Risk factors and early origins of chronic obstructive pulmonary

disease

Dirkje S Postma, Andrew Bush, Maarten van den Berge
Lancet 2015; 385: 899-909

Chronic obstructive pulmonary disease is mainly a smoking-related disorder and affects
millions of people worldwide,with a large effect on individual patients and society as a
whole. BMERIZEMITREIZEL LT AN LB LIERTHY . R THETAPREL, BE,
DITKREREEEHZTND,

Although the disease becomes clinically apparent around the age of 40-50 years, its origins
can begin very early in life. Z OMUIFRIRAYIZIZA0-505E TS MNITR> TS 228, £ OFREAET)
BRIV IRE-> T D,

Different risk factors in very early life—ie, in utero and during early childhood—drive the
development of clinically apparent chronic obstructive pulmonary disease in later life. 7>72
DR (FENRHIEL) DR o e fERIRF AR A TORRIKREIICHI N 72C0PD~ L ENN D,

In discussions of which risk factors drive chronic obstructive pulmonary disease, it is
important to realize that the disease is very heterogeneous and at present is largely
diagnosed by lung function only. COPDODfERRIKF-Z i7" % 729 IT1E Z OFAILA 72 Y heterogeneous
ThHMN, BITEFE L LTS T2iah Tn s,

In this Review, we will discuss the evidence for risk factors for the various phenotypes of
chronic obstructive pulmonary disease during different stages of life. Z DReview TlIE/2 5
stage COFRFECOPDDEIRE 1 D= &7 v X & T D,

Background i

Chronic obstructive pulmonary disease, which is largely a smoking-related disease, affects
millions of people worldwide. COPDIZEEL L TH Nz ERH L CWT, AT CRIEE AR RE LT
W2,

At present, it is the fourth leading cause of death worldwide, and between 1990 and 2010 the
proportion of disability—adjusted life-years attributable to the disorder increased by 34% in
the USA, where it ranks second in the top 30 contributing diseases."? BIfETHFR TIX4% H DIELT
JRATH Y . KETIT199040> 520104F ORI S A7 Fln (FREMEAamaE (DALY) = HRRAFE
# (YLL) + MBS (YLD)) 2334%MIN L. 30EET2CTH 5,

For decades, chronic obstructive pulmonary disease has been characterised by incompletely
reversible and usually progressive obstruction of the airways that is associated with
inflammation. 3 #X-H4EMICOPDIZFERITIZENE L2y, RIEE o KEHAETH W @HETETH S,
Textbooks generally state that chronic obstructive pulmonary disease becomes clinically
apparent around the age of 40-50 years, but this does not imply that the disease cannot have
its origins in childhood, since it cannot be recognised at that age. —f%IZZFEIE CTIXCOPDIX40-
505% 15 CRERAVICHA SN2 223, /NEFICRE CTE 2V o T, NEFICZDERZFETE TWLRL,
Rather, premature airflow obstruction can persist from childhood onwards and then is
erroneously considered under the umbrella term of smoking-related chronic obstructive

pulmonary disease.* ¢ L AWRFHM B 72 QM ZENN/NEHIN B < 72012, #7232 BECOPDDMHFRD [T



Mo THEALNL TV D,

In this Review, we will discuss important new insights into chronic obstructive pulmonary

disease, from risk factors to lung development, early origins, and different phenotypes of the

disease. Z MReview CH & IIMikE\H T A AEMIN T, O DORIE, IREBORR-F-T7 = ) 447
(FEBR) TOCOPDOEETH LW il L& iimT 5.

Disease phenotypes and the course of lung function over a lifetime REBTZT DX A 7 LA
BT B e ORRRE

Any discussion of the risk factors that drive the development of chronic obstructive pulmonary
disease and whether or not the disease has its origins in early life first needs a definition
of the disease itself.

GOLD guidelines have defined chronic obstructive pulmonary disease by incompletely reversible
airways obstruction— that is, a ratio of the post-bronchodilator forced expiratory volume in 1
s to the forced vital capacity (FEV1:FVC ratio) of less than 70%.5 COPD & 72 B fEIRIK D & A
IR B EIZCOPDRFLLNERFHNTFR 23 8 2 MENT OV THIRBZD DD ERPLETH D,
GOLD HA RZA IFCOPD ZRFearamifith & KOEPZE L ER Lic, T7bbRBRRAIR 5% D55 7)
PEFERICx T2 —FEBTUL T ThH D E LTV,

However, the normal range of this ratio changes with age, such that the use of a fixed ratio
to diagnose any disorder is not useful in either an individual patient or in larger
epidemiological populations in which a lower limit of normal can be better applied. 67 LU
Flin & & HICZOLEOEFFIIZE(T L0 T, EOX O RRBICBNTHETE LzEEL AW DO
18 % OPBSL KRB FRAE TITAR TITRV, EH FREZEHAT208E0VRNTHS I,

At the age of 30 years, an FEV1:FVC ratio of 75% is very abnormal in women, whereas 30% of
healthy people older than 70 years of age will have a ratio below 70%  30m%f\ZctEAFEVL :FVCEL
TBNTBR ThHoTHPRY RFETHD, —FHREBERTLUED30%IXT0%LUTF TH S,

Furthermore, the definition based on the FEV1:FVC ratio is so broad that many types of
patients with distinct clinical characteristics, prognosis, and treatment response are
included. & BIZFEVI:FVCHLRIZES EROHM L2 D IKNDOTid- & 0 L EIRIREEK, &, 8
BRI T D RICORE S 7% DA TOBENGEN D,

For example, a subset of patients with asthma develops fixed airflow obstruction in later
adult life.8 Hl2iFMmEZHE > —RH TITRARINCEE LI XEME~LEITT D,

The type of inflammation and remodelling in these patients will probably differ from that in
smoking-related chronic obstructive pulmonary disease.9 COPDEBEDRIEL VETNDE A FIIXB
%5 BERFEDCOPD L IFR R > TVD TH S 5 Lbh 3,

In addition to an overlap with asthma in which a reduced FEV1:FVC ratio can also occur,
chronic obstructive pulmonary disease itself is a heterogeneous disorder in terms of its
clinical presentation, rate of disease progression, and response to treatment. WMiE ZfEU
FEVI:FVCHLERAR FAVE U 2 2 SITIA T, COPD IXERIRSEIR, FRAEMEITER, AR 2 SUIZB LT
TuRRBTH D,

Assessment of chronic obstructive pulmonary disease merely by lung function variables like the
FEVI1:FVC ratio will not do justice to the subphenotypes of the disease that underlie this
ratio—ie, the three major phenotypes discussed in the following sections: small airways
obstruction, emphysema, and chronic bronchitis. FEVI:FVCELZRD X 9 722§ 5 Hi7Zp B ikkEEIC L 5
COPD DFFAfiIE A Dsubphenotypes (HKBM) ZIEX{L L7y, T OFEVI:FVCH DI & 72 2—H



LEZDDERT = ) X AT KIEKGEZE, MXE, BHEREZREZROECHERT D,
This topic has also been addressed in the new GOLD guidelines. 3 ZHIEET LWGOLD A A R A
YTHIEARLNTVND,

Small airways obstruction  ARY%EZE

FEV1, FVC, and their ratio explain only a small percentage of the variation in symptoms and
quality of life in chronic obstructive pulmonary disease. 10,11  FEV1. FVC& % @R {ZCOPDIZE
(T 2D HERRCQOLD /N S 2L TE T AT 5,

Importantly, these parameters mainly indicate obstruction of the large airways, whereas the
small airways and lung parenchyma are the main sites of disease activity in chronic
obstructive pulmonary disease. EEZE7/RZ &I RMEIE & MiSEEACOPD (2B 2D TG TH 5
ZHb LT ZRHD/NRT A —ZFIHRKEDHZELZ FITR LTV,

Indeed, Hogg and colleaguesl2 showed that a higher percentage of small airways containing
inflammatory cells is associated with more severe air flow obstruction in chronic obstructive
pulmonary disease.  FEFfHogg& Z DRI HIE K ¥ = BEIZ RAEMNE 23 FAY KUHE (2 AL d 213 £ COPD
TIEEL Y EERKEAEEZ > TND 2 & &R LT,

Furthermore, detailed radiological assessments showed narrowing and loss of airways in
patients with chronic obstructive pulmonary disease compared with healthy people. 10 & &IZEEMM
7L N R R BN IR I EE L CCOPDERE TIX KB DA S EN R b5,

Such changes are already present in mild chronic obstructive pulmonary disease, even in lung
regions without signs of emphysematous destruction. Z @ X 9 72 Z{LITIRIEDCOPD T H I TITH 6
A, IR EER OABEE D R SR WE SO cE 2 b b5,

These findings are in agreement with parametric response mapping findings on CT made by Galban
and colleagues, 13 which show that the severity of airflow obstruction is mainly determined by
changes in the small airways, and emphysema only contributes if severe emphysema is present.
NS OFTRIZGalbanZ 2 Lo TCTIZHBIT A5 A Y v 7 (4] (population) OHEZ R4 E
B) B~y 7B LTS, TITKEMZEDORS AT L L TRHKEDEIIZ L > THES
. EIEDIRIED & 2 %6 O M <IER 595,

However, emphysema and airways obstruction are not independent. Loy URE & SIEEAZE & 1%
Bz DB TIER,

Therefore, emphysematous alveolar destruction leading to loss of alveolar tethering points
will contribute to airway obstruction through the loss of interdependence. X o ChilifRRE 1%
DR IRA VN BT D i RUERR T A OB AR~ & BE LTV D,

However, the contribution of this mechanism to airway obstruction is difficult to measure in
life in view of the challenges involved in reaching the small airways and lung tissue with
noninvasive techniques. L2>L7Z2N5 ., KIEMZEAD Z D A B = X LD HAZEEAY 72 7 iETORBERIES
ARk DA D TIXAEEDO THIZ T 5 DIXRETH 5,

Taken together, these findings suggest that small airways disease in mild chronic obstructive
pulmonary disease probably precedes the development of emphysema leading to more severe
illness. £&HD L, TNHOFTRITIZ S EEDCOPD TORMIIERBN L BREREBIZREND
fiSE~ L HEETHRETHD I EEZRB LTV D,

More work is needed in this area, with the use of sensitive markers of distal airway disease
such as multiple breath washout. Z DO4EF CMultiple Breath Washout® X 9 72 KA B OB M D
W= —2FHT LRI L RDFENERINTND,



Emphysema JifiuiE

The aforementioned findings corroborate earlier studies that the association between emphysema
and airflow obstruction is quite weak, 14, 15 and emphysema can already be present in patients
with chronic obstructive pulmonary disease with mild airfl ow obstruction only.14  EidRDFF A,
VI AU & St PAZE & 0 BRSO THIN & D BRI DOFTE & — 83 5, MisUEIR, B OKPHZED 2
% PE D 1B PR ZE R IR R I BEICTF(E LTS 5.

This situation might have important implications for the clinical expression of the disease
since more severe emphysema is an independent predictor of a worse health status, higher BODE
index, 16 a marker of disease prognosis, a higher number of chronic obstructive pulmonary
disease exacerbations, and more rapid disease progression. Z OIREEITIRRDEFKAIFEILD =D
BETHLE Liven, 7o b X0 BRERMRIEZ X Y B L2RRE, XV &V BODEfEEL, A T#
D~—H, ZLTEY BWERBOEITOMS L TFHE T CTHL06TH D,

The type of emphysema might also be important in this respect, 17, 18 which adds further
complexity. MIIEDI G E-ZOFHCTIIEETHY . I HITHEMEICL TN D,

Patients with centrilobular emphysema have a higher degree of inflammation in their small
airways than do those with panlobular emphysema, 17 a finding that is associated with thickening
of the small airway walls and more severe bronchial hyper—responsiveness. 18  /NEEHTLMA:ifi& E
BTN EMERIRIE CORBEERIEL Y bEETH D, NIIKIECIIRMETEREOIEE & KV iR
SO Z o TV D,

Chronic bronchitis BMEEAE R

Chronic bronchitis is usually defined as symptoms of cough and phlegm (or sputum production) on
most days for more than 3 months in 2 consecutive years. [BMERE X RIF2FEHEK: L T3+ HLL EIE
CAEDBITKER (ETITEDPEE) FERE LTERIND,

It is present more frequently in smokers and patients with chronic obstructive pulmonary
disease with more severe airflow obstruction. WREECX V) &E KB AZEZ £ 72COPD BHF I E A
EIZR 5,

Several studies have suggested that chronic bronchitis contributes to dyspnoea and wheeze
worse health status, increased numbers of exacerbations, and more rapid disease progression in
chronic obstructive pulmonary disease.'®® [BME&E 45 1ZCOPD T DR K #E L wEnk | fREIRRED
b, BEERE ORI, SUdR B L OET 2RO OFEN R LT 2,

Increased mucus hypersecretion, cough, or both can be associated with respiratory infections
or increased airway inflammation, both of which contribute to more frequent chronic obstructive
pulmonary disease exacerbations. AN L7oREGR WA, %, b U < 15 23 PR #R R GL O KB ARAE D
B L <IEMG 28 K 0 SHENZCOPDIEEICE 5 L TV 5,

In turn, these exacerbations can induce symptoms of cough and sputum production that can
persist for weeks after their onset.? WIT, ZTH D DOMEEIIZCKED X 5 RIERZFHERE L. BIEHE
LA < o

The latter might introduce bias, leading to over-reporting of chronic bronchitis in patients
with chronic obstructive pulmonary disease who have frequent exacerbations. %EII/ A T A &4
C. BENIHES 5 COPDEAE IC OV Tl e 1B XA IR OME L FEL TV D,

Controversy remains around this subject since the ECLIPSE study did not find chronic bronchitis
to be a risk factor for chronic obstructive pulmonary disease exacerbations, after adjustment
for disease severity.'*® Z®OZ LIZBIL T, ECLIPSE study 723, ffiiEd A & EMERE LK 1LCOPDHEY
BEOERE A TIE RV & T DME LRGN TN D,



The differential results in studies investigating the role of chronic bronchitis in chronic
obstructive pulmonary disease could be because of the use of varying definitions or different
populations under study.'®”  COPDIZIS|T 2 18M:UE 3L DB DM FERE KX L L EN R D DI
TOERRRIRDANRDI-DOTH D AIREND B 5,

Furthermore, chronic bronchitis is not an objective measure and can be affected by factors such
as sex and sociocultural behaviour.'™? X GIZIBMERUE X RITREIM /2 FEEMETITR <, HROMEIUE
2RIk > THREEIN D,

The three domains of chronic obstructive pulmonary disease—small airways obstruction,
emphysema, and chronic bronchitis—can be captured by similar lung function abnormalities.
COPD, M5, 1258 32 D =D OFEBUTHLL L - iR T Ic L > THb 2 bh TV d,

Only in the last decade has much attention been given to the differential relevance of these
subphenotypes. BZEHOTH-HEMTIT 20D Odfiphenotype & DB ARRICE K ODEFEER LD,
Thus, most studies that have attempted to address the issue of early origins of chronic
obstructive pulmonary disease have not been designed to do so successfully. Z#LT. %< D%
PRCOPDC DRI DFAE DB HR Y Mlde X 5 RATNZIUTE EFL WS K5 BT A vidleinoiz,
This is an unavoidable weakness of our existing knowledge. Z AUiZFkex D4 H HEFROBET B/
WS TH D,

The roots of chronic obstructive pulmonary disease: importance of normal lung development COPD
COPDD/L—>> : IEH 72 [ili/EH 0 HEME:

Normal airway development IE772%0EDREE

The lung bud initially develops as an outpouching of the fetal foregut at 6 weeks’ gestation.
2T RANICAENR 618 Cha IR DRI Ds R (38) & L CRET D,

By the end of the first trimester of pregnancy, airway generations down to the bronchiolar
level and their accompanying vessels have been formed. HHEZEIMOKHL D £ ClICREITRE XL
LVETHEL, MBS —HICEFLTVD,

Type 2 cell differentiation and the first appearance of surfactant occurs at around 23 weeks’
gestation. 2B D LY —7 7 7 X > b OFRBUILE23B ZAICR 6D,

Pre—acinar vessels follow airway development, whereas intra—acinar vessels follow the developm
ent of alveoli. FIIREMEITFKENAER ELIZEE L, RENMEIIMRES L ®IAEEFTT D,

Recent transcriptomic approaches have identified different molecular phases of lung

development, ?® but so far this has not led to clinical applications. VT4EDIEfs T FEAFZE CTIIi
FEDRR LR ZFE L2 BNBAIEORT, BRSHIZIEE > T,

The most recent work on postnatal airway functional changes using spirometry has been
undertaken by the Global Lung Initiative and has collated and refined much previous work. %!
Global Lung InitiativelZ &2 A/SA v & L CHER DIMRED LA % FL 7z Feilt ORFFE03 LLRIT OFF 58 %
A LTI OHRIC LT,

Airway development has three key stages: the start point for lung growth, namely airway
function at birth, with reduced lung function at birth being a risk factor for asthma at 10
years of age;* childhood and young adult airway growth to the plateau at 20-25 years of age;33
and lung function decline, the rate of which can vary even in patients with established
chronic obstructive pulmonary disease.’»® FiDIEHITIIIODEER AT —I 0N 5 : iigsE O H%E
REANGAE TR DOKGE OHREIR T L TV 2355513 1055 R A Cli B OFEIRIE 1 & 72 5, /NEH & FHEMOKIE
FHBIF20-265 T —27 LD, ZDOH BT DM, 2O FHFRIZCOPDEE THL2R )V EENH 5,

All risk factors for reduced lung function can be present in an individual. MHEREIR T ¥ 54



TOEBRRTFIIEEAICH D,

A failure to reach the normal plateau and accelerated loss of function in adulthood mean that
the threshold for respiratory symptoms and disability is reached earlier than normal (figure
D). IEFIZ e OB FBRE DN L 22 & AN IR IR T 2 i L. FPREER ORI 2K T S+,
ER X0 & R 2IC 2 2,

Importantly, the first 4 years of life are a crucial time window; for the most part, there is
no catch—up in airway function after the age of 4-6 years. **HEZE/ Z S I X EBUEITIER ICEHE
I CTHY . 2 OHE4-6RERE TUEEDOX v v F7 v 71X,

The sole exception might be some survivors of chronic lung disease of prematurity, since one
study showed that spirometry was clearly abnormal at age 7-9 years, 40 but had normalised by
20-22 years of age."  FISMIRBAR THEADEMEMRE TOAEFE TT—IK THOLMNIT A/, 0 TR
W CH o H20-225% TE TICIER &R o IS Sh T 5,

Normal alveolar development Ml IERZHE

The timing of alveolar development is more uncertain than that of airway development. Hfi

g E ORHNIKEDHKE LY Hix- &0 LAV,

Conventional wisdom suggests that there are around 5X10° alveoli at birth, that there is a
rapid phase of secondary septation and alveolar development in the first 2 years of life, and
that thereafter few, if any, new alveoli develop. % OHE& CIZA FEbHx10°H Y, 25K E TIZ
KB ZRRREETZ R & B DR BN B, FDHITTL 2o THITE A LR,

Recent histological studies in monkeys42 and hyperpolarised helium studies in 5 human
beings43, 44 suggest that in fact alveoli continue to develop throughout the period of soatic
growth. Little is known about normal alveolar ageing. #iITD Y /L TOMMBFAIIZEL5 N D AR T
DSV T AOFETITEREOMM CIEHKDOFEE L TV DHHFREE Lt T\ 5,

Epidemiology of risk factors for chronic obstructive pulmonary disease, and relation with its
early origins COPDODERRIAT- DY & HIARIE & o> B

The main risk factor for the development of chronic obstructive pulmonary disease is

smoking. 456 COPDOD L/ fERIAF13 ¥ N2 TH %,

However, it is not the only risk factor, since recent studies have shown that many people
develop the disease without ever having smoked.® L72>L Z /X272 BNERIR+ TlE7ev, ZRERD
BORE OBFFETIEZ N2 &R o722 L A7 DIZC0PD 1272 5% < DIEBIDRHE STV 5D,

Therefore, other factors besides personal smoking, such as indoor and outdoor air pollution
and other environmental triggers, such as second—hand smoke during pregnancy or early
childhood, might also be important, as are dietary factors.?** Indeed, one study showed that
early childhood disadvantage (defi ned as at least one of: maternal, paternal, or childhood
asthma; maternal smoking; and childhood respiratory infections) conveys as much risk for
chronic obstructive pulmonary disease as does smoking in adult life.® ZD7=® X/ XalifoF4s
RETGHRRAMDERER A, HIRP/NEHOZHMENEECTH DS, FERFORFLEETHD, FE
BRL RE - R - NREIONE, REBOBE NEEIOMRERD 5 H07 &b —20, RAIZR>THhD
D F = L [RERIZCOPD DOfERAT L LT LER S,

An important new insight is that chronic obstructive pulmonary disease can also have its
origins in childhood or even in utero. EEZEZ2¥HT L WA RII/NEHISH 5V IEFE N TE 2 6 COPDANIE
JETDHLENSZETHD,

Lung function can be compromised during lung development in utero—eg, low birthweight babies



or children whose mothers smoked in pregnancy have reduced lung function soon after birth.®
RIS+ = TORBFPICHEE SN D, REREERTICEYE L TV R AERERS/NNRITAERM S 722 <
IHEEREAME T 92,

This reduced function then continues throughout life, resulting in a lower plateau at around
20-25 years of age (figure 1). Z DK L7Zit%EEIZ —Afi & . 20-25mAFDOREEN L W IKL 225,
The question remains as to whether different factors contribute to different types of chronic
obstructive pulmonary disease. B ST IRFCOPDD Ere 5 7-FNZEABR L TV A NI E S8 o £
EFThH D,

It might well be the case that several genetic factors, environmental factors (smoking, air
pollution, occupational hazards, and infections) and lifestyle issues (diet and exercise),
encountered at different stages of life, can lead to different types of the airflow obstruction
that are referred to as the single disease entity chronic obstructive pulmonary disease (figure
2), depending on when they are encountered and in what combinations. VW< 223D EAK 1. BRbE
K (B, RRUGYe. WEERRMER, ) | 74 7 A% AL (BRE, #H) ZNOIIANEDRR ST
REHNCHNE T 2728, T HCOPDOHE—FE L L TORLST-ROKEHRE L B#T 2, ThidvoZh
LORTFITTHoTd, ELTMEREBZRL TV NI LS,

The panel summarises the different environmental risk factors for chronic obstructive pulmonary
disease, which will be discussed in more detail in the following sections. /S3%JLIXCOPDD E 7
STRETORMRRET2F LHOTWD, FRIFKROET > a v THEmT b,

Low lung function at an early age FLANVEHID MitRE

The most informative birth cohort studies have come from Tucson (AZ, USA) and show that in
healthy people without wheezing illness, lung function centile shortly after birth affects lung
function centile in the third decade of life.®®°"% fHFHENT-HA AR — METuscon (V— Y
Y IRE TUYT) TOMETHD, TOHFT, HlGD R WEREA T HEE % O MifkaE) 304 H
BRHHZ xR,

Prospective data in this population to the age that chronic obstructive pulmonary disease
becomes clinically apparent are eagerly awaited. COPDASERIRAVICRARRIZ 2 H4ERCTHOZ D ak— k
TOAZ TORFIME B — FORAERFREZEEZ RS LTHFZA TN

Cohort studies following participants into middle age, most notably the Melbourne asthma
cohort, have shown the effectiveness of tracking of lung function—ie, the spirometry centile in
mid-childhood determines the spirometry centile in middle age.®  H4EE CiBWFL 7= 24— MHFSE
THROAELRANVRN R AR — MR DD, EIVUIIHEREZ BHEE L7z b 0T, /NEHIHRH o fii
BEREDS PEERF D TBERE ZIRE T 5 Z L &R LTS,

Notably, the Melbourne cohort howed that severe asthma was an important risk factor for the
development of chronic obstructive pulmonary disease, and was a more prominent indicator than
was smoking. & BT DRA/LARL Y ARk — MFJETIXEEN B A3C0PD DEERMGRAFTHHZ L. £
LCENTBE L D $ZHTH o T,

Furthermore, patients with chronic obstructive pulmonary disease had the lowest lung function
compared with healthy people and asthmatics at 10 years of age, which continued through to 50
years of age.? Taken together, these cohorts show that spirometry at 4-6 years of age affects
the height of the spirometry plateau achieved at 20-25 years, and hence the start point for
spirometry decline. S 5[ ZCOPDAE X 1058 DB S CREFE A SOMG S LV b iSREN Ik b -T2, 1
IZ605 E TRV TV D, [RIRFIC Z D s — MMIFJE CIE4-6i DITHERE (R34 w) 2320-255% D it RE Y i



bIEICRD & EDMEITHEL, £ IR T2 5

Although clearly cigarette smoking is a highly important determinant of the rate of decline of
spirometry in adult life, early life events are also important. MLk AfHAERE(R N DO EIE/R
RERTTHY, S RMoOHRELELEETH S,

Bronchial hyper—responsiveness && X DRt

Bronchial hyper-responsiveness is often thought to be a hallmark of asthma, but it has also
been shown to be present in chronic obstructive pulmonary disease.® && S IBMUE LM B DR
ThdL—RIZEZDLNLTNDA, COPDIZEBNTHALND,

Bronchial hyper-responsiveness precedes the development of chronic obstructive pulmonary
disease-like symptoms in the general population® and more severe bronchial hyper-
responsiveness is associated with subsequent accelerated lung function decline.®%% Q& iE
BT — % A DCOPDER DIEIR A T B DITHNL > TH LIV, XV HEIEDOKE BB e\ Tl 2 5 ifi
BEREIR T L BIE L T 5,

What drives the relation between bronchial hyper-responsiveness and chronic obstructive
pulmonary disease has not yet been elucidated. && B & COPD & DEIRZ FE DT 5 & D AMiT
THLIMDITHONWTUIELMRIH ST,

It has been that bronchial hyper-responsiveness consists of variable and fixed components. ' 28
b3 2%, ZlbLana R R—r Mo RHI[ESREETH S,

The variable components largely derive from the acute release of pro-inflammatory mediators as
a result of ongoing airway inflammation.® %%  ZXMb4 B[R FIFE & L THEIT L TV D RIERIE DG
RELTRIERRET D AT 4 =—F —DRMEREITHRT D,

The persistent components result from structural changes in the airways such as epithelial
desquamation, goblet cell metaplasia, fibrosis, increased smooth muscle mass, angiogenesis, and
extracellular matrix changes. FFGEAIZRRF 1L ERZOFIRL., IRAEER., kL. FEmmitE, mE
B, MM E OZD X 9 RKGEICB T HENELORERTH 5,

These changes can occur in both the large and small airways and are associated with a reduced
number of airways, especially the smaller airways, in chronic obstructive pulmonary disease. 11
T DT P - HIEXGEDH S TR IV, KUBEDBAZEV . FHICCOPDTITHRIHAGEICE Th
Do

An interesting idea is that small airway abnormalities might be associated with the severity
of bronchial hyper-responsiveness in chronic obstructive pulmonary disease, just as in asthma,
but at a more acinar level, which links bronchial hyper-responsiveness to chronic obstructive
pulmonary disease development in association with small airway disease.®  HRVH&IE DM G E
kﬁ%’wm* B RE X OB D FEAERE & BHE T 223, LV ML~V CIIBRIBRERBICE-> T
COPDO it tWLHwitﬁﬁﬁbfwétmoi%%éﬁzﬁﬁbé

Moreover, bronchial hyper-responsiveness at 1 month of age is a risk factor for reduced lung
function in childhood. %% & 524 — 2> A B EBBENEDS/ NEH O i EEIR T OERIK+TH 5,
This association might be compatible with the hypothesis that abnormal lung development
underlies the presence of bronchial hyper—responsiveness, which might be partly due to
maldevelopment of the airways in utero.®  Z D BE I H 72 fiti D E 2N KB BB DIFEE FIZ

D, ZITHIEICIEFERNTOREDRFE RFEFIC ié%@ﬂ%bh&w&moﬁﬁ&ﬁuﬁéo
Taken together, the presence and severity of bronchial hyper-responsiveness is an independent

risk factor for the development of chronic obstructive pulmonary disease. R 2 & K& X DIE

W DAFETE & FIE B 1T COPDIEAT DIMNT L - iR+ Tdh 5,



In-utero and early childhood exposures

Adverse events in the mother can have direct effects on the fetus or child, or prime the body
of a child to develop an abnormal response to an event later in life. F+EWN & S/NEH D BT IL
fe R/ NRICESEER HH DD, b LUIANEDHRFE TOFRICTHT L RFERRIGEE 3,

® in-utero

According to the developmental origins of health and disease (DOHAD) hypothesis, "
events can reprogramme an individual for immediate adaptation to gestational disturbances,
which can have consequences for the risk of the development of metabolic diseases later in
life. fERRE &R DFEE L ORIFDOHADIHIC K 5 & FE N O FEZITAEIR P OREF I 5 AIE D721
HZEANTHT BT T LATED, CIUIBRETORIIEE~LERT LI A7 L7205,
A changed gestational environment has been linked to adult metabolic disease by both in-utero
caloric deficiency (from famine or uteroplacental insufficiency) and in—utero caloric abundance
(from a maternal high-fat, calorie—dense diet). ZMb L7ZIEIRT OREIZF=NTOIr U —RE
(L S F A E) OFENIr ) —RE (BRoEE., she ) —&) [T X 2 AREEE & B
YD,
Other chronic diseases have followed a pattern of prenatal environmental effects on adult life,
and chronic obstructive pulmonary disease might also have links with the DOHAD hypothesis. fifi
OABPELR B TIIRAIIZ B W THAERMOREENZE L T/, £ L TCOPDITAERE & R D FEE LD
DOHAD{i i & BEIE L TNz,
Indeed, Barker’ s hypothesis emerged almost 25 years ago from epidemiological studies of birth
and death records that showed a high geographical correlation between rates of infant
mortality and particular classes of later adult deaths (eg, respiratory disease) and an
association between birthweight and rates of adult death from ischaemic heart disease. ™™ ZEFE
Barker DR ERIFZHAI2OERT D HIAE & FE L DR FH R RN BR TN D, ZAUTHIEIET LB O AIE (B2
. RERIRR) ORFEDTEEE & D E W IBUERIBIER, £ L CHIAERE L AOE MM LR BIC X DT
KL DORRMRH T,
These theories stimulated interest in the fetal origins of adult disorders. Z U5 OFEGHILEEA
FHOEIREDBIEEITH D LD Z LT T LA 2 2 Lol
The DOHAD hypothesis has been studied little in respiratory diseases, but examples include the
effect of in-utero smoke exposure leading to enhanced responses to postnatal allergen and
fungal exposure, 73 and neonatal hyperoxia in mice leading to changed inflammatory and fibrotic
responses to influenza A infection when the mice reached adulthood. ™k & IRRDFE EDER
DOHAD{R L CIEPFERZHRBICB L TR L A LR SN Tl oTe, L LBIZIE U A FENTDO XN
ADE~DBRBENEROT VAT RERBZRRIINT 2GR T D2 L, £ U A TOHERYO
RRESRIE I~ U AD A LTz & & DA v 7 ARG L TRIERHIHE b~ Db~ g Z &R
wESNLTVD,
If such effects also have a role in human beings, it will become important to obtain a more
detailed antenatal and perinatal history from adult patients, which is not often done at
present. 75 T DX 9 BN AMIC L H 572613, BUED F VITDILTORWVEABE O AR, JHE
WORBEEZFLONEEL2> T2 THA9,
The following issues have been described and will be discussed in more detail below:
transgenerational effects, antenatal effects, perinatal effects, and early childhood exposures
WOMBED TFRIC K VMR S nEm I D, - R ORE, HAeRORE, FEMORE, gk
puES

Worryingly, transgenerational epigenetic effects on asthma risk have been shown to exist. JEJI



T, WEAERICET D HRE OB AENLEENFAETH Z LN TR INI,  (JUE : epigenetic (DNA
BUHNTIT AL 720D 2 F ARSI K 0 Hiia 5y R % TR S 115 Bs THERE DAL & 2L &4 5 “FIRIfEIK))
IEVRT AV A, ZEV 2 RT 4 v T A

Thus, a grandmother who smoked increases the risk of her daughter’ s children having asthma,
even if the daughter herself does not smoke.™ 2= 95 L CHLEEDMEE S BEDIR2SEE | T2 < T
b, ZOWRDZ ELDWGEA~DY 27 %2 £S5,

The mechanism of this eff ect is thought to function through gene methylation.”™ Z® X =X A
TELEFDOATFUEOBRBIZE 2 b D LEZ LN TN,

The possibility that diet, pollution, and other known epigenetic eff ects might also have
epigenetic transgenerational eff ects on the fetus cannot be excluded. B, AE, MO ST
WD ARG E TR IR~OBRAN MR ORERH 500 b LIV ATERER RSN T E 220,
Preventive strategies are mandatory, but will probably only deliver results in the very long
term. PRIRYRHIE N LHTH 205, D K EWHI D> THHRRNP D TH A D,

The most important and most studied adverse antenatal event is maternal smoking, which,
together with maternal atopy and maternal hypertension, leads to impaired lung function soon
after birth. ™™ fbEIET, KB IN T HAERTO AR Z2HRFIIRHOT b E—LHE LT & [F
BRICAER G 72 < OIiBgRB A 5E T 2,

Studies in animals have shown that maternal nicotine exposure leads to a reduction in airway
alveolar points, increased lung collagen deposition, longer airways with smaller diameters,
and mucus hypersecretion. %% REH D= aF U EBENTIEDOMRERZ D S8, 27 —4F Otk
BHEENSE, LY RVWRE TRUERZ/NS K S8, MIROBIWEFHET D2 LR ERTREN
7

These factors probably all contribute to airway obstruction and increased bronchial hyper—
responsiveness in mice postnatally, even if they were not exposed to allergen.® ZHHRFDE
Z oL 2TH~ 7 ADABTERBEMEAZ NS TS, LEANFICRBZEIND Z L7 Th,

Exposure to smoke also leads to changes in cord blood immunological responses. 8 [~
F TS ML O G PRI SOG DB~ L FEET D,

Other antenatal eff ects that can aff ect fetal lung development, immune responses in cord
blood, or both include maternal diabetes, maternal medication use (eg, paracetamol and

5

antibiotics), ™ maternal exposure to air pollution,® and previous pregnancy (including

miscarriage). ™ O MHAERTORE (REEOFERE E72ITRBOEOER (T 7 I/ 7= 0 R0HE
WHE) b LTRSS, BEORKGRE~DRE, D0k GRELZET) ) NREMIEEE. P Lo%g
=PI 7

Maternal diet in mice has been shown to exert epigenetic eff ects on the pups, ® but this has
not yet been shown in human beings. Even if reductions in lung function are small, they can
still be of relevance. ¥ AICBWTREHOREN - EHICBAENREBLEZ A Z LB RENT,
In a recent study, Guerra and colleagues® showed that early childhood reductions in lung
function caused by parental smoking are important and aff ect rates of development of chronic
airflow obstruction when these children smoke themselves. HdTDOHFZETIL. Guerra’sENELshIEHI D
HEREIE T IR OBYEIZ L 2 b OREETH Y, ZOF EHENRES 2 LB IERIEPHZEDRIERIZRK
BEHamRLT,

Therefore, they showed that parental and active smoking act synergistically to aff ect early
lung function deficits in young adulthood.® 41X & AN OBLE BN FHIR S R Sh/D IR # o> B
WO RERE B2 RIET Z L &R LT,

Thus, even if early life exposures do not directly produce major lung function deficits, they
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can also play a part in increasing susceptibility to active smoking and predisposing people to
the progressive nature of chronic obstructive pulmonary disease, as has been recorded in at
least some patients. Z 9 LC, 72& x BHIORE N K E iilEREE L a5 T, RHORZEN
L L b—EMOBETHE SN TS X D12, COPDOEEITT 5 HARGEITH L THIEL T 5 APRE
LT WADEZ M EZ D D,

Perinatal effects comprise the timing of delivery (prematurity), the mode of delivery
(caesarean section versus vaginal), and the place of delivery (home or hospital).88-90 J& £
DREITHPEORHY CREVE) | HIEOTERE (FLUIBE &R0 . 2oBET (B W) 2L
THERD,

The effects of prematurity are well documented. REEDHEIT LS HESIN TV 5D,

Premature birth, even if the baby does not require ventilatory support, is associated with
decrements in lung function in the perinatal period, and these effects are more pronounced with
the need for more intensive and prolonged treatment. 7= & 2 FrAERN A TR EZZ T T < T
b, RRETH2 Z L RFEPEMTREEZEV, K08 TRADIHEREZ T 2 LERHENTH D,
Interestingly, so—called late preterms (week 33 up to week 40 gestation) also have impaired

! and late preterm birth is much more frequent than is extremely preterm

childhood spirometry,®
delivery. BlKk®H D Z &1, WhWpDBelIFE (TEMRIEE 3 32 H40M) & 7o/hNEHOMBERE (/31
0) ZBET S, BHREIImRRFEERD T o LHERRE,

The evolution of lung function after preterm birth is controversial: some early life studies
have shown catch up in lung function,?' whereas others have reported an even further decline in
lung function in early life.®>%  EpEM DOMSRERZITZEIRIIZ VY : W< DD EER OHFFE T I fifi
BREIEx v v T 7 v 7T % L OMRRED H D05, MOHFETIFEE S DITBEEMET T 5 LRESn
T35,

Wheeze is common in childhood, but importantly is not associated with evidence of airway
inflammation, as indicated by the concentration of exhaled nitric oxide94 and exhaled breath
temperature, 95 although evidence of increased oxidative stress might be present.®®  KFHE|(Z/NE
Bz LK RoND, L LEERZ LIFFFXRNORECHXILE TREND X ) ICREREZE-> TV2R
Vo LOALRBBEEEA RLABEIML TS E NS BT U ADH 5,

This finding is important because these children might develop irreversible airflow obstruction,
similar to chronic obstructive pulmonary disease, later in life. ZAUIZManE IR 234 4COPD & [FlkR
RIEFMMERGEPAZEN LT T 2000 LIV WEERFTR Th 5,

However, this disorder does not necessarily have a similar pathophysiology to the airfl ow
obstruction in lifelong smokers. LU, Z O TIIAJEMIEE OKIEMZE L [RFEOFREL AT
& B METTR N,

A further degree of complexity is the changing nature of preterm survivors; “old”
bronchopulmonary dysplasia babies were bigger, were ventilated at higher pressures, and had a
mainly airway disease disease, whereas “new” babies with the disorder, who are smaller and
more preterm, receive surfactant and are ventilated with faster rates at lower pressures, and
have pulmonary hypoplasia and alveolar maturation arrest, albeit possibly with some recovery
of alveolar numbers. " & HIZHMEZR Z LIXREREGFEDOLE(T HHARBTH D « HEORE MK
AERFH - EREL, BETHK SN TV, £ LTEICKBEREETHST, LML I OEBOIID
Riha<, IV RET, =77 272 MaRE%ZT, BOETHRERISN, W< B2OflakomEE o
AREMER D DT b 1 B ORI DS IE A R 5415,

The mode of delivery is believed to exert long—term consequences by affecting the nature of

early bacterial colonisation of the baby—vaginal delivery leads to maternal vaginal and bowel



flora predominating, whereas caesarean section favours environmental bacteria.?”  HIPFEDIFIEIX
BHI OB AEROME = 0 =—DJEICE 2 5 2 RMIChIz > TEns ki LELH TV D, RES
VRO & M~ & <3, i EUIBIFEREEME ~ &5 <,

The importance of the microbiome is discussed in the next section. FF#E D EE XK ODOIE T
Wi,

What is clear is that caesarean delivery is associated with an increased subsequent risk of
atopy and food allergy, and changed fecal flora at 7 years of age.®®  FEUIBITH LR Z &
TR DORERTT hE—, &7 LALX— BNMEOELTH D,

Place of delivery has been the least studied factor. D IGFETIXSH F U HFFE I LTV,
Babies of atopic parents who were delivered at home had a reduced prevalence of atopic disease
(asthma, eczema, and food allergy) at 6-7 years of age, and faecal Clostridium difficile
isolation at 1 month was positively associated with atopic disease at the same age.” ZKRET®D
IR TIZT FE—RE (WE, 2. BMT LX) OFREET TS, —r AROHED
Clostridium difficilesyHIX6-TmkECTOT b B —HREAHRFFRRINN & BIE L T iz,

Early childhood exposures %04 R 2%

The adverse effects of parental cigarette smoking are well documented. [HEIIZ X 2 M2 EE T X
<HEZNTND,

However, a key controversial question is whether or not early viral infections cause asthma
and thus long—term susceptibility to chronic obstructive pulmonary disease. L 7>L EZEZRikimlL
FHID 7 A )V ARG AN B RCCOPDIZ K L TRIIOEERH L1 E 2 1 Th D,

Infection with respiratory syncytial virus, and especially rhinovirus, is unquestionably
associated with the later development of asthma;® however, the most convincing evidence
suggests that the association is not causative. RSV, $FIZT A / U A )L AR T EER] D472 < 14
DOl BFIELBEL TS ; L Lk bHEER R ¢ 7 A TIEZ OBERIZERR G S O TR,
Immunological abnormalities are detectable in the cord blood of babies who subsequently

9 and impaired lung function precedes the

develop wheezing lower respiratory tract illness,?
first wheezing episode. '™ Wil FRUGEZBICHEIT L2V | FitEREREE DS EAOMHIBIZEIT L TR b D
RO I CHRIEFIIRBEED R OND,

Furthermore, the 1721 locus is associated with rhinovirus—induced wheezing. ' & HIiZ17q21:&
IETIXTA ) AR K DG & BER B 5,

Therefore, viral infections are a marker of pre—existing impaired structure and function that
lead to asthma, rather than being directly causal. X o T A L AKGLFEERERKR L VWS L0
RIS 72 Dot % & HIRE SN HESHEIED~— 1 Th 5,

Other important factors also impinge on lung health. MO EIEK T4 F - ICEEZE L 5.
Z B,

The role of early bacterial colonisation is an active research topic. BEHIOME = 0 =—ED
BENT S DAICHITES N TV LRETH S,

We now know that the lower airway, far from being sterile, contains a rich bacterial flora, as
shown by molecular microbiology techniques.!®? TFREIIHDFMEFICL > ORENTZL DI, EBE
LIFFLEES, MFE I =—ICHEATND ZLAMBATND,

Furthermore, normal immunological development and response to allergens is critically
dependent on a healthy lower airway flora.'®®!® X SICIETE R FEHIRIEEE T LIV AZRT 5
PO ITAERE 72 T ROEAE # ISR & HKAF L T2,

The relevance of the flora to the development of chronic obstructive pulmonary disease remains



to be established. COPDDMEAT & RBEPNMIE & OBEEIL E 2R I TWL7RYY,

However, childhood respiratory infections are known to affect later risk of chronic obstructive
pulmonary disease.® L2 L/NEHIDFPI SRR N EFIZCOPDDO Y A7 THDH Z ERMBN TV D,
Therefore, changes in the airway microbiome and the consequent risk of chronic obstructive
pulmonary disease are probably worth investigating. X - T. KiBEMETEDOZL( L FHILEH COPDD
U A 71386 RS DMHERH D,

The effects of the microbiome on airway immune responses and thus risk of atopic disease is
another mechanism whereby the risk of chronic obstructive pulmonary disease might be
modulated. ZGHESISICRITHHEELEZNICLDT ME—EEBD Y X7 [ZCOPDD U A7 DRIDF D A
H=ARLTHD,

The protective effects of the farming environment on atopic disease have long been known, and
have recently been related to greater environmental bacterial and fungal diversity.'® 7+t
—HEBICBIT D EELZ LTV DIREOTHHRIINR VAT L VAL TWDA, KEX Y £ < OREM
W EHEEOSARMELBIE L T Z L 0> T T,

However, the COPSAC study showed that early upper airway colonisation with Haemophilus
influenzae, Moraxella catarrhalis, or Streptococcus pneumoniae, alone or in combination, is
associated with worse wheeze outcomes, ' and, more recently, with raised amounts of Thl, Th2,
and Th17 cytokines in nasal samples.'®  L72>L. COPSACHF%E CldHaemophilus influenzae,
Moraxella catarrhalis, & %V & Streptococcus pneumonia MDHIMFE /- ITfHLEOEICL D FKIET
DOEMDam =— (LS 5 5hEEOEAL L EEL TS Z & AR LT,

The precise interactions between bacteria and viruses, the host immune system, and long—term
outcomes have yet to be established, but clearly anything that can modulate the host airway
flora, such as antibiotic therapy, could potentially have profound effects. FlE & 71 L ABDIE
HeRAHEIER, EEMERTE. £ L TRMOEEBIIELHEIN TRV, FIEMEO LS REEZOR
BN # 2 Bl S DIF RTINS R E R ER H D,

Excessive weight gain in the first year of life is associated with failure of normal lung
development. " A% —4ELIN OIRRI 22 AR EIINIER 2O LB & T 5,

Postnatal exposure to air pollution is another major cause of failure of normal lung

growth. "% 19 WAL O REIGEYRE TEZEFRMOLEEEZH T 5 RERIFEKTH 5,

In the CAMP study, 25% of participants with mild asthma showed impairment of lung growth over
a 4-year period, irrespective of treatment (budesonide, nedocromil, or placebo).''" CAMPHIZE T
HRRICRRZRLS (T YT AR, xRz a I, FT7ER) BIERED25% CHERM L ik RREN
Ronre,

The basis of this intriguing finding is not known. Z OEHERIEKRIT L < HHhro TV,

An important aspect of the development of the lung in childhood is that a disconnect exists
between lung structure (growth) and lung function. /NEHADMfRLE OB mI3iEE (KE) &
JiF&RE & ORIICTEREDR H D Z & TH D,

Longtitudinal cohort studies into the course of lung function and growth have invariably used
spirometry as a surrogate for both structure and function. Hfif¥EE L KE OB Z AL EH O R
— MMFSETIIME E R EZRBET 2 b D L LTRSS e B R RSN TN S,

This approach is not ideal—spirometry is only indirectly related to lung size and respiratory
mechanics, and gives no indication of the size of the pulmonary capillary bed. Z®O7 7 ra—F
TR TIE R — AN I 3IEMBRAIC IO R & & L FFIRERORE L BIE L TW 7213 TH Y | i
MERDORKE &R LTI DT TIER,

Furthermore, spirometry is insensitive to distal airway function. & HIZ A/ I RIEZE DR



REIZITARSL T2 700,

Therefore, caution is needed when drawing inferences about lung growth and aspects even of
airway function in the studies published so far. KXo CBEDHTITHBWTHIKERCH (KiHE) #%
RCTOHRZSIHNT 2 L ITEENLETH D,

Genetics Chronic obstructive pulmonary disease is a multifactorial disease in which genes and
the environment interact to drive the development of the disease.' COPDITIE(r & BREEDSE A D
ETICHAERT 2 Z2RFHEETH 5,

Several genome-wide association studies have discovered genes that are associated with both
the presence of the disorder and the severity of airflow obstruction—namely, CHRNA3, CHRNB3/4,
HHIP, and FAMIBA. W</ AR BTHAENT (GWAS) T & KUEPAZEHEE & B
WD T & DR S FUTc —CHRNAS, CHRNB3/4, HHIP, FAMI3A

Furthermore, several genes have been associated with low lung function in the general
population, including AGER, GPR126, GSTCD, HTR4, THSD4, and TSNI. & HIZEOMNDBRTIE—M%E
M CORMHEINT & B@E 8 & o7~ (AGER, GPR126, GSTCD, HTR4, THSD4, TSN1)

However, low lung function in the general population could be due to asthma, chronic
obstructive pulmonary disease, or both, especially in older people. L7 —#%£E M T fitHelK
TR, COPDEZIXME S (FFICEANTIX) ICLD RS 5,

This situation greatly hampers the study of the genetics of chronic obstructive pulmonary
disease and indeed these published genes might not be specific for either asthma or chronic
obstructive pulmonary disease. Z D Z & NCOPDDIBE(BAFIEZE KWINIHHT TR Y . FHEZOBEEDER
T O TIEMTE. COPDWTIUZ b AFFRA TILAR W,

They might also indicate abnormal lung development in utero, different environmental drivers of
disease, or both. DI ENELFENTOMBE. FIRBEORR ST-REER, H 2DV T %
RTHDODH LILR,

In addition to active cigarette smoking, passive environmental tobacco smoke exposure also
induces lung inflammation and oxidative stress.!'? & & |ZWRMEECSZ B ¢ 7= ili O RIECHR (L A T
VAZRFHET D,

Environmental tobacco smoke exposure has been associated with compromised lung function at

61T and increased risk of

birth78, 113 and in adulthood, ' !'"® and with respiratory symptoms
chronic obstructive pulmonary disease.''®!9  Z N @@ i34 P, B AHAIC it RERS S b RG2S
FER 2 PEV, COPDD Y A7 % LT %,

Environmental tobacco smoke exposure can therefore affect lung development in utero, lung
growth during childhood, and lung function loss during adulthood. Z Nz fEREFEIIE=AN., /NEH
DfitiFE. A ON#REREEICEET 5,

A gene-environment interaction exists since it has been shown that infants from mothers
carrying GST-null polymorphisms are most susceptible to the adverse effects of smoking. !?*!?!
GSTOHEWEAZMNZ A A FFOREN G 9 N RIZZ R a0RBELZZ TR T VI LRI TNDDOT
BAR-BREMEEIIFET 2,

A recent study showed that polymorphisms in GSTO genes interact with environmental tobacco
smoke exposure both in utero and in adulthood and significantly affect FEV1 in adulthood, thus
supporting the notion that genes and environmental stimuli interact at different stages of life
(figure 2). ' i OB CTIXCSTORIE T OBIBIZIUTFEN &AMV TH S8 L AHEIER L
T ARAHIOFEVIICHREICHE L, Binf LBREREMA ANEDRRDEHICHEIEN T2 2 £ 23R LT
W5,

However, the authors acknowledged that they did not record consistent significant interaction



effects of the GSTO single nucleotide polymorphisms and environmental tobacco smoke exposure on
the FEVI:FVC ratio. L2 L3F# % IEFEVL:FVCELIZISIT HGSTOM —= = 7 L AT RIHRIZAL & BEE 2 8
iR E O—B LI ABOHAEEMZRDIRhoT,

Further analyses showed that the effects were restrictive in origin, rather than obstructive
which draws attention to the problems that exist with the use of just a reduction in FEV1 as a
sign of chronic obstructive pulmonary disease. X &7 AN CITEDOEEIIFHAZE LSO L iie L
AR RIETH 5Tz, DT L 3CPDOJEME L L THICFEVHR T2 W2 2 EBRMENR TH D5 & Ebh
DO oTz,

A factor that limits research into the early origins of chronic obstructive pulmonary disease
is the logistical difficulty of combining studies of early life events and the presence of the
disease about 50-60 years later in the same people. COPDD BEHADFK23sh D IEH (ANAEBH) O
ko & R CHEHITh-60£E % DN & BIES1T 2 DIZNEETH 5,

Therefore, research has to rely on indirect evidence. & D7=®OITHISEILIMIHEN 2 B R THE -
T&/,

Population—based studies have connected genes important for lung growth, such as ADAM33, with
susceptibility to chronic obstructive pulmonary disease, 123 and patient studies have confirmed
this finding by recording different prevalences of single nucleotide polymorphisms between
healthy controls and patients with chronic obstructive pulmonary disease in most studies and

by linking gene polymorphisms with chronic obstructive pulmonary disease pathophysiology. !#41%

FEHIWFFE TIECOPD & BHE9~ 2% ADAMB3 D K 5 72 fifipk R I B /el n 7 & BEff 1T b T & 7z, BEMZETIE
ZOFTRITERAN (22 hr—/L) LCOPDEEEDOTIHH =27 LATF RBREMNSZINRL D Z LR
COPD & BARHIZ M & DPIHIZ SN TE < DAFRICEWV THEE SN TE TV D, |

Additionally, reduced lung function in childhood has been shown to be associated with ADAM33
single nucleotide polymorphisms, specifi cally in children of mothers who smoked during
pregnancy—another example suggesting that in-utero effects might have imprinting effects on lung
function after birth.'" & HIZ/NEHITIR T L 72 iBEREIZADAM33HE —= = 7 L 4 F NBIRIIZ I 4 1
STEY ., FRUERPICEL TWEROF EbICBWTRICALIL S, flxiX, FENOREL L TE
% ONfiHREIZ imprinting effects (BIVIABINR) D Z LRI TV D,

Another study showed that SOX5, a gene necessary for lung development, is associated with
chronic obstructive pulmonary disease, '?® which again suggests that the development of the
disease might have its origins in utero. FiDAEFICHIE/REIE T T 5S0X51HCOPD & BHE L Tk
V. TOURFENPOIEE DRBOETEZ R L TV D,

This finding is corroborated by a recent study addressing the genetics of chronic obstructive
pulmonary disease through an investigation of genes that were previously associated in genome—
wide association studies with chronic obstructive pulmonary disease, low lung function, or
both. '™ Z OFTLIZLLATOCOPD, {EfikkaE. & L <IXWG D025/ ABEHEO@ R FHFZEIT X 5 COPD
DB T EZRATHAFT OFSENT K- THERE S 4172,

These genes were then associated with transient early wheeze, a phenotype in early childhood
that is associated with low lung function early in childhood and with low lung function in
later childhood. ™ ZhHBDBEFIFSEMOT = ) ¥4 7 Th 5 BB ZE> TRV, IO
BEREIR T & % o/NEH D itBERBIR T L B L TV 5,

0f note, children with wheezy bronchitis (or episodic viral wheeze as it is now known) had an
accelerated rate of decline in spirometry at age 45-50 years, a known risk factor for chronic
obstructive pulmonary disease.'™®  HBRZEZE/RZ L. MEBZME O RE XK (U A L AMERGIE) D/
JR1345-505% TA /XA B DR T 23NMWE S v, COPDOFERRAF & L THIHA TV D,



AGER, a gene previously associated with chronic obstructive pulmonary disease, showed
replicated association with the FEV1:FVC ratio in childhood. COPD&PHEEL CTWA Z &35 T
U 2 BAE FAGERIZ/NEIZ 88U T HFEVI:FVCEE23COPD & [AfR TH D Z & AR Eh T 5,

Furthermore, some genes known to be associated with chronic obstructive pulmonary disease in
general population studies interacted with environmental tobacco smoke, showing lower FEV1 in
exposed children. & 5 IZ—#%EMIZISVNCCOPD & B A %S DE R FIIZBBUE L HEERH 5 Z
EWRESTEY . AN RE SN TWD/NETIIFEVIZME T LTV 2,

Some genes showed an interaction only with in—utero tobacco smoke exposure, whereas others had
an interaction with adult smoke exposure only. B ONDEEFITFENTH NN afERE L IZITHEE
TERR & 25, MOBIEF TIERATDZANfEDOLBENEMD & 5,

Hence, these findings might indirectly provide evidence for the genetic contribution to lung
developmental genes, early life lung function, and chronic obstructive pulmonary disease in
later life. > TN HOFTRIIMOET. FHFEHOMMERE. “EDCOPDIZK L TEIGFOEERH 5
AR 223l 2 7R LT D

Finally, chronic obstructive pulmonary disease encompasses chronic bronchitis, airways
obstruction, and emphysema. #f#&KHIIZCOPDIZBIERE XK, K[IEHIE, MKE~ERD,

Therefore, without formal testing, one cannot simply tell which genes are associated with
which phenotype of chronic obstructive pulmonary disease. IFRX72T A h& LAR2WTEDEMLET N
COPDD T = 7 # A 7 L B L TV DA FHHICIE RS Z LT TE Ry,

New studies are needed to formally test emphysema as assessed by CT scan, small airways
disease and chronic obstructive pulmonary disease as defi ned by lung function, and to compare
which genes are important in which component. ZU7>6 OHFZE ClIiEMEIZN —F L IZCTAF ¥
T, RMEGESRE, COPDITMHEREIC L > TERSND ZLRLETH D, ELBISFOLOMNEET
HENELBRTHZ L HLMETHD,

However, a recent study showed that the estimated heritabilities of FEV1 and FEV1:FVC were
both about 37%, '*' and heritabilities for chest CT scan phenotypes close to 25%. L 72> LiITDHF
JECIZFEVL & FEVL:FVCOHEEBIZHRITM S & HIT3T% TH Y . MHCTAF v > 7 = ) # A 7 TORIGHEZ
25%E< TH D,

The investigators reported similar estimates of coheritability (genetic covariance) for pairs
of the phenotypes. ™  #FZEH IR DT = 7 ¥ A T 5 @i att Glis 1O H) ORI HEH]
ZLTW5D,

The latter finding suggests that substantial overlap of causal genetic loci exists. fZ4EDHZE
TIERERBARFEOM Y oA — =T v TR LTV D,

Conclusions #&7

Chronic obstructive pulmonary disease is a heterogeneous disease in its clinical expression,
and so far epidemiological and genetic studies have mainly focused on the determinants of low
lung function in the disease. COPDIZERFRMIZ2id~T v (—@E{KFIZ, KB TFOWFEHET D) 72
FRIBTHY . 4 FTOEER, AR TFHIRFIEIEEIZCOPDO FiERE DR E R TR A Y T TE T,
Only a few studies have investigated measurements of small airways function, chronic
bronchitis, and emphysema with respect to their endogenous, genetic, and environmental risk
factors. BUDIRWITZEDHBNER), BISHY, BREEMREFIZ BT 2 KAEUERRERE, BMERE X
%, WEMEICOWTHIgEZ LTE 7=,

Strong circumstantial evidence suggests that both genetic factors and environmental factors in

utero and during early childhood are important for lung development and the outcome of


http://dictionary.goo.ne.jp/jn/134850/meaning/m0u/

clinically apparent chronic obstructive pulmonary disease in adulthood. FEN & /NEMICIZEIT
% ABHR A & RER O T B OALE & BRI 2SR ABICOPDIZ E > TEETH D Z & 2 R
LTWa,

Whether and how these different risk factors lead to the different phenotypes of the disease
remains to be elucidated in future studies. ZAUH 725 7 fGiIKT-2NCOPDD IR /e T = ) XA T
NEANFRRIC L TELS DICOWTIES RO & 52 RIS 2T iTe b ey,

However, efforts to prevent chronic obstructive pulmonary disease will clearly need to
encompass more than just targeting of smoking (as important as this risk factor is) and should
also focus on optimisation of lung health in the early years of life, before birth, and
possibly even before conception. L7Z*L COPDZ TP 2 7= DB NI HIZHRE ([FARICEEZ R fERR
EF) OHTIER< HLShEW, A, 20 RIS MO KERERICEREEDELINETHA
Do
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Figure 1: Risk factors for chronic obstructive pulmonary disease during the different stages of life and how
they can affect the risk for the development of clinically apparent disease

FEV =forced expiratory volume in 1 s. Any or all of a reduced starting point at birth, a failure to reach the normal
plateau, and accelerated loss of function in adulthood mean that the threshold for respiratory symptoms and disability
is reached earlier than normal. The extent of the effects of smoking varies between individuals and has been reported
differently; therefore, the figure is a scheme to show the effects of smoking during the different stages in life.



Figure 2: Graphic representation of the risk factors for chronic obstructive pulmonary disease during the different stages of life
Risk factors are shown for in utero and perinatal life (upper left corner), early childhood (lower left corner), and adulthood (lower right corner). General risk factors are
also shown (upper right corner). COPD=chronic obstructive pulmonary disease.



