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Parental psychosocial stress and asthmamorbidity in Puerto
Rican twins

Nancy E. Lange, MD, MPH,a,b,d Supinda Bunyavanich, MD,a,c,d Judy L. Silberg, PhD,e Glorisa Canino, PhD,f

Bernard A. Rosner, PhD,a,d,g and Juan C. Celed�on, MD, DrPHh Boston, Mass, Richmond, Va, San Juan, Puerto Rico, and

Pittsburgh, Pa
Background: Little is known about paternal psychosocial
factors and childhood asthma.
Objective: We sought to examine the link between maternal and
paternal psychosocial stress and asthma outcomes in young
children.
Methods: Parents of 339 pairs of Puerto Rican twins were
interviewed individually about their own psychosocial stress and
about asthma in their children at age 1 year and again about their
child’s asthma at age 3 years. Fathers were asked about symptoms
of posttraumatic stress disorder (PTSD), depression, and
antisocial behavior. Mothers were asked about depressive
symptoms. Outcomes assessed in children included recent asthma
symptoms, oral steroid use and hospitalizations for asthma in the
prior year, and asthma diagnosis. Generalized estimated equation
models were used for the multivariate analysis of parental
psychosocial stress and asthma morbidity in childhood.
Results: After multivariable adjustment, paternal PTSD
symptoms, depression, and antisocial behavior were each
associated with increased asthma symptoms at age 1 year (eg,
odds ratio, 1.08 for each 1-point increase in PTSD score; 95%
CI, 1.03-1.14). Maternal depressive symptoms were associated
with an increased risk of asthma hospitalizations at age 1 year.
At age 3 years, maternal depressive symptoms were associated
with asthma diagnosis and hospitalizations for asthma (odds
ratio for each 1-point increase in symptoms, 1.16; 95% CI, 1.00-
1.36). In an analysis combining 1- and 3-year outcomes, paternal
depression was associated with oral steroid use, maternal
depressive symptoms were associated with asthma
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hospitalizations and asthma diagnosis, and parental depression
was associated with hospitalizations for asthma.
Conclusions: Both paternal and maternal psychosocial factors
can influence asthma morbidity in young Puerto Rican children.
(J Allergy Clin Immunol 2010;nnn:nnn-nnn.)
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Asthma is a global public health problem that affects more than
6.8million children and adolescents in the United States.1,2 In this
country the urban poor3,4 are disproportionately affected, and
Puerto Ricans have the highest lifetime prevalence of asthma.5

Although death from asthma is rare, asthma mortality rates are
highest among Puerto Ricans in the United States.6

There is increasing evidence of a link between stress and both
asthma development and control. Psychological stress can be
understood as a ‘‘social pollutant’’ that can affect biology when
‘‘breathed in,’’7 and it has been associated with difficulties
in asthma management,8,9 impaired functional status,10 and in-
creased asthmamortality.11-13 Stress might not only cause asthma
morbidity in adults but it can also affect their children.

In healthy children parental stress has been associated with an
increased frequency of childhood illnesses and altered immune
function.14 In children with asthma, increased parental stress has
been shown to be associated with altered functional status, hospi-
talizations for asthma,15 and poor asthma control.16 Parental
stress is associated with an increased risk of asthma or wheeze
in childhood.17,18 Negative life stressors and maternal depression
have been shown to be strong predictors of asthma morbidity.19

The majority of previous studies have focused on maternal or
‘‘caregiver’’ stress more generally, without specifying whether
this is the mother, father, or another person.

In addition to high rates of asthma, island Puerto Ricans have a
high prevalence of psychosocial stress in both adults and children,
mostly related tohigh levels of exposure toviolence20 andhigh levels
of poverty, with 45% of the population living below the poverty
level.21 The prevalence rates of psychiatric disorders in islandPuerto
Ricans are high but comparable with those reported for the overall
population of the mainland United States (approximately 25% in
adults22,23 and approximately 17% in children and adolescents24).

To examine the issue of parental stress and childhood asthma
more closely, we analyzed the relation between indicators of
parental psychosocial stress individually in mothers and fathers
and asthma morbidity in a cohort of young Puerto Rican twins.
We hypothesized that maternal and paternal psychosocial stress
would be independently associated with increased asthma mor-
bidity in children.
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Abbreviations used
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DSM-IV: D
iagnostic and Statistical Manual of Mental Disorders,

Fourth Edition
ETS: E
nvironmental tobacco smoke
PTSD: P
osttraumatic stress disorder
METHODS

Population
All familieswith amultiple-gestation pregnancy in PuertoRico in 2006were

considered for inclusion. Contact information was obtained from the Puerto

RicoNeo-natalTwinRegistryestablishedwith the assistance of thePuertoRican

Department of Health. Of the 481 families withmultiple births in 2006, 82were

ineligible because the neonates were triplets or at least 1 twin was deceased. Of

the 399 eligible families, 60 chose not to participate, leaving 339 (85%) families

each with a set of twins (see Fig E1 in this article’s Online Repository at www.

jacionline.org). Although the original goal of this study (the Puerto Rican Infant

Twin Study)was to examine the origins of child temperament, familieswere not

selected for any illness. Mothers and fathers were interviewed separately and

asked questions about demographic information (eg, household income and

education level), child behavior and medical history, and their own psycholog-

ical stress and medical history (including smoking and substance abuse) within

the first year of life of the children. Theywere again interviewed about their chil-

dren’s medical history when the children were 3 years of age.Written informed

consentwas obtained fromall study participants. The studywas approved by the

Institutional Review Board of the University of Puerto Rico.
Measures
Psychosocial stress. Mothers and fathers were each questioned

about psychosocial stress within the first year of life of their children.Maternal

questionnaires included questions on depressive symptoms. Paternal ques-

tionnaires included questions on posttraumatic stress disorder (PTSD),

antisocial behavior, and depression.

We used the Mood and Feelings Questionnaire25,26 to ask mothers about

depressive symptoms. The Mood and Feelings Questionnaire, an instrument

designed for the evaluation of core depressive symptomatology and use in

epidemiologic studies, has high internal reliability (Cronbach a 5 0.9).

Although developed primarily for use in children and adolescents, it has

been used previously in studies of adults.27 The questions asked of mothers

are listed in Table E1 in this article’s Online Repository at www.jacionline.org.

Fathers were asked questions from the World Health Organization Com-

posite International Diagnostic Interview version 3.0 (CIDI 3.0).28 The CIDI

3.0 is a standardized diagnostic interview designed to assess current and life-

time mental disorders according to the definitions and criteria of the American

Psychiatric Association’s Diagnostic and Statistical Manual of Mental Disor-

ders, Fourth Edition (DSM-IV). The instrumentwas translated and adapted for

use among Spanish-speaking populations by using a comprehensive process

guided by a conceptual model that focused on cross-cultural equivalence in

5 dimensions following a cultural adaptation model described in detail else-

where.29 For most DSM-IV diagnoses in both English and Spanish, the instru-

ment has demonstrated adequate concordance based on the World Mental

Health–CIDI assessments and the StructuredClinical Interview forAxis 1Dis-

orders.30,31 A full list of questions can be found at http://www.hcp.med.

harvard.edu/wmhcidi. DSM-IV disorders assessed in fathers included major

depressive episode, social phobia, and drug and alcohol use and abuse. For

the purposes of this analysis, we usedmajor depressive episode from this ques-

tionnaire because of the low prevalence of other diagnoses (eg, substance

abuse). Questions on PTSD symptoms were from the CIDI 3.0. All symptom

questions from the CIDI 3.0 PTSD instrument were included; however,

questions on traumatic events were altered. Questions on antisocial behavior

were based on the standard DSM-IV criteria and developed by Lish et al.32

This instrument has been used in prior studies with island andmainland Puerto
Ricans.33 Specific questions on PTSD and antisocial behavior are listed in

Tables E2 to E3 of this article’s Online Repository at www.jacionline.org.

A diagnosis of a major depressive episode was based on algorithms

developed by the originators of the CIDI based on the DSM-IV.34 Paternal

PTSD and antisocial behavior and maternal depressive symptoms were

assessed on a continuous scale with the answer of ‘‘yes’’ to any one question

equaling 1 point in the score and a higher score representing more symptoms

of each disorder. The total possible scores for PTSD, antisocial behavior, and

depression were 17, 13, and 11, respectively. For the analysis considering

depression in both parents, maternal depression was treated as a dichotomous

variable, with a score for depressive symptoms of 2 or higher considered

positive for depression.

Other measures. Other measures considered for inclusion in the

multivariate analysis were child’s sex, zygosity of the twins (monozygotic vs

dizygotic), exposure to environmental tobacco smoke (ETS; including both

in utero exposure and exposure from any active smoker in the household), pa-

ternal history of asthma, maternal history of asthma, parental (either parent

with) history of asthma, gestational age, parental togetherness (defined as

maternal report that the parents were living together), and indicators of socio-

economic status (household income, parental education [defined as the highest

level attained by either parent], and receipt of public assistance).

Outcomes. Outcomes assessed at 1 year of age included parental

report of asthma symptoms in the previous 4 weeks (nighttime symptoms,

daytime symptoms, or use of albuterol), use of oral steroids in the previous

year for asthma, asthma hospitalizations in the previous year, and physician-

diagnosed asthma (see Table E4 in this article’s Online Repository at www.

jacionline.org). At age 3 years, parents for 312 (92%) of the 339 original

families completed follow-up interviews. Outcomes assessed at age 3 years in-

cluded parental report of an unplanned clinic or emergency department visit

for asthma in the previous year, use of oral steroids in the previous year for

asthma, asthma hospitalizations in the previous year, and asthma diagnosis

(defined as physician-diagnosed asthma with wheezing in the previous year;

see Table E5 in this article’s Online Repository at www.jacionline.org). All

outcomes combined the responses frommother and father such that an answer

of ‘‘yes’’ by either the father or the mother was considered positive.
Statistical analysis
To control for the correlation between twins in a household, we used

generalized estimated equation analysis as implemented in PROC GENMOD

in SAS version 9.1 (SAS Institute, Inc, Cary, NC). Stepwise regression was

used to buildmultivariatemodels. Variables associated at aP value of less than

.20 and potential confounders were included in initial models for each out-

come. The final models included all variables that were associated with the

outcome at a P value of less than .05, those that caused a change of greater

than 10% in the effect estimate for the psychosocial exposure of interest, or

both. All final models for outcome at age 1 year included ETS, household

income, gestational age, and parental history of asthma.Models examining pa-

ternal psychosocial stress controlled for maternal depressive symptoms, and

models examining maternal depressive symptoms controlled for paternal de-

pression. Final models for outcomes at age 3 years included household income

and parental history of asthma because no other variables (eg, ETS) were

significant confounders. At both time points, we also examined parental de-

pression as a linear variable, with values of 0, 1, or 2 representing the number

of parents with depression.

In addition, for the outcomes that were in common at the 2 time points

(steroid use, asthma hospitalizations, and asthma diagnosis), we performed a

combined analysis of a binary outcome that represented an answer of ‘‘yes’’ at

both time points or ‘‘no’’ at both time points. For this analysis, those with an

answer of ‘‘yes’’ at one time point and ‘‘no’’ at the other were excluded to have

a clear separation of the 2 groups.
RESULTS
Baseline characteristics of the participating children (twins)

and their parents are shown in Table I. Of the 339 fathers, 226
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TABLE I. Baseline characteristics of parents and children from

the Puerto Rican Infant Twin Study

No. (children) No. (%) Median (IQR)

Age 678 6 mo (4.3-9.5 mo)

Sex (% female) 678 352 (52)

Monozygotic 678 240 (35)

ETS 678 111 (16)

Maternal asthma 672 162 (24)

Paternal asthma 584 110 (19)

Parental asthma

(either parent)

678 246 (36)

Household income

(% above median)

658 246 (37)

Public assistance

(% receiving)

678 346 (51)

Parental education

(% >_high school)

678 600 (89)

Gestational age 662 35 wk (34-37 wk)

Psychosocial

measures

No. (parents)

Paternal PTSD 339 1 (0-5)

Paternal major

depressive

episode

292 12 (4)

Paternal antisocial

behavior

339 13 (11-13)

Maternal

depressive

symptoms

310 2.0 (1-5)

Parental depression 586

Neither parent 292 (50)

1 Parent 274 (47)

Both parents 20 (3)

Outcomes (1 y of age) No. (children)

Asthma symptoms

(last 4 wk)

678 411 (61)

Oral steroid use

(last 12 mo)

678 121 (18)

Hospitalizations

for asthma

(last 12 mo)

678 61 (9)

Asthma diagnosis 671 127 (19)

Outcomes (3 y of age)

Urgent MD or ED

visits (12 mo)

624 95 (15)

Oral steroid use

(last 12 mo)

624 147 (24)

Hospitalizations

for asthma

(last 12 mo)

624 53 (8)

Asthma diagnosis 624 152 (24)

ED, Emergency department; MD, physician’s office.
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(77%) had at least a high school education, and 207 (71%) were
working full time; their mean age was 29.8 years (SD, 7 years).
Of the 339 mothers, 277 (82%) had at least a high school educa-
tion, and 118 (35%) were working either full or part time; their
mean agewas 26.8 years (SD, 6 years). Most (84%) of the 339 pa-
rental couples lived together.

Parental asthma, receipt of public assistance, and a household
income lower than the median for Puerto Rico were all common
among participants. Both a major depressive episode and PTSD
were less common in participating fathers than previously
reported in Puerto Ricans.22 Depression in at least 1 parent was
common. Consistent with prior data, asthma diagnosis was fre-
quent among participating children at both time points.

Outcomes at age 1 year
The results of the bivariate analyses of the relation between

asthma outcomes and either psychosocial measures or other
covariates (adjusted only for the correlation between twins) are
shown in Table II. Paternal PTSD symptoms were significantly
associated with recent asthma symptoms, use of oral steroids, and
asthma diagnosis in their children. A paternal major depressive ep-
isodewas strongly associated with use of oral steroids, asthma hos-
pitalizations in theprior year, and asthmadiagnosis in their children.
Maternal depressive symptoms were associated with asthma hospi-
talizations in their children. The followingvariableswere not signif-
icantly associatedwith any outcome: parental education, household
income, twin zygosity, parental togetherness, and gestational age.

The results of the multivariate analyses of psychosocial mea-
sures and asthma outcomes at age 1 year are shown in Table III. In
these analyses paternal PTSD, a major depressive episode, antiso-
cial behavior, and maternal depressive symptoms were each sig-
nificantly associated with recent asthma symptoms in children.
Maternal depressive symptoms showed a trend toward association
with asthma hospitalizations in children. Parental depression also
showed a strongly significant association with recent asthma
symptoms, such that each additional parent with depression was
associated with a 1.70 increase in the odds of recent asthma symp-
toms. Associations with other outcomes were no longer signifi-
cant after adjustment for confounders.

Outcomes at age 3 years
In the bivariate analyses of psychosocial measures and out-

comes at age 3 years, there were several significant associations
(see Table IV), particularly with parental depression. In the multi-
variate analysis adjusting for paternal depression and other covari-
ates (Table V), maternal depressive symptoms were significantly
associated with asthma hospitalizations and asthma diagnosis. Pa-
ternal depression showed a non–statistically significant trend for
an association with oral steroid use in children. When parental de-
pression was examined as a linear variable (0, 1, or 2 parents with
depression), there was a borderline significant association with
higher rates of oral steroid use and asthma hospitalizations in
the previous year. No significant associations were found with out-
comes at age 3 years for paternal PTSD or antisocial behavior.

Combined analysis
The results from the combined analysis of the 2 time points are

shown in Table VI. Paternal depression was associated with recur-
rent oral steroid use for asthma. Maternal depressive symptoms
were associated with recurrent hospitalizations for asthma and
were borderline significantly associated with asthma diagnosis
(P 5 .053). Parental depression was associated with recurrent
hospitalizations for asthma.
DISCUSSION
After adjustment for depression in the other parent and other

covariates, we found that indicators of paternal psychosocial
stress (PTSD symptoms) and psychiatric disorders (major de-
pressive episode and antisocial behavior) were significantly



TABLE II. Bivariate analyses of the relation among psychosocial measures, covariates, and asthma outcomes at 1 year of age*

Asthma symptoms Oral steroids

Hospitalizations

for asthma Asthma diagnosis

Variable OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Psychosocial measures

Paternal PTSD 1.10 (1.05-1.16) <.001 1.06 (1.01-1.12) .03 1.06 (0.99-1.12) .1 1.06 (1.00-1.12) .03

Paternal major depressive episode 4.10 (0.87-19.42) .08 3.29 (1.11-9.70) .03 5.10 (1.84-14.11) .002 3.21 (1.08-9.46) .03

Paternal antisocial behavior 1.08 (1.04-1.14) <.001 1.05 (0.98-1.12) .18 1.07 (0.98-1.16) .13 1.02 (0.96-1.08) .52

Maternal depressive symptoms 1.07 (0.98-1.17) .13 1.04 (0.93-1.16) .51 1.21 (1.06-1.38) .004 1.02 (0.91-1.14) .68

Maternal depression (>_ median) 1.25 (0.845-1.86) .26 0.88 (0.52-1.47) .61 1.39 (0.72-2.70) .33 0.88 (0.53-1.46) .62

Parental depression 1.59 (1.08-2.33) .02 1.16 (0.70-1.92) .56 1.79 (0.96-3.33) .07 1.24 (0.76-2.03) .4

Covariates

ETS 1.28 (0.77-2.12) .34 1.55 (0.86-2.80) .14 2.42 (1.19-4.92) .01 1.45 (0.80-2.6) .21

Parental history of asthma 1.42 (0.94-2.14) .09 2.97 (1.76-5.03) <.001 1.93 (0.99-3.75) .050 2.62 (1.60-4.36) <.001

Female (vs male) sex 1.02 (0.76-1.35) .92 0.84 (0.58-1.21) .34 0.48 (0.29-0.81) .006 0.83 (0.58-1.18) .31

Median income� 0.70 (0.46-1.08) .11 1.05 (0.61-1.81) .86 1.36 (0.66-2.77) .4 1.06 (0.62-1.8) .83

Public assistance� 0.71 (0.48-1.06) .09 1.80 (1.06-3.05) .03 2.48 (1.21-5.05) .01 1.90 (1.10-3.2) .02

Parental education§ 1.02 (0.55-1.88) .96 0.69 (0.34-1.41) .31 0.63 (0.26-1.55) .32 0.58 (0.3-1.14) .12

Gestational age 1.01 (0.95-1.08) .69 1.05 (0.97-1.13) .26 0.97 (0.87-1.08) .63 1.05 (0.97-1.14) .22

OR, Odds ratio.

*All analyses are adjusted for the correlation between twins.

�Reference group: household income greater than $18,000.

�Reference group: families not receiving public assistance.

§Reference group: high school education or greater.

TABLE III. Multivariate analysis of parental psychosocial measures and asthma outcomes at 1 year of age*

Asthma symptoms Hospitalizations for asthma

Measures OR (95% CI) P value OR (95% CI) P value

Paternal PTSD� 1.08 (1.03-1.14) .003 1.02 (0.94-1.10) .69

Paternal major depressive episode� 9.95 (1.38-71.59) .02 1.43 (0.25-8.31) .69

Paternal antisocial behavior� 1.09 (1.04-1.15) <.001 1.08 (0.97-1.20) .17

Maternal depressive symptoms� 1.13 (1.02-1.25) .02 1.14 (0.98-1.33) .09

Parental depression 1.70 (1.14-2.53) .01 1.21 (0.62-2.35) .58

OR, Odds ratio.

*All models are adjusted for parental history of asthma, ETS, household income, gestational age, and the correlation between twins.

�Paternal models are also adjusted for maternal depressive symptoms.

�The maternal model is also adjusted for paternal depression.

TABLE IV. Bivariate analyses between psychosocial measures and outcomes at 3 years of age*

ED/MD visits Oral steroids

Hospitalizations

for asthma Asthma diagnosis

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Paternal PTSD 1.05 (0.99-1.12) .12 1.02 (0.96-1.08) .53 1.02 (0.94-1.11) .63 1.04 (0.99-1.09) .14

Paternal major depressive episode 3.66 (1.17-11.44) .03 3.66 (1.17-11.44) .03 2.12 (0.43-10.53) .36 2.24 (0.71-7.10) .17

Paternal antisocial behavior 0.95 (0.90-1.01) .12 0.96 (0.92-1.02) .19 0.99 (0.91-1.07) .76 0.98 (0.93-1.04) .52

Maternal depressive symptoms 1.11 (0.99-1.23) .06 1.06 (0.96-1.18) .24 1.13 (0.99-1.29) .06 1.13 (1.02-1.24) .02

Parental depression 1.45 (0.86-2.44) .16 1.60 (0.99-2.56) .054 1.88 (1.00-3.53) .050 1.51 (0.98-2.31) .06

ED, Emergency department; MD, physician’s office; OR, odds ratio.

*All analyses are adjusted for the correlation between twins.
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associated with recent asthma symptoms in children at age 1 year
but not with any asthma outcome in children at age 3 years.
Maternal depressive symptoms were significantly associated with
asthma hospitalizations at age 1 year and both asthma hospital-
izations and asthma diagnosis at age 3 years. Examining the
combined outcomes at ages 1 and 3 years, paternal depressionwas
associated with recurrent oral steroid use, maternal depressive
symptoms with hospitalizations for asthma and asthma diagnosis,
and parental depression with hospitalizations for asthma.
To our knowledge, this is the first report of an association
between maternal depression and asthma outcomes in childhood
after accounting for paternal depressive disorder, as well as the first
to report an independent association between indicators of paternal
psychosocial stress and asthma outcomes in early childhood. Our
findings add to a growing body of literature examining the link
between psychosocial stress and asthma morbidity generally and
specifically psychosocial stress in parents and asthma outcomes in
their children.



TABLE V. Multivariate analysis of parental psychosocial measures and asthma outcomes at 3 years of age*

ED/MD visits Oral steroids

Hospitalizations for

asthma Asthma diagnosis

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Paternal major depressive episode� 1.24 (0.25-6.08) .80 3.03 (0.84-10.97) .09 1.42 (0.18-11.15) .74 1.30 (0.32-5.16) .71

Maternal depressive symptoms� 1.11 (0.98-1.27) .10 1.08 (0.96-1.23) .20 1.16 (1.00-1.36) .050 1.13 (1.01-1.27) .03

Parental depression (linear) 1.36 (0.76-2.41) .30 1.61 (0.97-2.66) .067 1.86 (0.98-3.56) .060 1.42 (0.91-2.21) .12

ED, Emergency department; MD, physician’s office; OR, Odds ratio.

*Adjusted for household income, parental asthma, and correlation between twins (ETS and gestational age are not significant confounders).

�Paternal model is also adjusted for maternal depressive symptoms.

�Maternal model is also adjusted for paternal depression.

TABLE VI. Analysis of combined outcomes at 1 and 3 years of age*

Oral steroids Hospitalizations for asthma Asthma diagnosisy
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Paternal major depressive episode� 5.66 (1.06-30.19) .04 6.36 (0.33-123.35) .22 1.79 (0.31-10.48) .52

Maternal depressive symptoms§ 1.05 (0.88-1.26) .56 1.26 (1.01-1.58) .04 1.15 (1.00-1.33) .053

Parental depression (linear) 1.51 (0.70-3.28) .29 4.08 (1.14-14.66) .03 1.36 (0.74-2.48) .32

OR, Odds ratio.

*Outcomes are binary and considered positive if the child experienced the outcome at both time points and negative if the child did not experience the outcome at both time points.

Children with the outcome at one time point but not at the other were excluded from analysis. All analyses were adjusted for household income, parental asthma, and correlation

between twins (ETS and gestational age are not significant confounders).

�The combined outcome of asthma diagnosis was defined as physician-diagnosed asthma at age 1 year and physician-diagnosed asthma at age 3 years plus wheezing in the last

year.

�The paternal model is also adjusted for maternal depressive symptoms.

§The maternal model is also adjusted for paternal depression.
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Consistent with prior studies examining maternal (but not
paternal) depression,17-19 we found that maternal depression was
associated with asthma symptoms, hospitalizations for asthma,
and asthma diagnosis in childhood after accounting for paternal
depression. Previous studies of maternal depression and asthma
have assessed children at various age groups and used various in-
dicators of life or psychological stress. Some studies did not con-
trol for smoking,15,19 which might partly explain the effects of
stress or psychiatric disorders on asthma.35 Together with prior
findings, our results emphasize the importance of symptoms of
psychosocial stress and not just psychiatric diagnoses in the rela-
tionship between stress and asthma.

No prior studies have examined the independent effects of
paternal stress on asthma outcomes. Although associations
between paternal depression and outcomes at age 3 years were
not statistically significant, there was a trend toward association
with increased use of oral steroids, which might have been
significant with a larger sample size. Examining the combined 1-
and 3-year outcomes, paternal depression was strongly associated
with recurrent oral steroid use for asthma. Furthermore, no studies
have looked at the combined effect of parental depression. We
found a significant effect of each additional parent with depres-
sion on increased risk of recent asthma symptoms at age 1 year
and found a trend toward association with steroid use, asthma
hospitalizations, and asthma diagnosis at age 3 years. In the
combined analysis we found a significant effect of parental
depression on recurrent hospitalizations for asthma.

Comorbid asthma and psychosocial stress, specifically depres-
sion, have been well documented in both children and adults.36,37

A broad range of biological mechanisms have been implicated in
this association.7,38-42 Parental stress has been associated with al-
tered immune responses relevant to atopic disorders in childhood.
Caregiver stress has been associated with increased total and
allergen-specific IgE levels,43 and parental stress has been linked
to increased IL-4 and eosinophilic cationic protein release44 in
children. Compared with children with acute but no chronic
family stress, those with acute and chronic family stress have in-
creased levels of IL-4, IL-5, and IFN-g.45 Prior studies have
shown decreased expression of glucocorticoid and b2-adrenergic
receptors,46 which might lead to a decreased response to asthma
medications.8 Although studies on maternal stress focus on alter-
ations in in utero exposure to certain hormones as a result of
stress, postnatal events, such as early-life stress resulting from
either parent’s behavior, can plausibly affect child responses.18

One potentially important mechanism by which this has been
shown to occur in animal models is through DNA methylation.47

Behavioral effects might also contribute to the association
between parental stress and childhood asthma. Psychological
stress, especially depression, can affect parenting skills,48 and
affected parents might be less able to supervise their children’s
treatment. Alternatively, parental stress might influence the per-
ception or reporting of asthma symptoms in their children.

Our findings have important implications. Discovering modi-
fiable risk factors that can affect immune system development in
early life39 is essential in stemming the increasing prevalence of
asthma and in intervening in particularly vulnerable groups,
such as Puerto Ricans.5,49 Island Puerto Ricans might be both
more frequently exposed and more susceptible to psychosocial
stressors50,51 than other ethnic groups, with important health con-
sequences in children.52 Psychosocial stress, specifically depres-
sion, is treatable, and successful therapy of these disorders might
affect the lives of parents and children alike.

The strengths of our study include a random sample of children
(albeit of twins only) in a group with high asthma prevalence
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(Puerto Ricans) but no specific bias as to socioeconomic or other
factors. In addition, mothers and fathers were questioned inde-
pendently rather than having one parent answer for both.

Our study has several limitations. First, the young age of the
children precludes an accurate diagnosis of asthma, and ques-
tionnaires did not differentiate whether wheezing was due to a
concurrent respiratory tract infection, a frequent cause of wheez-
ing in young children. However, early childhood wheezing is a
risk factor for subsequent asthma,53-56 and childhood wheezing
and hospitalizations, regardless of whether the children go on to
have asthma, are an important cause of morbidity in young
children.57 Having outcomes at both 1 and 3 years of age and
combining these outcomes strengthens the analysis because re-
current need for steroids or hospitalizations for asthma makes
the diagnosis of asthma more likely.

Second, we did not have information on the presence of older
siblings, which can affect both parental stress and asthma.

Third, some of the measures of psychosocial stress, specifically
PTSD and antisocial behavior in fathers and depressive symptoms
in mothers, were based on standardized questions but were not
part of a diagnostic algorithm. However, our findings suggest that
parental symptoms suggestive of these disorders, even without a
definitive diagnosis, might be associated with asthma morbidity
in childhood.

Fourth, associations do not prove causality. Although prior
research has shown a bidirectional association between psycho-
social factors and asthma,58 we cannot establish whether parental
psychosocial stress leads to increased asthma morbidity in young
children or vice versa, particularly at age 1 year.

Finally, some data suggest that having twins might increase
psychosocial stress for parents.59,60 If this is the case, our cohort
would be enriched to study parental stress and asthma. However,
we cannot state this definitively without a control population.

In summary, our study showed a significant association
between both maternal and paternal psychosocial stress and
asthma morbidity in early childhood. More specifically, both
maternal and paternal depression were associated with increased
asthmamorbidity at 1 and 3 years of age. Although further studies
are warranted, our work suggests that parental psychosocial
stress, especially parental depression, might be an important
modifiable risk factor for asthma morbidity in childhood, espe-
cially in high-risk populations.

We thank all of the participants and staff involved in the Puerto Rican Infant

Twin Study.

Clinical implications: Both maternal and paternal psychosocial
stress are associated with asthma morbidity in children. Fur-
ther studies are needed to elucidate possiblemechanisms and in-
vestigate interventions, especially for high-risk groups.
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FIG E1. Flow chart of subject recruitment and participation.
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TABLE E1. Questions on maternal depressive symptoms*

In the last 3 months:

1. have you felt miserable or unhappy?

2. have you felt you were no good anymore?

3. have you found it hard to think properly or concentrate?

4. have you hated yourself?

5. have you felt lonely?

6. have you felt that you have done everything wrong?

7. has there been a moment that you have felt depressed for at least 2 consecutive weeks?

8. has there been a moment that for 2 weeks or more you have felt a loss of interest for the things or unable to enjoy the things you used to enjoy?

9. have you ever received outpatient treatment for emotional problems?

10. have you ever been hospitalized for emotional problems?

11. have you felt that your (depression, drinking, emotional problems) has interfered with your ability to care for the twins the way you wanted to?

*From the Mood and Feelings Questionnaire.E1,E2
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TABLE E2. Questions on paternal PTSD*

In the past year, have you been bothered by .
1. repeated disturbing memories, thoughts, or images of a stressful experience?

2. repeated disturbing dreams of a stressful experience?

3. suddenly acting or feeling as if a stressful experience were happening again (as if you were reliving it)?

4. feeling very upset when something reminded you of a stressful experience?

5. having physical reactions (eg, heart pounding, trouble breathing, and sweating) when something reminded you of a stressful experience?

6. avoiding thinking about or talking about a stressful experience or avoiding having feelings related to it?

7. avoiding activities or situations because they reminded you of a stressful experience?

8. trouble remembering important parts of a stressful experience?

9. loss of interest in activities that you used to enjoy?

10. feeling distant or isolated from other people?

11. feeling emotionally numb or being unable to have loving feelings for those close to you?

12. feeling as if your future will somehow be cut short?

13. trouble falling or staying asleep?

14. feeling irritable or having angry outbursts?

15. having difficulty concentrating?

16. being ‘‘super-alert,’’ watchful, or on guard?

17. feeling jumpy or easily startled?

*From the World Health Organization CIDI 3.0.E3
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TABLE E3. Questions on paternal antisocial behavior*

1. Have you ever been arrested, in jail, or convicted of a crime other than drunk driving?

2. Since the age of 15 years, have you ever mugged someone to steal money or anything else; broken into a car, a house, or a building; stolen anything from a

store or a construction site; or stolen anything in any other way?

3. Since you were 15 years old, have you ever done anything else for which you were arrested or would have been arrested if you had been caught?

4. Have you ever pretended to be sick or physically harmed to collect insurance or any unemployment or disability compensation?

5. Have you ever done anything to deceive others in a serious way, like using a fake name, using a false check, or falsifying a document to obtain some

benefit?

6. Are you someone who acts impulsively, without planning ahead, or who changes your plans all of the time?

7. Have you moved repeatedly, leaving an apartment or a house shortly after you moved there, or have you abandoned a spouse or mate after a short time

simply because you changed your mind?

8. Have you ever used or threatened to use a stick, a knife, a firearm, a bottle, or a bar to wound or hurt someone else?

9. Are you an irritable and aggressive person or one who frequently gets into physical fights?

10. Do you frequently risk yourself by driving any type of motor vehicle recklessly at high speed in city streets or by driving drunk or high?

11. Are you the type of person who would risk your life or someone else’s without taking into consideration your own safety and the safety of others?

12. Have you ever gotten into debts that you could not pay and therefore caused you problems, such as not being able to pay the rent or money you owed or

having things repossessed or taken away because you could not keep up with the payments?

13. Are you the type of person who does not meet responsibilities and obligations or does not keep their promises to others?

*Questions on antisocial behavior were based on the standard DSM-IV criteria and developed by Lish et al.E4
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TABLE E4. Questions for both parents on asthma in their children at 1 year of age

Asthma symptoms

1. In the last 4 weeks, how often did (name of child) have trouble with coughing, wheezing, or shortness of breath first thing in the morning or during the

day?

2. In the last 4 weeks, how often did (name of child) wake up at night with a cough, wheezing, or shortness of breath?

3. In the last 4 weeks, how often has (name of child) used his or her rescue inhaler or nebulizer medication (such as albuterol)?

Oral steroids for asthma

In the last 12 months, has (name of child) had any oral steroids (eg, prednisone burst, Prelone)?

Hospitalizations for asthma

In the last 12 months, has (name of child) been hospitalized for asthma?

Asthma diagnosis

Has (name of child) ever been given a diagnosis by a doctor as having asthma?

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

LANGE ET AL 7.e6



TABLE E5. Questions for both parents on asthma in their children at 3 years of age

ED/MD visits for asthma

During the last 12 months, have you ever had to take (name of child) to the doctor, clinic, or emergency department so he or she can receive treatment for an

asthma attack?

Oral steroids for asthma

During the last 12 months, has (name of child) had any oral steroids (eg, prednisone burst, Prelone)?

Hospitalizations for asthma

During the last 12 months, has (name of child) been hospitalized for asthma?

Asthma diagnosis*

1. Has (name of child) ever been given a diagnosis by a doctor as having asthma?

2. Has (name of child)’s chest sounded wheezy or whistling during the past 12 months?

*Considered as ‘‘yes’’ for asthma diagnosis if the answers to both of the above questions were ‘‘yes.’’

ED, Emergency department; MD, physician’s office.
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