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Point	  of	  departure:	  	  	  
“The	  most	  important	  adverse	  exposure	  for	  
chronic	  obstruc6ve	  lung	  diseases	  in	  childhood	  
is	  maternal	  tobacco	  smoking”	  
	  
Duijts	  et	  al	  European	  J	  of	  Epi	  2014	  	  



Natural	  History	  of	  FEV1	  

Modified	  from	  Buist	  2008	  

-‐ GeneScs	  
-‐ Environmental	  
factors	  

-‐ SHS	  
-‐ Biomass	  
-‐ NutriSon	  
-‐ InfecSons	  



Fetal	  Respiratory	  Development	  

Kajekar	  R.	  2007.	  Environmental	  factors	  and	  developmental	  outcomes	  in	  the	  lung.	  
Pharmacol	  Therap	  114:129–145	  



Conceptual	  Model	  of	  in	  utero	  HAP	  
Exposure	  

•  CO	  
•  PAH	  
•  PM	  
•  Other?	  

Oxidant	  
Imbalance	  

Maternal-‐Fetal-‐
Placental	  
hypothalamic–
pituitary–
adrenal	  funcSon	  

Maternal	  
Immune	  
ModulaSon	  

Maternal	  ANS	  
Imbalance	  

Effect	  
Modifiers	  
•  Stress	  
•  Diet	  
•  GeneScs	  
•  Gender	  

Altered	  	  
Fetal	  
Pulmonary	  
Phenotype	  

Modified	  from	  Curr	  Opin	  
Pediatr	  2013,	  25:232-‐239	  



Parameters	  of	  interest	  
–  Tidal	  volume	  (TV)	  size	  of	  breath	  (in	  mL)	  at	  rest/normal	  
breathing	  	  Hypothesized	  to	  decrease	  with	  exposure	  

–  Respira6on	  rate	  (RR)	  is	  the	  number	  of	  breaths	  per	  minute.	  
Hypothesized	  to	  increase	  with	  exposure.	  

–  Minute	  ven6la6on	  (MV)	  RR	  x	  TV:	  	  hypothesized	  to	  increase	  
–  tPTEF:tE:	  	  (TFV	  raSo)	  Sme	  to	  reach	  Sdal	  peak	  expiratory	  flow	  as	  a	  
raSo	  of	  total	  expiratory	  Sme.	  Reduced	  when	  flow	  limitaSon	  
exists.	  Hypothesized	  to	  decrease	  with	  exposure	  

–  Compliance	  (“sSffness”)	  of	  the	  respiratory	  system	  (Crs)	  is	  a	  
measure	  of	  Sssue	  and	  airways	  elasScity.	  	  Hypothesized	  to	  
decrease	  with	  exposure	  

–  Resistance	  of	  the	  respiratory	  system	  (Rrs)	  as	  a	  measures	  of	  
airways	  size.	  	  We	  hypothesize	  that	  resistance	  will	  increase	  with	  
exposure.	  	  



In linear regression analysis adjusting for potential
confounders (including f R and the optional covariates),
the effect of UTS exposure on tidal breathing parame-
ters was estimated to be a -0.0021 change in t PEF/t E

(p=0.03) per unit increase in daily smoking rate (table
3). Thus, the estimated average decrease in infants of
smoking mothers (mean 11 cigarettes·day-1) was 0.023.
Tidal breathing parameters were not significantly relat-
ed to occasional or passive smoking, but were lower in
girls, with decreasing birth weight and with increasing
postnatal age. Respiratory frequency and parental atopy
did not significantly influence t PEF/t E, but adjusting for
maternal education and family income slightly imp-
roved the overall fit of the model between exposure and
tidal breathing parameters to an r2 of 0.30.

Respiratory mechanics

Mean Crs was significantly lower among the 66 chil-
dren exposed to UTS both from active and passive mater-
nal smoking compared to the 422 nonexposed children
(p<0.005) (table 2 and fig. 1). The difference was signifi-
cant only among girls (mean 3.51 versus 4.19 mL·cmH2O-1)
(p<0.005), (boys 4.08 versus 4.17 mL·cmH2O-1; NS). Mean
Crs·kg-1 in girls (but not boys) exposed to maternal act-

ive and passive smoking (1.08 mL·cmH2O-1·kg-1) was sig-
nificantly lower than in the nonexposed group (1.22
mL·cmH2O-1·kg-1; p=0.05).

Rrs did not vary significantly in relation to UTS ex-
posure (table 2) by any of the analyses performed.

In linear regression analysis, one daily cigarette cor-
responded to a change in Crs of -0.026 mL·cmH2O-1,
(table 3), with an average decrease in Crs among in-
fants of daily smoking mothers of 0.29 mL·cmH2O-1.
Postnatal age, birth weight, and f R also significantly
influenced Crs (as reported previously [8]) (table 3).
However, Crs was not significantly related to maternal
occasional or passive smoking, gender, parental atopy,
maternal education, or family income. The latter three
did not significantly modify the relationship between
tobacco exposure and Crs.

There was no significant association between low Crs
in the girls and t PEF/t E in bivariate correlation analysis.

Discussion

Tidal breathing parameters (t PEF/t E and VPEF/VE) with-
in the first few days of life were significantly lower in
children exposed in utero to maternal smoking, and the
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Fig. 1.  –  a) t PEF/t E; and b) Crs in newborn babies in relation to maternal smoking. Values are presented as mean and 95% confidence inter-
val. No: no active or passive maternal smoking; P: daily passive (but not active) maternal exposure to tobacco smoke in the household; Occ.:
occasional maternal smoking (±passive smoking); UTS: uterine tobacco smoke exposure; 1–9: maternal active (but not passive) smoking of 1–9
cigarettes·day-1; ≥10: maternal active (but not passive) smoking of ≥10 cigarettes·day-1; A+P: both active and passive daily smoking. t PEF/t E:
ratio of time to reach peak expiratory flow to total expiratory time; Crs: compliance of the respiratory system. +: p=0.04; ‡: p<0.005, compared
to nonexposed group.
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Table 3.  –  The effects of maternal active and passive cigarette smoking in pregnancy on tidal flow-volume ratio
(t PEF/t E) and compliance of the respiratory system (Crs)

t PEF/t E Crs mL·cmH2O-1

B 95% CI p-value B 95% CI p-value

Cigarettes·day-1 (daily active) -0.0021 -0.0040 to 0.0000 0.03 -0.026 -0.45 to -0.007 0.007
Passive smoking (yes=1, no=0) 0.0085 -0.012 to 0.029 NS 0.116 -0.099 to 0.330 NS

Gender (1=boy) -0.019 -0.035 to -0.002 0.03 -0.108 -0.277 to 0.61 NS

Birth weight -0.022 0.005 to 0.039 0.01 0.255 0.081 to 0.428 0.004
Postnatal age -0.027 -0.035 to -0.018 <0.001 -0.143 -0.235 to -0.052 0.002
Respiratory frequency 0.0001 0.000 to 0.001 NS -0.05 -0.056 to -0.043 <0.001

The partial correlation coefficients (B) (with 95% confidence interval (CI)) are adjusted in linear regression for parental history of
atopy, maternal education, family income, and either active or passive smoking. The average number of cigarettes smoked by the
daily active smoking mothers was 11. Subsequently the mean decrease in t PEF/t E in infants of daily smoking mothers was 0.023,
with the corresponding decrease in CRS of 0.29 mL·cmH2O-1. NS: nonsignificant. For further definitions see legend to table 2.

Carlsen	  et	  al	  Eur	  Respir	  J	  1997	  

TVF	  raSo	  and	  compliance	  decreased	  with	  fetal	  tobacco	  smoke	  exposure	  
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present study, exposure to PM10 during pregnancy was associ-
ated with higher respiratory need in newborns as reflected by
higher minute ventilation and tidal flows. Higher levels of NO2

during pregnancy were found to be related to elevated eNO,
indicative of the induction of inflammatory processes.

Methodological aspects
In light of the cost- and time-consuming nature of infant lung
function testing, which has to date hampered such research in
healthy infants, the present study has several methodological
strengths. Lung function was measured in a standardised way,
based on ERS/ATS standards, and used the latest recommen-
dations for analysis [15, 16]. The same equipment, the same
masks and the same measurement order were used throughout
the whole study period, to ensure comparability. The current
authors analysed 100 tidal breaths, giving more robust estimates
than the 30 breaths recommended by the standards [15]. Since all
infants were healthy, breast-fed, of a narrow age range and
measured during natural sleep, the contributions of these other
possible influencing factors were comparable within the cohort.
Causes of lung function changes in older children, such as
physical activity, obesity or hypoxia, were negligible in the
present study [18]. Selection bias was not an issue, as participants
were recruited pre-natally without knowledge of exposure to air
pollution or lung function after birth. Furthermore, both
exposure and outcome variables were objective measures and
were independently assessed and analysed. It was possible to
adjust for known biological and time-variant confounders, such
as smoking during pregnancy, season or outdoor temperature.
Further possible confounding factors, such as socio-economic
status, number of siblings, post-natal exposure to air pollution
and seasonal fluctuations (e.g. month and year of birth, or
infectious season) were considered in sensitivity analyses and
did not affect the present results.

A limitation of the present study was that individual exposure
to air pollution was not sampled, which, while possible after
recruitment, is expensive and difficult to do. This is a limit of

most studies assessing long-term exposure to air pollution.
Therefore, in addition to using mean air pollutant levels during
pregnancy as a proxy for temporal variability, the current
authors also used distance of homes to major roads as a proxy
for spatial variability in exposure to traffic-related air
pollutants [17]. One limitation of the present study in this
regard is the fact that only road proximity was used, without
information about traffic density.

In contrast to studies in cooperative subjects, measurements of
forced expiratory volumes and flows need sedation in infants
and are, thus, not well accepted by parents of healthy subjects.

Although clear associations, robust towards a range of
sensitivity analyses, may indicate a true association, causality
cannot be proved. Furthermore, multiple comparisons were
performed due to the nature of the study design, with different
exposures and several outcome parameters. It cannot be totally
excluded that positive associations may have occurred due to
chance and, thus, the current authors recommend replication

TABLE 2 Potential risk factors of the study infants

Male sex 122 (55)

1 older sibling 71 (32)

o2 older siblings 44 (20)

Maternal asthma# 22 (10)

Maternal atopy" 85 (38)

Maternal smoking in pregnancy 26 (12)

Low maternal education+ 74 (34)

High maternal education+ 68 (31)

Low paternal education+ 42 (20)

High paternal education+ 113 (53)

Living ,150 m from a 4-m road 162 (72)

Living ,150 m from a 6-m road 98 (44)

Living ,75 m from a 4-m road 108 (48)

Living ,75 m from a 6-m road 50 (22)

Data are presented as n (%). #: defined as self-reported, doctor-diagnosed

asthma; ": defined as self-reported, doctor-diagnosed asthma, hay fever or

eczema; +: parental education was categorised into low (,4 yrs of apprentice-

ship), middle (o4 yrs of apprenticeship) and high (tertiary education).
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FIGURE 1. Daily mean levels of particles with a 50% cut-off aerodynamic

diameter of 10 mm (PM10) concentration (#) at the fixed monitoring station in

Payerne (Switzerland). The trend line was computed by a LOWESS smoother using

locally weighted polynomial regression with a smoother span of 0.05. Note the

logarithmic scale of the y-axis.
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FIGURE 2. Individual respiratory rate at 5 weeks of age plotted against mean

concentration of particles with a 50% cut-off aerodynamic diameter of 10 mm (PM10)

during pregnancy. An increase from the lowest to the highest quartile of pre-natal

PM10 exposure was associated with a change in respiratory rate from 42 to

48 breaths?min-1.

P. LATZIN ET AL. AIR POLLUTION AND NEWBORNS’ LUNG FUNCTION

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 33 NUMBER 3 597Lapzin	  et	  al	  Eur	  Respir	  J	  2009	  

Respiratory	  rate	  increased	  with	  PM10	  exposure	  in	  a	  prospecSve	  birth	  cohort	  



Single	  occlusion	  technique	  
	  
•  The	  airway	  is	  occluded	  for	  a	  brief	  

period	  (400	  –	  1500	  milliseconds)	  aier	  
maximal	  inhalaSon.	  	  

•  Compliance	  and	  resistance	  of	  the	  
respiratory	  system	  are	  inferred	  by	  
measuring	  flow	  and	  pressure	  during	  
and	  aier	  this	  occlusion	  period	  
–  During	  occlusion,	  there	  is	  no	  airflow	  and	  

pressures	  can	  equilibrate,	  so	  the	  airway	  
opening	  pressure	  reflects	  the	  pressure	  
within	  the	  alveoli.	  	  

–  Aier	  occlusion,	  the	  infant’s	  exhalaSon	  
is	  relaxed	  and	  prolonged,	  making	  it	  
possible	  to	  calculate	  the	  compliance	  
(Crs)	  and	  the	  (Rrs)	  of	  the	  airway.	  

0050.002.0020 - 06

User Manual
Whistler LFMi

Lung Function Measurement instrument

Lung function measurements

0050.002.0020 - 06 31

The SOT-measurement uses the Hering-Breuer reflex that is typically present in babies in the 
age of 0 to approximately 12 months. Compliance, resistance and the time constant of the 
respiratory system can be calculated by measuring flow and pressure during a short 
occlusion period
The figure shows the required configuration for the SOT-measurement.

5.3.2 Use the face mask
1. Connect the disposable face mask (A) to the 

Whistler LFMi.

2. Gently place the face mask (A) over the nose and 
the mouth of the baby.

CAUTION
For each patient use a new face 
mask.
For each patient use the correct size 
of face mask.
Face masks that are too big increase 
the chances of air going past the face 
(leakage).
Face masks that are too big have too 
much dead volume. The baby will 
inhale too much CO2.
Face masks that are too small will 
compress the nose and the mouth of 
the baby.

CAUTION
Make sure that the baby is asleep, 
and has a normal breathing cycle.
Hold the baby in a horizontal position 
to keep the bronchial tubes free.
Make sure that the face mask fits 
closely, without air going past the face 
(leakage).

Tip
An (automatic) occlusion may cause the face mask to be lifted, on the inflata-
ble edge. This causes incorrect pressure signals. Gently push the face mask 
down in order to prevent this. The inflatable edge must be inflated half full.

A

A

www.medispirit.eu	  



Infant	  Lung	  FuncSon	  TesSng	  in	  GRAPHS	  

•  Lung	  funcSon	  at	  1	  
month	  at	  
Kintampo	  
Hospital	  

•  Infant	  is	  asleep	  
•  High	  success	  rate	  	  
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mean CO

Birth weight

Gender

Mother's age

1 month weight

gest. age at deliv.

mean CO

Birth weight

Gender

Mother's age

1 month weight

gest. age at deliv.

-.2 0 .2 .4 -.2 0 .2 .4 -.2 0 .2 .4

log tidal vol. log resp. rate ** log minute vent. *

log tPEF/tE ratio log compliance log resistance



mean CO

Birth weight

1 month weight

1 month weight # mean CO

Gender

Mother's age

mean CO

Birth weight

1 month weight

1 month weight # mean CO

Gender

Mother's age

-.2 0 .2 .4 -.2 0 .2 .4 -.2 0 .2 .4

log tidal vol. log resp. rate log minute vent.

tPEF/tE ratio log compliance log resistance



Next	  steps 	  	  

•  More	  data!	  	  Results	  presented	  comprise	  about	  
half	  of	  our	  target	  sample.	  	  	  

•  Models	  for	  PM	  (need	  filter	  weights)	  
•  AddiSonal	  covariates	  for	  adjusted	  esSmates?	  
•  AlternaSve	  specificaSons?	  



Cord	  Blood	  –	  mechanisms	  and	  
confounders	  

•  Plasma	  à	  Pro-‐oxidant	  /	  
anS-‐oxidant	  analyses	  

•  CBMCs	  (cord	  blood	  
mononuclear	  cells)	  
àimmune	  funcSon	  

•  Plasma	  à	  nutriSonal	  status	  
•  CBMC	  Pellet/placenta	  à	  

epigeneScs	  
•  All	  samples	  +	  whole	  blood,	  

serum	  à	  banking	  	  
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