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Background: The prevalence of childhood asthma may have changed with rapid economic development.
"This study aims to ascertain potential changes in asthma prevalence in relation to changes in socioeconomic,
parental and houschold factors, based on a comparison between two periods spanning over 20 years in
Lanzhou, a large northwestern city of China.

Methods: Cross-sectional studies using the same protocols were performed in Lanzhou, China in 1994-
1995 (Period I) and in 2017 (Period II). Children of 6-12 years old from elementary schools were selected
by a multistage sampling method. Information on the presence of asthma and asthma-related symptoms of
children, socioeconomic status, feeding methods, parental illness and behavior patterns, as well as household
characteristics, were collected through a questionnaire survey. Logistic regression models were used to
estimate odds ratios of asthma prevalence with regard to socioeconomic, parental and household factors,
respectively.

Results: Significant prevalence reductions were observed for paternal smoking, household coal use, and
parental asthma, while the prevalence increased significantly for children sleeping in their own rooms or own
beds, ventilation use during cooking, and parental occupation and education level after 22 years. In children,
the prevalence of ever-diagnosed asthma decreased from 3.2% in period I to 1.5% in Period IT (P<0.001); the
prevalence of wheeze also decreased from 15.4% to 9.3% (P<0.001). Passive smoking (OR =1.531, 95% CIL:
1.032-2.270) and poor household ventilation (OR =1.709, 95% CI: 1.208-2.416) were significantly associated
with an increased prevalence of wheeze in Period I, whereas household mold (OR =2.112, 95% CI: 1.203-
3.811) was significantly associated with prevalence of wheeze. Parental asthma history was associated with
increased prevalence of asthma and asthma-related symptoms. Breastfeeding was significantly associated with
reduced risk of asthma in period II children.

Conclusions: The prevalence of asthma and that of asthma-related symptoms were lower in 2017 than in
1994-1995 in school children living in Lanzhou. In 2017 with increased urbanization and industrialization,
breastfeeding became a significant protective factor and household mold was a significant risk factor for
asthma diagnosis and asthma-related symptoms. Promoting breastfeeding and household mold control is

recommended to reduce the risk of childhood asthma in contemporary Lanzhou.
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Introduction

Asthma diagnosis and asthma-related symptoms (e.g.,
wheeze and phlegm without cold) have become one of
the most common chronic childhood disorders both in
developed and developing countries. In comparison with
developed countries, the prevalence of asthma in China has
remained low among the population in the mainland (1-3).
It has shown that the prevalence of asthma has recently
stabilized or even decreased in some western countries
(4,5). However, whether the prevalence of asthma and
related symptoms elsewhere in the world has shown an
increasing or decreasing trend is unclear, owing in large
part to a lack of follow-up studies in these areas. Limited
evidence suggests an increasing trend of asthma prevalence
in China over the last 30 years (6,7). Although a number of
epidemiological studies have reported a higher prevalence
of asthma and wheeze in the past 10 years (3,8), other
studies indicated a plateau or even a decline in the trend of
asthma prevalence in recent years (9,10).

In addition to genetic factors (11) and outdoor air
pollution (12-14), there are a number of other factors that
may affect the development of childhood asthma, such
as socioeconomic status, passive smoking [environmental
tobacco smoking (ETS)], indoor environmental conditions
(including ventilation and mold, etc.), and breastfeeding.
Socioeconomic status, usually defined using occupation
and education level, affects respiratory health by impacting
perinatal, environmental and nutritional factors, as well
as accessibility to quality health care (15). Numerous
studies have shown that passive smoking is associated with
an increased risk for respiratory disease and symptoms
(16,17) and may even be a determinant of the incidence
of respiratory infections (18). The indoor environment,
especially in homes, has an important role in triggering
and/or exacerbating asthma among children (19,20), mainly
due to longer time spent indoors and/or in homes (21,22).
Additionally, poor household ventilation (23) and mold (24)
have been also among the identified risk factors for
respiratory diseases including asthma and related symptoms
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(23,25). Some evidence suggests that breastfeeding (26,27)
and parental asthma history (28) could affect the prevalence
of asthma in children. However, given the changes in
socioeconomic level, environmental conditions and
lifestyles with the rapid development of urbanization and
industrialization in Chinese cities, whether the leading
risk factors and the significance of those factors remain
unchanged is unknown. The identification of the key factors
that currently affect the prevalence of asthma and asthma-
related symptoms for children is critical to protect children’s
respiratory health.

A cross-sectional study was conducted to investigate
the effects of air pollution, residential and parental
characteristics, socioeconomic and household factors on
respiratory health conditions among elementary school
children in Lanzhou, China in 1994-1995 (namely Period I)
(29,30). With the higher level of urbanization and
industrialization, most people in China have inevitably
experienced a rapid change in living environment,
environmental behavior pattern and lifestyle. To evaluate
potential changes in the prevalence of asthma and asthma-
related symptoms, which may be associated with the rapid
environmental, behavioral and socio-economical changes,
a follow-up study was carried out using similar protocols in
Lanzhou in 2017 (Period II). The follow-up study provides
an opportunity to evaluate changes in the prevalence of
asthma and asthma-related symptoms since 1994-1995 in
relation to changes in socioeconomic conditions, household
risk factors, and parental factors.

The objective of this study was to ascertain potential
changes in the prevalence of respiratory disease in the city
of Lanzhou, focusing on wheeze, phlegm without cold and
self-reported doctor-diagnosed asthma and current asthma,
and to examine the relationships of socioeconomic, parental
and household factors with the prevalence of asthma and
related symptoms.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-19-crh-aq-008).
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Methods
Study site and participants

The investigations in both periods were conducted in two
identical urban and suburban areas (Chengguan and Xigu
District, respectively) in Lanzhou, the capital city of Gansu
Province, located in the northwestern region of China. Being
in the transition zone between monsoon climate and non-
monsoon climate, Lanzhou has a temperate continental
climate. It had a population of more than 3.7 million in
2017, with approximately 70% urban residents (31). As
an important node city in the Silk Road economic belt,
Lanzhou has undergone substantial changes in population,
socioeconomic and living environment due to rapid
urbanization and industrialization over the past 20 years (31).
In Period I, two elementary schools, one each in an urban
and a suburban area, were selected. In Period II, since the two
original schools of Period I were either closed or combined
with other institutions, two other elementary schools as close
to the site of the original schools as possible were selected.
The Period I study included 716 students from the urban
area and 767 from the suburban area, while the Period II
study included 848 students from the urban area and 896
from the same suburb. Students had an age range of 6 to
12 years old and participated in a questionnaire survey
using a multistage sampling method. All participants in
each study period were permanent residents with an at
least 3-year residence history in their residential districts.
Before the questionnaire survey, a written consent form
was obtained from each participant and their parents or
guardians, regarding the objective of the study and the
main content in the questionnaire, as well as the permission
for their child’s voluntary participation in the survey. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by
the Committee on Ethics of Biomedicine Research, Duke
Kunshan University, Jiangsu (No. FWA00021580). All
patients enrolled completed the informed consent form.

Questionnaire survey and data collection

In both periods, information was collected via a survey of
children’s asthmatic and related symptoms. The survey
instrument was a questionnaire consisting of respiratory
health-related questions designed by the American Thoracic
Society Epidemiologic Standardization Project (32)
and has proved to be valid in previous study (33).
Questions regarding the factors influencing respiratory
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diseases and symptoms were generally identical in the two
periods. In Period I, we asked questions about children’s
sociodemographic factors, breastfeeding, history and
current status of respiratory disease and symptoms of the
children, parental respiratory health histories and smoking
status, socioeconomic level, and household conditions.
In Period II, some additions were made to reflect current
conditions, such as household pets, mold, etc.

The socioeconomic class of the participants was
determined based on ranked assessment of the parental
occupation and highest educational qualification as
described previously (34). The information on children’s
average physical fitness (35), including the average height
and weight for different genders and ages, and the local
gross domestic product (GDP) as well as the trends in
regional GDP (31), over the two periods were derived
from national census data. Body mass index (BMI) (kg/m’)
was calculated using the weight (kg) divided by height (m)
squared.

Definition of asthma and asthmatic symptoms

Children’s respiratory disease and symptoms including
doctor-diagnosed asthma, wheeze, phlegm without cold and
current asthma were determined based on the following
questions: (I) doctor-diagnosed asthma: ‘Has a doctor ever
diagnosed asthma in your child?’; (II) wheeze: ‘Has your
child ever had wheeze?’; (III) phlegm without cold: ‘Has your
child had phlegm from the chest when he/she didn’t have
a cold?” (IV) current asthma: ‘Has your child had asthma/
in the past 12 months?’. Each question had two options,
“yes” and “no,” and participants were classified as having
asthmatic or related symptoms when they answered “yes”.

Statistical analysis

Data were tested for normality (Shapiro-Wilks IW-test)
and homogeneity (Bartlett’s test for unequal variances).
Continuous variables (e.g., age) were present as the mean =
the standard deviation (SD), and categorical variables (e.g.,
sex) were presented as the number (percentage) in each
subgroup. Two-sample #-tests and Pearson’s chi-square (1)
tests were used to examine difference between continuous
variables and between categorical variables, respectively.
Univariate logistic regression models were used to examine
the association between variables and the four outcome
measures (wheeze, phlegm without cough, doctor-diagnosed
asthma and current asthma). To identify the change in the
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contribution of independent variables on the four outcome
measures, interaction analyses were calculated. Interaction
terms were selected when they were statistically significant
at P<0.05. Accordingly, the interaction analyses of districts,
breastfeeding and parental asthma on the association
between the study period and the four outcome measures
were assessed using multivariable logistic regression models
and was shown with Adjusted odds ratios (ORs) with 95%
confidence intervals (95% CI) after controlling various
covariates (such as age, sex, district, etc.). All statistical tests
were two tailed, and statistical significance was declared
when a P value was <0.05. All analyses were performed
using SPSS software for Windows, version 22 (SPSS Inc.,
Chicago, IL, USA).

Results

Characteristics of sociodemographic, housebold and
parental factors

In period I, a total of 1,495 questionnaires were handed
out in two primary schools, and 1,483 subjects returned
the questionnaires (99.2% response rate). In period II, a
total of 2,265 questionnaires were distributed, and 2,066
(91.2%) subjects returned the questionnaires. In order to
reduce the effect caused by difference in sample size, we
further randomly excluded 322 children (15.6%) who were
older boys from suburban school. Finally, we obtained a
sample of 1,744 in Period II. The characteristics of the
participants stratified by sociodemographic, household and
parental factors, as well as the statistical difference of the
characteristics, are shown in Table 1.

The average ages of the participants in Period I and
Period IT were 8.2 and 9.3 years, respectively. Similar to age,
the average BMI of the children from Period II (18.1 kg/m?’)
was statistically significantly higher than that of children
from period I (16.9 kg/m’). The urban to suburban ratio
of the subjects in Period I (0.93%) was fairly consistent
with that in Period II (0.95%), while the male to female
ratio was 1.09% in Period I and 0.99% in Period II. There
was no significant difference in the percentage of children
who had been breastfed between the two periods. Fewer
families used coal as a household fuel in Period II than in
Period I (1.9% versus 54.6%). Ventilation during cooking
had been slightly, but statistically significantly, improved
from Period I to Period II. In comparison with Period I,
the socioeconomic levels in Period II were higher, on the
basis of the observation that there was a rapid development
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in regional GDP (see Figure S1). There were fewer parents
of the children employed in manual professions, and more
parents had a secondary or higher education in Period II.
Additionally, more children had own bedrooms or own beds
in Period II than in Period I. Generally, the proportion of
paternal smoking was dramatically reduced from Period I to
Period II (79.9% versus 47.0%). The prevalence of paternal
asthma and maternal asthma showed a decrease from Period
I to Period II, for example, 9.4% mothers suffered from
asthma in Period I versus 3.0% in Period II.

Prevalence of asthma and asthmatic symptoms

Table 2 shows the prevalence of “doctor-diagnosed” and
“current” (last 12 months) reported asthma, “ever had”
wheeze and “ever had” phlegm without cold in the two
periods. There were no significant differences in prevalence
of phlegm without cold and in prevalence of current asthma
between the two periods. In contrast, wheeze was less
prevalent in Period II than in Period I (9.3% versus 15.4%).
Furthermore, the prevalence of doctor-diagnosed asthma
had approximately halved from Period I to Period II (3.2%
versus 1.5%). As shown in 7able 2, the prevalence of wheeze
and doctor- diagnosed asthma in children decreased from
Period I to Period II.

Effects of sociodemograpbic, housebold and parental factors
on asthma diagnosis and symptoms

Table 3 demonstrates the ORs of asthma and asthmatic
symptoms associated with sociodemographic, household
and parental factors in Period I and Period II, respectively.
It shows that children who lived in suburban area were
less likely to have wheeze and asthma, with ORs of 0.733
(P=0.032), 0.373 (P=0.002) and 0.116 (P=0.042) for wheeze,
doctor-diagnosed asthma, and current asthma, respectively,
in Period I. In contrast, no difference regarding the
residential area distribution was observed for asthma and
asthmatic symptoms in Period II. In Period I, children who
lived in households without ventilation use during cooking
and whose father smoked were significantly more likely
to experience wheeze, with ORs of 1.709 (P=0.002) and
1.531 (P=0.034), respectively. Furthermore, higher ORs of
respiratory symptoms and diseases were seen for children
whose parents had ever experienced asthma.

As shown in Table 3, younger children were more likely
to develop current asthma, and boys were more likely to
develop wheeze in Period II. However, no association
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Table 1 Sociodemographic and general information of the school children in Period I and Period II

Category Variables Period | (n=1,483) Period Il (n=1,744) P value
Basic information Age 8.2+1.73 9.3+1.71 <0.001
BMI 16.9+2.26 18.1+2.11 <0.001
Residential area 0.846
Urban 716 (48.3%) 848 (48.6%)
Rural 767 (51.7%) 896 (51.4%)
Sex 0.179
Male 775 (52.3%) 870 (49.9%)
Female 708 (47.7%) 874 (50.1%)
Breast feeding 0.972
No 285 (19.2%) 336 (19.3%)
Yes 1,198 (80.8%) 1,408 (80.7%)
Household factors Household coal use <0.001
No 674 (45.4%) 1,710 (98.1%)
Yes 809 (54.6%) 34 (1.9%)
Ventilation use when cooking <0.001
No 237 (16.0%) 174 (10.0%)

Yes
Home decoration recently
No
Yes
Presence of pets
No
Yes
Mold presence at home

No

1,246 (84.0%)

1,570 (90.0%)

262 (15.0%)
1482 (85.0%)

244 (14.0%)
1,500 (86.0%)

1,670 (95.7%)

Yes - 74 (4.3%)
Mosquito-repellent incense use

No - 774 (44.4%)

Yes - 970 (55.6%)

Air fresheners use
No
Yes
Preterm birth
No
Yes
Air purifier use
No

Yes

1,414 (81.1%)
330 (18.9%)

1,618 (92.8%)
126 (7.2%)

1,392 (79.8%)
352 (20.2%)

Table 1 (continued)

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2020;12(10):6365-6378 | http://dx.doi.org/10.21037/jtd-19-crh-aq-008



6370 Cao et al. Changes in children’s asthma prevalence and risk factors

Table 1 (continued)

Category Variables Period | (n=1,483) Period Il (n=1,744) P value

Socioeconomic Sleep in own room <0.001
factor Yes 390 (26.3%) 964 (55.3%)
No 1,092 (73.6%) 780 (44.7%)

Sleep in own bed <0.001

Yes 1,128 (75.7%) 1,183 (67.8%)
No 359 (24.2%) 561 (32.2%)
Paternal occupation <0.001
Manual' 1,082 (73.0%) 528 (30.3%)
Non-manual 401 (27.0%) 1,216 (69.7%)
Maternal occupation <0.001
Manual 1,084 (73.1%) 434 (26.6%)
Non-manual 399 (26.9%) 1,310 (73.4%)
Paternal education level <0.001
~=Primary school 1,283 (86.5%) 1,083 (62.1%)
Middle school 79 (56.3%) 319 (18.3%)
Middle school~ 99 (6.7%) 342 (19.6%)
Maternal education level <0.001
~=Primary school 1,342 (90.5%) 1,127 (64.6%)
Middle school 81 (5.5%) 323 (18.5%)
Middle school~ 42 (2.8%) 294 (16.9%)
Parental factors Paternal smoking <0.001
No 293 (19.8%) 924 (53.0%)
Yes 1,168 (78.8%) 820 (47.0%)
Maternal smoking 0.186
No 1,456 (98.2%) 1,739 (99.7%)
Yes 9 (0.6%) 5(0.3%)
Paternal asthma 0.006
No 1,427 (96.2%) 1725 (98.9%)
Yes 34 (2.3%) 21 (1.0%)
Maternal asthma <0.001

No

Yes

1,326 (89.4%)
140 (9.4%)

1,692 (97.0%)
52 (3.0%)

', non-manual laborer is like the so-called “white collar”, such as teacher, businessperson, clerk, housewife (few cases); manual laborer is
like the so-called “blue collar”, such as factory worker, construction worker, building cleaning worker, farmer. ~= Primary school, with or
above primary school; Middle school~, above middle school; —, no surveyed data.

between ventilation use when cooking, paternal smoking, and doctor-diagnosed asthma among breastfed children.
and wheezing in children was found. A protective effect The ORs for breastfed children were lower than those for
of breastfeeding was observed for phlegm without cold non-breastfed children. Similarly to Period I, children
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Table 2 Prevalence of asthma and asthma-related symptoms of children in Period I and Period II, and the odds ratios (OR) and 95% confidence
interval (95% CI) of the prevalence of asthma and asthma-related symptoms of children in Period II versus Period I

Prevalence, N (%)

Odd ratios (95% CI) and P value

Diseases and symptoms

Period | Period Il P value OR (95% ClI) P value
Wheeze 228 (15.4) 162 (9.3) <0.001 0.440 (0.279, 0.694) 0.001
Phlegm without cold 104 (7.0) 116 (6.7) 0.685 0.612 (0.334, 1.121) 0.109
Doctor-diagnosed asthma 48 (3.2) 26 (1.5) <0.001 0.283 (0.105, 0.763) 0.028
Current asthma 9(0.6) 13(0.7) 0.634 1.570 (0.257, 9.575) 0.803

Italic numbers were statistically significant.

whose fathers had ever had asthma were more likely to
have current asthma (OR =18.322, P<0.001), whereas
children whose mothers had ever experienced asthma
had higher ORs in wheeze, phlegm and doctor-diagnosed
asthma in Period II. Furthermore, for the children who
lived in a moldy household environment, the OR of
wheeze was 2.112 (P=0.019).

Effects of district, breastfeeding and parvental astbma on
children’s astbma and symptoms

To assess the change of the influence factors on children’s
asthma and related symptoms, the factors including district
(i.e., urban and suburban), breastfeeding, paternal asthma
and maternal asthma were selected based on Tuble 4. The
interactions between each of the aforementioned factors
and study period on asthma and related symptoms were
examined using multivariate logistic regression analysis.
The interactions between breastfeeding and study period
on doctor-diagnosed asthma were statistically significant,
with an OR of 0.284 (95% CI, 0.096-0.842), indicating
that breastfeeding became an important factor reducing
the prevalence of children’s asthma in the latter period.
However, no changes of the effects of parental asthma
history on children’s respiratory disease and symptoms were
observed.

Discussion

In this study, we assessed the changes in prevalence
of asthma and related symptoms and the effects of
socioeconomic, parental and household factors in children
living in Lanzhou, China, on the basis of two cross-
sectional investigations (1994-1995 versus 2017). Generally,
socioeconomic and household characteristics have
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improved,, parental characteristics such as the proportions
of paternal smoking, were observed to be changed, after
more than 20 years. The prevalence of doctor-diagnosed
asthma and wheeze both decreased from the 1995-1996
period (Period I) to the 2017 period (Period II). We
observed adverse effects of suburban environmental
exposure, parental asthma history, paternal smoking and
cooking without ventilation on the prevalence of children’s
asthma or symptoms in Period I. In Period II, parental
asthma history was observed to be associated with the
prevalence of children’s asthma and/or symptoms; exposure
to a moldy home environment was evidenced to increase the
prevalence of wheeze. We found evidence that breastfeeding
has grown more impactful as a protective factor on children
having asthma after more than 20 years.

Rapid urbanization and industrialization are associated
with socioeconomic development and accompanied by an
increase in ambient air pollution levels. Some previous
studies have demonstrated that children living in urban
areas are more likely to have asthma in comparison
with those living in rural or suburban areas, partly due
to higher exposure to air pollution (36,37). We also
found that children residing in urban area had a higher
prevalence of wheeze and asthma in Period I. However,
the situation has substantially changed after 20 years. In
general, children from urban areas in China are more
socially advantaged, with better access to quality health
care (38), which predisposes them to receive diagnosis
and treatment more sensitively, with more attention
and higher response on numerous consequences (39).
Regarding the study area, Xigu was previously the center of
industry in Lanzhou, while Chengguan was regarded as the
center of economic and cultural life, with a large amount of
vehicle emissions. Although there were significant variation
in parental occupation and parental education level between

7 Thorac Dis 2020;12(10):6365-6378 | http://dx.doi.org/10.21037/jtd-19-crh-aq-008



6372 Cao et al. Changes in children’s asthma prevalence and risk factors

Table 3 Adjusted odds ratios (OR) and of asthma and asthma-related symptoms in relation to socioeconomic, parental and household factors in
children in Period I and Period II, respectively

Variablos Wheeze (OR) Phlegm (Woi::)OUt cold Q:;hnn;:;og(;:) Current asthma (OR)
Period | Period Il Period | Period Il Period | Period Il Period | Period Il

Age 1.014 0.957 0.974 1.068 0.899 0.951 0.586 0.790*
BMI 1.101 1.017 1.067 1.076 1.004 0.914 0.720 0.764
District (ref: urban) 0.733* 1.078 0.855 0.943 0.373** 0.690 0.116* 0.589
Sex (ref: male) 0.942 0.605* 1.475 1.071 0.924 1.604 1.371 1.163
Breastfeeding (ref: no) 0.901 0.787 0.734 0.460** 0.794 0.318* 0.473 0.378
Sleep in own room (ref: yes) 0.993 1.072 1.020 1.455 0.533* 1.060 0.713 1.988
Sleep in own bed (ref: yes) 1.149 0.936 1.228 1.366 1.300 0.774 2.519 1.321
Household coal use (ref: no) 0.741 0.605 0.893 0.420 0.585 NA 0.414 NA
Ventilation use when cooking (ref: 1.709** 1.577 1.362 0.870 1.400 0.604 2.650 0.365
yes)
Paternal occupation (ref: manual) 1.009 0.856 1.047 0.922 1.002 0.977 0.770 1.451
Maternal occupation (ref: manual) 0.819 1.050 0.949 0.993 1.373 1.398 0.775 1.829
Paternal education level (ref:
~=primary school)

Middle school 0.717 1.279 0.865 1.093 1.196 1.464 2.043 0.848

Above middle school 1.325 0.896 0.681 0.703 1.275 1.364 NA 1.189
Maternal education level (ref:
~=primary school)

Middle school 0.970 1.129 0.682 0.913 1.220 0.695 NA 0.997

Above middle school 1.313 1.167 1.010 1.009 2.441 2.074 4.067 2.207
Father smoke (ref: no) 1.531* 0.892 1.199 0.753 1.486 0.496 NA 0.498
Mother smoke (ref: no) 2.794 2.450 NA 3.530 3.832 NA NA NA
Paternal asthma (ref: no) 3.143* 1.847 4.314* 0.778 8.764** 3.778 22919  18.332*
Maternal asthma (ref: no) 3.542* 2.105* 3.310* 4.055** 3.056™* 4.443* 19.746™* 2.745
Decorate recently (ref: no) - 0.809 - 1.421 - 0.467 - 1.542
Have pets (ref: no) - 1.186 - 1.110 - 0.854 - 0.757
Mold presence (ref: no) - 2.112* - 1.761 - NA - 1.450
Use mosquito-repellent incense - 1.242 - 1.222 - 0.840 - 1.922
(ref: no)
Use air fresheners (ref: no) - 1.382 - 1.470 - 0.907 - 2.379
Preterm birth (ref: no) - 1.700 - 0.041 - 1.804 - 1.019
Air purifier (ref: no) - 1.138 - 1.142 - 1.389 - 2.331

Italic numbers were statistically significant. *, P<0.05; **, P<0.01. NA, non-applicable; —, no data.
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Table 4 Odds ratios and 95% confidence interval (95% CI) of Period II versus Period I for reported asthma and asthma-related symptoms, based
on multivariate logistic regression models including interactive items correlating all the confounders studied

Doctor-diagnosed

Models Wheeze Phlegm without cold Current asthma
asthma

MO + study phase *district 1.282 (0.726, 2.263) 0.808 (0.388, 1.682) 1.971 (0.582, 6.680) 4.978 (0.356, 69.533)

MO + study phase *breastfeeding 0.737 (0.428, 1.271) 0.587 (0.308, 1.119) 0.284* (0.096, 0.842) 0.627 (0.095, 4.157)

MO + study phase *parental asthma 0.583 (0.133, 2.555)
MO + study phase *maternal asthma 0.619 (0.266, 1.440)

0.179 (0.019, 1.656)  0.405 (0.041, 4.025)  1.055 (0.672, 8.134)
1.246 (0.521,2.982)  1.695 (0.386,7.435)  0.167 (0.012, 2.368)

"Model 0: adjusted by age, sex, BMI, district, father smoke, mother smoke, sleep in own room, sleep in own bed, household coal use,
ventilation use when cooking, paternal occupation, maternal occupation, paternal education level, maternal education level, breast
feeding, paternal asthma, maternal asthma. *, P<0.0. Italic numbers were statistically significant.

the two study periods, no statistically significant difference
was observed in socioeconomic achievement between urban
and suburban areas in Period II. Furthermore, air pollution,
particularly for particulate matter, which has been shown to
have adverse effects on respiratory disease and symptoms in
children regardless of living in urban or suburban areas (37),
showed no significant variation in recent years between
urban and suburban areas (see Figure S$2). These may
contribute to that discrepancy of effect of district factor
on the prevalence of respiratory disease and symptoms
between the two periods. In agreement with our findings, a
cross-sectional study conducted in Belgium also found that
urban environment had no significant effects on children’s
wheeze (24).

Early life and long-term exposure to air pollution and
low socio-economic status has been shown to promote in
the development of asthma (40). Compared with Period
II, in addition to parents with lower occupational and
educational levels (Table 1), children in Period I were often
from homes that used coal as a household fuel, were poorly
ventilated, had crowed living spaces (shared room or bed),
and were more likely to be exposed to indoor air pollution
from using unclean fuel during cooking. This fact could
be used to explain the observation that sleeping in a shared
room and no ventilation use when cooking were associated
with the prevalence of doctor-diagnosed asthma and
wheeze, respectively, in Period I, whereas these factors were
no longer significantly influential in Period II.

Reported wheezing is considered to be a reliable index
of asthma (41). Previous studies have demonstrated that
environmental tobacco smoke exposure is associated with
an increase in the risk of respiratory diseases and symptoms
(16,17). We also found a significant association between the
prevalence of wheezing in children and paternal smoking

in Period I. Paternal smoking had no significant effect on
the prevalence of wheeze, partly because of the decline in
the rate of paternal smoking, or possibly because of less
or no exposure for the children as more smokers tended
not to smoke indoors in more recent years (42). However,
we cannot conclude that ETS had no effect on children’s
respiratory diseases in recent years, since we neither
investigated the scenarios of ETS exposure from other
people or from other sites, nor quantified the amount and
duration of ETS exposure.

Although the prevalence of maternal and paternal asthma
in Period II were significantly lower than those in Period I,
univariate logistic regression analysis showed that parental
asthma (father or mother had a history of asthma) remained
associated with asthma diagnosis and related symptoms
for children from 1995-1996 to 2017. Furthermore, the
magnitude of the effect of parental asthma on children’s
asthma and asthma-related symptoms did not change from
Period I to Period II, based on the multivariate logistical
regression analysis. The results show that parental asthma
could be a strong determinant of asthma development
in children. These findings strongly suggest that genetic
background is an important determinant of asthma and
asthma-related symptoms in children, as evidenced in a
previous study (29).

Since the household mold was not surveyed in Period I,
we cannot evaluate the changes in the intensity of the effect
of mold on children’s asthma from Period I to Period II. In
Period II, we found that a moldy indoor environment was
associated with a higher risk of wheeze in children, with an
OR of 2.112 (P=0.019). The association between mold spore
exposure and asthma has already been reported, and suggest
that mold spores have a causal role in the development
of asthma (43). A recent study conducted in Chongqing,
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China, found that home dampness and mold increased the
risk of asthma (OR =2.122, 95% CI: 1.076-4.183) (44). A
previous study on the association between airborne mold
and asthma severity indicated that the size of fungal spores
allows them to reach the lower airways, and they may also
be inhaled by means of fragments and other amorphous
bioaerosols (45). Since molds are usually present all through
the year with an increase in the higher level of household
indoor mold exposure particularly in fall, likely made some
contribution to children’s asthma because people spend most
of their time indoors (23). Although we did not specify the
amount and species of household indoor mold, we still can’t
ignore the detrimental health effects on children’s asthma (43).

The effect of breastfeeding on risk of respiratory disease
such as asthma has been controversial over recent years.
Several prospective birth cohort studies reported that
breastfeeding is not related to asthma (46), or is a risk
factor for asthma rather than a protective factor (47,48).
However, emerging evidence suggests that breastfeeding
is associated with a reduced risk of childhood asthma and
asthma-related symptoms (27,34,49). Usually, differences
in analysis methods (34), duration of follow-up and age
at which outcomes are assessed (47), whether exclusive
breastfeeding (48), and breastfeeding duration (46), are
suggested as partial explanations for these conflicting
results. To our knowledge, breast milk is rich in immune
factors, and may facilitate more effective pulmonary
immune development and maturation than bottle feeding
or early solid food consumption (50). Therefore, one
widely accepted explanation has been that longer exclusive
breastfeeding (such as >4 months) was associated with lower
rate of asthma for the children in early life of age, due to
maternally derived immune factors (48). In this study, we
did not specify whether the child was exclusively breastfed
in both study periods. However, in Period II, the duration
of breastfeeding was surveyed. After the development of
more than 20 years, the experience of breastfeeding could
reduce the prevalence rate of doctor-diagnosed asthma with
an OR ratio of 0.284 (95% CI: 0.096-0.842). This finding
suggests breastfeeding was changed to be a protective factor
for doctor-diagnosed asthma in children in recent years.
With the popularization of breastfeeding knowledge and the
establishment of baby-loving hospitals, the rate of exclusive
breastfeeding in China is gradually increasing (51). Hence,
we speculated that the higher rate of longer breastfeeding
duration in Period II (i.e., 64.3% for breastfeeding
>4 months) may partly contribute to the difference in effects
of breastfeeding on asthma in children. This speculation
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could be supported by a recent multidisciplinary review,
which concluded that breastfeeding in the first 4 months of
life reduced the risk of asthma (52). Furthermore, to study
the protective effects of breastfeeding against other risk
factors on respiratory disease, we evaluated the potential
effect of interactions between breastfeeding and ETS
exposure on respiratory health. In Period 11, a lower rate of
doctor-diagnosed asthma was found for the children with
smoking fathers and breastfeeding with an OR value of 0.096
(95% CI: 0013-0.678, as shown in Table S1), showing a
modification effect of ETS exposure on respiratory disease
in children, which had previously been reported in a Seven
Northeast Cities Study in China (53).

With the control of confounding factors, the adjusted
odds ratios of Period II versus Period I for wheeze and
doctor-diagnosed asthma were 0.440 (95% CI: 0.279-0.694)
and 0.283 (95% CI: 0.105-0.763), respectively. This
indicates that the prevalence of wheeze and doctor-diagnosed
asthma for children decreased significantly, accompanying
the socioeconomic development from 1995-1996 to 2017
in Lanzhou. Complex diseases like asthma are likely the
result of interaction of exposure to environmental factors
and genetic predisposition at critical times. It is established
that children exposed to high levels of ambient air pollution
have a higher prevalence of asthma and asthma-related
symptoms (34,54). Beyond the influence of intense ambient
air pollution in Period I (shown in Figure S3) which was also
reported by Yin ez al., (55) the worse indoor environmental
conditions in households, due to higher environmental
tobacco smoke, coal use, and the less use of ventilation when
cooking, contributed to the higher prevalence of asthma
and symptoms for the children in Period I. Additionally, our
analysis suggests that the improvement of respiratory disease
for the children was partly attributable to the protective
effects of breastfeeding in Period II.

The study has several limitations. First, our study design
was cross-sectional, thus, we could not identify a clear
temporal sequence between the exposure changes and
health outcomes. However, we believe reverse causality to
be improbable here, as the study was conducted in children
who were matched in age and sex in the same city. Second,
we did not capture data concerning indoor air pollutant
concentrations, which have also been shown to affect
children’s respiratory health. While adjustment for ETS,
household coal use, ventilation use, and parental education,
likely partially mitigated confounding from indoor air
pollutants, we cannot rule out residual confounding by
these or other factors. Furthermore, some factors, such as
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infant feeding patterns and exposure to moldy environment,
were not consistently investigated between the two study
periods, which may have induced uncertain biases for
the effect of influencing factors and the magnitude of the
effect on respiratory disease and symptoms in our results.
Regardless of these limitations, these two cross-sectional
studies, with a span of more than 20 years between them,
provides a valuable opportunity to examine the changes in
the prevalence of asthma and asthma-related symptoms for
children, as well as the changes in influencing factors and
the magnitude of their effects.

Conclusions

We report a significantly lower prevalence of wheeze and
doctor-diagnosed asthma in school children of Lanzhou,
China in Period II [2017] compared to their age- and
sex-matched counterparts in Period I [1995-1996].
Improvements in the conditions of socioeconomic
status and household environment were observed along
with reductions in paternal smoking rate and parental
asthma prevalence after more than 20 years. In Period I,
paternal smoking and less ventilation use when cooking
could contribute to a higher prevalence of wheeze, while
parental asthma was strongly associated with a higher rate
of asthma and asthma-related symptoms. In addition to
parental asthma, household mold exposure contributed
to the prevalence of wheeze for children in Period II.
Breastfeeding was not significantly associated with asthma
and related symptoms in Period I but became an important
protective factor in Period II. Based on these findings, we
recommend public health policies or practices to promote
breastfeeding and household mold control as strategy to
reduce the burden of asthma in Lanzhou and similar cities.
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Figure S1 Annual gross regional product in Lanzhou city from 2005-2016 (data was obtained from the National monitoring station data
released by the Ministry of Ecology and Environment).
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Figure S2 Concentrations of major atmospheric pollutants in urban and suburban areas in Lanzhou in 2017 (data was obtained from the
National monitoring station data released by the Ministry of Ecology and Environment).



Table S1 The odds ratios (95% CI) of father smoke *breastfeeding in two periods for reported asthma and related symptoms according to

multivariate logistic regression models correlating all the confounders studied

Asthma doctor Current asthma

Interactions Wheeze Phlegm without cold diagnosed
Period 1
Father smoke *breastfeeding 1.037 (0.401, 2.682) 1.110 (0.337, 3.660) 1.978 (0.331, 11.834) NA
Mother smoke *breastfeeding 0.961 (0.046, 19.905) NA NA NA
Period 2
Father smoke *breastfeeding 0.806 (0.365, 1.780) 1.139 (0.485, 2.678) 0.096* (0.013, 0.678) 2.126 (0.144, 31.304)
Mother smoke *breastfeeding NA NA NA NA

*, P<0.05. Adjusted by age, sex, BMI, district, father smoke, mother smoke,

ventilation use when cooking, paternal occupation, maternal occupation,

sleep in own room, Sleep in own bed, household coal use,
paternal education level, maternal education level, breast

feeding, paternal asthma, maternal asthma. Italic numbers were statistically significant.
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Figure S3 Annual means of (A) fine particulate matter (PM,;), (B) particulate matter (PM,,), (C) nitrogen dioxide (NO,) and (D) sulfur
dioxide (SO,) concentrations for the period 1995-1996 and 2013-2016 (data was obtained from the National monitoring station data

released by the Ministry of Ecology and Environment).



