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Abstract 

Background Studies had suggested increased risk of death of residents was associated with typhoons, particularly 
coastal regions. However, these findings ignored the impact of inland typhoons on the health of residents, especially 
the indirect death risk caused by typhoons. This study aimed to investigate the acute death risk of residents dur-
ing inland typhoon Lekima in Jinan, further identify vulnerable populations and areas.

Methods We selected the daily death from 11 to 27th August 2019 in Jinan as case period, and conducted a time-
stratified case-crossover design to match the contemporaneous data from 2016 to 2018 as control period. We used 
the generalized linear Poisson models to estimate the related effects of death risk during typhoon Lekima and lag 
days.

Results During the Lekima typhoon month, there were 3,366 deaths occurred in Jinan. Compared to unexposed 
periods, the acute death risk of non-accidental diseases (especially circulatory diseases), female and the older adults 
increased significantly in the second week after the typhoon. The maximum significant effect of circulatory disease 
deaths, female and older adult deaths were appeared on lag9, lag9, and lag13 respectively. And the typhoon-associ-
ated RR were 1.19 (95%CI:1.05,1.34), 1.28 (95%CI:1.08,1.52), and 1.22 (95%CI:1.06,1.42) respectively. The acute death risk 
of residents living in TQ and CQ increased significantly on Lag2 and Lag6 after the typhoon, respectively, while those 
living in LX, LC, HY, JY, and SH occurred from Lag 8 to Lag 13 after the typhoon. LC lasted the longest days.

Conclusions Typhoons would increase the vulnerability of residents living in Jinan which mainly occurred 
from the seventh day after the typhoon. Residents suffering from non-accidental diseases (circulatory diseases), 
female and the older adults were more vulnerable. The vulnerability of TQ and CQ occurred on Lag2 and Lag6 
after typhoon Lekima, respectively, and the other areas except ZQ and PY occurred from Lag 8 to Lag 13. LC lasted 
the longest duration. Our findings emphasized the importance of the emergency response, which would help 
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Introduction
Global warming aggravates the instability of the climate 
system, leading to the increasing frequency of extreme 
weather events [1, 2]. Typhoon disasters, as extreme 
weather phenomenon, have occurred in many coun-
tries in recent years. China is one of the most vulnerable 
countries to typhoon disasters currently [3–5]. There are 
seven typhoons or tropical cyclones that make landfall 
from coastal provinces of China each year, and the spatial 
patterns of the disasters for typhoons with different land-
ing paths were significantly different [6, 7].

Typhoon is familiar with its impact on the coastline, 
such as storm surge, strong wind. Most typhoons weaken 
rapidly once they encounter land [8]. With the depletion 
of storm “fuel” –– the heat and water extracted from the 
ocean, the force of typhoon gradually weakens. However, 
with global climate change, the typhoon hazards have 
become unpredictable. Jeffrey confirmed that the lethal 
range of the typhoon was not limited to the coastline 
[9]. The “inland stage” of typhoon ––namely, the second 
storm, may cause more deaths and property losses in 
inland areas than those in coastal areas. The inland areas 
are located far from the coastline and major rivers [10]. 
At the initial stage of the typhoon’s migration to inland 
areas, its power has weakened, but it may rejuvenate or 
re-strengthen after the transition of temperate climate. 
After the transition, the typhoon becomes a danger-
ous mixed cyclone. The impact of “second typhoon” on 
inland areas is diverse, and the common denominator is 
destruction [8]. The chain disasters caused by typhoons, 
such as rainstorm and flood, have produced hundreds of 
fatalities. This thus, the vulnerability of inland areas due 
to the second typhoons should be paid more attention to.

Typhoon Lekima, the most powerful typhoon in 2019, 
made landfall in Wenling City, Zhejiang Province, China 
on August 10. The maximum wind speed reached level 
16. Typhoon Lekima affected 14,024,000 Chinese resi-
dents, caused 57 deaths, 14 missing, and 2,097,000 
residents to require emergency care. The direct eco-
nomic loss was more than 8.43 billion US dollars, and 
the indirect economic loss was unquantifiable, espe-
cially the health risk caused by typhoon disaster was 
enormous, which was difficult to estimate [2, 5, 11]. 
In August 11, the typhoon Lekima landed in Jinan, and 
had a devastating impact on Jinan in just three days. As 
the capital of Shandong Province, Jinan has become the 
core connection center of the Yangtze River Delta and 

Beijing-Tianjin-Hebei economic zones, with a popula-
tion of nearly 7.6 million in 2019. It is a typical inland city 
in China [12]. Previous studies showed that compared 
with other inland cities, the vulnerability index of Jinan 
exposed to typhoon is over 0.2, which belongs to a highly 
vulnerable city [13, 14]. Therefore, it is representative to 
explore the typhoon Lekima and Jinan.

Many previous studies have illustrated that increased 
risk of death of residents was associated with typhoons. 
Existing studies mainly focused on the total death dis-
tribution or the incidence of infectious diseases of resi-
dents in the coastal areas [15]. The reported results only 
covered a short period, which paid more attention to the 
direct fatalities during the typhoon days [16, 17]. It is lit-
tle known about the impact of typhoons on the health 
of inland residents, especially in China. However, many 
findings had shown that from 1970 to 1999, typhoon-
related deaths mainly occurred in inland areas, espe-
cially in areas that had never experienced typhoons [13, 
18, 19]. There were more vulnerable in residents who 
lack experience in resisting typhoon disasters (adaptive 
behavior) [15]. Additionally, the health impact caused by 
the “inland stage” of typhoons is not limited to the direct 
effect, and the threat brought by the lag effect cannot be 
ignored. McKinney found that the direct death caused 
by typhoons accounted for only 4%, and the indirect 
death caused by typhoon-related cardiovascular diseases, 
malignant tumors, diabetes and accidents accounted for 
67% [20]. Therefore, it is vital to explore indirect death 
risk (lag effect) caused by typhoons in inland areas.

This study aims to identify the vulnerability of residents 
in Jinan on typhoon Lekima. Specifically, we will first 
investigate the acute effect of typhoon Lekima on mor-
tality of residents in Jinan. Second, we will explore the 
difference of acute death risk among different subgroups 
during typhoon Lekima. This study will provide scientific 
evidence about emergency response in extreme weather 
in inland.

Methods
Study area
Jinan is located in the middle of Shandong Province. The 
geographic position is between 36◦01’N ~ 37◦32’N and 
116◦11’E ~ 117◦44’E [12]. Now, Jinan City has jurisdic-
tion over ten districts of Lixia, Shizhong, Huaiyin, Tian-
qiao, Licheng, Changqing, ZhangqiuJiyang, Laiwu and 
Gangcheng and two counties of Pingyin and Shanghe. 

policymakers to identify vulnerable regions and populations accurately during typhoons and formulate the emer-
gency response plan.
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Then, the mountainous area mentioned in this study is 
Nanshan, which belongs to a part of Licheng District, 
Jinan City. Since Gangcheng and Laiwu were divided into 
Jinan in 2019, we excluded the two districts in the data 
screening [21].

Data collection
The daily mortality data were obtained from the report of 
Jinan Municipal Center for Disease Control and Preven-
tion from 2016 to 2019. Data used in this study included 
the time of death, the cause of death, the demographic 
characteristics of the deceased individual. Cause of death 
in this study was coded according to the International 
Classification of Disease, Revision 10 (ICD-10, 2012 ver-
sion). Six causes had been aggregated, including all-cause 
disease, accidental disease (ICD-10: S00–Z99), cancer 
(C00-D48), non-accidental disease (A00-R99), circula-
tory disease (I00–I99), and respiratory disease (J00–J99). 
Additionally, we had excluded the non-Jinan residents 
based on the residential address. We have consulted 
the demographic data from the Jinan Statistical Year-
book-2020, and we found that the population of natural 
growth rate decreased year by year from 2016 to 2019 
[21]. Therefore, the population of growth can not affect 
our results.

Daily weather data for the same period were collected 
from the China Meteorological Science Data Sharing 
Service Network. Daily average hourly air pollutant data 
were collected from Environmental Monitoring Center 
of Jinan from 2016 to 2019. The data included daily aver-
age temperature (T average), daily maximum (T max) 
and minimum temperature (T min), daily average rela-
tive humidity (RH), daily average rainfall, daily average 
air pressure, daily average wind speeds, CO,  SO2,  NO2, 
 O3, and  PM10. Previous studies showed that exposure to 
a certain level of air pollution might increase the acute 
onset of diseases, which would lead to death. There-
fore, we added pollutants to test the stability of the main 
model [22].

Statistical Analysis—Time‑stratified case‑crossover study
We used the time-stratified case-crossover method 
to explore the acute effect of the Lekima typhoon on 
health, which had been verified as an efficient approach 
to result in unbiased conditional logistic regression 
estimates [23]. The basic principle of time-stratified 
case-crossover design is to stratify, and the case phase 
and control phase are at the same time layer [24]. Sev-
eral control periods are randomly distributed, and the 
case period is not fixed in a certain position. The distri-
bution of these control periods may be located before 
the case period, either after the case period, or scat-
tered before and after the case period [25, 26]. Existing 

research found that it could lead to biased estimates 
when studying disasters if disasters have extended 
impacts on health risks and if this period of potential 
extended disaster effects is incorrectly specified in the 
model [27, 28]. Given these potential concerns with 
applying the time series or case-crossover study designs 
to analyze the effects of a disaster, we used a study 
design that matched the days of the typhoon Lekima 
to unexposed days from the same time of the year in 
other years in Jinan, with control for long-term trends 
in mortality rates and the influence of temperature on 
mortality risk incorporated in the statistical model fit 
to this matched data. Meanwhile, previous studies have 
used similar study design to investigate hospitalization 
risk of other natural disasters, including heat waves, 
wildfires and floods [27, 29, 30]. We had used to plan 
to select the same period of 2016–2018 and 2020 as the 
control periods. Since the 2020 was the epidemic year 
of COVID-19, the population mobility pattern, health 
outcomes (deaths), social and economic development 
had undergone significant changes, we had to exclude 
2020.

Firstly, we conducted a Spearman analysis on the 
correlation between the meteorological variables and 
pollutant data, and referred to the results of similar 
studies. We determined the confounding factors con-
tained in the main model, including the daily maxi-
mum temperature (T max). According to the principle 
of strict control selection, we also considered for long-
term trends, the effects of the day of the week, the dates 
of the same month, and the same week. Then, based 
on the results of the preliminary exploration analysis, 
we determined that the lag effect of typhoon lasted for 
14 days (Lag1-14). Finally, we fit the following general-
ized linear model, using the quasi-poisson distribution 
to explore the acute effect of the Lekima typhoon. The 
main model was as follows:

t was the observational day/observational period;
Yt was the number of all-cause deaths on the obser-

vational day;
α was the intercept term;
β was vector of coefficients;
X was the classified variable of “1” and “0” in typhoon 

event. The period affected by typhoon Lekima was 
defined a typhoon event and simulated the typhoon 
event with binary variables. The typhoon event was 
recorded as 1, and other day was recorded as 0. The 
contemporaneous data from 2016 to 2018 of days were 
chosen as a control;

Log(E[Yt]) = α + βX + Tmax + stratum



Page 4 of 13Ma et al. BMC Public Health          (2024) 24:606 

stratum was the categorical variable, which was the 
matching variable of month and week.

Sensitive analysis
We carried out the sensitivity analysis to assess the sta-
bility of the model results. First, by adjusting  PM10,  O3, 
 NO2,  SO2, CO respectively, we controlled the potential 
interference factors–-atmospheric pollutants, which 
may affect the association between typhoon and mor-
tality. The degree of change of the impact of typhoon on 
mortality was further observed. Next, the effects of daily 
average temperature, daily average relative humidity, 
daily average air pressure, daily minimum temperature, 
and daily average wind speed were controlled.

All analyses and regression model analyses were per-
formed using R 4.1.2 and casecross from the “season” 
package [31]. We used the relative risk (RR) and 95% con-
fidence interval (CI) as the estimated expression of the 
death effect in typhoon in the regression model. The risk 
ratio estimates generated from case-crossover data were 
directly comparable to those generated by other consid-
ered study designs.

Results
Descriptive analysis results
Table 1 shows the distribution of daily deaths, meteoro-
logical and air pollutant variables in Jinan during August 
2019.

In this study, 3,366 deaths occurred in the Lekima 
typhoon month, and the daily deaths was 108.6. Among 
them, there were 1,915 male residents died, accounting 
for 56.9%, and 43.1% were female residents. The pro-
portion of deaths among the older residents (≥ 65) was 
significantly higher than that of other age subgroups, 
accounting for 74.5% of all deaths. We analyzed the pro-
portion of deaths in ten districts of Jinan respectively. 
The results indicated that ZQ had the highest propor-
tion of death, followed by LC, accounting for 17.1% and 
15.8% of the total death respectively. For the Lekima 
month, the all-cause mortality was 44.4 per 100 000 per-
son-years, 3,175 deaths occurred in non-accidental cases, 
accounting for 94.3% of all deaths, and accidental cases 
accounted for 5.7%. An average of 102.4 deaths of non-
accidental occurred per day, including 54.0 deaths from 
cardiovascular diseases, 31.5 from cancer, and 8.2 from 
respiratory diseases in August 2019.

During typhoon Lekima (from August 11 to August 
13), the daily maximum temperature, daily average tem-
perature and daily minimum temperature decreased 
to the lowest value, while the wind speed and rainfall 
reached the extreme value of this month, and the air 
pressure decreased slightly. The value of air pollution fac-
tors decreased significantly.

The effect during Typhoon Lekima
As can be seen in Additional File 1, compared to matched 
non-typhoon reference period from 2016 to 2018, just the 
proportion of accidental disease deaths among residents 
in Jinan increased slightly during the typhoon month 
(August, 2019), and there was no increase in all cause 

Table 1 Distribution of daily deaths and meteorology conditions 
in August 2019, Jinan City

Variable N (%) Mean (SD) Min Max

Daily death counts

 All-cause 3366.0 108.6(11.1) 78.0 130.0

 Accidental 191.0(5.7) 6.2(2.8) 1.0 13.0

 Non-accidental 3175.0(94.3) 102.4(10.5) 74.0 124.0

 Circulatory 1674.0(49.7) 54.0(7.8) 33.0 68.0

 Respiratory 253.0(7.5) 8.2(2.9) 4.0 14.0

 Cancer 978.0(29.1) 31.6(4.5) 22.0 40.0

Gender

 male 1915.0(56.9) 61.8(6.5) 45.0 72.0

 female 1451.0(43.1) 46.8(7.4) 33.0 64.0

Age

 Old (≥ 65) 2508.0(74.5) 80.9(9.5) 51.0 98.0

 65–74 853.0(25.3) 27.5(5.3) 16.0 39.0

 75–84 956.0(28.4) 30.8(6.6) 21.0 44.0

  ≥ 85 699.0(20.8) 22.6(5.6) 10.0 33.0

 Young (< 65) 858.0(25.5) 27.6(5.9) 19.0 43.0

Residence

 Lixia (LX) 323.0(9.6) 10.4(3.2) 3.0 19.0

 Licheng (LC) 531.0(15.8) 17.1(3.9) 8.0 24.0

 Shizhong (SZ) 352.0(10.5) 11.4(3.6) 3.0 17.0

 Huaiyin (HY) 214.0(6.4) 6.9(2.9) 2.0 12.0

 Tianqiao (YQ) 284.0(8.4) 9.0 (3.2) 2.0 15.0

 Changqing (CQ) 324.0(9.6) 10.5(3.9) 4.0 21.0

 Pingyin (PY) 155.0(4.6) 5.0(2.2) 1.0 10.0

 Jiyang (JY) 288.0(8.6) 9.3(4.2) 2.0 22.0

 Zhangqiu (ZQ) 575.0(17.1) 18.6 (3.9) 10.0 28.0

 Shanghe (SH) 316.0(9.4) 10.2 (3.2) 3.0 18.0

Meteorological

 T.max (°C) 31 30.1(3.3) 22.5 35.6

 T.average (°C) 31 25.6(2.2) 21.0 29.8

 T.min (°C) 31 22.1(2.3) 18.2 26.4

 Relativehumidity(RH,%) 31 69.7 (15.5) 40.0 98.0

 Rainfall(m) 31 11.8 (32.5) 0 148.9

 Wind(m/s) 31 1.9 (0.7) 1.1 4.0

 Pressure(kPa) 31 987.2 (4.8) 975.1 994.6

Air pollution

  PM10 (μg/m3) 31 57.0(27.0) 5.0 117.0

 O38h((μg/m3)) 31 135.0(43.0) 62.0 215.0

 SO2 (μg/m3) 31 9.0 (2.0) 6.0 14.0

 CO((μg/m3)) 31 796.0(244.0) 418.0 1384.0

  NO2 (μg/m3) 31 30.0 (11.0) 9.0 55.0
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and non-accidental deaths. The risk of all-cause deaths 
increased by 7.12% on Lekima typhoon days (95% CI: 
0.92–1.24), but there was no statistical significance. As 
can be seen in Fig. 1, we found that the risk of all-cause 
death began to increase on Lag7 after the typhoon, and 
the non-accidental deaths risk was on Lag8. The maxi-
mum single-day effect was all observed at Lag9, with a 
RR of 1.17(95%CI:1.04–1.31) and 1.19 (95%CI:1.05–1.34) 
respectively, then diminished gradually. For non-acciden-
tal disease, a significant increase for the risk of circulatory 

deaths was occurred from lag8 to lag10 and reached a 
maximum effect at lag9 (RR = 1.26, 95% CI:1.07–1.47). 
The risk of respiratory deaths increased significantly only 
at lag12 and lag13, and the maximum effect was observed 
at lag13 (RR = 1.41, 95%CI:1.00–1.97). The risk of cancer 
deaths was significant at lag3 with a RR of 1.27 (95% CI: 
1.03–1.55).

Stratified analysis results illustrated the death risk of 
Jinan residents between different gender, age and resi-
dence in the Lekima typhoon event. Additional File 2 

Fig. 1 Summary single-day lag risk (RR, 95% CI) of death on Jinan residents with different disease during Typhoon. *Lag 0: the relative risk 
of mortality for different diseases on the typhoon day; Black dots show estimates; horizontal lines show 95% confidence intervals. The black 
horizontal line shows as a reference a relative risk of 1
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and Additional File 3 shows that there was no signifi-
cant increase in the number of deaths among different 
genders and age groups during the typhoon. As can be 
seen in Fig.  2, the significant increase in risk of death 
among the female occurred on the seventh day after the 
Lekima typhoon, lasted for three days, and reached the 
maximum on lag9 (RR = 1.28,95%CI:1.08–1.52). For the 
men, the risk of death increased significantly only at 
lag3, with a RR of 1.67 (95% CI: 1.09–1.32). In Fig. 3, we 
found that the significant increase in the death risk of the 
older adults (≥ 65), especially in 65–74 age group, was 
observed on the second week after typhoon (lag9,12,13) 
and with a maximum at lag13 (RR = 1.22, 95% CI:1.06–
1.42). There was no evidence the typhoon could increase 
the risk of deaths among young people (< 65).

As can be seen in Additional File 4 and Fig. 4, although 
there was a slight increase in the number of deaths dur-
ing the typhoon, which occurred in LX, LC, SZ, HY, 
and TQ, the increased risk of mortality was not signifi-
cant. The acute death risk of residents living in TQ and 
CQ increased significantly on Lag2 and Lag6 after the 
typhoon, respectively, while those living in LX, LC, 
HY, JY, and SH appeared from Lag 8 to Lag 13 after 
the typhoon. The acute mortality risk of residents in 
LX and LC reached the maximum on Lag10, with a RR 
of 1.44(95%CI:1.02–2.03) and 1.45 (95%CI:1.09–1.93) 
respectively, and with no significant risk after Lag10. 

The acute death risk in LC lasted the longest days (three 
days). The acute mortality risk for residents who lived in 
SH appeared on Lag12, and the residents who SZ, HY, 
and JY appeared on Lag13. There was no evidence that 
the typhoon was associated with the death risk of resi-
dent in ZQ and PY.

Sensitivity analysis
The sensitivity analysis results in Fig. 5, Fig. 6, and Fig. 7. 
The results showed the model changed only minimally 
after controlling for the air pollutants and the mete-
orological factors, which suggested that the main model 
was of good fit and the result was stable. Estimates of 
RRs were robust to modeling choice and the matching 
method for selecting unexposed days, when adding the 
daily max temperature in the main model.

Discussion
This study focused on the health vulnerability of vulner-
able groups affected by climate change. We conducted a 
comprehensive exploration of the concept of health vul-
nerability. In the research about health vulnerability, we 
regarded typhoon as a disaster-causing factors, and com-
prehensively analyzed the acute death risk of residents 
during Lekima for the purpose of reducing population 
health vulnerability. Our research not only enriched the 

Fig. 2 Summary single-day lag odd risk (RR, 95% CI) of death on Jinan residents with different gender during Typhoon
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findings of environmental health, but also could provide 
a new theoretical perspective.

Our findings showed that the acute death risk of resi-
dents living in Jinan increased significantly in two weeks 
after the typhoon Lekima. The vulnerability of residents 
with different disease types, gender, age, and regions was 

different. The risk of direct death among residents in 
Jinan did not increase during Lekima, which was consist-
ent with a previous study in Guangzhou [32]. The pos-
sible reason was that typhoon warning system has been 
continuously improved. The advanced warning system 
would help the public capture the forecast and real-time 

Fig. 3 Summary single-day lag odd risk (RR, 95% CI) of death on Jinan residents with different age groups during Typhoon
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information of typhoon easily, which played an impor-
tant role in emergency evacuation. Additionally, previous 
studies showed that the shocking adaptability among res-
idents to typhoons might reduce of direct mortality [9].

Our study found that the increased risk of death from 
non-accidental diseases was significant from the Lag8 
after the typhoon, with cardiovascular disease occurring 
earliest and lasting the longest. There was no evidence 
that the typhoon was associated with an increased risk 

of accidental death. Compared with accidental death 
(such as drowning death), it was difficult to capture 
the increased risk of circulatory with traditional dis-
aster monitoring methods [27]. These non-accidental 
deaths were not directly caused by the physical forces of 
typhoons, nor were they rare during non-typhoons [14, 
27]. During the landing of Lekima, the rainstorm caused 
by the typhoon flooded many roads, destroyed lots of 
trees and buildings, and interrupted public transport in 

Fig. 4 Summary single-day lag odd risk (RR, 95% CI) of death on Jinan residents with different districts during Typhoon. *RR ≥ 1,Yellow 
and above pixels; the blue circular: the areas with significant risk of death
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Jinan. The possible reason for the increased risk of car-
diovascular disease death was related to the disruption 
in treatment of chronic conditions caused by blocked 
transportation and damaged communication infrastruc-
ture [33]. It will take some time to clean up the damaged 
roads and restore communications, which might cause 
residents with circulatory diseases to miss the prime 
treatment time. Traumatic psychological consequences 
and a high prevalence of anxiety-mood disorders were 
evident after Typhoon, that might also a significant rea-
son for the increase in heart attacks and cardiac arrest 
[16, 34]. Thus, the typhoon could be likened to an emo-
tional button, which would exacerbate the risk of acute 
myocardial infarction [27]. In addition, the typhoon 
made landfall during the high temperature period, the 
combined effect of high temperature and humidity might 
lead to an increase in blood viscosity and cardiac output 
which may result in dehydration, hypotension, surface 
blood circulation increases and even the impairment of 
peripheral vascular endothelial function, then contribute 
to mortality events [35–37]. We also had found a slight 

correlation between the risk of respiratory death and this 
typhoon. The increased risk of death from respiratory 
diseases was significant from the Lag12 after the typhoon 
and lasted for two days. A few previous epidemiological 
studies enlightened us that the high morbidity of chronic 
obstructive pulmonary disease during typhoons would 
increase the death risk of respiratory diseases [38, 39]. 
The deaths of respiratory disease might be related to dis-
rupted power supplies for breathing aids. Meanwhile, 
the high winds could spread the particulates into the air, 
exacerbating chronic respiratory diseases [40].

Interestingly, we found that the significant increase 
in risk of death among female occurred on Lag7 after 
the storm and lasted for three days. This phenomenon 
was not found in the male group, which was contrary 
to the results of a Guangzhou study [32]. Compared 
with Guangzhou, the traditional Chinese family value 
of female residents living in Shandong were deeply 
ingrained. However, family value emphasized tradi-
tional sense of responsibility and belongingness. Female 
residents had suffered most of the housework burden at 

Fig. 5 The effects of typhoon on the death of different diseases for Jinan residents when changing the temperature, meteorological factor 
and pollutant
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home and dedicated a lot to their family. The chain dis-
asters caused by typhoon greatly increased their physical 
and psychological burden. Second, women, as a relatively 
vulnerable group, were more difficult to obtain the eco-
nomic opportunities and productive resource opportuni-
ties to deal with climate change [41]. Then, a few previous 
epidemiological studies enlightened us that female resi-
dents suffered from greater psychological pressure than 
men after natural disasters, and were more likely to show 
their vulnerability to psychological and physical health 
[42, 43].

Consistently, the older adults (≥ 65) were more vul-
nerable than the young group during the typhoon. Bell 
found the sizeable increase in older inpatients dur-
ing eight separate hurricanes of American [44]. Wein-
berder referred that the increase in the proportion of 
emergency department visits due to cardiovascular 

disease, respiratory disease and kidney disease among 
the older adults (≥ 65) was associated with Hurricane 
Sandy [14]. These results added further evidence to 
prove that typhoons would increase the risk of death 
and illness of the older adults through multiple path-
ways. Several possible explanations for this finding 
are as follows. First, with the gradual aging and the 
decline of physical function among older adults (such 
as mobility inconvenience), the adaptability to the 
changes of the external environment might be worsen. 
Especially, when expose to high temperatures, elderly 
persons’ ability to regulate their body temperature is 
weaker than that of the young [45, 46]. Second, the high 
prevalence of chronic diseases in older adults would 
increase their psychosocial stress. The risk of death in 
older adults increased due to the lack of routine medi-
cal care and drugs when the typhoon landed [27, 33, 47, 

Fig. 6 The effects of typhoon on the death of different gender and age groups for Jinan residents when changing the temperature, meteorological 
factor and pollutant
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48]. Additionally, we also explored finer strata of age 
which showed that the typhoon had an impact on the 
increased risk of death among 65–74 age group.

Our study showed that the acute death risk of Jinan 
residents living in different areas appeared at differ-
ent point-in-time during typhoon Lekima. The acute 
death risk of residents in TQ and CQ appeared ear-
lier, and those living in other areas (except ZQ and 
PY) appeared from Lag8 to Lag13 after the typhoon. 
LC and ZQ as the typhoon landing areas, we found 
that the risk of acute death in LC increased during the 
typhoon, while ZQ did not. The reason for the phenom-
enon might be related to the timely and sufficient emer-
gency rescue operations during this typhoon. ZQ was 
located in the plain, which allowed rescuers to carry 
out emergency rescue operations in time and evacuate 
affected residents. Meanwhile, the government agen-
cies prepared the emergency shelters, which equipped 
with clean drinking water, sufficient daily supplies and 
comprehensive medical services [49]. The comfortable 
environment might reduce the spread of infectious 
diseases after disasters, pacify the panic of victims, 
improve the quality of life, then reduce the lag effect on 
health caused by the typhoon [50]. Although LC also 
carried out rescue operations timely, the geological fea-
tures of vertical and horizontal gullies in Nanshan of 
LC made the rescue mission difficult [51]. In addition, 
the severe destruction to local infrastructures caused 
by this typhoon might also increase the risk of direct 
or indirect death among residents. Therefore, when 

formulating the emergency planning for typhoon, it 
was necessary to pay more attention to the mountain-
ous terrain along the track of typhoon [6].

In conclusion, we provide some specific recommenda-
tions. Firstly, the government agencies should improve 
their emergency and disaster management response 
mechanisms to reduce the threat to life caused by sub-
sequent typhoons. Secondly, the community agencies 
should improve the ability of dealing with emergency, 
such as conducting knowledge seminars on disasters, 
carrying out evacuation drills, while guiding residents 
to cultivate their crisis awareness. Meanwhile, when 
receiving a typhoon warning signal, community agencies 
should inform residents with chronic diseases to prepare 
sufficient treatment drugs and equipment in advance. 
Thirdly, rescuers need to carry out emergency rescue 
operations in time and evacuate affected residents dur-
ing the typhoon landing period. As for areas where are 
hard to carry out rescue missions, the government agen-
cies should organize residents to evacuate in advance 
and prepare temporary accommodation for them. Then, 
the temporary accommodation should equip with clean 
drinking water, sufficient daily supplies and comprehen-
sive medical services. Finally, the psychological issues of 
victims cannot be ignored. Professionals should conduct 
psychological counseling of anxiety and depression regu-
larly, especially for women and the older adults.

Our study had several strengths. To our knowledge, it 
was the first Chinese study to discuss the vulnerability of 
inland area during typhoons. Second, the accurate and 

Fig. 7 The effects of typhoon on the death of different districts for Jinan residents when changing the temperature, meteorological factor 
and pollutant
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reliable datum ensured the credibility of this research. 
Third, compared with the traditional design, we used the 
time-stratified case-crossover design to control the tem-
poral trend automatically. Then, we compared the death 
in the unexposed period from 2016 to 2018 with the five-
day moving average death of residents in August 2019, 
which made our results more credible.

Limitations
There were several limitations in our research. First, we 
had less information and about why the mortality risk 
of inland residents did not significantly increase during 
the first week, and the specific pathogenesis of some dis-
eases. Second, this study did not consider the impact of 
economic factors, humanistic factors, medical and health 
service on the mortality of residents, which warranted 
further detailed investigation. Finally, due to the limita-
tions of existing data, our discussion just focused on the 
overall reasons for the significant risk of acute death, 
rather than on the single date exceedance, and our results 
might not be generalizable to other inland areas.

Conclusion
This study demonstrated an acute death risk of residents 
during inland Typhoon with individual and regional scale 
characteristics as subgroup to identify the vulnerability 
during typhoons. The typhoon Lekima had increased the 
vulnerability of Jinan residents, and the mortality risk of 
different vulnerable groups appeared at different point-
in-time. From the seventh day after Typhoon Lekima, 
the risk of death among residents with circulatory system 
diseases, women, the older adults increased significantly. 
The significant risk of death for most vulnerable groups 
appeared on Lag8, reached the maximum on Lag9 and 
Lag10. And the risk among residents living in TQ and CQ 
increased significantly on Lag2 and Lag6, respectively. In 
contrast, those living in LX, LC, HY, JY, and SH increased 
significantly from Lag 8 to Lag 13 after the typhoon. The 
greater vulnerability of residents living in the mountain-
ous area (Nanshan) had made the longest duration of 
mortality risk in LC. Future efforts should focus on accu-
rate identification of vulnerable groups and developing 
emergency plans for natural disasters. We should adjust 
measures to local conditions in natural hazards loss, also 
the contingency plan should be implemented step by step 
according to current conditions.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 024- 17667-y.

Additional file 1. 

Acknowledgements
Not applicable.

Authors’ contributions
Yiwen Ma conceived and designed the study, Chengchao Zhou and Liangli-
ang Cui directed its implementation, including the data analysis and writing 
of this paper. Yiwen Ma, Xianhui Zhang and Yingjian Zhang investigated and 
analyzed the data. Jipei Du and Nan Chu and Jinli Wei provided writing and 
organizing assistance. Yiwen Ma wrote the manuscript. Chengchao Zhou 
reviewed the manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the National Science Foundation of China (grant 
numbers 72274109, 71774104, 71473152, 71974117), the China Medical 
Board (grant number 16–257), Cheeloo Youth Scholar Grant, Shandong 
University (grant numbers IFYT1810, 2012DX006), the Science and Technology 
Innovation Development Plan of Jinan City (Clinical Medicine) (grant number 
202134008).

Availability of data and materials
The daily mortality datasets used and analyzed during the current study are 
available from the corresponding author on reasonable request. The daily 
weather data for the same period are collected from the China Meteorological 
Science Data Sharing Service Network (http:// data. cma. cn/). All data gener-
ated or analyzed during this study are included in this published article.

Declarations

Ethical approval and consent to participate
The daily mortality data used in this study were provided by Jinan Municipal 
Center for Disease Control and Prevention. The daily weather data for the 
same period were collected from the China Meteorological Science Data Shar-
ing Service Network (http:// data. cma. cn/). The research protocols and ethics 
were reviewed and approved by the Ethics Committee of School of Public 
Health, Shandong University (the number is LL20220925). The informed con-
sent was obtained from all subjects’ legal guardians in this study. All methods 
were performed according to the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 School of Public Health, Cheeloo College of Medicine, Shandong University, 
44 Wen-hua-xi Road, Jinan, Shandong 250012, China. 2 Jinan Municipal Center 
for Disease Control and Prevention, affiliated to Shandong University, 2 Weiliu 
Road, Huaiyin District, Jinan 250021, China. 3 NHC Key Lab of Health Econom-
ics and Policy Research, Shandong University, 44 Wen-hua-xi Road, Jinan, 
Shandong 250012, China. 4 Institute of Health and Elderly Care, Shandong 
University, 44 Wen-hua-xi Road, Jinan, Shandong 250012, China. 

Received: 29 May 2023   Accepted: 4 January 2024

References
 1. Romanello M, McGushin A, Di Napoli C. The 2021 report of the Lancet 

Countdown on health and climate change: code red for a healthy future 
(vol 398, pg 1619, 2021). Lancet. 2021;398:2148–2148.

 2. Han X, Lang Y, Wang T, et al. Temporal and spatial variations in stable 
isotopic compositions of precipitation during the typhoon Lekima (2019). 
China Science of the Total Environment. 2021;762:143.

 3. Hong HP, Li SH, Duan ZD. Typhoon Wind Hazard Estimation and Mapping 
for Coastal Region in Mainland China. Nat Hazards Rev. 2016;17. https:// 
doi. org/ 10. 1061/ (ASCE) NH. 1527- 6996. 00002 10.

https://doi.org/10.1186/s12889-024-17667-y
https://doi.org/10.1186/s12889-024-17667-y
http://data.cma
http://data.cma
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000210
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000210


Page 13 of 13Ma et al. BMC Public Health          (2024) 24:606  

 4. Mei W, Xie S-P. Intensification of landfalling typhoons over the northwest 
Pacific since the late 1970s. Nature Geoscience. 2016;9:753.

 5. Zhang X, Nie J, Cheng C, Xu C, Xu X, Yan B. Spatial pattern of the population 
casualty rate caused by super typhoon Lekima and quantification of the interac-
tive effects of potential impact factors. BMC Public Health. 2021;21:1260.

 6. Wang K, Yang Y, Reniers G, Huang Q. A study into the spatiotemporal 
distribution of typhoon storm surge disasters in China. Nat Hazards. 
2021;108:1237–56.

 7. Yao C, Xiao Z, Yang S, Luo X. Increased severe landfall typhoons in China 
since 2004. Int J Climatol. 2021;41:E1018–27.

 8. Halverson JB. Second Wind: The Deadly and Destructive Inland Phase of East 
Coast Hurricanes. Weatherwise. 2015;68:20–7.

 9. Czajkowski J, Simmons K, Sutter D. An analysis of coastal and inland fatalities 
in landfalling US hurricanes. Nat Hazards. 2011;59:1513–31.

 10. Zhu L, Yuan Z, Wang X, Li J, Wang L, Liu Y, Xue F, Liu Y. The Impact of Ambient 
Temperature on Childhood HFMD Incidence in Inland and Coastal Area: A 
Two-City Study in Shandong Province, China. Int J Environ Res Public Health. 
2015;12(8):8691–704.

 11. Sujin Z, Hairuo G, Shuning S, Haitao H. Research on Early Warning of 
Typhoon Disasters Based on Social Media Data——A Case Study of 
Typhoon Lekima. Manage Rev. 2021;33:340–52.

 12. Du J, Cui L, Ma Y, Zhang X, Wei J, Chu N, Ruan S, Zhou C. Extreme cold 
weather and circulatory diseases of older adults: A time-stratified case-
crossover study in jinan, China. Environ Res. 2022;214(Pt 3): 114073.

 13. Shi PJ, Yang X, Xu W, Wang JA. Mapping Global Mortality and Affected Popu-
lation Risks for Multiple Natural Hazards. International Journal of Disaster 
Risk Science. 2016;7:54–62.

 14. Xu XL, Sun DW, Guo TJ. A systemic analysis of typhoon risk across China. Nat 
Hazards. 2015;77:461–77.

 15. Weinberger KR, Kulick ER, Boehme AK, Sun S, Dominici F, Wellenius GA. 
Association Between Hurricane Sandy and Emergency Department Visits in 
New York City by Age and Cause. Am J Epidemiol. 2021;190:2138–47.

 16. Rappaport EN, Blanchard BW. Fatalities in the United States Indirectly Associ-
ated with Atlantic Tropical Cyclones. Bull Am Meteor Soc. 2016;97:1139–48.

 17. Ray K, Giri RK, Ray SS, Dimri AP, Rajeevan M. An assessment of long-term 
changes in mortalities due to extreme weather events in India: A study of 
50 years’ data, 1970–2019. Weather and Climate Extremes. 2021;32. https:// 
doi. org/ 10. 1016/j. wace. 2021. 100315.

 18. Guan SD, Li SQ, Hou YJ, Hu P, Liu Z, Feng JQ. Increasing threat of landfalling 
typhoons in the western North Pacific between 1974 and 2013. Int J Appl 
Earth Obs Geoinf. 2018;68:279–86.

 19. Maxwell JT, Bregy JC, Soule PT, Trouet V. Recent increases in tropical cyclone 
precipitation extremes over the US east coast. Proc Natl Acad Sci USA. 
2021;118: e2105636118.

 20. Mckinney N, Houser C, Meyer-Arendt K. Direct and indirect mortality in 
Florida during the 2004 hurricane season. Int J Biometeorol. 2010;55:533–46.

 21. Jinan Statistical Bureau. Jinan Statistical Yearbook. Beijing: China Statistics 
Press; 2020.

 22. Argacha JF, et al. Ecology of the cardiovascular system: a focus on air-related 
environmental factors. Trends Cardiovasc Med. 2018;28:112–26.

 23. Zhao B, et al. Short-term exposure to ambient fine particulate matter and 
out-ofhospital cardiac arrest: a nationwide case-crossover study in Japan. 
Lancet Planet Health. 2020;4:E15–23.

 24. Wang X, Wang S, Kindzierski W. Time-stratified case-crossover design 
applied with conditional logistic regression is not free from overlap bias. Stat 
Methods Med Res. 2020;29(7):2036–7.

 25. Levy D, Lumley T, Sheppard L, Kaufman J, Checkoway H. Referent selection 
in case-crossover analyses of acute health effects of air pollution. Epidemiol-
ogy. 2001;12(2):186–92.

 26. Kishore N, Marqués D, Mahmud A, et al. Mortality in Puerto Rico after Hur-
ricane Maria. N Engl J Med. 2018;379(2):162–70.

 27. Yan ML, Wilson A, Peel JL, et al. Community-wide Mortality Rates in Beijing, 
China, During the July 2012 Flood Compared with Unexposed Periods. 
Epidemiology. 2020;31:319–26.

 28. Zhang X, Maji KJ, Wang G, Cheng C, et al. Associations between Different 
Ozone Indicators and Cardiovascular Hospital Admission: A Time-Stratified 
Case-Crossover Analysis in Guangzhou, China. Int J Environ Res Public 
Health. 2023;20(3):2056.

 29. Bobb JF, Obermeyer Z, Wang Y, Dominici F. Cause-specific risk of hospital 
admission related to extreme heat in older adults. J Am Med Assoc. 
2014;312(24):2659–67.

 30. Liu JC, Wilson A, Mickley LJ, et al. Wildfire-specific fine particulate matter 
and risk of hospital admissions in urban and rural counties. Epidemiology. 
2017;28(1):77–85.

 31. Barnett AG, Baker P, Dobson AJ. Analysing seasonal data. R Journal. 
2012;4(1):5–10.

 32. Wang X, Xun H-m, Kang R-h, Wang W, Ma W. Effects of typhoon on mortality 
and burden of disease of residents in Yuexiu district of Guangzhou from 
2008 to 2011. J Environ Health. 2015;32:315–8.

 33. Ferreira JBB, Santos LLd, Ribeiro LC, Rodrigues Fracon BR, Wong S. Vulner-
ability and Primary Health Care: An Integrative Literature Review. J Prim Care 
Community Health. 2021;12:21501327211049704.

 34. Swerdel JN, Janevic TM, Cosgrove NM, Kostis JB. Myocardial Infarction 
Data Acquisition System (MIDAS 24) Study Group. The effect of Hur-
ricane Sandy on cardiovascular events in New Jersey. J Am Heart Assoc. 
2014;3(6):e001354.

 35. Yin Q, Wang J. The association between consecutive days’ heat wave and cardi-
ovascular disease mortality in Beijing, China. BMC Public Health. 2017;17(1):223.

 36. Bułdak Ł. Cardiovascular Diseases-A Focus on Atherosclerosis, Its Prophylaxis, 
Complications and Recent Advancements in Therapies. Int J Mol Sci. 
2022;23(9):4695.

 37. Lu P, et al. Temporal trends of the association between ambient tem-
perature and hospitalizations for cardiovascular diseases in Queensland, 
Australia from 1995 to 2016: a time-stratified case-crossover study. PLoS 
Med. 2020;17(7):e1003176. https:// doi. org/ 10. 1371/ journ al. pmed. 10031 76.

 38. Hikichi H, Aida J, Kondo K, et al. Increased risk of dementia in the aftermath 
of the 2011 Great East Japan Earthquake and Tsunami. Proc Natl Acad Sci U 
S A. 2016;113(45):E6911–8.

 39. Xu R, Huang S, Shi C, Wang R, Liu T, Li Y, Zheng Y, Lv Z, Wei J, Sun H, Liu Y. 
Extreme Temperature Events, Fine Particulate Matter, and Myocardial Infarc-
tion Mortality. Circulation. 2023;148(4):312–23.

 40. Kunii O. The impact on health and risk factors of the diarrhoea epidemics in 
the 1998 Bangladesh floods. Public Health. 2002;116:68–74.

 41. Liu l. Mainstreaming gender in actions on climate change. Advances in 
Climate Change Research 2021;17:548–58.

 42. Bell ML, O’Neill MS, Ranjit N, et al. Vulnerability to heat-related mortality in 
Latin America: a case-crossover study in Sao Paulo, Brazil, Santiago, Chile 
and Mexico City. Mexico Int J Epidemiol. 2008;37:796–804.

 43. Zhen R, Zhang J, Pang H, Ruan L, Liu X, Zhou X. Full and partial posttrau-
matic stress disorders in adults exposed to super typhoon Lekima: a cross-
sectional investigation. BMC Psychiatry. 2021;21:512.

 44. Bell SA, Iwashyna TJ, Zhang X, Chen B, Davis MA. All-Cause Hospitalizations 
after Large-Scale Hurricanes among Older Adults: A Self-Controlled Case 
Series Study. Prehosp Disaster Med. 2021;36:25–31.

 45. Ma WJ, Zeng WL, Zhou MG, et al. The short-term effect of heat waves 
onmortality and its modifiers in China: an analysis from 66 communities. 
Environ Int. 2015;75:103–9.

 46. Nawrot TS, Staessen JA, Fagard RH, et al. Endothelial function and outdoor 
temperature. Eur J Epidemiol. 2005;20:407–10.

 47. Park B, Yi K, Choi S, Seo S, Seonim C. Typology of Community Health Vulner-
abilities and Their Effects on Health Status by Type-Using Community 
Health Survey. Journal of Korean Academy of Community Health Nursing. 
2021;32:281–91.

 48. Tang C, Liu X, He Y, et al. Association between extreme precipitation and 
ischemic stroke in Hefei, China: Hospitalization risk and disease burden. Sci 
Total Environ. 2020;732: 139272.

 49. Waddell SL, Jayaweera DT, Mirsaeidi M, Beier JC, Kumar N. Perspectives on 
the Health Effects of Hurricanes: A Review and Challenges. Int J Environ Res 
Public Health. 2021;18:2756.

 50. Jinan Center for Disease Control and Prevention. Jinan health system 
should do its best to prevent and control disease during flood and typhoon 
2019 [cited 2022 25th, March]; Available from: http:// www. jncdc. cn/ index. 
php?m= conte nt&c= index &a= show& catid= 659& id= 20173

 51. sub-center SMC. 48 hours in the southern mountain sub-center of Typhoon 
Lekima. 2019 [cited; Available from: http:// www. jncdc. cn/ index. php?m= 
conte nt&c= index &a= show& catid= 659& id= 20211

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

https://doi.org/10.1016/j.wace.2021.100315
https://doi.org/10.1016/j.wace.2021.100315
https://doi.org/10.1371/journal.pmed.1003176
http://www.jncdc.cn/index.php?m=content&c=index&a=show&catid=659&id=20173
http://www.jncdc.cn/index.php?m=content&c=index&a=show&catid=659&id=20173
http://www.jncdc.cn/index.php?m=content&c=index&a=show&catid=659&id=20211
http://www.jncdc.cn/index.php?m=content&c=index&a=show&catid=659&id=20211

	The threaten of typhoons to the health of residents in inland areas: a study on the vulnerability of residents to death risk during typhoon “Lekima”
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study area
	Data collection
	Statistical Analysis—Time-stratified case-crossover study
	Sensitive analysis

	Results
	Descriptive analysis results
	The effect during Typhoon Lekima
	Sensitivity analysis

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


