.

Despite these observations, the relationship
between anxiety and PRISm remains
insufficiently characterized. Most studies rely
on screening tools rather than clinical
diagnoses, and longitudinal data are scarce.
From a clinical perspective, anxiety has
important  implications  for  treatment
adherence, participation in rehabilitation, and
physical activity levels—all of which
influence long-term outcomes (66,67).
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psychological distress may
to excess mortality through
behavioral and physiological pathways,
including autonomic dysregulation and
systemic inflammation (68).

Taken together, these findings highlight that
mental health is an integral component of
PRISm rather than a secondary consequence.
Routine screening for depression and anxiety
should therefore be considered as part of
comprehensive clinical assessment.
Limitations

This review has several limitations that
should be considered when interpreting the
findings. First, although a structured search
strategy was applied, this study does not
represent a fully systematic review, and
therefore selection bias cannot be completely
excluded. In addition, the review was not
registered in PROSPERO, which may limit
transparency and reproducibility.

Second, the available evidence on PRISm
remains heterogeneous in terms of study
design, population characteristics, and
diagnostic  definitions.  Variability in
spirometric criteria, including the use of fixed
FEV,/FVC thresholds versus lower-limit-of-
normal approaches, complicates cross-study
comparisons and may influence prevalence
estimates and reported associations.

Third, most of the included studies are
observational in nature, limiting the ability to
establish causal relationships. Associations
between PRISm and clinical outcomes—
particularly cardiometabolic and mental
health conditions—may be affected by
residual confounding, including smoking,
obesity, and socioeconomic factors.

Fourth, data on psychosocial outcomes in
PRISm are relatively limited and often
derived from secondary analyses of large
cohorts rather than studies specifically
designed to investigate mental health in this
population. As a result, depression and
anxiety may be underdiagnosed or
inconsistently measured across studies.

Fifth, potential publication bias should be
considered, as studies reporting significant
associations may be more likely to be
published than those with null findings.
Finally, the lack of longitudinal and
interventional studies limits understanding of

Furthermore,
contribute
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disease trajectories and the effectiveness of
potential therapeutic strategies. Further
prospective research is needed to clarify
causal pathways and identify modifiable
targets for intervention.

Conclusion

PRISm represents a prevalent, clinically
significant, and heterogeneous spirometric
phenotype that extends beyond a simple
functional abnormality and reflects a complex
interaction between pulmonary,
cardiometabolic, and systemic processes.
Accumulating evidence indicates that PRISm
IS associated with persistent respiratory
symptoms, reduced functional capacity, a
high burden of comorbidities, and increased
risk of cardiovascular and all-cause mortality.
Importantly, this review highlights that
PRISm is not only a respiratory phenotype but
also a condition with substantial psychosocial
implications. Depression and anxiety are
consistently associated with PRISm and
contribute to symptom burden, impaired
quality of life, reduced physical activity, and
increased healthcare utilization. However,
psychosocial outcomes remain insufficiently
studied and are often underrecognized in both
research and clinical practice.

From a clinical perspective, recognition of
PRISm as a distinct and clinically relevant

(O TV3VI0NYNbMOHONOrHA

phenotype is essential for improving early
detection, risk stratification, and patient
management. Given that PRISm does not
conform to traditional diagnostic frameworks,
it is frequently underdiagnosed, leading to
missed opportunities for intervention. A
multidimensional approach that incorporates
respiratory, cardiometabolic, and mental
health assessment is therefore warranted.
Future research should focus on standardizing
diagnostic criteria, identifying biologically
and clinically meaningful PRISm subtypes,
and clarifying  longitudinal  disease
trajectories. In addition, interventional studies
are needed to determine whether targeting
modifiable factors—such as obesity, systemic
inflammation, and physical inactivity—can
alter disease progression and improve
outcomes. Particular attention should be
given to the role of mental health
interventions,  which  remain  largely
unexplored in this population.

Overall, advancing the understanding of
PRISm requires an integrated and
multidisciplinary framework that moves
beyond spirometric classification toward a
more comprehensive model of respiratory and
systemic health.
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Bxuag aBTOpOB!:

MamypakaHKbI3bI A. (KOPPECIOHINPYIONMIMH aBTOP) - pa3paboTKa KOHIENINH 1 TU3aifHa HCCIeI0BaHus, cOOp U
00paboTKa TaHHBIX, CTATHCTHYECKUN aHAIIN3, MHTEPIIPETALUs PEe3yJIbTaTOB, MOJrOTOBKA U HAIINCAHNE TEKCTa CTaThU.
Kamanuesa JI.M. - r1aBHBI HAYYIHBIA PYKOBOIUTENb UCCIICAOBAHIS, ()OPMIPOBAHNE HAYIHOW KOHIICTIIINH U
METO/I0JIOTMH, KOOPMHALNS BBITOJHEHHUS PaOOTHI, KPpUTHUECKUH TIEPECMOTP COJEPIKAHMS CTaThH, YTBEPKACHHE
OKOHYATENBbHON BEPCHU PYKOTIUCH.

Bpumkyaos H.H. - HayuHOE KOHCYIFTHPOBaHHE, yUacTHE B pa3pabOTKe METOJIOJIOTUH UCCIIEJOBAHHUS, SKCIIEPTHAS
OIIEHKa U MHTEepIpeTanys NOJYICHHBIX Pe3yIbTaToOB, PeJaKTHPOBAHNE TEKCTa CTAThU.

Bce aBTOpBI IpOUUTANN M 0JJ00PHIM OKOHYATENILHBIA BApUAHT PYKOIIMCH U HECYT OTBETCTBEHHOCTD 3a CO/IEPIKAHUE
paboThI.
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