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Patients with bronchial hyperreactivity are at risk of
bronchospasm as a result of suddenly breathing cold air
due to a variation in the inner balance of lower airways.

When air temperature drops quickly without any
gradual adaptation, even for changes as low as 2°-3°, but
especially for changes greater than 5°, there are possible
negative consequences on their respiratory system and
the patient is at risk of severe exacerbation of the symp-
toms of their obstructive respiratory disease (asthma and
COPD).
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Recent reports suggest US military service members who deployed in support of the recent conflicts in Iraq and
Afghanistan have higher rates of new-onset asthma than those who did not deploy. However, it is unknown whether
combat experiences, in addition to deployment, contribute to new-onset asthma risk. This study aimed to longitudinally
determine the risk factors for developing asthma, including combat deployment (categorized as deployed with combat
experience, deployed without combat experience, or nondeployed), among participants in the Millennium Cohort Study
from 2001 to 2013. A total of 75,770 participants completed a baseline survey and at least 1 triennial follow-up survey
on deployment experiences, lifestyle characteristics, and health outcomes. Complementary log-log models stratified by
sex were used to estimate the relative risk of developing asthma among participants who reported no history of asthma
at baseline. In models with adjusiments, those who deployed with combat experience were 24%—30% more likely to
develop asthma than those who did not deploy. Deployed personnel without combat experience were not at a higher
risk for new-onset asthma compared with nondeployers. Further research is needed to identify specific features of com-
bat that are associated with greater asthma risk to inform prevention strategies.

asthma; combat disorders; longitudinal studies; military personnel; occupational exposure; respiratory system;

veterans

Abbreviations: BMI, body mass index; CTS, Contingency Tracking System; OEF, Operation Enduring Freedom; CIF, Operation

Iragi Freedom; PTSD, posttraumatic stress disorder.

Over 2 million US service members have deployed in sup-
port of Operation Enduring Freedom (OEF), Operation Iraqi
Freedom (OIF), and Operation New Dawn (1). Self-reported
respiratory illnesses accounted for a large proportion of non-
combat-related diagnoses, second only to diarrhea, in troops de-
ployed in support of OEF/OIF (2). Asthma can have a negative
impact on combat readiness by reducing service members’ abil-
ity to perform military duties. For example, symptoms may inter-
fere with essential activities (such as wearing a protective mask),
require medications and freatments that are limited in a combat
environment, and contribute to absence due to the need for medi-
cal attention, including potential evacuation and redeploy-
ment (2-5).

OEF, OIF, and Operation New Dawn are not the only con-
flicts during which respiratory complaints were reported by
service members. Respiratory conditions have been a topic of

interest among Gulf War veterans (6—13) and continue to be a rel-
evant concern, Several studies have been conducted, with mixed
results, to determine whether deployment in support of OEF/OIF
was associated with new-onset asthma (3, 4, 13-23). Those who
deployed in support of the recent conflicts in Iraq and Afghani-
stan were found to have a significantly higher risk of new-onset
asthma than their stateside counterparts (4, 21). On the other
hand, one study of military medical records reported that the inci-
dence of asthma diagnosis decreased by 6.3 cases per 10,000
person-years from 2001 to 2013 in all branches of the military,
regardless of deployment status (24). However, this study was
limited to active-duty service members and may have missed
asthma diagnoses among personnel in the Reserve and National
Guard components, as well as veterans.

Prospective epidemiologic studies investigating the inci-
dence of asthma among US service members and veterans of

Am J Epidemiol. 2018;187(10):2136-2144
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the current conflicts in Iraq and Afghanistan are lacking. The
Millennium Cohort Study is a longitudinal study, including
participants from all branches of the US military who are
active-duty and Reserve/National Guard personnel. The survey
includes a wide range of outcomes, exposures, and covariates
that other studies have not been able to account for. Leveraging
this large longitudinal population study, the present study investi-
gated the relationship between combat deployment in support
of OEF/OIF and new-onset asthma over a 12-year follow-up
period.

METHODS
Study population and survey methods

The Millennium Cohort Study, the largest prospective cohort
study in a military population, was launched in 2001 with the
primary goal of evaluating the potential consequences that
deployment and other military exposures may have on health
(25, 26). Of the invited sample, the initial panel (Panel 1) enrolled
77,047 (35.9%) participants, who were randomly chosen from
active US military rosters in October 2000, with oversampling of
Reserve and National Guard personnel, women, and those who
had been recently deployed. The second accession, Panel 2,
enrolled 31,110 (25.3%) participants, who were randomly
selected military personnel with 1-2 years of service as of
October 2003. Panel 3, the third accession, enrolled 43,440
(28.2%) participants, who were randomly selected military
personnel with 1-3 years of service as of October 2006. Panels 2
and 3 were oversampled for women and Marines. The Millen-
nium Cohott Study survey consists of questions on lifestyle char-
acteristics, military experiences, and health outcomes and
behaviors. In addition to the baseline survey, participants
are asked to complete a follow-up survey approximately
every 3 years. Additional participant data were provided by the
Defense Manpower Data Center, including sex, birth date,
race/ethnicity, deployment in support of the recent operations in
Irag and Afghanistan, pay grade, service component, service
branch, primary and duty occupations, date of separation from
military service, and previous deployment experience to South-
west Asia, Bosnia, or Kosovo between 1998 and 2001 (27). A
more detailed description of the study’s sampling and method-
ology has been described elsewhere (25, 26). All participants
provided informed consent, and the study was approved by
the Naval Health Research Center Instimtional Review Board.

Study design

Our study included Millennium Cohort Study participants
from Panels 1, 2, and 3, from 2001 to 2013, who completed the
baseline survey and at least the first triennial follow-up survey,
and who were not missing covariate, exposure, or outcome data.
Participants who reported a prior diagnosis of asthma on the
baseline survey were excluded from the study population.
Participants remained in the study until their final survey,
defined as the survey at which new-onset asthma was reported
or the last survey completed—whichever came first. Fixed co-
variates were measured at baseline, and time-varying covariates
were measured at the survey prior to the final survey. The main
exposure, combat deployment, was measured over the entire

Am J Epidemiol. 2018;187(10):2136-2144

follow-up period (from earliest available data until the follow-
up survey prior to the final survey).

The outcome of interest, new-onset asthma, was obtained
from the Millennium Cohort Study survey. At baseline, asthma
was assessed with the following yes/no question, with asthma
listed as one of several health conditions: “Has your doctor or
other health professional ever told you that you have any of the
following conditions?”’ At triennial follow-up, a similar ques-
tion was asked, but the time frame was restricted to “the last 3
years” as opposed to “ever.” New-onset asthma was defined by
participants not reporting being diagnosed with asthma at base-
line and then reporting being diagnosed with asthma in a subse-
quent survey.

The exposure of interest was combat deployment in support
of OEF/OIF during the entire follow-up period, categorized as
nondeployed, deployed without combat, and deployed with
combat. Combat deployment was assessed using a combination
of combat experiences endorsed on the Millennium Cohort
Study survey, and deployment dates were obtained from the
Contingency Tracking System (CTS) database maintained by
the Defense Manpower Data Center. Combat experience was
determined by asking participants whether they were personally
exposed to any of the following combat items (excluding televi-
sion, video, movies, computers, or theater): witnessing death,
witnessing physical abuse, dead and/or decomposing bodies,
maimed soldiers or civilians, or prisoners of war or refugees.
The CTS provided in- and out-of-theater dates in support of
OEF/OIF since 2001. Deployments in support of OEF/OIF
included deployments to Iraq and Afghanistan as well as non-
combat zones (e.g., Japan and Germany) and sea locations
(e.g., Persian Gulf). A deployment based on the CTS in con-
junction with endorsement of experiencing combat was defined
as “deployed with combat.” A deployment reported in the CTS
in the absence of endorsement of any of the combat items was
categorized as “deployed without combat.” Participants who
did not deploy during the study period, according to CTS data,
were categorized as “nondeployed.” Combat deployment was
assessed at baseline and each follow-up prior to the final survey
(follow-up period). Once a participant was categorized as de-
ployed with combat, this status was retained for the entire
follow-up period. Similarly, in the absence of being deployed
with combat, being deployed without combat was carried for-
ward. This carry-forward method was used to ensure that the
association between exposure and new-onset asthma could be
measured without restricting the exposure to only the 3 years
prior to new-onset asthma.

Additional covariates included demographic factors, mili-
tary characteristics, smoking status, environmental exposures,
enrollment panel, number of life stressor events, and posttrau-
matic stress disorder (PTSD) status. Demographic characteris-
tics included birth year, sex, race/ethnicity, marital status, and
education. Body mass index (BMI) was calculated as self-
reported weight in kilograms divided by height in meters,
squared (kg/m?). Service branch, service component, military
occupation, military setvice status, and prior deployment com-
pleted the set of military characteristics. Smoking status was
classified as nonsmoker, former smoker, or current smoker.
Current smokers were those who reported smoking at least
100 cigarettes (5 packs) in their lifetime and had not quit suc-
cessfully, while former smokers were those who reported
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smoking at least 100 cigarettes in their lifetime and success-
fully quit. Nonsmokers were those who answered “no” to
smoking at least 100 cigarettes in their lifetime. Environmen-
tal exposures were ascertained from report of being personally
exposed to; 1) occupational hazards requiring protective equip-
ment, such as respirators or hearing protection; 2) routine skin
contact with paint, solvent, and/or substances; 3) pesticides,
including creams, sprays, or uniform treatments; and 4) pesti-
cides applied in the environment or around living facilities in
the last 3 years. Potential responses were “yes,” “no,” or “don’t
know.” As a result of high collinearity, the pesticide questions
(items 3 and 4) were combined into one variable. If a participant
answered “yes” to either item, then “yes” was retained for the
combined variable. If either item was answered as “don’t know,”
the combined variable retained the “don’t know” response. Other-
wise, the combined variable was set as “no”. Life stress events
were assessed at baseline as ever experienced and at follow-up
as experienced in the last 3 years. Life stress was categorized
as no event, 1 event, or more than 1 event from the following
list: divorce or separation, financial problems, sexual assault,
sexual harassment, physical assault, or suffered a disabling ill-
ness or injury. PTSD status was based on the PTSD Check-
list—Civilian Version, using the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, sensitive diag-
nostic criteria. In an analysis of Millennium Cohort Study data,
the PTSD Checklist—Civilian Version had high internal consis-
tency (Cronbach’s a = 0.94) (28). All covariates were assessed
at baseline; BMI, military service status, smoking status, envi-
ronmental exposures, number of stressful life events, and PTSD
status were also updated at each available follow-up prior to the
final survey.

Additional deployment characteristics were assessed for those
participants who had been deployed during the follow-up period.
Multiple depleyments was defined as having more than 1 deploy-
ment during the entire follow-up period, and duration of deploy-
ment was defined as the cumulative number of days deployed
during the entire follow-up period.

Statistical analysis

Bivariate analyses, including x2 tests of association, were per-
formed to investigate the relationship between new-onset asthma
and combat deployment as well as occupational, demographic,
and behavioral risk factors. Analyses were stratified by sex
because women are known to have a higher prevalence of
adult asthma compared with men (29). Because new-onset
asthma was reported at the time of follow-up survey admin-
istration rather than at the time of diagnosis, discrete-time
survival analysis was used to investigate the association of
combat deployment with new-onset asthma that occurred
during each follow-up time interval. The analysis assumes
an underlying continuous-time proportional hazards model,
and a complementary log-log model was fitted. Time at risk was
calculated from study entry (baseline survey completion) until
the outcome was measured or the last completed survey—
whichever came first. Relative risks were estimated, and 95%
confidence intervals were reported.

Collinearity was assessed using the variance inflation factor,
where a value >4 indicates possible collinearity. All covariates
remained in the model, regardless of significance, to facilitate

comparisons between results among men and women. All 3 pan-
els were pooled for these analyses. Additional analyses, restricted
to those who deployed during the follow-up period, assessed
whether new-onset asthma was associated with multiple deploy-
ments or the cumulative number of days deployed. Data manage-
ment and statistical analyses were performed using SAS, version
9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

The eligible study population consisted of participants who
submitted at least a baseline and first follow-up survey (n =
94,241) and screened negative for lifetime asthma diagnosis at
baseline (n = 87,914). Participants whose surveys were miss-
ing asthma status at first follow-up (n = 2,668), had undeter-
mined combat deployment status at baseline (n = 241), or had
missing covariate data (n = 9,235) were excluded, resulting in
a final study population of 75,770 participants.

Population characteristics are shown in Table 1. During
follow-up, 1,452 (2.7%) men and 1,055 (4.6%) women devel-
oped asthma, and those who were not deployed had the highest
proportion of new-onset asthma (3.1% and 5.0%, respectively),
followed by those who deployed with combat experience
(2.7% and 4.4%, respectively) and those who deployed without
combat experience (1.6% and 3.0%, respectively). Women
consistently had higher rates of new-onset asthma than did men
for all categories of characteristics listed in Table 1. Among
both men and women, older participants, those who were
divorced/widowed/separated, those with a higher BMI, those
in the Army, those of enlisted rank, those with more than 1
stressful life event, those with PTSD, and those who did not
know whether they had been personally exposed to occupa-
tional hazards requiring protective equipment had higher rates
of new-onset asthma. Results also indicated higher incidence of
new-onset asthma among those who self-reported routine skin
contact with paints/solvents/substances and pesticides, includ-
ing creams, sprays, and uniform treatments, and exposure to
pesticides applied in the environment/surroundings (Table 1).

Men and women who deployed with combat experience dur-
ing the follow-up period had a higher risk of new-onset asthma
compared with those who did not deploy, after adjusting for co-
variates (for men, relative risk = 1.30, 95% confidence interval:
1.14, 1.47; for women, relative risk = 1.24, 95% confidence
interval: 1.05, 1.46) (Table 1). Among both men and women,
Hispanic ethnicity, being overweight or obese, Army service,
experiencing more than 1 stressful life event, PTSD, and health
care or other technical and specialty (e.g., mapping, weather,
ordnance disposal, or diving) occupations were risk factors for
new-onset asthma in mutually adjusting models. Among men,
additional risk factors included active-duty status, enlisted rank,
experiencing 1 stressful life event, and occupations in func-
tional support and service and supply. Additional risk fac-
tors among women included Asian/Pacific Islander race/
ethnicity, being divorced/widowed/separated, separation from
military service, non-occupations (e.g., patients, prisoners, and
students) and communications/intelligence occupations, and
answering “yes” to being personally exposed to pesticides,
including creams, sprays, and uniform treatments, and pesticides
applied in the environment/surroundings.
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Table 1. Descriptive Characteristics of the Study Population, Incidence of New-Onset Asthma, and Adjusted Relative Risk of Self-Reported New-
Onset Asthma According to Sex, Millennium Cohort Study, United States, 2001-2013

Men™® (n = 52,826) Women®* (n = 22,944)
Characteristic oew. ew
No. Asthma, RR 95% Cl No. Asthma, RR 95% Cl
% %
Exposure of interest
Combat deployment during follow-up®
Not deployed 29,237 3.1 1.00 Referent 15,678 5.0 1.00 Referent
Deployed without combat experience 8,022 1.6 097 0.83,1.15 3,577 3.0 0.97 0.80,1.18
Deployed with combat experience 14,667 2.7 1.30 1.14,1.47 3,689 4.4 1.24 1.05,1.46
Demographic factors
Race/ethnicity
White, non-Hispanic 41,880 2.7 1.00 Referent 15,895 4.4 1.00 Referent
Black, non-Hispanic 4,484 3.1 1.01 0.85,1.20 3,602 5.1 1.06 0.90,1.24
Asian/Pacific Islander 1,809 2.1 0.81 0.67,1.22 1,051 46 144 1.12,1.86
Hispanic 3,414 37 1.28 1.08,1.53 1,701 5.5 137 1.13,1.66
Other 1,149 25 0.84 0.59,1.20 605 5.1 1.15 0.82,1.61
Birth year
1980 orlater 14,454 2.0 1.00 Referent 9,435 34 1.00 Referent
1970-1979 15,078 28 0.94 0.78,1.14 6,754 5.0 1.14 0.96,1.36
Before 1970 23,294 32 096 0.77,1.21 6,755 59 1.19 0.96,1.48
Marital status
Never maried 14,362 21 088 0.77,1.01 9,257 44 1.13 0.99,1.30
Married 34,164 3.0 1.00 Referent 9,841 43 1.00 Referent
Divorced/widowed/separated 4,300 3.2 089 0.75,1.05 3,846 6.0 1.19 1.02,1.38
Education
High school degree/GED or less 9,686 25 095 0.79,1.15 3,296 4.1 9 071,114
Some college or associate degree 26,452 3.0 1.02 0.88,1.19 12,142 49 1.13 0.95,1.34
Bachelor degree or higher 16,688 2.5 1.00 Referent 7,506 4.3 1.00 Referent
BMISf
Underweight/normal (<25.0) 14,872 22 1.00 Referent 13,182 4.1 1.00 Referent
Overweight (25.0-29.9) 28,516 28 1.30 1.14,1.47 7,498 52 1.36 1.20,1.53
Obese (>30.0) 9,438 3.4 1.88 1.62,2.18 2,264 56 1.68 1.42,2.00
Enrollment panel®
2001-2003 32,852 3.2 1.00 Referent 10,878 5.8 1.00 Referent
2004-2006 8,016 2.6 0.97 0.81,1.16 5,024 43 1.01 0.85,1.20
2007-2008 11,958 17 0.74 0.59,0.92 7,042 2.9 0.76 0.62,0.95
Military service
Service branch
Army 23,206 35 1.00 Referent 10,464 5.5 1.00 Referent
Navy/Coast Guard 9,354 2.4 0.79 0.69,0.91 4,309 4.4 0.96 0.82,1.12
Marine Corps 4,877 2.0 0.68 0.55,0.84 676 44 0.98 0.70,1.39
Air Force 15,389 21 0.69 0.61,0.79 7495 35 0.79 0.69,0.91
Service compenent
Active duty 32,986 27 1.00 Referent 13,354 4.5 1.00 Referent
Reserve/Guard 19,840 2.8 0.83 0.74,0.93 9,590 4.8 0.93 0.82,1.05

Table continues
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Table1. Continued

Men®® (n = 52,826) Women®* (n = 22,944)
Characteristic g:::t g:::t
No. Asthma, RR 95% Cl No. Asthma, RR 95% Cl
% %
Occupation
Infantry, gun crews, seamen (combat specialist) 12,285 25 1.00 Referent 1,429 34 1.00 Referent
Electrical repair 5,703 24 1.11 0.82,1.34 1,512 3.3 0.93 0.65,1.33
Communication/intelligence 4,263 3.1 1.17 0.96,1.43 1,951 5.4 1.56 1.14,2.15
Health care 3,745 32 1.26 1.03,1.55 5,002 4.8 141 1.05,1.88
Other technical and specialty 1,475 33 1.54 1.18,2.03 698 47 151 1.01,225
Functional support 7,403 3.1 1.34 1.14,1.58 6,664 47 121 0.91,1.62
Electrical/mechanical equipment repair 9,041 2.7 1.17 0.99,1.38 1,734 3.8 1.00 0.70,1.42
Craft workers 1,878 2.7 1.26 0.96,1.65 422 4.0 0.97 0.58,1.62
Service and supply 4,503 3.2 1.30 1.08,1.57 2,318 5.7 1.32 0.96,1.81
Non-occupation 2,530 1.7 0.85 0.63,1.16 1,214 4.5 163 1.14,2.32
Pay grade
Enlisted 40,620 29 1.25 1.05,1.49 17,984 48 1.14 0.93,1.39
Officer” 12,206 23 1.00 Referent 4,960 4.0 1.00 Referent
Military service status'
Currently serving 44,404 2.9 1.00 Referent 19,450 4.6 1.00 Referent
Former service member 8,422 1.9 1.00 0.87,1.16 3,494 44 1.37 117,159
Prior deployment
Yes 12,082 30 0.96 0.84,1.090 1,429 5.6 098 0.79,1.21
No 40,744 27 1.00 Referent 21,515 45 1.00 Referent
Behavioral factors
Smoking status’
Nonsmoker 30,367 27 1.00 Referent 14,553 43 1.00 Referent
Former smoker 13,540 2.8 0.93 0.83,1.05 5,163 5.0 111 0.97,1.27
Current smoker 8,919 2.9 1.01 0.88,1.16 3,228 5.3 1.09 0.92,1.28
Environmental exposures
Occupational hazards requiring protective equipment'
Yes 27,680 3.0 0.97 0.86,1.09 7,358 54 1.13 0.99,1.29
No 24,104 25 1.00 Referent 15,139 42 1.00 Referent
Don't know 1,042 34 1.09 0.80,1.50 447 5.6 1.11 0.76,1.63
Routine skin contact with paints/solvents/substances’
Yes 13,011 34 1.11 0.98,1.26 2,881 5.7 1.00 0.84,1.19
No 37,463 25 1.00 Referent 19,271 4.4 1.00 Referent
Don't know 2,362 3.7 1.17 093,147 792 5.1 0.93) 0.68,1.27
Pesticides, including creams, sprays, and uniform
treatments, and applied in the environment/sumoundings’
Yes 19,133 3.2 1.08 0.96,1.21 6,238 5.7 1.18 1.03,1.35
No 29,579 24 1.00 Referent 14,732 4.1 1.00 Referent
Don't know 4,114 3.2 1.01 084,121 1,974 5.0 0.99 0.80,1.21
Stressors
Life stressor events®
None 40,568 22 1.00 Referent 14,243 35 1.00 Referent
1event 9,401 4.2 1.31 1.16,1.47 5231 5.4 1.11 0.97,1.27
>1event 2,857 5.6 1.37 1.15,1.62 3470 8.0 131 1.12,1.52
Table continues
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Table1. Continued

Men®® (n = 52,826) Women®* (n = 22,944)
Characteristic g:::t g:::t
Na. Asthma, RR 95% Cl No. Asthma, RR 95% Cl
% %
PTSD"*
Yes 2,840 48 1.82 1.55,2.15 1,506 7.8 1.56 1.30,1.88
No 49,986 2.6 1.00 Referent 21,438 4.4 1.00 Referent

Abbreviations: BMI, body mass index; Cl, confidence interval; GED, General Educational Development certificate; PTSD, posttraumatic stress
disorder; RR, relative risk.

& Univariate analyses were performed separately for men and women. For both sexes, combat deployment, birth year, marital status, education,
BMI, enroliment panel, service branch, occupation, pay grade, environmental exposures, life stressor events, and PTSD were significantly associ-
ated with new-onset asthma (a = 0.05). Models were fitted separately for men and women; both models adjusted for all variables in the table.

® Among men, race/ethnicity and military service status were also significantly associated with new-onset asthma (« = 0.05).

° Among women, smoking status was also significantly associated with new-onset asthma (a = 0.05).

9 Deployment was defined as being deployed in support of Operation Enduring Freedom or Operation Iraqi Freedom. Combat was defined as re-
porting personal exposure to >1 of the following: witnessing death, witnessing physical abuse, dead and/or decomposing bodies, maimed soldiers
or civilians, or prisoners of war or refugees. Combat deployment was assessed over the entire follow-up period.

€ BMI was calculated as weight (kg) divided by height (m) squared.

f Time-varying covariates were measured at the survey prior to the final survey {the survey at which new-onset asthma was reported or the last
survey completed, whichever came first).

9This study used 3 panels of Millennium Cohort Study participants. Participants completed their baseline survey during the listed years (Panel 1:
2001-2003, Panel 2: 2004-2006, Panel 3: 2007—2008).

h Officer includes commissioned and warrant officers.

" Prior deployments to Bosnia, Kasovo, or Southwest Asia between January 1, 1998, and September 1, 2001.

i Categorized number of endorsements of the following events: divorce or separation, financial problems, sexual assault, sexual harassment,
physical assault, or suffered a disablingiliness or injury.

k Based on the PTSD Checklist-Civilian Version, using sensitive diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disor-
der, Fourth Edition.

Among the 31,152 participants who deployed, 23,797 (76.4%) observed that Hispanic men and women were 28%-37%

were men and 7,355 (23.6%) were women (Table 2). Among more likely to develop asthma than non-Hispanic white
this group, 547 (2.3%) men and 272 (3.7%) women developed personnel. We also observed, among women in our sample,
asthma during the follow-up period. No significant association that Asian/Pacific Islander women were 44% more likely to
was found between multiple deployments and new-onset asthma report new-onset asthma than non-Hispanic white women.
(Table 2). A significant asscciation was found between deploy- This finding is inconsistent with reports of lower prevalence
ment duration and new-onset asthma, after adjusting for covar- of asthma among Asian Americans, especially among those
iates; however, deployment duration was not independently bom outside the United States (30). However, this lower preva-
significantly associated with new-onset asthma. No collinear- lence among Asian Americans may be driven by nativity, given
ity was observed between the independent variables included that foreign-bom Asian Americans would be less likely to enter
in the models shown in Tables 1 and 2. the military than those born in the United States (31). Consistent

with other clinical, epidemiologic, and systematic studies evalu-

ating body size and asthma, the risk for new-onset asthma was

DISCUSSION associated with increasing BMI in our analysis (32—36). In our

study, the highest risk for asthma among men and women,

Our study results indicate that combat deployment was asso- when adjusted for all covariates, was arong those having a
ciated with a 24%—30% higher risk of new-onset asthma, after BMI of 30 or above (68%—88% higher risk).

adjusting for demographic and military characteristics, smoking Military characteristics significantly associated with asthma
status, environmental exposures, number of life stressor events, included service branch, service component, occupation, pay
and PTSD status. This finding suggests an elevated risk of grade, and military service status. Differences in exposure
asthma in a population of deployed military personnel who among men deployed to ground operations may explain

are considered to be healthier than those who did not deploy the observed differences in risk of new-onset asthma by service
(healthy deployer effect). In addition to combat deployment, branch, service component, and pay grade. Among men, Army

other demographic and military characteristics, environmen- service conferred the highest risk of new-onset asthma among
tal exposures, and stressors were associated with new-onset the service branches; enlisted personnel had a 25% higher risk
asthma. compared with officers, and Reserve/National Guard had a

Demographic characteristics significantly associated with 17% lower risk compared with their active-duty counterparts.

asthma included race/ethnicity, marital status, and BMIL. We Certain occupations, including health care, have been associated
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Table2. Multiple Deployments, Deployment Duration

, and Adjusted Relative Risk of New-Onset Asthma According

to Sex Among Deployed Personnel (7 = 31,152), Millennium Cohort Study, United States, 20012013

Men®(n = 23,797)

Women® (n = 7,355)

Characteristics No. ':i:‘,’"ggfg RR  95%Cl  No. '::‘;’;g:f‘g RR  85%Cl
Multiple

deployments®<

Yes 6,452 21 0.99 0.82,1.20 1,442 3.3 0.95 0.70,1.28
No 17,345 2.4 1.00 Referent 5,913 38 1.00 Referent
Deployment

duration®d

1-200 days 10,231 21 1.00 Referent 3,555 3.4 1.00 Referent
201400 days 9,521 24 1.08 0.88,1.32 2,979 43 1.16 0.89,1.53
401-600 days 2,683 28 135 1.02,1.78 575 23 0.71 041,1.22
>600 days 1,362 1.8 091 059,137 246 45 1.54 0.85,2.80

Abbreviations: Cl, confidence interval; PTSD, posttraumatic stress disorder; RR, relative risk.

2 Models were fitted separately for men and women

. Both models mutually adjusted for race/ethnicity, birth year,

marital status, education, body mass index, panel, service branch, service component, occupation, pay grade, sepa-
ration from the military, and prior deployment to Bosnia, Kosovo, or Southwest Asia between January 1, 1998, and
September 1, 2001; smoking status, occupational hazards requiring protective equipment, routine skin contact with
paints/solvents/substances, and exposure to pesticides, including creams, sprays, and uniform treatments, and pesti-
cides applied in the environment/surroundings; life stressor events; and PTSD.

P Separate models were fitted for multiple deployments and deployment duration.

© Multiple deployments were defined as deploying i
Freedom more than once during the follow-up period.

n support of Operation Iraqi Freedom or Operation Enduring

9 Deployment duration was defined as the cumulative number of days deployed in support of Operation Iraqi Free-
dom or Operation Enduring Freedom during the follow-up period.

with a higher risk of new-onset asthma in nonmilitary popula-
tions (37). Compared with combat specialists, health care was
significantly associated with asthma in our study.

Among women, new-onset asthma was associated with self-
reported exposure to pesticides, but, due to the broad wording
of the survey question, we were unable to distinguish whether
this was attributable to specific uses, chemical classes, or appli-
cation methods. In numerous Periodic Occupational and Envi-
ronmental Monitoring Summary reports of environmental
hazards at operating bases in theater, permethrin and other in-
secticides, rodenticides, and herbicides were used for pest con-
trol at bases (38). While not available for study participants in
this analysis, in-country region of deployment or base location
could serve as a proxy for environmental exposures. Several
studies have investigated the association between pesticides
and adult asthma but have reported inconsistent findings (39).

Although smoking has been associated with exacerbation
of asthma symptoms, a recent review indicated there was
insufficient evidence to infer a causal relationship with new-
onset asthma (40). We observed no significant association
between asthma and smoking status in our study population.

Prolonged exposure to stress may trigger or exacerbate the
symptoms of asthma (41). Allostatic load (the wearing down
of the body following repeated stress) (42) has been found to
be associated with higher asthma risk (43) and may explain
the observed association between combat deployment and
new-onset asthma. Our results also suggest a possible dose-
dependent increase in asthma risk among those experienc-
ing more than 1 stressful life event compared with those who

experienced only 1 stressful life event. The observed associa-
tions between new-onset asthma and PTSD and stressful life
events may also be manifestations of allostatic load.

One of the limitations of this analysis is that the findings may be
susceptible to recall and reporting bias due to our reliance on self-
reported survey data. However, the survey instruments employed
were validated and consistently administered over follow-up sur-
veys (28). In addition, Oksanen et al. (44) observed high validity
of self-reported physician diagnoses of incident asthma (63% sen-
sitivity and 91% specificity) and prevalent asthma (91% sensitivity
and 97% specificity) when compared with health records. Elec-
tronic military medical records were not used because this informa-
tion is available only for active-duty and activated Reserve or
National Guard personnel; these data are not available for sep-
arated personnel and inactivated Reserve or National Guard
personnel. However, we did compare self-reported asthma en-
dorsements with medical record diagnoses among 4,477 eligi-
ble individuals. We found 50.4 positive agreement and 97.6
negative agreement, consistent with a prior Millennium Cohort
analysis for acute conditions that included asthma and a Finnish
public-sector employee study (45). The measurement of stress-
ful life events is limited in the Millennium Cohort Study because
the items focus on several general categories and do not mea-
sure all types of stressors or the subjective experience of stress.
Because self-reported asthma diagnosis was based on the 3
years preceding completion of the follow-up survey, the exact
timing of asthma development and combat exposure could not
be determined. Furthermore, the 5-item combat questions were
not necessarily specific to a particular deployment. However,
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the longitudinal nature of this study did eliminate many of the
limitations that previous cross-sectional studies have encoun-
tered and allowed for investigation of the temporal associa-
tions between combat deployment and asthma.

Despite these limitations, the large sample size and population-
based design with up to 12 years of prospective follow-up
allowed us to identify incident asthma cases among participants
from all branches of the military, including active-duty and
Reserve/National Guard personnel and those who separated
from military service. This design also allowed us to exclude
prevalent cases of asthma at baseline. In addition, important
covariates, such as smoking and BMI, were also available in
these prospective data.

To our knowledge, this is the only longitudinal, prospective
epidemiologic study that has examined the association between
combat deployment and new-onset asthma with over a decade
of follow-up. These findings indicate a higher risk of new-onset
asthma among those who deployed and experienced combat
compared with those who did not deploy, but there was no
observed change in risk among those who deployed without
combat experience compared with those who did not deploy.
This implies that specific attributes of combat or other deploy-
ment exposures and experiences may drive the association with
elevated risk of new-onset asthma. Further research is needed to
identify specific aspects of combat deployment that are associ-
ated with greater asthma risk, the knowledge of which can form
the basis for prevention strategies among military service
members.
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Abstract

global warming.

The increasing use, and sometimes the abuse, particularly in industrialized countries of air conditioning at home, in
car, hotel and shopping centres has highlighted new emerging public health issues, resulting from exposure of the
airways to cool air or, more properly, resulting from sudden temperature changes. This is part of a wider problem,
relating to air quality in indoor environment, such as homes or offices, where pecple spend more than 90% of their
time. In particular, if indoor exposure occurs quickly and without any gradual adaptation to a temperature 2°-3° lower
than the external temperature and especially with a 5° difference (avoiding indoor temperature below 24°) and an
humidity between 40 and 60%, there is a risk of negative consequences on the respiratory tract and the patient risks
to be in a clinical condition characterized by an exacerbation of the respiratory symptoms of his chronic respiratory
disease (asthma and COPD) within a few hours or days. Surprisingly, these effects of cold climate remain out of the
focus of the media unless spells of unusually cold weather sweep through a local area or unstable weather condi-
tions associated with extremely cold periods of increasing frequency and duration. Moreover, the energy consumed
by air conditioning induces an increase of CO, in atmosphere with increase of global warming. There is a need to
better define the consequences of repeated exposure to cold air and the mechanisms by which such exposure could
modify airway function and affect the outcomes of patients with pre-existing airway disease. This could help to
promote adequate policy and public health actions to face the incoming challenges induced by climate change and

Keywords: Bronchial asthma, Airway hyperreactivity in asthma and COPD, Cold induced respiratory diseases, Climate
change, Global warming and health, Air conditioning and asthma and COPD

Background

It is common knowledge that the winter season, espe-
cially in the higher latitudes, is the difficult part of year
for patients with chronic respiratory diseases and that
inhalation of cold air has negative effects on the lungs
for people with respiratory diseases and in particular on
asthma patients. However, surprisingly these effects of
cold climate remain out of the focus of the media except
in the case of unusually cold weather spells or unstable
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weather conditions associated with extremely cold peri-
ods of increasing frequency and duration.

Duwring warmer months, cold air continues to be a
problem with the overuse of air conditioning and a ques-
tion is on the effects of its abuse, particularly when it is
regulated at very cold temperature, which is a frequent
event in some countries. The increasing use, in particular
in industrialized countries, of air conditioners at home,
in car, hotel and shopping centres has highlighted new
emerging public health issues, resulting from exposure
of the airways to cool air or, more properly, resulting
from sudden temperature changes. This is part of a wider
problem, relating to air quality in enclosed environments,
in homes or offices, where people spend more than 90%
of their time.
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-33 -



D'Amato et al. Clin Trans! Ailergy (2018) 8:20

In recent years more discussion has taken place on
“Indoor Air Quality” and more attention is being paid to
related pathologies, from simple thermal discomfort to
real pathologies such as sickness building syndrome [1]
or aggravation of asthma and COPD.

The purpose of the present work is to better under-
stand the consequences of repeated exposure to cold air
by exploring the mechanisms by which such exposure
could modify airway function and affect health outcomes
of patients with pre-existing airway disease. In regards to
health, we will describe the effects of cold air at first in
healthy people like athletes and successively in respira-
tory patients. In regards to exposure, we will take into
account the various risk factors interacting with cold
temperature and air conditioning such as other mete-
orological variables, air pollution, biocontaminants and
tobacco smoking, and their impact on respiratory health.
The final aim of our work is to contribute to the promo-
tion of adequate policy and public health actions to face
the incoming challenges induced by climate change and
global warming,

Cold and air conditioning impact on respiratory
health

Clinical discomfort due to respiratory illnesses can be
exacerbated by indcor cold temperatures due to air con-
ditioning. For chronic patients with precarious respira-
tory balances there is a risk of worsening of symptoms.
Respiratory infections can be caused by cold air through
increased bronchial inflammation caused by association
of trigger factors such as cold and infections are both able
to destabilize the patient.

Other trigger factors to consider, associated with cold
and infectious agents, are cigarette smoke, urban pollu-
tion, inhalation of pollutants and irritants present in the
air and in the working environments.

Patients with bronchial hyperreactivity are at risk of
bronchospasm as a result of suddenly breathing cold air
due to a variation in the inner balance of lower airways.

When air temperature drops quickly without any
gradual adaptation, even for changes as low as 2°-3°, but
especially for changes greater than 5°, there are possible
negative consequences on their respiratory system and
the patient is at risk of severe exacerbation of the symp-
toms of their obstructive respiratory disease (asthma and
COPD).

Cold-induced airway damage is not only due to the
direct effect of temperature, but also depends on the
hyperventilation. Cooling of the airways is enhanced
by increasing the airflow within the airways. Breathing
of +20 °C air at 15 I/min decreases the tracheal tem-
perature to 34 °C whereas breathing similar air at 100 1/
min decreases this temperature to 31 °C. Therefore,
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hyperpnea of temperate air shares similar effects to the
inhalation of cold air [2].

Airways are lined by a thin layer of liquid, the airway
surface fluid (ASL). Hyperpnea of cold air may cause the
ASL to evaporate more rapidly than it can be replaced
[3, 4], leading to drying and hypertonicity of the ASL.
Of note, the absolute water content of subfreezing air
is always near zero regardless of the level of saturation
[6—7]. Therefore, while the effect of cold air on the skin is
mainly cooling, the effect on the airways is both cooling
and drying.

Under normal conditions, nasal breathing compensates
in part for the effects of the cold air, and therefore, at rest
and during light exercise the possible trigger sites for cold
air- provoked respiratory symptoms include the facial
skin and the nasal mucosa but not the lower airways.

The response mechanisms of airway inhalation of cold
air go beyond changes of the ASL and involve a complex
integrated system including the ASL but also mucosa,
smooth muscle and blood vessels. Alveolar air, under
normal conditions, is at a temperature of 37 °C and alveo-
lar gas is fully saturated with water vapor at this tempera-
ture, properly humidified and heated by the components
of the upper respiratory tract walls [8]. The role of these
walls is not only to allow gaseous exchange, but it pro-
vides a large contact surface with the outside, it must also
ensure adequate protection, in particular from dehydra-
tion and cooling. Inhalation of cold air induces activation
of the epithelium to generate proinflaimmatory sub-
stances and that epithelial injury, determines activation
of any exposed peripheral nerves. Vasomotor control in
the airways is mediated by parasympathetic and sympa-
thetic nerves, that through the release of neuropeptides
such as Substance P and Calcitonin Gene Related Pep-
tide (CGRP) [9], which can induce powerful vasodilation.
Substances used for inhalation tests such as histamine,
methacholine or substances locally released such as pros-
taglandins, produced locally by cells such as mast cells or
eosinophils act on bronchial blood flow. Vasodilatation
of bronchial vessels has been shown to cause thickening
of the airway mucosa and should antagonize the effects
of hyperventilation, but also helps to stimulate bronchial
hyperresponsiveness that can trigger asthma attacks in
predisposed subjects.

Mechanisms of cold air effects in athletes

The respiratory system may be particularly affected by
cold air exposure as inspired air has to be conditioned
before participating in peripheral lung gas exchange, with
an associated loss of heat and water. During exercise, a
shift from nose to combined nose-and-mouth breathing
takes place when the ventilation level exceeds approxi-
mately 30 I/min [7]. In such conditions, the possible
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trigger sites provoking respiratory symptoms include
nasal mucosa, pharynx, larynx and the lower airways [6].

During physical exercises, nasal breathing quickly
switches to mouth breathing, particularly at minute
ventilations above 40 1/min, with the involvement of
intrathoracic airways in this conditioning process [10].

Although exercising in cold air has minimal influence
on the airways of normal individuals, it can induce a
bronchoconstriction in asthmatic subjects and worsen
airway obstruction in those with obstructive pulmo-
nary diseases [11-13]. Winter athletes can be particu-
larly affected by these environmental conditions, and
an increased prevalence of airway hyperresponsiveness,
asthma and chronic cough has been described in this
population [14-18]. Bronchial biopsies of winter ath-
letes have shown evidence of airway remodelling, possi-
bly due to repeated cold-air and hyperventilation damage
to the airways, although more research is needed on this
influence on airway function [19, 20]. The mechanism of
bronchoconstriction as a response to exercise-induced
hyperpnoea, particularly in cold air, has been studied
and appears primarily related to an increase in airway
fluid osmolarity following hyperpnoea, although heat loss
may be a modulator of this response, as well as a possible
post-exercise “rewarming” of the airways [21].

Even in subjects without respiratory diseases, cold
air can induce changes in the airways. Exposure to cold
air can increase the number of granulocytes and mac-
rophages in the lower airways [22]. Furthermore, cold-
related impairment of respiratory mucociliary function
can inhibit the clearance of pollutants [23]. Finally, in
extreme cold temperatures, people tend to gather indoors
and crowding can promote the transmission of infectious
agents with ensuing airway inflammatory events.

Repeated cooling and drying of the airways are likely to
take place in endurance athletes who frequently exercise
at elevated ventilation levels. Indeed, a high prevalence
of respiratory symptoms and airway hyperresponsive-
ness has been found in skiers, swimmers and long-dis-
tance runners. Studying the inflammatory infiltrate of
the mucosa of the athletes with long and repeated expo-
sure to cold air, identified a cell population different from
asthma, with a greater number of neutrophils and a lesser
number of eosinophils, mast cells and macrophages
[22]: this further confirms that asthma and cold related
diseases are two different entities, which, however, can
influence each other.

Cold air alone or in combination with other factors
Cold and meteorological variables

The effect of cold temperature is modulated by other
ambient conditions, too. As an example, cold damp
air was reported by asthmatic patients to cause more
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symptoms than cold dry air, while a control group
reported very few respiratory symptoms [11]. However,
we need to consider combinations of several meteorolog-
ical variables able to act on airways. Such combinations
are referred to as “synoptic air masses’, where humidity,
visibility, cloud cover, air pressure, wind speed and others
are added into the equation and are known to influence
mortality and morbidity [24—26].

Cold and air pollution

Climate change and air pollution due to anthropogenic
activities are intrinsically connected with many green-
house gases and particulate air pollutants originate from
the same source, such as fossil fuel combustion [1].

Nitrate particles and organic carbon aerosols have a
cooling effect on the climate. Sulfur dioxide partly con-
verts to sulfate particles, which also have cooling poten-
tial, so they partly react with black carbon, neutralizing
its strong warming effect [27].

Some studies, including the paper of Carder et al. [28]
highlight that cold temperature in conjunction with
black smoke concentrations increase respiratory mortal-
ity. Since extremes of cold and particulate pollution may
coexist, for example during temperature inversion during
winter, these results may have important public health
implications. Cold is related to various acute or long
term airways diseases. General exposure to cold exacer-
bates chronic bronchitis and triggers Raynaud’s phenom-
enon of the lung (constriction of the pulmonary arteries
and reduction of pulmonary blood volume in subjects
with primary Raynaud phenomenon). Moreover, breath-
ing very cold air at very high ventilation levels can led to
acute pulmonary oedema or to frozen lungs [8]. It was
also shown that inhalation of cold air causes vasodilation
and thus increasing blood flow to the central airways in
contrast to vasoconstriction in the intraparenchymal area
[29]. In subjects who repeatedly hyperventilate very cold
air, repeated episodes of significant variations in bron-
chial blood flow can lead to alterations in walls of bronchi
and of pulmonary arteries, leading to faster than aver-
age decrease of lung function and increased thickness of
walls of pulmonary arteries (Eskimo lung) [29]. Accord-
ing to a more recent classification, it is possible to clas-
sify cold- related diseases of the airways into three types:
the short term responses are those that develop within
minutes in response to sudden cooling of the airways,
subjects with asthma or rhinitis are especially prone to
these response; the long-term responses are those that
develop in response to repeated and longstanding cooling
and drying of the airway, usually in endurance athletes;
finally, there are the physiological, reflex-mediated lower
airway responses to cooling of the skin or upper airways

[2].
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There is no “universal” numerical value of air tempera-
ture that can be accepted as cut-off point for “cold” It is
rather the magnitude of downward temperature change
below the mean seasonal range for a given area that chal-
lenges the adaptive ability of people. Mortality increased
to a greater extent with given fall of temperature in
regions with warm winters, in populations with cooler
homes, and among people who wore fewer clothes and
were less active outdoors. As adaptive capacity shrinks
with age, it is the elderly who are mostly affected. Thus,
it has been documented that cold temperatures are asso-
ciated with a 3—4% increase in daily mortality and hos-
pitalization for respiratory causes in the population over
75 years old for each degree Celsius decrease in mini-
mum temperature or minimum apparent temperature
(defined as a combined indicator of temperature and
humidity above a city specific threshold level ranging
from 23 to 29 °C) [30].

To obtain information on the extent and severity of
asthmatic symptoms during daily life in winter, a sim-
ple questionnaire was sent to 57 asthmatic patients and
a control group of 180 age-matched men and women in
Goteborg (Sweden), where the average winter tempera-
ture is at about the freezing point. About two-thirds of
the asthmatic patients reported cold to be a factor caus-
ing breathing difficulties. In 37%, these symptoms made
the patients avoid going out during the winter [11].

Air conditioning, cold and cigarette smoke

Pathophysiological aspects in which repeated exposure to
cold stimuli determines anatomical and functional altera-
tions of the respiratory tract have been also discussed in
the literature [1]. Cold air, that is temporarily inhaled,
induces excessive secretions of airway mucus and elic-
its ciliary ultrastructural anomalies. The only exposure
to cold stimuli, can defect, turn on the cold-mediated
activation of the TRPM8 channel and determine mucus
hypersecretion with excessive MUC5AC secretion, and
obstacle mucociliary clearance through numerical and
structural anomalies of the ciliary apparatus. The inha-
lation of cold air, however, can only activate the TRPM8
receptor, but cannot determine the baseline overex-
pression of this receptor in patients with COPD. Prob-
ably cigarette smoke, that is also the main risk factor for
COPD, is the etiological factor for the elevated expres-
sion of the TRPMS8 channel in these patients, and so they
are predisposed and hypersensitive to cold stimulus, even
as air conditioning [30]. The synergistic effect between
smoking and exposure to cold air was also observed in
other studies, evaluating changes in impedance in the
respiratory tract after exposure to cold in young smokers
and nonsmokers: a broncho-constricting effect extend-
ing largely into the small peripheral airways can be
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demonstrated by impedance measurement in a group of
asymptomatic young smokers which is not observed in
normal subjects after cold-air challenge [31, 32].

Role of the upper airways in health and asthma
Breathing cold air has been long recognized to trigger
bronchoconstriction in asthmatics. In a classical experi-
ment Shturman-Ellstein et al. [33] demonstrated that
if subjects with asthma breathed only through the nose
during the exercise challenge, an almost complete inhi-
bition of the post exercise bronchoconstrictive airway
response was observed [33, 34]. However, as the nose
is serving as outermost filter for the inspired air, it is
exposed to environmental hazards with consequent high
frequency of morbidity. Adding to the atopic predisposi-
tion, it is likely that asthmatic subjects have concomitant
rhinitis, which does not allow proper conditioning of the
inspired air with negative impact on the asthmatic con-
dition. The cross-talk and interplay between upper and
lower airways has been a center point in the philosophy
of the Allergic Rhinitis and its Impact on Asthma (ARIA)
initiative and has been reconfirmed over the years [35,
36].

The upper airways mucosal structures are particularly
sensitive to cold air influences. Challenges with cold
dry air have been proposed to assess the state of nasal
responsiveness in both allergic and non-allergic rhinitis.
This line of research is substantiating the importance of
cold weather as trigger in the pathogenesis of rhinitis,
which in turn is a recognized risk factor for the develop-
ment of asthma. Cold weather spells as a characteristic
feature of changing climate will need to be considered in
assessing the risk for asthma, especially since heteroge-
neous human populations may adapt differently to them
[36].

The microclimate refers to the complex temperature
parameters, relative humidity, and air velocity, which
affect the heat exchange between the individual and the
environment. The values of these parameters must be
maintained within very narrow ranges to maintain the
ideal environmental conditions so that the subject can
perceive so-called thermal well-being [1]. In this context
it is necessary that all the parameters of the microclimate
are appropriately adjusted: The human body is equipped
with sophisticated thermoregulatory systems which,
however, can be altered by environmental conditions [1].

When it is too hot, the thermoregulation system trig-
gers a number of mechanisms that can deliver heat to the
outside, while when it is too cold, it works by limiting the
heat dispersion. Microclimate can affect heat exchanges
between individuals and the environment and in some
situations hinder the thermoregulation mechanisms.
For example, high humidity values in the summer can

-36 -
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increase the heat-related discomfort: the high presence
of water vapor in the air hampers the evaporation of the
water contained in the sweat, which is the fundamental
process for the human body to disperse excess heat. This
explains why, in the presence of sultriness, a climatic situ-
ation characterized by a high relative humidity value, the
human body tolerates less heat discomfort and the per-
ceived temperature than the actual ambient temperature.
The reason why the wind can increase the discomfort
associated with a cold feeling is related to the fact that it
increases the rate at which the body loses heat. The so-
called perceived temperature, that is, the feeling of “hot”
or “cold’, is therefore tied not only to the actual tempera-
ture but also to the other environmental conditions [1].

In buildings with natural ventilation, the outside air
penetrates through existing openings in the building
enclosure, such as joints or cracks in the walls, intersect
around the doors (infiltration) and through the opening
of doors and windows. The outside air can be introduced
in a closed environment through mechanical, or forced,
ventilation system that can also perform the functions of
heating or cooling the air inlet, depending on the season
(thermal ventilation systems).

In recent years, driven by economic and environmen-
tal motivations, thermally insulated buildings, where
indoor climate conditions are closely regulated by venti-
lation and air conditioning systems are most frequently
built. Nevertheless, in many countries there are no rigid
rules to regulate the construction of ventilation systems,
and although there are many studies on the possibility of
using sensors within indoor environments [6, 37], there
are no defined values and no environments closed moni-
toring systems [37].

The Sick Building Syndrome (SBS): indicates a well-
defined symptomatic picture, manifested in a large
number of occupants of modern or recently renovated
buildings, equipped with mechanical ventilation and
global air conditioning systems (without supplying fresh
air from the outside) and used in offices, schools, hospi-
tals, homes for seniors, civilian homes; a still unknown,
probably multifactorial etiology, linked to factors related
to buildings, air conditioning and ventilation systems,
maintenance programs, type and organization of work
and personal factors [38].

Regarding the pathologies more specifically associ-
ated with the use of conditioning systems, they may be
related to the failure to achieve microclimatic targets
or because they can be dangerous sources of biologi-
cal or chemical pollution, especially if they are badly
designed, in poor state of cleaning and maintenance
[39]. Nasal breathing of cold air induces an engorge-
ment of the venous sinuses in the submucosa [5, 10],
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which leads to congestion, sneezing and, especially,
rhinorrhea both in healthy and rhinitic subjects [13].
However, these responses are greater in subjects with
rhinitis than in healthy subjects [40] and greater in
subjects with asthma and rhinitis than in subjects with
rhinitis alone [41]. Yet in a short time, cold air hyper-
pnea provokes bronchoconstriction in asthmatic sub-
jects [42], especially in children and young adults [43,
44]. The pathophysiological mechanism beyond this
response has been a matter of considerable debate:
studies on the effect of cooling on the airways smooth
muscle have been conflicting results [45-48]. Certain
lower airway sensory receptors can be sensitive to cold
and capable of inducing bronchoconstriction in ani-
mals [49, 50]. A fundamental role is certainly played by
vasoconstriction, as already described before. It does
not seem to be involved in a response mediated by
eosinophils [51]. Besides bronchoconstriction, cold air
hyperventilation also provokes coughing in susceptible
people. Coughing and bronchoconstriction seem to be
independent responses since pre-treatment with sal-
butamol blocks cold air-provoked bronchoconstriction
but has no effect on cold air provoked coughing [52].

The long-term responses to cold exposure, include
all those airways alterations, also anatomical, in part
already described previously, comprising an increase
in bronchoalveolar lavage fluid granulocytes in healthy
humans [22], loss of ciliated epithelium, thickening of
the lamina propria with increased concentrations of
inflammatory cells, hyperresponsiveness and airway
obstruction [53-57].

The last group finally includes reflex bronchocon-
striction due to cold trigger of the skin or upper airway.
It seems that the reflex bronchoconstriction provoked
by facial or upper airway cooling is too mild to cause
breathing difficulties in a person with near normal lung
function. However, for a subject with severely impaired
lung function these responses may be of clinical signifi-
cance [58].

We do not know much about the molecular mecha-
nisms underlying respiratory cold-related symptoms,
but a role appears played by the receptor TRPMS. The
discovery of thermosensitive ion channels of the tran-
sient receptor potential (TRP) family has demonstrated
an underlying molecular mechanism for temperature
detection. Transient receptor potential melastatin 8
(TRPMS8) is a non-selective calcium permeable cation
channel, that seems overexpressed and upregulated on
the epithelium of patients with chronic lung disease
and therefore, probably, is involved on hypersensitivity
of this population to cold-related triggers [59] in asso-
ciation with phosphorylation of MARCKS-PSD [60].
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Air conditioning and respiratory infections
Exposure to air conditioners with very cold air, induces
alterations of the respiratory airways that, mostly with
pre-existing respiratory conditions such as asthma and
COPD, may form a susceptible group, also in young
adults [14], which not only can determine cold-related
symptoms, as shortness of breath, wheezing, phlegm
production, but also a greater susceptibility to infec-
tions. Indoor air can be an important vehicle for a vari-
ety of human pathogens airborne spread, already in
normal conditions, as vegetative bacteria (staphylococci
and legionellae), fungi (Aspergillus, Penicillium, and
Cladosporium spp and Stachybotryschartarum), enteric
viruses (noro- and rotaviruses), respiratory viruses (influ-
enza and coronaviruses), mycobacteria (tuberculous and
nontuberculous), and bacterial spore formers (Clostrid-
ium difficile and Bacillus anthracis) which can have path-
ogenic action on human health, together with exposure
to other agents as noxious chemicals, particulates, pollen
and other allergens [61]. Because these agents can infect
a susceptible host, they must survive the prevailing envi-
ronmental conditions, determined by air temperature,
relative humidity (RH), turbulence, that are just a few
of the factors involved, since a generalization is difficult
considering the biological diversity of microorganisms.
So it is obvious the role played by air conditioning, cold
or warm. Various studies have shown that among the
viruses, for example, rotavirus survived best at midrange
RH but not at high temperature; among bacteria, staphy-
lococci has ability to survive over a wide range of tem-
peratures, RH, and exposure to sunlight [61].

As ubiquitous microorganisms, fungi pose a health
threat in indoor environments. Fungal infections can be
particularly serious in immunocompromised patients,
especially airborne spores of Aspergillus spp that are
blown in from natural ventilation sources. Fungal
spores are aerosolized from municipal water supplies
and dust and can be effectively transported over long
distances by wind and air currents. The evolution of the
fungal spore has enabled them to travel long distances
and be more capable of withstanding environmental
insults, The most important factor for fungal growth
in indoor environments is humidity. In fact, results of
many studies, showed that airborne fungal concentra-
tions were not correlated to the diseases or personnel
density, but were related to seasons, temperature, and
relative humidity. There were similar dominant gen-
era in all wards. They were Aspergillus spp Penicillium
spp and Alternaria spp. Therefore, attention should be
paid to improve the filtration efficiency of particle size
of 1.1-4.7 um for air conditioning system of wards. It
also should be targeted to choose appropriate antibac-
terial methods and equipment for daily hygiene and
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air conditioning system operation management [62].
In fact, the risk of air conditioning-caused infections
is increased when, to save on air cooling costs, espe-
cially with regard to the air conditioning of rooms with
large volumes of air to cool (department stores, ships,
airplanes, etc.), instead of cooling hot air coming from
the outside, it is preferable to keep the air cooled pre-
viously cooled from the inside (recirculation function)
cool. This, however, significantly reduces air exchange
in the environments while increasing the concentration
of pollutants (irritants, fumes, allergenic pollens, etc.)
and infectious agents (viruses and bacteria) that can
add to their pathogenic activity already in itself repre-
sented by the particular physical characteristics of an
artificially cold and dry air. Much work is directed at
the need to use air filters for the control of respiratory
diseases, especially of an allergic type, by applying fil-
tering systems that regulate the level of pollution [63].

Conclusions

There is a need to better define the consequences of
repeated exposure to cold air and the mechanisms by
which such exposure could modify airway function and
affect the outcomes of patients with pre-existing airway
disease [1]. This could help to promote adequate policy
and public health actions to face the incoming challenges.
By all means distinction should be drawn between effects
on individuals and effects on populations, as populations
are heterogeneous in their susceptibility, for example, a
different response to cold exposure was studied by race
[63], but reversible and irreversible effects should be
identified.
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SYMPTOMS: THE MECHANISMS
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ABSTRACT

Objectives. To describe the mechanisms and management of cold air-provoked respiratory
symptoms.

Study design, A literature review,

Methods. The review includes human epidemiological studies, human and animal experi-
mental studies, as well as human studies about management of the cold air-provoked respira-
tory symptoms.

Results. Cold air is unlikely to be a causal factor initiating respiratory diseases but a symptom
trigger. In the present review, the airway responses beyond these symptoms were divided into
three types. The short-term responses are those that develop within minutes in response to
sudden cooling of the airways. Subjects with asthma or rhinitis are especially prone to these
responses. The long-term responses are those that develop in response to repeated and long-
standing cooling and drying of the airways, usually in endurance athletes. Finally, there are the
physiological, reflex-mediated lower-airway responses to cooling of the skin or upper airways.
Conclusions. The mechanisms beyond cold air-provoked respiratory symptoms vary consider-
ably and mainly depend on the individual’s susceptibility and the ventilation level during the
cold exposure. An understanding of these mechanisms is essential for successful management
of the symptoms. (Int J Circumpolar Health 2007; 66(2) 91-100 }

Keywords: cold climate, signs and symptoms, respiratory, rhinitis, asthma, chronic obstructive
pulmonary disease
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INTRODUCTION

Cold air-provoked respiratory symptoms are
frequent in countries with a cold climate.
Approximately 50% of healthy and allergic
subjects report cold air-induced rhinorrhea (“the
skier’s nose’) (1,2). In Lapland, the northern-
most province of Finland, 10-19% of healthy
subjects experience shortness of breath (SOB)
during exercise in cold weather, with smoking
being an important risk factor (3). The preva-
lence of such symptoms is markedly higher
among subjects with respiratory disorders. In
Lapland, 78-82% of asthmatic subjects experi-
ence SOB during exercise in cold weather and
similar prevalence rates have been reported in
Sweden (4). Among subjects with chronic bron-
chitis living in Lapland, 27-59% experience SOB
during exercise in cold weather (3). At present,
there are no epidemiological studies about the
prevalence of cold air-provoked SOB in subjects
with moderately to severe chronic obstructive
lung disease (COPD).

Given the high prevalence of breathing diffi-
culties in cold weather, one might assume that
obstructive lung diseases might be more common
in areas with cold climates compared with areas
with more temperate climates. However, this
seems not to be the case. Physician-diagnosed
asthma is as common in the southernmost part
of Finland compared to Lapland (5). Neither do
international comparisons support the assump-
tion that asthma would be extraordinarily prev-
alent in countries with a cold climate (6,7). A
study in Canadian Arctic region suggested that
cold climate might cause a condition similar
to COPD (8), but later studies have shown that
differences in COPD prevalence rates mainly
reflect smoking habits of the populations inves-
tigated (5,9).

Taken together, it seems that cold climate may
not be a causal factor initiating lung diseases
but a symptom trigger. Therefore, the present
review focuses on the various ways that cold
ambient air under normobaric conditions may
provoke respiratory symptoms. Several physi-
ologic responses to cold air (effects on respira-
tory rate and mucociliary function, etc.) are not
discussed. In this review, adequate clothing and
normothermia of the body is assumed. Hypo-
thermia-induced changes in respiratory func-
tion have been reviewed elsewhere (10).

EFFECTS OF COLD AIR ON
THE SKIN AND THE AIRWAYS

Cooling of the skin can be enhanced not only by
cooling of the ambient air but also by increasing
the movement of air across the skin (11). In
the airways, the equivalent for wind is hyper-
pnea; the cooling of the airways is enhanced
by increasing the airflow within the airways.
Breathing of +20°C air at a minute-ventila-
tion level of 15 I/min decreases the tracheal
temperature to 34°C whereas breathing similar
air at 100 1/min decreases this temperature to
31°C (12). Therefore, hyperpnea of temperate
air shares similar effects to the inhalation of
cold air,

The special feature of an airway is that it
is lined by a thin layer of liquid, the airway
surface fluid (ASL). Hyperpnea of cold air may
cause the ASL to evaporate more rapidly than
it can be replaced (13,14). This would lead to
drying and hypertonicity of the ASL. Of note,
the absolute water content of subfreezing air
is always near zero regardless of the level of
saturation (15). Therefore, while the effect
of cold air on the skin is mainly cooling, the
effect on the airways is cooling and drying. It
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is often impossible to define which one of the
two phenomena is the final trigger for various
airway responses.

THE POSSIBLE TRIGGER SITES
FOR COLD AIR-PROVOKED
AIRWAY RESPONSES

For an adequately clothed person, only the skin
on the face is exposed to subfreezing tempera-
tures. Cooling of the facial skin down to 10°C
takes place at -5°C ambient temperature with
5 m/s wind (16). At rest and during light exer-
cise, humans preferentially breathe through
the nose (17). Even subfreezing air is almost
completely saturated and warmed to near
body temperature when it has passed the nasal
cavity (15,18,19). Therefore, at rest and during
light exercise the possible trigger sites for cold
air-provoked respiratory symptoms include the
facial skin and the nasal mucosa but not the
lower airways (20).

Exercise is associated with hyperpnea. A
shift from nose to combined nose-and-mouth
breathing takes place when the ventilation level
exceeds approximately 30 l/min (21). When
the ventilation level further increases, incom-
pletely conditioned air can reach the pharynx,

Cold air provoked respiratory symptoms

larynx and lower airways (12). Therefore,
during heavy exercise the possible trigger sites
for cold air-provoked respiratory symptoms
include facial skin, nasal mucosa, oral mucosa,
pharynx, larynx and the lower airways.

CLASSIFICATION OF COLD
AIR-PROYOKED AIRWAY RESPONSES

In this review, the potentially harmful cold air-
provoked airway responses are divided into
three types (Table I). The magnitude and nature
of the responses depend on the level of ventila-
tion during the exposure, the frequency of the
exposure and the susceptibility of the subject.

COLD AIR-PROYOKED
SHORT-TERM RESPONSES

Nasal breathing of cold air induces an engorge-
ment of the venous sinuses in the submucosa
(22,23), which leads to congestion, sneezing
and, especially, rhinorrhea both in healthy
and rhinitic subjects (1,24). However, these
responses are greater in subjects with rhinitis
than in healthy subjects (25) and greater in
subjects with asthma and rhinitis than in
subjects with rhinitis alone (26). The cold

Table I. Classification of the potentially harmful cold air-provoked airway responses.

Type Trigger

Response

|. Cold air-provoked short
term responses

Cold air hyperpnea

2. Cold-air-provoked long
term responses

3. Cold air-provoked reflex
lower airway responses

Cooling of the upper airways

Nasal breathing of cold air

Repeated cold air hyperpnea

Cooling of the facial skin

Rhinorrhea,

congestion, sneezing
Bronchoconstriction in

asthmatic subjects, cough

Damage of the airway epithelium
and changes in airway wall structure
and function

Slight bronchoconstriction

Slight bronchoconstriction ()

International Journal of Circumpolar Health 66:2 2007 93

-44 -



Cold air provoked respiratory symptoms

air-provoked nasal congestion is reversed by
exercise due to the vasoconstrictor effects of
circulating noradrenaline and adrenaline (22).
Unfortunately, exercise does not inhibit the cold
air-provoked rhinorrhea (1), probably due to the
fact that this symptom is partly mediated via a
neural reflex which is independent of the state
of the venous sinuses (2).

Cold air-provoked nasal symptoms can be
effectively treated by nasal decongestants (22),
but their long-term use is discouraged. Anti-
cholinergic nasal sprays markedly decrease
cold-air-provoked rhinorrhea (1,24,27) but do
not affect nasal congestion or sneezing. These
drugs are well tolerated even in long-term use
and are therefore suitable for cold air-provoked
thinorrhea. The cold air-provoked nasal symp-
toms are poorly controlled by histamine-1
receptor antagonists (28) and topical cortico-
steroids (29).

Cold air hyperpnea provokes bronchocon-
striction in asthmatic subjects (30), especially
in children and young adults (31,32). The patho-
physiological mechanism beyond this response
has been a matter of considerable debate. Studies
about the direct effect of cooling on the airway’s
smooth muscle have been conflicting (33-37).
Certain lower-airway sensory receptors can be
sensitive to cold and capable of inducing bron-
choconstriction in animals (38,39). Cooling of
the lower airways may induce vasoconstriction
in the bronchial mucosa, followed by reactive
hyperemia and edema, which would narrow
the airways after hyperpnea (40,41). Perhaps
the most popular hypothesis suggests that cold
air hyperpnea leads to hyperosmolarity of the
ASL, which induces a mediator release from
cells within or along the airway mucosa (42-44).
The cells that respond to hyperosmolarity could
be the eosinophilic cell or the mast cell and the

mediators may be leukotrienes, prostaglandins
and histamine. Importantly, exercise-provoked
bronchoconstriction does not induce eosino-
philic airway inflammation or non-specific
airway hyperresponsiveness in subjects with
asthma (45). This finding suggests that regular
exercise does not worsen asthma over time.

Cold air hyperpnea-provoked bronchocon-
striction can be effectively attenuated by heat-
and moisture-retaining masks. These masks
may be regarded as the best physiological way to
treat this problem: as the user exhales, heat and
moisture are trapped within the mask. During
the subsequent inhalation, cold air is warmed
and humidified as it travels through the mask.
These masks are as effective as a pre-treatment
with inhaled [3,-adrenergic agomists (46,47),
and when combined they virtually abolish the
response (46).

Among the various anti-asthma drugs,
inhaled [ -adrenergic agonists (46,48-50),
nedocromil sodium (50-52) and leukotriene
receptor antagonists (49,53,54) are capable of
attenuating cold-air hyperventilation-provoked
bronchoconstriction. The histamine-1 receptor
antagonists (55,56) and anticholinergic drugs
(57) seem to be rather ineffective in this setting.
A long-term treatment with inhaled corticoste-
roids attenuates the response to cold air (58-61),
indicating that this response is associated with
the degree of asthmatic inflammation in the
lower airways.

As inhaled long-acting P, agonists rapidly
loosetheirprotectiveeffect onexercise-provoked
asthma when used on a regular basis (62-64),
their use may not be advocated in subjects who
exercise regularly in cold weather. For those
subjects, leukotriene receptor antagonists may
be more suitable since they are as effective as
long-acting [, agonists in this setting (49,65)
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and do not loose their protective effect when
used on a regular basis (63-65). In addition, the
response to rescue short-acting 3, agonists after
exercise is fully maintained during regular
treatment with leukotriene receptor antago-
nists, which may not be true during treatment
with regular (3, agonists (65,66).

Besides bronchoconstriction, cold air hyper-
ventilation also provokes coughing in suscep-
tible persons (48,67). Coughing and broncho-
constriction seem to be independent responses
since pre-treatment with salbutamol blocks
cold air-provoked bronchoconstriction but has
no effect on cold air-provoked coughing 48).
One study suggested that inhaled ipratropium
bromide might be more effective than salb-
utamol in relieving cold air-provoked coughing
in asthmatic subjects (68).

COLD AIR-PROVOKED
LONG-TERM RESPONSES

In horses, exercise at cold ambient tempera-
tures induces an increase in epithelial cells in
bronchoalveolar lavage fluid (69). Accordingly,
in humans, nasal cold air breathing increases
the number of epithelial cells in nasal lavage
fluid (70). Furthermore, cold exposure induces
an increase in bronchoalveolar lavage fluid
granulocytes in healthy humans (71). Animal
studies have shown that repeated cooling and
desiccation of peripheral airways leads to a
loss of ciliated epithelium, thickening of the
lamina propria with increased concentrations
of inflammatory cells, hyperresponsiveness
and airway obstruction (72,73). Thus, experi-
mental studies suggest that cooling and drying
can damage the airway epithelium and, if
repeated, can lead to changes in the airway’s
wall structure and function. These phenomena

Cold air provoked respiratory symptoms

may represent a physiological adaptive response
to an abnormal stress on airways (74).

Repeated cooling and drying of the airways
are likely to take place in endurance athletes
who frequently exercise at elevated ventilation
levels. Indeed, a high prevalence of respira-
tory symptoms and airway hyperresponsive-
ness has been found in skiers, swimmers and
long-distance runners (75). Endobronchial
biopsies of elite, competitive skiers demon-
strate elevated numbers of clustered lympho-
cytes, neutrophils and macrophages (76,77).
The increased expression of tenascin possibly
reflects ongoing healing and repair processes
and remodeling of the airways (77). The
mucosal cellular infiltrate in the skiers’ airways
differs from that in asthma, with a greater
number of neutrophils and a lesser number of
eosinophils, mast cells and macrophages (77).
Therefore, the term “ski asthma™ (78) should
probably be avoided. In this review, the term
“athletes’ airway disorder” is used.

Recreational skiing was not associated with
asthma or respiratory symptoms in a large
epidemiological study (3), probably reflecting
the lesser intensity of the cold exposures. Also,
outdoor work in cold weather seems not to
increase the risk of asthma (3). However, there
are studies reporting a high prevalence of non-
specific respiratory symptoms and airflow
limitation among subjects with daily exposure
to a cold occupational environment (3,79).

A randomized, double-blind, placebo-
controlled study failed to show any benefit
from inhaled budesonide on elite skiers’ respi-
ratory symptoms and airway hyperrespon-
siveness (80). In another high quality study, a
leukotriene receptor antagonist, montelukast,
failed to affect ice hockey players’ respira-
tory symptoms, airway hyperresponsiveness,
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sputum inflammatory cell counts and exhaled
nitric oxide concentration (81). As these drugs
are effective in asthma, these negative studies
again highlight the differences in the patho-
physiology between athletes’ airway disorder
and asthma.

A study with competitive swimmers
suggested that stopping high-level training
decreases airway hypetresponsiveness (82).
An experimental study with dogs showed that
virtually all structural airway changes induced
by repeated dry air challenges vanished after
Further-
more, a large questionnaire study showed that

cessation of the challenges (73).

the prevalence of asthma and other airway
disorders in former elite endurance athletes is
less than that in controls (83). These findings
consistently suggest that stopping the high-
level training can reverse the structural and
functional abnormalities associated with the
athletes’ airway disorder.

COLD AIR-PROVOKED
LOWER-AIRWAY REFLEX RESPONSES

It has been known for decades that cooling
of the facial skin by ice packs triggers slight
bronchoconstriction in humans (84,85). Facial
cooling caused by "5 to 20°C ambient air
combined with wind provokes an immediate 3-
10 % fall in FEV , in healthy subjects as well as
in subjects with asthma and COPD (16,20,86).
Thus, this response can be considered a physi-
ological response to a physiological stimulus.
The facial cooling-provoked bronchoconstric-
tion seems to increase with age (87), possibly
due to age-related loss of function of the inhib-
itory muscarinic M, receptors, which has been
reported in the human heart (88).

The studies on the effect of nasal cooling

on the lower airways are contradictory. Some
investigators have found cooling of the nose
to provoke a slight bronchoconstriction (89-
91). The magnitude of the increase in airway
resistance in response to nasal breathing of
cold air was found to be equal between healthy
subjects, asthmatic subjects and subjects with
COPD (89,92,93). This again highlights the
physiological nature of the reflex responses to
cold air. However, other investigators have not
detected any changes in FEV, in response to
nasal breathing of subfreezing air (20,23). This
discrepancy may reflect different methods to
cool the nose and to measure the bronchocon-
striction. The fact that nasal breathing instead
of oral breathing strongly diminishes cold air
hyperventilation-provoked  bronchoconstric-
tion in asthmatic subjects (23,94) suggests that
the possible nasal cooling-provoked lower-
airway reflex bronchoconstriction is of minor
clinical importance.

Cooling of the oral cavity seems not to
be capable of provoking bronchoconstriction
(89) but cooling of the pharynx and larynx
provokes bronchoconstriction in cats (38). The
larynx is a densely innervated organ and cold-
sensitive receptors have been identified there
(95). Howeyver, the fact that upper-airway local
anesthesia does not attenuate cold air hyper-
pnea-provoked bronchoconstriction in asth-
matic subjects (96) suggests that the possible
laryngeal
reflex bronchoconstriction is of minor clinical

cooling-provoked lower-airway
importance.

It seems that the reflex bronchoconstriction
provoked by facial or upper-airway cooling
is too mild to cause breathing difficulties
in a person with near-normal lung function.
However, for a subject with severely impaired
lung function these responses may be of clin-
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ical significance (86). In subjects with moderate
to severe COPD, an exercise challenge at -20°C
has been shown to provoke more dyspnea than
that at 24°C. This was accompanied by facial
cooling-provoked reflex bronchoconstriction
and significantly lower exercise capacity at a
cold ambient temperature (97).

Animal studies have shown that facial
cooling-provoked bronchoconstriction can be
prevented by atropine and bilateral vagotomy
(98). Human studies have shown that nasal
cooling-provoked bronchoconstriction can
be prevented by inhalation of ipratropium
bromide (93). Thus, these responses are prob-
ably mediated through the vagus nerve and the
muscarinic receptors (98). Therefore, symp-
toms secondary to cold air-provoked reflex
bronchoconstriction may respond to covering
the face and to treatment with inhaled anti-
cholinergic drugs. More studies are needed to
confirm these suggestions.

Conclusions

Cold ambient airis unlikely to be a causal factor
initiating lung diseases but a symptom trigger.
The mechanisms beyond cold air-provoked
respiratory symptoms vary considerably and
mainly depend on the individual susceptibility
and the ventilation level during the cold expo-
sure, Understanding of these mechanisms is
essential for successful management of the
symptoms. In future, the role of the cold air-
provoked reflex lower-airway responses should
be studied in more detail. The mechanisms
of cold air-provoked coughing merit investi-
gation. Also, more studies are needed on the
prevalence, mechanisms and management of
cold air-provoked excessive exercise dyspnea
among subjects with COPD.
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Bronchial asthma is associated with increased risk
of chronic kidney disease

Hui-Ling Huang'?, Shinn-Ying Ho'? Chien-Hsun Li*?, Fang-Ying Chu', Li-Ping Ciou’, Hua-Chin Lee',
Wen-Liang Chen'? and Nian-Sheng Tzeng*

Abstract

Background: Bronchial asthma influences some chronic diseases such as coronary heart disease, diabetes mellitus,
and hypertension, but the impact of asthma on vital diseases such as chronic kidney disease is not yet verified. This
study aims to clarify the association between bronchial asthma and the risk of developing chronic kidney disease.

Methods: The National Health Research Institute provided a database of one million random subjects for the study.
A random sample of 141 064 patients aged =18 years without a history of kidney disease was obtained from the
database. Among them, there were 35 086 with bronchial asthma and 105 258 without asthma matched for sex
and age for a ration of 1:3. After adjusting for confounding risk factors, a Cox proportional hazards model was used
to compare the risk of developing chronic kidney disease during a three-year follow-up period.

Results: Of the subjects with asthma, 2 196 (6.26%) developed chronic kidney disease compared to 4 120 (3.91%)
of the control subjects. Cox proportional hazards regression analysis revealed that subjects with asthma were more
likely to develop chronic kidney disease (hazard ratio [HRI: 1.56; 95% Cl: 148-1.64; p < 0.001). After adjusting for sex,
age, monthly income, urbanization level, geographic region, diabetes mellitus, hypertension, hyperlipidemia, and
steroid use, the HR for asthma patients was 1.40 (95% Cl: 1.33-1.48; p=0.040). There was decreased HRs in steroid
use (HR: 0.56; 95% Cl: 0.62-061; p < 0.001) in the development of chronic kidney disease. Expectorants,
bronchodilators, anti-muscarinic agents, airway smooth muscle relaxants, and leukotriene receptor antagonists may

.

also be beneficial in attenuating the risk of chronic kidney disease.

Conclusions: Patients with bronchial asthma may have increased risk of developing chronic kidney disease. The
use of steroids or non-steroidal drugs in the treatment of asthma may attenuate this risk.

Keywords: Bronchial asthma, Chronic kidney diseases, National Health Insurance Research Dataset

Background

Bronchial asthma is a chronic inflammatory lung disease
with exacerbations, which may be a factor in its morbidity
and mortality. The Global Initiative for Asthma (GINA)
2004 report states that nearly 300 million people suffer
from asthma worldwide [1,2] and asthmatic patients in
Taiwan account for 2.6% [1]. The report also states that
urban living [3] and lower income [1] are risk factors for
asthma and that the environment, regardless of indoor or
outdoor, also impacts on patients with asthma [3].
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“Department of Psychiatry, Tri-Service General Hospital, School of Medicine
and Student Counseling Center, Naticnal Defense Medical Center, #325, Sec 2,
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Bronchial asthma also influences other chronic dis-
eases involving the cardiovascular and carbohydrate
metabolism systems. Patients with asthma have higher
risks of coronary heart disease (CHD) [4], diabetes mel-
litus [5], and hypertension [3], although the impact of
asthma on other vital organs are not yet verified.

Chronic kidney disease (CKD) is a major global problem.
Patients who progress to end-stage renal disease (ESRD)
need dialysis or transplantation, which cause heavy medico-
economic burden. In 2010, there were 651 000 patients
with ESRD in the United States whose care cost around US
$28.3 billion. In Taiwan, there were approximately 11.93%
with CKD, about one eighth for Taiwanese. Recent studies
have found that predictors of CKD include metabolic syn-
drome [6], obesity [7], vascular diseases [8], hyperlipidemia

© 2014 Huang et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (hitps//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http//creativecornmons.org/publicdomain/zero/1.0/} applies to the data made available in this article,

unless otherwise stated.
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[9] and cardiovascular diseases [10], hypertension [11],
diabetes mellitus [11], and heart disease [12] (OR: 1.95
[1.32-2.87]). However, there is no report on the associ-
ation between asthma and kidney diseases.

This study used the Taiwan National Health Insurance
Research Database (NHIRD) to determine the association
of asthma and CKD in a three-year follow-up period
(2003-2007). The National Health Insurance (NHI) Pro-
gram, began in Taiwan in 1995, had enrolled 22 928 190
people as of June 2009, exceeding 99% of the population.
The NHI also has a contract with 97% of the medical
providers in Taiwan [13]. The diagnostic coding used
for the NHI in Taiwan is according to the International
Classification of Diseases, 9th Revision, Clinical Modifi-
cation (ICD-9-CM) diagnostic criteria [14]. Each diagno-
sis of asthma was made by board-certified internists,
clinical immunologists, pulmonologists, or other medical
experts. The Bureau of National Health Insurance ran-
domly reviews the charts of 1 per 100 ambulatory and 1
per 20 in-patient claim cases to verify the accuracy of
the diagnosis [15]. In Taiwan, the diagnosis of CKD fol-
lows the criteria of “Kidney Disease: Improving Global
Outcomes (KDIGO)”. CKD is defined as kidney dam-
age as albumin-to-creatinine ratio >30 mg/g in two of
three spot urine specimens or glomerular filtration rate
(GFR) <60 mL/min/1.73 m? for 3 months or more,
irrespective of the cause [16]. The diagnosis of bron-
chial asthma bases on characteristic clinical history
such as intermittent breathlessness, wheezing, trouble-
some night time cough and chest tightness, aided by
lung function tests in some cases [17,18], which is
similar to criteria of the Global Initiative for Asthma
(GINA) guidelines [19,20].

Methods

Population data

This research used the Longitudinal Health Insurance
Database (LHID) 2005 derived from NHI program [21].
The LHID covered more than 25 million Taiwanese, or ap-
proximately 98% of the citizens [22] who lived in Taiwan
more than four months.

The longitudinal database was a subset of the National
Health Insurance Research Database (NHIRD) and con-
sisted of 1 million Taiwanese enrolled in the database in
2005 [23]. It contained home care visits, ambulatory
care, out-patient care, prescription drugs, and medical
record that was encoded by using the International
Classification of Disease, 9- revision, Clinical Modification
(ICD-9-CM) [24].

The Internal Review Board encrypted the database to
remove any personal identification before the release of
the dataset for public access. In this study, both the
study and control cohorts had no significant difference
in sex and age distribution and were selected randomly
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from LHID2005. Patients aged =218 years old who were
first diagnosed with asthma (ICD-9-CM: 493) between
January 1, 2004 and the end of 2007 were included in
the study cohort and their date of diagnosis was their
index date, The control cohort consists of the patients
having no history of bronchial asthma or CKD from
2000 to 2010. These patients were randomly chosen by
matching the gender and age of the study cohort with a
ratio of 1:3. In addition, the middle date of the same
month with that of the index date in the study cohort
was assigned to the index date of the corresponding pa-
tient in the control cohort.

The patients were followed-up for three years from
the index date until the patient was diagnosed with CKD
(ICD-9-CM: 580, 581, 582, 583, 584, 585, 586, 587, 588,
589, 753, 403, 404, 2504, 2741, 4401, 4421, 4473, 5724,
6421, and 6462) or until the end of 2010. Patients with
missing data were excluded, as well as those with CKD
before asthma. The final study and control cohorts had
35 086 and 105 258 patients, respectively. The follow-up
interval of the subjects and controls for developing
chronic kidney disease during is in a three-year follow-
up period.

The covariates considered included diabetes mellitus
(ICD-9-CM 250, 357.2, 362.0x, and 366.41), hyperten-
sion (ICD-9-CM 362.11, 401.x-405.x, and 437.2), hyper-
lipidemia (ICD-9-CM 272.x), heart disease {ICD-9-CM
410-429 and A codes A270, A279-A281, and A289) and
obesity (ICD codes: 278.00, 278.01, 278.02, 278.03). Data
on intake of steroids, anti-asthma drugs, and other drugs
like expectorants, bronchodilators, anti-muscarinic agents,
and airway smooth muscle relaxants, were collected.

Ethical approval
The Institutional Review Board of Changhua Christian
Hospital approved the study (IRB/CCH, No. 121007).

Statistical analysis

The SPSS software version 19.0 (SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. The chi-square
test was used for the descriptive analyses concerning distri-
bution of population, level of urbanization (ie., provinces,
counties, districts, and urban villages), geography (northern,
central, southern, and eastern), income (<18000, between
18000 and 35000, and 235000), co-morbidities (e.g.,
diabetes, hypertension, hyperlipidemia, and heart disease)
and medications.

Multiple logistic regression analyses were performed
to estimate hazard ratio (HR} and 95% confidence inter-
vals (CIs) of bronchial asthma associated with CKD after
controlling for age, sex, levels of urbanization and in-
come, Statistical significance was set at p < 0.05.
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Results

The asthma subjects (n = 35086) and non-asthmatic con-
trols {n=105258) both had a mean age of 47.72 years
(Table 1). There was no significant difference in distribu-
tions of sex, age, urbanization, geography, and economic
status between the two groups. The patients with asthma
had higher prevalences of diabetes mellitus, hypertension,
hyperlipidemia, heart disease and cbesity compared to the

Table 1 Distribution of sex, age, urbanization, geography,
income, co-morbidity, and medication of individuals with
asthma and without asthma

Characteristic No. (%) of individuals

With asthma Without asthma

n= 35086 n=105258 p value

Age, yr, mean (SD) 4772+£1773 4772+17.73 1
Sex
Male 15460 (44.19) 46380 (44.1%)
Female 19626 (55.9%) 58878 (55.9%)
Age Group 1
18-29 6534 (18.6%) 19602 (18.6%)
30-39 6307 (18.0%) 18521 (18.0%)
40-49 6411 (18.3%) 19233 (18.3%)
50-59 5751 (16.4%) 17253 (16.4%)
260 10083 (28.7%) 30249 (28.7%)
Urbanization <0.05
Provinces 8777 (25.0%) 28167 (26.8%)
Counties 2568 (7.3%) 8464 (8.0%)
Districts 8988 (25.6%) 26504 (25.29)
Urban villages 14753 (42.0%) 42123 (40.0%)
Geography <0.05
North 18559 (52.9%) 52460 (49.8%)
Central 6502 (18.5%) 18653 (17.7%)
South 9151 (26.1%) 31605 (30.0%)
East 874 (2.5%) 2540 (2.4%)
Income <005
<18000 15880 (45.3%) 49785 (47.3%)
18000-35000 14363 (40.9%) 40763 (38.7%)
>35000 4843 (13.8%) 14710 (14.0%)
Co-morbidity
Diabetes 1457 (4.2%) 2811 (2.7%) <0.05
Hypertension 2472 (7.0%) 4467 (4.2%) <0.05
Hyperlipidemia 1629 (4.6%) 2983 (2.8%) <0.05
Heart Disease 2115 (6.0%%) 3152 (3.09%) <0.05
Obesity 81 (0.3%) 105 (0.19%6) <0.05
Medication
Steroids 19720 (56.29%) 24373 (23.2) <0.05
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controls. More than 50% of the asthma patients (n = 19720,
56,2%) used steroids as treatment for asthma,

On Kaplan Meier (KM) survival curve, two years would
have produced significant CKD (p < 0.001) (Figure 1). Thus,
a follow-up time of three years would have been more suit-
able in this study.

Subjects with asthma (2196 in 35086) were more likely
have CKD compared to controls (4125 in 105258) (HR:
1.56, 95% CI: 1.48-1.64; p < 0.001) (Table 2).

After adjusting for sex, age, andco-morbidities, includ-
ing obesity, patients with asthma developed CKD (HR:
1.13 [1.07-1.19], p <0.001) compared to HR before the
adjustments (HR: 1.56 [1.48-1.64], p <0.001) (Table 3).
Male asthma patients were more likely to have CKD
than female asthma patients (HR: 1.16 [1.11-1.22], p<
0.001). Patients with co-morbidities, including diabetes
mellitus (HR: 1.42 [1.33-1.51], p <0.001), hypertension
(HR: 1552 [14.18-16.99], p <0.001), hyperlipidemia (HR =
155 [145-1.65]), p<0.001), and heart disease (HR: 1.86
[1.71-1.98], p < 0.001), had high risks of CKD. Hypertension
was the co-morbidity with the highest risk of developing
CKD. After adjusting for steroid treatment, the adjusted
HR of developing CKD was 140 in asthma subjects.
Patients who used steroids had lower risk of developing
CKD (HR: 0.50 [0.47-0.53], p < 0.001).

Asthma patients taking steroids were compared to pa-
tients not taking steroids {Table 4). In the subgroup with
steroid treatment (n=26236), 1038 (3.96%) developed
CKD in the longitudinal follow-up within three years. In
the subgroup without steroid treatment (n = 8850), 1158
(13.08%) developed CKD in the same follow-up period.
The HR of the steroid treatment subgroup was 0.56
(95% CIL: 0.522-0.61, p <0.001) after adjusting for co-
morbidities of diabetes mellitus, hypertension, hyperlip-
idemia, and heart disease. Steroid treatment attenuated
the risk of developing CKD (HR: 0.56, 95% CI: 0.62-0.61;
p <0.001) after adjusting for co-morbidities (Table 5).

Non-steroidal drugs for treatment of asthma were
grouped into five classes: expectorants, bronchodilators,
anti-muscarinic agents, airway smooth muscle relaxants,
and leukotriene receptor antagonists. After adjusting
for co-morbidities, all of these drugs attenuated the
HRs of developing CKD. Regardless of adjustments for
co-morbidities and steroid use, expectorants and bron-
chodilators attenuated the risk for developing CKD.

Discussion

This prospective case control study analyzed the rela-
tionship between asthma and CKD (HR: 1.56 [1.48-
1.64], p < 0.001) using population-based data (LHID) in
Taiwan. In the dataset, patients first diagnosed with
asthma and without CKD between 2000 and 2003 were
analyzed. The Kaplan-Meier survival curve showed a
time-to-event of two years, such that patients with
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asthma would develop CKD in around two vyears
{p <0.001). As such, a follow-up time of three years
was a sufficient follow-up period for this study.

Most researches report that patients with older age
have increased risk of developing CKD [25]. Moreover,
patients with hypertension [3], heart disease [4], diabetes
[5], hyperlipidemia [9] and obesity [26-28] also have high
risk of CKD. However, after adjusting for sex, age, and
these co-morbidities, subjects with asthma still have sig-
nificant and independent high risk of CKD (HR: 1.13
[1.07-1.19], p < 0.001).

Except for some rare case reports [29,30], there are
very few studies investigating the interactions between
asthma and CKD. To date, this is the first study to show
that asthma patients are prone to developing CKD in

Table 2 Individuals with and without asthma as a
predictor of chronic kidney disease, identified by Cox
regression

Characteristic No. (%) of individuals
With asthma  Without asthma
n=35086 n=105258
With chronic kidney disease 2196 4125
Without chronic kidney disease 32890 101106
Hazard ratic 1.56 (148-1.64)

*p < 0,001 for comparison between patients with asthma and the controls.

comparison to non-asthma patients. Some patients with
exercise-induce asthma seldom exercise [31] and several
researches report that aerobic exercise may improve
CKD [32,33]. Limited exercise may be one of the reasons
for the higher risk of CKD in some types of asthma from
the perspective of health behaviours.

Recently, one study of 2354 asthma patients from a
retrospective cohort in China indicates that there is 9.6%
incidence of CKD in a period of six-year follow-up, in
which the group of persistent asthma has independent,
higher risk of CKD than the non-persistent group. In
addition, patients with three traits together of long his-
tory of asthma>20 years, having no well-controlled
asthma and persistent stage of asthma, have significant
risk as high as OR =3.39 (95% CI 1.36—8.73), compared
to patients without these traits [34]. This study finds an
association between asthma and later CKD using a large
cohort comprising asthma subjects (n = 35086) and non-
asthma controls (N =105258) in a three-year period of
follow-up. Steroid and other medication treatment might
decrease the risk of CKD associated with asthma. The
suggestion of the two studies is similar that the value of
well-controlled asthma is high not only to preserve the
respiratory function but also to benefit other organs.

Furthermore, one common pathophysiology, inflamma-
tion, may provide some preliminary explanations. Recent
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Table 3 Independent predictors of chronic kidney
disease, by Cox regression analysis

Variable Adjusted HR* Adjusted HR**
(95% CI) (95% CI)
Asthma 113 1.07-119F 140 (1.33-148)*
Female reference reference
Male 116 (1.11-1.22)* 1.16(1.10-122)¢
Age group
18-29 reference reference
30-39 151 (030176 152 (131177
40-49 191 (166219 199 (1.73-2.28)°
50-59 202 (176231 214 (1.86-245)
260 208 (183238 223 (196-2.55)°
Co-morbidity
Diabetes 142 (133151 142 (133-152)*
Hypertension 1552 (14.18-1699F  15.24 (13.92-16.68)

Hyperlipidemia 1.55 (1.45-1.65)F 1.53 (143-1.64)

Heart Disease 184 (1.71-198) 192 (178-2.06)
Obesity 1.3 (1.07-1.58)" 1.39 (1.14-1.69)*
Medication

Steroid (used in 56.2% asthma 0.50(047-053)*
subjects)

Note: *p < 0.05 for comparison between patients with asthma and without
asthma; ¥p < 0,001 for comparison between patients with asthma and
without asthma.

HR*, each variable was adjusted for every other variable listed except

for medication.

HR**, each variable was adjusted for every other variable listed.

advances in the study of leucine-rich repeat protein 3
(NLRP3) inflammasome may also provide a potential
link between asthma and CKD. The NLRP3 inflamma-
some contributes to the progression of CKD by pro-
moting renal inflammation [35] and plays a role in the
human rhinovirus-related primary bronchial cell in-
flammation [36].

Table 4 Steroid use in patients with asthma as a predictor
of chronic kidney disease, by Cox regression analysis

Characteristics No. (%) of individuals
With steroid use Without steroid use
n=19720 n= 15366
With chronic kidney 1038 1158
disease
Without chronic kidney 18682 14208
disease
Hazard ratic 0.74 (0.70-078)

0.56 (0.53-0.589)

Note: *p < 0.001 for comparison between patients who used steroids and
those who did not.

Hazard Ratio®, Adjusted for diabetes, hypertension, hyperlipidemia, and
heart disease.

Hazard ratic*

Page 5 of 8

In our study, the recruited subjects with asthma are in
older age as 47.72 + 17.73 years. Several studies showed
that asthma could develop at age after childhood, adoles-
cence or young adult stage, and several genetic factors, air
pollution or obesity could be related to later onset of bron-
chial asthma [37-39]. One study of 504 asthmatic patients
(303 males and 201 females) in Taiwan indicates that 29%
developed asthma at age 25-44 years old, 21% developed
asthma at age 45—65 years old, and 8% developed asthma
beyond age of 64 [40]. The recent study indicates that the
age of onset asthma is 45.4 + 10.4 years, which is also simi-
lar to our study of 47.72 + 17.73 years [34].

Aside from co-morbidities, drugs used in the treat-
ment of asthma also influence the development of
CKD. These include steroids and non-steroidal anti-
asthma drugs. In this study, 56.2% of patients with
asthma take steroids. Steroid use is associated with
lower risk of CKD after adjusting for sex, age, and co-
morbidities. Steroids can decrease inflammatory reac-
tions and are used to treat inflammatory diseases. After
adjusting for steroid use, the HR of asthma increased,
indicating that asthma directly impacts on CKD. This
also supports the hypothesis that chronic inflammation
in asthma patients may be related to the higher risk of
developing CKD. Proper steroid treatment for asthma
may significantly reduce the risk of CKD.

Non-steroidal drugs used for asthma were also ana-
lyzed. In this study cohort, only patients with asthma
were included. Classes of non-steroidal drugs were
expectorants, bronchodilators, anti-muscarinic agents,
airway smooth muscle relaxants, and leukotriene re-
ceptor inhibitors. After adjusting for diabetes, hyper-
tension, hyperlipidemia, and heart disease, all of these
non-steroidal drugs could attenuate the development
of CKD. Nonetheless, regardless of adjustments for co-
morbidities or steroid use, expectorants and bronchodila-
tors can attenuate the risk for CKD. Although leukotriene
receptors have anti-inflammatory properties, they have
low potential of attenuating the risk for CKD [41].
However, the biological mechanisms involved warrant
further investigations.

This study has some limitations. Although the LHID
2005 in Taiwan has benefits in analyzing disease and is
commonly used in research because of its reliability, it
has some limitations. First, the selected data might ex-
clude samples because of missing data, making the
data here incomplete. Second, the diagnostic code is
made by doctors. However, sometimes the code is not
final, especially in ambulatory settings. Third, the
presence of diseases was base on ICD-9-CM. The pre-
cision of this system and its impact on outcome could
not be determined. Furthermore, no information about
cigarette smoking, which is a risk factor of CKD [42], is
available in the NHIRD database. However, we have
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adjusted other metabolic risk factors such as diabetes
mellitus, hypertension, hyperlipidemia, and obesity.

Conclusions

Asthma patients have higher risk of developing CKD.
Although interactions between asthma and CKD are still
unclear, behavioural or biological factors such as limited
exercise, inflammation, and other unknown factors can
contribute to the interactions between asthma and
kidney diseases. Steroids and some non-steroidal anti-
asthma drugs can attenuate this risk and the proper
medical treatment for asthma may be beneficial in redu-
cing the risk of CKD.
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Persistent asthma increases the risk of chronic kidney disease: a
retrospective cohort study of 2354 patients with asthma

LIU Dong-wei, ZHEN Xing-gang, LIANG Yan, JING Xiao-gang, ZHANG Tie-shuan,

ZHANG Guo-jun and LIU Zhang-suo

Keywords: persistent asthma, chronic kidney disease; odds ratios
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Background Chronic kidney disease (CKD) is a growing public health problem with well-established risk factors. Other
contributing factors, however, remain to be identified. Systemic inflammation in asthma plays a significant role in the
development of other diseases. We therefore initiated a study to assess whether the growing prevalence of asthma is
associated with an increase in the risk of CKD.

Methods We conducted a retrospective cohort study using data from 3015 patients with asthma aged 14 years and older
who were registered and followed up in Asthma Control Study at the Department of Respiratory Medicine of three medical
centers from 2005 to 2011. History, asthma control test (ACT), and asthma stage were used to assess the traits of asthma.
CKD was defined as proteinuria and/or reduced estimated glomerular filtration rate (€GFR) (<60 ml-min'-1.73 m®) in two
consecutive follow-up surveys. We used logistic regression models, adjusting for age, sex, and other confounding factor
to determine associations between the traits of asthma and CKD. Kaplan—Meier curves were used to analyze patient
outcomes.

Results A total of 2354 subjects with complete data were recruited for this study with mean age (45.4+10.4) years. After
& years of follow-up, 9.6% (n=227) of the analytic cohort developed proteinuria and 3.1% (n=72) progressed to eGFR <60
ml-min"-1.73 m”. The patients with >20 years asthma history, not well-controlled or persistent asthma patients had higher
incidence of proteinuria and reduced eGFR compared with patients with <20 years asthma history, at least well-controlled
or remission asthma, respectively. The multivariable adjusted OR for proteinuria and reduced eGFR in participants with
persistent asthma was 1.49; (95% confidence interval (C/) 1.17-1.91) and 2.07 (95% C/ 1.34—4.42). Compared to patients
with no asthma traits, there was a significant risk (OR, 3.39; 95% C/ 1.36-8.73) for those who met all three traits, including
asthma history >20 years, not well-controlled and persistent stage, after adjusting for potential confounding factors.
Conclusions In this retrospective cohort study, we found that persistent asthma was associated with an increased risk
of CKD, which was independent of obesity, diabetes, hypertension, and other well-established rigk factors. Future studies

should be directed to elucidate the mechanisms underlying the association between asthma and CKD.

hronic kidney disease (CKD) 1s a growing public health

problem, with an estimated eight million adults in the
US diagnosed with the disease defined as a glomerular
filtration rate (GFR) of less than 60 ml'min™-1.73 m>"? And
studies of population from Europe and Africa with these
GFR levels show an approximate 3% prevalence of CKD.””
In China, approximately 11.3% adults aged 40 years or
older from a community in Beijing and 12.1% adults 20
years or older in Guangzhou city had at least one indicator
of kidney damage.®” The latest studies showed that the
overall prevalence of CKD in Chinese citizen was 10.8%
(10.2%-11.3%).}

The course of CKD is variable. To date, several risk factors
have been identified for the development and progression
of CKD, such as older age, obesity, cigarette smoking,
diabetes, and hypertension.*® However, CKD research is a
relatively recent field, with most of the significant findings
published within the past ten years. Therefore, in addition
to well-known risk factors, there might be other previously
underestimated or unrecognized risk factors not yet
discovered.

Chin Med J 2013;126 (21): 4093-4099

A growing number of studies over the last two decades
have shown that airway inflammation and obstruction
is an important contributor to other common causes of
morbidity and mortality. Patients with chronic obstructive
pulmonary disease (COPD) are more than two times at
risk for cardiovascular mortality.”" A recent study showed
that both moderate and severe COPD were independently
associated with an increased risk of long-term mortality
in patients with CKD." Another study confirmed that
Microalbuminuria can be seen in patients with COPD."* A
key mechanism underlying this association is the extended
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inflammation that accompanies COPD, Growing asthma,"*"*
which is another type of airway inflammation, is also
characterized by an abnormal inflammatory response of
the lungs to noxious or sensitized particles and gases.
Consequently, we speculate that asthma might be also
associated with CKD. Moreover, we hypothesized that poor
control and persistence of asthma would be two critical
factors, and that the association would be independent of
diabetes, hypertension, and other confounding factors.
Therefore, we conducted this retrospective study in a large
representative sample from multicenter to investigate
whether asthma increases the risk of CKD.

METHODS

Study design

We used a retrospective cohort study design using data from
medical records of Asthma Control Study at the Department
of Respiratory Medicine from two medical centers. We
included data from the records of all patients aged 14 years
and older on Jan. 1, 2005, and we followed patients till
December 31, 2011. The protocol was approved by the
ethical committee of Zhengzhou University. Informed and
written consent was obtained from all participants.

Study cohort

The cohort included all people who visited a doctor of
respiratory medicine in the Department of Respiratory
Medicine, the First and Second Affiliated Hospital of
Zhengzhou University from January 1, 2005 to December
31, 2011. The date of the first visit to an ophthalmologist
was designated as the date of entry to the cohort. Original
cohort included 3015 patients with physician-diagnosed
asthma. We included people who had at least one year
of information about asthma control and records of renal
function. Patients were excluded from the study population
if they had a past or present history of CKD, sericus cardiac
or lung function injury at baseline (#=146), were missing
data (n=67), or failed to complete the follow-up surveys,
including a follow-up that had occurred at least 6 years
later and/or once every three months (#—=448). After these
exclusions, a total of 2354 participants (aged 14-79 years
old) were selected.

Data sources

All subjects had medical records of Asthma Control
Study from a questionnaire at the start of the study, and
then completed a similar survey at the follow-up. The
questionnaire covered socio-demographic status (e.g. age,
sex), personal and family health history (e.g. hypertension,
diabetes, and kidney disease) and lifestyle behavior (e.g.
smoking). Personal smoking habits were assessed by
an initial question to all participants: “Do you smoke?”
Two follow-up questions were then directed to only the
smokers: “How often do you smoke?” and “How much do
you smoke?” Those who answered “Smoking on weekends
or at parties” were categorized as occasional smokers,
while those who answered “Daily” or “Almost daily” were
classified as daily smokers. Asthma was determined based

on the response to the question “Has a doctor ever told
you that you had ast hma?” In this analysis, two special
variables, the asthma control test (ACT) and asthma
staging, were used. The ACT consisted of five items; for
each item, five options were provided that pertained to
asthma control during the 4 weeks prior to the study. Each
item was scored according to a 3-point scale, and the item
scores were totaled, with higher total scores indicating
better asthma control. Well-controlled asthma was defined
as an ACT score of >20, and asthma that was not well-
controlled was defined as an ACT score of <19." The stage
of asthma contained the persistent and clinical remission
period based on the combined assessments of symptoms
and lung function. Anthropometric measurements were
obtained using standard protocols and techniques.

The databases also contain other records about
anthropometric and biochemical measurements, such as
Blood pressure (BP), body weight and height, routine
urine, serum creatinine (Scr), plasma ghicose levels, etc.
BP was measured according to the guidelines presented
in the Seventh Report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of
High Blood pressure (JNC VII)." Three readings were
taken at 5 min intervals. The mean of the three readings
was calculated (unless the difference between the readings
was >10 mmHg, in which case the mean of the two closest
measurements was used). Hypertension was defined as
systolic BP >140 mmHg or diastolic BP >90 mmHg, or use
of anti-hypertensive medication in the previous 2 weeks
irrespective of BP, or self-reported diagnosis of high BP
and use of anti-hypertensive medication. Body weight and
height were measured in light clothes without footwear on
a dedicated calibrated scale and stand-alone stadiometer.
Body mass index (BMI) was calculated as weight (in
kilograms) divided by height squared (in square meters).
BMI scores were defined as obese (BMI >30 kg/m®) or
non-obese (BMI <30 kg/m?), according to the criteria of
the current international classification. The results of the
routine urinalysis were interpreted by well-trained medical
personnel and were recorded as (—), (£), (1+), (2+), (3+),
and (4+). Scr was measured in a fasting blood sample
taken in the morning by means of an enzymatic method
on a Hitachi 7170 autoanalyzer (Hitachi, Tokyo, Japan).
Plasma glucose levels were measured enzymatically
through a glucose oxidase method using the Hitachi 7170
autoanalyzer (Hitachi, Tokyo, Japan).

Outcomes

CKD was defined as proteinuria and/or reduced eGFR (<60
ml'min”-1.73 m”~) in two consecutive follow-up surveys.
Because of poor discrimination between negative and trace-
positive dipstick readings, protein levels of (—) or () or
were regarded as normal. Proteinuria was defined as the
presence of =1+ protein (equivalent to >30 mg/dl). The
estimated GFR (eGFR) was calculated using the MDRD
equation,’' which was modified for data from Chinese CKD
patients as follows: eGFR (ml-min”-1.73 m™) = 175xScr
(mg/dly"** < age (year)*'” x (female < 0.79).
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Statistical analysis

EpiData version 3.0 was used for data entry and
management. Data are presented as mean + standard
error (SE) for continuous variables and as proportions for
categorical variables. Differences between subjects were
analyzed by ¥’ tests for categorical data. To assess the effect
of asthma history (<20 years or >20 years), asthma control
index (at least well-controlled or not well-controlled),
asthma stage (persistent or remission) on incidence of
proteinuria, we used Kaplan-Meier plot and log-rank test.
Survival analyses were also made using the Kaplan—Meier
survival curve and the log-rank test model. Renal survival
was determined from the baseline examination, the endpoint
was defined as eGFR <60 ml-min*-1.73 m™. Logistic
regression was used to determine the odds ratio (OR) for
protein as a function of the asthma. First, we conducted
unadjusted analyses using asthma history (<20 years or >20
years), asthma control index (at least well-controlled or not
well-controlled), or asthma stage (persistent or remission),
as the independent variable, respectively. In multivariable
models, we justed potentially confounding factors, such as
age, gender, hypertension, diabetes, hypertension, diabetes,
BMI, obesity and personal smoking habits. The results
were presented as OR and 95% C/. The OR for eGFR
was evaluated by similar procedures. All analyses were

Incidence of CKD

The 227 patients of the analytic cohort developed
proteinuria during the follow-up, 53 in the asthma history
<20 years group and 174 in the asthma history >20 years
group, 137 in the at least well-controlled group and 90
in the not well-controlled group, and 56 in the persistent
group and 171 in remission group base on asthma history,
control and stage (Figure 1). In patients with asthma
history 20 years, the incidence of proteinuria was higher
compared to subjects with asthma history <20 years (Log
rank, P=0.020). Meanwhile, the not well-controlled and
persistent asthma patients also had higher incidence of
proteinuria compared with patients with at least well-
controlled and remission asthma (Log rank, P<0.0001
and P=0.001, respectively). At the end of follow-up, the
prevalence of proteinuria was 9.7%. The proportion of the
patients who developed proteinuria was different between
patients with asthma history <20 years and >20 years (7.5%
versus 10.6%, £=0.019, Figure 2). And we also found that
the higher proportion of patients with not well-controlled
and persistent asthma developed proteinuria compared
with patients with at least well-controlled and remission
asthma (12.9% versus 8.3%, P=0.001; 13.8% versus 8.8%,
P=0.002, respectively).

Table 1. Baseline characteristics of the study population

performed using SPSS version 13.0 (SPSS Inc, USA). liems Values (=2354)
A P value <0.05 was considered statistically significant ~ Female &2 (o)) 1510 (64.2)
differences Age (years) 4536+10.43
: Systolic blood pressure (mmHg) 122.17£17.54
Diastolic blood pressure (mmHg) 79.044+10.01
RESULTS Asthma control test (points) 23.86+2,01
Body mass index (kg/m*) 25.97+3.44
. . e Serum creatinine (umol/L) 70.12+14.93
Patient characterls.tlcs ) ) Fasting blood glucose (mmol/L) 5.31+1.07
A total of 2354 subjects with complete data were recruited Occasional smokers (7 (%)) 359 (15.3)
for this study. The mean age of the study participants was Daily smokers (1 (%)) 187 (7.9)
(45.4+10.4) years; of the 2354 subjects, 1510 (64.2%)  Obsss (2 (%) 916 (38.9)
femal d 844 0 le. The baseli Hypertension (2 (%)) 362 (15.4)
were female, an 844 (35.8 A;)_ were male. _T e baseline 1oy oa 126 (5.4)
characteristics of the study participants are listed in Table Asthma history (7 (%))
1. Hypertension, diabetes, and obesity were observed in <20 years 710 (30.2)
19.6%, 5.4% and 38.9% of subjects, respectively. Those 20 years 1644 (69.8)
subjects received treatment with glucocorticoid more ASﬂj‘i“i‘ °°“'I°1H(” (%))11 . 1636 (703
. . . P t least well-controlle E
frequently; every patient once received gltlcocortlcmd Notwellcontralled 698.(29.7)
treatment more or less. However, nearly 30% of asthma .14 stage (n (%))
patients in the population were not well-controlled, and Persistent 407 (17.3)
19.3% showed persistent asthma. Remission 1947 (82.7)
A 20r B 20r C
Log Rank P=0.020 Log Rank P <0.0001 20
I5F 15 F _r1Atleast well-controlled asthma Log Rank P=0.001

Asthma history < 20 years
-1 Asthma history > 20 years

Incidence of proteinuria (%o)
Incidence of proteinuria (%o)

-rNot well-controlled asthma

[ -mPersistent stage
Remission stage

Incidence of proteinuria (%o)
=
T

0 6 12 18 24 30 36 42 48 54 60 66 72 0
Follow-up (months)

6 12 18 24 30 36 42 48 54 60 66 72 0
Follow-up (months)

6 12 18 24 30 36 42 48 54 60 66 72
Follow-up (months)

Figure 1. Incidence of proteinuria during the follow-up according to asthma history (A), control (B) and stage (C).
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Figure 2. Prevalence of proteinuria according to asthma history,
control and stage. For history: gray represents <20 years, black
represents >20 years; for control: gray represents at least well-
controlled, black represents not well-controlled; for stage: gray
represents remission, black represents persistent.

A total of 3.1% (%=72) of the analytic cohort had
progressed to eGFR <60 ml-min"+1.73 m” after 6 years of
follow-up. The renal survival during the fllow-up according
to asthma history, control and stage were shown in Figure
3. Compared with patients with at least well-controlled
asthma, patients with asthma that was not well-controlled
had a significantly higher prevalence of reduced eGFR
(4.6% versus 2.4%, P=0.005, Figure 4). The prevalence of
reduced eGFR also differed significantly between groups
that were classified by history of asthma (3.7% versus
1.7%, P=0.011) and stage (5.2% versus 2.6%, £=0.007).

Risk for CKD

In unadjusted analyses, the risk for proteinuria and reduced
eGFR associated with asthma history, such that those
whose asthma history >20 years had a slightly greater risk

P=0.007

5+ P=0.005

P=0.011
|

Prevalence of reduced eGFR (%)
‘wd

Asthma control
Groups

Asthma history Asthma stage

Figure 4. Prevalence of reduced eGFR according to asthma
history, control and stage. For history: gray represents <20 years,
black represents >20 years; for control: gray represents at least
well-controlled, black represents not well-controlled; for stage:
gray represents remission, black represents persistent.

for proteinuria and reduced eGFR compared with those
whose asthma history <20 years (OR, 1.47; 95% C/ 1.07-
2.02 and OR, 2.20; 95% C/ 1.18—4.12). However, the risk
varied modestly by confounding factor (Table 2). We also
found that not well-controlled and persistent stage were
associated with a significantly increased risk for proteinuria
(OR, 1.64; 95% C1 1.24-2.18; OR, 1.66; 95% (I 1.20-2.29,
respectively). And the risk did not substantially differ by
age, gender, hypertension, diabetes, hypertension, diabetes,
BML, cbesity and personal smoking habits. The increased
risk for reduced eGFR was observed among individuals
with persistent stage asthma (OR, 3.12; 95% C7 1.51-6.44)
in unadjusted analyses. After adjustment for demographic
factors and additional adjustment for ypertension, diabetes,

- B 1.00 C
1.00 - 1.00
S v 2 5
S = 5098 g
£ G081 og Rank P-0.012 Z 877°[Log Rank P=0.005 £ % gosl
E _é e o -3 z ; Log Rank P=0.007
g B0k Asthma history <20 years Z 20961 N Atleast well-controlled asthma ERPY )
£ 3 Asthma history >20 years = Not we o z 2 096F Persistent stage
£ 3 3 0 ot well-controlled asthma ol L
g = 1] ) =2 -1 Remission stage
oo4l v v 0oy e S S S S S S S S I B ) N
0 6 12 18 24 30 36 42 48 54 G0 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72 0 6 12 18 24 30 36 42 48 54 60 66 72
Follow-up (months) Follow-up (months) Follow-up (months)
Figure 3. Renal survival during the fllow-up according to asthma history (A), control (B) and stage (C).
Table 2. OR for CKD by history, control and stage of asthma (OR (95% CI))
Tt Proteinuria Reduced eGFR
SN " - — : T
Unadjusted Multivariable adjusted Unadjusted Multivariable adjusted
Asthma history
<20 years 1.00 1.00 1.00 1.00
> 20 years 1.47 (1.07-2.02) 1.19 (0.80-1.95) 2.20(1.184.12) 1.46 (0.85-2.68)
Asthma control
At least well-controlled 1.00 1.00 1.00 1.00
Not well-controlled 1.64(1.24-2.18) 1.39 (1.14-1.67) 1.94 (1.20-3.61) 1.50 (0.90-5.11)
Asthma stage
Remission 1.00 1.00 1.00 1.00
Persistent 1.66 (1.20-2.29) 1.49 (1.17-1.91) 3.12(1.51-6.44) 2.07(1.344.42)

" Adjusted for age, gender, hypertension, diabetes, hypertension, diabetes, BMI, obesity and personal smoking habits.
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hypertension, diabetes, BMI, cbesity and personal smaoking
habits, the increased risk for reduced eGFR (OR, 2.07; 95%
(7 1.34-4.42) remained significant.

We then assessed whether the association between asthma
and CKD was related to the number of asthma traits,
including asthma history >20 years, not well-controlled
and persistent stage. Relative to those with no asthma traits,
there was a significant risk for those who exhibited all three
traits, with a more than three-fold increased risk for CKD
(OR, 3.39; 95% CT 1.36-8.73) after adjustment for potential

confounding factors.
DISCUSSION

In this study, we demonstrated that persistent asthma was
associated with an increased risk for CKD, which is defined
as proteinuria and/or eGFR <60 ml'min"-1.73 m®. The risk
was independent of potential confounding factors, such
as age, gender, hypertension, diabetes, BMI, and personal
smoking habits. Moreover, the increased risk for CKD
was associated with an increased number of asthma traits,
even after adjusting for demographic factors and additional
adjustment.

In this study, the overall prevalence of CKD (12.0%) was
lower than that detected in Chinese from Beijing and
Guangzhou.’ The best explanation might be that isolated
haematuria in this population was not considered as a
diagnostic criteria of CKD. However, the prevalence of
proteinuria and reduced eGFR in the present study was
modestly higher compared to other surveys among general
population from China. We found a 9.7% prevalence of
proteinuria among patients with asthma, which is very
close to the levels (9.4%) reported by Zhang et al, ® but
higher than that observed in northern Chinese from Beijing
(6.2%)° and adult population from southern China (6.6%,
95% CI 5.5%—7.6%).” The prevalence of reduced eGFR
in the present study was estimated to be 3.1%, which
was higher than that among general population reported
in previous epidemiological investigation. In 2007,
Zhang et al® reported that 1.7% of adults aged 40 years
or older from a community in Beijing had eGFR values
<60 ml-min”'-1.73 m”. Chen et al’ reported that 2.53%
of Chinese adults aged 35-74 years had reduced renal
function in a national representative population. In a latest
survey of 47 204 Chinese adults, the adjusted prevalence
of eGFR less than 60 ml'min”-1.73 m” was 1.7% (95%
CT 1.5-1.9) which was published in lancet.® Moreover,
our study provides new and important information about
the relationship between the persistent asthma and risk
for proteinuria (OR 1.49; 95% C7 1.17-1.91) and reduced
eGFR (OR 2.07; 95% CI 1.34—4.42) in a representative
sample of the asthma patients. One explanation might be
that our definition of proteinuria was slightly different
to previous study. Another possible explanation of our
findings might be heterogeneity of research objects. Our
population was composed by patients with asthma, all cases
were strictly selected by diagnosis standard, exclusion and

inclusion criteria, They have own unique characteristics and
particular features, especially, the systemic inflammatory
state.

Asthma has been generally considered to be a type of
chronic airway inflammation, and pre-inflammatory
cytokines have been shown to play a central role in the
pathogenesis of asthma.'®* However, the inflammation is not
only restricted to the lungs, but also extends systemically.
Two studies have shown increased levels of biomarkers
of systemic inflammation (CRP and interleukin-6) in
asthmatic groups.'”* This systemic inflammation could
have a significant effect on initiating and aggravating other
disease processes, including kidney disease,'®" in which
the cytokines and inflammatory mediators associated with
asthma play a modifying role in renal disease. For example,
interleukin-6 has the potential to modulate T-helper 2
(Th2) immunity in asthma,” which is also independently
associated with kidney dysfunction in participants 65 years
of age and older, as reported in the Cardiovascular Health
Study.” Tumor necrosis factor-o, (TNF-a), a mediator of the
acute phase reaction of the early inflammatory response,
is considered to be a multifunctional cytokine involved
in airway inflammation® and also increases airway
contractility in asthma.* In the kidney, TNF-0. contributes
to the chronic inflammation that often precedes interstitial
matrix deposition and is also implicated in obstruction-
induced renal injury.” Serum levels of TNF-o have been
shown to be elevated in patients with chronic kidney failure,
with a general increase with declining renal function.” A
recent study suggested that TNF-a inhibition could reduce
renal injury in DOCA-salt hypertensive rats.” Likewise.
leptin levels are elevated during asthma, and also increased
in patients with end-stage renal disease, suggesting that
this factor may be relevant to systemic inflammation.”*
In our study, approximately one-third of patients reported
asthma as not well-controlled, and more than 17% showed
severe persistent asthma. Poorly controlled and persistent
asthma are inevitably accompanied by high-grade systemic
inflammation, which might exacerbate the development of
kidney disease. Although the not well-controlled asthma
was not found to be a significant risk factor for CKD, it still
had the potential to contribute to increased risk for CKD
based on the analysis assessing the association between the
number of asthma traits and CKD.

The high prevalence of hypertension, diabetes, and obesity
in this study group, which are proven risk factors for CKD,
may play a moderate role in the morbidity of CKD.**In
particular, obesity is a modifiable risk factor for many
chronic diseases, including cardiovascular disease, diabetes
mellitus, osteoporosis, asthma, and CKD. The association
between obesity and a higher prevalence of asthma has
previously been suggested in a number of studies. **** A
recent study demonstrated that obesity is one of risk factors
for difficult-to-treat asthma.”® In CKD, obesity is a key
risk factor and is implicated in the development of focal
segmental glomerulosclerosis and glomerulomegaly.”™

-64 -



4098

ChinMedJ 2013;126 (21)

Inflammation and oxidative stress were two key risks in
obesity-related glomerulopathy.

In addition, hyperventilation, hypoxemia, blood sticks
consistency heighten and acidosis caused by acute
exacerbation and severe persistent of asthma tend to
result in kidney damage.’” The potential mechanism
underlying these processes could be an effect on renal
capillary permeability due to inflammatory mediators,
such as TNF-a and interleukins. Several studies have
reported microalbuminuria associated with hypoxia in
normal subjects and COPD patients.”™** In vitro studies
have shown a relationship between glomerular size and a
decrease in arterial PaO,.*

There were several limitations as seen with retrospective
studies. First, not all data about albuminuria test and dose of
anti-asthma drugs were available. So, proteinuria had to be
defined as the presence of >1+ protein in routine urianlysis.
And we could not examine the relationship between anti-
asthma drugs and CKD, especially, the association between
glucocorticoid and CKD. Second, because of the nature
of the data, we could not verify every case of asthma,
Although all the cases were diagnosed by a doctor of
respiratory medicine, the possibility of misclassification
still exists. In addition, Data on markers of inflammation
were not available. Hence, the proposed mechanism that
inflammation might be the underlying link between asthma
and CKD could not be examined.

In conclusion, we found that persistence of asthma was
associated with an increased risk for CKD in this study,
which was independent of obesity, diabetes, hypertension,
and other confounding factors. The associated inflammation
that occurs in asthma could be a responsible factor in the
increased rate in kidney disease. Future studies should
be directed to elucidate the mechanisms underlying the
association between asthma and CKD as well as investigate
the implication that improvement of asthma control may
reduce the risk for CKD. These findings have important
clinical and public health implications because the asthma
and CKD is common in China.
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»There are two major clinical presentations of IgA nephropathy: gross
hematuria, often recurrent, following shortly after an upper respiratory
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infection or athletic exertion; and persistent asymptomatic microscopic
hematuria with or without mild to moderate proteinuria (5]. The diagnosis
requires a kidney biopsy, which, as described below, often provides
prognostic information.”
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»Two common presentations of patients with IgA nephropathy are
episodic gross hematuria and persistent microscopic hematuria.
Recurrent macroscopic hematuria, usually associated with an upper
respiratory tract infection, or, less often, gastroenteritis is the most
frequent clinical presentation and is observed in 40-50% of presenting
patients.”
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Scientists think that IgA nephropathy is an autoimmune kidney disease,

meaning that the disease is due to the body’s immune system harming the
kidneys.
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People with IgA nephropathy have an increased blood level of IgA that
contains less of a special sugar, galactose, than normal. This galactose-
deficient IgA is considered “foreign” by other antibodies circulating in the
blood. As a result, these other antibodies attach to the galactose-deficient
IgA and form a clump. This clump is also called an immune complex. Some
of the clumps become stuck in the glomerulus of the nephron and cause
inflammation and damage.

For some people, IgA nephropathy runs in families. Scientists have recently
found several genetic markers that may play a role in the development of
the disease. IgA nephropathy may also be related to respiratory or intestinal
infections and the immune system’s response to these infections

https: /7www.niddk.nih.gov/health-information/kidney-diseasesiga-
nephropathy
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The classic presentation (in 40—50% of the cases) is episodic hematuria,
which usually starts within a day or two of a non-specific upper respiratory
tract infection (hence synpharyngitic), as opposed to post-streptococcal
glomerulonephritis, which occurs some time (weeks) after initial infection
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Question: I have IgA Nephropathy. I have noticed whenever I seem to have
a flare up, my asthma gets worse. I am just wondering if they are actually
connected.

Answer: Asthma is a chronic lung disease that inflames and narrows the
airways. Many factors can trigger asthma, one of which is respiratory
infections. IgA Nephropathy is an autoimmune disease, which can causes
IgA immune complexes depositing in the kidneys. It usually flares up when
you have respiratory infections as well. Then, you know the connection
between IgA Nephropathy and asthma. Both of them can be induced by
respiratory infections. That is why when you have a flare up of IgA
Nephropathy, you asthma gets worse.
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» Asbestos-related diseases are disorders of the lung and pleura caused by
the inhalation of asbestos fibres. Asbestos-related diseases include non-
malignant disorders such as asbestosis (pulmonary fibrosis due to asbestos},
diffuse pleural thickening, pleural plaques, pleural effusion,

rounded atelectasis and malignancies such as lung cancer and

malignant mesothelioma.

People who worked in jobs with high asbestos dust exposure are at the
highest risk of developing asbestos-related disease. However, exposure to
asbestos may also occur in the worker’s home due to dust that has
accumulated on the worker’s clothing (para-occupational exposure).
Asbestos-related diseases can also occur as a result of non-occupational,
environmental exposure. Asbestos was extensively used in many building
materials, therefore large quantities of asbestos still remain in buildings that
were built prior to the restriction of asbestos use that applies in many
countries. The weathering and aging of such buildings may cause asbestos
fragments to be released in the air and create a potential hazard. Anyone who
disturbs the asbestos-containing material during home maintenance and
renovation can be affected,™ although the exact risks are difficult to

quantify.”
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Asthma triggers

Exposure to various irritants and substances that trigger allergies (allergens)
can trigger signs and symptoms of asthma. Asthma triggers are different from
person to person and can include:

. Airborne substances, such as pollen, dust mites, mold spores, pet
dander or particles of cockroach waste

. Respiratory infections, such as the common cold

. Physical activity (exercise-induced asthma)

. Cold air

. Air pollutants and irritants, such as smoke
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. Certain medications, including beta blockers, aspirin, ibuprofen
(Advil, Motrin 1B, others) and naproxen (Aleve)

. Strong emotions and stress

. Sulfites and preservatives added to some types of foods and
beverages, including shrimp, dried fruit, processed potatoes, beer and
wine :

. Gastroesophageal reflux disease (GERD), a condition in which

stomach acids back up into your throat
http: //7www.mayoclinic.org/diseases-conditions/asthmasbasics/causes/con-
20026992
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Tab. Predison 5 mg x 1/day
Tab. Myfortic (Mycophenolate mofetyl) 360 mg x2 /day
Tab. Certican (Everolimus) 0.75 mg x4/day
Tab. Losec (Omeprazol) 20 mg x2/day
Tab. Crestor 40 mgx1/day
Tab. Vasodip (Lercandipin) 10 mg x2/day
Tab. Cardiloc 10 mg x2/day
Tab. Normopressan 0.15 mg x2/day
Tab. Tritace (Ramipril) 5 mg x2/day
Tab. Inspra 25 mg x1/day
Tab. Glucophage (Metformin) 850 mg x2/day
Tab. Aspirin (Acetyl salicylic acid) 100 mg/day
Tab. Coumadin 90mg/week
Tab. Ezetrol 10mg x1/day
Inhal Budicort 200 mcg x2/day
Inhal Ventolin x2/day
S.C. saxenda 3mg x1/day
Tab. fusid x1/day
Tab. Folic Acid 5mg x1/day
Drop Vit D 2000U x4/day

-NANax
KIDNEY REPLACED BY TRANSPLANT (2009)
HYPERTENSION

ISCHEMIC HEART DISEASE, S/P INFERIOR WALL Ml (2011)

S/P PTCA AND STENT TO CIRCUMFLEX, HEART FAILURE, EF 35- 40%
DIABETES MELLITUS

APLA 07/11/2011

RIGHT RETINAL HEMORRHAGE (01/2016)

OBESITY
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1. Liver Cirrhosis

2. Celiac disease

3. HIV

4. Ankylosing spondylitis),

5. Small-cell carcinoma

6. Lymphoma (Hodgkin's lymphoma and T-cell lymphomas)

7. mycosis fungoides

8. Disseminated tuberculosis,

9. Bronchiolitis obliterans,

10. Inflammatory bowel disease (Crohn's disease and ulcerative colitis)

(popva owamn®24-26 orminy ¢ Eticlogy n7nn7 NMWON DA [T 7192.2

ETIOLOGY — The etiology of laA nephropathy is unknown in the great majority of
cases. The possibility that infections contribute to the underlying pathogenesis of this
disorder has been explored, as have genetic associations.

It has also heen suggested that igA nephropathy results from hypersensitivity to food
antigens, in view of its association with celiac disease. There is, however, no
evidence for widespread hypersensitivity to food antigens in IgA nephropathy [86].
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Cytomegalovirus, Hemophilus Parainfluenzae, Staphylococcus 0N a'7nnn.1
aureus (S. aureus), and Toxoplasmosis have been implicated.
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INTRODUCTION

IgA nephropathy is the most common cause of primary (idiopathic) glomerulonephritis in the developed world [1-8].
Although this disorder was initially thought to follow a benign course, it is now recognized that slow progression to
end-stage renal disease occurs in up to 50 percent of affected patients [7], often over 20 to 25 years of
observation. The remaining patients enter a sustained clinical remission or have persistent low-grade hematuria
and/or proteinuria. Although the prognosis may be difficuit to predict in some individuals, important risk factors for
progressive renal disease have been identified. (See 'Clinical predictors of progression’ below.)

There are two major clinical presentations of IgA nephropathy: gross hematuria, often recurrent, following shortly
after an upper respiratory infection or athletic exertion; and persistent asymptomatic microscopic hematuria with or
without mild to moderate proteinuria [5]. The diagnosis requires a kidney biopsy, which, as described below, often

provides prognostic information. (See “Clinical presentation and diagnosis of IgA nephropathy” and 'Histologic
predictors of progression' below.)

The renal prognosis and treatment of IgA nephropathy will be reviewed here. The pathogenesis of IgA nephropathy
and the outcomes in patients who undergo renal transplantation are discussed separately. (See "Pathogenssis of

lgA nephropathy” and "lgA nephropathy: Recurrence after transplantation”.)

RENAL PROGNOSIS

Patients with IgA nephropathy who have little or no proteinuria (less than 500 to 1000 mg/day) usually have a low
risk of progression. However, progressive proteinuria and renal insufficiency develop in a substantial proportion of
patients over the long term [7-12]. Among patients who develop overt proteinuria and/or an elevated serum
creatinine concentration, progression to end-stage renal disease is approximately 15 to 25 percent at 10 years and
20 to 30 percent at 20 years [3,4,11-14].

The rate of progression is typically slow with the glomerular filtration rate (GFR) often falling by as little as 1 to 3
mL/min per year, a change not associated with an elevation in the serum creatinine concentration in the short term.
Thus, a stable and normal serum creatinine concentration does not necessarily indicate stable disease. The
frequency with which this occurs has been evaluated in studies in which repeat renal biopsy was used to assess
the frequency of progressive disease [15,16]. In one report, repeat renal biopsies were performed at five years in 73
patients with persistent proteinuria and a normal or near-normal initial serum creatinine [15]. Histologic improvement
occurred in only 4 percent, with 41 percent remaining stable and 55 percent showing progressive glomerular and
secondary vascular and tubulointerstitial injury. An increase in serum creatinine to more than 1.5 mg/dL (133
micromol/L) was associated with major pathologic lesions.
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PRESENTATION

'~ History

Two common presentations of patients with IgA nephropathy are episodic gross hematuria and
persistent microscopic hematuria. Recurrent macroscopic hematuria, usually associated with an
upper respiratory tract infection, or, less often, gastroenteritis is the most frequent clinical
presentation and is observed in 40-50% of presenting patients. In 30-40% of patients, the disease
is asymptomatic, with erythrocytes (RBCs), RBC casts, and proteinuria discovered on urinalysis.
Patients with IgA nephropathy can also present with acute kidney injury or chronic kidney disease.

Gross hematuria
Many patients present with episodes of recurrent macroscopic hematuria, as follows:

 Eighty percent of these episodes are associated with upper respiratory tract infections,
mainly acute pharyngotonsillitis; this synchronous association of pharyngitis and macroscopic @
hematuria has been dubbed synpharyngitic nephritis
» Gross hematuria usually appears simultaneously or within the first 48-72 hours after the
infection begins; persists less than 3 days; and, in about a third of patients, is accompanied
by loin pain, presumably due to renal capsular swelling
» Urine is usually brown rather than red, and clots are unusual

Episodes of gross hematuria in IgA nephropathy have been associated with a variety of other
infections, as follows:

Urinary tract infections
Pneumonia

Staphylococcal sepsis
Staphylococcal osteomyelitis
Acute gastroenteritis
Influenza

Infectious mononucleosis

Gross hematuria has also occurred after the following:

» Tonsillectomy

« Vaccinations

» Strenuous physical exercise
e Trauma

Episodic, grossly visible hematuria is a more common presentation in younger people, whereas
that of abnormal urine sediment is more frequent in older individuals. Between episodes of gross
hematuria, many patients have persistent microhematuria, proteinuria, or both.

http://femedicine.medscape.com/article/239927-clinical L 1 0 4 . 1M
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IgA Nephropathy
What is immunoglobulin A (IgA) nephropathy?

IgA nephropathy, also known as Berger’s disease, is a kidney disease that occurs when IgA
deposits build up in the kidneys, causing inflammation that damages kidney tissues. IgA is
an antibody—a protein made by the immune system to protect the body from foreign
substances such as bacteria or viruses. Most people with IgA nephropathy receive care from a
nephrologist, a doctor who specializes in treating people with kidney disease.

How does IgA nephropathy affect the kidneys?

IgA nephropathy affects the kidneys by attacking the glomeruli. The glomeruli are sets of
looping blood vessels in nephrons—the tiny working units of the kidneys that filter wastes
and remove extra fluid from the blood. The buildup of IgA deposits inflames and damages the
glomeruli, causing the kidneys to leak blood and protein into the urine. The damage may lead
to scarring of the nephrons that progresses slowly over many years. Eventually, IgA
nephropathy can lead to end-stage kidney disease, sometimes called ESRD, which means the
kidneys no longer work well enough to keep a person healthy. When a person’s kidneys fail,
he or she needs a transplant or blood-filtering treatments called dialysis.

More information is provided in the NIDDK health topic, Glomerular Diseases Overview.

Wastes {(uring)
s %m bladder

https /Awww niddk.nih.gov/health-information/kidney-disease/iga-nephropatt 1 0 6
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The glomeruli are sets of looping blood

vessels in nephrons—the tiny working units
of the kidneys that filter wastes and remove
extra fluid from the blood.

What causes IgA nephropathy?

Scientists think that IgA nephropathy is an autoimmune kidney disease, meaning that the

disease is due to the body’s immune system harming the kidneys.

People with IgA nephropathy have an increased blood level of IgA that contains less of a
special sugar, galactose, than normal. This galactose-deficient IgA is considered “foreign” by
other antibodies circulating in the blood. As a result, these other antibodies attach to the

galactose-deficient IgA and form a clump. This clump is also called an immune complex.
Some of the clumps become stuck in the glomerulus of the nephron and cause inflammation

and damage.

For some people, IgA nephropathy runs in families. Scientists have recently found several
genetic markers that may play a role in the development of the disease. IgA nephropathy may
also be related to respiratory or intestinal infections and the immune system’s response to

these infections.

How common is IgA nephropathy and who is more likely

to get the disease?

IgA nephropathy is one of the most common kidney diseases, other than those caused by

diabetes or high blood pressure.!

IgA nephropathy can occur at any age, although the first evidence of kidney disease most

frequently appears when people are in their teens to late 30s.

2 IgA nephropathy in the United

States is twice as likely to appear in men than in women_3 While found in people all over the

world, IgA nephropathy is more common among Asians and Caucasians.4

A person may be more likely to develop IgA nephropathy if

* he or she has a family history of IgA nephropathy or Henoch-Schénlein purpura—a
disease that causes small blood vessels in the body to become inflamed and leak

e he is a male in his teens to late 308
* he or she is Asian or Caucasian

What are the signs and symptoms of IgA nephropathy?

In its early stages, IgA nephropathy may have no symptoms; it can be silent for years or even

decades. Once symptoms appear, the most common one is hematuria, or blood in the urine.

https :/lwwwniddk.nih.gov/health—informatiorﬂkidney-disease/iga—nephropathy
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IgA nephropathy

From Wikipedia, the free encyclopedia

IgA nephropathy (IgAN), also known as IgA nephritis,
Berger disease (/bear 3¢1/) (and variations), or IgA nephropathy
synpharyngitic glomerulonephritis, is a disease of the
kidney (or nephropathy), specifically it is a form of
glomerulonephritis or an inflammation of the glomeruli of

the kidney.

IgA nephropathy is the most common glomerulonephritis

worldwide.["! Primary IgA nephropathy is characterized by
deposition of the IgA antibody in the glomerulus. There are
other diseases associated with glomerular IgA deposits, the
most common being IgA vasculitis (formerly known as

Henoch—Schonlein purpura [HSP]), which is considered by

many to be a systemic form of IgA nephropathy. (21 Hsp
presents with a characteristic purpuric skin rash, arthritis,
and abdominal pain and occurs more commonly in young
adults (16-35 years old). HSP is associated with a more
benign prognosis than IgA nephropathy. In IgA nephropathy
there is a slow progression to chronic kidney failure in 25—
30% of cases during a period of 20 years.

Contents @

Immunoglobulin A dimer

= 1 Signs and symptoms
= 2 Diagnosis Classification and external resources
= 3 Morphology .
= 4 Pathophysiology Specialty  urology
= 4.1 Natural history ICD-10 N02.8 (http:/apps.who.int/classificatio
= 5 Therapy ns/icd10/browse/2016/en#/N02.8)

= 6 Prognosis

= 7 Epidemiology ICD-9-CM  583.9 (hitp://www.icd9data.com/getIC

= 7.1 Genetics D9Code.ashx?icd9=583.9)
= & History OMIM 161950 (https://omim.org/entry/16195
= O References 0)

s 10 External links

DiseasesDB 1353 (http://www.diseasesdatabase.co

m/ddb1353.htm)

Signs and Symptﬂms MedlinePlus 000466 (hitps://medlineplus.gov/ency/
article/000466.htm)

The classic presentation (in 40-50% of the cases) is episodic | ¢Medicine med/886 (htip://www.emedicine. com/

hematuria, which usually starts within a day or two ofa med/topic886.htm)

_specific upper respiratory tract infection (hence

non-ip : 'ppe P 3 ( MeSH D005922 (https://www.nim.nih.gov/cg

synpharyngitic), as opposed to post-streptococcal _ N _

glomerulonephritis, which occurs some time (weeks) after i/mesh/2017/MB_cgi?field=uidéterm

‘nitial infection. Less commonly gastrointestinal or urinary =D005922)

infection can be the inciting agent. All of these infections
have in common the activation of mucosal defenses and hence IgA antibody production. Groin pain can also
occur. The gross hematuria resolves after a few days, though microscopic hematuria may persist. These
episodes occur on an irregular basis every few months and in most patients eventually subsides, although it can

hitps:/fenwikipedia orgiwiki/lgA_nephropathy -108 - e
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take many years. Renal function usually remains normal,

though rarely, acute kidney failure may occur (see below). T Tole ,

Thi fation i i dult Gunsd (PR
is presentation is more common in younger adults. | et peS AR i

A smallgr propoxtiqn (20-3Q%), usually the older o (ﬁzﬁgﬁw

population, have microscopic hematuria and proteinuria MIRRIED

b
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(less than 2 gram/day). These patients may not have any
symptoms and are only clinically found if a physician
decides to take a urine sample. Hence, the disease is more
commonly diagnosed in situations where screening of |
urine is compulsory (e.g., schoolchildren in Japan). - Video explanation

Very rarely (5% each), the presenting history 1s:

» Nephrotic syndrome (3-3.5 grams of protein loss in the urine, associated with a poorer prognosis)

» Acute kidney failure (either as a complication of the frank hematuria, when it usually recovers, or due to
rapidly progressive glomerulonephritis which often leads to chronic kidney failure)

» Chronic kidney failure (no previous symptoms, presents with anemia, hypertension and other symptoms
of kidney failure, in people who probably had longstanding undetected microscopic hematuria and/or
proteinuria)

A variety of systemic diseases are associated with IgA nephropathy such as liver failure, celiac disease,
rtheumatoid arthritis, reactive arthritis, ankylosing spondylitis and HIV. Diagnosis of IgA nephropathy and a
search for any associated disease occasionally reveals such an underlying serious systemic disease.
Occasionally, there are simultaneous symptoms of Henoch—Schonlein purpura; see below for more details on
the association. Some HLA alleles have been suspected along with complement phenotypes as being genetic
factors.

Diagnosis

For an adult patient with isolated hematuria, tests such as ultrasound of the kidney and cystoscopy are usually
done first to pinpoint the source of the bleeding. These tests would rule out kidney stones and bladder cancer,
two other common urological causes of hematuria. In children and younger adults, the history and association
with respiratory infection can raise the suspicion of IgA nephropathy. A kidney biopsy is necessary to confirm
the diagnosis. The biopsy specimen shows proliferation of the mesangium, with IgA deposits on
immunofluorescence and electron microscopy. However, patients with isolated microscopic hematuria (i.e.
without associated proteinuria and with normal kidney function) are not usually biopsied since this is associated
with an excellent prognosis. A urinalysis will show red blood cells, usually as red cell urinary casts.
Proteinuria, usually less than 2 grams per day, also may be present. Other renal causes of isolated hematuria
include thin basement membrane disease and Alport syndrome, the latter being a hereditary disease associated
with hearing impairment and eye problems.

Other blood tests done to aid in the diagnosis include CRP or ESR, complement levels, ANA, and LDH.
Protein electrophoresis and immunoglobulin levels can show increased IgA in 50% of all patients.

Morphology

Histologically, IgA nephropathy may show mesangial widening and focal and segmental inflammation. Diffuse
mesangial proliferation or crescentic glomerulonephritis may also be present. Immunoflourescence shows
mesangial deposition of IgA often with C3 and properdin and smaller amounts of other immunoglobulins (IgG
or IgM). Early components of the classical complement pathway (C1q or C4) are usually not seen. Electron
microscopy confirms electron-dense deposits in the mesangium that may extend to the subendothelial area of
adjacent capillary walls in a small subset of cases, usually those with focal proliferation.

https #en.wikipedia.orgiwiki/lgA_nephropathy 1 09 2/6
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Is There Any Connection Between IgA
Nephropathy and Asthma

Question: I have IgA Nephropathy. I have noticed whenever I seem to have a flare up, my asthma gets
worse. I am just wondering if they are actually connected.

Answer: Asthma is a chronic lung disease that inflames and
narrows the airways. Many factors can trigger asthma, one of
which is respiratory infections. IgA Nephropathy is an
autoimmune disease, which can causes IgA immune
complexes depositing in the kidneys. It usually flares up when
you have respiratory infections as well. Then, you know the
connection between IgA Nephropathy and asthma. Both of
them can be induced by respiratory infections. That is why
when you have a flare up of IgA Nephropathy, you asthma
gets worse.

How to reduce the respiratory infections for patients with
IgA Nephropathy and asthma?

To reduce the respiratory infections, you should strengthen your immunity to prevent it. In Shijiazhuang
Kidney Disease Hospital, we use Immunotherapy to treat IgA Nephropathy. This therapy is a combined
medical treatment of Chinese medicine and western medicine. The combination makes up respective

http:/iwww.igancure.com/iga-nephropathy-basics/Is-There-Any-Connection-Br 11 0 " -Nephropathy-and-Asthma.himt 1/4
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shortcomings to achieve a better therapeutic effect. It can help clear the cycling immune complexes from the
blood to reduce their deposition on kidneys. It can also increase the kidneys’ tolerance to immune complexes
so that even if there are immune complexes, they do not trigger the relapse of IgA Nephropathy. Besides, it
can block abnormal immune reaction to reduce the production of immune complexes. And it can help
strengthen your immunity to help you fight against the disease. After a period of treatment, your kidney
function will improve and your whole body will bec@g&eha"m@ﬂwus and-balanced--As-a-result; you-eentrol
both IgA Nephropathy and asthma well. leeuIf you have any question, please click here for live he_ .,

Is there any connection between IgA Nephropathy and asthma? Yes, there is. If you are interested in the
above treatment we referred to just now, you can contact online doctor or leave a message below. We will
have renal experts to give you a personalized guidance on treatment.

Tag: IgA NephropathylgA Nephropathy Basics
previous: How Respiratory Tract Infection Related to IgA Nephropathy
Next: How to Prolong Life Without Dialysis for IgA Nephropathy Patients

Hope the above information is helpful for you. If you have any other questions on
kidney disease or want to get more personalized and professional treatment suggestions,
please leave a message below.

leave a message

Free medical answers from experts within 24 hours.

Name
Country
Email*
Phone*
Description

Related Articles

Important information in one quick click. Related Articles on IgA Nephropathy are designed to provide
accurate and timely information in a short and easy to understand format. Choose the topics of interest to you
and read, print or take to your next doctor visit.

Is Yogurt Good for IgA Nephropathy Patients
What Can I Do with Creatinine 11 and IgA Ne ath

Is IgA Nephropathy A Dangerous Disease

hitp://www.igancure.com/iga-nephropathy-basics/Is- There-Any-Connection-B: * 1 1 1 * -Nephropathy-and-Asthma.html 2/4



7.5.2017

10

Asbestos Caused Diseases

Asbestos related diseases characteristically develop over a long period of time. The first
symptoms may not appear for anything from 10-50 years. Peak mortality rates are
expected between the years 2010 and 2020.

The list of diseases include:

1.
2. Asbestosis

. Lung Cancer

. Laryngeal Cancer
. Ovarian Cancer

. Testes Cancer

. Pleural plaques

. Pleural thickening
. Pleural effusion

VoOoONOWVHEW

Mesothelioma

Is a form of cancer of the lining of the lungs and abdomen so far only known to be caused
by asbestos. It occurs due to Some inhaled fibres penetrate to the lung walls and cause
cancer in the lining of the fung (pleura). If swallowed fibres can penetrate the stomach or
bowels and cause cancer in the lining of the abdomen (peritoneum). Mesothelioma has:

Asbestos Caused Diseases —What are they?

Home Asbestos Info = Services . Raffles .

ADSA walk Galleries

News and Events Contact

. Help Us

DSA Walk for Research and Awareness

General News and Information

b Events
Asbestos Aware apsa Supporters
20 NWWW 20” fo .2 Photo Gallery

B e safe i Message of Hope

Asbestos Awareness Week

Mesothelioma

High association with amphibole asbestos (brown and blue)
Can take up to 45 years to develop after initial exposure
Extremely aggressive (“Turbo charged”) cancer

No relation to smoking

Death usually occurs within 6-18 months after diagnosis
There is no cure

Mesotheliom cancer encompassing the lungs over a series of xrays.

http:/vww . asbestosdiseases .org.awasbestos-caused-diseases.html 1 1 2

Asbestos Diseases Society of Australia Inc

219 Main Street
Osborne Park WA 6017

PO BOX 1394
Osbormne Park WA 6916

Telephone:

1800 646 680 (National Toll Free)

(08} 9344 4077 {Perth Callers)

+51 89344 4077 (international Callers)

Fax:
{08) 9345 0422
+61 8 9345 0422 {international Faxes}

Emait: Click here
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1 Asbestos-related diseases

From Wikipedia, the free encyclopedia

Asbestos-related diseases are disorders of the lung and
pleura caused by the inhalation of asbestos fibres. Asbestos- Asbestos-related disease
related diseases include non-malignant disorders such as
asbestosis (pulmonary fibrosis due to asbestos), diffuse ) Hormsl ungs
pleural thickening, pleural plaques, pleural effusion,
rounded atelectasis and malignancies such as lung cancer
and malignant mesothelioma.

People who worked in jobs with high asbestos dust exposure
are at the highest risk of developing asbestos-related
disease. However, exposure to asbestos may also occur in
the worker’s home due to dust that has accumulated on the
worker's clothing (para-occupational exposure). Asbestos-
related diseases can also occur as a result of non-
occupational, environmental exposure. Asbestos was
extensively used in many building materials, therefore large
quantities of asbestos still remain in buildings that were
built prior to the restriction of asbestos use that applies in
many countries. The weathering and aging of such buildings
may cause asbestos fragments to be released in the air and
create a potential hazard. Anyone who disturbs the asbestos-
containing material during home maintenance and

Blaural plaque
Uhickeaed -
- #nd hirdeied

renovation can be affected,[!] although the exact risks are
difficult to quantify.

Contents

= 1 Pathophysiology Figure A shows the location of the lungs, airways,

= 2 Non-malignant asbestos-related pleural diseases pleura, and diaphragm in the body. Figure B shows
= 2.1 Pleural plaques lungs with asbestos-related diseases, including
= 2.2 Diffuse pleural thickening pleural plaque, lung cancer, asbestosis, plaque on the

2.3 Benign asbestos pleural effusion
2.4 Rounded atelectasis
3 Asbestosis Classification and external resources
4 Malignant asbestos-related diseases
= 4.1 Malignant mesothelioma
= 4.2 Asbestos-related lung cancer
5 Asbestos disease medical articles
6 See also
7 References

diaphragm, and mesothelioma.

Pathophysiology

Inhaled asbestos fibres enter the upper and lower respiratory tracts when asbestos is released into the air. Some
of the inhaled fibers are cleared by the mucociliary clearance mechanism but long thin asbestos fibers may
reach the lower airways and alveoli, and can be retained in the lungs for many years. Amphibole fibers are not
cleared as effectively as serpentines and therefore accumulate more readily in the distal lung parenchyma.[?!
Asbestos fibres are recognised by the lungs as foreign bodies and cause the activation of the lung’s local
hitps://en,wikipedia.org/wiki/Mbestoswelated_diseases i 116 i 17
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Asthma

Basics  Care at Mayo Clinic In-Depth  Expert Answers Multimedia ~ Resources  News From Mayo Clinic
—
Causes ,
Definition Advertisement
By Mayo Clinic Staff [}
Symptoms .
Causes ltisn't clear why some people get asthma and others don't, but it's
probably due to a combination of environmental and genetic
Risk factors (inherited) factors.
Complications

Asthma triggers

Preparing for your . . , .
paring for y Exposure to various irritants and substances that trigger allergies

(allergens) can trigger signs and symptoms of asthma. Asthma
triggers are different from person to person and can include:

appointment

Tests and diagnosis

Treatments and drugs ¢ Airborne substances, such as pollen, dust mites, mold spores,
pet dander or particles of cockroach waste

Lifestyle and home * Respiratory infections, such as the common cold

remedies
Alternative medicine
Coping and support

Prevention

Products and services

Free E-newsletter

Subscribe to

Housecall

* Physical activity (exercise-induced asthma)

» Cold air

*» Air poliutants and irritants, such as smoke

» Certain medications, including beta blockers, aspirin,
ibuprofen (Advil, Motrin IB, others) and naproxen (Aleve)

 Strong emotions and stress

» Sulfites and preservatives added to some types of foods and
beverages, including shrimp, dried fruit, processed potatoes,
beer and wine

» Gastroesophageal reflux disease (GERD), a condition in which
stomach acids back up into your throat

Symptoms Risk factors

Share Tweet
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Infection?

symptoms and
cold symptoms
and to know
which asthma
medicines you
need to use to
prevent asthma
flares and
asthma attacks.
The information here about asthma
can help you stay well when coping with
asthma and a cold.

How Can | Prevent Colds if |
Have Asthma?

What Can | Do When
Asthma Symptoms Get
Worse With Colds?

What's the Difference Between
Asthma and Colds?

Asthma is associated with inflammation
of the lower airways inside your lungs
called the bronchial tubes. Colds result
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mainly affect your nose and throat. These

) RECOMMENDED FORYOU
are the upper airways. S _ -

VIDEO

You normally take air into your body Post-Elu Shot Aches? What to Do

through your nose and windpipe into
your bronchial tubes, which go on to
branch into smaller tubes. At the end of
these tubes there are tiny air sacs called
alveoli that deliver oxygen and remove
carbon dioxide from the blood as we
breathe.

ARTICLE
What Causes Pustules on Your Skin?

VIDED
How Do You Get Pneumonia?

During normal breathing, the bands of
muscle that surround the airways are
relaxed. Air moves freely. During an

VIDEO
Sinus Infections: What's Normal?

asthma attack, three main changes occur
that stop air from moving easily through
the airways:

VIDEO
Foods to Boost Immunity

1. The bands of muscle that surround
the airways tighten. This makes the
airways narrow. This tightening is
called bronchospasm.

ADVERTISEMENT : 2. The lining of the airways becomes
swollen or inflamed.

3. The cells that line the airways
produce more mucus, which is
thicker than normal.

VIDEO
Got the Flu? Here?s What to Do

VIDEO
Are Your Symptoms Strep Throat? @

VIDED '
Do You Need an Antibiotic?

All of these factors -- bronchospasm,
inflammation, and mucus production --
cause asthma symptoms  such as
difficulty breathing, wheezing, coughing,
breathlessness, and difficulty performing Post-Flu Shot Blues?
activities. T ——

TOOLS & RESOURCES

Tips to Boost Your immune System

Colds are respiratory infections caused
. . What Causes Pneumonia?
by viruses. Several hundred different

viruses may cause your cold symptoms Immunity-Boosting Foods
. These viruses can also affect your T

. . . Do I Need an Antibiotic?
airways, sinuses, throat, voice box, and

bronchial tubes. Get a Lock |nside Your Nose

What Are the Symptoms of Asthma?

Not every person with asthma has the SUBQCEIEE To WEBMD -
n Asthma and Colds SUBSCRIE SEARCH Q
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might be mild one time and severe

another time.

] Men's Health
L Weight Loss Wisdom

Asthma does not cause a fever, chills,  Enter email address
muscle aches, or sore throat. The most e
| common asthma symptoms include: Subscribe

* Frequent coughing
* Shortness of breath
® Wheezing

* Chesttightness

1 2

By clicking Submit, | agree to the WebMD Terms &

Conditiens & Privacy Policy and understand that  may opt .

out of WebMD subscriptions at any time.

viewaAll < >
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Respiratory Infections Trigger Asthma | AAFA.org

Maddin Siay in Touch

Homw  About AAFA

Asthma Triggers

ASTHMA TRIGGERS
; Allergens and Allergic Asthma
Tobacco Smoke
Air Pollution
Respiratory Infections

Exercise

RESPIRATORY
INFECTIONS

! Pneumococcal Disease

Flu (influenza)

i

ASTHMA SUPPORT

| Through AAFA's online support
community, patients nationwide
can connect with others, stay
up-to-date on asthma and
allergy news, and have just-in-
time access to all of AAFA's
free digital services.

SIGN UP NOW

GET SUPPORT DORATE

Search: ® Resources ) Community

1
|

| Enter search term |

Get woived News Communities

Asthma

Frograms Advacacy

i Disgnosis Asthma Prevention  Living with Asthma

Respiratory Infections

Respiratory infections include the commeon cold, the flu and other infections. These common ilinesses can affect your
lungs when you have asthma. They can cause inflammation (swelling) and narrowing of your airways. These changes
could trigger asthma symptoms (an asthma episode or an asthma attack).

Respiratory ilnesses are a commen asthma trigger, especially in children

What Do | Do If | Have a Respiratory lliness?

it's always important to keep your asthma under control. It is particularly important when you're sick.

* Eollow vour asthma action plan. Be sure that your asthma action plan tells you what to do in case of illness. If
you get flu-like symptoms, see your doctor right away.

Talk with your doctor about what over-the-counter medicines to use for a respiratory infection.
* Keep your quick-relief medicine with you at all times to treat asthma symptoms,
= Call your doctor if you have any symptoms that concern you,

+ Call 911 immediately if you have any of these danger signs:
o Trouble walking or talking due to shortness of breath
o Blue or gray lips or fingernails
o Fast breathing with chest retractions (skin sucks in between or around the chest plate and/or rib bones
when inhaling) '
o Qther signs of a severe asthma attack

How Can | Prevent Respiratory Infections?

Viruses cause most respiratory infections. To lower your chance of getting sick, take these steps:

= Wash your hands often with soap and warm water.

+ Avoid touching your eyes, nose or mouth.

= Get a yearly flu vaccine.

= Keep your breathing equipment clean. This includes your asthma inhaler, asthma nebulizer, and nebulizer
tubing and mouthpiece.

= Do not share your breathing equipment or medicines with others.

http://www.aafa.orglpagelreSpEratory-infections-ﬁu-coiotasthma.aspx i 121 o 12



7.5.2017 Exposure to cold and respiratory tract infections. - PubMed - NCBI

16

| PubMed \a i

o rmat: Abstract

int J Tuberc Lung Dis. 2007 Sep;11(9):938-43.

Exposure to cold and respiratory tract infections.
Mourtzoukou EG?, Falagas ME.

Author information

Abstract

There is a constant increase in hospitalizations and mortality during winter months; cardiovascular
diseases as well as respiratory infections are responsible for a large proportion of this added
morbidity and mortality. Exposure to cold has often been associated with increased incidence and
severity of respiratory tract infections. The data available suggest that exposure to cold, either
through exposure to low environmental temperatures or during induced hypothermia, increases
the risk of developing upper and lower respiratory tract infections and dying from them: in
addition, the longer the duration of exposure the higher the risk of infection. Although not all
studies agree, most of the available evidence from laboratory and clinical studies suggests that
inhaled cold air, cooling of the body surface and cold stress induced by lowering the core body
temperature cause pathophysiological responses such as vasoconstriction in the respiratory tract
mucosa and suppression of immune responses, which are responsible for increased susceptibility
to infections. The general public and public health authorities should therefore keep this in mind
and take appropriate measures to prevent increases in morbidity and mortality during winter due
to respiratory infections.

PMID: 17705968
[indexed for MEDLINE]

Publication type, MeSH terms
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In winter, the pollen allergic breathe sighs of relief. Not so those who have asthma triggered by cold air, exercise or indoor allergens. But winter need not be a cruel
season for the lungs.

How cold air affects asthma

similar reaction in their lungs, one that literally takes their breath away. Cold, dry air irritates hypersensitive lungs that have become inflamed, causing bronchospas
The muscles around the irritated bronchial tubes constrict and become even more narrow, making it difficult to breathe. An increase of mucus in the lungs also limits
breathing, resuiting in wheezing, coughing and tightness in the chest.

Awinter wind whips your face. What do you do? Probably squint and tear up because cold air dries out and irritates the delicate tissue of the eyes. Asthmatics can have a :

Dr. Mark Greenwald, a Toronto allergist, notes that even non-asthmatics can feel their breath catch in a frosty gust on extremely cold, dry days. “That's what the asthmatic
feels, but it's triggered much easier and by air that's not as cold.” He reminds, however, that with proper treatment, the asthmatic should be able to do everything the non-
asthmatic can. “Be very aggressive with your asthma control,” he says.

What should you do about cold air and asthma?

* You don‘t want to stay inside all winter: if you are experiencing symptoms from the cold, speak to your doctor soon about altering your medication plan.

* Wear a scarf loosely over your nose and mouth and breathe through your nose to warm and humidify the air you breathe. (This is easier on asthmatic lungs, reducing
the likelihood of irritation.)

* Keep your inhalers close to your body, since warm medication is more easily distributed into the respiratory system.

Exercise and asthma

Greenwald points out that about 20 per cent of the winter Olympic team has asthma, and if they can handle strenuous workouts, you can exercise, too! It's a question
again of managing your asthma medication plan.

Be aware that if you have exercise-induced bronchoconstriction (EIB), it can flare during the winter {even if controlied the rest of the year). This is due to the fact that
when people exercise, they often breathe through their mouths rather than noses. When the air is cold and not warmed in the nose, that can irritate sensitive lungs. In a
2001 study, British researchers found that 70 per cent of asthma patients had symptoms triggered by a combination of cold air and exercise.

What should you do about exercise and asthma?

* Choose indoor activities like swimming or basketball if you find your symptoms are increasing outdoors.
* Speak to your doctor as soon as possible. He/she may suggest an increased dosage in your controller/preventive medications during the winter, or add a reliever

medication to your routine. Then get out and ski or skate.
* Be sure to warm up and cool down slowly with vigorous activity.

indoor allergens and asthma

Studies in recent years have found that the air quality (http.//allergicliving.com/index.php/2010/06/30/asthma-and-air-home-air-guality-pt-1/) inside the average home is
up to five times worse than that outside. And North Americans spend about 90 per cent of their time indoors during the winter.

Besides increasing exposure to asthma triggers such as chemicals and fumes from cleaning products, a building sealed tightly against the cold also provides an ideal
environment for mould and dust mites. Add pet dander or cigarette smoke and asthma problems are compounded.

What shoulid you do about indoor allergens and asthma?
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¢ The best defence is a clean house. Use a HEPA-filtered vacuum on furniture, drapes and floors, and dust with a damp cloth.
* Never let anyone smoke in your home.
* Never let anything smoke in your house either: sorry, no fire in that fireplace.

Cold and Flu - Added Aggravation for Asthma

"Asthmatics are more reactive to colds,” Greenwald says. In a study of students in Denver, researchers found that an upper respiratory infection doubled the likelihood
that a child would have a full-blown asthma attack, and quadrupled the chance of a general increase in symptoms. Colds and chest infections are considered the most
common trigger for a majority of asthmatics.

What should you do about colds and flu and asthma?

* Prevent colds and viruses by washing your hands frequently and keeping your distance from infected friends and co-workers,

* Ifyou do get sick and your asthma symptoms worsen, ask your doctor about adjusting your medication.

* The good news: though still in early stages of research, British scientists found that a drug developed to treat multiple sclerosis also inhibits the replication of cold virus
cells in the lungs of asthmatics. This group usually has a higher rate of replication than non-asthmatics.

Be In Control of Your Asthma

If your asthma is under control, you should not be experiencing symptoms - even on the coldest days or when exercising vigorously. Yet, a majority of asthmatics are not
managing their disease well. Greenwald admonishes: “Too many still rely on emergency treatment, and that's not the way to go.”

So if you know the cold causes you grief, speak to your doctor, amend your asthma action plan, and breathe easy.

First published in Allergic Living magazine. To subscribe affordably, click here (http.//allersicliving.com/subscribe. asp).
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