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Abstract
Background: A global increase in asthma and COPD incidence has occurred, the cause is unknown. One
potential relationship that has yet to be explored is the interaction between blood pressure (BP) and lung
function in children 5-17 years old. Our purpose is to assess the relationship between hypotension,
hypertension, and lung function in children 5 to 17 years old.

Methods: Participants were recruited from elementary and middle schools from 7 cities in northeastern
China (N=6,797). BP was categorized into 3 groups: hypotensive (<5th percentile or <90mmHg if children
>10 years), normotensive and hypertensive (>95th percentile) based on American Academy of Pediatrics
standards. Spirometry measured lung function in forced vital capacity (FVC), forced expiratory volume in
1 second (FEV1), peak expiratory �ow (PEF), and maximum mid expiratory �ow (MMEF). Associations
were assessed using logistic regression analysis.

Results: Decreases in FVC , FEV1, PEF, and MMEF were noted in hypotensive children. Higher FVC, FEV1,
PEF, and MMEF were noted among children ³ 10 with hypertension, while children <10 years, only had
increased FVC compared to normotensive children. Statistically signi�cant interactions between
hypotension and PEF < 75% (OR:2.31; 95% CI: 1.17-4.23), were seen for children < 10 years.

Conclusions: Our �ndings suggest that, in this study population, hypotension may be associated with
decreased lung function, and the increased lung function may be associated with hypertension in
children. Future studies are needed to con�rm temporality as this is the �rst study to explore these
relationships in children which requires in depth investigation.

What Is The Key Question?
Is there any association between hypotension, hypertension, and lung function in children 5 to 17 years
old?

What is the bottom line?

Our study of children provides evidence suggesting adverse effects of decreased lung function on
hypotension and increased lung function on hypertension.

Why read on?

Our �ndings suggest that Hypotension may be associated with decreased lung function, and the
increased lung function may be associated with hypertension in children. This is the �rst study to explore
these relationships in children which requires in depth investigation.

Background
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A child’s lung development is imperative to quality of life, as it starts from birth and continues until school
age[1, 2]. Lung function is an objective indicator for the diagnosis of respiratory diseases[3], such as
chronic obstructive pulmonary disease (COPD)[4] and asthma[5]. Poor lung function is often
characteristic of many respiratory conditions such as wheezing, chronic obstructive pulmonary disease,
asthma, bronchopulmonary dysplasia, and many others[6, 7]. These are often residuals from poor lung
development during childhood and studies have shown that poor lung function in childhood can affect
the onset of these diseases later in life[7]. Therefore, obtaining the data of childhood lung function is very
useful for the subsequent assessment and diagnosis of respiratory diseases[8]. 

Hypertension is a high incidence disease among children worldwide, the pooled  hypertension and
prehypertension prevalence were about 4.00% and 9.67%[9]. Hypertension is also a childhood disease
that can affect the rest of the child’s life if left untreated[10]. Children with persistently high or persistently
low blood pressure may be more prone to have similar health problems due to this altered state[10, 11]. In
2015, more than 1 billion adults worldwide were living with hypertension[12, 13]. Previous
pathophysiologic and epidemiologic study evidences have suggested that childhood hypertension was
related to essential hypertension in adulthood and harmful lifelong cardiovascular events[14]. Therefore,
reliable estimates of the level of childhood blood pressure serve as the basis for disease prevention and
treatment[9].

There is only one study investigated the association between lung function and blood pressure across
different ages including 727 newborns, 382 5-year old children and 6,722 adults aged 18-91 years which
indicated positive associations between lung function and blood pressure in individuals < 40-year old[15].
A lot studies that have assessed the prevalence of hypertension in children and adolescents[16, 17],
and many studies have looked at the relationship between weight, BMI, waist circumference, percent body
fat, and hypertension on lung function[18-20]. However, there is a scarcity of evidence on the early
symptoms of hypo- and hypertension on children’s lung function. To our knowledge, there are no studies
that have looked at this interaction in children age 5 to 17. The objective of this study was to determine
the relationship between hypotension, hypertension and lung function in children age 5 to 17 from 7 cities
in Northeastern China. 

Methods
Study participant selection

We conducted a large population based cross-sectional study in northeastern China called the seven
northeastern cities study (SNEC). This study has been used in multiple studies previously and further
details on study methods and participant recruitment can be found in these studies[21-23]. Brie�y, one
elementary and one middle school within 2 km radius of air monitoring sites were randomly selected
from the 24 districts and 62 schools were included in our study. We selected 1-2 classes from each grade
within each school in each school. All participants must have lived in the study district for at least 2 years
and had resided within 2 km radius from the air quality monitoring station were eligible. The random
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sampling process is described in detail in eMethods1 in the Supplement. Before the start of the study, an
information session was conducted for study participants, teachers to give clear information about this
study. Teachers described the study to the parent, informed consent was obtained during this information
session, and distributed questionnaires to the parent with return envelopes. Eligible students’ parent could
choose to complete the study questionnaire in the school or at home and return it in the next day and in a
sealed envelope. Teachers should not encourage or force parents to participate. The content of the study
questionnaire was previously described by our group[24], including sociodemographic factors, lifestyle
factors, residential factors, personal medical history, including a detailed history of respiratory health, and
family medical history among other requested information. Trained nurses were followed the
standardized of World Health Organization protocol to measure students’ height (at 0.1 cm) and weight
(at 0.1 kg) of and calculated the body mass index (BMI) in kg/m2. We dichotomized the education of
parents as having high school education or not, and categorized annual income from family (≤4999,
5000-9999, 10000-29999, 30000-100000, or >100000 RMB). Students’ passive tobacco smoke exposure
was de�ned as living with a daily cigarette smoker. Home coal use was assessed as household use for
cooking or space heating. We de�ned family history of atopy as a clinical diagnosis of allergies. We
determined home renovation as a positive response to the question “Have you made any renovations in
your home within the past two years?” We determined low birth weight as the birth weight is less than
2500 g, premature birth as the age of less than 37 weeks at birth. We de�ned breastfeeding as having
been mainly breast fed for more than three months. A detailed description of questionnaire information is
described in eMethods 2 in the Supplement. Completed questionnaires were returned to the teachers via
the child. We recruited 7,326 participants with a total of 7,109 (97%) participants responding to the survey
and allowing for blood pressure and lung function measurements. 6,797 participants were included for
the �nal analysis after removing participants who had lived less than 2 years in the district and those
with missing data[22, 25]. The study was approved by the Human studies committee of Sun Yat-sen
university using ethics approval code 026 with all of the requirements for protection of human subjects
being met in accordance with the World Medical Association Declaration of Helsinki-Ethical Principles.
Before starting to collect data, written informed consent from all participants and their parents/guardians
was required.

 Blood pressure measurement

We recorded all blood pressure measurements in accordance with the American Academy of Pediatrics
methods (Falkner & Daniels, 2004). We used standardized mercury sphygmomanometers to measure
blood pressure after study participants had rested and sat in a temperate room for 5 min. Trained nurses
were asked to measure blood pressure in triplicate at two-minute intervals. An average of all three
measurements was used and classi�ed into subgroups: Hypotensive, Normotensive, and hypertensive.
Pediatric hypotension (children < 10 years) was de�ned as systolic and diastolic BP below the 5th

percentile for mean age and gender[10, 25]. For children ³ 10 years, hypotension was de�ned as systolic
BP below 90mmHg. Hypertension was de�ned as systolic blood pressure and   diastolic blood pressure ³
95th percentile based on mean age, gender and height on 3 separate occasions[26]. 
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Lung function measurement 

We recorded lung function measurements in accordance with standards of the American Thoracic
Society (ATS) and European Respiratory Society (ERS). Trained staff used portable spirometers (MIR,
Italy, Spirolab) to measure forced vital capacity (FVC), forced expiratory volume in 1 sec (FEV1), peak
expiratory �ow (PEF), and maximum mid expiratory �ow (MMEF) of the study participants. Study
participants were given clear instructions on how to perform the forced respiratory maneuvers and care
was taken to ensure that the participants understood them before spirometric testing. The examination
was conducted in a quiet and comfortable room. Impairment in lung function was de�ned in previous
literature as FVC < 85%, FEV1 < 85%, PEF < 75%, MMEF < 75% of the predicted value for each patient.
Dichotomous analysis was conducted using decreased or normal metrics[21, 23, 27]. Detailed lung
function methods are further described in our previous study[21, 23]. 

Statistical analysis

Data was assessed for normality using the Shapiro-Wilkes W tests and homogeneity was detected
through the Bartlett test for unequal variances. T and c2 tests were used to test for associations between
continuous variables and categorical variables respectively. The interaction between blood pressure and
lung function were determined using unconditional logistic regression and we used Student Newman
Keuls - test to compare the mean lung function differences between hypotensive, normotensive and
hypertensive individuals. Regressions were modeled to determine relationships within exposures using
absolute change values. We adjusted the results for age as an effect modi�er, and for confounders
including parental education, breast feeding, low birth weight, premature birth, exercise per week, family
income, parents as responders, home renovation, use of domestic cooking and heating fuels,
environmental tobacco smoke exposure, family history of asthma and hypertension, and study districts.
All analyses used p-values <0.05 to determine statistical signi�cance[25]. We performed statistical
analysis using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Study population Characteristics

Table 1 demonstrates the characteristics of the participants in our study. We subdivided the data into
children < 10 years and children ³ 10 years based on statistically signi�cant differences. The mean age of
the 1,764 children <10 years old was 8.89 and 5,033 children ³ 10 years was 12.50 years old. The mean
SBP in the total sample was 112.50 (95% con�dence intervals, CI: 12.46 - 12.54) mmHg; for children < 10
years old the mean SBP was 106 (95% CI: 105.5 - 106.5) mmHg and for children ³ 10 years it was 114.79
(95% CI: 114.4 - 115.2) mmHg. The DBP was similar among both age groups of children. Lung function
was noted to be higher in children who were ³ 10 years old. Those with higher SBP and DBP were more
likely to have higher FVC, FEV1, PEF, and MMEF.

Blood Pressure and mean Lung Function among children 
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The mean lung function of children < 10 years old and ³ 10 years old based on blood pressure status of
hypotension, hypertension, and normotension are displayed in table 2. Those with hypertension status
have higher FVC, FEV1, PEF, and MMEF than those with normotension. For children < 10 years old
statistical signi�cance is seen for FVC (P < 0.0001), FEV1 (P = 0.0005), and PEF (P = 0.0192). While for
children ³ 10 years old, this signi�cance is seen in all four lung function groups. 

Associations between hypertension, hypotension and lung function measures

Table 3 shows the interaction between hypertension and hypotension on lung function with OR and 95%
CI strati�ed by age. Compared to the referent group, or those who are classi�ed as normotensive, it
appears that children < 10 years old and hypotensive had reduce PEF function (OR= 2.31, 95% CI = 1.17 -
4.23). The interactions between hypertension and hypotension on other lung function indicators did not
appear to be statistically signi�cant when strati�ed by age. 

The absolute change estimates for lung function based on hypertension and hypotension status are
displayed in table 4. The change estimates showed statistically signi�cant interactions between all four
lung function categories with hypotension in children in both age categories showing decreased lung
function (P £ 0.01). For hypertension there were statistically signi�cant interactions for increased lung
function in all four lung function groups for children ³ 10 years old (P = 0.001). While those < 10 years old
appear to only have statistically signi�cant interactions on FVC (P = 0.0001) and FEV1 (P = 0.0001).  

Supplemental tables are provided which show associations between systolic and diastolic blood pressure
(Table S1), strati�cation and associations based on gender (Table S2, S3) and plots of the relationship
between lung function and systolic blood pressure (Figure S1). Plots indicate a strong interaction
between lung function and systolic blood pressure due to age (Figure S1). Sensitivity analysis indicated
that age was a stronger modifying factor for lung function than gender. 

Discussion
We conducted a large population based cross-sectional study among 6,797 children in which we explored
the cross-sectional relationship between blood pressure and lung function. We found that in children < 10
years old, hypotension may be associated with decreased PEF. We also determined that increased lung
function may be related to hypertension and decreased lung function may be associated with
hypotension. Our results were consistent between age group, sex, and income categories.

In our study population, the prevalence of hypotension was 2.80%, which is on par with other reports. The
prevalence of hypertension in our study was 13.17% which is also consistent with other prevalence
studies ranging from 3.2% to 19.4%[26, 28]. The �ndings in our analysis are counter to studies looking at
adult lung response to hypertension, which may be due to the age difference in the populations. A study
conducted among 2,607 participants older than 30 years old residing in Fujian, China identi�ed metabolic
syndrome (OR: 4.623, 95% CI: 3.626, 5.894), which includes high blood pressure, as a risk factor for
decreased lung function[29]. In a population-based study among 1,319 adults aged 40 to 65 years old,
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high blood pressure was associated with lowered FEV1 (P = 0.04) and FVC (P = 0.01)[30, 31]. Other
studies have even found that metabolic syndrome and blood pressure may be more important factors
than obesity in determining lung function[32]. Multiple studies have demonstrated an association
between hypertension and reduced lung function, however, in all of those studies the temporal
relationship between these factors is unclear. In children, hypertension is also an ever-increasing problem.
A cross-sectional study conducted among 6,790 11-17 year-old children, 15.7% were recognized to have
pre-hypertension and 3.2% of the children were recognized to have hypertension which may lead to risk of
heart disease and organ damage[26]. Despite lower prevalence of hypotension, it may be equally as
important in development as hypertension[10, 33]. 

In general, increased cardiac output is understood to elevate blood pressure, however this interaction with
lung function and other interfering factors may make it di�cult to determine an association[11, 34].
Hypertension in young adults may be due to either increased stroke volume or peripheral vascular
resistance[35]. Increasing cardiac output has been seen to have effects on pulmonary blood �ow which
may be why there are associations seen between lung function and blood pressure[36]. Increased
numbers of circulating cytokines appear to enhance maturation of the lung which occurs simultaneously
with blood vessel development[37]. Although a neonate is born with a functioning lung, alveolar septation
and multiplication does not take place until 36 weeks to 2 years after birth. The enlargement of terminal
bronchioles and alveoli does not take place until 18 to 22 years of age which can allow for alteration by
other body systems during this period[1, 37, 38]. The above developmental factors indicate a strong
relationship between lung development and vascular development which would allow for strong
interactions between these two systems[1, 37, 39, 40]. However, all these factors make the interaction
between these two biological responses di�cult to parse out[18, 28].

Our study also includes limitations that should be taken into consideration while interpreting the results.
First, due to the cross-sectional nature of the study we were unable to determine temporality for exposure
and outcome groups. We were also only able to use non-invasive method to determine blood pressure
and could not determine pulmonary artery pressure. Further, in using a questionnaire, we were unable to
reduce response bias, thus selection bias may have occurred in the recruitment process. Prospective
studies are vital to determine the temporality of the relationship and further assess the association.
Despite the limitations in our study, the important strengths of our research should still be considered.
Both our exposure and outcome variables were measured by trained professionals and ensured for
precision of the estimates. In addition, our study has a large sample size with a 97% response rate which
allowed for increased statistical power. Finally, we were able to minimize information bias by providing
generalized information about the study objectives to participants. 

Conclusions
In conclusion, our study has found that hypotension in Chinese children ages 5 to 17 years old is
associated with impairment in lung function while hypertension is associated with a slight increase in
lung function for children 10 to 17 years old. To the best of our knowledge, our study is the �rst to assess
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both hypotension and hypertension effects on lung function in children 5 to 17 years old. Future studies
are needed to determine temporality for this association, physiological or pathological causes of blood
pressure, and underlying mechanisms for the association. This study adds to current knowledge about
blood pressure and lung function and provides a resource for future endeavors. 

Abbreviation De�nition List
COPD: chronic obstructive pulmonary disease; BP: blood pressure; FVC: forced vital capacity FEV1: forced
expiratory volume in 1 second; PEF: peak expiratory �ow; MMEF: maximum mid expiratory �ow; BMI:
body mass index; SNEC: study in northeastern China called the seven northeastern cities; RMB: Chinese
yuan; ATS: American Thoracic Society; ERS: European Respiratory Society;  CI: con�dence intervals;  OR:
adds ratio.
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Table 1 Characteristics of study Participants 
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Variable  Total Children with

age< 10 years

Children with 

age ≥ 10 years

(n=6797) (n=1764) (n=5033)

Age* mean (SD) 11.56 (2.06) 8.89 (0.78) 12.50 (1.46)

Males n (%) 3421(50.33) 870(49.32) 2551(50.69)

Height* mean (SD) 153.97 (12.59) 140.91 (8.25) 158.55 (10.46)

Weight* mean (SD) 48.42 (15.58) 37.15 (10.66) 52.38 (15.10)

BMI* n (%) 20.01 (4.66) 18.48 (3.86) 20.54 (4.80)

Low birth weight n (%) 210 (3.09) 50 (2.83) 160 (3.18)

Premature birth n (%) 340 (5.00) 88 (4.99) 252 (5.01)

Breast fed* n (%) 4792 (70.50) 1181 (66.95) 3611 (71.75)

Person area mean (SD) 22.73 (9.78) 23.11 (10.03) 22.60 (9.69)

Play time mean (SD) 7.60 (7.82) 8.045 (7.80) 7.44 (7.82)

Parent education ≥ high school* n
(%)

4241 (62.40) 1214 (68.82) 3027 (60.14)

Income* n (%)      

<5000 RMB 766 (11.27) 186 (10.54) 580 (11.52)

5000-10,000 RMB 890 (13.09) 208 (11.79) 682 (13.55)

10,000-30,000 RMB 2411 (35.47) 606 (34.35) 1805 (35.86)

30,000-100,000 RMB 2451 (36.06) 685 (38.83) 1766 (35.09)

>100,000 RMB 279 (4.10) 79 (4.48) 200 (3.97)

Smoke n (%) 3308 (48.67) 881(49.94) 2427 (48.22)

Home renovation n (%) 2438 (35.87) 657 (37.24) 1781 (35.39)

Home coal use* n (%) 682 (10.03) 129 (7.31) 553 (10.99)

Parent responders n (%) 6340 (93.28) 1631 (92.46) 4709 (93.56)

Family history of asthma n (%) 495 (7.28) 125 (7.09) 370 (7.35)

Family history of hypertension* n (%) 2616 (38.49)  728 (41.27) 1888 (37.51)

SBP* mean (SD) 112.50 (13.18) 106.00 (10.85) 114.79 (13.16)
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DBP* mean (SD) 64.66 (9.30) 63.95 (9.61) 64.93 (9.18)

Hypotensive* n (%) 190 (2.80) 71 (4.02) 119 (2.36)

Normotensive* n (%) 5712 (84.04) 1534 (86.96) 4178 (83.01)

Hypertensive* n (%) 895 (13.17) 159 (9.01) 736 (14.62)

FVC (mL)*mean (SD) 2626.52 (753.63) 2015.65
(422.78)

2840.62 (726.48)

FEV1 (mL)* mean (SD) 2463.72 (698.01) 1862.57
(391.81)

2674.42 658.13)

PEF (mL)* mean (SD) 4778.95
(1411.96)

3713.85
(871.76)

5152.25 (1374.48)

MMEF (mL)* mean (SD) 3349.14
(1046.36)

2543.12
(638.77)

  3631.65(1013.98)

FVC- Forced Vital Capacity, FEV1- Forced expiratory �ow in 1 sec, PEF- Peak expiratory �ow, MMEF-
Maximum mid expiratory �ow, RMB- Chinese Yuan.

*P < 0.05 for difference between children less than 10 years and children ≥ 10 years by t test or chi-square
test. 

Table 2 Summary of Blood Pressure and mean Lung Function among children < 10 and  ≥ 10 years 

  FVC FEV1 PEF MMEF

  Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age < 10 years        

Hypotensive 1869.15(652.99) 1723.94 (654.07) 3431.27 (1365.87) 2394.23 (985.29)

Normotensive 2032.37 (721.17) 1875.76 (645.86) 3728.07 (1358.52) 2550.51 (999.04)

Hypertensive 1919.69 (748.46) 1797.23 (704.88) 3702.89 (1451.15) 2538.30 (1083.00)

p-value* <.0001 0.0005 0.0192 0.1305

Age ≥ 10 years        

Hypotensive 2552.94 (386.50) 2433.19 (372.32) 4911.43 (915.69) 3450.00 (693.99)

Normotensive 2827.54 (423.07) 2657.53 (390.01) 5129.73 (867.78) 3606.64 (631.30)

Hypertensive 2961.35(412.30) 2809.28 (401.34) 5319.04 (874.08) 3802.95 (679.88)

p-value* <.0001 <.0001 0.0004 <.0001
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FVC- Forced Vital Capacity, FEV1- Forced expiratory �ow in 1 sec, PEF- Peak expiratory �ow, MMEF-
Maximum mid expiratory �ow.

*p-values are generated using Student Newman Keuls test to compare the means. 

 Table 3 Odds ratios of Lung function Impairment due to effects of blood pressure

  FVC <85% FEV1 <85% PEF <75% MMEF <75%

  OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age < 10 years        

Hypotensive 1.04 (0.49-1.98) 1.54 (0.72-2.97) 2.31 (1.17-4.23) 1.39 (0.68-2.59)

Normotensive 1.00 1.00 1.00 1.00

Hypertensive 1.12 (0.62-1.98) 1.11 (0.54-2.07) 0.82 (0.35-1.64) 1.19 (0.63-2.08)

Age ≥  10 years        

Hypotensive 0.62 (0.24-1.33) 0.78 (0.30-1.70) 1.34 (0.55-2.77) 0.35 (0.09-0.96)

Normotensive 1.00 1.00 1.00 1.00

Hypertensive 1.03 (0.80-1.32) 0.98 (0.73-1.30) 1.13 (0.82-1.53) 1.05 (0.80-1.36)

CI, con�dence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; MMEF,
maximum mid expiratory �ow rate; PEF, peak expiratory �ow rate.

*Adjusting for age, parental education, breast feeding, low birth weight, premature birth, exercise per week,
family income, home renovation, use of domestic cooking and heating fuels, environmental tobacco
smoke exposure, family history of asthma and study districts. 

Table 4 Absolute change estimate of lung function due to effect of blood pressure
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  FVC FEV1 PEF MMEF

  b (95% CI) b (95% CI) b (95% CI) b (95% CI)

Age < 10
years

       

Hypotensive -206.142 (-287.23,
-125.06)**

 

-185.85 (-259.14,
-112.57)**

-344.90 (-515.43,
-174.38)**

-195.77 (-322.38,
 -69.16)*

Normotensive 0.00 0.00 0.00 0.00

Hypertensive 134.14 (-200.14,
 -68.14)**

-104.44 (-164.08,
-44.79)**

-56.78 (-195.58,  
82.02)

-56.74 (-159.79,
 46.31)

Age ≥ 10
years

       

Hypotensive -493.24 (-649.99,
 -336.50)**

-454.49 (-594.41,
-314.56)**

-673.46 (-967.31,
-379.61)**

-528.57 (-753.59,
 -303.55)**

Normotensive 0.00 0.00 0.00 0.00

Hypertensive 124.01 (70.13,
 177.89)**

143.48 (86.39,
 182.58)**

164.45 (63.45,
 265.46)**

177.61 (100.26,
 254.96)**

CI, con�dence interval; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; MMEF,
maximum mid expiratory �ow rate; PEF, peak expiratory �ow rate.

**P ≤ 0.001 and *P ≤ 0.01 for the difference between the change from the reference group.

Adjusted for age, parental education, breast feeding, low birth weight, premature birth, exercise per week,
family income, home renovation, use of domestic cooking and heating fuels, environmental tobacco
smoke exposure, family history of asthma and study district.
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