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Abstract

Background: For the reason that many studies have been inconclusive on the effect of humidity on respiratory dis-
ease, we examined the association between absolute humidity and respiratory disease mortality and quantified the
mortality burden due to non-optimal absolute humidity in Guangzhou, China.

Methods: Daily respiratory disease mortality including total 42,440 deaths from 1 February 2013 to 31 December
2018 and meteorological data of the same period in Guangzhou City were collected. The distributed lag non-linear
model was used to determine the optimal absolute humidity of death and discuss their non-linear lagged effects.
Attributable fraction and population attributable mortality were calculated based on the optimal absolute humidity,

defined as the minimum mortality absolute humidity.

Results: The association between absolute humidity and total respiratory disease mortality showed an M-shaped

non-linear curve. In total, 21.57% (95% Cl 14.20 ~ 27.75%) of respiratory disease mortality (9154 deaths) was attribut-
able to non-optimum absolute humidity. The attributable fractions due to high absolute humidity were 13.49% (95%
C19.56 ~ 16.98%), while mortality burden of low absolute humidity were 8.08% (95% CI 0.89 ~ 13.93%), respectively.
Extreme dry and moist absolute humidity accounted for total respiratory disease mortality fraction of 0.87% (95% Cl —
0.09 ~ 1.58%) and 0.91% (95% Cl1 0.25 ~ 1.39%), respectively. There was no significant gender and age difference in the
burden of attributable risk due to absolute humidity.

Conclusions: Our study showed that both high and low absolute humidity are responsible for considerable respira-
tory disease mortality burden, the component attributed to the high absolute humidity effect is greater. Our results

may have important implications for the development of public health measures to reduce respiratory disease

mortality.

Keywords: Respiratory disease, Mortality, Absolute humidity, Distributed lag non-linear model, Disease burden

Background

The health risks associated with respiratory diseases cause
serious morbidity and mortality, especially in some devel-
oping countries [1, 2]. Changes in meteorological factors
and air pollution factors caused by climate change are
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closely related to respiratory diseases, which will aggravate
and even lead to death due to adverse climate conditions
[3-5]. Epidemiological studies have shown that increased
mortality from respiratory disease (RESP) is associated
with short-term exposure to extreme temperatures [6-9].
However, most of the current studies on the impact of
climate change on human health use average tempera-
ture, maximum (or minimum) air temperature, and heat
index as the main research factors [10—13]. In the context
of climate change, near surface air specific humidity has
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increased since the 1970s, but the changes in atmospheric
water vapor content and precipitation rate accompany-
ing climate change have obvious regional differences. In
northern latitudes, both precipitation and atmospheric
water content may increase substantially [14, 15].

Humidity, as one of the meteorological factors, is not the
first choice of researchers, and is often included in the con-
founding effects of relative humidity on the health effects of
respiratory diseases [16, 17]. Studies have shown that high
and low relative humidity are associated with an increased
risk of influenza, respectively [18]. However, relative
humidity as a single humidity variable is often inappropri-
ate in the context of environmental health or epidemiol-
ogy, because relative humidity is a function of changes in
water vapor and air temperature, and relative humid-
ity does not necessarily reflect the true moisture content
of air, so relative humidity may not be directly related to
health outcomes [16], which might be the reason why some
environmental epidemiological studies have not been able
to explain the effect of relative humidity on health out-
comes well [19, 20]. Some studies have shown that absolute
humidity plays an important role in the spread and survival
of influenza viruses [21, 22], while other studies have shown
that cold temperatures and humidity are associated with
an increase in respiratory tract infections [23]. Existing
research shows that there is a positive correlation between
absolute humidity and influenza events in subtropical
and tropical regions, while there is a negative correlation
between absolute humidity and influenza events in temper-
ate regions [24], but some studies point out that humidity
is not related to respiratory diseases [25]. Currently, there
are few studies on absolute humidity as the main variable
and the relationship between it and respiratory diseases.
Absolute humidity is defined as the absolute water quality
per unit volume of air. To fill in the gaps in the field, we use
absolute humidity as the main research variable to estimate
the association between absolute humidity and death from
respiratory disease.

This research takes Guangzhou as the research object.
As a subtropical city in China, Guangzhou, has relatively
humid air every year with obvious seasonal changes.
With the changes in humidity brought about by climate
change, there is not enough evidence to show the impact
of this changing environment on the risk of death in the
respiratory system. In this study, the daily time series data
of Guangzhou from 2013 to 2018 were selected to estab-
lish a distributed lag non-linear model (DLNM) using R
software to estimate the influence of absolute humidity
on respiratory diseases in Guangzhou population. In addi-
tion, this study further analyzed deaths from influenza and
pneumonia (I&P) and chronic lower respiratory disease
(CLRD), two major disease types, based on data from the
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10th revision of the International Classification of Dis-
eases (ICD10). Chronic lower respiratory diseases mainly
include chronic obstructive pulmonary disease, asthma,
and occupational pulmonary disease. Finally, the burden
of death caused by non-optimal absolute humidity, i.e.,
the number of deaths and the proportion of deaths caused
by non-optimal absolute humidity, were quantified. The
results of this study can provide reference for local health
authorities to take measures to reduce the mortality from
respiratory diseases in the population.

Methods

Study area

This study selected Guangzhou, China as the research
area. Guangzhou (east longitude: 112°57’ to 114°3/, north
latitude: 22°26’ to 23°56'), is the largest city in South
China, located in the southeast of China, with a popu-
lation of about 14.9 million and a population density of
1708 people/km? Guangzhou is mild in winter and hot
in summer, with high humidity and obvious changes
throughout the year.

Respiratory disease mortality data

According to the 10th revision of the International Clas-
sification of Diseases (ICD10), daily data of deaths from
respiratory disease (ICD10: J00-J99) in Guangzhou from
1 February 2013 to 31 December 2018 were obtained
from the Guangzhou Center for Disease Control and Pre-
vention, and influenza and pneumonia (ICD10:J09-J18)
and chronic lower respiratory disease (ICD10: J40-J47)
were further analyzed. We also stratified daily mortality
by gender and age group (0—64 years, 65 years or older).

Meteorological data

Daily meteorological data was collected from five mete-
orological stations (Conghua, Huadu, Zengcheng,
Guangzhou, Panyu) in Guangzhou (Fig. 1). The mete-
orological data collected include temperature (°C), rela-
tive humidity (%), precipitation (mm), atmospheric
pressure (kPa), and wind speed (m/s). The average value
of the meteorological data from the five meteorological
stations represents the temperature, relative humidity,
precipitation, atmospheric pressure, and wind speed in
Guangzhou. The meteorological data are from the China
Meteorological Data Sharing Service System (http://data.
cma.cn/) and are authoritative and reliable. Absolute
humidity is calculated from the collected temperature
and relative humidity data, and the calculation formula is
as follows [26]:

6.112 x el1767xD)x(T+2435)] » RH x 2.1674

AH (g/ mg) (27315 + T)
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Fig. 1 The location of study area and the position of meteorological stations distribution of Guangzhou, China

Air pollution data

Air pollutants may alter the relationship between mete-
orological factors and mortality [27]. This study collected
daily average air pollution data in Guangzhou, including
PM, s, NO,, SO,, and O3, While O; is the maximum 8-h
average of daily ozone concentration. The data came from
the China’s National City Air Quality real-time publish-
ing platform (http://106.37.208.233:20035/) managed by
the China’s National Environmental Monitoring Center.

Statistical analysis

A time series database of respiratory diseases, mete-
orological factors, and air pollution factors was estab-
lished, and DLNM was used to examine the relationship
between absolute humidity and death from respiratory
diseases. DLNM is a regression model based on cross
basis functions to study the exposure response relation-
ship, and at the same time, it also takes into account the
lag response of exposure-response factors and the non-
linearity of the exposure-response relationship [28]. Due
to its flexibility in use, DLNM has been widely used to
study the effects of meteorological and air pollution fac-
tors on human health [8, 29]. Before constructing DLNM
model, Spearman rank correlation was conducted to
analyze the correlation degree between daily death from
respiratory diseases and meteorological and air pollution
variables in Guangzhou, so as to exclude some variables

that had no substantial influence on the model relation-
ship (see Table S1). In this study, a DLNM model of
quasi-Poisson distribution fitting was built, and the core
model is as follows:

log [E(Yt)] =a + cb(AHt, lag) + ns(Timet, df=7 = 6)
+ 2 ns(Meteorologlt, df = 3)
+ 2 ns(Pollution,, df = 3)
+ p,Dow, + p,Holiday, + €

Where t is the day of observation; E(Y,) represents
expected daily mortality from RESP; « is the intercept;
cb refers to the cross basis function obtained by applying
DLNM to absolute humidity; lag represents the days of
lag; ns represents the function of natural spline; df means
degrees of freedom; 7 df per year were selected to control
trends and seasonality over long periods of time accord-
ing to the minimum Akaike Information Criterion (AIC)
value; Meteorology variables include mean precipitation
and mean atmospheric pressure, with 3 df to control
their trends; Pollution variables include PM, ;, NO,, SO,,
and O, which also use 3 df to control their confounding
effects; day of week (Dow) and public holiday (Holiday)
are included in the model as categorical variables; f5;, 3,
are the coefficient; ¢ is error term. Natural cubic spline
function was used for exposure-response’s dimension
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fitting, the knot locations are set in the 10th, 75th, and
90th percentiles of absolute humidity [11]. Natural cubic
spline function was also used for exposure-lag’s dimen-
sion fitting, knots were placed at equal distances in
logarithmic scale. All the parameters in DLNM are set
according to the minimum model AIC value criterion.
Based on previous studies and the calculations of this
model, the impact of meteorological factors on human
health often lasts for several weeks [30, 31], Moreover,
laboratory studies in guinea pig models have shown that
low levels of absolute humidity promote the survival and
transmission of influenza viruses, these effects last for
about a month [16, 32]. So the maximum lag days were
set as 35 days, which is sufficient to estimate all possible
short-term health effects of absolute humidity.

Then, the relative risk (RR) of death from respiratory
diseases due to absolute humidity was analyzed. DLNM
could obtain the minimum mortality absolute humidity
(MMAH) and the corresponding minimum mortality
absolute humidity percentile (MMAHP) by the cumu-
lative exposure-response relationship between absolute
humidity and the number of deaths obtained by the best
linear unbiased prediction of all results. Taking MMAH
as baseline absolute humidity and adding the effect val-
ues of all days in DLNM, the total population attribut-
able mortality (PAM) due to respiratory diseases caused
by non-optimal absolute humidity can be calculated,
and the corresponding attributable fraction (AF) can be
calculated from the percentage of the population attrib-
utable mortality to the total mortality [11]. The attribut-
able effect caused by the absolute humidity lower than
the minimum absolute humidity is defined as the low
absolute humidity effect, and vice versa is defined as
the high absolute humidity effect. The empirical con-
fidence intervals (ClIs) of the calculation of attributive
risk are obtained from the estimated empirical Intervals

(2021) 26:109

Page 4 of 11

obtained by Monte Carlo simulation [33]. Finally, condi-
tions below the 2.5% of absolute humidity were defined
as extremely dry, and those above the 97.5% were
defined as extremely moist. In this study, the attributive
burden of extreme dry and extreme moist was addition-
ally discussed.

Sensitivity analysis

Sensitivity analysis was conducted in this study to ver-
ify the stability of the model. Therefore, we changed the
degree of freedom of natural spline function of mete-
orological factors and air pollution in the model from 3
to 5 successively in order to control their confounding
influence. The degree of freedom of the temporal natu-
ral spline function in the model is changed from 6 to 8
successively in order to control the trend of time [8, 34].
In the dimension of expose-response maintenance and
expose-lag, the location and number of knots fitted by
absolute humidity and lag parameters are changed by
changing degree of freedom [11].

All the statistical analysis in this study was carried out
in R 3.5.2 software, and the “dlnm” software package was
used to build the DLNM. All statistical tests use two-
tailed test, P < 0.05 is considered statistically significant.

Results

General characteristics

Descriptive statistics of daily respiratory disease mor-
tality and meteorological condition from 2013 to 2018
are shown in Table 1. A total of 42,440 cases of res-
piratory disease mortality were included in this study.
Among them, 8.35% (3544/42,440) of mortality were
between 0 and 64 years old, 91.65% (38,896/42,440)
were 65 years old and above, 60.12% (25,516/42,440)
were males, and 39.88% (16,924/42,440) were females.
The types of mortality from respiratory diseases are

Table 1 Summary statistics of the daily respiratory disease mortality and meteorological condition in Guangzhou, China between 1

February 2013 and 31 December 2018

Variables Mean? SD* Min* P25 Median P75 Max*
RESP mortality (case) 19.65 6.18 6.00 15.00 19.00 23.00 47.00
I&P mortality (case) 792 345 0.00 5.00 7.00 10.00 26.00
CLRD mortality (case) 9.23 3.76 1.00 6.00 9.00 12.00 24.00
Absolute humidity (g/m?) 16.88 5.89 274 11.89 17.59 2242 27.11
Temperature (°C) 2254 5.94 3.64 18.14 23.84 27.70 32.28
Relative humidity (%) 80.29 1045 27.12 73.80 80.98 86.73 98.48
Precipitation (mm) 5.78 1245 0.00 0.00 0.36 553 141.04
Atmospheric pressure (kpa) 100.57 0.75 98.17 100.07 100.52 101.14 102.65
Wind speed (m/s) 267 1.36 0.72 1.68 2.28 3.28 17.04

RESP respiratory disease, I&P influenza and pneumonia, CLRD chronic lower respiratory disease, *SD standard deviation, Min minimum, Max maximum, # mean was an

average over all days
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further classified. There were 17,116 cases from influ-
enza and pneumonia mortality, of which 10.20%
(1746/17,116) died from O to 64 years old, 89.80%
(15,370/17,116) were 65 years old and above, 53.02%
were males (9075/17,116), and 46.98% were females
(8041/17,116). And there were 19,926 cases from
chronic lower respiratory disease mortality, of which
5.93% (1,181/19,926) were died from O to 64 years old,
94.07% (18,745/19,926) were 65 years old and above,
68.24% were males (13,597/19,926), and 31.76% were
females (6329/19,926). Mean absolute humidity, mean
temperature, mean relative humidity, mean precipita-
tion, mean atmospheric pressure and mean wind speed
were 16.88 g/m?, 22.54 °C, 80.29%, 5.78 mm, 100.57 kPa
and 2.67 m/s, respectively.

Mortality from respiratory diseases usually peak in
winter, with an occasional small peak in summer, show-
ing seasonal changes. Absolute humidity and mean
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temperature peak in summer, and atmospheric pressure
peak in winter, both of which show seasonal changes. The
relative humidity and wind speed fluctuated through-
out the year, but the seasonal changes were not obvious
(Fig. 2).

Spearman correlation analysis showed that mortality
from respiratory disease was negatively correlated with
absolute humidity (r = — 0.208, P < 0.01), temperature
(r = — 0.241, P < 0.01), and precipitation (r = — 0.078,
P < 0.01) and was positively correlated with atmospheric
pressure (r = 0.142, P < 0.01), but has no significant cor-
relation with relative humidity and wind speed (Table
S1). This study mainly studies the influence of absolute
humidity change on respiratory disease mortality, and
also compares absolute humidity model with temperature
model. Except absolute humidity and temperature, other
meteorological variables and air pollution variables with
significant correlations were included in the model to

Daily value
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Fig. 2 The time series distributions of daily respiratory disease mortality and meteorological condition in Guangzhou, China between 1 February
2013 and 31 December 2018. RESP, respiratory disease; I&P, influenza and pneumonia; CLRD, chronic lower respiratory disease; AH, absolute
humidity; Tmean, mean temperature; RHmean, mean relative humidity; PREmean, mean precipitation; Pressure, mean atmospheric pressure; WS,
mean wind speed
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account for their confounding effects. At the same time, Risk analysis of lag and absolute humidity

since the absolute humidity is a function of temperature  The results of the DLNM model show that the relative
and relative humidity, and the absolute humidity and tem-  risk (RR) of deaths from respiratory diseases presents a
perature are highly correlated (r = 0.935, p < 0.01), the nonlinear trend in different lag days and absolute humid-
average temperature is not included in the main model to  ity, as shown in Fig. 3. While Fig. 4 shows the cumulative
avoid double calculation and collinearity. Instead, a sensi-  effect of absolute humidity on mortality from respiratory
tivity analysis of the influence of temperature on absolute  diseases. The relationship between absolute humidity and
humidity-respiratory disease death is done separately. the relative risk of mortality from respiratory diseases
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showed an overall “M” type trend, with a minimum mor-
tality absolute humidity of 16.94 g/m> (47.5%). The rela-
tionship between absolute humidity and the relative risk
of mortality from influenza and pneumonia presents a
U-shaped curve with the minimum mortality absolute
humidity of 14.58 g/m® (36.4%), the relative risk increases
first and then decreases at high humidity (see Fig. S1).
The relationship between absolute humidity and the
relative risk of mortality from chronic lower respiratory
disease showed a M-shaped curve, with the minimum
mortality absolute humidity of 18.25 g/m® (52.7%) (see
Fig. S2).

Table 2 shows the total attributable fraction and popu-
lation attributable mortality due to absolute humidity
for respiratory disease mortality in our study. Overall,
21.57% (95% CI 14.20 ~ 27.75%) of respiratory disease
mortality (9154 deaths) was attributable to non-optimum
absolute humidity. The attributable fractions due to high
absolute humidity were 13.49% (95% CI 9.56 ~ 16.98%),
while mortality burden of low absolute humidity were
8.08% (95% CI 0.89 ~ 13.93%), respectively. In total,
extreme dry and moist absolute humidity accounted for
total respiratory disease mortality fraction of 0.87% (95%
CI — 0.09 ~ 1.58%) and 0.91% (95% CI 0.25 ~ 1.39%),
respectively.

The attributed burden of influenza and pneumonia
mortality caused by non-minimum mortality abso-
lute humidity was 21.88% (95% CI 10.35 ~ 29.45%),
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among which the high absolute humidity was 15.92%
(95% CI 4.25 ~ 23.99%) and the low absolute humid-
ity was 5.97% (95% CI — 1.11 ~ 11.56%) (see Table 3).
The attributed burden of chronic lower respiratory
disease mortality caused by non-minimum mortality
absolute humidity was 23.41% (95% CI 11.62 ~ 33.13%),
of which high absolute humidity was 10.06% (95% CI
4.29 ~ 14.59%), and low absolute humidity was 13.35%
(95% CI 1.70 ~ 21.69%) (see Table 4). Different from
the former two, low absolute humidity caused a greater
attributable burden of chronic lower respiratory dis-
eases mortality. The attributable burden of mortality
from respiratory disease caused by absolute humidity is
not significantly different in age group and gender, but
within the scope of this study. However, the population
attributable mortality for male (5510) is greater than
that for female (3652), which may be mainly due to the
difference in the population attributable mortality from
chronic lower respiratory diseases (3175 for male and
14389 for female).

In the sensitivity analysis, the residuals of model for
respiratory disease mortality were approximately nor-
mally distributed and independent over time in the
model (see Fig. S3). The results of the DLNM are rela-
tively stable when changing the degree of freedom of the
time variables, meteorological variables, and air pollution
variables (see Figs. S4, S5, and Table S2). In the dimen-
sion of expose-response and expose-lag, the result is still

Table 2 AF and PAM of absolute humidity for respiratory disease mortality in Guangzhou, China, 2013-2018

Variables Total effect Low AH effect High AH effect

AF (%) PAM” AF’ (%) PAM” AF" (%) PAM”
RESP 2157 (14.20~27.75) 9154 (6026~11776) 8.08 (0.89~13.93) 3429 (379~5911) 1349 (9.56~16.98) 5725 (4058~7208)
Male 6 (14.20~27.74) 5501 (3623~7077) 8.07 (0.89~13.90) 2058 (227~3548) 1349 (9.57~16.99) 3443 (2441~4336)
Female 21.58 (14.20~27.76) 3652 (2403~4698) 8.10 (0.89~13.96) 1371 (151~2363) 1348 (9.55~16.97) 2282 (1617~2872)
0-64 2197 (14.83~27.91) 779 (526~990) 7.58 (0.82~13.09) 269 (29~464) 14.39(10.21~18.10) 510 (362~642)
65+ 2153 (14.13~27.73) 8375 (5498~10786) 8.12 (0.90~14.00) 3160 (349~5447) 1341 (9.50~16.88) 15 (3696~6567)

*AF attributable fraction, PAM population attributable mortality, AH absolute humidity

Table 3 AF and PAM of absolute humidity for influenza and pneumonia mortality in Guangzhou, China, 2013-2018

Variables Total effect Low AH effect High AH effect

AF’(%) PAM’ AF"(%) PAM" AF’(%) PAM"
I&P 21.88(10.35~2945)  3745(1772~5040)  5.97 (— 1.11~11.56) 1021 (= 190~1978) 1592 (4.25~23.99) 2724 (727~4106)
Male 21.83(10.29~29.35) 1981 (934~2664) 604 (—1.12~11.71) 549 (— 102~1062) 15.79 (4.22~23.79) 1433 (383~2159)
Female 21.94 (10.44~29.55) 1764 (839~2376) 588 (— 1.09~11 39) 473 (— 88~916) 16.06 (4.28~24.22) 1292 (344~1947)
0-64 21.80(10.20~29.34) 381 (178~512) 584 (— 1.09~11.30) 102 (— 19~197) 1596 (4.13~24.09) 279 (72~421)
65+ 21.89(10.35~2946)  3365(1591~4528)  598(— 1.11~11.59) 919 — 171~1781) 1591 (4.26~23.98) 2445 (655~3686)

*AF attributable fraction, PAM population attributable mortality, AH absolute humidity
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Table 4 AF and PAM of absolute humidity for chronic lower respiratory disease mortality in Guangzhou, China, 2013-2018
Variables Total effect Low AH effect High AH effect

AF’(%) PAM" AF’(%) PAM" AF(%) PAM"
1&P 2341 (11.62~33.13) 4665 (2315~6601) 13.35(1.70~21.69) 2660 (339~4322) 10.06 (4.29~14.59) 2005 (854~2908)
Male 23.35(11.65~33.01) 3175 (1583~4488) 13.21 (1.69~21.46) 1796 (230-2918) 10.14 (4.32~14.72) 1379 (587~2002)
Female 23.53(11.56~33.39) 1489 (732~2113) 13.64 (1.72~22.18) 864 (109~1404) 9.89 (4.24~14.32) 626 (268~906)
0-64 2341 (11.94~32.85) 276 (141~388) 12.29 (1.58~19.96) 145 (19~236) 11.12 (4.80~16.07) 131 (57~190)
65+ 2341 (11.59~33.15) 4388 (2172~6213) 1341 (1.71~21.80) 2515 (321~4086) 9.99 (4.26~14.50) 1873 (798~2718)

*AF attributable fraction, PAM population attributable mortality, AH absolute humidity

robust after changing the degree of freedom of absolute
humidity and lag parameter fitting (see Table S2).

Incorporating the temperature into the model and
setting the lag days as 0 days, 0-7 days, and 0-14 days,
respectively, the results are still relatively stable (see
Table S3). Sensitivity analysis shows that the results of
the absolute humidity model in this study are stable and
reliable.

Finally, this study also compares the absolute humidity
model with the temperature model. The setting param-
eters of the temperature model are basically the same as
the absolute humidity model, and the lag days are also set
at 35 days. It was found that the absolute humidity model
had a slightly higher attributable fraction for mortality
from respiratory disease than the temperature model (see
Fig. S7 and Table S4).

Discussion

Most previous studies have studied the effect of tempera-
ture on death from respiratory diseases. This study aims
to estimate the effect of absolute humidity on death from
respiratory disease. A review of previous studies suggests
that although relative humidity is the humidity variable
most commonly used, it should be used with caution and
should be avoided when near saturation is not medically
relevant [16]. In this study, DLNM was used to analyze
the influence of absolute humidity on the mortality bur-
den of respiratory disease in the population. The results
showed that there was a correlation between death from
respiratory diseases and dry or moist environment in
Guangzhou. More than one fifth of the deaths, or 9154
(95% CI 6026 to 11776), can be attributed to the burden
of death due to absolute humidity.

The overall exposure-response relationship between
absolute humidity and respiratory diseases shows an
“M”-shaped nonlinear trend. The appearance of this “M”
trend is probably caused by the lack of sufficient data of
extremely low or extremely high absolute humidity. The
small sample size leads to relatively large uncertainty,
which leads to the low significance of confidence interval

under extreme humidity in our study. In temperate coun-
tries, influenza outbreaks have been found to be closely
correlated with seasonal variations in temperature and
absolute humidity, and there is a hypothetical “U” shaped
relationship between absolute humidity and influenza,
but it has not been fully validated in subtropical and
tropical regions [35], and the results are generally con-
sistent with this study.

Till now, the mechanism behind the association
between absolute humidity and respiratory diseases mor-
tality is still lacking full understanding. Under low ambi-
ent humidity, the stability of influenza virus in aerosol
can be improved. High humidity may produce droplets
that bind to the influenza virus, increasing the virus con-
centration in the air around the source of infection [36].
Laboratory studies in guinea pig models have shown that
low levels of absolute humidity promote the survival and
transmission of influenza viruses, these effects last for
about a month [30, 32].

Some studies have pointed out that there is a positive
correlation between absolute humidity and influenza
events in subtropical and tropical regions, while there
is a negative correlation between absolute humidity and
influenza events in temperate regions [24], which is dif-
ferent from the results of this study. Further research is
needed to investigate the mechanism and association
between influenza and pneumonia-related deaths and
absolute humidity. Studies have shown that high deposi-
tion rates of aerosols inhaled in hot and humid environ-
ments may indicate that individuals face higher health
risks than normal environmental conditions and that
patients are more likely to develop respiratory symp-
toms [37]. A recent study also suggests that high humid-
ity and heat in the air favor the deposition of submicron
aerosols and infectious aerosols in the respiratory tract,
which may be associated with an increase in respiratory
infections, asthma, and chronic obstructive pulmonary
disease [38]. Studies have shown that the effect of total
suspended particle on hospitalization for COPD may be
increased under low humidity conditions [39]. A study
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in Taiwan found that low humidity was associated with
exacerbation and increase of chronic obstructive pul-
monary disease [40], while no association was found
between humidity and exacerbation of chronic obstruc-
tive pulmonary disease in Istanbul [25]. Notably, humid-
ity can indirectly influence abnormal morbidity and
mortality by influencing heat stress and hydration status
[41]. When the body overheats, the skin surface transfers
heat to the surrounding environment through convec-
tion, long-wave radiation exchange, and evaporation of
water on the skin surface. High humidity weakens the
epidermal-atmospheric moisture gradient, thus imped-
ing evaporation and heat dissipation on the skin surface,
leading to insufficient cooling of the body. In severe cases,
it may develop into symptoms such as heat syncope, heat
cramps, and heat exhaustion leading to death, while low
humidity can lead to dehydration and aggravate existing
diseases [16]. In summary, a growing body of evidence
suggests that when appropriate humidity variables are
selected, humidity is associated with abnormal changes
in respiratory disease.

In addition, the present study also compared the tem-
perature model with the absolute humidity model, and
found that the absolute humidity model resulted in a
slightly higher attribution fraction for respiratory disease
deaths than the temperature model (See Table S6). The
non-optimal absolute humidity account for the overall
attributable fraction of 21.57% in total respiratory dis-
ease mortality in Guangzhou, which is higher than the
estimate of non-optimal temperature on respiratory dis-
ease mortality in our study (AF = 18.40%). So, absolute
humidity may be a more sensitive exposure indicator for
the mortality burden of respiratory diseases than temper-
ature. The emergence of this phenomenon needs further
study. We also found that extreme low and high absolute
humidity resulted in much lower attributable fractions
than moderate low and high AH, merely because they
accounted for less days.

In this study, the daily mortality data of respiratory
diseases in Guangzhou from 2013 to 2018 were used to
analyze the influence of absolute humidity on short-term
exposure, and two major mortality types of diseases,
influenza and pneumonia and chronic lower respiratory
diseases, were further analyzed. Meanwhile, stratified
analysis was conducted by age and gender. It is helpful
to understand the attributed burden of absolute humid-
ity in different groups. However, this study has some
limitations. First of all, the meteorological data in the
study are from meteorological stations, which cannot
accurately represent the individual exposure data, and
there is a certain bias. Then, the biological mechanism
of absolute humidity affecting respiratory diseases needs
to be further studied and discussed, and more possible
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influencing factors should be included into the research
model for a more comprehensive analysis in subsequent
studies. Finally, this study is an ecological study and fur-
ther exploration of interpretation of the results at the
individual level is needed, so caution should be exercised
in inferred causality between absolute humidity exposure
and death from respiratory disease.

Conclusions

In conclusion, both high and low absolute humidity are
responsible for considerable respiratory disease mortality
burden. Local decision makers and communities should
raise the awareness of preventing the harmful effects of
excessively dry or humid environment and take relevant
protective measures, which will have certain positive sig-
nificance in reducing the death from respiratory diseases.

Abbreviations

RESP: Respiratory disease; DLNM: Distributed lag non-linear model; I&P:
Influenza and pneumonia; CLRD: Chronic lower respiratory disease; ICD10:
The 10th revision of the International Classification of Diseases; AH: Absolute
humidity; MMAH: Minimum mortality absolute humidity; MMAHP: Minimum
mortality absolute humidity percentile; PAM: Population attributable mortality;
AF: Attributable fraction; Cl: Confidence interval.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512199-021-01030-3.

Additional file 1: Table S1. Spearman correlation analysis of respiratory
diseases mortality, meteorological factors and air pollutant in Guangzhou,
2013-2018. Figure S1. Overall cumulative relative risks (RRs) of deaths
from influenza and pneumonia across lag 0-35 days (with 95% Cl, shaded
grey) in Guangzhou and daily mean absolute humidity distribution.
Figure S2. Overall cumulative relative risks (RRs) of deaths from chronic
lower respiratory disease across lag 0-35 days (with 95% Cl, shaded grey)
in Guangzhou and daily mean absolute humidity distribution. Figure S3.
The residual variation scatter plots over time for main model in daily RESP
deaths in Guangzhou. Figure S4. Sensitivity analyses of overall cumulative
relative risks (RRs) of respiratory disease mortality due to absolute humid-
ity by changing degrees of freedom (6 to 8) for time variables. Figure S5.
Sensitivity analyses of overall cumulative relative risks (RRs) of respira-
tory disease mortality due to absolute humidity by changing degrees of
freedom (3 to 5) for meteorological variables and air pollution variables.
Figure S6. Sensitivity analyses of overall cumulative relative risks (RRs)

of respiratory disease mortality due to absolute humidity by changing
the lag parameters of the included temperature. Table S2. Sensitivity
analysis results on the effects of df/parameter in DLNM on the associations
between absolute humidity and respiratory diseases mortality burden.
Table S3. Sensitivity analysis results on the effects after controlling for
temperature at lag 0, 0-7 and 0-14 days in the model. Figure S7. Overall
cumulative relative risks (RRs) of deaths from respiratory diseases across
lag 0-35 days (with 95% Cl, shaded grey) in Guangzhou and daily mean
temperature distribution. Table S4. Comparison of respiratory diseases
mortality burden due to temperature models versus absolute humidity
models.

Acknowledgements
Not applicable.


https://doi.org/10.1186/s12199-021-01030-3
https://doi.org/10.1186/s12199-021-01030-3

Chen et al. Environmental Health and Preventive Medicine

Authors’ contributions

Methodology, investigation, and writing—original draft, CS. Conceptualiza-
tion, writing—review and editing, funding acquisition, XK. Investigation
and data curation, DH. Conceptualization, supervision, LC. Data curation, LG.
Writing—review and editing, HO. All authors have read and agreed to the
published version of the manuscript.

Funding
This work is supported by the National Social Science Foundation of China
(Grant No. 1T7BXW104).

Availability of data and materials

The data supporting this study came from Guangzhou Center for Disease
Control and Prevention, China, but the data were used under license in this
study, so cannot be made public. However, data can be obtained from the
corresponding author with the permission of the Guangzhou Center for
Disease Control and Prevention, China.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'School of Environmental Science and Engineering, Guangdong University

of Technology, Guangzhou 510006, China. 2School of Journalism & Communi-
cation, Guangdong University of Foreign Studies, Guangzhou 510006, China.
3Guangzhou Center for Disease Control and Prevention, Guangzhou 510440,
China. “Department Public Health Solutions, National Institute for Health

and Welfare, 00300 Helsinki, Finland.

Received: 30 June 2021 Accepted: 30 October 2021
Published online: 17 November 2021

References

1. XuG,ChenL, ChenY,WangT, Shen FH, Wang K, et al. Impact of heat-
waves and cold spells on the morbidity of respiratory diseases: a case
study in Lanzhou, China. Phys Chem Earth Parts A/B/C. 2019;115:102825.

2. MaY, ZhouJ, Sixu Y, Yu Z, Wang F, Zhou J. Effects of extreme temperatures
on hospital emergency room visits for respiratory diseases in Beijing,
China. Environ Sci Pollut Res. 2019;26(3):3055-64.

3. Demain JG. Climate Change and the Impact on Respiratory and Allergic
Disease: 2018. Curr Allergy Asthma Rep. 2018;18(4):22.

4. Joshi M, Goraya H, Joshi A, Bartter T. Climate change and respiratory
diseases: a 2020 perspective. Curr Opin Pulmon Med. 2019,26(2):119-27.

5. Barnes CS. Impact of Climate Change on Pollen and Respiratory Disease.
Curr Allergy Asthma Rep. 2018;18(11):59.

6. Dong S, Wang C, Han Z, Wang Q. Projecting impacts of temperature and
population changes on respiratory disease mortality in Yancheng. Phys
Chem Earth Parts A/B/C. 2020;117:102867.

7. HaJ, ShinY, Kim H. Distributed lag effects in the relationship between
temperature and mortality in three major cities in South Korea. Sci Total
Environ. 2011;409(18):3274-80.

8. LinQ LinH,LiuT,Lin Z Lawrence WR, Zeng W, et al. The effects of
excess degree-hours on mortality in Guangzhou, China. Environ Res.
2019;176:108510.

9. MaW,ZengW, Zhou M, Wang L, Rutherford S, Lin H, et al. The short-term
effect of heat waves on mortality and its modifiers in China: An analysis
from 66 communities. Environ Int. 2015;75:103-9.

10. Yang J,Yin P, Zhou M, Ou CQ, Guo Y, Gasparrini A, et al. Cardiovascular
mortality risk attributable to ambient temperature in China. Heart.
2015;101(24):1966-72.

(2021) 26:109

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

Page 10 of 11

. Gasparrini A, Guo Y, Hashizume M, Lavigne E, Zanobetti A, Schwartz J,

et al. Mortality risk attributable to high and low ambient temperature: a
multicounty observational study. Lancet. 2015;386(9991):369-75.

Fallah Ghalhari G, Mayvaneh F. Effect of air temperature and universal
thermal climate index on respiratory diseases mortality in Mashhad, Iran.
Arch Iran Med. 2016;19(9):618-24.

Zhao Q, ZhaoV, Li S, Zhang Y, Wang Q, Zhang H, et al. Impact of ambi-
ent temperature on clinical visits for cardio-respiratory diseases in rural
villages in northwest China. Sci Total Environ. 2018;612:379-85.

Held I, Soden B. Water Vapor Feedback and Global Warming. Annu Rev
Energy Environ. 2000;25(1):441-75.

Sherwood SC, Meyer CL. The General Circulation and Robust Relative
Humidity. Journal of Climate. 2006;19(24):6278-90. https://journals.
ametsoc.org/view/journals/clim/19/24/jcli3979.1.xml.

Davis RE, McGregor GR, Enfield KB. Humidity: a review and primer on atmos-
pheric moisture and human health. Environ Res. 2016;144(Pt A):106-16.
Mendell MJ, Mirer AG, Cheung K, Tong M, Douwes J. Respiratory and
allergic health effects of dampness, mold, and dampness-related
agents: a review of the epidemiologic evidence. Environ Health Per-
spect. 2011;119(6):748-56.

Wu Q, He J, Zhang WY, Zhao KF, Jin J, Yu JL, et al. The contrasting
relationships of relative humidity with influenza A and B in a humid
subtropical region. Environ Sci Pollut Res. 2021,28(27):36828-36.
Goggins WB, Woo J, Ho S, Chan EY, Chau PH. Weather, season, and daily
stroke admissions in Hong Kong. Int J Biometeorol. 2012;56(5):865-72.
Schwartz J, Samet JM, Patz JA. Hospital admissions for heart

disease: the effects of temperature and humidity. Epidemiology.
2004;15(6):755-61.

Barreca Al, Shimshack JP. Absolute humidity, temperature, and
influenza mortality: 30 years of county-level evidence from the United
States. Am J Epidemiol. 2012;176(Suppl 7):5114-22.

Thai PQ, Choisy M, Duong TN, Thiem VD, Yen NT, Hien NT, et al. Season-
ality of absolute humidity explains seasonality of influenza-like illness
in Vietnam. Epidemics. 2015;13:65-73.

Mékinen TM, Juvonen R, Jokelainen J, Harju TH, Peitso A, Bloigu

A, et al. Cold temperature and low humidity are associated with
increased occurrence of respiratory tract infections. Respir Med.
2009;103(3):456-62.

Chong KC, Lee TC, Bialasiewicz S, Chen J, Smith DW, Choy WSC, et al.
Association between meteorological variations and activities of influenza
A and B across different climate zones: a multi-region modelling analysis
across the globe. J Infect. 2020;80(1):84-98.

Hapcioglu B, Issever H, Kogyigit E, Disci R, Vatansever S, Ozdilli K. The
effect of air pollution and meteorological parameters on chronic obstruc-
tive pulmonary disease at an istanbul hospital. Indoor Built Environ.
2006;15(2):147-53.

Peci A, Winter AL, Li Y, Gnaneshan S, Liu J, Mubareka S, et al. Effect

of absolute and relative humidity, temperature and wind speed

on influenza activity in Toronto, Canada. Appl Environ Microbiol.
2019;85(6):202426-18.

Anderson BG, Bell ML. Weather-related mortality: how heat, cold,

and heat waves affect mortality in the United States. Epidemiology.
2009;20(2):205-13.

Gasparrini A, Armstrong B, Kenward MG. Distributed lag non-linear mod-
els. Stat Med. 2010;29(21):2224-34.

Li X, Zhou M, Yu M, Xu Y, Li J, Xiao Y, et al. Life loss per death of
respiratory disease attributable to non-optimal temperature: results
from a national study in 364 Chinese locations. Environ Res Lett.
2021;16(3):035001.

Shaman J, Pitzer V, Viboud C, Lipsitch M, Grenfell B. Absolute Humidity
and the Seasonal Onset of Influenza in the Continental US. PLoS Curr.
2009;2:RRN1138.

Zeng J, Zhang X, Yang J, Bao J, Xiang H, Dear K, et al. Humidity may
modify the relationship between temperature and cardiovascular
mortality in Zhejiang Province, China. Int J Environ Res Public Health.
2017;14(11):1383.

Shaman J, Kohn M. Absolute humidity modulates influenza sur-

vival, transmission, and seasonality. Proc Natl Acad Sci U S A.
2009;106(9):3243-8.

Gasparrini A, Leone M. Attributable risk from distributed lag models. BMC
Med Res Methodol. 2014;14:55.


https://journals.ametsoc.org/view/journals/clim/19/24/jcli3979.1.xml
https://journals.ametsoc.org/view/journals/clim/19/24/jcli3979.1.xml

Chen et al. Environmental Health and Preventive Medicine  (2021) 26:109 Page 11 of 11

34, Dimitrova A, Ingole V, Basagafa X, Ranzani O, Mila C, Ballester J, et al. 39. Leitte AM, Petrescu C, Franck U, Richter M, Suciu O, lonovici R, et al.
Association between ambient temperature and heat waves with Respiratory health, effects of ambient air pollution and its modification
mortality in South Asia: Systematic review and meta-analysis. Environ Int. by air humidity in Drobeta-Turnu Severin, Romania. Sci Total Environ.
2021;146:106170. 2009;407(13):4004-11.

35. Deyle ER, Maher MC, Hernandez RD, Basu S, Sugihara G. Global 40. Tseng CM, Chen YT, Ou SM, Hsiao YH, Li SY, Wang SJ, et al. The effect
environmental drivers of influenza. Proc Natl Acad Sci U S A. of cold temperature on increased exacerbation of chronic obstructive
2016;113(46):13081-6. pulmonary disease: a nationwide study. PLoS One. 2013;8(3):e57066.

36. Xie X, LiY, Chwang AT, Ho PL, Seto WH. How far droplets can move in 41. Parsons K. Human Thermal Environments: The effects of hot, moder-
indoor environments--revisiting the Wells evaporation-falling curve. ate and cold environments on human health, Comfort and perfor-
Indoor Air. 2007;17(3):211-25. mance; 1993.

37. XiJ,Si X, Kim J. Chapter 5. Characterizing respiratory airflow and aerosol con-
densational growth in children and adults using an imaging-CFD approach.
Heat Transfer and Fluid Flow in Biological Processes; 2015. p. 125-55.

38. Ishmatov A. Influence of weather and seasonal variations in tempera-
ture and humidity on supersaturation and enhanced deposition of
submicron aerosols in the human respiratory tract. Atmos Environ.
2020;223:117226.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	The role of absolute humidity in respiratory mortality in Guangzhou, a hot and wet city of South China
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study area
	Respiratory disease mortality data
	Meteorological data
	Air pollution data
	Statistical analysis
	Sensitivity analysis

	Results
	General characteristics
	Risk analysis of lag and absolute humidity

	Discussion
	Conclusions
	Acknowledgements
	References


