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Serum concentrations of prostaglandin D2 (PGD2), a 
biologically active substance produced by mast cells tend 
to increase during immediate allergic reactions. PGD2 
is metabolized and excreted in urine as tetranor-PGD 
metabolite (PGDM). We previously reported urinary 
PGDM as a sensitive biomarker for food allergic reactions 
in children (1-3), although its specificity remains unknown. 
Importantly, we also reported that urinary PGDM levels 
did not change in atopic dermatitis, another model of mast 
cell-related allergic condition (4). Here, we determined 
the changes in urinary PGDM levels in allergic rhinitis 
(AR), a mucosal inflammatory condition caused by inhaled 
allergens such as pollen and is driven by activated immune 
cells including mast cells (5,6). Further, the reference range 
of PGDM is not validated and food allergy can affect adults 
as well. Therefore, we also examined the effect of ageing 
and regular food intake on urinary PGDM levels. 

To evaluate the relationship between urinary PGDM 
levels and pollen-related AR, we recruited adults aged 
≥15 years with cedar pollen allergy in National Center 
for Child Health and Development, in Tokyo, Japan 
between December 2020 and January 2021. Participants 
were excluded if they had any other uncontrolled allergic 
diseases. Cedar pollen allergy was defined based on self-
reporting and study physicians’ assessment. Spot urine 
samples were collected once before (end of January) and 

once during (mid-February to April) the cedar pollination 
season (7). We defined total nasal symptom and medication 
score (TNSMS) of 0 as asymptomatic and TNSMS score of 
≥1 as symptomatic, as previously described (7).

To evaluate the relationship of urinary PGDM with age 
and intake of regular meals not evoking allergy, we examined 
healthy participants aged >1 year recruited between May 
2020 and December 2020 in National Center for Child 
Health and Development in Tokyo, Japan. Participants 
were eligible if they had not had atopic dermatitis, asthma 
and allergic rhinitis before. We classified participants into 
three groups according to age: preschooler, aged ≤5 years; 
school-aged, aged 6–14 years; adolescent and adult, aged 
≥15 years. We collected urine samples before and four hours 
after regular meals. We measured urinary PGDM levels 
using liquid chromatography-tandem mass spectrometry 
and expressed the obtained values as ng/mg creatinine  
(ng/mg Cre) after normalizing to creatinine levels. All 
statistical analyses were performed with EZR version 1.30 
(Saitama Medical Center, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R version 
4.0.3 (The R Foundation for Statistical Computing, Vienna, 
Austria). The study was approved by the ethical committee 
of the National Center for Child Health and Development 
and the University of Tokyo (Registration No. 2127) and all 
participants or their legal representatives provided written 
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informed consent. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013).

Eleven participants with AR were recruited. The age 
range of the participants was 15 to 59 years, with a median 
age of 31.0 years. For all participants, TNSMS =0 before 
the pollination season and the median (IQR) TNSMS 
was 7.0 (2–14) during the pollination season. The baseline 
median [interquartile range (IQR)] PGDM level was 1.48 
(0.89–1.69) ng/mg Cre (Table S1 and Figure S1). The 
median (IQR) urinary PGDM levels were not significantly 
different between the samples collected before and  

during the pollination season [1.48 (0.91–1.67) and 1.13 
(0.66–1.35) ng/mg Cre, respectively; P=0.206, Wilcoxon’s 
signed-rank test; Figure 1A].

Fifty-seven healthy volunteers were included in the analysis 
of changes in urinary PGDM levels according to age and 
regular food intake. Previously, we have reported that when 
allergic symptoms are induced in food allergy patients, urinary 
PGDM levels peak 4 hours after ingestion of the causative 
food. For this reason, urine samples were also collected  
4 hours after food intake in this study. The baseline median 
(IQR) PGDM level was 2.44 (1.74–3.71) ng/mg Cre  

Figure 1 Urinary PGMD, allergic rhinitis, and regular food intake. (A) Comparison of urinary PGDM levels in samples collected before 
and during pollination seasons (Wilcoxon’s signed-rank test). (B) Comparison of urinary baseline PGDM levels between preschooler, school-
aged, and adult participants (Kruskal-Wallis test with Bonferroni correction; ***P<0.001). (C) Changes in urinary PGDM four hours after 
meals compared to baseline in participants aged 5 years and younger (Wilcoxon signed rank test). (D) Changes in urinary PGDM four hours 
after meals compared to baseline in participants aged 6 years or older (Wilcoxon signed rank test). (E) Ratio of baseline and four hours post-
prandial urinary PGDM levels in all participants (n=57). PGDM, tetranor-prostaglandin D2 metabolite; NS, not significant.
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( F i g u r e  S 2 ) .  T h e  u r i n a r y  P G D M  l e v e l s  w e r e 
higher in the preschool group [median (IQR): 4.03  
(3.36–5.06) ng/mg Cre] compared with the school-age and 
adult groups [2.37 (1.56–3.10) and 1.97 (1.29–2.35) ng/mg Cre, 
respectively; P<0.001, Kruskal-Wallis test; Figure 1B], whereas 
no significant difference was noted between the school-age 
and adult groups. Regular meal intake did not alter PGDM 
level regardless of age [median (IQR): 4.03 (3.36–5.06) vs. 
3.84 (3.14–4.95) ng/mg Cre; P=0.85 Wilcoxon signed rank 
test; Figure 1C-1E]. 

In this study, urine samples were collected as spot urine 
and subjected to mass spectrometry without any special 
process other than the addition of reagents, thus requiring 
only a very small amount. The noninvasive nature of the 
urine collection makes this method useful for evaluating 
patients with allergic diseases, including children. In 
addition, other allergic mediators, such as histamine 
and tryptase, are unstable substances and require special 
considerations in specimen collection time and storage 
conditions. In comparison, PGDM is a stable substance and 
easy to handle. In the future, we are considering developing 
a dedicated testing device to simplify the analysis.

Together with our previous finding in atopic dermatitis, 
the lack of a significant difference in urinary PGDM levels 
in the collected samples before and during the pollination 
season from participants with AR in the current study 
suggest that PGDM might be specific to food allergy and 
might distinguish between food allergic reaction from mast 
cell-induced local allergy. Food allergy is dependent on 
alimentary tract absorption and systemic response, whereas 
atopic dermatitis and AR are local allergic reactions that 
occur in skin and nasal mucosa, respectively. This difference 
in the extent of mast cell activation might at least partially 
explain the specificity of PGDM in food allergy, which 
should be evaluated in future studies. 

We also demonstrated that baseline urinary PGDM 
levels declined with age. The baseline urinary PGDM levels 
were higher in participants younger than five years of age 
compared to older participants. We standardized PGDM to 
creatinine, which is a byproduct of muscle metabolism that is 
continually excreted primarily through glomerular filtration 
and partly secreted by renal peritubular capillaries (8). In 
healthy individuals, urinary creatinine concentrations 
correlate with anthropometric measurements, such as 
body mass and body mass index (9), which may account 
for higher urinary PGDM levels adjusted to creatinine 
in preschoolers with less muscle mass and lower serum 
creatinine levels. Therefore, using cystatin- C, which is not 

dependent on muscle mass, to standardize urinary PGDM 
levels might be useful in children. In our previous studies, 
we normalized PGDM values with creatinine as well. To be 
consistent with these studies, we also normalized PGDM 
values with creatinine in this study. Furthermore, in the 
protocol for this study, approved by the IRC, the creatinine 
measurement was allowed, but the measurement of cystatin 
C was not. We would like to update our protocol to allow 
the measurement of cystatin C in future studies. Large-scale 
surveys are warranted to determine age-dependent standard 
reference values as well as the cutoff values for food allergy. 
Finally, we found that meal intake did not impact urinary 
PGDM levels, providing further support that urinary 
PGDM is specific to food allergic reaction.

We could not evaluate urinary PGDM levels in infants, 
which was a limitation of our study. However, Ito et al. have 
recently developed a method to measure PGDM in urine 
collected via diapers (10), which we will utilize to validate 
our findings in future studies including infants. We also 
recognize the small number of participants as a limitation 
of the present study, which was designed as an exploratory 
investigation.

In conclusion, urinary PGDM levels were not affected by 
meal intake and AR symptoms. In addition, urinary PGDM 
levels differed among specific age groups.
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Supplementary

Table S1 Baseline data of the participants with and without allergic rhinitis.

Characteristics Without allergic rhinitis (n=57) With allergic rhinitis (n=11)

Age group

Preschooler, n (%) (<5 years) 18 (32) −

School-aged, n (%) (6 to 14 years) 21 (37) −

Adult, n (%) (≥15 years) 18 (32) 11 (100)

Sex

Male, n (%) 23 (40) 3 (27)

Female, n (%) 34 (60) 8 (73)

TNSMS, median (IQR) 0 7.0 (2–14)

Medication use during pollen seasons, n (%) − 6 (54.5)

Total nasal symptom and medication score (TNSMS) of 0 as asymptomatic and TNSMS score of ≥1 as symptomatic.

Figure S1 Baseline urinary PGDM levels in the asymptomatic 
period in all participants with allergic rhinitis (n=11). PGDM, 
tetranor-prostaglandin D2 metabolite. Figure S2 Baseline urinary PGDM levels before meals in all 

participants (n=57). PGDM, tetranor-prostaglandin D2 metabolite.


