Li et al. BMC Psychiatry ~ (2025) 25:276 BMC Psychiatry
https://doi.org/10.1186/s12888-025-06702-w

: : ®
Risk factors for postpartum depression D
in pregnant women with allergic rhinitis:
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Abstract

Objective Allergic rhinitis can cause symptoms to worsen after pregnancy and may cause problems such as
postpartum depression. The goal of this study was to investigate the factors that influence postpartum depression in
pregnant women with allergic rhinitis (AR).

Methods We conducted a retrospective cohort study that included women with AR (based on self-reports)

between June 2015 to June 2019 in Harvard University Partners Healthcare Systems (PARTNERS) in the USA. The study
group was divided into postpartum depression and non-postpartum depression. Routine clinical and laboratory
information was collected. Univariate and least absolute shrinkage and selection operator (LASSO, employed for
predictor selection) regression analysis was used to study associations between AR during pollen seasons and adverse
outcomes. Additionally, the receiver operating characteristic (ROC) curve evaluates discriminative ability by the area
under the ROC curve (AUC). The calibration curve (DCA) was conducted to determine the clinical utility and benefit of
the nomogram.

Results A total of 216 pregnant women with AR participated in this study. Univariate analysis showed that 7
indicators were significantly different (P <0.05). LASSO and multivariable regression identified four predictors to
construct a nomogram for PPD in pregnant women with AR, the four selected risk predictors are as follows: pollen
season pregnancy (OR=1.514, 95%Cl: 0.771-2.973), history of preterm birth (OR=2.723, 95%Cl: 1.157-6.406), number
of pregnancies (OR=2.104, 95%Cl: 1.356-3.267), anti-allergy medication during pregnancy (OR=2.975, 95%Cl: 1.521-
5.819). The nomogram displayed good discrimination, with AUC of 0.732 (95% Cl: 0.657-0.808). The risk of postpartum
depression increased with the increasing risk score of predictive nomogram. The calibration curve and DCA present
optimal predictive power.
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women consult experts to reduce AR symptoms.
Trial registration number 2018P002646.
Strengths and limitations of this study

allergic rhinitis pregnancy women research.

postpartum depression.

factors for postpartum depression.

Conclusions We highlighted the comorbidity of AR and postpartum depression, and suggested that a
multidisciplinary consideration between allergists and obstetricians or midwives is needed to ensure that pregnant

- This study used the Harvard University Partners Healthcare Systems data for

- Multiple logistic regression analysis was utilized to identify the risk factors associated with postpartum depression
in pregnant women with rhinitis. Additionally, a nomogram was developed to forecast the occurrence of

- This study suggests that fertility, a history of premature birth, and treatment for allergies during pregnancy are risk

- This study was a case-control study, and results need to be extrapolated more rigorously.

Keywords Allergic rhinitis, Postpartum depression, Pregnant women, Nomogram

Background

Allergic rhinitis (AR) is a prevalent chronic condition
globally, marked by an inflammatory response triggered
when inhaled particles contact the nasal mucosa, result-
ing in the production of immunoglobulin E (IgE) [1].
This condition affects roughly one in six people globally
[2], with incidence rates varying by region: 9% in the US,
19% in Europe, 10% in Africa, 15% in Asia, and 38% in
Oceania [3]. During pregnancy, increased blood volume
and hormonal fluctuations can exacerbate allergic rhini-
tis (AR) symptoms in about one-third of women. Preg-
nant women with AR often experience discomfort, with
rhinorrhea and recurrent sneezing being the most com-
mon symptoms [4]. Furthermore, mothers with AR in the
USA are at risk of delivering babies with low birth weight
and preterm birth [5]. In addition to physical symptoms,
AR during pregnancy is often accompanied by psycho-
logical distress, such as anxiety and depression, further
complicating maternal health. Maternal allergic condi-
tions, including AR, have been linked to perceived mater-
nal stress during late pregnancy [6]. These conditions are
often accompanied by psychological distress, including
anxiety and depression, in pregnant women [7]. Impor-
tantly, pregnant women with AR exhibit significantly
lower serum vitamin E levels compared to healthy preg-
nant women, and additionally, the serum level of vitamin
E was negatively correlated with the total nasal symp-
tom score [8]. A population-based case cohort study of
199,470 deliveries from the National Health Insurance
Research Database (NHIRD) data between 2000 and
2010 was included, Univariate and multivariable regres-
sion analyses showed that AR was significantly associated
with increased odds of PPD, this deficiency is signifi-
cantly associated with a roughly 50% increased risk of
postpartum depression (PPD) in women who give birth
while experiencing AR [9], highlighting the multifaceted
impact of this condition.

PPD is a common, debilitating, but treatable condition.
A history of mood or anxiety disorders, especially with
active symptoms during pregnancy, is the primary risk
factor [10]. It disrupts the interactions between moth-
ers and infants, which are essential for the child’s devel-
opment. The bond a mother forms with her child, her
responsiveness, and her parenting approach are crucial
for the healthy development of the infant’s social, cogni-
tive, and behavioral skills. Depressed mothers often show
reduced attachment, decreased sensitivity, and tend to
engage in harsher or more inconsistent parenting prac-
tices. These behaviors may contribute to the documented
negative outcomes in children raised by mothers with
depression [11]. Previous studies indicate that individu-
als with allergic rhinitis (AR) frequently experience both
nasal symptoms and psychological issues, including
depression [12]. Depression complicates the manage-
ment of AR, making it more difficult and costly. More-
over, it significantly impairs patients’ daily functioning
and overall well-being, placing additional burdens on
both families and society [13]. Identifying the associa-
tion between AR and PPD is vital to mitigate the impact
of this common childbirth complication. Early identifica-
tion allows for the implementation of proactive interven-
tions, ensuring the best possible outcomes for mothers,
infants, and families [14].

While numerous studies explore the link between AR
and depression [15], research specifically examining the
relationship between AR and PPD is less prevalent. Given
the vulnerability of pregnant women, AR may increase
the risk of PPD. Various risk factors for PPD have been
identified, encompassing demographic, clinical, psycho-
social, marital, parity, and neonatal health aspects [9].
The use of anti-allergic medications by pregnant women
with AR, along with changes in their psychological state
during pregnancy, are all risk factors for PPD. Therefore,
this population-based study was conducted to examine
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the association between AR and PPD, addressing an
existing knowledge gap. This study intends to retro-
spectively analyze the influencing factors of postpartum
depression in pregnant women with allergic rhinitis
through multi-center data, and develop perinatal man-
agement strategies for pregnant women with allergic rhi-
nitis to avoid adverse clinical outcomes.

Materials and methods
Data collection
This retrospective study analyzed data from June 2015
to June 2019 across the Harvard University Partners
Healthcare System (PARTNERS), covering seven hos-
pitals: Brigham and Women’s Hospital, Massachusetts
General Hospital, Newton-Wellesley Hospital, North
Shore Medical Center, Martha’s Vineyard Hospital, Cooly
Dickinson Hospital and Nantucket Cottage Hospital.
Cases of AR in pregnant women were identified using
the EPIC system through International Classification of
Diseases (ICD) codes. AR was diagnosed based on labo-
ratory tests, clinical symptoms, and documented allergies
during pregnancy, as recorded in hospital files. Severe
congenital malformations and multiple pregnancies are
established risk factors for PPD [16, 17], therefore, this
study excluded cases involving severe congenital malfor-
mations, such as chromosomal abnormalities or multiple
anomalies, as well as all multiple pregnancies. Mater-
nal demographics (age, parity, ethnicity, last menstrual
period, BMI), obstetric and medical history, biochemical
parameters (leukocyte, red blood cell, platelet counts),
treatment, and pregnancy outcomes (birthweight, sex,
delivery mode, Apgar score, pain score, PPD) were col-
lected from hospital records for all AR cases.

The study received ethical approval from Harvard
University Partners Healthcare Systems under approval
number 2018P002646.

Definitions

A history of AR was considered positive if the woman
had experienced the disease in any prior pregnancy. Pol-
len season is defined from May to August. Adverse preg-
nancy outcomes included delivery mode, preterm births
(<37 weeks, spontaneous or induced), and postpar-
tum hemorrhage (>1000 mL), small-for-gestational-age
infants (birth weight below the 10th percentile), neona-
tal asphyxia (pHa<7.05 with base deficit>12 mmol/L or
pHa<7.00) [18], low Apgar scores (<7 at 5 min), admis-
sions to medium and neonatal intensive care units, and
perinatal deaths from 24 weeks of gestation to 7 days
post-delivery.

Additionally, late preterm births were specifically
defined as those occurring between 34 weeks 0 days
and 36 weeks 6 days of gestation. The outcome mea-
sures were based on extensive prior research on adverse
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reproductive outcomes and aligned with national guide-
lines. The Depression Screener Questionaire, a nine-item
screening tool based on DSM-V criteria for depression,
was used to assess PPD. A score of 10 or higher indicated
major depression.

Statistical method

After conducting the Shapiro-Wilk test, all the continu-
ous variables exhibited abnormal distribution. Therefore,
continuous data were expressed as the median [25th
percentile, 75th percentile]. Categorical variables were
expressed as counts (percentages). Clinical character-
istics were compared using the Mann-Whitney U test
(continuous variables) and chi-square test (categorical
variables). LASSO regression was selected for its ability
to handle multicollinearity and identify the most predic-
tive variables (P<0.1), enhancing the nomogram’s reli-
ability. The nomogram was developed using a binary
logistic regression model with five-fold cross-validation.
The factors included in the nomogram were selected
based on multivariable analysis. To verify the positioning
of the points on the “Total Points” axis, predictor lines
were extended upwards, and then projected downwards
onto the lower scales, which helped determine the like-
lihood of puerperal infection. To evaluate the accuracy
of the predictive model, a calibration curve was utilized,
and the Hosmer-Lemeshow test was used to assess the
difference between the predicted values and actual values
to evaluate the model fit. Additionally, the receiver oper-
ating characteristic (ROC) curve evaluates discriminative
ability by the area under the ROC curve (AUC). Calibra-
tion curve analysis (DCA) were used to assess the nomo-
gram’s accuracy and clinical applicability.

Statistical analyses were performed using R soft-
ware version 4.4.1 (http://www.rproject.org), specifica
lly employing the “rms” and “glmnet” packages. Lasso
regression was performed using the “glmnet” package in
R version 4.4.1. The “rms” package was used to construct
binary logistic regression models and generate calibra-
tion curves. ROC curves were plotted using the “pROC”
package. A p-value of <0.05 was considered statistically
significant.

Results

The total number of pregnant women with AR was 216,
including 65 diagnosed with PPD and 151 without PPD.
Maternal characteristics are detailed in Tables 1 and 2,
categorized by various data classifications. The median
age of mothers was 34 years (IQR: 31.00-37.25), with
those experiencing PPD having a median age of 35 years
(IQR: 31.00-38.00) and those without having a median
age of 34 years (IQR: 31.00-36.00). The Mann-Whitney
U test revealed statistically significant differences in gra-
vidity, parity, and gestational weight gain (P<0.05). The
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Table 1 A summary of continuous data of the variables grouped by PPD and postpartum non-depression in pregnant women with

AR

Sample characteristics

Overall

Postpartum depression (n=65) Non-Postpartum depression (n=151) P value

Age

Maternal height
Maternal weight
Gravidity

Parity

Pre-pregnancy BMI
Prenatal BMI
Gestational weight gain
Weight at delivery
Hospitalization time

Amount of blood loss during delivery
White blood cells during parturition
Red blood cells during parturition
Thrombocyte during parturition
Baby head circumference

Baby height
Baby weight
Apgar 1 min score
Apgar 5 min score

34.00 [31.00, 37.25]
163.00 [158.75, 168.00]
66.20 [59.00, 79.30]
2.00[1.00, 3.00]
2.00[1.00, 2.00]
25.05[22.17,29.05]
30.22[27.32,34.02]
13.20 [8.62, 16.90]
81.10[72.02,91.20]
4.00 [3.00, 5.00]

300.00 [200.00, 700.00]
10.93 [9.16,13.17]
4.15[3.91, 4.40]

204.00 [171.00, 247.00]
34.16 [33.50, 35.00]
50.00 [48.30, 51.50]
3.34[2.89,3.69]

8.00 [8.00, 9.00]
9.00[9.00, 9.00]

35.00 [31.00, 38.00]
163.00 [160.00, 168.00]
67.10[60.70, 81.70]
3.00 [2.00, 5.00]
2.00[1.00, 3.00]

26.00 [22.50, 30.56]
30.67 [27.33,35.47]
11.40 [6.80, 16.30]
81.60 [72.10, 92.50]
4.00 [3.00, 5.00]

300.00 [200.00, 700.00]
11.30[9.11,13.55]
4.04 [3.88, 4.28]

212.00 [183.00, 246.00]
34.16 [34.00, 35.00]
49.50 [48.30, 51.40]
3.29(2.79,3.73]

8.00 [8.00, 9.00]

9.00 [9.00, 9.00]

34.00 [31.00, 36.00] 0.064
163.00 [158.00, 167.60] 0.276
65.80[57.37,77.09] 0.073
2.00[1.00, 3.00] <0.001
1.00 [1.00, 2.00] <0.001
24.77 [22.07, 28.09] 0.083
30.08 [27.27,33.44] 0.622
13.60[9.31,17.65] 0.028
80.70 [71.95, 90.30] 0438
4.00 [3.00, 5.00] 0.270
300.00 [250.00, 700.00] 0.579
10.85[9.20, 13.16] 0616
4.18[3.92, 4.44] 0.052
198.00 [170.50, 247.00] 0471
34.16 [33.00, 35.00] 0.249
50.00 [48.30, 51.50] 0467
3.36[3.00, 3.65] 0.508
8.00 [8.00, 9.00] 0.070
9.00[9.00, 9.00] 0.922

Notes: Median [P,s, P;s]; Abbrivation: BMI=body mass index; Wilcoxon rank sum test for continuous variables; p-value of < 0.05 was considered statistically significant

chi-square test revealed significance (P<0.05) for cat-
egorical variables including pregnancy during pollen
season, history of preterm birth, history of spontane-
ous abortion, and use of anti-allergy medication during
pregnancy.

We conducted a LASSO regression analysis, select-
ing the predictive factors from the univariate analysis
(P<0.1), including age, maternal weight, gravidity, par-
ity, gestational weight gain, Apgar 1 min score, pollen
season pregnancy, history of preterm birth, history of
spontaneous abortion and anti-allergy medication dur-
ing pregnancy. LASSO regression analysis indicated that
pregnancy during the pollen season, history of preterm
birth, number of pregnancies, and use of anti-allergy
medication during pregnancy were more significant in
predicting PPD in pregnant women with AR (Table 3).

We developed a binary logistic regression model
based on factors selected from the LASSO regression
analysis, including pregnancy during the pollen season
(OR=1.514, 95% CI: 0.771-2.973), history of preterm
birth (OR =2.723, 95% CI: 1.157-6.406), number of preg-
nancies (OR=2.104, 95% CI: 1.356-3.267), and use of
anti-allergy medication during pregnancy (OR=2.975,
95% CI: 1.521-5.819) (Table 4).

Figure 1 illustrates a nomogram constructed from the
four aforementioned clinical features to assess the risk
of PPD in pregnant women with AR. Among the pre-
dictive factors identified, the number of pregnancies
exhibited the strongest association with postpartum
depression risk, followed by anti-allergy medication use

during pregnancy, history of preterm birth, and preg-
nancy occurring during the pollen season.

We evaluated the model’s discriminative ability using
the receiver operating characteristic (ROC) curve and
assessed its fit with the Hosmer-Lemeshow test (Fig. 2).
The ROC curve’s area (AUC) was 0.732 (95% CI: 0.657—
0.808), demonstrating good predictive value (Fig. 3). Fur-
thermore, decision curve analysis (DCA) demonstrated
that the predictive model provided considerable net ben-
efits across most threshold probabilities (Fig. 4).

In summary, our analysis highlights key predictive
factors for postpartum depression in women with AR,
including the number of pregnancies, anti-allergy medi-
cation use during pregnancy, and history of preterm
birth. The predictive model demonstrated robust per-
formance with an AUC of 0.732, supporting its potential
utility in clinical settings.

Discussion

This study investigated the risk factors for PPD among
patients with allergic rhinitis (AR) using data from the
Harvard University Partners Healthcare Systems. We
found that the incidence of PPD in patients with AR is
approximately 30%. Multivariable regression analysis
revealed that multiparity, a maternal history of pre-
term delivery, and allergy treatments during pregnancy
were significant risk factors for PPD. Univariate analysis
revealed that pregnancy during pollen season, reduced
gestational weight gain, and a maternal history of spon-
taneous abortion were linked to a heightened risk of PPD.
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Table 2 A summary of categorical variables of the variables grouped by PPD and postpartum non-depression in pregnant women

with AR

Sample characteristics Overall Postpartum depres- Non-Postpartum P
(n=216) sion (n=65) depression value

(n=151)

Pregnant in the pollen season

No 147 (68.1) 37 (56.9) 110(72.8) 0.032

Yes 69 (31.9) 28 (43.1) 41 (27.2)

Pollen seasonal allergy

No 173 (80.1) 55(84.6) 118 (78.1) 0.365

Yes 43(19.9) 10(15.4) 33(21.9)

Partnership status

Married 173 (80.1) 52(80.0) 121 (80.1) 1.000

Unmarried 43(19.9) 13 (20.0) 30(19.9)

Blood types

A 71(32.9) 18(27.7) 53(35.1) 0.746

B 35(16.2) 11(16.9) 24(15.9)

AB 11(5.1) 4(6.2) 7 (4.6)

O 99 (45.8) 32(49.2) 67 (44.4)

Race

Asian 23(10.6) 4(6.2) 19(12.6) 0.344

Black or African American 23(10.6) 7(10.8) 16 (10.6)

Hispanic 27 (12.5) 12 (18.5) 15(9.9)

White 137 (63.4) 40 (61.5) 97 (64.2)

Brazilian 6(2.8) 2(3.1) 4(2.6)

Smoking history

No 175 (81.0) 49 (754) 126 (83.4) 0.232

Yes 41190 16 (24.6) 25(16.6)

History of drug use

No 205 (94.9) 61(93.8) 144 (95.4) 0.898

Yes 11(.1) 4(6.2) 7 (4.6)

Drinking history

No 113(52.3) 41 (63.1) 72 (47.7) 0.054

Yes 103 (47.7) 24 (36.9) 79(52.3)

Assisted reproductive technology

IVF/IUI 17(7.9) 2(3.0) 15(9.9) 0.150

Spontaneous pregnancy 199 (92.1) 63 (96.9) 136 (90.1)

History of ectopic pregnancy

No 211 (97.7) 62 (95.4) 149 (98.7) 0.326

Yes 5(23) 3(4.6) 2(13)

History of spontaneous abortion

No 133 (61.6) 31(47.7) 102 (67.5) 0.009

Yes 83(384) 34(523) 49 (32.5)

History of spontaneous abortion treatment

No 185 (85.6) 54(83.1) 131 (86.8) 0.620

Yes 31(144) 11(16.9) 20(13.2)

History of preterm birth

No 183 (84.7) 47 (72.3) 136 (90.1) 0.002

Yes 33(15.3) 18(27.7) 15(9.9)

Modes of Delivery

Vaginal 151 (69.9) 46 (70.8) 105 (69.5) 0.984

Cesarean section 65 (30.1) 19(29.2) 46 (30.5)

Preterm birth

No 69 (31.9) 18(27.7) 51(33.8) 0471

Yes 147 (68.1) 47 (72.3) 100 (66.2)

Anesthesia complications
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Sample characteristics Overall Postpartum depres- Non-Postpartum P

(n=216) sion (n=65) depression value
(n=151)

No 207 (95.8) 60 (92.3) 147 (97.4) 0.183

Yes 9(4.2) 5(7.7) 4(2.6)

Obstetric complications

No 181 (85.0) 55(85.9) 126 (84.6) 0.962

Yes 32(15.0) 9(14.1) 23(15.4)

Anti-allergy medication during pregnancy

No 103 (47.7) 19(29.2) 84 (55.6) 0.001

Yes 113(52.3) 46 (70.8) 67 (44.4)

intranasal coicosteroids

No 172 (79.6) 46 (70.8) 126 (83.4) 0.053

Yes 44 (20.4) 19(29.2) 25 (16.6)

Oral antihistamines

No 177 (81.9) 52(80.0) 125 (82.8) 0.768

Yes 39(18.1) 13 (20.0) 26(17.2)

Intranasal coicosteroids and oral antihistamines

No 185 (85.6) 51(78.5) 134 (88.7) 0.078

Yes 31 (14.4) 14 (21.5) 17(11.3)

Baby sex

Female 112 (51.9) 37 (56.9) 75 (49.7) 0.406

Male 104 (48.1) 28 (43.1) 76 (50.3)

Neonatal complications

No 134 (62.0) 41 (63.1) 93 (61.6) 0.957

Yes 82 (38.0) 24 (36.9) 58 (384)

NICU (%)

No 182 (84.3) 54 (83.1) 128 (84.8) 0913

Yes 34 (15.7) 11(16.9) 23(15.2)

Initial feeding method

Mixed feeding 24 (11.1) 10 (15.4) 14 (9.3) 0.282

Breast feeding 192 (88.9) 55 (84.6) 137 (90.7)

Mother-infant skin contact

No 35(16.2) 8(12.3) 27 (17.9) 0413

Yes 181 (83.8) 57(87.7) 124 (82.1)

Who-infant skin contact

Mother 156 (98.7) 53(100.0) 103 (98.1) 0.797

Non-mother 2(1.3) 0(0.0) 2(1.9)

Notes: Percentage (frequency); Abbrevations: IVF=In Vitro Fertilization, IUl=Intrauterine Insemination, NICU =Neurological Intensive Care Unit; chi-square test for

discrete variables; p-value of <0.05 was considered statistically significant

Table 3 Coefficient table of independent variables selected by
Lasso regression

Variable Coef
(lambda.
min=0.040)

Pollen season pregnancy 0.074

History of preterm birth 0.526

Number of pregnancies 0.267

Anti-allergy medication during pregnancy 0.623

Studies suggest that the global incidence of allergic
rhinitis (AR) varies between 10% and 40%, with 36%
of women frequently affected [19, 20]. Characteristics
of pregnant women with AR include older age, higher

education levels, living in urban areas, and an increased
likelihood of physical and pregnancy-related complica-
tions [21]. Research indicates a potential link between
allergic rhinitis (AR) and heightened risk of adverse preg-
nancy outcomes. In the general adult population, there is
a recognized link between atopic symptoms and depres-
sion, with allergic diseases in females being associated
with mental disorders. Yu et al. reported that patients
with AR experienced a 37% higher risk of PPD [22]. How-
ever, Brunner et al. found that the association between
allergic diseases and PPD has been inconsistent [23].
A systematic review of six studies found a correlation
between AR and PPD in women [24]. Similarly, Lu et al.
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Table 4 Multivariable logistic model of the probability of PPD in pregnant women with AR
Variable B SE Wald P OR 95%Cl
Low High
Pollen season pregnancy 0415 0.344 1.21 0.228 1.514 0.771 2973
History of preterm birth 1.002 0437 229 0.022 2723 1.157 6.406
Number of pregnancies 0.372 0.112 3.32 0.001 2.104 1.356 3.267
Anti-allergy medication during pregnancy 1.090 0.342 3.19 0.001 2975 1.521 5819
Notes: p-value of <0.05 was considered statistically significant
. 0 10 20 30 40 50 60 70 80 20 100
P01nts L 1 1 L I 1 . ! 1 ]
. 1
Pollen season conception —
0
. . 1
History of preterm birth . :
; - 4 6
Number of pregnancies 1, : 7 ‘ : ‘ ;
Anti-allergy medication !
during pregnancy 0
Total points 0 20 40 60 80 100 120 140 160 180 200 220 240
Linear Predictor : ' T ' ' ' ' :
25 2 1.5 1 0.5 0 05 1 15 2 25
Postpartum depression probabili , . . : )
P P P ty 0.1 03 0.5 0.7 0.9

Fig. 1 A nomogram using four available clinical features to predict the risk of PPD in pregnant women with AR

confirmed that AR was closely related to perinatal men-
tal disorders [25]. Our study’s findings align with existing
reports, indicating an association between PPD and AR.

Tai et al. demonstrated that both primiparous and mul-
tiparous women exhibited similar rates of PPD [26]. Our
study identified multiparity as a risk factor for PPD, con-
trasting with previous findings. This discrepancy might
be attributed to shifts in circumstances, including family
or work situations. A workplace that allows breaks is pre-
ferred, as social interaction during these times reduces
stress more effectively than prolonged period at home
[27]. Additionally, household chores, particularly kitchen
work, may exacerbate AR symptoms.

Allergic symptoms are exacerbated during pregnancy,
but in fear of adverse events and birth defects, only a
small percentage of women take anti-allergy medications
during this period, which do not effectively control the
disease [28]. In our study, allergy treatment during preg-
nancy was found to be a high risk factor for PPD. Usually,
women stop using allergy treatment medications during
pregnancy. However, if their symptoms worsen, they may

need to continue allergy treatments throughout preg-
nancy. We hypothesized that heightened allergic inflam-
mation and worsening allergic rhinitis (AR) may elevate
the risk of PPD.

Gestational weight gain has been associated with
numerous adverse pregnancy outcomes. In this report,
we found that insufficient gestational weight gain
increases the risk of PPD. Weight gain during pregnancy
is significantly affected by physical activity. This impor-
tant lifestyle factor affects maternal well-being, as physi-
cally active women have a lower risk of PPD [29]. Notably,
80% of women diagnosed with allergic rhinitis (AR) lim-
ited their physical activity, which contributed to a higher
incidence of PPD. A history of premature delivery and
spontaneous abortion is linked to a higher risk of PPD
in patients with allergic rhinitis (AR). A possible expla-
nation for this could be a poor intrauterine environment
and a dysregulated inflammatory response [30]. Surpris-
ingly, being pregnant during pollen season may increase
the risk of PPD. Our findings align with earlier research
indicating a stronger association in women giving birth
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Fig. 2 The calibration curves of the nomogram for predicting the risk of PPD in pregnant women with AR

in spring (HR=1.49; 95% CI 1.27-1.75), which dimin-
ishes for those giving birth in summer [31]. In patients
with allergic rhinitis, symptom exacerbation was linked
to the period from December to February and the second
trimester of pregnancy. A possible explanation for this
finding could be a dysregulated inflammatory response
during the pollen season.

Pregnancy can intensify depressive symptoms, poten-
tially affecting child-rearing and leading to PPD and par-
enting challenges. Pregnant women with allergic diseases,
including allergic rhinitis, face a higher risk of depression
and reduced quality of life. The postpartum period is a
critical phase of neuroplasticity in women, influenced by

immune molecules and hormonal changes, increasing
susceptibility to psychiatric disorders. Postpartum men-
tal disorders are associated with immune-related condi-
tions like gestational diabetes mellitus, pre-eclampsia,
and inflammatory bowel disease, though the exact mech-
anisms remain unclear [32]. Inflammatory dysregulation
may contribute to the development of PPD. AR involves
an abnormal inflammatory response that could initiate
PPD. Therefore, the potential association between AR
and PPD should receive greater attention from society.
During pregnancy, cytokine production differs between
allergic and non-allergic women, with allergic individu-
als exhibiting an enhanced Th2 response [33]. Perinatal
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women undergo systemic immune changes, and during
pregnancy, adherence to medication treatments is often
poor. These factors make allergic diseases difficult to
control during the perinatal period. Severe allergic
symptoms can cause sleep disturbances due to severe
breathing difficulties, which in turn increase psychologi-
cal stress [34]. Furthermore, allergic reactions may cause
immune system dysregulation, which may trigger subse-
quent mental disorders. In addition, an allergic reaction
may cause dysregulation of the immune system, which
in turn may trigger subsequent psychiatric disorders.

Peripheral inflammation from the nasal cavity first leads
to dysregulation of factors such as interleukin-6 and
interleukin-1f, and the dysregulated inflammatory cyto-
kines in turn affect the brain [35]. These mechanisms
potentially explain our findings and further substantiate
the increased risk of postpartum psychiatric disorders in
women with AR.

Our study has both strengths and limitations. Initially,
we concentrated on identifying risk factors for PPD in
patients with AR. We analyzed data from Harvard Uni-
versity Partners Healthcare Systems, which covering
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seven hospitals with population diversity, using mul-
tiple logistic regression to identify risk factors for PPD
in pregnant women with rhinitis. However, the study
may be influenced by analytical methods, confounding
factors, sample size and data quality. And the potential
biases included demographic representativeness, miss-
ing data, socioeconomic status, and regional variability in
pollen exposure. Besides, as this was a case-control study,
the findings should be interpreted with caution. Further
research with expanded sample sizes and extended fol-
low-up durations, particularly in non-Western or rural
settings, is necessary to confirm these findings. Finally, an
analysis of the potential mechanisms was not performed.
Therefore, we will also propose experimental designs or
future studies to validate these hypotheses.

Conclusions

In summary, this study suggests that multiparity, a mater-
nal history of premature delivery, and allergy treatments
during pregnancy are high-risk factors for PPD. Addi-
tionally, being pregnant during the pollen season, insuf-
ficient gestational weight gain, and a maternal history of
spontaneous abortion also increase the risk. Our study
underscores the comorbidity of AR and PPD, advocat-
ing for multidisciplinary collaboration among allergists,
obstetricians, and midwives to provide pregnant women
with expert consultation for effective AR symptom man-
agement. Allergists focus on the diagnosis and treatment
of allergic rhinitis, and obstetricians, and midwives focus
on the management of perinatal period.

Abbreviations

SPB Spontaneous preterm birth
GDM Gestational weight gain

AR Allergic rhinitis



Li et al. BMC Psychiatry (2025) 25:276

AUC Area under the ROC curve
Cls Confidence intervals
LASSO  Least absolute shrinkage and selection operator

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512888-025-06702-w.

Supplementary Material 1
Supplementary Material 2

Supplementary Material 3

Author contributions

FL: methodology, writing, reviewing, editing and visualisation. YL: writing,
reviewing, editing and visualisation. CL: methodology, data extraction. JZ:
methodology, reviewing, and visualisation. YNL: methodology, data extraction,
software and formal analysis, writing, visualisation. QLS: reviewing, editing and
visualisation.

Funding

This work was supported by Chongging Medical University Education and
Teaching Research Project (grant number: JY190211) and the Teaching and
Research Project of Chongging Pharmaceutical Vocational Education Group
(grant number: CQZJ202015) and Chongging Science and Health Joint
Medical Research Program (grant number: 2024QNXM029).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval and consent to participate

Ethical approval for the trial was obtained from the Harvard University Partners
Healthcare Systems in the USA on November 15,2018 under approval
number 2018P002646.

Consent to participate
Not applicable.

Consent for publication
Not required.

Competing interests
The authors declare no competing interests.

Clinical trial number
not applicable.

Provenance and peer review
Not commissioned; externally peer reviewed.

Supplemental material

This content has been supplied by the author(s). It has not been vetted

by BMJ Publishing Group Limited (BMJ) and may not have been peer-
reviewed. Any opinions or recommendations discussed are solely those of
the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy
and reliability of the translations (including but not limited to local regulations,
clinical guidelines, terminology, drug names and drug dosages), and is

not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Author details

'Department of Otolaryngology-Head and Neck Surgery, Chongging
General Hospital, Chongging University, Chongging, China

2School of Public Health, Chongging Medical University, Chongging,
China

Page 11 of 12

Department of Obstetrics and Gynecology, Chongging General Hospital,
Chongging University, Chongging, China

“Department of Anesthesiology, Perioperative and Pain Medicine,
Brigham & Women'’s Hospital, Harvard Medical School, 75 Francis St,
Boston, MA 02115, USA

°Department of quality management section, Women and Children’s
Hospital of Chongging Medical University, Chongging, China
Department of quality management section, Chongging Health Center
for Women and Children, Chongging, China

Received: 28 October 2024 / Accepted: 11 March 2025
Published online: 25 March 2025

References

1. Wise SK, Damask C, Roland LT, et al. International consensus statement
on allergy and rhinology: allergic rhinitis-2023. Int Forum Allergy Rhinol.
2023;13(4):293-859. https://doi.org/10.1002/alr.23090.

2. Tidke M, Borghare PT, Pardhekar P, et al. Recent advances in allergic rhinitis: A
narrative review. Cureus. 2024;16(9):e68607. https://doi.org/10.7759/cureus.6
8607.

3. Savouré M, Bousquet J, Jaakkola JJK, et al. Worldwide prevalence of rhinitis
in adults: A review of definitions and Temporal evolution. Clin Trans| Allergy.
2022;12(3):212130. https://doi.org/10.1002/clt2.12130.

4. Ramos L, Namazy C. Monoclonal antibodies (Biologics) for allergic rhinitis,
asthma, and atopic dermatitis during pregnancy and lactation. Immunol
Allergy Clin North Am. 2023;43(1):187-97. https://doi.org/10.1016/j.iac.2022.0
7.001.

5. Johnson A, MasonT, Kirby RS, et al. Examining the association between
maternal atopy and birth outcomes using a retrospective cohort in the
southeastern region of the USA. BMJ Open. 2017;7(11):e017161. https://doi.or
9/10.1136/bmjopen-2017-017161.

6. Olsson Mdgi CA, Bjerg Backlund A, Ladrup Carlsen K, et al. Allergic disease
and risk of stress in pregnant women: A preventadall study. ERJ Open Res.
2020;6(4):00175-2020. https://doi.org/10.1183/23120541.00175-2020.

7. Rodrigues J, Franco-Pego F, Sousa-Pinto B. Anxiety and depression risk in
patients with allergic rhinitis: A systematic review and meta-analysis. Rhinol-
0gy. 2021;59(4):360-73. https://doi.org/10.4193/Rhin21.087.

8. LiYT, Lee WL, Wang PH. Is the lower serum level of vitamin E associated with
pregnant women with allergic rhinitis? J Chin Med Assoc. 2021;84(8):739-40.
https://doi.org/10.1097/JCMA.0000000000000566.

9. Yang ZC,Wang LX, Yu, et al. Increased risk of postpartum depression in
women with allergic rhinitis during pregnancy: A population-based case-
control study. Ann Otol Rhinol Laryngol. 2022;131(10):1137-43. https://doi.or
9/10.1177/00034894211058135.

10.  Stewart DE, Vigod SN. Postpartum depression: pathophysiology, treatment,
and emerging therapeutics. Annu Rev Med. 2019;27(70):183-96. https://doi.o
rg/10.1146/annurev-med-041217-011106.

11, Brummelte S, Galea LA. Postpartum depression: etiology, treatment and
consequences for maternal care. Horm Behav. 2016;77:153-66. https://doi.or
9/10.1016/jyhbeh 2015.08.008.

12. Mou YK, Wang HR, Zhang WB, et al. Allergic rhinitis and depression: profile
and proposal. Front Psychiatry. 2022;4(12):820497. https://doi.org/10.3389/fps
yt.2021.820497.

13. Monroe SM, Harkness KL. Major depression and its recurrences: life course
matters. Annu Rev Clin Psychol. 2022;9(18):329-57. https://doi.org/10.1146/a
nnurev-clinpsy-072220-021440.

14. Kimmel M, Hess E, Roy PS, et al. Family history, not lack of medication use, is
associated with the development of postpartum depression in a high-risk
sample. Arch Womens Ment Health. 2015;18(1):113-21. https://doi.org/10.10
07/500737-014-0432-9.

15.  Rodrigues J, Franco-Pego F, Sousa-Pinto B, et al. Anxiety and depression risk in
patients with allergic rhinitis: A systematic review and meta-analysis. Rhinol-
0gy. 2021;59(4):360-73. https://doi.org/10.4193/Rhin21.087.

16. Rajendran B, Ibrahim SU, Ramasamy S. Maternal and neonatal risk factors
associated with perinatal depression-A prospective cohort study. Indian J
Psychol Med. 2023;46(1):24-31. https://doi.org/10.1177/02537176231176405.

17. Lapinsky SC, Ray JG, Brown HK, et al. Twin pregnancy and severe maternal
mental iliness: A Canadian population-based cohort study. Arch Women
Ment Hith. 2023;26(1):57-66. https://doi.org/10.1007/500737-023-01291-7.


https://doi.org/10.1186/s12888-025-06702-w
https://doi.org/10.1186/s12888-025-06702-w
https://doi.org/10.1002/alr.23090
https://doi.org/10.7759/cureus.68607
https://doi.org/10.7759/cureus.68607
https://doi.org/10.1002/clt2.12130
https://doi.org/10.1016/j.iac.2022.07.001
https://doi.org/10.1016/j.iac.2022.07.001
https://doi.org/10.1136/bmjopen-2017-017161
https://doi.org/10.1136/bmjopen-2017-017161
https://doi.org/10.1183/23120541.00175-2020
https://doi.org/10.4193/Rhin21.087
https://doi.org/10.1097/JCMA.0000000000000566
https://doi.org/10.1097/JCMA.0000000000000566
https://doi.org/10.1177/00034894211058135
https://doi.org/10.1177/00034894211058135
https://doi.org/10.1146/annurev-med-041217-011106
https://doi.org/10.1146/annurev-med-041217-011106
https://doi.org/10.1016/j.yhbeh.2015.08.008
https://doi.org/10.1016/j.yhbeh.2015.08.008
https://doi.org/10.3389/fpsyt.2021.820497
https://doi.org/10.3389/fpsyt.2021.820497
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1146/annurev-clinpsy-072220-021440
https://doi.org/10.1007/s00737-014-0432-9
https://doi.org/10.1007/s00737-014-0432-9
https://doi.org/10.4193/Rhin21.087
https://doi.org/10.1177/02537176231176405
https://doi.org/10.1007/s00737-023-01291-7

Li et al. BMC Psychiatry

20.

21

22.

23.

24,

25.

26.

27.

28.

(2025) 25:276

Ogba El, Chukwudi NK; Izuka OM, et al. Prevalence of perinatal asphyxia

using Apgar scores and cord blood pH and the relationship between the two
methods: A study of FMC Umuahia. Niger J Clin Pract. 2024;27(1):117-23. http
s://doi.org/10.4103/njcp.njcp_563_23.

Brozek JL, Bousquet J, Agache |, et al. Allergic rhinitis and its impact

on asthma (ARIA) guidelines-2016 revision. J Allergy Clin Immunol.
2017;140:950-8. https://doi.org/10.1016/jjaci.2017.03.050.
Yamamoto-Hanada K, Yang L, Ishitsuka K, et al. Allergic profiles of mothers
and fathers in the Japan environment and children’s study (JECS): A nation-
wide birth cohort study. World Allergy Organ J. 2017;10(1):24. https://doi.org/
10.1186/540413-017-0157-0.

Al-Ahmad M, Nurkic J, Bachert C, et al. ARIA 2019 care pathways for allergic
rhinitis in the Kuwait health care system. Med Princ Pract. 2021;30(4):320-30.
https://doi.org/10.1159/000512493.

Yu S, Silverberg J. Association between atopic dermatitis and depression in
US adults. J Invest Dermatol. 2015;135(12):3183-6. https://doi.org/10.1038/jid.
2015.337.

Brunner WM, Schreiner PJ, Sood A. Depression and risk of incident asthma in
adults,the CARDIA study. Am J Respir Crit Care Med. 2014;189:1044-51. https:
//doi.org/10.1164/rccm.201307-13490C.

Liu L, Luo C, Zhang M, et al. Relationship between allergic diseases and
mental disorders in women: A systematic review and meta-analysis. Front
Psychiatry. 2022;13:1026032. https://doi.org/10.3389/fpsyt.2022.1026032.
LuZ ChenL, XuS, et al. Allergic disorders and risk of depression: A systematic
review and meta-analysis of 51 large-scale studies. Ann Allergy Asthma
Immunol. 2018;120:310-7. https://doi.org/10.1016/j.anai.2017.12.011.

RenT, Chen J, YuY, et al. The association of asthma, atopic dermatitis,

and allergic rhinitis with peripartum mental disorders. Clin Trans| Allergy.
2021;11(10):212082. https://doi.org/10.1002/clt2.12082.

Zhang Y, Lan F, Zhang L. Advances and highlights in allergic rhinitis. Allergy.
2021;76(11):3383-9. https://doi.org/10.1111/all.15044.

Danielewicz H, Debiriska A, Myszczyszyn G, et al. Sensitisation patterns

and allergy outcomes in pregnant women living in the urban area. Allergy

30.

31.

32.

33.

34.

Page 12 of 12

Asthma Clin Immunol. 2021;17(1):46. https://doi.org/10.1186/513223-021-005
47-0.

Dipietro L, Evenson KR, Bloodgood B, et al. Benefits of physical activity dur-
ing pregnancy and postpartum: an umbrella review. Med Sci Sports Exerc.
2019;51(6):1292-302. https://doi.org/10.1249/MSS.0000000000001941.
Saito-Abe M, Yamamoto-Hanada K, Pak K, et al. Association of maternal his-
tory of allergic features with preterm pregnancy outcomes in the Japan envi-
ronment and children’s study. Int Arch Allergy Immunol. 2021;182(7):650-62.
https://doi.org/10.1159/000513749.

Yonezawa K, Haruna M, Yamamoto-Hanada K. Exacerbation and severity of
allergic symptoms during pregnancy and their impact on mental health. Int J
Womens Dermatol. 2022;8(1):e002. https://doi.org/10.1097/JW9.0000000000
000002.

Vigod SN, Kurdyak P, Brown HK; et al. Inflammatory bowel disease and new-
onset psychiatric disorders in pregnancy and postpartum: A population-
based cohort study. Gut. 2019,68(9):1597-605. https://doi.org/10.1136/gutjn
1-2018-317610.

Hussain S, Ronaldson A, de la Arias J, et al. Depressive and anxiety symptom-
atology among people with asthma or atopic dermatitis: A population-based
investigation using the UK biobank data. Brain Behav Immun. 2020,90:138-
44, https://doi.org/10.1016/j.0bi.2020.08.003.

Siddiqui ZA, Walker A, Pirwani MM, et al. Allergic rhinitis: diagnosis and man-
agement. Br J Hosp Med (Lond). 2022;83(2):1-9. https://doi.org/10.12968/hm
ed.2021.0570.

Castillo EF, Zheng H, Yang XO. Orchestration of epithelial-derived cytokines
and innate immune cells in allergic airway inflammation. Cytokine Growth
Factor Rev. 2018;39:19-25. https://doi.org/10.1016/j.cytogfr2017.11.004.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.4103/njcp.njcp_563_23
https://doi.org/10.4103/njcp.njcp_563_23
https://doi.org/10.1016/j.jaci.2017.03.050
https://doi.org/10.1186/s40413-017-0157-0
https://doi.org/10.1186/s40413-017-0157-0
https://doi.org/10.1159/000512493
https://doi.org/10.1159/000512493
https://doi.org/10.1038/jid.2015.337
https://doi.org/10.1038/jid.2015.337
https://doi.org/10.1164/rccm.201307-1349OC
https://doi.org/10.1164/rccm.201307-1349OC
https://doi.org/10.3389/fpsyt.2022.1026032
https://doi.org/10.1016/j.anai.2017.12.011
https://doi.org/10.1002/clt2.12082
https://doi.org/10.1111/all.15044
https://doi.org/10.1186/s13223-021-00547-0
https://doi.org/10.1186/s13223-021-00547-0
https://doi.org/10.1249/MSS.0000000000001941
https://doi.org/10.1159/000513749
https://doi.org/10.1159/000513749
https://doi.org/10.1097/JW9.0000000000000002
https://doi.org/10.1097/JW9.0000000000000002
https://doi.org/10.1136/gutjnl-2018-317610
https://doi.org/10.1136/gutjnl-2018-317610
https://doi.org/10.1016/j.bbi.2020.08.003
https://doi.org/10.12968/hmed.2021.0570
https://doi.org/10.12968/hmed.2021.0570
https://doi.org/10.1016/j.cytogfr.2017.11.004

	﻿Risk factors for postpartum depression in pregnant women with allergic rhinitis: a retrospective study
	﻿Abstract
	﻿Strengths and limitations of this study
	﻿Background
	﻿Materials and methods
	﻿Data collection
	﻿Definitions
	﻿Statistical method

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


