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THE INFLUENCE OF CLIMATIC FACTORS ON THE
MORPHOLOGY OF THE UPPER RESPIRATORY TRACT AND
NOSE

Abstract. The morphological features of the upper respiratory tract, in
particular the nose, play a key role in ensuring thermoregulation, humidification and
purification of air entering the lungs. One of the factors that significantly influence
the formation of anatomical variations of these structures is the climatic conditions
of the habitat. In different geographical regions, differences in the structure of the
nose and upper respiratory tract have formed during evolution, which contributed to
human adaptation to cold, heat, humidity or dryness of the air. The relevance of the
topic is due to the need for a better understanding of the relationship between climate
and the morphology of the respiratory tract as an important aspect of evolutionary
biology, anthropology and medicine. The aim of the study is to analyze scientific
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data on the influence of climatic factors on the morphological features of the nose
and upper respiratory tract in humans. Materials and methods. To achieve this goal,
a systematic search and analysis of scientific publications over the past 15 years was
conducted in the Google Scholar database. The selection of sources was carried out

using the following keywords: "nasal morphology”, "climatic adaptation™, "upper
respiratory tract”, "human anatomy", "climate influence". Publications containing
data from anatomical, anthropological and clinical studies were selected. Results.
The analysis of the literature confirmed the presence of a significant relationship
between the type of climate and the morphology of the nose and upper respiratory
tract. In particular, in cold and dry regions there is a tendency towards narrower and
longer nasal passages, which allows for more effective warming and humidification
of the air. In warm and humid climates, wider nasal openings prevail, which provide
more effective heat exchange. In addition, it was found that the shape of the nose
may be not only an adaptive response to the climate, but also the result of genetic
heredity modified under the influence of the environment. Studies also show the
influence of nasal morphology on the risk of developing respiratory diseases in
conditions of climate change. Conclusions. The morphology of the nose and upper
respiratory tract is closely related to the climatic factors of the environment.
Understanding these adaptive changes is important for evolutionary medicine,
anthropology, as well as in planning reconstructive surgeries and predicting
respiratory diseases.

Keywords: nasal morphology, upper respiratory tract, climatic factors,

anatomical adaptation, structural variability.
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BIIJIMB KIIIMATHUYHUX ®AKTOPIB HA MOP®OJIOI'TIO
BEPXHIX IUXAJIBHUX IIJIAXIB TA HOCA

AHoTamiss. Mopdoioridai  0CoOJMBOCTI BEPXHIX JUXATbHHX MHUIAXIB,
30KpeMa HOCa, BIJIFPAlOTh KIIOUYOBY poOJib y 3a0€3MEeUeHHI TepMOperyJsiii,
3BOJIOXKCHHSI Ta OUMIICHHS MMOBITPS, 110 MOTpAIUIsLe 10 JiereHb. OJIHUM 13 YMHHUKIB,
SK1 CyTTEBO BILIMBAIOTh Ha (POpMyBaHHS aHATOMIYHHMX Bapiallli IUX CTPYKTYp, €
KJIIMaTHYHI YMOBH CEPEIOBUINA MPOKUBAHHS. Y Pi3HUX reorpadiyHUX perioHax
YIPOAOBXK €BOJIONIT chopmyBamucs BIAMIHHOCTI y OyJIOBI HOca Ta BEPXHIX
TUXaTbHUX NUISXIB, 110 COPHSUIM aarTailii JIIUHN 10 XO0JIOY, CIIEKH, BOJOTOCTI
a00 CyxOCTi TOBITPSA. AKTYaJIbHICTh TEMH 3yMOBJICHA IOTPEOOIO Yy Kpamomy
PO3yMiHHI 3B’ 3Ky MiXK KIIIMaTOM 1 MOP(OJIOTI€I0 TUXANBHUX MUISXIB K BaYKJIUBOTO
aCIIeKTy €BOJIIOIIMHOI 010JI0T1i, aHTPOIOJIOTi Ta MEIUITMHA. MeTOr JTOCIIIKEHHS
€ aHaJi3 HaYKOBHX JaHMX I0J0 BILUIMBY KJIIMaTHYHHX (DAaKTOpIB HA MOP(OIIOTiUHI
0COOJIMBOCTI HOCA Ta BEPXHIX AUXAIbHUX LUISAXIB Y JTIOAUHU. MaTepianu 1 MeToIu.
JIJ1st TOCSITHEHHSI TTOCTaBJICHOT METH OYJI0 MTPOBEACHO CUCTEMATU30BAHHUM TONIYK 1
aHalli3 HayKOBHUX ITyOJIiKalii 3a octanHi 15 pokiB y 0a3i manux Google Scholar.
Binbip mxepen 3mificHIOBaBCS 3a KJIOYOBUMH cioBamu: '"nasal morphology”,
"climatic adaptation”, "upper respiratory tract”, "human anatomy", "climate
influence". byno BigiOpano myOmikaiii, MmO MICTATh JaHI aHATOMIYHMX,
AQHTPOIIOJIOTIYHUX 1 KIIHIYHUX JOCHIDKeHb. Pe3ynbraTu. AHamI3 JiTepaTypH
MiATBEPAUB HASBHICTh 3HAUYIIOTO 3B’SI3KY MK THUIIOM KJIIMarty Ta MOPQOJIOTIE0
HOCAa M BEpXHIX IUXAJbHUX HUIAXIB. 30KpeMa, y XOJIOJHUX 1 CyXUX PperioHax
CIIOCTEPITa€ThCS TEHJICHIIS J0 BYXKYHX 1 JOBIIMX HOCOBHUX XOJIIB, IO J03BOJISIE
01111 €PEKTHBHO 3iTPiBATH I 3BOJI0OKYBATH MOBITPS. Y TEIUIMX 1 BOJIOTHUX KJIiMaTax
MepeBaXalTh IMUPII HOCOBI OTBOpH, MO0 3a0e3MeuyioTh e()EeKTUBHIMINN
teriooOmiH. Kpim Toro, BusiBieHo, mo ¢opma Hoca MOxe OyTh He JIHIIe
aJIanITUBHOIO PEAKII€r0 Ha KIIMaT, ajle ¥ pe3yibTaTOM T'€HETHYHOI CHaJKOBOCTI,
MOAM(DIKOBAHOI ITiI BIUTMBOM HaBKOJIHUIITHBOTO cepeaoBuIna. JoCmpKeHHST TaKOX
MOKa3ylTh BIUIUB MOpPGOdorii HOca Ha PU3UK PO3BUTKY PECHipaTOPHUX
3aXBOPIOBAaHbh B YMOBaxX 3MIHM KjIiMaTy. BucHoBku. Mopdomoris Hoca Ta BEpXHIX
TUXATbHUX IUIAXIB TICHO IIOB’S3aHA 3 KJIIMAaTUYHHMHU (haKTOpaMH CEpeIOBHIIA.
Po3yMiHHS HuX aganTUBHUX 3MIH Ma€ BaXJIMBE 3HAYCHHS JJIS E€BOJIOIIMHOT
MEJIULIMHN, aHTPOIOJIOTii, a TaKoXX IpU IUIAHYBaHHI PEKOHCTPYKTHBHUX
XIpypriyHuXx BTPy4aHb 1 IPOTHO3YBaHHI 3aXBOPIOBAHb JUXAJIBHOI CUCTEMHU.
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Kuarw4oBi cioBa: mopdosoris Hoca, BEpXHI JUXadbHI HMUISXH, KIIMaTHYHI
dbakTopu, aHaTOMIYHA aJanTallis, BapiabebHICTh Oy10BH.

Statement of the problem. The morphology of the upper respiratory tract, in
particular the nose, is the result of a complex interaction of biological, ecological
and evolutionary factors. One of the important determinants of the formation of these
anatomical structures is climatic conditions, which for millennia have influenced the
adaptation of the human body to the environment. Climate not only changes living
conditions, but also causes gradual morphophysiological changes, which over time
are fixed at the population level. Modern anthropology recognizes the influence of
climatic factors as key in understanding human biological variability [1].

Studies conducted on different continents, in particular in South America,
confirm the existence of a specific climatic “imprint” in cranial anatomy, including
structures associated with respiratory functions, which indicates an adaptive
response to moderate climatic conditions [2]. These changes are not isolated and are
consistent with similar patterns found in other parts of the human body, such as the
shape of the pelvis, which also shows a dependence on climate and population
history [3].

The Earth's climate is a dynamic system that is constantly changing both as a
result of natural factors, such as volcanic activity [4], and under the influence of
anthropogenic processes, including global warming and changing humidity regimes,
which, in turn, indirectly affect human biological adaptations. Accordingly, human
mobility is changing - people move to regions with different climatic conditions,
which creates new adaptive challenges for the respiratory system [5].

Although the study of the paranasal sinuses was previously proposed as an
indicator of climatic adaptations in fossil hominids, recent studies question the
unambiguousness of this relationship, indicating the complexity and multifactorial
nature of the influence [6]. Instead, other morphological parameters, in particular
the size of the nasal cavity, are considered more reliable markers of functional
adaptation to different temperature and humidity conditions, since these structures
are directly involved in thermoregulation and humidification of inhaled air [7].

Therefore, studying the influence of climatic factors on the morphology of the
upper respiratory tract and nose is a relevant task for both physical anthropology and
medical science. This approach allows for a deeper understanding of the
evolutionary mechanisms of human adaptation and predicting the consequences of
modern climate change for the health of the respiratory system.

The purpose of the article — to investigate, analyze and organize literature
data on the influence of climatic factors on the morphology of the upper respiratory
tract and nose.

Research objects and methods. A review of scientific publications related
to climate change and its impact on the morphology of the upper respiratory tract
and nose was conducted, in particular taking into account ethnic and sexual
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dimorphisms. The selection criterion for the review was the publication age of the
article no more than 15 years. The Google Academy search database was used. Of
the 29 publications found, 19 were included in the review. PRISMA was used for
organization and the PRISMA flow diagram for visualization of the process of
selecting publications for review of literary sources in accordance with international
standards for writing review articles [8].

Identification of new studies via databases and registers

Records identified from:
Databases (n=29)

Records removed before screening:
Duplicate records (n=0)

Records marked as ineligible by automation

Registers (n=0) toals (n=0)
Records removed for other reasons (n=10)
Records screened Records excluded
n= Eg:l n= {]:I

l

Reports sought for retrieval
I:I'I = Eg:l

Reports not retrieved
in=10)

l

Reports assessed for eligibility
n= Eg:l

Reports excluded:
Reasoni (n=10)

Mew studies included in review
n=149)

Reports of new included studies
(n=0)

Presentation of the main material.

Research results and their discussion. The morphology of the upper
respiratory tract, including the nasal cavity and its anatomical components, shows
marked variability among modern human populations. This variability is largely due
to adaptation to different climatic conditions, which is confirmed by the results of
numerous anthropological and morphometric studies. Recent three-dimensional

Fig. 1. The PRISMA flow diagram of literary sources search results.
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reconstructions indicate a wide range of morphological types of the upper respiratory
tract, which can be partially explained by ecological and geographical factors, as
well as the evolutionary history of populations [9]. One of the key components that
responds to climatic factors is the inferior nasal concha (concha nasalis inferior).
Studies conducted on samples from Arctic and equatorial populations have shown
significant morphofunctional differences in the shape and volume of this structure.
In inhabitants of cold climates, the nasal conchae have a larger surface area, which
contributes to more efficient heating and humidification of the air, while in tropical
populations these structures are less developed [10]. Thus, the morphology of the
inferior turbinate acts as an adaptive indicator of environmental conditions.

Geographic variation in the shape of the nasal cavity is also well documented
in Japanese populations. In particular, residents of the northern islands demonstrate
longer and narrower nasal passages compared to residents of the southern regions,
which is consistent with the concept of climatic adaptation to cold conditions [11].
Such morphological features have not only evolutionary significance, but also
practical - they affect ventilation, voice resonance and susceptibility to respiratory
diseases.

In addition to the nasal cavity, the maxillary sinus (sinus maxillaris) plays a
significant role in thermal adaptation. A positive morphological co-variation has
been found between the size of this structure and the shape of the midface, which is
due to the need to maintain thermoregulation of inhaled air in cold climates [12].
Such co-adaptation confirms the integrity of the anatomical and functional
restructuring of the midfacial zone.

Another study outlines ecogeographic patterns in the morphofunctional units
of the nose: the width of the nasal opening, the shape of the nasal septum, the
configuration of the nasal floor. These components, considered in unity, demonstrate
clear connections with climatic gradients - from cold to warm and from dry to
humid [13]. In cold climates, there is a tendency to form narrower and longer nasal
structures, which provides more effective heat conservation.

Data from three-dimensional modeling and comparative morphology prove
that the nasal cavity has adaptive morphological plasticity. In particular, Noback et
al. demonstrated a statistically significant relationship between the width of the nasal
entrance and the average annual air temperature [14]. These results confirm the
hypothesis that the human nose, as a functional organ of thermoregulation, changes
its parameters depending on long-term climatic influences.

In addition to geographical variability, age-related (ontogenetic) dynamics of
nasal morphology should also be taken into account. According to the study by
Butaric et al., the shape of the nose changes throughout life, demonstrating ontogenetic
plasticity caused by both genetic factors and environmental influences [15].
Nicholas and Franciscus separately noted a change in the shape of the nasal cavity
floor during growth, which may also be an adaptive response to environmental
changes with age [16].
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Three-dimensional analyses by Bastir et al. showed that the shape of the nasal
cavity and nasopharynx in humans is not only the result of adaptation to climate, but
also a reflection of functional needs, in particular air exchange, phonation and even
smell [17]. These morphofunctional units are closely related to the external
structures of the face, which indicates the integration of the cranial complex [18].

Sexual dimorphism in the morphology of nasal structures has also been found:
in men, there is a tendency towards larger volumes of nasal passages and a larger
total cross-sectional area, which may have an adaptive significance due to greater
body mass and oxygen requirements [19].

In summary, the results of modern studies indicate a high degree of adaptive
variability in the morphology of the upper respiratory tract in humans. Climatic
conditions, such as temperature, humidity and seasonality, have a powerful influence
on the formation of nasal structures, which, in turn, affect the efficiency of breathing,
thermoregulation and protection from external factors. The relevance of further
research in this direction is increasing against the background of global climate
change, which creates new challenges for the adaptive mechanisms of the human
body.

Conclusions. Thus, the results of modern morphometric and anatomical
studies confirm that climatic factors play a key role in shaping the morphology of
the upper respiratory tract and nose in humans. The revealed variation in the size,
shape and structure of the nasal cavity, inferior turbinates and adjacent anatomical
units is the result of adaptation to different temperature and humidity conditions of
the environment. These morphological features should be taken into account not
only in the context of evolutionary anthropology, but also in clinical practice, in
particular in functional rhinosurgery, otolaryngology and in the assessment of
respiratory health in changing climates.
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