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Childhood asthma, allergies and risk of  
premenstrual disorders in young adulthood

Yihui Yang    1 , Tong Gong2, Carlos A. Camargo Jr3,4,5, 
Unnur A. Valdimarsdóttir1,5,6, Elizabeth Bertone-Johnson7,8,9 & 
Donghao Lu    1,5,9 

Emerging evidence suggests inflammation is involved in the development 
of premenstrual disorders (PMDs). We assessed whether childhood asthma 
and allergies, as inflammatory conditions that may share etiology with PMDs, 
are associated with risk of PMDs in adulthood. We conducted a prospective 
cohort study of 6,524 girls in the Growing Up Today Study between 1996 and 
2013. Self- and mother-reported diagnoses of asthma and allergies before 
age 18 were assessed at baseline and updated multiple times during follow-
up. Current premenstrual symptoms and cases of PMDs were evaluated using 
validated tools in 2013. Log-binomial and linear regressions were employed 
to assess the associations of asthma/allergies with PMDs and premenstrual 
symptoms (z score), respectively. At a mean (s.d.) age of 25.7 (3.5) years, 
19.3% of participants met the criteria for PMDs. Compared with girls free of 
asthma, those having asthma had an increased risk of PMDs (adjusted risk 
ratio (aRR) 1.20 [95% CI 1.07 to 1.34]) and increased symptom score (β = 0.13 
[95% CI 0.08 to 0.19]). Allergies were positively associated with PMDs (aRR 
1.11 [95% CI 0.99 to 1.24]) and premenstrual symptoms (β = 0.09 [95% CI 0.04 
to 0.14]). Specifically, the association with PMDs was statistically significant 
for food allergy (aRR 1.28 [95% CI 1.06 to 1.54]). The associations between 
asthma/food allergy and PMDs appeared more pronounced for probable 
premenstrual dysphoric disorder than for premenstrual syndrome. The 
findings, which show that individuals with childhood asthma or food allergy 
are at increased risk of PMDs in adulthood, may provide important evidence 
for future mechanistic research into inflammation and PMDs.

Premenstrual disorders (PMDs) are characterized as recurrence of 
affective and somatic symptoms in the days before menstruation. Pre-
menstrual syndrome (PMS) is a mild type of PMD, with a prevalence of 
20–30%. Premenstrual dysphoric disorder (PMDD) is dominated by 

psychological manifestations with significantly impaired social func-
tioning, and the prevalence was estimated between 2% and 6% (refs. 1,2).  
PMDs affect millions of women worldwide. Although most patients are 
diagnosed in their late twenties3, many in fact have symptoms from 
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adolescence4, indicating that childhood risk factors may be impor-
tant in the development of PMDs. However, few early-life risk factors 
of PMDs have been studied, except body size5, pubertal timing4 and 
childhood abuse6.

Menstruation is featured by the inflammatory response. In the 
late luteal phase, a cascade of local inflammatory responses results in 
breakdown and repair of the endometrium7. Cyclic changes in inflam-
matory marker levels are detectable in blood and urine, indicating 
system-wide effects8. However, dysregulated systemic inflammatory 
processes contribute to the pathogenesis of many mental disor-
ders9, including PMDs10,11. Moreover, inflammation may be a potential  
factor involved in the altered response to hormone changes in 
premenstrual symptoms12. Furthermore, asthma and allergies are 
common chronic conditions with the characteristics of allergic 
inflammation from early childhood13,14. Notably, some inflamma-
tory markers involved in women with PMDs10,11 are also implicated 
in individuals with asthma or allergies15,16. It is plausible that dys-
regulated immune function may contribute to asthma/allergies and 
subsequently to PMDs.

The literature on asthma/allergies and PMDs is, however, limited 
and inconclusive. Some small retrospective and cross-sectional stud-
ies suggested that, compared with women free of PMDs, those having 
PMDs are more likely to report allergy17,18, yet less likely to have asthma19. 
However, most of these studies have not addressed confounding, which 
may have biased the results. In this Article, we examined whether chil-
dren with asthma or allergies had an increased risk of having PMDs in 
their adulthood, by leveraging a large, longitudinal population-based 
cohort study in the United States with detailed information on potential 
confounders.

Results
Among 6,524 female participants, 1,257 (19.3%) individuals (mean 
(standard deviation, s.d.) age, 25.7 (3.5) years) were identified as hav-
ing a PMD. Participants having PMDs were more likely to be overweight/
obese and report smoking at baseline compared with those without 
PMDs (Table 1). In the surveys completed 2–3 years before the assess-
ment of PMDs, participants with PMDs were more likely to report family 
history of asthma or allergies and no use of hormone contraceptives. 
Participants with PMDs were more likely to have experienced childhood 
abuse and have comorbid depression and anxiety.

Table 1 | Characteristics of girls with and without PMDs

No PMDs PMDs

Total number 5,267 1,257

Age at menarche, years 12.8 ± 1.1 12.7 ± 1.1

Age at survey in 2013, years 26.0 ± 3.5 25.7 ± 3.5

Year of birth

1981–1985 2,360 (44.8) 508 (40.4)

1986–1990 1,907 (36.2) 503 (40.0)

1991–1995 1,000 (19.0) 246 (19.6)

Cohort membership
GUTS I 3,272 (62.1) 739 (58.8)

GUTS II 1,995 (37.9) 518 (41.2)

Race
White 4,933 (93.7) 1,175 (93.5)

Other 334 (6.3) 82 (6.5)

Baseline assessmenta

Maternal marital status
Not married 408 (7.7) 98 (7.8)

Married 4,859 (92.3) 1,159 (92.2)

Paternal educational level

High school  
or below

1,500 (28.5) 389 (30.9)

College 1,665 (31.6) 396 (31.5)

Postgraduate 1,770 (33.6) 384 (30.5)

Unknown 332 (6.3) 88 (7.0)

Use of multi-vitamin
No 2,997 (56.9) 709 (56.4)

Yes 2,270 (43.1) 548 (43.6)

BMI (kg m–2)

Underweight 573 (10.9) 109 (8.7)

Normal 3,813 (72.4) 895 (71.2)

Overweight 717 (13.6) 199 (15.8)

Obese 164 (3.1) 54 (4.3)

Moderate/vigorous 
physical activity (MET hours 
per week)

81.4 ± 59.1 78.8 ± 58.4

Ever alcohol drinking
No 5,131 (97.4) 1,234 (98.2)

Yes 136 (2.6) 23 (1.8)

Ever smoking
No 4,780 (90.8) 1,113 (88.5)

Yes 487 (9.2) 144 (11.5)

Parental smoking  
(GUTS I only)

No 2,716 (83.0) 605 (81.9)

Yes 556 (17.0) 134 (18.1)

Recent assessmentb

Parity
0 4,903 (93.1) 1,160 (92.3)

1+ 364 (6.9) 97 (7.7)

Use of hormonal 
contraceptives

No 2,742 (52.1) 758 (60.3)

Yes, with 
menstruation

2,187 (41.5) 404 (32.1)

Yes, without 
menstruation

338 (6.4) 95 (7.6)

Family history of asthma or 
allergies

No 2,013 (38.2) 417 (33.2)

Yes 2,389 (45.4) 610 (48.5)

Unknown 865 (16.4) 230 (18.3)

Early-life experiencesc

Maternal smoking during 
pregnancy (GUTS II only)

No 1,610 (80.7) 397 (76.6)

Yes 58 (2.9) 18 (3.5)

Unknown 327 (16.4) 103 (19.9)

Childhood abuse (GUTS 
I only)

No 2,592 (79.2) 526 (71.2)

Yes 680 (20.8) 213 (28.8)

No PMDs PMDs

Psychiatric disordersd

Anxietye
No 4,446 (84.4) 952 (75.7)

Yes 821 (15.6) 305 (24.3)

Depressionf
No 3,765 (71.5) 686 (54.6)

Yes 1,502 (28.5) 571 (45.4)

 N (%) or mean ± s.d.; GUTS, 1996–2013. Missing data on age at menarche (n = 176) and the 
Center for Epidemiologic Studies Depression Scale-10 (CESD-10) (n = 116) were imputed using 
the mean value. Missing data on race (n = 59), maternal civil status (n = 262), use of multi-
vitamins (n = 58), smoking (n = 299), alcohol drinking (n = 28), parity (n = 210), childhood abuse 
(in GUTS I only, n = 2) and parental smoking (in GUTS I only, n = 152) were coded to the most 
common category due to relatively small missings (<5%). aVariables were evaluated at or near 
the baseline (that is, 1996/1997 in GUTS I and 2004/2005/2006 in GUTS II) except for paternal 
educational attainment (in 1999) and parental smoking (in 1999 in GUTS I). bVariables were 
evaluated near the PMD assessment (that is, 2010 in GUTS I and 2011 in GUTS II) except for 
family history of asthma or allergies (2006 in GUTS I and 2009 in GUTS II). cMaternal smoking 
during pregnancy was assessed in 2009 in GUTS II. Childhood abuse was evaluated in 2007 
in GUTS I. dPsychiatric disorders were evaluated in 2013. eAnxiety was evaluated on the basis 
of self-reported clinician diagnosis or use of minor tranquilizers. fDepression was evaluated 
on the basis of self-reported clinician diagnosis, use of antidepressants or scoring higher than 
11 on CESD-10.

Table 1 (continued) | Characteristics of girls with and 
without PMDs
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Asthma and allergies
Across three multivariable models, we found a robust association for 
childhood asthma/allergies with risk of PMDs. Compared with individu-
als free of childhood asthma, those having asthma are at an increased 
risk of PMDs (adjusted relative risk (aRR) 1.20, 95% confidence interval 
(CI) 1.08–1.34; Table 2, model 2) and higher level of symptom burden 
(β = 0.13, 95% CI 0.08 to 0.19 per s.d.) in their adulthood. When further 
adjusting for factors associated with PMDs (model 3), the risk ratio 
(RR) (1.20, 95% CI 1.07 to 1.34) and β (0.13, 95% CI 0.08 to 0.19) were 
minimally changed.

Allergies were overall positively associated with PMDs  
(aRR 1.11, 95% CI 1.00 to 1.24) and symptom score (β = 0.09, 95% CI 
0.04 to 0.14). Similar to asthma, the association with PMDs (aRR 
1.11, 95% CI 0.99 to 1.24) and premenstrual symptoms (β = 0.09, 
95% CI 0.04 to 0.14) was materially unchanged in model 3. When 
analysing allergy subtypes, we observed a significant association 
with PMDs for food allergy (aRR 1.28, 95% CI 1.06 to 1.54), but not for 
eczema (aRR 1.13, 95% CI 0.96 to 1.32) and hay fever (aRR 1.10, 95% CI 
0.98 to 1.25). The association for allergen-specific food allergy with  
PMDs and premenstrual symptoms was notable for egg allergy 
and milk allergy (Supplementary Table 1). Furthermore, a stronger  
association was suggested for asthma/allergies present in adulthood 
than for asthma/allergies not present in adulthood (RR 1.34 versus  
1.18 for asthma, and 1.23 versus 1.09 for allergies; Supplementary 
Table 2).

As the association with PMDs was most pronounced for childhood 
asthma and food allergy, we focused on these two exposures in the 
following analyses.

PMD subtypes
In analyses of PMD subtypes, more pronounced associations of asthma 
and food allergies with probable PMDD were suggested than with PMS 
(RR 1.36 versus 1.18 for asthma and RR 1.35 versus 1.23 for food allergies; 
Table 3), although the associations were statistically significant for PMS 
only, probably due to greater statistical power for these comparisons. 
Significant and seemingly stronger associations were noted between 
asthma and later-onset PMDs (symptom onset after age 20) as well as 
between food allergies and earlier-onset PMDs.

Age at asthma onset
When analysing by age at onset, a seemingly stronger association was 
suggested between asthma with a preschool onset (0–5.9 years) and 
PMDs (Table 4). A higher level of premenstrual symptoms was found 
for asthma with an onset in preschool and teen ages (12–17.9 years), 
although the association was significant only for teen-onset asthma 
(Table 4).

Additional analyses
A greater RR of PMDs was observed for asthma and indicated for food 
allergies in GUTS II than in GUTS I (Table 5). Statistically comparable 
associations were found between asthma and PMDs among individuals 
with and without depression, whereas a stronger association was noted 
for food allergies among those without depression (P-for-interaction 
0.002). However, anxiety and categories of body mass index (BMI) did 
not clearly modify associations of asthma/food allergies with PMD risk.

Comparable results were observed when further adjusting for 
childhood abuse, parental smoking or maternal smoking during 

Table 2 | Associations of asthma and allergies with subsequent risks of PMD cases and symptoms

Girls N (%)/mean ± s.d. Model 1 Model 2 Model 3

N RR/β (95% CI)a P value RR/β (95% CI)b P value RR/β (95% CI)c P value

PMD cases

Asthma

  No 4,870 891 (18.3) Ref. Ref. Ref. Ref. Ref. Ref.

  Yes 1,654 366 (22.1) 1.23 (1.11 to 1.37)* <0.001 1.20 (1.08 to 1.34) * 0.001 1.20 (1.07 to 1.34) * 0.001

Allergies

  No 4,048 752 (18.6) Ref. Ref. Ref. Ref. Ref. Ref.

  Yes 2,437 498 (20.4) 1.16 (1.04 to 1.29) * 0.008 1.11 (1.00 to 1.24) 0.056 1.11 (0.99 to 1.24) 0.062

  Eczema 759 160 (21.1) 1.19 (1.02 to 1.38) * 0.031 1.14 (0.97 to 1.33) 0.109 1.13 (0.96 to 1.32) 0.139

  Food allergy 395 99 (25.1) 1.36 (1.14 to 1.63) * 0.001 1.28 (1.06 to 1.55)* 0.009 1.28 (1.06 to 1.54)* 0.009

  Hay fever 1,906 383 (20.1) 1.15 (1.02 to 1.29) * 0.022 1.11 (0.98 to 1.25) 0.102 1.10 (0.98 to 1.25) 0.109

PMD symptoms, z-score

Asthma

  No 4,870 −0.04 ± 0.98 Ref. Ref. Ref. Ref. Ref. Ref.

  Yes 1,654 0.11 ± 1.05 0.16 (0.10 to 0.22)* <0.001 0.13 (0.08 to 0.19)* <0.001 0.13 (0.08 to 0.19)* <0.001

Allergies

  No 4,048 −0.03 ± 0.98 Ref. Ref. Ref. Ref. Ref. Ref.

  Yes 2,437 0.05 ± 1.02 0.12 (0.07 to 0.17)* <0.001 0.09 (0.04 to 0.14)* 0.001 0.09 (0.04 to 0.14)* 0.001

  Eczema 759 0.03 ± 1.00 0.09 (0.01 to 0.17)* 0.027 0.06 (−0.02 to 0.14) 0.138 0.06 (−0.02 to 0.14) 0.156

  Food allergy 395 0.31 ± 1.15 0.34 (0.24 to 0.44)* <0.001 0.28 (0.18 to 0.38)* <0.001 0.27 (0.17 to 0.38)* <0.001

  Hay fever 1,906 0.05 ± 1.03 0.13 (0.07 to 0.18)* <0.001 0.10 (0.04 to 0.16)* 0.001 0.10 (0.04 to 0.16)* 0.001

RR (95% CI) or β (95% CI); GUTS, 1996–2013. Ref., reference. Log-binomial regression was employed to estimate the association for asthma/allergies with PMD cases, and linear regression was 
employed to estimate the association for asthma/allergies with PMD symptom score. Two-tailed tests with a P value of 0.05 were used. We did not adjust for multiple comparison. aThe models 
were adjusted for race, paternal educational attainment, birth year, cohort membership, maternal civil status and use of multi-vitamin. bThe models were further adjusted for BMI category, 
moderate/vigorous physical activity, smoking, alcohol drinking and family history of asthma or allergies. cThe models were further adjusted for use of birth control pills, parity and age at 
menarche. *P < 0.05.
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pregnancy, when adjusting for maternal and paternal history of asthma/
food allergy, when mutually adjusted for asthma and food allergy (Sup-
plementary Table 3), when restricting to participants who completed 
PMD questions and when using premenarcheal exposures (Supplemen-
tary Table 4). Furthermore, excluding individuals with milk allergy had 
no material effect on the result.

Discussion
Childhood asthma and allergies are worldwide public health concerns20. 
This prospective cohort study showed that girls with asthma or food 
allergy are at increased risk of PMDs in adulthood. Such associations 
were independent of most known confounders, for example, BMI 
category, smoking and childhood abuse, and factors associated with 
PMDs, for instance, use of hormone contraceptives, and appeared 
more pronounced for probable PMDD than for PMS.

Asthma and PMDs
Limited evidence supports a link between childhood asthma and 
depression. One study showed a positive relationship between asthma 
and depression among girls21, whereas another study showed a non-
significant association22. However, studies on the association between 
asthma and PMDs were scarce and inconclusive. Skrzypulec et al.19 
found asthma to be inversely correlated with PMDs, whereas Kljakovic 
et al.17 reported a null association. However, both small studies did 
not consider confounders, and the non-prospective designs allowed 
for reverse causation, as treatment of PMDs (for example, contracep-
tives) decreases the risk of asthma23. Interestingly, Mirdal et al.24 found 
eight out of ten women with asthma reported increased irritability, 

tearfulness and tension during peri-menstruation, indicating a high 
prevalence of premenstrual symptoms among patients with asthma. 
With prospectively collected data, and adjustment for most known 
confounders, our study found that girls with asthma had a 20% higher 
risk of PMDs in adulthood. Together with robust results in sensitivity 
analyses (for example, additional adjustment for confounders and 
restricting to premenarcheal exposures), and a seemingly stronger 
association with probable PMDD, this study lends some support to 
the hypothesis that childhood asthma may be related to the develop-
ment of PMDs.

The mechanisms underlying asthma and PMDs are probably mul-
tifactorial. First, genetic variants in oestrogen receptors alpha are 
observed in patients with PMDD and asthma, indicating shared genetics 
between these two disorders25,26. However, in our analysis, the associa-
tion between asthma and PMDs only slightly attenuated after adjusting 
for family history of asthma or allergies, suggesting our findings cannot 
be entirely explained by genetic overlap.

Moreover, association between asthma and PMDs might be driven 
by psychiatric comorbidities. Indeed, asthma and PMDs are both asso-
ciated with affective disorders27,28. However, we observed statistically 
comparable associations between asthma and PMDs across categories 
of current depression and anxiety, indicating the association between 
asthma and PMDs is specific and not fully explained by depression or 
anxiety. Notably, the association was statistically significant only in 
those with depression. Future studies are warranted to explore whether 
depression and PMDs share the pathophysiology induced by asthma, or 
premenstrual alteration of sex hormones amplifies depressive symp-
toms, so-called premenstrual exacerbation.

Alternatively, chronic inflammation associated with asthma 
may predispose individuals to a higher risk of PMDs. Inflammatory 
cytokines affect emotional and behavioural neurocircuitry, neurotrans-
mitter metabolism and hormone response to stress29, all of which are 
implicated in the aetiology of PMDD30. Indeed, inflammatory cytokines 
could induce sickness behaviour, including anorexia, disrupted sleep 
and anhedonia31, which could be part of PMD symptoms. Furthermore, 
inflammation in early life can influence brain development at critical 
periods32, thus triggering emotional dysregulation in later life. The 
chronic inflammation (that is, from childhood to adulthood) hypoth-
esis is further supported by our findings that asthma is more strongly 
associated with later-onset PMDs and asthma present in adulthood 
is more strongly related with PMDs. These mechanisms are similar to 
what has been proposed between inflammation and major depres-
sion29. However, there are potential inflammatory pathways specific to 
PMDs. One of the popular PMD mechanisms is that the premenstrual 
decline of allopregnanolone (ALLO) levels can provide potent stimulus 
to re-organize GABAA receptor, change the sensitivity to ALLO and may 
result in PMDs33. However, as women without PMDs also experience the 
withdrawal of ALLO in every menstrual cycle, decrease in ALLO alone 
may not induce those pathological effects. It has been postulated that 
other factors, for example, inflammation, may be involved in triggering 
the abnormal response to the withdrawal11. Emerging data suggest that 
inflammation may reduce the level of ALLO by increasing progester-
one–corticosterone metabolism and decreasing progesterone–ALLO 
metabolism34, which may speed up the decline of ALLO. Future studies, 
however, are warranted to fully understand the underlying mechanisms 
linking asthma/inflammation to PMDs.

Importantly, though we did not observe a significant association 
for PMDs when analysed by age at asthma onset, preschool and ado-
lescence asthma were more strongly associated with premenstrual 
symptoms, probably due to better statistical power. Compared with 
children with asthma with onset between age 6 and 11.9, preschool 
children with asthma have more persistent inflammation35, and ado-
lescents with asthma had higher levels of eosinophils36, further sup-
porting the importance of inflammation in the association between 
asthma and PMDs.

Table 3 | Associations of asthma and food allergy with 
subsequent risk of type-specific PMDs

Asthma Food allergy

No Yes No Yes

By severity

PMS

  Events, N (%) 807 (16.6) 324 (19.6) 1,033 (17.1) 87 (22.0)

  RR (95% CI)a Ref. 1.18  
(1.04 to 1.32)*

Ref. 1.23  
(1.01 to 1.50)*

  P value Ref. 0.007 Ref. 0.039

PMDD

  Events, N (%) 84 (1.7) 42 (2.5) 112 (1.9) 12 (3.0)

  RR (95% CI)a Ref. 1.36  
(0.93 to 1.97)

Ref. 1.35  
(0.73 to 2.47)

  P value Ref. 0.108 Ref. 0.336

By symptom onset

Age <20 years

  Events, N (%) 633 (13.0) 243 (14.7) 792 (13.1) 75 (19.0)

  RR (95% CI)a Ref. 1.14  
(1.00 to 1.31)

Ref. 1.28  
(1.03 to 1.60)*

  P value Ref. 0.059 Ref. 0.025

 Age 20+ years

  Events, N (%) 255 (5.2) 122 (7.4) 349 (5.8) 24 (6.1)

  RR (95% CI)a Ref. 1.36  
(1.10 to 1.69)*

Ref. 1.07  
(0.72 to 1.60)

  P value Ref. 0.004 Ref. 0.734

RR (95% CI); GUTS, 1996–2013. A two-sided log-binomial regression with a P value of 0.05 was 
used. We did not adjust for multiple comparison. aThe models were adjusted for race, paternal 
educational attainment, birth year, cohort membership, maternal civil status, use of multi-
vitamin, BMI category, moderate/vigorous physical activity, smoking, alcohol drinking, family 
history of asthma or allergies, parity, use of contraceptives and age at menarche. *P < 0.05.
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Allergies and PMDs
A recent study reported a positive association for childhood eczema 
with depression among girls37. Moreover, one study found that women 
with PMDs were more likely to have eczema or allergic rhinitis17. This is 
consistent with our findings that borderline associations were noted 
between eczema, hay fever and PMDs. More importantly, our study 
reported that childhood food allergy is linked to an increased risk of 
PMDs in adulthood. Elimination diet is commonly used to manage food 
allergy, which could lead to nutritional disorders, especially vitamin 
D and calcium deficiencies38. Lower intakes of calcium and vitamin D 
increase risk of PMDs39, which is supported by our findings that milk 
allergy was more strongly related with PMDs.

We observed statistically comparable associations between food 
allergies and PMDs across category of anxiety, and a stronger associa-
tion for food allergies and PMDs in women without depression, suggest-
ing that such association cannot be explained by depression/anxiety. 
Similar to asthma, the association between food allergy and PMDs 
may be attributable to shared genetics or underlying inflammation14. 
However, heterogeneity may exist between the food allergy–PMDs and 
asthma–PMDs links. For instance, stronger associations were suggested 
between asthma and late-onset PMDs as well as between food allergy 
and early-onset PMDs. It is plausible that food allergy has a more imme-
diate effect on the brain via the gut–brain axis. Potential mechanisms 
may include microbiota composition via the gut–brain axis40,41 and 
Th2-dominated immunological profiles42. Future studies are, however, 
warranted to better understand the underlying mechanisms.

Strengths and limitations
Leveraging prospectively collected data on asthma and allergies dur-
ing follow-up—along with detailed information on confounders—this 
study presents a comprehensive assessment of associations for asthma, 
allergies with PMDs during a follow-up up to 18 years. However, this 
study has potential limitations. First, we used participants’ report to 
assess asthma and allergies, which may lead to misclassification of some 
exposures. Nevertheless, the self-reported asthma among children has 
a high validity43, although food allergy is probably an overestimate44. 
Moreover, as individuals were healthy or not aware of the status of 
PMDs when asthma/allergies were measured, this misclassification 
is possibly non-differential in relation to PMDs and may only dilute 
associations. Second, we did not use daily symptom diaries to assess 
PMDs. Although the tool has been validated to identify PMDs in another 
US study of young females10, it was unable to differentiate PMS/PMDD 
from premenstrual exacerbation of other mental illness (for example, 
depression and anxiety with symptom worsening days before men-
struation). However, in the stratified analysis we showed comparable 
associations for asthma among individuals without comorbid mood 
disorders (that is, the association with ‘pure PMS/PMDD’). Moreover, 
the questionnaire was not validated to differentiate PMS and PMDD, 
which may lead to misclassifications of PMDD, although the prevalence 

in our study (1.9%) is comparable to that found in other studies in the 
United States1,45–47. Third, selection bias could emerge if participation 
is related to asthma/allergies and PMDs. However, the basic character-
istics4 and exposures to asthma and food allergy at first measurement 
were comparable between included and excluded participants (12.9% 
versus 13.0% for asthma and 9.3% versus 9.0% for food allergy). Fourth, 
given the nature of observational study, residual confounding cannot 
be completely ruled out. However, we have adjusted for most known 
confounders, including BMI, smoking and childhood abuse, in our 
analyses. We even controlled for family history of asthma/allergies as 
a proxy for genetic liability. Finally, our population is homogeneous in 
terms of socio-economic status and race. Further studies are needed 
in more ethnically and economically diverse populations.

In conclusion, this study suggests that childhood asthma and food 
allergy are associated with increased risk of PMDs in adulthood. Clini-
cians need to be alert of the potential risk of developing PMDs among 
girls having asthma or food allergy. Our findings may also benefit future 
mechanistic research in PMDs.

Methods
Study design
Data were from the Growing Up Today Study (GUTS). GUTS enroled 
offspring of participants in the Nurses’ Health Study II (NHS II), which 
is composed of registered female nurses in the United States48. Details 
of the study, including recruitment and response rates, are described 
elsewhere4,5. Briefly, in 1996, 16,882 children from age 9 to 14 years were 
enroled, forming the original GUTS I cohort. In 2004, an additional 
10,923 adolescents from age 10 to 17 years were enroled and formed 
GUTS II. At enrolment, mothers provided informed consent, because 
the recruitment of GUTS participants was initiated by sending invita-
tions to NHS II participants. GUTS participants assented by returning 
baseline questionnaires. The GUTS cohort was not designed to examine 
the relation of interest, and the current study is a secondary analysis. 
This study is approved by the Institutional Review Board of the Brigham 
and Women’s Hospital and the Swedish Ethical Review Authority.

Participants were sent questionnaires every 1–3 years. Mothers of 
these participants received questionnaires regarding their children’s 
health during 1997–2011. In total, 99% mothers of GUTS I participants49 
and 87% of mothers of GUTS II participants completed at least one ques-
tionnaire. In 2013, GUTS I and II were combined into the GUTS cohort 
and have been followed in parallel since then. The 2013 questionnaire, 
which assessed premenstrual symptoms, was returned by 8,266 (55%) 
women. Participants were excluded from the analysis if they reported 
amenorrhoea (n = 8) or lacked information on menstruation (n = 362) 
or missed every question on the PMD assessment (n = 1,372), yielding 
a final sample of 6,524 women. Our previous work showed that demo-
graphic and lifestyle characteristics were comparable between these 
women and those who did not respond to the 2013 questionnaire or 
missed PMD assessment4.

Table 4 | Associations of asthma with subsequent risks of PMD cases and symptoms, according to age at asthma onset

Girls PMD cases PMD symptoms, z-score

N N (%) RR (95% CI)a P value Mean ± s.d. β (95% CI)a P value

No 2,715 476 (17.5) Ref. Ref. −0.05 ± 0.98 Ref. Ref.

Age 0–5.9 years 303 64 (21.1) 1.14 (0.90 to 1.44) 0.280 0.10 ± 1.06 0.11 (−0.00 to 0.23) 0.053

Age 6–11.9 years 240 45 (18.8) 1.00 (0.76 to 1.32) 0.996 −0.05 ± 0.81 −0.03 (−0.16 to 0.10) 0.620

Age 12–17.9 years 241 42 (17.4) 0.96 (0.72 to 1.28) 0.792 0.12 ± 1.05 0.16 (0.03 to 0.29)* 0.017

RR (95% CI) or β (95% CI); GUTS, 1996–2013. Girls who belonged to GUTS II (n = 2,513) or did not have maternal estimated age at onset in GUTS I (n = 512) were excluded from the analyses. Log-
binomial regression was employed to estimate the association for asthma with PMD cases, and linear regression was employed to estimate the association for asthma with PMD symptom 
score. Two-tailed tests with a P value of 0.05 were used. We did not adjust for multiple comparison. aThe models were adjusted for race, paternal educational attainment, birth year, maternal 
civil status, use of multi-vitamin, BMI category, moderate/vigorous physical activity, smoking, alcohol drinking, family history of asthma or allergies, parity, use of contraceptives and age at 
menarche. *P < 0.05.
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Asthma and allergies
Both asthma and allergies were assessed at baseline and then were 
prospectively surveyed throughout follow-up. Asthma was defined as 
either self-report of a clinical diagnosis by a GUTS participant, or the 
report by the participant’s mother (an NHS II participant) that their 
daughter had been clinically diagnosed with asthma. GUTS participants 
were asked if they had asthma on every questionnaire (the timeline of 
data collection is summarized in Fig. 1). In addition, in 2010, 2011 and 
2013, participants reported the year of first diagnosis of asthma. In 
1997, 1999, 2004 and 2009, mothers were asked if their children had 
been diagnosed with asthma, and the year of first diagnosis (1999 and 
2004 only).

Allergies included eczema, food allergy and hay fever, and were 
defined from self- and mother reports. Physician-diagnosed eczema 
and hay fever was reported in 2006–2008 by daughters and in 1997, 
1999 and 2009 by mothers. In 1999, mothers recalled the age at eczema 
and hay fever onset. In addition, in 2006, 2007, 2008 and 2010, girls 
were asked if they had a clinician-diagnosed food allergy, and in 2010, 
to estimate the year of first diagnosis. In 2009, mothers were asked 
whether their daughters had clinician-diagnosed food allergies. We 
also classified individuals reporting allergic reactions to peanuts or tree 
nuts as having a food allergy, using reports in 2006–2008 by daughters 
and 2006 by mothers.

Participants were ascertained as having asthma or allergies if 
reported by either themselves or the mother. Childhood asthma/aller-
gies were defined as either reporting asthma/allergies or reporting age 
at onset before age 18. In 2013, use of asthma medications (for example, 
albuterol and Flovent) and allergy medications (for example, Allegra, 
Claritin and Zyrtec) in the past year was reported by participants. This 
information was used to classify whether childhood asthma/allergy 
was present in adulthood.

PMDs
In 2013, PMDs were assessed using a scale adapted from the Calendar 
of Premenstrual Experiences50. A similar tool was validated in NHS 
II10,51 Participants were asked if they experienced 19 physical/behav-
ioural and 8 affective symptoms for some days before the start of men-
struation in most cycles. Participants evaluated the severity of every 
symptom as none, mild, moderate or severe. We scored the severity 
between 0 and 3, and then converted the summed score (range 0–81) 
to a z-score. Individual’s mean symptom score was used to impute 
missing symptoms, though only 1% of participants missed more than 
five symptoms. Participants also recalled the age when their symptoms 
began, with four response options: since the first period, in teens, when 
aged 20+ and when aged 30+.

Table 5 | Associations of asthma/food allergy with 
subsequent risks of PMD cases, stratified by cohort, 
depression, anxiety and baseline BMI

Asthma Food allergy

No Yes No Yes

By cohort membership

GUTS I

Girls, N 2,903 1,108 3,734 233

Events, N (%) 518 (17.8) 221 (19.9) 684 (18.3) 49 (21.0)

RR (95% CI)a Ref. 1.09  
(0.95 to 1.26)

Ref. 1.12  
(0.86 to 1.44)

GUTS II

Girls, N 1,967 546 2,308 162

Events, N (%) 373 (19.0) 145 (26.6) 461 (20.0) 50 (30.9)

RR (95% CI)a Ref. 1.37  
(1.16 to 1.62)*

Ref. 1.41  
(1.09 to 1.83)*

P-for-interaction 0.042 0.202

By depression

No

Girls, N 3,453 998 4,148 246

Events, N (%) 526 (15.2) 160 (16.0) 619 (14.9) 60 (24.4)

RR (95% CI)a Ref. 1.05  
(0.89 to 1.23)

Ref. 1.57  
(1.24 to 1.98)*

Yes

Girls, N 1,417 656 1,894 149

Events, N (%) 365 (25.8) 206 (31.4) 526 (27.8) 39 (26.2)

RR (95% CI)a Ref. 1.22  
(1.06 to 1.41)*

Ref. 0.89  
(0.67 to 1.18)

P-for-interaction 0.168 0.002

By anxiety

No

Girls, N 4,098 1,300 5,021 305

Events, N (%) 689 (16.8) 263 (20.2) 870 (17.3) 74 (24.3)

RR (95% CI)a Ref. 1.19  
(1.05 to 1.36)*

Ref. 1.33  
(1.08 to 1.64)*

Yes

Girls, N 772 354 1,021 90

Events, N (%) 202 (26.2) 103 (29.1) 275 (26.9) 25 (27.8)

RR (95% CI)a Ref. 1.12  
(0.92 to 1.36)

Ref. 0.97 (0.68 to 
1.37)

P-for-interaction 0.585 0.121

By baseline BMI

Underweight

Girls, N 511 171 639 39

Events, N (%) 81 (15.9) 28 (16.4) 103 (16.1) 6 (15.4)

RR (95% CI)a Ref. 1.02 (0.69 to 
1.51)

Ref. 0.91  
(0.42 to 1.94)

Normal

Girls, N 3,543 1,165 4,367 279

Events, N (%) 643 (18.1) 252 (21.6) 815 (18.7) 70 (25.1)

RR (95% CI)a Ref. 1.19 (1.05 to 
1.36)*

Ref. 1.26  
(1.02 to 1.56)*

Overweight/
obese

Girls, N 816 318 1,036 77

Asthma Food allergy

No Yes No Yes

Events, N (%) 167 (20.5) 86 (27.0) 227 (21.9) 23 (29.9)

RR (95% CI)a Ref. 1.28 (1.03 to 
1.61)*

Ref. 1.31 (0.92 to 
1.87)

P-for-interaction 0.598 0.684

 RR (95% CI); GUTS,1996–2013. Ref., reference. Log-binomial regression was employed to 
estimate the association for asthma/allergies with PMD cases, and linear regression was 
employed to estimate the association for asthma/allergies with PMD symptom score. Wald 
test was used to examine interaction effects. Two-tailed tests with a P value of 0.05 were 
used. We did not adjust for multiple comparison. aThe models were adjusted for race, 
paternal educational attainment, birth year, cohort membership, maternal civil status, use of 
multi-vitamin, BMI category, moderate/vigorous physical activity, smoking, alcohol drinking, 
family history of asthma or allergies, parity, use of contraceptives and age at menarche.

Table 5 (continued) | Associations of asthma/food allergy 
with subsequent risks of PMD cases, stratified by cohort, 
depression, anxiety and baseline BMI
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The severity of overall symptoms and social impairment were 
further rated. Consistent with previous studies4,5, women were iden-
tified as having PMDs if they reported all these items: (1) ≥1 affective 
and ≥1 physical symptoms; (2) impact on social functioning or overall 
symptom evaluated as moderate or severe or ≥1 severe emotional 
symptoms; (3) symptoms beginning ≤2 weeks before menstruation 
onset and ending ≤1 week of menstruation onset; and (4) symptoms 
completely withdrew in 1 week after menstruation. The validity of the 
tool has been demonstrated, with a positive predictive value of 80%10.

Women with PMDs were classified as having PMS or probable 
PMDD, on the basis of the Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition, (DSM-5) criteria52: (1) ≥1 of 4 emotional mani-
festations (depression, anxiety, irritability/anger and mood swings/
tearful) classified as severe; (2) ≥5 of 11 symptoms including the 4 
emotional symptoms and insomnia, food cravings, hypersensitized 
state, desire for loneliness, tiredness, poor concentrating and/or other 
physical manifestations; and (3) social impairment classified as moder-
ate or severe.

Covariates
Age, race and use of multi-vitamins was measured at baseline from 
GUTS questionnaires. Maternal marital status was ascertained from 
1997 and 2005 NHS II questionnaires, and paternal educational level 
was ascertained from 1999 NHS II questionnaires.

Factors associated with PMDs and asthma/allergies were potential 
confounders. Ever drinking alcohol and ever smoking were assessed 
at baseline. Baseline BMI (as kg m−2) was generated using height and 
weight reported by participants. On the basis of the extended Interna-
tional Obesity Task Force53, participants were further grouped into four 
BMI categories: underweight, normal, overweight and obese. Physical 

activity at baseline was calculated by multiplying the weekly hours 
spent in moderate to vigorous activities by the activities’ metabolic 
equivalent of task (MET) score54, with the products then summed to 
derive weekly MET hours. Experiences of abuse before age 11, including 
physical, emotional and sexual abuse, were collected from GUTS I in 
2007 (ref. 55). Furthermore, as evidence showed that women with PMDs 
are more likely to report family history of allergies17,56, we collected 
information on family history of asthma or allergies from mothers’ 
questionnaires in 2006 and 2009. Parental smoking was reported by 
GUTS I participants in 1999. Maternal smoking during pregnancy was 
reported by mothers of GUTS II participants in 2009.

Number of pregnancy and use of birth control pills were evaluated 
in 2010 in GUTS I and 2011 in GUTS II. Age at menarche was reported 
from serial questionnaires from cohort entry until 2003 in GUTS I and 
until 2008 in GUTS II.

Anxiety and depression are commonly comorbid with asthma57 
and PMDs27. Anxiety was evaluated in 2013, on the basis of self-reported 
physician-diagnosed anxiety disorders or medication (minor tran-
quilizers) use. Depression was evaluated on the basis of clinician-diag-
nosed depression, antidepressant use or high depressive symptom 
(scoring above 11 based on the Center for Epidemiologic Studies 
Depression Scale-10 (ref. 55) (positive predictive values 73–95%)), all 
surveyed in self-administrated questionnaire in 2013.

Statistical analysis
Background variables between women with and without PMDs were 
compared using t-test or χ2 test. Using log-binomial regression mod-
elling, we then estimated RRs of PMDs by comparing individuals with 
childhood asthma or allergies with those without. Furthermore, we 
estimated β for the associations with premenstrual symptom score, the 
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Fig. 1 | Timeline of data collection in GUTS, 1996–2013. Exposures were 
assessed from 1996 to 2011 in GUTS I and GUTS II (with circles beside the years), 
separately. Asthma/food allergies/hay fever/eczema was assessed by asking 

‘Has a doctor ever said you have asthma/food allergies/hay fever/eczema’. Food 
allergies also included allergic reactions to peanuts or tree nuts. GUTS I and GUTS 
II were combined in 2013, when PMDs were evaluated. dr-dx, doctor diagnosed.
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secondary outcome, using linear regression. To provide insights into 
asthma/allergy subtypes, we analysed the associations by: (1) eczema, 
food allergies (further divided by common allergens) and hay fever; 
and (2) whether conditions present in adulthood.

We built three models. Model 1 was adjusted for demographics, 
cohort membership, and paternal educational attainment, use of 
multi-vitamin and maternal civil status. Model 2 was further adjusted 
for potential confounders, including baseline lifestyles (physical 
activity58,59, ever smoking60,61 and consuming alcohol62,63), baseline 
BMI5,64,65 and family history of asthma or allergies25,26. Model 3 was 
further adjusted for factors associated with PMDs, including parity, 
use of contraceptives and age at menarche.

To determine the potentially different associations between 
asthma/allergies with PMD subtypes, we estimated separately the 
association for (1) PMS and probable PMDD; and (2) PMDs with symp-
tom onset before and after age 20. The latter analysis was to alleviate 
the concern of reverse causation, namely PMDs with an onset after age 
20 should have occurred after childhood asthma/allergies. In addition, 
presuming that age recalled by mothers (nurses) is more accurate, we 
classified individuals with asthma according to mother-reported age at 
onset (<6, 6–11.9 and 12–17.9; only available in GUTS I), and compared 
them with individuals without childhood asthma.

We conducted several additional analyses. First, inflammation is 
involved in depression, anxiety66 and obesity67; to test potential risk 
modifications, we stratified analyses by these factors. We also strati-
fied analyses by cohort membership. Second, to address residual con-
founding, we further adjusted for childhood abuse, parental smoking 
in GUTS I, and maternal smoking during pregnancy in GUTS II. Third, 
maternal and paternal atopy have differential impacts on offspring’s 
immunoglobulin E production68; instead of adjusting for family his-
tory of asthma and allergies as a whole, we adjusted for maternal and 
paternal history of asthma/allergies, respectively. Fourth, to evaluate 
the independent role of asthma/allergies, we mutually adjusted them. 
Fifth, to examine the impact of missing information, we limited analy-
ses to participants who completed all PMD symptom items. Sixth, we 
restricted analyses to premenarcheal exposures to rule out reverse 
causality, as PMDs cannot emerge until menarche. Finally, as people fre-
quently conflate milk allergy with lactose intolerance69, we performed 
analyses of food allergies by excluding individuals with milk allergy.

All analyses were performed in SAS, version 9.4 (SAS Institute) and 
R, version 3.6.3 (R Foundation for Statistical Computing). A two-tailed 
P < 0.05 indicates statistical significance.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The datasets used in the current study are not publicly available due to 
paticipant confidentiality. External investigators who plan to use data 
from the GUTS are supposed to fill out a request form (https://docs.
google.com/forms/d/e/1FAIpQLScAPV23ZIBpkk9CyEJ1OcFJjMol9el
KEpLYnPu7g3PgBL57XA/viewform) and describe the study proposal. 
Most of the requests will be approved. Investigators can contact guts@
channing.harvard.edu for more details.

Code availability
The codes used to generate all the results are available from the cor-
responding authors upon request.
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