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Abstract

Objective This study aims to investigate the association between the diurnal temperature range (DTR) and allergic rhinitis
(AR) outpatient visits in Lanzhou, China, utilizing more than 7 years of participant surveys.

Methods Our study used the distributed lag non-linear model (DLNM) aimed to evaluate the association between DTR and
AR outpatient visits. We also performed subgroup analyses in order to find susceptible populations by gender and age groups.
Results In 2013-2019, DTR in Lanzhou demonstrates a non-linear correlation with outpatient visits for AR, which is
S-shaped. In addition, when DTR was located in the 0.9-5.3 °C and 12-20 °C compared with 12 °C, the risk of outpatient
visits for AR increased. Moreover, males appeared to be more vulnerable to the DTR effect than females, the risk of children
visits exceeded both the adult and the elderly groups at the higher DTR.

Conclusion Our study adds to the evidence that DTR is a possible risk factor for outpatient visits for AR; therefore, the public

health sector and medical staff should take DTR into account when it comes to preventing AR onset.

Keywords Respiratory hypersensitivity - Rhinitis - Allergic - Air pollution - Diurnal temperature range

Introduction

Allergic rhinitis (AR) is an IgE-mediated inflammatory
reaction condition of the nasal mucosa (Kakli and Riley
2016), which predominantly manifests as nasal obstruction,
itching, a runny nose, and sneezing. It is often accompa-
nied by allergic conjunctivitis. AR may induce asthma and
may aggravate adenoid hypertrophy in children (Evcimik
et al. 2015; Khan 2014; Okubo et al. 2017). Epidemiologi-
cal studies show that AR significantly impacts the health of
many adults and children globally, claiming a prevalence
of 10-40% (de Marco et al. 2012; Pawankar et al. 2012).
A multi-city research in China found that its prevalence
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8.7-34.3%, which is continually rising (Zhang 2014). The
World Allergy Organization (WAQ) white book on allergy,
Update shows that AR has a significant socioeconomic
impact on patients and their family members, and the gen-
eral society; it reported its serious impact on patients’ quality
of life, as well as their physical, psychological, and social
functions (Pawankar et al. 2013).

The occurrence of AR is mainly affected by the inter-
action of genetic and environmental meteorological factors
(Kim et al. 2018). Considering the stability and uncon-
trolled ability of genetic factors, environmental meteoro-
logical factors play an increasingly important role in the
onset of AR. Many studies have found that the onset of
AR is often seasonal and closely related to environmental
meteorological factors. Among many meteorological fac-
tors, temperature change has the most significant impact on
human health. There is a threshold interval for the effect of
temperature on human health. When the adaptive capacity
of the human body cannot bear the impact of temperature
changes, the stress response of the physical functions will
become induced in some people, leading to the occurrence
or worsening of corresponding diseases. The temperature
change has a direct impact on the incidence rate of various
respiratory diseases, such as asthma (Hu et al. 2022; Wei
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et al. 2020), pneumonia (Xu et al. 2014), and bronchitis (Xie
et al. 2017). However, there are few studies that focus on the
relationship between temperature change and the onset of
AR. Moreover, by comprehensively looking into published
studies, the daily temperature range (DTR), which reflects
the change of temperature within a day, has been found to
be related to the occurrence of diseases as well as respec-
tive deaths.

DTR refers to the difference between the maximum and
the minimum temperatures in 1 day. It is used to indicate
the range of daily temperature changes and is one of the
indicators that reflect short-term temperature changes. At
present, there have been some studies on the relationship
between DTR and respiratory diseases globally; however,
most studies focus on the influence of DTR on mortality
from a respiratory diseases’ perspective, and less from the
perspective of the relationship between DTR and the inci-
dence of allergic rhinitis.

Lanzhou City is deeply located in the northwest region of
China and belongs to a typically temperate continental semi-
arid climate. It has remarkable climate characteristics such as
a late spring, short summer, early autumn, long winter, drought
seasons, and a large DTR. Up to now, there has been no report
on the impact of temperature in Lanzhou, especially regarding
DTR, on the number of outpatients with allergic rhinitis. This
study explored the exposure—response relationship between
the DTR and the number of outpatient visits to allergic rhinitis
clinics in Lanzhou using the distributed lag non-linear model.
This study intends to provide a scientific basis for formulating
effective intervention measures and reducing health problems
induced by temperature changes.

Materials and methods
Study area

Lanzhou (36°03 N, 103°4 E) is situated in the middle of
Gansu Province, with four districts, the city territory is
geographical orientated on the slopes of the mountains and
descends from the southern side to the northern side with a
40 km urban line stretching along the river from the west to
the east (see Supplementary S.Fig. 1). Lanzhou has a typi-
cal temperate semi-arid climate with four distinct seasons,
and large temperature difference between day and night,
morning or evening and daytime, and thus, the extreme tem-
peratures—diseases relationship in Lanzhou needs particular
research attention.

Data collection

According to the outpatient visits and geographical location
of general hospitals in Lanzhou, all outpatient visit records
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for patients seeking care for AR records were obtained from
three large general hospitals between 2013 and 2019 (Fig. 1).
Affected by the topography of Lanzhou City, the settlement
is mainly spread in a strip from east to west, and these three
hospitals are seated in the central districts with convenient
transportation, which are surrounded by densely populated
residential areas. These hospitals are also one of the highest
level hospitals for allergic diseases, and they cover the larg-
est number of patients in the city. We selected these three
hospitals for this study mainly due to their reputable levels
of medical care, sophisticated medical departments, and
their proven capabilities to diagnose and treat patients with
allergic diseases. The collected outpatient data were intact
with no missing values.

All patients with allergic rhinitis were diagnosed accord-
ing to the 10th edition of the International Classification of
Diseases (ICD-10) code J30. The record includes general
personal information (gender, age, and address), the date of
outpatient visits, clinical diagnosis, and ICD code.

We obtained hourly data on air pollutants (parti-
cles<2.5 pm [PM, ;], particles <10 pm [PM,,], sulfur
dioxide [SO,], and nitrogen dioxide [NO,], from 3 moni-
toring sites operated by Lanzhou Ecological Environment
Bureau for the same period (Fig. 1), and the average of the
above three air quality monitoring stations in Lanzhou was
used as the daily mean concentrations for each pollutant.
Daily meteorological data including daily mean temperature,
minimum temperature (7,,;,), maximum temperature (7,,,,),
and mean relative humidity (RH) were obtained from Gansu
Meteorological Bureau for the same period. DTR was cal-
culated by the maximum temperature minus the minimum
temperature within the same day.

Statistical analyses

Since Daily AR outpatient visits are generally regarded as
rare events, which approximately obey a Poisson distribu-
tion. Meanwhile, previous studies reported that there is a
delay and a non-linear effect of DTR on AR (Song et al.
2018; Wang et al. 2020). Thus, we used the distributed lag
non-linear model (DLNM) based on the Poisson generalized
additive model to assess and analyze the effect of DTR on
daily outpatient visits for AR and DTR.

A model was built, in which mean temperature, relative
humidity, air pollutants (PM, 5, SO,, and NO,), long-term
trend, day of the week (DOW) and public holiday (Holiday)
were considered as the potential confounders, suggested by
the results of Spearman correlation analysis, and previous
studies (Song et al. 2018; Wang et al. 2020). We examined
the relationship between each environmental factor and AR
case using Spearman correlation analysis. According to the
results of Spearman correlation analysis, Spearman’s cor-
relation coefficients < 0.8 were used to select covariates to
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Fig. 1 The locations of air pol-
lutants monitoring stations and
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avoid multicollinearity, and considering the co-linearity of
PM,, and PM, 5, we excluded PM, in the model. Finally,
we selected those factors that were significantly associated
with the AR case into the main model, which included tem-
perature, relative humidity, PM, 5, SO,, and NO,. Spearman
correlations of different meteorological factors, air pollution,
and AR case are shown in Table 2. The model used in the
analysis was as follows:

Log(ut) =a + pDTR, ; + ns(Tem,, df) + ns(rh,, df)
+ ns(PMz_S[, df) + ns(SOzt, df)
+ ns(NO,,, df ) + ns(Time,, df )
+ factor(Dow) + factor(Holiday)

where a is the intercept, ¢ denotes the data of observation,
u, represents the observed daily outpatient visits for AR on
day #; DTR,, is the matrixes produced by DLNM to model
DTR; [ represents the lag days, f represents the vector of the
coefficients for DTR, ;, ns means a smooth function based on
the natural cubic spline, df represents the degree of freedom
(df), and we used “natural cubic spline—natural cubic spline”
DLNM for cross-basis between DTR and lag function to
investigate non-linear and lagged effects of DTR on AR.
Tem, is the daily average temperature on day ¢; rh, is the daily
average relative humidity on day f; PM, 5,, SO,,, and NO,,
are the daily average concentrations of air pollutants on day
t. The “Time,” variable was used to control for unmeasured
long-term trends and seasonal trends, Dow is an indicator
for the day of the week, and Holiday represents a binary
variable for the public holiday.

We used the minimum value of the Akaike information
criterion for Poisson models to determine the best df values
for the models. Thereafter, the dfs for DTR and lag were
set to 3, and we chose 7 df per year for temporal trends and
3 df for the daily mean temperature, relative humidity, and
PM, s, SO,, and NO,.

According to the preliminary analysis, the effects of DTR
on AR outpatient visits could persist for 21 days (Song et al.
2018), so we calculated the relative risk of DTR with lags
up to 21 days. Based on previous studies (Xu et al. 2013b),
the median value of DTR was defined as the reference for
calculating all the relative risk (RR) and 95% confidence
intervals (CIs). Thus, we chose median value of DTR
(12 °C) as the reference for calculating all the relative risk.
The 5th percentile (4 °C) and 95th percentile (18 °C) of
the DTR were then chosen as the model low and high DTR
for comparison, respectively. Due to the potentially delayed
harmful impacts of DTR, we also analyzed the relative risk
(RR) and 95% confidence interval (CI) of the 5th and 95th
percentiles of DTR compared with the reference value in
single-day lag effects (lag0~1lag21) and cumulative-lag
effects (lag0-1 ~1ag0-21).
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Finally, a subgroup analysis incorporating both gen-
der and age was completed. We divided the OPD vis-
its datasets into subgroups according to gender (male vs.
female) and age (child, 0—14 years; adult, 14—60 years; and
elderly, > 60 years), after that, we analyzed the effects of
DTR on OPD visits for AR in each subgroup respectively.

All the statistical analyses were performed using the R
(version 4.0.2) software; the DLNM was built using the
“dlnm” package (version 2.4.2); the Spearman’s rank cor-
relation statistic was used, and P <0.05 was considered to
be statistically significant.

Results

Table 1 shows the basic characteristics of daily AR outpa-
tient visits, meteorological factors, and ambient air pollut-
ants in Lanzhou, China, from 2013 to 2019. There was a
total of 50,602 outpatient visits with AR during the study
period, with a daily mean of 20 cases. Male, female, children
(0—14 years), adult (15-59 years), and elderly (> 65 years)
were 9, 10, 5, 10, and 5 cases per day, respectively. Daily
average values of DTR, temperature and relative humid-
ity were, respectively, 11.50 °C, 11.39 °C, and 50.63%
during the study period. Moreover, those of PM, 5, PM,,
SO,, and NO, were 50.33, 113.82, 22.54, and 45.51 pg/m?,
respectively.

To explore the relationship between each variable, we cal-
culated the Spearman correlations between meteorological
variables, air pollutants, and daily AR outpatients (Table 2).
The results of Spearman rank correlation analysis showed
that the daily AR outpatient visits were moderately posi-
tively correlated with temperature, DTR, relative humidity,
PM, 5, PM,,, SO,, and NO,. DTR was positively correlated
with T, .., PM,,, and PM, 5 while being negatively corre-
lated with relative humidity. Although DTR has a positive
relationship with 7, ; , there is no comparison.

Figure 2 shows the three-dimensional relationship
between DTR and AR outpatient visits by lag period (lag
0-21st days) with the reference DTR of 12 °C. The effect
of DTR on hospital outpatient visits for AR was non-linear,
both low and high ambient DTR could increase the fre-
quency of daily AR outpatient visits.

Figure 3 depicts the overall cumulative effect (21 days)
of DTR on daily outpatient visits for AR. It suggested that
DTR was significantly associated with AR outpatient visits.
The curve is S-shaped, in addition, compared with 12 °C, the
risk of outpatient visits for AR increased when DTR is in
interval DTR of 0.9-5.3 °C and 12-20 °C, with the peak at
0.9 °C (RR 4.102, 95% CI 2.353-7.151%) and 16.6 °C (RR
2.095, 95% CI 1.740-2.522%). Subsequently, we calculated
the number of days when DTR in 0.9-5.3 °C was mostly in
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Saily ouation vists or AR, Mean SD  Min Py  Pw P Mm
meteorological conditions, air Total 20 15 1 5 10 24 420
pollutants in Lanzhou Male 9 3 | ) 5 2 199
Female 11 9 1 2 6 13 224
0-14 years 5 3 1 1 3 5 119
15-59 years 10 5 1 4 8 18 308
> 60 years 5 4 1 1 2 3 15
Meteorological conditions
DTR (°C) 11.50 428 0.90 8.40 11.60 14.40 26.00
Average temperature (°C) 11.39 9.85 —-12.30 2.35 12.89 19.90 30.40
Relative humidity (%) 50.63 1531 11.71 3922 51.00 61.62 96.09
Air pollutants
PM, 5 (ng/m®) 50.33 3043 9.00 3148 4329 61.89 278.00
PM,, (ug/m?) 113.82 8151  16.00 7095  100.00  137.80  1484.54
SO, (ng/m?) 22.54 1497  3.54 11.05  18.42 30.25 115.51
NO, (pg/m®) 4551 1791 632 33.96 4431 53.93 146.60
IZ':r':]zti (?rll)iz(i)t?ﬁacgér??sk Variables AR case Temperature T,, T, DTR Humidity PM,5 PM,, SO, NO,
among daily air pollutant AR case 1.00
Lanzhou, 2013-2019 T 0.26% 0.97 1.00
Tonin 0.31% 0.97" 0.90°  1.00
DTR 0.25%* 0.23" 0.44° 002  1.00
Humidity ~ 0.10%  —0.02 -0.10+  0.10" -0.40° 1.00
PM, 5 027%  —045% -038" -051" 0.18 -0.14" 1.00
PM,, 0.18*  -0.32" -023" -040" 030" -038" 086" 1.00
SO, 0.07¢ 061" -0.52" -0.68" 0.7 -024" 066" 058" 1.00
NO, 039%  —0.25" -0.17" -033" 031" -0.11" 037" 035" 040" 1.00
#P<0.05

winter, while the DTR in 12-20 °C was mostly in summer
(S.Fig. 2).

Table 3 shows the lag effects for DTR of low DTR (4 °C)
and high DTR (18 °C) with the reference of 12 °C. For low
DTR, the lag effect initially appeared on lag day 9 (RR
1.102, 95% CI 0.995-1.029) and the risk elevation gener-
ally lasted for 21 days (RR 1.060, 95% CI 1.034—-1.087). The
cumulative-lag effect of the AR outpatient visits was signifi-
cant only at lag 0-21 (RR 1.851, 95% CI 1.473-2.326). For
high DTR, the lag effect of AR outpatient visits decreased
from lag 0 (RR 1.019, 95% CI 0.988-1.051) to lag 6 (RR
1.006, 95% CI 0.992-1.020), and then it starts to go up until
lag 21 (RR 1.080, 95% CI 1.056-1.106). The cumulative-
lag effect of AR outpatient visit decreased from lag 0 (RR
1.019, 95% CI 0.988-1.051) to lag 0-3 (RR 1.055, 95%
CI 0.963-1.156) and then starts to rise until lag 0-21 (RR
1.851,95% CI 1.473-2.326).

Figure 4 illustrates the cumulative effects of DTR on the
gender-specific and age-specific AR over 21 days. The curve

is also S-shaped. The risk of AR visits among male and
female individuals reached a peak when DTR was at 0.9 °C,
followed by a second peak at 16.6 °C; however, the male
risk (RR 2.172, 95% CI 1.764-2.674) was higher than that
of females (RR 2.022, 95% CI 1.659-2.464). In the stratifi-
cation of age, the first peak DTR was at 0.9 °C in children,
adults and children. Notably, the risk of OUTPATIENT
visits among children had no statistical significance (RR
1.349, 95% CI 0.581-3.130). The second peak of DTR was
about 17.5 °C in children (RR 2.311, 95% CI 1.688-3.162),
16.6 °C in adults (RR 2.805, 95% CI 1.728-2.517), and
18.1 °C in the elderly (RR 1.565, 95% CI 1.100-2.227).

Discussion
In this study, the DLNM model was used to elaborate the
effect of DTR on outpatient visits for AR in Lanzhou. In this

way, the results revealed a non-linear relationship between
the DTR and the AR patient volumes. Especially when
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Fig.2 Three-dimensional graphs of RR along diurnal temperature
range (DTR) and lags, with reference at 11.6 °C

DTR was between 0.9-5.3 °C and 12-20 °C, compared
with 12 °C, the risk of outpatient rate increased. Although
the underlying mechanism remains unclear, these possibili-
ties cannot be ruled out. When the DTR is 0.5-5.3 °C, the
weather tends to be relatively more cloudy and rainy (Davis
et al. 2020) in Lanzhou. During this time, people prefer to
live and work indoors, increasing the likelihood of contact
with dust mites from carpets, sofas and mattresses. When
the DTR is 12-20 °C, commonly occurring in summer, light
and temperature are more coordinated and there is sufficient
water, which are ideal conditions for the growth of autumn
crops and fruits. Crimi found that an increase in DTR could
dehydrate pollen, reduce its mass and help it spread by wind,
while the lightness and volatility of the grain would be ascer-
tained for ultimately diffusing in the atmosphere if there is
significant wind speed (Crimi et al. 2004). However, in Lan-
zhou, this needs further study. Besides that, Graudenz et al.
(2006) declared that the sudden changes in the temperature
of inhaled air might lead to a more pronounced inflammatory
nasal response in the rhinitis group through the recruitment
and activation of eosinophils. Diesel et al. (1991) noticed
that the decline in the temperature of respiratory epithelium
would weaken the effectiveness of local respiratory defence,
such as mucociliary clearance and leukocyte phagocyte.
However, Professor Xu did not catch sight of the correla-
tion of the incidence of AR and DTR value, which might be
due to the lower DTR in Hefei (8.4 +3.9 °C) compared with
Lanzhou (11.50+4.28 °C) in our study (Wang et al. 2020).
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Table 3 The associations between low DTR and high DTR and AR outpatient visits in Lanzhou, from 2013 to 2019

Single-day Relative risk (95% CI) Multi-day Relative risk (95% CI)
Low DTR (4 °C) High DTR (18 °C) Low DTR (4°C) High DTR (18 °C)
0 0.968 (0.931-1.007) 1.019 (0.988-1.051)* 0-0 0.968 (0.931-1.007) 1.019 (0.988-1.051)*
3 0.984 (0.963-1.006) 1.009 (0.992-1.026)* 0-3 0.908 (0.806-1.023) 1.055 (0.963-1.156)*
6 0.999 (0.982-1.015) 1.006 (0.992-1.020)* 0-6 0.891 (0.759-1.046) 1.075 (0.951-1.215)*
9 1.012 (0.995-1.029)" 1.011 (0.997-1.026)* 0-9 0.912 (0.756-1.100) 1.105 (0.956-1.277)*
12 1.025 (1.009-1.041)" 1.023 (1.009-1.036)* 0-12 0.970 (0.784-1.199) 1.167 (0.988-1.379)*
15 1.037 (1.022-1.052)" 1.039 (1.026-1.052)* 0-15 1.069 (0.842-1.356) 1.287 (1.067-1.552)*
18 1.049 (1.030-1.067)" 1.059 (1.043-1.075)* 0-18 1.219 (0.936-1.586) 1.498 (1.220-1.839)*
21 1.060 (1.034-1.087)" 1.080(1.056-1.106)* 0-21 1.436 (1.068-1.931)* 1.851 (1.473-2.326)*
*P<0.05
Male Female
64 64
54 5
x4 x4
: .
O 2 /\ O 2 /\
1 1
04 \ 04 \
[} 5 10 15 20 25 [) 5 10 15 20 25
DTR(C) DTR(C)
Children Adult Older
6 6 6
54 5 54
x 4 v 4 x4
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Fig.4 The overall relative risks of DTR for gender- and age-specific AR cases over 21 days

The single-day lag effect and cumulative-lag effect of
extremely low DTR on outpatient visits for AR was longer
compared with the extremely high DTR, which is consist-
ent with the study of Ye et al. (2012). As mentioned above,
the extremely low DTR relates to more cloudy and rainy
weather, or winter, and it may take a few days to induce the
subsequent symptoms in AR with underlying conditions.
People are not willing to consult a doctor; thus, there may be
another delay between the onset of symptoms and obtaining
medical attention. However, further research on these lagged
effects is still warranted to understand key components of
prevention strategies and treatments.

When comparing the differences in susceptibility
among genders, we found out that there were a higher frac-
tion of outpatient visits attributable to DTR, in males com-
pared with females. This might be referred to the different
biological and physiological characteristics of females and
males, and general speaking, males take part in more out-
door activities than females, which means they are easily
exposed to hot or cold air. Likewise, the risk of children
visits had no statistical significance at the lower DTR, yet
at the higher DTR, the risk exceeded both the adults and
the elderly groups. One contributing factor is that their
breathing rates are faster though their immune system is
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relatively underdeveloped compared with the adults and
the elderly. Another contributing explanation is that they
spend more time engaging in vigorous physical activities
outside with less self-care (Kim 2004; Xu et al. 2013a).

As per this study, completing self-protection under the
specific DTR might be an effective prevention measure
for AR patients. Equally important, medical professionals
should be made aware of DTR ranges that are associated
with the onset of AR to prepare for an influx of patients.

Nevertheless, there are several weaknesses to be acknowl-
edged in this study, First, the prevalence of AR showed
marked geographic variation (Wise et al. 2018). Our data,
related to allergic rhinitis cases, came from one city only
and in the temperate continental climate zones, to avoid rep-
resenting different geographical zones. Second, there were
many other confounding variables, such as, airborne pollen
being a risk factor of allergic rhinitis was negligible in our
data analyses. Last but not least, this study design was eco-
logically friendly; in other words, it limited our capacity for
causal inference.

Conclusion

The conclusion could be drawn that the risk of outpatient
visits existed when DTR was at 0.9-5.3 °C and 12-20 °C,
compared with 12 °C, in Lanzhou. Moreover, a lagged effect
could be retained when the DTR was extremely low. What
is more, DTR had more influence on the risk of male outpa-
tient visits compared with females, and a higher DTR would
have a greater impact on children. Our findings highlighted
when developing effective health strategies whereupon AR
patients should be aware of the influence of a particular DTR
in order to take preventive measures.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00420-023-01951-2.
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